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PREFACE 

Two earlier editions of the Geology and Economic Minerals of Canada 
were published, in 1909 and 1926 respec tively, und er the authorship of 
G . A. Young, and are now out of print. Since the last appeared, the annual 
mineral production has ri sen from its 1926 value of $240,000,000 to nearly 
$567,000,000 in 1942, and several impor tant events have changed the whole 
economic outlook. Oil has been fo und in the west in commercial quantities, 
and the search for more and larger fields is being vigorou ly pro ecuted. Th e 
re-apprairnl of the value of our currency in terms of gold, which took place 
in J an ua ry 1934, made many low-grad e go ld deposit profitable to operate, 
so that the number of working gold mines increased from 38 in 1929 to 149 
in 1940. Th e development of a ir transpor t has opened a ll of our previously 
inaccessibl e northland to the geologist, the topographer , t he prospector, and 
the miner. Significant mineral clisconries, particularly of go ld and iron , 
han already been made in pa rts of this a rea . but the fl ood of exploration and 
deve lopment is only beginning. The demands of war sharpened the search 
for ores of tungsten, molybdenum, beryllium , tantalum , uran ium, and other 
strategic minerals, and brought to light many deposits that can be "·orkecl 
"·heneYer it becomes necessary or profitable to do so. 

The present report, which should be read in conj unction with the recently 
issued Geological M ap of Canada (sca le 1 in ch to 60 miles) , summarizes 
the geological investigations a nd mineral developments that haYC laken place 
during the century or more sin ce the founding of t he Geological Survey of 
Canada in 1842. The data given have been collected from the more detailed 
descriptions in the separate publications of the Geological Survey, from those 
of ProYincial Government organization , and from papers published by various 
learned societies. T o them the reader who "·ishes for greater detail must be 
referred. 

P roduction figures used thro ughout the report have been suppli ed through 
the courtesy of the D omini on Bureau of Statistics. 

GEORGE HANSON, 
Chief Geologist, Geological Survey 

OTTAWA, X onmber 29, 1946 

85672-2~ 





Geology and Economic Minerals of Canada 

CHAPTER I 

INTRODUCTIO 

(George Hanson) 

)lAIN GEOLOGIC.\L DIVI IO:\S 

Approximate ly ha lf of Canada is a single, triangul ar -shaped area of 
Preca mbri a n rock knO\rn as the Canadian :::lhiclcl tFi gurc 1) . T o t he south 
thi s area of a ncient rocks extend :; in to t he United States; to the nor theast it 
occupi es Labrador to th e shores of t he Atla nti c Ocean ; elsewhere in Canada 
it is OHrlariped by y ounger stra ta . Th is r egion has been a stabl e mass since 
Precambri an t ime, a nd alth ough i t h as been par t ly or completely below the 
:;ca for long interva l since tha t t ime, i t has not been fo lded by Cambrian 
or la ter moun tain buil ding movements . 

Th e Canadi a n Shield consists ma inly of grani te a nd gran itoicl gnci ·s, 
bu t in clude:; al so bodies of severely deform ed and a ltered volca ni c a nd sedi
mentary rocks. Some of these bodies a re more tha n JOO mil es long a nd many 
miles wide. They arc form ed of rocks older t han the :surroundin g granites, a nd 
are r emnan ts of former cxtcnsi ,.c formation:; th at were pa r tly destroyed by 
int rnsions a nd partly r cmm·ed by erosion. Th ese a nci ent fo rma ti ons were 
fo lded in ear ly Precamb ri an ( Archa:an) time by moun tain building movements, 
a nd \\·ere intrud ed by gra ni te . Later erosion has cut down t o t he roots of 
th e old moun tain sy stems. In th e south eastern pa rt of the Shi eld , in the area 
knmrn as the Grenville sub -proYin ce, the compl exes consist to a large exten t 
of crystalline lim estone, a rock of rare occurrence among the kno\\·n Archman 
fo rma tions. Th e grani tic rocks of this sub-proYince a rc, however, not known 
to be different from those c l ~ewhcre in the Shield , and the sedimen ta ry com
pl exes. a lth ough possibly yo un ger than those elsewh ere in t he Shi eld , a rc co n
sid ered to be of Archrcan age. Throughout t he Shi eld the Archa:an rock s a re cu t 
by large in trusions of a nor t hosite. 

Unconfo rma bly overl y ing these ancien t fo rmations and mu ch of the grani te 
a rr extensive $hce ts o f relat i,·c ly undeformed Yolcani c a nd sedimenta ry rocks of 
la te Prera rnbrian (Pro terozoic) age . N o rocks o l' thi s type ha ,·c been found in 
t he C:rem·ill c $ub-rirovin re. The Arcil a-a n and Pro te rozoic ro r k ~ arc cut by late 
Pro te rozoi c ~il! R a nd O)'kcs o f dia base . 

E xcept to the northeast 1rhere it meets the Atla nt ic Ocean, the , hi cl cl is 
oYer la ppr d on a ll :< ides by y oun ger strata that \r erc la id dmrn ma in ly a:; sedi
ment on its slopin g sid es. F or so me di stance out wa rd frnm the Shield boundary, 
a" mu ch as 500 miles t hrough t he southern pa rt of t he P ra iri e Prn,·in rcs, t he 
onrlyin g rocks a rc essentia lly fl at-l)' ing, and have no t been affec ted by mountain 
bui lding monments. Th is region of hori zonta l strata fo rms a second geological 
uni t ca ll ed th e Pl ain s. In th e Arrtic it i ~ brnmd ed by the sea, a nd on the we t 
an d "outhraRt i t i5 in terrup ted b)' mountain ~Y~ tem ~. 
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Most of the rocks in the Plain region were laid clown in the sea, in water 
of moderate to shallow depths. They range in age from early Palmozoic to 
Recent, and have not been intruded by igneous rocks. During some periods 
fresh- or brackish -water deposits accumulated in considerable volume. 

Southeast of the Shield and the bordering strip of Plain i a broad belt of 
mountainous coun try known as the Appalachian region (See Figure 1). In it 
the rocks arc severely folded and faulted , and in this re pect arc in sharp con
trast with those of the adjacent Pl ains region. Th e Appalachian region occupies 
the Maritime Provinces, Gaspe, and part of the Eastern T o11·nships of Quebec, 
and is the northeastern extension of a continuous geological structural unit 
stretching from northern Alabama in the United tatcs. Th e fo lded rocks of 
this provin ce range in age from Precambrian to late P alroozoic. Since late 
Palroozoic time the region has remained a land mass, and until late P leisitO'cene 
time no later formation of marine origin were deposited there. The formations 
of the region have been intruded by granit ic and ult rabasic rocks of chiefly 
Palmozoic age. 
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Figure 1. Canada, showing main geological divisions. 

\Vest of the Shield and the bordering Plains is another broad tract of moun
tainous country known as the Corclilleran region (See Figure 1). Geologically 
this region is also in sharp contrast with the adjacent Plains, and it differs from 
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the Appalachian region in that it was elevated into mountains at a much later 
date . The Cordilleran region extends northwestward through Canada, embracing 
mo t of Bri tish Columbia, a mall part of Alberta, nearly all of Yukon, and a 
small part of the Northwest Territories. It swings westward into Alaska and to 
the south occupies the western United State . 

As in the Appalachian region, mountain building movements in the Cor
dillera deformed not only Cambrian and later formations but also affected rocks 
of Precam brian age. The late t major movements took place at about the close 
of the Mesozoic era, and since that time the regj.on has remained above the sea. 
All except an eastern strip of the region is characterized by numerous bodies of 
intrusive rock ranging in composition from granite to peridotite, but composed 
dominantly of granodiorite and quartz diorite. 

In ummary, central Canada is occupied by the Canadian Shield, a large 
stable land mas that has not been folded since Precambrian time. Approx
imately horizontal strata lie on its sloping flank on nearly all sides. Their hor
izontal attitude suggests that the underlying rock of the Shield acted as an 
unyielding basement that prevented folding . Farther out, where the Shield sur
face was deeply buried and the basement thereby weakened, forces from t he 
Atlantic folded and thrust the rocks in eastern Canada northwcst,rnrd to form 
the Appalachian region, and later forces from the Pacific folded and thrust the 
rocks in \Yestern Canada northeasbrnrd to fo rm the Co rdilleran region . 

GEOGRAPHI SUMl\IARY 

The Canadian Shield is in most places a r egion of low relief, in general less 
than 200 feet. Nearly all of the Shield is lcs, than 2,000 feet above sea-level, 
but exceeds this altitude greatly in the east and northeast. Elevations in north 
ea t Labrador exceed 5,000 feet, and on Baffin Island mountains ri e to more 
than 8,000 feet above the sea. The north ern part of the Shield is devoid of 
timber, and the ground is pcrmancnUy frozen. Some of the Arctic I slands are 
capped by ice. The Shield contain many large lakes and a myriad of small ones 
knit together by an irregular drainage thoroughly charactcrtistic of the region. 

The Plains region surrounding the hield is level or rolling land less than 
1,500 feet in elevation except in the west where the prairie level ri ses gradually 
to ome 4,000 feet above the sea to merge \Yith the foothills of the Rocky Moun
tains. ome of the Arctic islands of the Plains region arc ice capped, and the 
northern plain are treeless and permanently frozen. 

The mountains of the Appalachian region in Canada are low; only in Gaspe 
peninsula do they exceed 4,000 feet in elevation. The region is entirely south of 
latitude 50 degrees, and practically all the highe t mountains are timbered. 

In the Cordilleran region the highest peaks are very little over 12,000 feet 
above sea-level except in the t. Elias Mountains, where one peak, Mount Logan , 
is 19,850 feet high, and several others nearby are only slightly lower. Much of 
Yukon is within the area of permanently frozen ground, and the northern part 
is treeless except in favoured valleys. Near the Pacific the precipitation is high, 
and large snowfields covering the high ground feed many alpine glaciers, some 
of which reach the sea. 

M INERAL DEPOSITS 

Each of the four geological regions of Canada is rich in mineral wealth, but 
each differs from the others in the variety and amount of its mineral resources. 
In 1939, the last normal year prior to World War II , mines in the Canadian 
Shield supplied 85 per cent of the gold', 38 per cent of the silver, 86 per cent of 
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Lhe copper, and all of the nickel, radium, platinum, and cobalt produced in 
Ca nada. On the other hand, the Shield contains no coal, oil , or gas. The Plains 
region produced 21 per cent of the coal, 61 per cent of the natura l gas, a nd 88 
per cent of the alt, but none of the metal . The Appalachian region produced 
11 per cent of the ::;al t, 94 per cent of the gypsum , 48 per cent of the coal, all 
the asbestos, and s n:~all quantities of variou metals. The Cordi lleran region 
prod uced 14 per cen t of the gold, 61 per cent of the silver, 70 per cen t of the zinc, 
13 per cen t of the copper, 99 per cen t of the lead, 31 per cen t of the coal, 96 per 
cen t of the oil , a ll the bismuth and mercury, a nd nearly a ll the a ntimony and 
cadmium. 

As wa indicated earlier, erosion in the Archman par t of the Shield has cut 
down to the roots of early mountain systems, and , consequently , the type of 
mineral deposits arc t hose normally fo rmed at moderate to great depth. Such 
are most gold-quartz veins, large cha lcopyri tc deposits, and q uartz veins contain
ing tin or t ungsten . Ores of gold and copper in Archman rocks have been mined 
to a considerabl e extent, deposits of t in and t ungsten arc known to occur , but 
m€rcury or antimony ores and other deposits norm a lly fo und at shallow depth 
arc ext remely scarce or lack ing. N ot only do the mi nes of the Archman have 
ores of the moderate to deep seated type, bu t the min es thcmsclv'C are Yery deep. 
and not only in Canada but throughout the 11·orl d anragc much deepe r t han 
mines in younger rocks. Jo convincin g explanation of thi s phenom enon of 
deepe r mines has been giYen. bu t i f the temperature cha nges above t he source 
were grad ual and lon g maintain ed. such condi t ions would permit of ore deposition 
throughout a considera bl e Yertica l range: and might account, in some mea ure, for 
the great dC'pth of mines in Archman terrains. 

D eposits associated 1Yith t he basic Proterozoic in t.rusions a rc quite differ
en t fro m t.hose in the Arch :ran rocks, probabl~- not because t.hey are younger 
but because they nrc a!"sociated " ·ith d ifferen t ources . T he great ropper
ni ck el-pl atinurn deposits at Sudbury a re as nciated with a laccoli th of nori te, 
and the sil ver-coba lt ore at Coba lt with a diabase sill. The late Proterozoi c 
diabase in various parts of Canada and the United State contains copper, sug
gcf' tin g that e.ither t he diabnsc or a re'httcd magma was the source. 

T he Grenville f' ub-proYince is not onl» differen t from bhc rema in der of the 
Sh ield gcologi cn ll~r . bu t a lso differs in its minera l assembl age. Mi ca, fe ld spa r, 
and magnet ite arc charartc.ristic of t he Grenvill e, the first two associated \Yith 
a hunda nt pc gm a t i tes and th e last " ·i th crYsta llinc l imestonc. R ecently . con 
~ i dcrablc qu a ntitic::: of brucite han been min ed from Grenvi ll e lim estones. 

T'hc bodies of anorthositr in the Rh icld also ro ntain thei r own type~ of 
deposit;:;. Th ese a rc deposits of ilmeni te and of ti tanifcrous magnetite. 

Th e rock s of the Canadian Sh ield nre, as stated enrli cr, of Precambri a n 
age. Pl ant li fe had not then begun , or at lea t has no-t left recogniza bl e remains. 
:rnd, a::: roa l if: fo rm ed from plan t:::, no coa l ra n exi st in t he rocks of the Shi eld. 
The ea rliest trace of an imal li fe arc recorded in rnrk s of late P recambrian 
(Proterozo ic) age, and M i t is beli eved that most of the ear th's petroleum wa 
derived fro m animals i t is possihlc thnt Precambrian stratn at one time con 
tain ed petroleum . H eat a nd severe fo ldin g " ·ill , however. dissipate and permi t 

• the escape of petroleum a nd natural gas, so t ha t the possibili ty of finding thorn 
in the rocks of the .__ hiclcl arc too re mote to be considered sc ri ou ly . 

The rocks of the Plains region a rc not cut b.'· intrusions of igneous rock. 
Conditions favo uring meta llic mi neral depos it ion arc, tihcrcforc , lacking, and 
mineral deposi t::; of the types associated with igneous in t rusions do not exist. 

Al though plan t li fe had made a beginnin g on the. ea rth in ea rli er time, it 
l\'3f' prolific onJ:-· in Ca rboni fero us and later geologica l ngc-s. Coal, therefore, 
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ctoes not orcur in minab le quanti ty in a n:-· rock older tha n the Ca rboniferou . 
Th e roe ks of late P al::cozoic age in the Pla in s a rea were laid clo\rn in the sea, 
and do not , therefo re, conta in plan t li fe, but extensive coa l deposits do occur in 
W estern Canada in C retaceous and T ertia ry rocks. Compaction and heat, 
wh ich may result from folding of strata, clriYc out Yolatilc constituents and 
raise the r ank of coal , and as the Pl a ins is an area of no fo lding the coa l dcposib:; 
there arc of the lO\\·c r ran ks. 

As anima l li fe vrn s plentifu l in P a la;ozo ir and late r gcologiral time, cond i
tions in the Pl ains area ar c favou rablr for the for ma tion of petro leum and 
natura l gas . T he strata th·cre arc at most on ly s li ghtly \\'arpccl, a nd for th is 
r eason arc not eondur ivc to the easiest mig ration of petroleum into pools or 
reservoirs. Even gentl e d ips, howc,·cr , do permit migration , and the Pla ins 
may represent a cons iderab le source of pctrnlcum a nd natura l gas. 

Va ri ous periods in the geo logical p ast d iffered in climate from what might 
be consid ered norm a l. T he great sal t deposi ts of Ontario occur in the Plain 
region in rock s of Siluri an age. Th e Siluri an in North America was a period 
of drought. and rock s of this age in various pl ace on tJhc continent can be 
expected to conta in common ~al t and other sa lts bhat resu lt frnm evaporation . 

In the Appalachian region t he rocks range in age fro m Precambrian to 
Triassic. Th ey have been folded and bro ken , a nd arc intrud ed. here and t here 
b>· igneous rocks of mid-Pala;ozoic age and ranging in composition from grani te 
to perido tite. Conditions a re suitab le fo r metalliferous deposits, and, in part, 
fo r th e forma ti on of coa l, petroleum , and natural gas. Th e coal-bearing strata 
a r c of Carboniferous age , and ha ve been rnfficiently compressed to form a good 
grade of bituminous coal. Oil-s ha lci' a rc knO\rn, a nd if sui ta bl e condition exist 
to p revent the escape of pctrnlcum, rcs :: rY oirs ,,·ill probably be found . Jo 
rescrvoi rs can be cxpcct.ed near you nger igneous intrusion' , however, as in such 
place any petroleum will h ave been d ri nn off by heat. In the Maritime 
ProYinccs a d ry period in L o\1·er Carboniferous time resul ted in the accumu lation 
of extensive dcposi ts of comm on sa l t and gypsum. 

Tl~c metallic min er a l dcpo;:; its associated wi t h the gran itic intrusions of 
the Appalachian region contain the usua l pref' ious and br.:::c metals. Some of 
the ultrabasic rock s contain numcrou:; dcpo:;it:s of chro mi te. a nd others arc host 
rocks for la rge quantities of asbcsto~. 

Th e eas tern part of the Cordi ll cra n reg ion is fold ed a nd fa ulted, but is not 
cut by igneous intrusions. Th e \Y cstern part is bot.h fold ed and fau lted and 
intruded by numerous igneous bodies of ,·arious types. 

The rocks of the eastern Cordill era range in age from Prote rozoic to Ter
tia ry. L ocall>r, in the easte rn part of t hi ~ ~uh -regi o n , cond it ions favomcd the 
accumulation of petroleum a nd natural gas in resen ·oirs . but fa rther west the 
petrolifcrous format ions have been exposed by ero"ion, fo lding has been severe, 
and petro leum and natural gas h ~wc c~rnpcd. Poss ibly some areas in the west
ern Cordi ll era that arc free from ig:ncou3 intrusion;: or that a re underl ain by 
fo rmations youn ge r t ha n the ign::ou;: intrnsion .s ma>' conta in petro leum and 
natura l gas. Th e Ca rbonife rous rnrks of t.hc Cord illera wer e laid clown in the 
:-ca, and, conseq uently , do not contain t he plant remain ::: needed fo r the forma
tion of coal. Some of t he C retaceous a nd later formatiom. however , arc of con
tin cnta 1 type, a nd rontai n roa I. and some of the C retaceous formations have 
been fo lded suffici ently to ra ise the grade of roa l to a high bituminou:; rank . 

P ract ica ll y all of th e 1\·cst~ rn C urclill cra i~ farnura blc ground for metallic 
min era l deposit::; , and nearly a ll of t he metal~ found e lsc\\'h crc in Canada a re 
represented there. 
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1\IINERAL PRODUCTION 

As indicated by statistics and graphs (See T able I and Figure 2) the annual 
rnlue of mineral production grew rapidly from $10,221,255 in 1886 to a maxi
mum Qf $566,768,672 in 1942. Th e principal items produced are gold, ilver , 
copper, lead, zinc, nickel , and asbestos. The following table lists these items and 
the production in the yea r of maximum output. 

Gold . . . . . . . . . . . . . . . . . . . . . 5,345,179 fine ounces . . 
Silver . . . . . . . . . . . . . . . . . . . 32,869,264 " 
Copper . . . . . . . . . . . 655,593,411 pounds 
Lead . . 512,142,562 
Zinc . . . . . ....... .. . . . . . . 580,257 ,373 
Nickel . . . . . . . . . . . . . . . . 288,018.615 
Asbestos . . . . . . . . . . . . . . . . . . 467 ,196 tons 

1941 
1910 
1943 
1942 
1942 
1943 
1943 

Canada has been the world's seconcl nation in gold production since 1941 , 
being surpassed only by South Africa; in the production of silver, copper, lead, 
and zinc has stiood among the top four nations for a number of years; 
and in nickel prodt1ction has been first since the early 1900's and ha produced 
75 to 90 per cent of the world 's total si nce 1910 . She also produces 80 per cent 
of the ,,·oriel's asbe tos. Since the ear lv 1930's Canada and U.S .. R. have been 
roughly equal as the main producer~ o.f the meta ls of the platinum group, and 
just prior to World \Y ar II Canada was proclucing 40 per cent of the world 's 
radium. 

Fluctuation in Yalue of production prior to ViTorld W ar I resulted, in the 
main, from slight price change-, the abandonment or opening of mines, and 
from change in mining and metallurgical practice. D ecreased production of 
both metals and non-metals in 1914, the first year of World War I , pre umably 
reHected uncertainty in industry and in the commencement of new enterprise. 
Rapid increa e during the \\·ar year , e:;sentia lly in base metals and coal, 
resulted from an increased demand a nd higher prices for base m€t.al and an 
increase in the price of coal. Th e post-war yea.rs showed a rapid decrease in 
the value of metal production, resulting from falling prices for the base metals , 
copper, lead. and zinc, and a decreased demand for nickel. The total fluctuation 
was moderated to some extent, howenr, by a consi·derable jump in the produc
tion of structural material and a further increase in the price and production 
of coal, both items indicating the beginning of new enterprise. 

Though marked by considerable fluctuation, the total val ue of production 
increa-sed fo llo"·ing the "·ar unt.il 1929 "·hen general "·orld depression was 
beginning to be felt. From 1929 to 1932 the rnlue of production dropped 38 
per ccnit or $120,000,000 . Th e prices of copper, lead, and zinc fell to a third 
of the 1929 price, and Jack of demand curtailed production of nickel , coal, and 
structural materials. The great stabilizer in this period was gold, whose value 
of production rose more than $30,000,000. 

Following the low of 1932 and 1933, a return to normal prices for the base 
metal , an upward revaluation of gold , and a reburn to stability in a growing 
industry .had by 1939 more than doubled the value of production in 1933. 
Metallic mineral production accounted for 79 per cent, and gold alone 40 per 
cent, of the total increase. 

From the beginning of vVorld War II in 1939 to the end of the European 
pha e in 1945 conditions were again abnormal. R equirements brought produc
tion of the metals, copper, lead, zinc, and nickel, to new highs. Shortage of 
labour and curtailment of indu try not essential for war made itself felt in gold 
mining in 1941, and the forced closing of many gold mine drastically reduced 
production. 
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By cxam111111g the produdion stat istics and seeki ng the causes of flu ctua 
t ions, it becomes obYious that redu ced produ ction at a ny time ,,·as not the 
resul t of a la ck of primnry rc:;ourccs. An inc rease in dema nd a nd pri ce has 
nlways brough t production to nc\\· hi@hs. 

Stru ctural materi als and products &uch as coa l, whose bulk or 1night in 
compari son wi th value is high, ca nnot be sh ipped fa r, an d produ ction of uch 
items is governed to a C'O nsicl crablc exte nt by loC"a ! population and ind ustry . 
T heir volum e of pm du ct ion will. therefore, merely k eep pace wi th grmdh of 
popul a tion and industry un t il such time as their Ya lue will perm it tran -
por tati on to di tan t ma rkets . Verv li tt le detail ed a nd autlhcnti c in form a ti on 
is avail abl e on our actua l r esources of uch mate ria ls, bu t our potentia l resource 
nre beli eYcd to be Yery great and more t ha n adequa te fo r scores of y ea rs. 

T.he si tuat ion in the metall i ferous fi eld is differen t in many re.s pects, the 
chi ef of whi ch is t ha t mctnls ca n rea ch distant ma rkets . In the orcl in1a rv 
course of even ts, U1creforc, the d ra in on meta ls will be worl d \\·icl c , a nd exha us
t ion. of resources is cert ain if meta ls con tinue in use . Actual reserves in Can ada 
a re re tri cted to our presen tl y kno~rn mines , a nd very li tt le is known 'about our 
poten tia l r eserns . About 80 per cen t 01f Ca.nad·a is unma pped geologica lly, and 
m uch work must be done before any soun d c;;:ti ma te can be m ade of our poten
t ial met a l reserves . \Vith so mu ch ground Yet un to uched , howenr , i t is 
expected that meta l prod uct ion \\·ill in crea~c ,·e ry mate ri a lly before the peak is 
reached. 
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T ABL E I 

Annual T'alue, J\Iineral Production of Canada smce 1886 

Y ear 

1880 ........ . . . ............... . . 
1887 ..... . ..• .. .......... . .. ... . . . . 
1888 .... . ........ ... . .............. . 
1889 ....... . ................ .. ..... . 
1890 ......... . ... . . . .... . .... ..... . . 
1891. . .. . . . . . . . . . . . . . . . . . . . . ..... . 
1892 ................. . ...... . . . . . 
1893 . . ... . . . .. .... . . .....•.. .. ...... 
1894 ..... . .......... ........ ..... . 
1895 .. .. ... . . ... ...... ......... . .. . 
1896 . . .............. . .. ...... . ..... . 
1897 .... . . .... ....... . ... ...... . 
189 . . . . . . . . . ... . 
1899 ......... . ............... . 
1900 . . ............................. . 
1901. ... .. ....•... . ........... 
1902 ................. . ............ . 
1903 ........• . .................. 
1904 ... . . ............. . 
1905 . . ............... . 
1906 .... . . ..... .. . .. . ... . .. . . .... . 
1907 . . ....... . ... . 
1908. . . . . . . . . . . . . . . . . ..... . 
1909 .... . ........ . .. . . .... . .. ...... . 
19 10 .............. . ..... . ..... . 
19 11. . . . . ............ . . . .. . . 
1912 ................ . ............ . 
1913 ........................ . .. . 
1914 .. ............................ . . 
1915.......... . ....... . . 
19 16...... . .... 
19 17......... . ....... . .. . . . . 
19 18 . . ................. . .... . 
1919 .. .. ........ . .... . 
1920 .. .•.. ... 
192 1. 
1922 .... . .............. . ......... . . 
1923 ...... . .... . . 
1924 . 
1925 .... . ...... . 
1926 ........... . .................. . 
1927 ..... . ....... . 
1928.... ... . ....... . ........ .. . 
1929 . . . . . . . . . . . . . . ........ . 
1930 ......... .. .............. . ..... . 
193 1 ........................... . 
1932 ............................... . 
1933 ............ . ........ . ...... ... . 
1934 ......... . ........... ' ....... . . 
1935 ..... . ... ... ....... ..... . ..... . 
1936 . 
1937 . 
1938 ......... . ... . .... . ... . ... .. ... . 
1939 .............................. . 
1940 . 
1941. ...... .. .... . .. . ....... . 
1942 .......... . . 
1943 ........ . 
1944 . 

Meta lli cs 

s 
2, ll8, 608 
2, 073, 746 
2, 628 , 292 
3,251 ,299 

.3. 614, 488 
5 ,42 1, 659 
3 , 698, 697 
4. 630, 495 
4, 685 ,852 
6, 087 , 114 
8, 030, 63:1 

13, 780 , 314 
21,74 1,865 
29 , 282 , 823 
40 , 408, 676 
4 1, 939, 500 
35, 792, 325 
33,2 10 , 147 
30, 924, 897 
37, 400, 201 
42, 376, 927 
42, 426 , 607 
4 1, 774,362 
4.4, 156, 84 1 
49, 438,873 
46, 105, 423 
6 l 172 753 
(\6: 36 1: 351 
59, 386 , 619 
75 ,814 ,84 1 

106,3 19,:365 
106,455, 147 
l l4, 549 , 152 
73, 2G2, 793 
77, 939, 630 
49 ,343,232 
6 l , 785, 707 
84 , 39 1,2 18 

102, 406, !i78 
11 7. 082, 298 
115,737,58 1 
ll3,56l,030 
132, 01 2, 454 
154 , 454 . 056 
142, 743, 764 
120,930, 147 
112, 041 , 763 
149, 0 15, 59:3 
194, 11 0, 968 
22 1, 800 . 849 
259 , 425 , 194 
334, 165, 243 
323, 075, 154 
343, 506, 123 
382,503,0 12 
395, 346, 581 
392, 192, 452 
356, 812, 760 
307 , 572,2 17 

Non-meta II ics 

F uels 
and other 

non-metalli cs 

5, 627. 27 l 
6, 290 , 006 
6, 842,60 1 
7 . 264 , 940 
9, 137 ,.594 

10 , 230 ,423 
9, 076 , 265 

10, 020 , 64 l 
9, 990, 898 
9, 585,482 
9, 976, 338 

10, 242 , .566 
I l ,385,0 lO 
13 , 832, 92 1 
17, 423, 560 
17 . 295, 22 
19,876, 636 
19 , 786, 619 
20 , 666 , 897 
22 , 216, 699 
25, 132, 466 
3 1, 275 , 546 
32, 142, 784 
3 l , l 4 1, 251 
37, 757, 158 
:34 , 40!i , 960 
45, 080, 674 
48, 463, 709 
43, 467, 729 
43,373,57 1 
53, 4 14,983 
63 , 354 , 363 
77,621 , 946 
76, 002 , 087 

108, 027, 947 
87. 842, 682 
82, 976 , 744 
91, 936, n2 
71,7%,009 
71,85 1,80 1 
85, 240 , 144 
88, 986 , 246 
9:3 , 239 ' 852 
97 ,861,356 
83, 402, 349 
65 , 346 , 284 
56, 788 , 179 
57' 782, 973 
64, 763, 86 l 
07' 328, 20, 
76 , 723 , 437 
88, 324, 150 
84, 869, 417 
95, 733 , 177 

101 , 849 , 372 
119, 52 l , 437 
128 ,846,4 13 
131, 230, 9.j2 
137 , 004,020 

C lay product~ 
and structural 

mater ials 

2,225,376 
2,707, 579 
2, 798, 00 1 
3,247 , 674 
3, 761, 27 1 
3, 074, 534 
3, 603, 455 
5 , 133 , 946 
5, 004 , 408 
4, 726, 368 
4, 327, 542 
4 , 388, 550 
5, 273 , 146 
6, 168, 283 
6,355 ,80 l 
6,803,836 
7' 890, 836 
8, 443, 747 
8, 182, 103 
9, 608, 267 

11 , 779. 304 
12, 863 , 049 
ll , 339,955 
16, 533, 349 
19 , 627' 592 
22 , 709 , 611 
28 , 794, 869 
30 ,809, 752 
26,009,227 
17, 920 , 759 
17, 467, 186 
19,837,3 11 
19, 130 , 799 
27 , 421, 510 
41 , 892 , 088 
34, 737 ' 428 
39,534,741 
37, 75 1, 38 1 
35, 380 , 869 
37 ' 649 , 230 
39, 959, 398 
44,809,4 19 
49,n7, 18 1 
58 , 534 , 834 
53, 727' 46.5 
44, 158, 29.5 
22, 398, 283 
l6, 696 , 687 
l9, 286 , 76 l 
23, 215, 400 
25, 770, 741 
34,869, 699 
33,878, 666 
35, 362, 759 
42 , 472, 65 1 
45 , 373, 272 
45, 729. 807 
42, 010, 254 
4 1,M7 , 7Jl 

T otal 

J 0, 22 1, 255 
10,321,33 1 
12, 518, 894 
14 , 0 13, 113 
16, 763 , 353 
l8, 976, 616 
16, 623 , 415 
20 , 035, 082 
19, 931, 158 
20 , 505 , 9 17 
22, 474 , 256 
28, 485, 023 
38,4 12,43 1 
49 , 234 , 005 
64 , 420 ,877 
65, 797 . 911 
63, 23 l , 836 
61, 740 ,5 13 
60 , 082, 771 
69, 078 , 999 
79, 286, 697 
86,865, 202 
85 , 557, IOl 
9 1,83 1, 441 

106. 823. 623 
103 . 270 . 994 
135. 048' 296 
145, 634 , 8 12 
128 ,863, 075 
137, 109, 171 
177,20 1, 534 
189, (;46, 821 
2 11 , 30 1.897 
176, 686, 390 
227 . 859' 665 
17 1, 923, 342 
184, 297. 242 
2 14 , 079, 33 l 
209 ' 583. 406 
226 , 583. 333 
240, 437' 123 
247. 356, 695 
274 , 989,487 
310 , 850, 246 
279, 873, 578 
230, 434, 726 
l9 l , 228 , 225 
22 1, 495 , 253 
278, 161, 590 
3 12,344 , 457 
36 1, 9 19 ,372 
457 ' 359, 092 
44 l , 823, 237 
474, 602, 059 
529, 825, 035 
.560, 24 1, 290 
.566, 76~ . 672 
530 . 053. 966 
485 , 923 , 948 

\ "a lue 
per 

capita 

2.23 
2 . 23 
2.67 
2.96 
3.50 
3. 92 
3.39 
4. 04 
3.98 
4 .0.5 
4 .38 
5 .49 
7 . 32 
9.27 

12.04 
12. 16 
ll . 36 
10 .83 
10.27 
I l. 19 
12 .81 
13. 75 
13 . l6 
13.70 
14.93 
14.32 
1S .3:l 
19.35 
16. 75 
17 .44 
22 .05 
23 . 18 
25 . 37 
20 .84 
26. 40 
19. 56 
20.55 
23· H 
22.71 
24. 19 
25.6 1 
35· 67 
27 .96 
31. 00 
27. 42 
22. 2 1 
18 . 20 
20 . 74 
2.5.67 
28.56 
32.82 
41.13 
39.42 
4 l. 94 
46 .39 
49 . 06 
48 . 63 
44 .87 
40 . . 58 
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TABLE II 

GEOLOGICAL TIME SCALE 

Era Period CharactC'ristic life Total e~timated 
t ime' in years 

-------------- -------t------------1--------

Ceno?.oic 

R ece nt 
PIPistoccne 

Pli ocene 
Miocene 
Oligocene 
Eocen e 
P a leocene 

Man 

------------
i\Iamma ls a nd modC'rn 

plants 

-------------------

Mesozoic 
C rPtaccous 
Jurassic 
Triass ic 

----- -- ------ ---------

Pal::cozoic 

P ermian 
Carboni ferous 

DC'vonian 
Silu1·ian 

Ordovician 
Cambrian 

Reptiles and cycad-like 
gymnospC'rms 

Amphibians a nd l.1·copods 
(giant club-m osses) 

Fishes 

Higher invertPbratcs 

- Prote rozoic J\:('11·cenall'an Primit ivl' invertebrates 
.;!! HUl'oni a n and alga: 
..0 ----------- --------------- -
6 
"'l 
<..) 

SJ Arrlrn'a n 
Timiskam ing 
h Pc11·atin :\ii 

l .000 .000 

60,000,000 

200.000 ,000 

500 .000 ,000 

2 ,000 ,000 ,000' 
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CHAPTER II 

THE CANADIAN SHIELD 

(H. C. Cooke) 

The Canadian Shield is the great region of Precambrian rocks that con
stitutes the central backbone of Canada. It is a crudely hield-shaped area 
with its base on the Arctic Ocean and narrowing to a point in the United States 
south of Lake uperior. Its position and boundaries are indicated on Figure 1, 
and its area is approximately 1,800,000 square miles, or about half of all 
Canada. 

PHYSICAL FEATURES 

The Canadian hield is a pencplain 1 , which wa upli fted to approximately 
its present position, it is estimated, in midd le or late Pliocene ti me. During this 
uplift it was warped and faulted in places so that parts of it now stand much 
higher than others. ince its uplift the Shield has been some"·hat dis ected by 
stream action, particularly in the more elevated parts; and the topography has 
been further modified by the ice of the glacial period. This scoured away 
much of the oil and weathered, rock of the pre-glacial surface, moothed off the 
hill . filled the valley \Yith debris, and thus completely disorganized the pre
glacial drainage. 

The combin ed result of these procef3:::cs is the ch aractcristic topography 
of the Canadian Sh ield (Plate II). From almo,:t am· elevat ion the skyline 
appear monotonous]:; level, regardless of lhe differing hardnesses of the un der
lying rocks. Only at long intervals docs a low hill break this even line, some 
remnant that escaped the prevailing pcneplanation. Vie11·cd more clo ely, how
ever, the surface is rough. " ·ith lo1Y hills and ridge- rising a fe11· hundred feet 
above the valley levels . This dissection. in part at least, undoubtedly took 
place after the peneplain 1rns upli fted, and streams could once more com mence 
vigorous erosion. 

Warping during uplift gave the Shield a saucer-like shape, "·ith high edges 
sloping in general to11·ard the central depression of Hud on Bay. The. rim of 
the saucer is broken in places by depr·c:::s·ions" such a the low Yalley of Ungava 
Bay, and t.he relatively depres~ed area south of J ames Bay through Lake Timis
kaming. The remain ing 1higher parts of the rim may be briefly described. At 
Cape Wolstenholme, at the soutlrn·est entrance to Hudson Strait, the plateau 
fronts on the strait in cliffs about 1,500 feet higih, a.net slopes southward. Aero s 
Ungava Bay it attains its greatest elevation, bcbYecn 5,000 and 6,000 feet. The 
di sectcd edges of th is plateau, facing the Atl antic , a.re knmYn as the Torngat 
Mountains (Plate III). outllnrnrcl along the Labrador coa t the elevations 
decrease, but still are greater than 2,000 feet between H am il ton Inl et and t.he 
Strait of Belle I sle. 

Turning "·est a long the north shore of the Gulf and Ri1·er St. Lawrence, 
the edge of the plateau maintains its height nearly to Quebec, north of \\:hich it 

lA pcnepluin, or almost-plai n, is a part of the earth's ~urfacc subjcriecl to erosion until reduced to n. 
plain-like surface, regardless of the varying hardneSBes of the underlying rocks. .-\s t'rosion must continue until 
the surface is reduced nearly to sea-level, it follows that a truC' pC'neplain must han• lain, when completed, close 
to that lc•vel. As mo!'t of the Shield an'a now lirs as rnurh as 1,500 feet or more nbo,·c sea-level, uplift of the 
peneplain can be inferred. 
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I I I uslrati llf! pcncplaned surfa1'e of thr Canadian 
T erritories. Photo by permis ion Royal 

PL.\TE 1I 

hield. and tbr numerous lake. of Norlhwest 
anadia n Air Force. (A. 4731-54.C.) 
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i~ ~ til l 1.800 feet abo1·e sea - lcnl. F a r ther 1YC~t its elernlion L1lb off grad ua l!)· 
to about 800 feet, sonw distance 1\'CEt of Otta11·a. From there to Lake Huron 
the ::lhielcl cease~ to ri~c as a n a.brupt 11·all aboYe the surrounding plains, but 
passe- ll'i t hou t perceptib le change of gradient benea th the hor izontal Paheozoic 
beds tha t underli e these piains. Stil l farther \\'est, north of L akes H uron and 
:-luperior . the rnr face oJ the p lateau rises again to aibove 1.500 feet; and similar 
or highe r elern tions nre rnn in ta in ecl to t.he northwc:::t RS fa r RS the Arrtir Orcan. 

PL.\'l'E lII 

.;,/ ( / .1. ... , , ' -'' 

T or nga t :l fo un tai n". nea r t he no r the rn L a b rador·Llnga,·a bo1111dary. illustrating a par t icula r ly 
rugged area of LhC' Canadian . hi eld. Photo h.1· .\ . P . ColC'1 11 a n. Geological Sun·cy (959 15). 

During a nd a fter the uplif t streams cut and deepened their Yalley:;, not 
on ly in the plateau ~m· f,acc, but in the u pra i~cd. rim-like edges . Later, when the 
ice ca me. th e~e stream ch :rnne l ~ formed ronH'n icn t conduits through 1Yhich it 
could fl ow to the Atla nti c a nd to the sou th. T he po11·erf'ul erosin action of t he 
moving ice and its load of boulcl rs 11·icl cncd and deepened the rnl ley~ to prod uce 
the magnifi cent fi ords of t he La brador coast (Pla te IV ), the l'amou:-> va lley 
of t he Saguenay , and many other features of t he topograph~- - T he G reat 
L ak es, as 1Ycll a~ the la rge lak es of the ~ortlmest T erritori es. ori ginated in la rge 
part t hrough glacia l actiou. 

Throughou t th e in terior of t he Shield the effect of glaciation was prn fo und. 
The ice planed off the deep soil formed by cent uries ol' 11·cathcring, and th ereby 
de troy cd its povsibili t ies fo r agri cu ltm a l dcYc!oprncnt. Tt remowcl a ll weathered 
roc k beneath t he m il. and 11·i t h iL a ll t he placer d0epo;: it::: t hat undoubtccL!y existed 
in gold-bea ring a reas, and a ll t he seconda rily enriched zones a bon ore clepo i ts 
of a ll kinds. In pa rti a l recompense, it left the r ock surfaces polished and clean , 
a nd exposed to a degree fa r greater than before, so that they can be readily 
d udicd a nd cas il)· pro~pcctcd for minera l deposits. 

The debris of thi s great erosion was in pa rt rarri ed completely off the Shield, 
:md in pa rt ~ea t tcrcd <ll" Cr ib surface. ehoki n.g old stream Ya.li e)'& and in a.me 
cases fo rming great ridge5 that extend for mi le. . As a resul t. lhe origina l well 
established dra inage pat tern is complete!)' rli;::organizecl , so that only a few of the 



larger pre-glacial vall ys can now be recognized. The effect has been to create a 
multitude of Jake:=:, 1Yhich spil l at random across the lo"·est points in their rims. 
Many have more than one outlet, and where such lake lie on a divide, they may 
drain to two entirely different river systems. In some parts of the northwe t the 
number of lake is so great that they constitute 25 to 35 per cent of the total 
area. The accidental irregularities of the ground determine t he courses of the 
streams draining these lake , with the re ul t t hat they are a succession of quiet, 
lake-like stretches connected by rapids or fa lls. 

P LATE IV 

Fiord. Labrador coast, within the area of the C'anaclian , hicld. Photo br F orbes °Exped ition, 
Boston, 1931 (05916 ) . 

A consequence of this unusual situation was the development b~· the 
aboriginal inhabitants of the birch-bark canoe, a light craft that could navigate 
the stiller 'rnters and be easily carried past the more difficult obstructions. By it 
all parts of the hield 11·ere penctr.,ated and explored. T he white man on entering 
the country adopted th is craft, and later designed simi la r ones of tougher 
material~. "·ith which all e)q)loration of the countr~r . up to rec nt years . was 
carried on. Since the development of the airp lane, the lakes have been utilized 
as ready-made land ing fields , and enable exploration to be carried fo nrnrd at a 
~teadi l~· increa8ing rate. 

Lake were both more numerous and larger than at present toward the end 
of the glacial period, when the melti ng ice upplied great volumes of water, and 
at the ame t ime the unmelted ice blocked the normal drainage toward Hud on 
Bay. ome very large Jakes formed at that time around the edge of the receding 
ice, and persisted for hundr cl of years. The f' il ts and clays deposited in the lake 
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beds constitute practically the only good agricultural land now found on the 
Shield. Examples are the so-called 'clay belt' of northern Ontario and Quebec, 
and the rich soils north and south of Winnipeg. 

The southern part of the hield is a fore tee! region whose timber and pulp
wood are of great value. N orthward the forests are thinner and the growth less 
v igorous, unt il they merge into the open barrens of Ungava P eninsula and the 
Northwest T erritories. 

Th e uplift of the Shield , and the subsequent disorganization of the drain
age by glaciation, have combined to give rise to immen e waterpowers. A few 
Df the more accessible have a lready been harnessed to supply eastern Canada 
''"ith some of the cheapest power in the world and to run great manufact uring 
industries. There can be little doubt that these waterpowers will be increas
ingly utilized in the future a the other great source of power, ·coal, becomes 
more expensive " ·ith the gradual exhau tion of the deposits. The Canadian 

hield may yet become the great storehouse of power for Nor th America. 
Obher resource of the Shield, outside of it mineral depo its, are it fur

bearing animals and its tourist poss ibilities . Its fin e furs ''"ere the principal 
cause of its ea rly exploration and cttlement; they have eYer ince furnished a 
cDn~id€rable part of the world supply, and undoub ted ly "·ill continue to do so . 
As the coun try is opened up , the numerous lakrs nnd st reams will increasingly 
attract fishermen and tho e who like a \Yi lderness holiday, even though the 
mosquitoes, black fli es, and other stingin g pests may repel a ll but the hardier 
-ouls. Big game offers attraction to the few interested in hunting; and , in the 
winters, t:he more accessible parts inYite t housands annually for winter sports. 

EXPLORATION 

Th e exploration of the Canadian Shield may be said to 'have begun when 
J acques Cartier sailed up the St. Lawrence in 1534 and began the settlement 
of what wa later New France. At that t ime, as later transpired, the entire 
area of the Shield was inhabited by nomad tribes of Indians and Eskimos; bu t 
these, of co urse, have left no records of what they knew. T he French estab
lished tJhe fur trade " ·ith i:Jhe native , and it is likely that some of the bolder 
sriirits took to the woods with the Indi ans; at least by 1656 the possibility of 
reaching Hudson Bay by an overland route from the t . Lawrence seems to 
have been generally accep ted . Th e French regulation of the fur trade "·as 
rigorous; any one proposing to go inland after fur had to sec ure a licence, and 
anyone \d10 omi tted th is formal itv was fin ed so heavi ly as to lose the greater 
part ·of his gains. Dissatisfaction with th is state of things caused R adis on, a 
man from T hree River , to appeal to tlhe British Government and urge on them 
the adYisab ili t:v of entering the fur trade via Hudson Bay . Hudson B ay was 
already \\·e ll known from the exploratio-ns of H cnr>" Hudso n. Sir T homas 
Bu tton . .Jens Munck, Luke Foxe, and Thoma .James. :Most of these navigators 
\Yere se::irching for a north,Ye~t passage to the Orient. but the net result of 
their labours \l"aS a fa irly good map of Hudson B a>-. Charles II , urged by 
R adisson . sent out a vessel in 1668 that wintered in the bay an d traded wibh 
the Indians. T he result of the voyage ''"ere so grat il\·ing that in 1670 Uhe 
King signed t.he rharter of The Governor and Com pan>" of Gentlemen Adven
turers of England Trading into Hudson\s Bay, or, as it is more common ly 
cal led, the Hudson's Bay Company . The Company survi Ycd its long struggl e 
with the French that ended only with the English conqu est of N ew France in 
1763 ; and a l~ o that 11·ith it~ great ri val, the Jorth-West Company ; and during its 
cheq uered ca reer e tab lishcd trade routes a long the principal stream of Ungava 
and the K orthwest. 
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After the l'Oll(\ ue,:;t 0 r ::\ l'\\" }' ra nee \\"a;:) completed, s.1· ~temati c efforts tc> 
explore the far northwest 1rere undertaken. :so me b.1· the fur compan ies. some 
by lhc British Government. Th e better kno11·n or these were the explorations 
or H earne, ~J ack enzic, .Franklin , and Baek. Sa muel Hearne, a clerk in the 
employ of the Hudson's Bay Company at Fort Ch un·hi11 , \\"as commiss ioned to 
invest igate the In dian reports or nati1·e c·oppcr deposit SO!l1e\\"<hcrc to the north-
11·c~t. He undertook to go out 11·ith t<hc l ndian:;; in the ir m igrat i on,~ , :Sharing 
their mo1·ements and privations. ln 1770 these monmen ts took him nor tl11rest 
around 1rhat is no\\" Du ba,1rnt La.kc and nearly to the he::i.cl of Ohcsterfield Inlet. 
A seco nd trip (1771 -2) rar ri ed him to the mouth of Coppermin e Ri ver on the 
Arc tic , and back to Fort Churchi ll Yia c:rcat :-;Jan Lake. ..\ lcxancler 
~lackenzi e of the :!\orth-·West Company (1789) explored the ri1·er that bears 
his name. fro m Great c:lla1·e Lnkc to it:s mouth . :-lir J ohn Franklin , on behalf 
of the Briti;:;h Admiralty, spent senrnl years in the coun try (1819-22. 1825-7) , 
and, along ll"ith Ri chardw n, his :::econrl in C"om mand, exp lored and mapped 
routes rrnm Port Nel,:;on to Lake \\" innipcg. I rnm Lake \\" innipeg to the ~lac
kcnzie , the .i\!Jackenzie itself, and hrn rnutcs fro m Great :-\ lave Lake to Corona
tion G ul f, one dO\rn Coppermin e Ri ni. Back, 1Yho arcompanied Franklin, 
1atrr ( 1834 1 made. an ind epcndcn t su1Te1· of (; rea t Fi :"h Ri 1·cr. no11· kno1rn :1s 
Back Rinr. 

Geo logical cxp lornt ion of the :-ihi cld did not begin unti l after the organiza
tion of the Geological Smvey of Ca1rnda in 1842. Confined in the first few 
decades to studies of t<l1c more ncres"i bl c pan;;, ;;: uC'h as the Gre1wi ll c area of 
eastc.rn Ontario and the norVh shores of Lake,; Hu rnn and Superi or, it 1Yent for
"'·ard rapidly after the. completion of the Can:Hlian P neific Ra ihl-a:; in 1885 put 
thousand ,.: of ~ta rting points 11·ithin cas,1· reach of Otbnrn. T hef'c rarl,1· 11·orkers. 
"'·ho in clude such 1Yell-kn cmn geologists as Wi lli am 1\ l rlnne,.:. A. P . Lo11·. Robert 
Bell , and .J. B. Tyrrell. su 1Tc,1·ecl the m::i.jo r 1raterrourse:o and studied the ro r ks 
they traYC rsed . Beginning about 1910 mu rh of the actual ,.:urvcying 1rn~ taken 
onr by the nell"l,1· for med Topographi('al Branch of the Ccological :-;u1Tey. and 
the geologi;;t \\'as able to giw more attent ion to the study of the rocks; a a 
re. ult, he 11·as ab le to undertake the c·o mpl ctc examination of a reas, in:>tcnd of 
confinin g his 11·ork to the sho res of :;trca ms. T he development of the airplane 
ha made it po~ sib l e to map large areas rapid ly by photography, requiring on ly 
a ~1inimum of ground su1Tcys fo r contro l purposes; to some extc.nt also the 
ma .J or feat_urcs of the geology can be determined from the photograph s, enab ling 
the geologist to concentrate hi~ cfforb on rrit iea l areas, so that exploration can 
11011· go on at a rate undrea med of b,1· C':lr li er 1rnrkcrs. 

GEOLOGY 

An,1·one attem pting to describe the geology of the Canadi an Sh ield is 
confrnnted at the outset by tlrn gran diffi cu ltie;; . The fi rst is that not more 
than abo ut 20 per cent of it has been exp lored in any degree of detail , and the 
only in format ion \\'C have on the remain !er i that furn ished by rather widely 
spaced explorntion;;. Thm little ,can be m id either of the areal distribution of the 
Yarious rocks, or of the ir co rrelation . The second difficultv is the abs·ence of fossils 
in the Precambri an rocks. so that, lark in g th is reliable ~lean s of correlation. the 
geologist i;; reduced to Jess atisfactory methods, such as petrographic rc;;ern 
blances. structural f' imil arities, and so forth . :\ s a remit , Precambrian literature 
i;; Aoodccl with paper;;_: o·f corrcla.tion. c:wh emphasizing some facto r of importance, 
and each urging n different arra ngement of the fo rm ations in the geologic 
column . Some of the hypothese:- adva nrerl have later been discarded , follo1Ying 
more extended areal examin ation,; or rnorr in tensive field stucl ie , and doubtless 
others 1Yill be ~ imi larly cl i ~rarded in the future; but. many ciuestions arc likely 
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tu remain unanswered forcrnr, or for :it very long time. The following description , 
therefore, can do no more than reflect the trends of present opinion in matters 
of correlation, coloured no doubt to some extent by the writer's personal views. 
Ten or 20 years hence quite different conclusions may have been reached on some 
of the problems. 

Th e Precambrian rocks of the Shield, according to present vi ews, arc 
considered to fall into two main groups, separated by a great interval of folding, 
mountain building, and long-continued erosion. The older group, known as the 
.\rch:ran , is again subdivided into an older and a younger sub-group. Th e 
names K cc\\·atin and Timiskaming are applied to the rocks of the older and 
.Younger s ub-groups in some parts of the Shield; but as Arch:ran time was 
extreme ! ~- long, perhaps one-half, roughly , of all recorded geologic time, and as 
the re i as yet no means ·of knowing \\·hcthcr the scattc1ed remnants of rocks 
of these group-types arc r eally of the same age or not, local names have commonly 
been applied in the scattered a reas where they arc found. Abou t all that can be 
:;aid , definitely , i · that in no area yet explored has there been found more than 
l 1\·o sub-groups of Archwan rocks separated by an unconformity. 

The second great group, that of the Proterozoic rocks, has been subdivided 
in turn into four sub-groups, namely those of Lower H uronian, Middle Huroni:w , 
l"pper Hul'Onian or Animikic, and Kcwecna\1·an age . Th e classification has 
been c::;tablished after intcnsi\·e study of the rocks south of Lake Superior. 
Prote rozoic rocks arc much less widely distributed over the Shield than those of 
A r cha~an. age; also, no single area includes formation,,; of all the above sub-groups. 
Hence, in assigning the known rocks to one or another of these age groups one 
mu st depend on such features ·as stratigraphic succession and petrographic 
resemblances. It is perhaps needless to add that any classification based on 
such uncertain factors unavoidably contains large possibi li ties of error. 

In addition to the above-mentioned strata, \\·hic:h are all rocks of sedimen
tary ur volcanic origin , there are enormous volumes of intrusive ign eous rocks. 
The great bulk of t hese arc granites of \'arious types; in fact, it has been 
esti mated that 80 per cent or more of the Shield consists of granite. There arc 
also rclatinly small bu t still important amounts of various basic intrusive 
rocks, such as gabbrus, noritcs, and pcridotitcs. 

ARCH.EAN ERA 

K eewatin Time 

Th e term "K eewatin" was first applied as a formationa l name by LawS'on 
about 1885 to certain lavas in the Lake of the Woods and Rainy Lake districts 
of Ontario . For some reason the term won immediate popularity, so that 
within a few years similat· lavas throughout north ern Ontario and Quebec were 
also called "K eewatin ," though actually no thing was known as to any corres
pondence in age with the original Keewatin . Fortunately, however, subsequent 
geological work has proved t hat at lea ta ro ugh similarity in age and geological 
relation hips does exist. 

Work done since 1920 has shown also that on both the eastern and western 
sides of the Shield the lavas are interbedded conformably with large volume · 
of sedimentary rocks. Some of these appear to be volcanic ashes deposited in 
bodi es of wa ter, bu t others arc more norma l sedimentary types. It, therefore, 
becomes necessary either to enlarge the tcnn K ccwaLin to inc lud e these sedimen
tary rocks, or to invent a new term th a t 11·ill includ e both . Th e writer prefers 
lhc former procedure, using t he term K eewati n as the name of a peri od during 
which there was great volcanic activity and a yet unknown amount of sedimenta
tion. This usage is not, however, as yet generally adopted. 
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The suppuscdl.v I<ccll'atin rocks of the central part. o f the hielcl arc 
do 111inantly Yolcani<.; type:;, mainly basalts anrl a ndesitc,.; , bu t locally, as near 
Noranda, trncliy te and rliyolit.cs may occur in con::;iderablc \ 'Olume. These 
rncks arc for the most part very t horoughly altered to aggregates of ch l'Ol'itc, 
epiclo te, and ·erondary fclcl::;par. Rather "ingularl:·, the alteration has not 
destroyed Ll1 c original strncturc $UCh as pillm,·s (Plates V and VI), flow lines, 
amygdulcs, or grain , rn that these features can still be used to distinguish the 
lop;; and bottoms of the floll' ,;, and thereby to determine the strike and dip, the 
po:<iliorn; of fold axes, and other large strn<.;lure ·. 

l'L.\'l'E \ ' 

Pillow sln1d 11re in lavas of the Yellowknife group, soulheast of Gordon L ake, Norlhwest 
Tel'l'i lo ric~. Rhape indicates lhat to ri of flow faces towards upper left-hand corner. 
Pholo by J. F . H ender on, Geological Suney (84169 ). 

H erc and there r elatively small bodies of sedimentary rncks a rc intcrbeddcd 
bet\\'een ft o1,·s. Many of these arc a,;h rock,; , ranging from fin e tuffs to coarse 
boulder agglomerates, and they a rc commonly though not ill\·ariably bedded, 
indicating that they 11·ere deposited in bodies of 11·alrr. Traced along the strike 
;;ueh bodies rarely extend more than a few miles. suggesting that they were 
dcpo;;itecl in ponds or lakes. 

Another t ype of sediment intcrbcddcd \\'i th the lavas consists of bedded 
chcrL or cherty quartz. Such bands a rc rarely more than a fc11· inches '01' a foot 
l11i<.:k, and arc mainly useful in delineating f101\· boundaries. In a number of 
pla('cs, hm\'evcr, they attain thicknesses of hundrcd8 of feet and arc associated 
wi th iron minerals, and arc then kno1\'n as iron formations. In some of these 
layers of chert-like quartz a lternate 1Yith layers of magnetite , hematite, or both. 
ln other districts th e bander! st rata ronsisl of finel:- granular quart:i:, iron 
rarlionalc, a nd Jl.ni lc in varying proporlion~. The iron C'On lcnt or th c~c rocks 
is usually low, less than 38 per cent iron, so that they are valueless at present, 
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though they constitute a great resenc that will doubtlcs be utilized when the 
present high grade dcpo its are exhausted . 

The part of the Shield in which the oldest rocks arc chiefly lams is indicated 
roughly in Figure 3. The absence of large bodies of ordinary sediments within 
this area suggests that it was probably a land area, undergoing erosion in 
Keewatin t ime. In support of this conclusion are the facts that the sedirncnLary 
bodies that do occur arc small, indicating dcpo ition in ponds or lake ; and that 
the cherts and iron formation must similarly have been deposited in land-locked 
bodie of water. H ad the iron- and silica-bearing so lutioru been poured out in to 
a sea, one \YOuld expect that dilution and dissipation by ~·aves and currents \\·ould 
have prevented deposition. The Keewatin surface, indeed, may be imagined a a 
maze of lakes, for the great outpourings of lava must have choked watercom~c 
in all directions , affecting the drainage much as glaciati on has clone. 

l'LATE \ . I 

V ariolitic 'tructurc in anrlP•itic pillo"· laYn•. southern Ti o'l)·n to"·nship. Quebec. Photo by 
:\f. K vVil ,on. Geological SurH'." (3-44). 

On the west sid e of the Shield. and roughly at the boundary indicated in 
Figure 3, sedimentary roC'ks in large quantity begin to appear in the group of 
oldest rocks. Much of the cdimentary material is undoubtedly volcanic ash, 
but other parts are quartzites, slates, and other normal types. Very commonly 
the sediments have been sheared, recrystallized , and converted into sedimentary 
gneisses. In Rainy Lake district the Couchiching, a thick series of sediments, 
seems to underlie the Keewatin lavas. On the ea t idc of Lake Winnipeg the 
oldest rocks have been termed the Rice Lake series , and consist of a central band 
of lavas both overlain and underlain conformably by thick bands of sediments. 
Around McVeigh Lake in northern Manitoba J. D. Bateman describes the 
oldest rocks , which he terms the ' i\Tasekwan series, as consisting of some 18,000 
feet of interbedded lavas and sediments , "IYith the lava considerably in cxces . 
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Bctw<:dl Athabaska and Great Bear Lakes the oldest rocks, Yariuu~I.\· tenned tlic 
T az in , Yell o1rknifc, and P oint Lak e-\\"ibon I sland group-, are mainly altered 
sediment \\·ith minor amounts of Jams. Jn Lhe Yicinity of R a nkin Inle t. on the 
north\r est shore of Hudson Bay, L. J. \\'eek reports the. presence of band:,; of pmc 
white quartz ite Hlme thou~and~ of feet thick in terbanded 11·ith the upper ho rizons 
of the laYa serie . 

G.SC. 

Vi gure 3. KPe wa ti 11 i'<•ri od. Th (• a 1'(•n " ·ilhin the sol id line ha' li lllC' Redimenlnr.'· ma ter ial 
assoc-ialed "·ith t he ];was. a11d is. therefo re. con,idered to ha1·e been mainl.1· land during 
K eewat in l ime. Outside t hi R line t he re is much sedi mentary ma terial. so that it was probably 
shallow e pi continental "ca. 

The wav.1· line indicatPR t he know n and possible fa ul t(s ) separnti ng the K eewatin area 
from the Grenville-l1astings area. Th e broken line is the a pproximate northern boundary of 
occurrence" of cr.1·slall in e limestone. 

Th ese rclatiomhips f' uggc~it that the nrea 11·cst of the solid line in Figure 3 
"·as co vered by the ea, in \rhich were depo ited the material s eroded from the 
land area to the east. 

The eastern side of lhc Shield is a~ ye t very imperfec tly kn<mn . Pri or to the 
development of the airplane the in terior of UngaYa \\'US difficult of access , and 
knowledac of it limited mainly to that obtnincd from a fc11· widely spaced 
traverses a lon g the principal s treams. Th e description ~e m to indicate that 
the oldest rock are mainly sed imentary gncis:;es \rith minor quantities of laYas. 
For the most part these gneisses have not been separated in mapping from t he 
igneo us gneisses and gran ites that inYade them. It wo uld seem , however , that 
the situation in Ungava is not ver~r diffe rent from that prevailin g on th e \1·cst 
side of th Shield . 

In eastern Ontario and the adjacent i1a rrs of Quebec the oldest rocks arc 
sedimentary gneisses associated \1·ith great thicknes~es of crystall ine limestone 
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and a little laYa. These rocks have been termed the Grem·illc senes. The 
relation of the Grenville series to the olde t rocks else\Yhere are a yet entirely 
unknom1. T. T. Quirke, who \Yorked for years in the district north of Lake 
Huron and northeast of Georgian Bay, believed that he had found in the latter 
district Huronian rocks highly metamorphosed by intrusion of the L ate Precam
brian Killarney granite, and on this evidence advanced the hypothesis that the 
Grenville may be the metamorphosed equivalent of the Huronian . Since his 
work was done, however, it has been discovered t ha t a great fa ul t, upthrust on 
the south side, cuts off the Huronian from the rocks to the southeast, so t hat the 
accuracy of his conclusions are rendered doubtful. Again, in a single locality 
about 80 miles south-southwest of Lake M istassini, the wri ter in 1916 found sedi
mentary gneisses overlying the Javas and apparently in conformity with them; 
and t raced the formation, by very numerous inclusions, across the barely 
unroofed crest of a granite batholith into the Grenville series north of Ottawa. 
In 1938, however, G. IV. H. Norman found that a strong fault zone, upthrust 
on the southeast, runs northeast along the southeast ide of Lake Misbassini and 
cut off the rocks to t he nortll\Ye t from the Grenville type of sediments to the 
southeast. The accuracy of the writer's conclusions are, therefore, also r endered 
doubtful. 

The two great fau lts mentioned above are closely on st rike with each other, 
and some 350 miles to the east-northea t, according to information received 
from geologists ·studying the iron, deposits of central Labrador; the Late Pre
cambrian sediments of that cli strict end on the south aga in t a strong upthrust 
fault. A line connecting these localities is practically straighL (See Figure 3), 
and may mark the approximate position of a zone of late Precambrian faulting, 
\Yhich separates strata of Grenville from K eewatin types. The problem of this 
suppo eel fault zone, and whether it will forever obscure the relations between 
the Keewatin and the Grenville, still remains to be investigated. 

Within the Grenvi lle sub-province , whi ch lies southeast of the supposed 
fau lt line above mentioned, the oldest rocks are the Grenville se ries. They 
appea r to have been originally shales , sandstones, limestones, and some lavas; 
but 01Yinig to t he intense metamorphi sm to which they have been ubjected, t he 
shales haYe been recrystallized to biotite schists and sillimanite-garnet gneisses, 
the sandstones to vitreous quartzite, and the limestone 1 to crystalline limestone. 
LaYa~. mostly of basic types, appear to be intcrbeddcd with thc~c ~ ediments and 
to occupy various horizons; it should be arlded, however, that in these much 
deformed and meta morphosed rocks structure is commonly diffic ul t to determine. 

In sout.hern Ontario, particularly in Hastings county, a second series makes 
its appearance. This, known as the Hastings series, overlies the Grenville with 
erosional unconformity, but, apparently, with lif:ltle structural di corclancc. Th e 
series consists chiefly of grey, blue " ·eathering limestone interntratificct \\·ith 
a rgilli te, except near the base where beds of conglomerate, interstratified wirth 
argilli·tc, buff weathering ,dolomite, grcywacke, and mica schist occur. The 
conglomerate contains well-rounded pebble and boulders of both the igneous 
and sedimentary members of the Grenville series. Both seri es appear to be 
folded rto about the same degree, and there is no noticeable discordance in dip. 

The Grenville and H astings rocks ar intruded by a group of gabbros, 
anorthosites, pyroxene diorites, and pyroxene syenites, most of ·which contain a 
pink to pale green, monoclinic pyroxene as their most abundant ferromagnesian 
constituent. Later than the e are dykes, ._ills, and bathofrths of granite and 
syenite. and their gneissic equiva lents. 

The economic products fo und in the Grenville and H asting rocks are 
chiefly those occurring in pcgmatite veins, such as quartz, fe ld·spar, and mica, 
and tho~e produced by contact meta morphic action, such as graphite, talc, 
actinolite, pyrite, and some iron ores. Gold-bearing veim are found, but have 
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mostly proved too lean to be \YOrkcd profitably; a fe\\· , hO\YeYcr, have been 
valuabk for their arsenic content. V cins of ga lena, fluorite, and barite arc 
known in these rocks near their boundary \\"ith overly ing Palmozoic formations, 
but similar deposits also occur in the P a lmozoic rocks, and they arc probably 
all of P almozoic or later age. 

Timiskaming Time 

Timiskaming is here defined as the later part of Archman or Early Pre
cambrian time. In a number of places in the southern part of the Shield a 
group of sedimentary rocks. interbcddccl in pbccs \\·ith small amoun ts of lava, 
has been found overlying the K eewatin rocks with known or inferred uncon
formity. At Porcupine, northwcs>t of Porcupine J1akc, Tirniskaming sediments 
overlie t he older rocks \Yith a discordance of 40 to -!5 degrees. Elsewhere dis
cordances arc much smaller, general ly not more t han 5 or 10 degrees, and eYen 
these may be disputed, as the actunl con.tact of the two series is ra rely observ
able. Commonly the basa l conglomerate of the rocks classed as T imiskaming 
carries boulders of iron formation . and , as th is wa'B la id dmn1 as a sediment. 
the presence of such boulders implies ero~ion of the underlying roch. perhaps 
accompani ed by uplift or fold ing, before t he conglomerate could be lai d clown. 

It is not known whether the separate bodies classed as Timisk aming arc 
all of the same age or not. They are merely cla eel together because, at the 
present stage of kno\Ylcclge, they appear to han similar relations t01rnrcl the 
older Kce\rntin rocks. Th e development \Yi thin the last 25 years of methods of 
determining structures in lavas has made it possible to decide qucstiom of 
structural unconformity with much more certainty than before, with the somc
\Yhat unexpected re.sui t that scYeral sedimentary groups petrographically 
resembling the Timiskaming han been found to overlie or underlie the 
K eewatin-type lavas "l'·ith apparen t conformi ty. In such ca cs the s·cdimcn ts 
are classed 1Yith the K eewatin grou p. 

Th e largest known single area of Timisk aming strata st retches from a point 
somewhat west of Swastika, Ontario, cast"·ard across t.l1 c in tc rprovincial 
boundary into Quebec, a dist ance of so me 60 mil es-. Small areas of similar 
rocks- the Cadill a,c group- are found for many miles farther east. Near Cobalt, 
Ma tachcwan, Timmins, and Opccpccsway Lake, in Ontario, there arc boclic~ of 
these rocks. Th e D ore scri·es of Michipi cotcn. and the '\Vindigokan series east 
of Lake Nipigon are considered to belong to this group; and west of that lake 
many bodies of similar rocks have been described, among \Yhich might be men
t ioned the sediments of Lake Savant and the Seine series of R ainy Lake and 
Steeprock Lake areas. 

Sediments of somewhat similar appearance have been observed on Broacl
hack and Ea·stmain Rivers of northern Quebec , bu t recent work has fa iled to 
demonstrate unconformity between them a nd the und erlyin g volcani c rocks, so 
that it seems safest at present to regard them as K cc,rntin. 

Northwest of Lake Winnipeg strongly fo lded and gneissic sediments have 
been described under various local names, such as the Missi series, Sickle series, 
San An tonio formation, and Kisse~·new gneiss . A sharp difference of opinion 
in rega rd to the classification of these rocks has arisen between different 
workers in the area. Some geo l ogist~, looking at the rather intense meta mor
phism of these rocks. 1han been inc lin ed to class them with the Timis
kamin g group. Others point out tha.t the structural discordance between 
them and the older rock is far larger than hetwcen tlrn type Timiska
ming and K ec\rntin . as it approaches a right angle in many places. For t hi s 
reason they would classify t hese rorks ll"ith t he Proterozoic, and ascribe thci1· 
greater metamorphism to the intrusion of the Latr Precambri an granites of i:hc 
northwc~t . At p1rc:ocnt th ere is no mean s of resolv in g these differences . 
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In the area bct\\·ccn Athabaska and Great Bear Lakes arc the ancient sedi
ments of the Yellowknife , Tar,in, and Point Lake-Wil son I sla nd groups, but it 
has not yet been establi shed \\·hcthcr some or a ll of these belong to the oldest 
known Archrca n, or fa ll into a later Arch:ran group. 1n one or t\\"O places there 
docs seem to be un conformity bct\\·ecn an older, mainly lava, cries, and a 
younger and mainly sedimentary grnup, but the relationships arc still imper
fectly knom1. 

Po8t-Ai-cluran I nterval 

The sedimentation of late Archa>an time 1rns brnught to a close by an 
intense diastrnphism , by which the laYa fto1\·s and sedimentary beds were thrown 
into ncar-ycrtical positions and in plarcs oYerturncd. At the same time, 
approximately , immense bodies of granite \Yerc inj ected. and stopccl a\rny or 
otherwise destroyed great parts of the older surfi cia l rocks . As folding and 
granitic intrusion in later times arc concomitants of mountain building, it is 
generally consid ered that the Rhiclcl mu~t han been '' region of lofty mountains 
during this interval. 

The post-ArchIBan interval, or a it i sometimes termed the Eparchcan 
interval, \\"as very long. l\Jountain building is a slow and gradual process; and 
the next rocks that appear a re deposi tecl on pcncplancd surfaces, so that at 
least small parts of t he mountainous area must have been crnded clown to nrar 
sea- level before the in terval closed. The interval must, t herefore, have endured 
for some millions of years, and may be considered. tentatively . equivalent to 
a geologic period at least. 

Throughout most of the Shield the general strike of the ancient rocks varies 
between cast-northeast an d cast-sout heast. ln the Northwest Territories, how
ever, the general strike is 11orthcrly. Thus the present contin ental structure 
appears to Jrnyc been initiated in thr first great folding of 1\·h ich '\'C have " ·e!l
presen·ed records. 

PROTEROZOIC ERA 

The Proterozoic era, or era of first life, has been so called because during it 
life on the ear th is supposed to haye begun ::i,nd developed. When fossil records 
in general begin to appear, in succeeding Cambrian t ime, evolution of life forms 
was a lready far advanced. From the primitiYc one-celled scraps of protoplasm. 
v.'hich arc supposed to haYc been the na.tal manifestation of life , had developed 
multicellular form s with highly specia li zed :-;tructurrs such as she lls, muscles. 
nerves , and organs of sight, fee ling, and locomotion. Of the nine great groups 
into which a ll animal fo rm arc divided. right were a lready represented at the 
beginning of the C.'.tmbrian period; t.he on ly one missing was t he group of the 
vertebrates. So great an evolution impli es that li fe had a lrrady existed for an 
immense length of time. There is, of course, no cYidenrc that this period of 
evolution 11·as confined to the Proterozoic. Many writers have supposed that it 
must extend back into the Archrcan era, which they would term the Arch::cozoic, 
or time of ancient li fe . 

1\[any years ago, accordingly, i t was inferred that Proterozoic tim0 must 
have been exceedingly long; but only in recent years has it been pos:;ib lc to 
estimate even roughly how long. Research on the raclioactiYe clements has 
shown that they break clown, th rough a snccrssion of chn,ngcs, in to two ultimate 
products, helium and lead; a nd that th is change occur;; at a uni fo rm rate, the 
speed of which has been mc::tRurccl. If, therefore, the relative proportions of the 
radioactiYc clements and thr lead or helium produced by their decomposition can 
be accurately determined, the length of time needed for that amount of decom
posi tion can be calculated. l nfortunately, radioactive substances in quantities 
large enough for analysis are rare; and the analysis, 11·hich requires a high degree 
of accuracy, is beset by a number of difficulties that cannot be dwelt on; so that 

85672-31 



2-± 

reliable age determinations arc as y et nll too few . Those that haYc been 
obtained indicate the conc lu 5ion that the Proterozoic era lasted some 500 or 
000 millions of yea rs ; as long or so rn 0\\·hat longer tha n a ll ti me from t he begin
ning of tbc Cambri an to the present. 

This Yast interva l not on ly wollld :o:ccm to afford oppor tunity for the eYol u
tion of life a boYc described ; bu t it also thro11· a different ligh t on the subdivision 
of the P roterozoic. It ha, been cu~toma r:-·, on the Shi eld , to subdi1·idc the era 
into fo ur " periods", the Lo11·er Huron ian. l\liddle Hu rnnian. Ani miki e or Upper 
Huronia n , and K cweenawan; and i t is probable that most geo logists instine
tiYCly th ink of these " peri ods" as rough ly cq uiYa lent t.o the Ca mbria n or the 
Cretaceous. :\1"01Y i t " ·ould seem that i f these " peri ods" ban any mea ning at all; 
i f the rcmnanb of t.hc Pro te rozoic r ocks pos::ess any more signifi can ce than isol
ated straws floating do 11·n thi s Yast ri1·er of t ime; t hen these :::o -cal lecl " periods" 
take on the aspect of era ~ . Gin ' them lengt hs of 100 million yea r or more apiece, 
a nd t hey each become roughl y cquiYa lent to t he 11·h o lc M esozoic; and correla
tions, so-called . !use their import. Instead or fixing rlo:-:<ely t he age,; of forma
t ions, the>· me rely group th em loosely 1Yi th in t im e Jimi ls that ra nge oYer millions 
of :-·ca rs. 

L ou·er IIu roniun T ime 

Lcmer Huro ni a n rnck s of the \' a nndi nn Shield , te rmed in Canada the Bruce 
series, arc confined to a na 1To11· be lt nlo ng th e nortl 1 ,-ho.re of L ake Hurnn , a nd 
extending about 23 mile ;;; cast of Surlbur:--. The.\· a ppear to li a1·c been laid clown 
in a rath er narrow tro ugh t hat extend ed 11·e,; tlrnrd a long the south sicll' u f \Yh at 
i,: now Lake Superior th rough ::\lichigan a nd \Yisconsin. 

Th e old est Huron ia n r ock s a rc fo und on!:· nea r Sud bury , but the actua l 
base is not exposed, a::; a profound fau lt fo rm s the ron tact bebl·een the m a nd 
the old er , presuma bly I\:ee 11·a tin , rock s. The ulde:ot existing form ation is a thi ck 
succession of rh yo li tc fl ows te rmed t li c Coppe r C liff rhyo lit c. Th c,;c a rc overla in 
conformahl:-· b:-· th e ::\lcKirn for 1nation. a succession of thi ck heel s of impure 
q uartzite a nd t hinner. YalTc-likc beds of grey1rnckc. The J\f r I\.i m a ppears to 
ha,·c a thi ckn ess of some 7,000 feet , a lt hough fau lt in g a nd brerciation render 
t he estim ate Ycry doubtfu l ; and it passes h,\· conform nhl c intcrbcdding in to 
the next oYcrlying formation. the Ram~a.\· Lake conglomerate, 1Yhich lies at 
the base of the ::\Ii ssissagi quartzite. Th e J.\I cKim a nd Copper Cl iff arc fo rm a
t ions of loca l extent , and t he fom w r ex tends on ly from a fc11· mil e::; cas t of 
Sudbur:· to a point a bou t 75 mi le~ 11·cst of i t. \Y est of trhat poin t the ::\Iiss i "agi 
quartzite either rest" directly on Archa--a n roek s or is fault ed agai nst t hem. 

The r emaining format ions of tlic l3n1<·c se ri es a rc the R a 1rna:-' Lak e con 
glomera te and Mi ::::o: issngi quartzi te. t he B ru re conglomerate , t he B ru ce lime
stone. t he E s panola formati on . and thr Serpent q uartzit e. J\or th of C corgian 
Bay these formations attain a tota l thickn e;;:s of nea rly 15.000 feet . hut t hey 
t hin rather rapidly " ·cstlrnrd to abou t 3,000 feet. All t he rocks of t he seri es 
d isp lay crossbcdding, rippl e-marking, and other eYirlenccs of shoal-1rntcr deposi
tion. Th e basin in 11·h ich the:r \YCre dcpo~ited mus , therefore . ha Ye be-en in a very 
delicate state of isostatic adjustment, as such great thicknc:::scs of sediment 
,,·ere deposited in it under shoal-water condition ::: th r oughout. 

M iddle Iht rnnian Time 

L o1r er Hmonian tim e closed in L ak e H uron d istrict with an upli ft that 
brought the nc,Yl,v de1m 0 i tcd sed iments under ero~ i on , and th ickne.sscs up to 
l .700 feet were rcmoYCd befo re the next onrlying se ri es . the Cob alt , was laid 
dO\rn. Th e rn onrnent docs not appear to han been accompanied by folding, 
h0\1·eYCr , as there is little or no structural discordance bet"·een the two. 
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The Cobalt series OYcrlaps the Brllcr. and extends :tbout 100 miles north 
of it. Like the Bruce, it li e on a surface of low relief bewlling the Archrean 
formations and the granite that intrude;:; bhem. Peneplana.tion of the Shield 
area liacL, therefore , advanced co.nsidenably by the time Co balt deposition began. 

The Cobalt series consists. of the Gowga.nda formation a.t the ba.se, overla in 
by the Lorrain formation. Th e Go~rnnda has a. maximum th icknes of about 
3,500 feet; it consist at thr base of a thick bould er conglomerate, which in 
places has the aspect 'Of a. Mhificd boulder clay, and in others resembl-es closely 
the materi·a I of cskeris or karn es. Other beds of conglom erate arc found through 
out the format ion. Th e barn! conglomera te is follo1Yed by an unstratified grey
wackc, strongly resemblin g a till , and this in turn by a thinly laminated, 
:varvccl greywackc much like the va n·cd clays of post-glacial lakes. In places 
it contains numerous boulders that can ·only have been dropped by fl oating ice. 
The whole a~scmb lagc is commonly conceded to h ave been the product of an 
ice age. Th e Lorra in is a se ri es of quartzitos, 7.000 feet or more in thickness, 
that overlie~ the Gowg.and1a formation and in places overlaps it to lie on the 
Arch~an basement. Th e 1011·er pa.rt of the L orrain is rather arkosic, but the 
upper is a wr>· pure quartzite, in places more than 99 per crnt silica. Cross
beddin g and ripple-mark >arc common throughout , indi cating shoal-water 
conditions of depm ition. Thin strraks and chsscminatcd particles of spccul arite 
occur he re and there , ancl in one pktcc a lean iron ore form~ a bed 75 feet or 
more in thickncs~. Banded cherty quartzite 200 to 700 feet th ick , and a second 
white quartzite fopmation some 2,000 fee t thick, overlie the Lorrain proper. 

LaYa~ haYr not bc rn fo und in the Cobalt series, except in L eona.rd' town
sh ip. Ontnrio, 11·hcrc a rhyoli te is described as part of the Cio1Yganda. formation. 

A second body of pos.•ibl>· Middl e Huron ian sed im ents is found at Lake 
Chibouga.mau , Qucbcr. Th ese rock: lrnYe been termed the Ch ibougamau series, 
and consist of rnme srn·n ll remnants cappirng higher hills and one clownfoulted 
blork. The\' include mainly con1glomerate$. a.ncl arkosc, and the maximum 
present thirkness is about 3.400 feet. Th e bed ' arc not great!>· fold€cl , but ha.Ye 
been murh broken by fa ultinp, :tnd tilted in places ~o a." to have high clips, though 
the awrage dip is• Jm,-. Thev rest "·ith grn:tt anp:uk1 r unconformity on t.he 
old·e r volcanic and ;:rcl iment:t r>' rocks. EvcrYone examining the area has com
mented on the general likeness of thes·c sediments to the Cobalt ~cries . 

i\Iurh rnorr doubtful is Hie ;:trnt igr:tphir position of a body of Recl iments 
in Richmond Gulf, on the cast shore of Hudson Ba>', which C . K. Leith has 
termed the Rirhmond scric$. It consists of coarse arkosc~ gradin g up \Yards into 
rnndstonc.~ and arp:illites and int erb .'.rndccl " ·ith some ba:::ic lavas. L eith describes 
the gro up as compo;:ccl of r0arsc 2ncl ill- a~~orted ~ccl im cnts deposited in low , 
tide-swept fons, nncl exh ibi ting the ll'irl c varict>' of r ipple- and current-marb 
duplicated in the tide flats of toda>' · The whole n;:,~cm.bla.ge clips seaward at 
angles of 5 to 45 degree~. anrl lie.~ 1Y iH1 s.malil unconformity beneath the Nasta
poka series, ~1'11 i ch bears ~o strong a pet rographic resemblance to the Animikie of 
Lake Superior district that thr hrn arc genrrally rorrelatecl. Th e Ri chmond 
group may, therefore. be considcrrd :.\1 idd lc Huroni::w , but t cith himself sug
ges ts thnt the un ronfo.rmity may not rcprr~ en t any great tim e interval in "·hich 
case it 1Yould be ncce;:.s.ar7 to clasc: the Ri chmond group 11·ith the Nastapoka 
series in the Upper I-luronian. 

Middle Huronia n time was brought to a close , in Lake Huron district, by 
a mountnin-building movement th:tt folded the Bruce a.nd Cobalt series ra.ther 
closely along cas1t-11·est axes .. Farther north the Cobalt strata were only gently 
flexed, and lie in broad· open fo ld1s with clip rar-ely exceeding 20 degrees . T he 
folding monments \Yerc preceded or accompanied by the intrusion of the 
great sills and dykes of gabbro commonly termed the Nipissin g diabase, "·ith 
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which the important silver deposits of Cobalt and Go\\·ganda were as.sociaied. 
Some bod ies of granite in Sudbury district may also have been inj ected about 
this time. 

Up7Jer Hmonian Time 
In Sudbury area, Upper Huronian time was ot1Je of long continued erosion, 

during \Yhich the mountain chain raised at the end of the last period was 
grad•ually red uced to an area of 10·11· reli ef. El>5ewhere on the Shield the 
Archman mountains appea r to lrnYc been pretty weH reduced to base level , 
with the result that small d01rn1rnrpings of the surface caused rather widespread 
inroads of the sea, establ ish ing ba~ins in 1Yhich s·cdimentary rock could be 
laid clown. It i freely adlJll iltcd that these conclusions depend for itheir •accuracy 
on the correctness of the correlations between the different areas; and that the 
correlations attempted are ba~ecli wholly on the unsatisfactory grounds of petro
graphic resemblance; but until some better mean8 s1lrnll 1be found it is difficult 
to sec v.·hat else can be d·one. T he reader should keep in mind, however, that 
the correlations are merely tcntatiYc, and that nc1Y discoveries· at any time 
ma.y change the picture. 

The rocks here assumed to be of Upper Huronian , or as it is frequently 
called , Animikie, age include the Animikic of the northwest shore of Lake 
Superior; the N astapolw seri es of Belcher I slands and Richmond Gulif; the 
similar rocks of Sutton L ake area, in Patricia district, northern Ontario; the 
~Iistassini series; and the L ate Precambrian rocks of central Ungava. 

\Yest of Hudson Bay there are several groups of rocks whose inclusion in 
the Upper Huronian is doubtful. These arc the Great Slave group of Great 
Slave Lak e, the Nonacho series southeast of the lake, the B eaverloclge group 
on the north side ()f Lake Athalbaska, the Snare group south of Great Bear Lake, 
the Echo Bay and possibly Cameron Bay groups of Great Bear Lake, and the 
Epworth dolomite and possibly Goulburn quartzite of the Arctic coast. 

The name Animikie \YaS first applied by Sterry Hunt in 1873 to a group 
of rocks near Por t Arthur. They extend southwesterly from a point about 25 
mil es northeast of that city to cross the International Boundary some 65 mile~ 
1Test-soutlrn·cst of it. Th e rocks consist at the base of a basal conglomerate 4 
feet or less in thickness, follo1Yed by cherty iron formation up to 500 feet thick. 
It consists essentially of grey and red banded and oolitic chert, or some variety 
of fine-grained or amorphous silica, with which are intimately assoc iated one 
or more of the iron-bearing mineral greenalite (ferrous sil icate), siderite, 
ferruginous dolomite, magnetite, and hematite. Interbedded with the ferruginous 
cherts are a few small flo \rn of basic lava, some 1beds containing angular and 
rounded fragments of lava, and some shaly members. The iron formation is 
characterized by many peculiar structures like inverted bowls or th imbles, 
which have concentric shells of silica and iron minerals. These, commonly 
termed "algal structures", have been considered by some writers to be of 
organic origin, but the consensus of opinion at present is that they have been 
formed by inorganic means. The iron formation ranges in its iron content from 
5 to 40 per cent, and may average about 25 per cent. 

Overlying the iron formation is a formation of slate and greywacke 1,300 
feet or more in thickness. Part of it may represent volcanic ash or dust. A few 
thin beds of limestone are locally present. 

On Richmond Gulf and the Belcher I slan ds the formations include thick 
beds of limestone and ferruginous carbonate characterized by numerous "algal 
structures"; thick flows of basa ltic lavas; sandstones , shales, and slates; and 
400 to 500 f.ect of iron formation simil ar in ·every 'my to that of Lake Superior. 
On Belcher I slands the total exposed thickness is more than 8,000 feet; on 
the mainland, considerably less. Th e formations have been thro1rn into fairly 
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gentle folds "·ith north-trending axes, though in places on the flanks of folds 
high clips arc found. Granite intrndes the rocks of the Richmond group on the 
shores of Richmond Gulf. 

In the Lake Mistas ini basin the supposedly Upper Huronian rock may 
be divided lithologically into two formations, the lower some 600 feet of dolomitic 
limct'tone characterized by numerou "algal structures", the upper an iron 
formation 100 to 200 feet th ick consisting of ferruginous chert, dark slaty shale, 
and jaspili tes . The beds have very low d·ips, except on the southeast where 
they are faulted against the older rocks. 

A long band of La te Precambrian sediments extends north-northwest through 
the Ungava district of northern Quobcc, from the western side of UngaYa Bay 
to Lakes Petitsikapau and ::\l ich ikamau . In th e Kokso:ik River basin Low 
estimated their thickness to be more than 2,500 feet. At the base is more than 
600 feet of coarse red and grey sandstone, oYerlain successively by about 200 
feet of calcareou chert, 230 feet of sha les and cherty dolomites, 850 feet of 
fcrr uginous chert interbedcled with jasper and magnetite, and 600 feet of shale. 
In a number of places Low records the presence of ripple-marks. The western 
edges nf this band arc comparatively undi sturbed , \Yith low clips at 5 or 10 
degrees, but the eastern side displays dips of 45 to 90 degrees. Whether this 
is due to faulting, as at Lake l\Iista.s ini, or to folding, is not yet known. It 
is known. ho,,·cvcr, that faults arc numerous, a nd also that in places the shales 
and limesbones arc metamorphosed to sch ists and crystalline limestones. Granites 
arc ~aid to intrude the sediments in places. 

In the explored part of the Nortln\'est Territories several groups of rocks 
ha ,.c been found whose inclusion with the Animikie is a yet unproved. Th ey 
a re genera lly conceded to be Proterozoic, and they lie uncon.formably beneath 
strata that have commonly been correlated 'iYith the K cweenawan. Only the 
two Proterozoic groups have been found as yet, as no strata resembling the Bruce 
or Cobalt series arc known there. Consequently, on the recently issued geological 
map of Canada ( ifap 820A) it \ms thought best to term these groups merely 
"Early" and "Late" Proterozoic. 

Ncnrthclcss, the best developed oft.he groups mapped as. Early Proterozoic, 
the Great Slave group, has certain characteristics found in the Animikie farther 
so u th, and not in the Bruce or Cobalt series; partly for this reason, and partly 
because these groups directly underlie the Kcwcena wan, they are described here. 
The true age relations are . however, as yet too doubtful for any more definite 
correlation to be attempted. 

On tihc north sid e of Atiliabaska Lake the Bcavcrlodgc group form8 a num
ber of remnants scattered throughout an area 20 mil es Jong and 12 mil es wide 
around the to\rn of Goldficlds. The grnup comprises a basal conglomerate 40 
feet or Jes in thickness, and the remainder is white and reddish quartzite. 
As ociated \Yitb t.hc qu a rtzitcs in one loc ality arc red a nd bluish beds containing 
so mu ch hematite that the ro ck may be termed an iron formation . In the main 
the beds lie in broad open fo lcl vcr>' like the Cobalt series in Cobalt di strict, 
but in places dip up to vertical have been reported. The strata are intruded 
by the Late Precambrian granite. The granite and older sed iments are overlain 
unconformabl.\· b.\· the Athabaska sandstones, and arc. closely similar to the 
lower beds of the Great 8laYe group, licnce arc correlated " ·ith them . 

On Great Slave Lake, the Great Slave group, in its lower part at least , 
shon·s some resemblance to the Animikic of other districts. At the base of the 
series there is perhaps 3,000 feet. of sa ndstone and quartzite, much of it red. 
The rocks are n·cll bedded, and in pl aces crossbcddcd and ripple-marked. Above 
them lie about 1,000 feet of red argillites , \rhich pass at Uhe top into iron for
rpation and laminated limestone. The irnn formation consists of oolites of 
hematite in a siliceous and calcareous matrix , and is a~sociated ,,·ith volcanic 
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mate ri al. Abon these beds , in h 1rn , is nbou t 1,500 feet of limestone and dolo
mite, a nd much of the limestone displays excell en t 'algal structures.' This 
succession is ca lled by tockwcll the 101Yer par t of the Great Slfwc group. 

T he uppct· part comprises about 1,000 feet of dolomitc,s and lime to nes , 
"·ith some sha le, onrlain b~· a thick assembl age of sandy shale and sandstone. 
In most places these rocks lie with a pparen t co nformity on the upper lim estone 
of the lom' r part of t he group, bu t in one locality they are fo un d close to the 
underlying a rgillitcs. Stockwell was un a,bl e to determine 1d1ether the r elations 
" ·ere du e to eros ion or to faulting . All the rock s of the upper part of the Great 
Slave group display characters that evidence shoal-water or su bacrial conditions. 
The sandy shales interbcddcd with the limestones arc red and ripple-marked. 
Th e limestones have 'algal stru ctures .' The sandy shal e~ and sandsto nes over
ly ing the lim eston es are red and chocolate coloured; they di play ripple-marks, 
crossbedd ing, and mud-crack s ; and some have cubi cal cavities that ma~· have 
been fil led with salt crystals. 

B etween Ath abask a and Great Slave La kes, flro und T hckul th ili and N on
acho Lak es, sediment termed t he Nonacho series haYc been found . In the 
former loca li ty they consist only of coarse conglomemtes and light purple, 
green , grc~· , a nd buff a rkoscs. In the latte r plarc they are somc11·lrn.t more 
extens ive ly deve loped. A coarse ronglomeratc at the base is several hundred 
feet th ick. loca lly as much as 2,000 feet. This is overlain by slates and grcy-
1rnckes, with lens.cs of crossbcddecl and ripple-m a rked arkose; and these in t urn 
a rc succeeded by buff, yellow, and 1Yhi te arkose and qu ar tzite ca rrying iso
la ted pebbles a nd lenses of congl omerate. These beds a rc crossbcdd cd anrl 
ripp le-mark ed; a rgilla cco us intcrbcds have mud-rracke , and in t ra fo rmfltion ::i l 
congl omera te or brcccia is common . Th e stra ta lie in open , gently plunging 
fo lds "-·i th axes st riking nor theast. Dips on th e limbs average 45 to 60 degree~, 
though steeper in places. The fo rmat ion is in trud ed by L ate Preca mbrian 
gra ni te and loca lly metamorphosed. 

Between Great Slave and Great Bear Lakes rocks of the Snare group arc 
rat.her extensively developed. Th e e rocks strongly resemble the lowe't beds of 
the Great Slave group . The basa l strata arc coarse arkoses and qua rtzi tcs . 
ripple-marked and crossbedded, "·ith some lenses of conglomerate. Locally thin 
flows of andesi te or dacite are near t he base . A rather thick succession of 
argillites and grey,Yack e fo llo"·s, som e of t he grcy1rnck cs being cros"bedde I. 
This is ove rl ain in t urn by some lim estone and dolomite , chara.cterizcd by some 
'algal structures', and more or less interbccldecl with grcy,Yacke and quartzite. 
The rocks strike north-north1Ycst in open fo ld~ , 1Yith clips commonly less than 
45 degrees. They are locally invaded by Late Precambri an granites and meta
morphosed. Th ese strata haYc been tr aced as far as the headwater~ of 
Coppermine River, east of Great Bear Lake. 

On Great Bear L ak e itself rocks are known (Echo B ay an d Cameron Bay 
groups) "IYi th many rc~emblanrc · to bhc Snare group . They a re, ho1Yc1·er , rn 
greatly broken by fau lts tha t the relations and succession arc far from certain. 
Investigations of th is area a rc still in progress. 

On B athurst lnl et, Tree Rinr. the upper pa r t of Coppcrrninc Ri \"CI'. a nd to 
the 1vest of Darnley Bay, J. J. O'Neill has mapped areas of a seri es that he 
term ed the Epworth dolomites . Th e rocks consist 11·holly of dolomi tes and lim e
stones, excep t fo r a th in basal ba nd of conglomerate a nd arkose. and arc 
comparati Yc!Y fi at-lYing. Th ese beds haYe thicknesses up to 1.800 feet. a nd the 
limestones a rc characterized b~· the "arnc cup a nd ba ll 'a lgal structures' fo und in 
the Great Slave group and the :\astapoka group of Richmond G ulf . 

In Bathurst Inl et O'Neill found brn other fo rm ations, 11·hich cannot be co1Tc
lated as yet 1Yith a ny others. Th e K anuyak fo rmation a ppears in r emnants less 
than 100 feet thick, comprising buff-coloured conglomerates a nd ash rocks no,,· 
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largely altered to carbonate. The Ep,rnrth dolomite seems to haYC been fl exed 
gently and deeply eroded before the K anuyak formation \\·as laid down on it. 
T he Goulburn quartzi te, a fo rmati on reported as more than 4,000 feet thick, and 
including thick beds of conglomerate, \Ya not seen in contact " ·i th the earlier 
forma tion s, but was inferred to be younger because the conglomera tes carry 
pcbibles appa rently of the Ep\YOrth dolom ite and K anuyak formation. If th.e 
determinations are correct, these formations must have been subj ect to erosion 
before the Goulburn was laid down. The K anuyak and the Goulburn arc 
referred , doubtfully, to the prc-K c,,·cena wan because O'N eill repor ts that bodies 
of L ate .Precambri an gran ite and pegrnat itc a.ppear to cut the Goulburn. 

End of Upper IIuronian ( Animikie) Time. Assuming that the correlations 
of the preceding pages arc in the main correct, it would seem that 
by the beginning of Animikie time the Shield \\°US fa irly t horoughly pencplaned 
and reduced nearly to sea-l evel by erosive processes. Local do,rnwarpings then 
carried parts of the surface below sea-level, form ing shallow gulfs or bays in each 
of which thousands of feet of cdiments \Yerc laid down, along \Yi th volcanic 
materials. In each trough the sediments, t hroughout their entire t hickness, are 
characterized by the marks of shoa l-water or subacrial deposits; hence it must be 
concluded that subsicliencc of the troughs kept pace " ·ith deposition, forming 
geosynclines of deposition. The presence of iron formation in places, as indi
cated on page 19, suggests t he existence of some closed basins. 

GSC 

Figure 4. Mountain r anges after •the close of Animiki e t ime. 

It is now well recognized that ·when such accumul ations of sediments become 
sufficiently great, subsidence ceases and is followed by uplift generally accom
panied by fo lding, faulting, and inj ectio n of igneo us masses . This was no 
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exception. In the three troughs 11·hcrc depositi on " ·as greatest the period ended 
n·ith moderate folding, much faulting, and in trnsion of gra nites. The~e three 
1Yere the Richmond Gulf and Belcher I slands area, the Central Ungava area, and 
pos~ i bly the region between L ake Athabaska and Great Bear L akes. In each it 
seem likely that a range of hills or low mountains was formed, striking north, 
nor th-northwest, and north-nor theast, respectively (Figure 4). Granite intrusion 
seem_ to haYe been particularly great and widespread in the Northwe~ t T erri
tories, but its limits have no t yet been defined. Throu ghout the rcmaindn of the 
Shield uplift seems to have accompanied crustal disturbances elsewhere, possibly 
accompanied by some fault ing. 

Th e economic impor tance of t he Animikie formations to Canada in the 
fu ture \Yill be very great. The iron formation s of the ungava band have been 
])l'OYed rerrntly to conta in la rge hodic_ of merchantable ore; and tihe leaner ores of 
the Belch er I slands and the district \\·est of P ort Arthur remain as a Yast reserve 
\\·hen the ri cher ores now mined shall have been exhausted. In the ~orthwest 
T erritories discoveries of pitchblende and silver ores of exce ll ent grade have been 
found in the rocks tentatively grouped here, and important gold depu::;it::: appear 
to have ori ginated from the grani tes in trusiYe into these rocks. 

K eweenawan T ime 

Surficial rocks ::: upposedly of K e"·eenawan age are fo und on the Canadian 
part of the Shield in only three places, namely, the north shore o[ Lake Su perior 
and Sudbury, in the ~ortlrn·est T errilorics, and a long the Arctic cua:;t. 

East of P ort Arthur what T . L. T anton has called the Sibley series is found 
overly ing the Animikic sediments 1Yith some unc onformity. It also oYerlaps the 
Ani rn iki e (o lie directly on the Archrcan basement for a bout 100 miles north of 
Lake Superior , extending north somewhat west of L ake Kipigon almost as far as 
the north end of that lake. The rocks arc mainly mudstones , \Yilh some sand
stone and a litt le chert and limestone. In places t he mudstones and sandstones 
have a calcareous cement. ::\Iany of them arc reel or purple, and many arc ripplc
marked or exhibi t textures ind icatin g mud fiowage. \\Test of Lake ~ipi gon . some 
beds of reddish dolomite arc considered to belong to the Sibley scri c~. Th e ~iblcy 
series has been considered, somewhat doubtfully, as equivalent to Lhe Lower 
K eweenawan of the south shore of L ake Superior. 

What T anton has termed the Osler series directly overlies the Sibley series 
with erosional unconformity. It consists at the base of a few feet of conglo
merate and sands·tone, overlain by a great thickness of lavas and interbeddcd 
fragmental rocks. The similarity of these rocks to the Middle K eweenawan 
of the south shore of Lake Superior is rather pronounced, and the two are com
monly correlated. These strata are found only on the shore and islands of 
Lake Superior around Black Bay and Nipigon Bay, and also on Michipicoten 
I sland. 

At the east end of Lake Superior , about 40 miles north of Sault Ste. Marie, 
there is a mass some 18 miles long, extending 4 or 5 mile back from the lake, 
of red and \\·hitc sandstone and conglomerate. with amygdaloiclal basic fio"·s . 
These dip \Yestward at low angles, and are genera lly considered to be of 
Keweenawa n age. 

At Sudbury, the Whi tewater series is a synclinal mass some 32 mile::: long 
and 10 milr:: wide ly ing "·holly "·ith in the cllip ~·e of the Sudbury irruptiw At 
the base, t he rocks arc a very thirk succession of volcanic breccias and tuffs, 
\Yit h some lava. These tuffs exhibi t little bedding, so that t hey rnaY have 
been -deposited on land. At the top they grow fin er in grain, and bedding 
appears; they thus pass rrradationally into the OrnYatin hl ark :::late. a formation 
c~tim nted as about 3.700 feet thi ck. It. is very th inl.'· a nd perfectly laminated, 
nnd altogether lack s rippl e-mnrks, crossbeclcl ing, or oth er eYidences of deltaic 
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deposition or \rnvc or current action. At t he top, the Omrntin late begins to 
includ e sandy material, and pa~ cs into the Chelmsford sandstone, or quartzite, 
several hundred feet thick. Thi s formation exhibits crossbedding and other 
features that 'ilugg0st deposition on tidal flats. 

Associated with all t hese K e'i\·eenawan surficial form ation s are immense 
volumes of basic intrusive rocks. In the main these appear as great sheets, such 
as the Logan sills of Thunder Bay district and the nori tc mass of Sudbury 
district, bu t dykes arc also numerou s, par ticularly in Thunder Bay district. 

Along the Arctic coast, at or oon after the beginning of K c1Yccnmrnn t ime, 
a downwarping appears to have begun creating a new element of major structure, 
a synclinal basin of deposition that may be term ed the Victoria I sland trough. 
The basin is described by O'N eill as oval in shape, extending from Cape Lyon 
east 'i\·ards to Boothia P eninsula, a distance of about 600 miles, and having a 
width of about 300 mile . In this trough the Coppcrmin e River series was 
deposited, together with Pal rcozoic rocks at least as late as Silurian. 

Th e Copperm inc River series occupies large areas along the Arctic coast, and 
clips nortlmard at angles of 8 to 12 degrees. According to O'N eill's descriptions, 
the lo'i\·cr J 4.000 feet consists predominantly of barnltic flow. \Yi th thin inter beds 
of conglomerate. These are succeeded by dark red to brown, sandy shales, and 
these in t urn by fine- to medium-grained, red to brown , arkosic sandstone~ . 
interbanded 'i\·ith a few flo ws and in truded by sills of diabase. T his upper, 
sedimentary part of the series, if the beds are not repeated by faulting, is of 
enormous thickness; O'Neill calculates at least 34,000 feet. The whole succession 
resembles so strongly that on the south shore of L ake Superior, termed by Leith 
the Midd le and Upper K eweenawan, that the t'rn have always been correlated . 

T he Athabaska s·crics und erli es t'i\'O large areas in the nortlrn•cst, ·one south 
of Lake Athabaska, the other occupying much of a large area of P roterozoic 
rocks that extend;; from Dubaw111t Lake almost to the head of Chc~terficld Inlet. 
A wide branch of the same body exten ds up Th clon River, and may continue 
north from th is stream to the Arctic Ocean. T he rocks are described as rather 
coa rse , reddish sandstones 1Yith conglomcratic phases in many places. Through
out most of this region they lie almo~ t flat and thw: afford little in formation as 
to their thirkne::::: and succcs~ion. On the north side of L a.kc Athabaska, ho'i\·ever , 
th e rocks arc fo lded in to n ~yncl in c trending northca=-t, in wh ich the dips on t·hc 
limb.o anrage 35 clcgrce.o. and may attain 65 degrees locally. The section thus 
obtain able in dicates that the beds there have an aggregate th ickness of about 
8,000 feet. Th e,v arc ma.de up of rcdcfoh sand::tones and conglomerates, the 
latter in greatest aibuncl•ance toward the ba~c of the , cries . T he boulders of the 
conglomerate arc of all the underlying sedimentary and igneous rocks , are well 
rounded, and up to 3 feet in diameter . Th e series sho'i\·s a great deal of cross
bcdd ing. and ripple-marks. sun-cracks, n.ml rain-prints arc common. It overlies 
Beaverloclgc sediments 'i\· ith n, structural unconformity of 50 degrees, and also 
overli es the Late Precambrian granite tha.t cuts the Beavcrloclge. I ntc.rbedderl 
with the sandstones and conn)orn eratcs a rc ftvc flo'i\·s of de111°c amygdaloidal 
ba.salt. The series is cut in places h,v dykes of diabase. 

Th e lithological and structura l feat ures of the Athabaska se ri es indicate that 
it was a rn bacria.l depo~it, probabl y la id dO\rn in broad basins between mountains 
of considerable relief. 1'hepc were, as we have s·ecn, the conditions prevailing in 
this region after the close of the Animikic period. The petrogra.phic make-up 
of the series and it relations to older ·and younger formations seem to demand 
its correlation 1Yibh the K e1rncniawan. 

Outlicrs. probably, of the Atha1baska series, have been found, on the s•outh 
shore of Great , ' la Ye L ake and the north east ~horc of Great Bear L ake. They 
haYc been term ed the Et-Th en and H ornby Bay groups, respectively. 
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The Et-Then group consists of conglomerate at the base, succeeded by 
coarse sancLstoncs and quartzites ,,·ith a. few pebbles. The conglomerate is made 
up of \rell-roundcd boulders mostly 6 inches to 2 feet in diameter, a.nd ranges 
from 400 feet to several thio u ~m1d feet in th ickness. Th e sandstones and qua.rtzit€s 
arc red, "·hitc, or grccnislt, exh ibi t excellen t crossbedd ing, and arc ripple-1narked. 
The group lies on an erosion surface that bcnls the Great Slave group, various 
dioritcs, granite, and a.Tl sedim ents older than the granite. Commonly dips 
.-ary from 5 to 20 degree.-, though they may be higher near fault::. The group 
seems to contain a few fto"· s of arnygdaloiclal la.-a, and is cut bv sills and dvkes 
of clia base. 

The H ornby Bay group like,risc con::ists of conglomerate at t·he bas.e, over
lain by sandstones and quartzite~ , rnme of them pebbly. Th e conglomerate is 
made up of "·ell-rounded boulder:: up to 10 in ches in diameter, and is more 
lhan 100 feet th ick . Th e 13andstoncs and quartzitcs are buff, pink , mauYc, \\·bite , 
and do.-c-grey; they arc intcrbedclcd 'r ith conglom erates . Th e total thickness 
of the group is reported as abo ut 500 feet. 

End of K eweenaican Tim e. K ewccnawan deposition appca.rs to have 
ended with an uplift that must ha,·c been follo1,·cd by long-continued erosion, for 
later rocks arc not found orcr most of the Sh ield, m1d those that do appear are 
mostly of much lat.er age. On th·e Arctic coast, Crcat Slan and Crcat Bca.r Lake.s , 
and Hud;::on Bay the next rocks to appear are Ordovician. Along the southern 
edge of the Shidel they a rc Yer~· late Cambrian and ea rly Ordovician. 

Th e uplli ft in a few places 1rns accompani ed by small foldi ng movements, 
such as those that formed the syncline in the Athabaska sandstones jus t north of 
Lake Athabaska , the lo\\· cl ips in the Et-Then series, and the subsidence of the 
Victoria Island trough that 11roduced the low clips of the Coppcrminc RiYer series. 

An important monmcnt, which, ho\\·cver, began long before the encl of the 
period, was the development of the Lake Superior synclin e. The do"·m.-arp 
began in Middle Keweenawan time and continued throughout t he remainder of 
the period. Thi is indicated b~· the fact that the lakc\1·arcl dips of the lower 
beds of the seric are grcate1· than those of the higher beds. D owmrnrp "·as 
pracbicailly complete by the end of the period. 

There 1ras some igneous activity during the later part of K ewccna"·an time. 
At ucltbur? big dykes of ol iYinc cliabas1e cut both the \Vhitc"·ater series and 
the norite irruptiYe. Th e ::\Iurray and Creighton gran ites,, which a.re probably 
corrclati,·c with the Ki!J a rn cy, also cut the noritc. The Kill arney granite itself is 
a great mass extendi ng from near Sud bury south east for an unkno\\·n di ta.nee 
into eastern Ontario. Along the Arctic coast basic dykes and sills cut the 
Coppermine River and Athabaska seri es. 

K c1YCcna1rn n st.rata have carried important dcpoo=:1its of native co pper on 
the south sid e of Lake Superior, but on the north ;;:bore only commercially un
important occ urrences haYc been found. On the Arctic coast the Coppcrmine 
Ri,·cr seri es ha long been known to contain native copper , from which Indians 
and Eskimos for generation s have made too·ls and wcaipons. O'Ncill's explora
t ions indicated the likelihood of finding Yaluable deposits there. but although 
some search has since been made no important orcbod? has been discoveted. 
At Sudbm)· , the great deposits of copper-ni ck el ores appear to ha Ye been formed 
in lat e K c1,·ccna wan time. 

PALAWZOIC Ac-\D LATER HISTORY 

Follo1,·ing the close of Kcwccna\1'an volcanism and sed im entation a very 
long period ensued, lasting until late Cambrian or ea rly OrdoYician time, of 
which there is no record. During this interYal winds, rains, and streams gnawed 
at the surfaces of the Shield, rotted the exposed rocks , and carried the debris to 
the sea. At the end of that time the Sh ield appears to haYe been a flat plain, 
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featureless except ior a few scatterod hills and some low broken ridges represent
ing the roots of the Proterozoic mountain ranges. Th e plain lay close to sea-level, 
and stretched from the \\'atcrs of the Atlantic westl'l·ard acros " ·hat are now 
the Great Pilains to a long, narrow ernbayment o.f the sea occupyiing the present 
site of the Rocky Mountains. The west side of this embayment a:ppcars to have 
been a hilly area on the site of the present Purcol'l and Selkirk ranges. 

The subsequent history of t his great ·plain illustrates excellently the r eal 
insta1bility of the apparently solid crust of the earth. It is easy to see that a 
comparatinly sligh•t dowmrnrd movement of su·ch a low, fiat surface would 
resu·J·t in the flooding of wide areas by the sea, and t hat an equa;lly slight upward 
movement would cause correspo11'dingly " ·idespread " ·ithdrawals. The Pal::eozoic 
history, as registered in the rocks, is a succession of such advances and retreats 
of the sea. 

Space does not permit here of more than a thumb-nail sketch of these 
movements, \\·hich are t.reated in dctairl elsewhere in this volume and in other 
published accoun tsi. It will be suffi cient to say that in car1ly Ordovician time 
the Canadian Shield was an island, bounded on the north al1'd east as at present 
by the Arctic and Atlantic Oceans; on the sou th by a shal.Jow cpicontinenta1 sea, 
the shore of " ·hi ch was approximately St. L awrence and Ottawa Rivers and the 
north shore of Lake Huron , and passed westward ·somewhat sou th of the J\ifanitoba 
boundary; and on the west by the Cordillcran trough, \\·hich occupied the 
pre.sent site of the R ocky l\Iount::iins and may have extended cast past the 
mouth of l\Iackenzie River. 

In mid-Ordovician (Tren ton) time a small downwarping of the surface 
permitted the sea t;o enter the ba in of La.kc St. J ohn, Quebec, where limestones 
and other sediments were laid do\\·n, of \\"hich remnants sti1l1l remain. 

TO\\·ard the end of Upper OrdoYician (Richmond) time a large domrnrarping 
of the western pa.rt of t he Shi eld took place. Th e Cordil lcran trough was 
" ·idencd until its waters extend ed across the Prairi e P roV'i nces in to Manitoba. 
A great depression formed in the midd.Jc of the Shield, a llowing water from 
the Arctic to fl ood in and form the ea rliest ancesto r of the present Hu dson Bay. 
The ea.st shore of this great bay ap1)cars to have la in farther 1Yest than at 
presen t, and may have been formed by the hilly remnants of the older Belcher 
R angc. A long, narrow extension to the sou th reached to the present basin of 
Lake TirniF'k:aming; but a barrier , perhaps the remnants of the old mountain 
range along the north shore of L ak e Huron, separated this extension from the 
seas occupyin g the Lake Huron basin. On the west, at the time of greatest 
submergence, the 1rnters of this bay extend ed acros northern l\Ia.nito.ba to unite 
with those of the Cordill cran trough. Th ese co n'C'lusions are indi cated by 
comparison of the fossil faunas of the ro cks in the areas men tioned . 

The OrdO\·ician period closed \Yith a widespread upli ft of the land and a 
consequ ent \\'ithclra\\·al of the sea. H owever, in early Silurian time a second 
downward movement of the land surface brought the F'cas back to approximate.ly 
the sa me positions they had .previolrnly OCCLl'pied in Richmond time. T his sub
mergence \\·as ended by a. second widespread emergence that las·ted throughout 
early ~Iicklle Silurian time, \1·hen a third subm crgen1cc aga in drowned the Hudson 
Bay and Lake Tirnisk a.min g regions, but did not enter M anitoba. At this time 
the barrier bct\Yeen the L ake Timiskarning and Lake Huron areas was fin aHy 
broken do1rn, so that the fa un a. mingled. To1rnrds the close of the Middle 
Siluri an another general upl•ift dradned the Hudson Bay trough . 

Th e Shield col1'tinucc1 to be a land area during Upper Siluri an and the first 
half, roughly, of LO\rer D cYonia.n t im e. D eposits of Middle and Upper D evonian 

1Cooke, H . C.: Trans. Hoy. Soc., Canada, 3d ser., rnl. 25, sec. IV, pp. 127-80 (1()31). 
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age are fo un d in the regions of J ames Bay and soutlrn·estern Ontario, and 
the similari ty of faunas indicates that an open seaway betlrccn the two areas 
existed. 

The Corclil1Jcran trough 1rns also greably widened during ::\Iiddle Devonian 
times, so that rocks of thi:o age arc found as far east as Manitoba. There is little 
similarity, ho11·e1·cr, between the fau nas of these rocks and tho e of .James Bay, 
so that probab'ly submergence did not extend across the gap bct11·ccn them, 
except possibly for a short interval d uring latest 1\Iiddtle Del'onian time. 

The close of the Devonian period "·as marked by a strong upward mon
mcnt tbait drained the seas completely from the Hud·son Bay trough and the 
southern Ontario areas, and greatly constricted the Corcl illcran trough. This 
movement seems to have coincided roughly with the intense folding a nd moun
tain bui1lding of the later DcYonian, 11·hich took place in Gaspe and the Ea~tern 
Tmrnships of Quebec. 

Dulling the remainder of P alf£ozoic time, so far as the records indicate, no 
sediments were deposited on the Shield, so ·that it 1probab'ly remained a 1land 
area. In late Pennsylvanian time there were strong orogcnic movements in the 
east, 11·hcn the Appalachian ranges 11·crc built. Events in the west arc more 
obscure. Uplif t may have occurred at intervals in late Palroozoic ·and early 
Mesozoic limes, but at leas>t some P ermian and considcrab1c Triassic marine 
sediments were laid down in t he Co1•clil1lcran trough and in more 1res•tern parts 
of the Co rclilt!eran region . 

It is not to be supposed, holYcvcr, that the sum of these uplift~, kn o1Yn and 
possible, " ·as Yery great, in the we tern part of the Shield at least. The total 
thidrness of Palroozoic strata, both in the 1\Ianitoba and Hudson Bay areas, was 
only about 1,000 feet; and these strata were mainly soft limestones and dolo
mites. 11·ith minor amounts of shale and sandstone. Yet in spite of the fact that 
these easily eroded strata lay above sea-ilcl'cl from the end of the Devonian 
to Jurassic or early Cretaceous t ime, the~' have been compiletcly removed only 
across a gap 200 miles wide. It may, therefore, be inferred that the region lay 
close to sea-level, so that erosion proceeded very slo11· l,v. 

It has been rather commonly considered that this long erosion period rnus·t 
haYe resulted in very perfect peneplanation of the Shield, and formed the 
so-called "Cretaceous peneplain"; bu t however great may be the inherent 
probability of this assumption, dire.cot evidence of its truth is as .Ht nry scanty, 
and more obscffa•tions are urgently required before it can be con~icle red proYed. 

Much of Canada, including all of the ·central and eastern parts, remained 
above sca-lcnl during early Mesozoic time. Marine Triassic and Jurassic 
sediments, however, are found in par ts of the Corcl il.J cran trough. Kn owledge 
of the cliastwphic history of British Columbia in Mesozoic time is incomplete, 
but 1n late .Juras ic time a 'long, narrow area, west of the Rocky Mountain 
Trench and including Selkirk Mountains, was elevated into high mountains. 
At about the s·ame time the country to the east, the site of the present Rocky 
Mountains and Great Plains, ·was depressed. As ·a result, the Cretaceous period 
was marked by a great transgression of the sea over the western interior of 
the continent. Cretaceous deposits extend from the Rocky Mountains almost 
to Lake Winnipeg, and once probably extended farther to the east over the 
western side of the prescn t Shield. 

The Cretaccou "·est of Lake 'Winnipeg rises a.bruptly ab01·e t.he Palrnozoic 
rock~ as the Manitoba escarpment. I ts maximum thickness there is about 1,400 
feet, but some has prcsumabl>' been removed by erosion, as 1Yell borings back 
from its edge show that the Cretaceous is more than 2,000 feet thick. The rocks 
clip south1rcst " ·ith a gentle slope, in the upper beds, of 5 or 6 feet to the mile. 
It seems altogether likel>» therefore, that they must once han onrlaippecl far 
on the Precambrian. They did not, however, extend as far cast as the south 
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end of J ames B ay, for la te Jurassic or early Upper Cretaceous strata found on 
Matt!1gami River arc definite•ly non-m arine deposits, \\"ith abundant plan t 
rem ams. 

The Cretaceous period ended \1·ith a gentle uplift t hat cau sed the sea to 
retire from the Great Plains. Th e land remained 'low throughout most of 
Paleocene t ime, un til the great thrust from the west that formed the Rocky 
Mountains. ·\Yi th t he uplif t of the R ocki s, the western plains appear also to 
have been raised, and it may be presumed tha t the "·estern edge of the Shield 
was rai eel with them. 

Another long vcriod of eros ion lasted from late Eocene to Pliocene t ime, 
again resulting in a fai rly pcrfcet pcneplanation of the Shield. The remains of 
t his pencplain are to be seen today in the even skylin e , of the Shield. 

At some t im e in the Pliocene, probably after the middle of the epoch, the 
hield \ms uplifted , warped, and faul ted. After the uplift, according to the data 

at hand, the land surface stood between 300 and 700 feet higher than today, 
and the present Hudson Bay depression was not so pronounced. so that the 
land surface sloped more to the north than it does now. Wi th t his ex:ception, 
the contour of the surface appears to have been mu ch the same as at presen t, 
with high lands on the Ablantic and t . Lawrence sides. Some streams, spec ifi
cally Hami1lton, Moisic, Saguenay, and Stillwater Rivers, appear to have 
maintained their course t hroughout the period of uplift. The faulting t hat 
accompani ed the uplif t was no dou'bt widespread, but only a few faults can now 
be recognized as probably developed at that t ime. The Lake Meilvill e-Douhle 
Mer basin, at the mouth of H ami.Jton R iver, is a downfau'lted ·block of a'bout 
this time; the Lake St. J ohn basin is a second, and the Lake Timiskaming basin 
a third. Th e teep sou th-facing scarp of the Shield has been proved a fa ult 
scarp in seYeral places, and though these fa ults may not have originated during 
the upli ft of the Shield , moYcrncnt on them was a lmost cer tainly renewc<cl at 
that time . 

T he P.lioccne uplift of t he hi eld TI'a followed by r enewed erosion , during 
which the larger streams cut moderately wid e valleys• with fai rly well graded 
bottoms. Exceptions arc t he valleys of those streams t ha t cut through the 
uplifted edges of the plateau; these have n a.rrower, canyon-like valley . Outside 
of the main valleys, the genera l urfacc was dissected to about the extent it is 
today, and acquired a relief of 75 to 150 feet. 

The next episode was glaciation. Th e whole Shield was covered by vast 
sheets of ice, probab1ly a mile or more in thickness. As t he effects of g'laciation 
are con idered in another chapter , discussion TI-ill here be confined to pointing 
out that the \Y cight of these ice-sheets depressed the land surface of t he Shield, 
on the a ,·cragc, a distance of 1,000 to 1,200 feet. The central, Hudson Bay region 
was dep ressed some,vhat more than the rest, so that ice flowed into i t from the 
east and west to esrape through Hudson trait. This movem ent gave Hud~ on 
Strait, which prior to th at time was .probably merely a river valley or esi:tua rY , 
its 1prc ent great width and depth ; it proba'bl~r also scooped ou t to some extent 
the present Hudson Bay depression. 

·when the ice disappeared . a certain amount of clashc rebound took place, 
and the land surface rose again. It did not, however, recover ibs former height. 
The Atlantic coast rose only so me 250 to 350 feet, the north shore of the 
St. L a11Tence 400 to 600 feet, a nd t he ea t side of Hudson Bay a pparently 600 
feet or more. It is obvious, therefore, that the recovery was accompanied by 
some warp ing of the sur face, but the ri se was not uffici ent to bring t he Hudson 
Bay area above sea -11e,·01. ~o t hat it has remained an inland sea . 
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ECONONIIC GEOLOGY 

The mineral resources of the Canadian Shield are numerous and Yaried. 
Gold is the substance of greatest dollar Yaluc produced, but nickel, copper, and 
iron are also mined in quantity. The Cobalt camp has been one of the great 
silver producers of the world; and si·lver can still be mined at various places on 
the Shield. Pyrite has been utilized for its sulphur content, in considerable 
quantity, and great ·deposits of it still remain. Ores of lead, zinc, cobalt, and 
rad ium, and deposits of cornndum, apatite, graphite, feld par, fluor par, mica, 
and a Yaricty of other substances are known and have been mined to a greater 
or less extent. Conspicuously lacking arc deposits of coal and oil. Such deposits 
were the products of anima1l and vegetable 1ife; and if life existed at all in 
Prccamibrian time, it had not progressed to the stage where it could ilcave 
recognizable remains. 

The geological map of the Shield shO\YS it made up of island of volcanic 
or sedimentary rocks, surrounded by a great sea of granitic rocks. Except for 
the minerals found associated with pcgmatitc veins, such as feldspar, cassitcrite, 
molybdenite, beryl, spodumene, and tantalitc, and those genetically related to 
bodies of basic intru ivc rocks, a·M the ore deposits of the Shidld arc associated 
1Yith the non-granitic " islands" though in a few instance ore is. fo und to extend 
outward for short distances into the granite itself. The "islands", particularly if 
large, may includ.e more than one mining camp, each \Yith its own peculiar geo
logical or structural characteristics. 

GOLD 

Gold has been fo un d in many places throughout the Canadian Shield from 
Great Bear Lake southeashYard through northern Saskatchewan and eastern 
:vlanitoba into \\·es tcrn and northern Ontario and western Qu ebec. In addition 
to deposits valued sofoly or chiefly for their go.Jc! content, other ores hold the 
precious metal, such as the nickel-copper ores of Sudbury, the copper ores of 
Noranda, and the Flin Flon sulphi de body in Manitoba. Discoveri es haYc 
been made in areas of varying size, \Yhich may be separated from one another 
by very broad areas where no deposits have yet been found. Most of the dis
coveries have been made in the more readily a·ccessiblc -areas, but, so far as 
known, the general geo'logica l conditions arc much the same in the re. t of the 
Shield. 

In 1942 there \\·ere one hundred and six gold mines in operation on the Shield, 
twenty-seven in western Quebec, sixty-five in Ontario, five in Manitoba, one in 
Saskatchewan, and eight in the Northwest Territories. Many, due mainly to 
war conditions, have since been forced to cease operations. Of t he mines, eighteen 
may be classed as ·large, as they treat 1,000 tons a day or more. The 'largest is 
the Hollinger, which in 1942 treated 5,700 tons a day. Of the others, seventeen 
milled between 500 and 1,000 tons a day, the remainder smaller amounts. 

A..11 the orebodies arc of the vein or lode type; pJ.accrs arc enti rely lacking 
on the Shield. In many, belts of sheared rock carry stringers and veins of quartz 
between layers of schist, and the schist may be more or ·Jess iEcified or 
mineralized. In others, brittle rocks ad1jacent to faults or lying between closely 
spaced faults may lrnYc been shattered so as to allow ingress to the mineralizing 
solutions, and wide belts of mineralized and sihci fi ed material may constitute 
the ore. 

In most of the types, depth alone appears to haYc 11ittlc effect on the size or 
the graidc of the orcbodies. Mining ha s been carried in many of the larger 
mines to depths of about a mile " ·ithout appreciable change in the character of 
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the ores. Difficulties, h01rcnr, such as rock bursts, do appear in mines carried 
to such depths, and these wi·ll , presumably, limit eventually the depths to which 
mining can be carried. 

AU the veins arc of the deep zone type . ..i\onc of them exhibits the crustifiecl 
struc ture found in many Yeins in later rocks , "·hich is clue to the gradual filling 
of open fi ssures. A.Jl appear to han been formed by solutions forced into 
closed fissures under pressures sufficient to push the enclosing walls apart. The 
vein-forming solutions appear also to have had high temperatures, for many 
nf t he veins now ·carry minerals such as tourmaline, specularite, and a little 
feldspar, " ·hich so far as known are formed only under such conditions. 

It may be inferred from these facts that the nins \Yere formed at profound 
depths and at temperature that changed ve ry little throughout a great vertical 
range, so that in the relatively shallo,,· depths penetrated by mining operations 
little change in the character of the ores may be expecte{l. 

The most procluctin part of the Shicilcl, as yet , is the Porcupine-Kirkland 
Lake-we:;tern Quebec section , roughly 200 miles long and perhaps 5,000 square 
miles in areal extent. This district, in which are the important gold mines of 
Porcupine and Kirkland Lake, in 1940 prnduced 3,512,875 fine ounces of gold, 
or more than 66 per cent of the total Canadian production for that year. 

The first dis·coYery on the Shield \\"a S made in southeastern Ontario in 1866, 
and further prospecting continued to reveal nins throughou t P eterborough, 
Hasti ngs, A·dclington, and Frontenac counties, a distance of 70 miles. The 
rocks arc ancient crystalline limestones and sed imentary gneisses of the Grenvi>lle 
and Hast ings serie~, together with granite, dioritc, and other intrusive rocks. 
Some ancient JaYas also occur. The Yeins arc found in any of these rocks but seem 
more common near tihe contacts of gran ite or diorite , through later than both. 
They ·consist of quartz, accompanied in places by carbonates, and mineralized 
most commonly by visible gold and arsenopyritc, though in some deposits pyrite 
occurs instead. The Delora cloposi t in Hasting~ county contain ed so much 
rnispirkel that it was mined for ar;:;enic as wel'l as gold. 

Most of these deposits \\"Ci'C of rather small size and of low to medium grade. 
From the information availabk, they also appear to have become rapidly leaner 
with depth. A considerable amount of gold was taken from them, chiefly during 
the nineties and the first 3 or 4 years of the present century, \Yhen costs of 
extraction were perhap $2 a ton lower than at present. Attempts were made 
to operate several of them again in the 1935-40 period , but "·ith indifferent 
success. 

The nex t discoveries in the Canadian Shield fo[,]o,Y;:;d closely the completion 
of the Canadian Pacific Railway in 1886. These deposits were found throughout 
western Ontario bct\\·ccn Port Arthur and the Manitoba boundary, but were 
mos t numerous near Lake of the ·woods. In tense excitement prevailed, and 
clevclopmen t \YaS carried rapidly forwa1'd, although much of it, as in all such 
cases, was unjustified. The field produced, however, more than $2,000,000 in 
gold, mainly between 1897 and 1903, although several of the properties have 
been operated intermittently since that time. None of the mines was carried 
below a depth of 600 feet. 

The veins for the most part occur in altered Keewatin lavas in the neighbour
hood of grani tc contacts. Some of them run into the granite or li e wholly in 
granite. The more productive veins have been as a rule rather narrow, not 
more than 5 feet in width . Larger veins arc apt to be of the lode type, composed 
of a multitude of quartz stringers separated by bands of country rock. The 
veins vary greatly in width, a 5-foot vein narrowing in places to 1 foot or 2 feet, 
and swelling in others to 7 or 8 feet. 

The gangue mineral is chiefly quartz, accompanied as a rule by some 
calcite, ankerite, or other carbonate. Tourmaline is present in many veins. The 



38 

principal constituent of Yaluc is natiYe gold. Much of the gold " ·as coarse, so 
that individual specimens and hort sections of vein were extraordinarily rich 
and spectacular. This condition rendered the mine unusuaHy liable to theft, 
and large quantities of gold are known to have been lost in this way. T ellurides 
of gold were found in some of the more important mines; pyrite is the principal 
sulphide; arsenopyrite, bismu thinite, chailcopyrite, and molybdenite also occur. 
The most important mines in the district "·ere the Mikado, Regina, and Sultana. 
The first t"·o produced abou t $500,000 each, the last about $1,000,000. Spasmodic 
attempts have been made to re-open these and other properties from time to 
tim e, but they have remained open for short periods only. 

The failure of the Lake of the Woods area to fulfil the bright promise 
of its early clays discouraged gold seeking in the Precambrian for many years . 
Fortunately, however, the great si lver discoveries at Coba1t in 1903-4 caused 
an influx of thou ands of prospectors into northern Ontario; and as the Cobalt 
field was taken up, these men spread far and wide over the surrounding country 
in the search for new deposits. The result was the di covery in 1909 of the great 
P orcupine gold fi eld , and, in 1911-12, of the Kirktland Lake field. The yield 
from these fields made Ontario the premier province of the Dominion as regards 
gold production, and eYcntually brought Canada into second place a a world 
producer. 

For some 20 years the four great mines of Porcupine district--Hollinger, 
Mcintyre, Dom e, and Vipond- together with those of Kirkland Lake district, 
T eck-Hughe , Kirkland Lake, Lake hore, Wrigh t-Hargreaves, Tough Oakes, 
and, in the later part -0f the period, the Sylvanite, remained almost the only gold 
producers of the Shicild. Some gold was obtained from the Croesu property in 
:\1unro township, the B arry-Hollinger mine at Boston Creek, the Argonaut mine 
in Gauthier township, the t . Anthony mine on Sturgeon Lake, and the Central 
Manitoba mine in the southca tern part of that province. Minor amounts were 
also \\·on from a number of properties that were worked for short periods or at 
interva·ls, bu t presumably at a loss. 

In 1929, however, at the end of a long period of boom expan ion and inflated 
stor k market values, foresighted persons began quietly to turn their paper 
profits into gold. Results "·ere twofold; t he boom collapsed, to be succeeded 
by a great depression in which prices of commodities dropped; and governmen ts, 
unable to withstand the drain on their gold resources one after another "went off 
t he gold stanclaPd", that is, they refused to exchange their paper currencies for 
gold. In consequence, the value of the currencies depreciated in terms of gold, 
or, as it is commonly put, the " pri ce" of gold, expres eel in currency, rose . ·wages 
and other costs being stiH payable in currency, however, underwent no change 
or even fell. The gold mines thus benefited doubly; their costs fell, and the 
"price" of their product was increased . The process culminated in Janu ary 1934 
when the price of gold in currency was officiaHy set by the United States at 
$35 an ounce. Disturbances of trade later caused Canadian curren cies to 
depreciate still further, so that the United States price of $35 became eq uivalent 
to $38 .50 in Canadian currency. 

These changes stimulated Canadian gold mining enormously. Ores that 
previously would barely have paid the costs of extraction became highly valuable; 
and m·es much lower in grade, if present in large V(jlume, became minable at a 
profit. Existing mines had large volumes of low-grade ore added to their 
reserns , and their lives were extended accordingly. New mines sprang up on 
the Shield like mushrooms; and where before there had been only some fifteen 
or sixteen gold mines in profitable operation. the number rose rapidly to one 
hundred and six in 1942. All the mines of western Quebec, some twentv-six in 
number, were developed during this pe1•iod, together with all the mine of Thunder 
Bay <li~trirt (nine) anrl of P atricia district (hYclve). and about hn' nty -fin 
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propenic:; in the old esta blished Porcupine-Kirkland Lake area and the adj acent 
country. A few of these prnperties, it proved, could have operated profitably at 
the old price of gold, :but the remainder could not. 

During the closing years of the last war prospecting has been vigorous, and 
coupled with in tensive diamond drilling has brought to light many new orebodies, 
particufarly in wcs,tern Quebec and the Northwest Terri tories. Now that mining 
machinery is once more available, steps are being taken to bring them into 
production, and some will undoubtedly have reached that stage by the t ime this 
report appears in print. ObYiously, no description of these is here included. 

In the following pages the principal features of the more important gold 
camps of the Shield today are briefly outlined. The descriptions begin with the 
easternmost field, that of western Quebec, and continue with those lying succes
sively farther west. Lack of space precludes extensive descrip tion of individual 
properties, and confines the accounts, in the main, to the major features common 
to groups of mines, or camps. 

W estern Quebec 

The easternmost group of mines lies in Dubuisson, Bourlamaque, Senneville, 
P ascalis, and Louvicourt townships, wh ere a mass of granodiorite approximately 
14 miles long from east to west, with a maximum width of 61- miles, intrudes the 
Keewatin lavas . Seven mines, the Siscoc, Sullivan Consolidated, Lamaque, 
Sigma, Cournor, P erron, and Payore H oldings, lie either within the granodiorite 
itself, in small satellitic bodi es of it, or in the lavas close to its margins (Figure 5). 
The vein materials are mainly quartz and tourmaline, mineralized with pyrite, 
some chalcopyrite, and native go,ld . The veins fill fractures, which are generally 
faults and the tension cracks associated with t hem; and in p],aces the walls are 
replacccl by mixtures of al bite, ankeri te, and quartz, wi th more or less pyrite 
and tourmaline. 
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Fiirnrc 5. The Bourlam aque gr anocliorite (V-pattern) and gold deposits in its vicinity. 

To the west of this group of mines, two other groups are dosely associated 
with a great fault known as the "Cadillac lbrca.k" (Figure 6). At the east end 
of th is break, Canadian Malart ic, Sladen Malartic, East Malartic, and M alartic 
Gold:fields are grouped together !because they display certain simifari ties . Unlike 
the mines of the western end of the break, their ores contain no arsenopyrite 
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or to urmal ine and rarely any pyrrhotitc. Native gold, instead of being coarse 
and spectacular, is genera lly so finely cliYidccl as to be invisible to the unaided 
eye. Pyrite is the principal sulphide, and is accompanied by mall amounts of 
galena, sphalcritc, and cha1lcopyritc, \Yith at least two tc lluridcs, syh'anitc and 
petzite. The deposits arc typically lo\\" grade and adapted to fairly large-scale 
mining operations. The bullion from the ores is very high in silver, some of it 
carrying approxirnatc.ly half as much silver by \\·eight as gold . The ores of 
the Canadian Malai-tic and Sladcn MaiJartic mines arc silicified and mineralized 
grcywacke; those of the East ::\1a1artic and Malartic Gold fields properties arc 
steeply dipping sheets of rocks locally kno1rn as "dioritc" . These are mineralized, 
and cut by many small veins, so that large parts of them constitute ore. 

BOUSQUET 
IJLO~ e 

\',· 
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t 
Canadian Malartice -;~ Malartlc 

8/aden Malartic fast - - '-.............!old[(eld• 
. Malart ic ~ 
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Figure G. The Cadillac "break" (heaYy line) and ihe mines related to it . 

The second group of mines associated with the Cadill ac break lies a few 
miles to the \Yest in Cadillac town hip (See Figure 6). T he O'Brien mine has 
been t he principal producer; others arc Thompson Cadill ac, Central Cadillac, 
Lapa Cadillac, \Yood Cadillac, and P andora. The orebodies of this group are 
quartz vein s mostly less than 4 feet wide, though in the O'Brirn 1ridtli::; up to 
15 feet \YCre encountered. The producti\·c Ycins arc generally flanked b:-r bands 
of a ltered rock 1 to 10 feet ,,-ide; t hese carry gold Yalucs and material]:-- increase 
the minablc 1Yicl ths. The quartz of t he veins is cornn10nly dark gre:-- or bluish 
grey, and it carries in places spectacu lar shoots of coar c gold . 

The chief other metallic mineral is arscnop:--rite, "·ith lesser amounts of 
pyrite and pyrrhoti te; small amounts of a l bi tr and tourma lin e arc usually 
present. The ·bullion from these mines carries relatively little silver, anraging 
rough ly about one part by ,,·e ight of sih·cr to ten parts of go ld . 

Th e orcboclics associated 1Yith the Cadill ac break arc not found in the 
break itsrlf, a wide band of con torted mica-chloritc sch ist, but in subs id iary 
fractures, usually south of the break, "·here hard or brittle rocks that fracture 
rather than shear happen to occur. 

Space do<'s not pnrnit tlw clrsniption of scvrral otlirr , more isolated gold 
mines in we tern QLlebre. the Bcll ctcrrc Quebec, Beattie. Arntfield, Francoeur. 
:'.\Ic\Vatter:o , and Granada. 



41 

The chief gold producer of \Yeste rn Quebec, lt o11·e,·er , is ::\ orand a J\J ines, 
at Xoranda, of \\·hich t he prin cipal product is copper, and t lw gold m<'r<~ly a 
Yaluablc by-product. At t it is propert:'. acid laYas and t uffs of t he K eewatin 
type have been bfmt and shattc1wl b.1· in tcns<' drag- fold ing, and t hen replaced 
by p~·ritc, pyrrhotitc, and chalcop~· ritc. TJ1 c copper ore!' Urn s formed carry 
gold Yalu es, up to 0 · 25 ounce a ton in place.s. Other p:ir ts of the country rock 
''"ere silicificd, and much of th is ilicifted materia l,, which is us·cd as a fl ux in 
the smelting operations, carries gold values up to 0 · 25 ounce a ton. More thnn 
4,000,000 ounces of go! I \Ycrc produced from th is mine bct1Yccn 1927, 1Yhcn 
smelting began, and the end of 1944. 

Ontario 

Larder Lake. At Larder Lake t he coun try rocks arc a l tercel along \Yidc 
shear zones to mas cs of fenuginous carbonate shot through 1Yith small quartz 
veins, and in place coloured green b» small fl akes of maripositc, a green mica. 
These ·carbonate bodie conta in sca.ttered flakes of native gold, and parts of 
them are r ich in the precious metal. F or many years exploratory operations 
on these bodic · 1Ycrc carried on "·ithout success; after 1934, howeYcr, it became 
possible to min e some of the higher grade Jen es. Th e K err Addison, milling 
2,000 tons a day , has bc<'n able to mine nrofitably ore carrying only a little 
more than one-fifth ou nce a ton; the C hesterville, an adjoining property, is 
orcrating on ore of even lower grade. 

5000 

G.S.C. 

SCA LE OF FEET 
0 5000 

Figure 7. Po ition of principal gold mines, Kirkl and L ake district, On tario. Mineralized fault 
shown by heavy black line. 

E ir/..:land Lake. E:irklancl Lake area comprises a group of sc1·en large 
mines, Macassa, Kirkland L ake, T eck-Hughes, L ake Shore, Wright-Hargreaves, 
Syh-anitc, and Toburn (formerly T ough Oakc ) (Figure 7). All are in Teck 
township . Th e L ake Shore, T eck-Hughe , and "\Vr ight-H argreans have been 
t he largest producers. 



These propert ies arc ::; itua tcd in the mid::;t of a synclinal mass of Tirnis
kaming sediments, closel y folded and dipping at high angles. The sediments 
arc mainly conglomerates and greywackes, \Yith some slate. Where the orebodies 
occur. the sediments arc intruded by t\ro igneous rocks, the older a diorite, the 
younger a redd ish syen itc porphyry . The sycnitc porphyry form s a large mass 
on Y\Tright-Hargrca,·es property that extends a lmost to the Lake Shore boundary 
and thrO\rs off Jong fin gers or dykes inlo the Lake hare and T eck-Hughes 
properties to t he west. 

A large, pre-mineral fa ult cuts all the rocks "·ith a strike of north 62 
degrees cast and a clip of 85 degrees south (See Figure 7) . It is a reversed fault, 
and the south side has been tbrnst upwa rd about 2,000 feet . On the Kirkland 
Lake, Teck-Hughes, and "·cstcrn half of lhc Lake bo re propert ies the greater 
part of the fault movement has been concentrated along one pl ane. T o the 
cast the fau lt is split, appearing as two fnults 300 to 600 feet apart on the 
eastern part of the Lake Shore n,nrl the ·wright- [J a l'greaYes propertie~. Still 
farther cast, on the Toburn, t he fault spli ts into several branches. 

The ore has been formed in the crushed and shattered zones of the fault. 
The width of these zones varic grcatl:"- Jn placeR th e " ·alls of t he fa ul t are 
close togeth er and the orcbody is lean a nd na tTO\\· , as t he clayey gouge was 
not readily replaced. For the most part the brecciated zones arc 5 to 10 feet 
1Yiclc, and y ield good-grade ore. Jn a number of pl aces the fa ult spl its into 
two branches that come together again. lea Ying a horf;C of country rock bct'l·ccn; 
such a horse, in many in stanceR, \l"aS sufficiently bl'rcci ated to permit the entrY 
of ore-bearing solutionR. \1·ith consequent format ion of great 1Yiclths of ore. 
Rich bodies up to 50 feet in 11·iclth or eYcn more liayc t hu s been formed . 

The nature of the country rock influenced ore for 111ation profound!:<. The 
syenite porphyry, a hard bri ttle rock, shattered readily in fault ing but did not 
form sch ist, and, consequcnt l.1·, the Ycins in porphyry arc of good \Yidth and 
grade. The complex of porphyry dykes and dioritc on the T eck-Hughes and 
1Yestcrn part of the Lake Shore properties shattered cnn more readily and 
widely, and , consequ ent]~' · in this section the veins are "·idest and richest. 
Wh ere the fault passes into other rock types, such as clioritc or sed iments. 
shearing rather than shattering occurs. Such schistosc fa ul t gouge docs not 
appear to have been favourab le for passage of solutions or for replacement, 
becm1se though scattered nests, of ore occur in it, these are not numerous nor 
large enough to be mined profitalbly. 

The ore consiRts mainly of mineralized porph.l"n· 1Yith more or less quartz . 
Jn places quartz occurs in large masses nearly the full 1Yicl th of the Ycin, but 
more often it is found in tcrsccting the porphyry in numerous thin stringer:> 
and ribbons. Some calci te is present. Th e \\"all-rock is commonly altered tn 
a mass of sericitc and carbonate. Gold and gold tellur irlcs are the principal 
constituents of value, and t he tcllurides arc present in considerable Yarietv 
and amoun t. Altaite (PbTc) is the most abun dant, but calavcrite (AuTe2 ) . 

petzite (AgAu 2 T c), hessite (Ag2 T e), coloracloite (H gT c) . tetraclymite 
(Bi2 (TcS) ~), and mclonite (NiTc:::) are present in lesser quantity. 

These mines haYc produced, up to the encl of 1943, approximately l .'i.000.000 
fine ounces of gold. 

Porcupine Dis trict . Th e Porcupine gold field, discovered in 1909 . lies in 
Tisdale, D elora, and "\Yhitney to\\"nships. The principal producers are the 
Hollinger , :vrcintyrc, and Dome mines, all of 1Yhich began milling operations 
in J 912. Various oth er properties were worked for longer or shorter periods; 
t he largest \\·as the Vipond mine, which operated from 1911 to 1918, and again 
from 1923 to 1936. After the currency change of 1934 made it profitable to 
mine lo'l·cr grad e ores, however, a dozen new mines were opened and haYe 
produced important amounts of gold. The c mines arc the Aunor , Broulan 
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Porcupine, Buffalo Ankerite, Coniaurum, D eln ite, De Santis, Faymar, Hallnor, 
Moneta, J\aybob, Pamour, P aymaster Consolidated, and Preston East Dome 
(Figure 8). 

The rock of Porcupine di,trict in.c.lud.e basic altered lavas and some slaty 
sediments, all of K eewatin age, which are unconfoiimably overlain by con
glomerates, grcy,Yackes, and slates of the Tirniskaming scricl5 . The c arc fo ld ed 
into steeply inclined attitudes and the lavas are in truded by bodies of a grey 
quartz-feldspar porphyry, and cut by numerous faults (Figure 9). 

The Hollinger, Mcintyre, and Coniaurum mines' lie on a single sheared belt 
striking north 60 to 70 degrees east, \rith an almost nrtical dip. The sheared 
rocks arc the Kcc,rntin Javas. The sheared zone is about 1,600 feet wide on 
the Hollinger-Mcintyre bounclar~·, and narro\YS to about 500 feet on the 
Coniaurum. The veins on these properties lie \Yithin this zone, and, cut across 
it at a small angle. Their average strike is about north 50 degrees cast; most 
of them dip tccply outh, but a few, to1rnrd the northern side of the sheared 
zone, clip steeply north. \~There the Ycins run out of the sheared zone they 
feather and die out. It i common to find !1 "vein", the general strike of which 
cuts the schistosity at a small angle, composed of a succession of lenses of quartz 
eparatcd by schist, each lens lying parallel to the schistosity and the next lens 

offset to the left en echelon (Figure 10). 
A number of porphyry masses intrude the laYas on the Hollinger and 

:.\Iclntyre properties, and arc sheared \rhere they fall within the schistosc belt. 
The principal mas , the Pearl Lake porphyry, lies in the centre of the zone of 
shearing and Ycin formation , "·ith its west end on Hollinger property about 
J ,400 feet from the Mcintyre boundary. The outcrop is canoe-shaped, and 
underground " ·ark has shmn1 that the \Ycstcrn "prow" of the canoe dips or 
rakes eastward at about 40 to 45 degrees along a line striking north 85 degrees 
ea t (Figure lJ). In depth. therefore, the porphyry is found to lie progre sively 
farther and farther south of t he vein zone, which strikes about north 50 degrees 
east. The recognition of this structure has been of the highest importance 
in directing bhc development of the Mcintyre mine. 

On the Hollinger the rnain ore zone, comprising a hundred or more productiYe 
veins, extends on the surface some 3,500 feet southwest of the encl of the Pearl 
Lake porphyry and rakes C'ast-northeast at about the same angle as the porphyry. 
·wh ere the nins run into the porphyry, it has been commonly found that 
Yalues drop off rapidly and bcC'ome non-commercial (Figure 12) , though there 
have been rec nt reports that this condition is undergoing some C'hangc at dC'pth. 

On the Mcintyre property northeast of the Hollinger only one Yein of 
importance and a fe11· of subordinate value outcrop north of the Pearl Lake 
porphyry mass. 011·ing. ho\\·cvcr. to the soutlrn·arcl dip of the i1orphy ry and 
its ca:-hYard recession with depth , other members of the Hollinger Yein system 
appear at dcplh on Mcint~·rc ground beneath the porphyr>· mass (Figure 13). 
Dcnlopment of the Yiclntyre mine has been based on the hypothesi s that with 
increasing depth more and more of such vciillS would be found. Time has proved 
the truth of this geological inference, so that the Mcintyre has beC'orne pro
grcssi,·cly more Yaluable as exploration at depth continued. 

Tihe ore in the Hollinger and Mcintyre mines consists of quartz and 
mineral ized schist.. The quartz is accompanied bv ankcritc ancl small amounts 
of albi tc, tourmalin e. and. schcelite. The metallic minerals are arsenopyrite, 
pyrite, pvrrhotitc. sphalcritc. chalcopyritc. galena. tclluridcs, and native gold. 
The schi~t near the n in . is much alterc(l bY add iti on of sili ca, carbonate, 
pota h, and auriferous pyrite. The oreboclies, composed of quartz and auriferous 
"C'hist. range in width from 1 to 75 feet, " ·ith an average of about 10 feet. The 
amount of auri ferous schi,:t mined is consid erably greater than the a.mount of 
quartz . Some of the ·ore is highly spectaC'ular, with gold in coarse plates and 
cord'~ tra,·er:::ing the CJUartz and binding it together. 
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Th e D ome mine \ms so called because the original stakings were on large 
dornc-shapccl outcrops of quartz. T he rn inc, in t he south eas t quar te r of T isdale 
township , lies near the extreme sou th edge of t he basin of T imiskaming secli
rnent5, which has a genera l syn clin al struct.urc, pl un ging northeast. At the 
outh edge of t he main syncline a deep, narrO\Y, y nclinal trough of the 

sediments is in fo ldcd or in fa ultecl in to t he K cc,mtin oTccnstoncs, and it \ms 
1Yi thin thi s sy ncline that t he origina l orc bodi r~ of the D orne lay. Th ese \\·ere 
grea t lenses of ore, up to 600 feet in lcngtl1 and ll" i th 1Y idths ranging from 
15 to 150 feet. The de pth of some \mR as grea t a1:; 800 feet. t hat of ot hers 
less than 100 feet. :\Iorc than thir ty such bodies 1r crc found . They consisted 
of qua rtz a nd mineralized sc hi st, but wi th t he quartz Yc ry subord inate in amoun t. 
a bout 15 per cent. ::viuch of the ore 1rns . impl y a dark grey schist spotted wi th 
auri fcrous p_1· ri tc, and cut bY yague 1·cinl cts of qu artz. Th is syncline carried 
t he sedimen ts to depth s of a bout 2,500 feet. 

These ores were rornp lctc ly \\·orkcd out about t he Year 1928, and mmrng 
has since bcrn carried on in t he grecnstoncs to th e nor th of t he sy ncline. Th e 
lavas there a rc a ::;ucccssion of ft o1r s t hat trike north 75 degrees ca t , cl ip abou t 

70 degrees no1;th , and face north . 
Th ey range fro m 60 to 300 feet in 
11·id th. Th ese fl ows have been frac
tured along ver tical ca t-1Ycst zones 
t hat a \·cragc about 30 feet in 1ridth 
bu t may attain JOO feet or cYcn more 
(Figure 14). Where t hese frac ture 
zones cu t brit tl e rock s, such as dacitc 
or and csitc, they give r ise t o import
ant ore bodies; bu t where they pass 
in to so fter rocks that shear rather 
tha n fractm c, no orcbodi es a re 
fo rmed. Th e cl acitc fractures more 

- _q_~c rcaclil.1· t han th e anclesitc, so that 

F ie·11 rc 10. Offset.t ing of or e lenses in Hollinger 
mine. Schistosi ty indicated by fi ne par allel 
lines; Yeins in solid black. 

LEG E NO 

LJ Amr! Lake porphyry 

som e impor tan t orcbocli cs a re fo und 
in it alone. 

Th e fracture zones arc a com
plex of quar tz vein s. wh ich in general 
strike nor theast and clip 35 to 45 
deg rees northll"est . t hus r ro~sing both 
the str ik e and the cl ip of t he zones. 
IncliYiclual Ycins may attain widt hs of 
2 feet. Small qua1:tz vein s also fill 
fractures rnnn ing in Yarious di rec
tions, .'·iclcling irregular and in ter 
lock ing maRscs . Altogether about 30 
per cen t of t he Yolurn c of the fr acture 
zon e~ is qua rtz . 

SCALE OF" F"EET The qua rtz Yeins carry pyrite, 
pyrrhotite, and native go ld , and a rc 

~---------------G_,,,_-~c normally selvaged 1Yi th ankeri tc . Th e 
Fi gure 11 . RkeLch show ing the struct ural facto r s rock between the Yeins is altered and 

of :Jlclnt.rre g:colo~.1· . !A ft.er H . Y . Ska l'le 1n .) ca rbonated, a nd carries about 3 per 
ecn t of the a rn c sul ph ides. 

Anoth er type of orcbod,· is found in t uff beds !Ying bchr ecn laYa ftmn . 
l'hcse beds " ·ere appa rently cut and a ltered b.1· a n older "ct of ba rren Yeins 
made up of quar tz. t ourm a li ne, and a nkcritc . Later moycrncnt,; fractured 
t hi s ma teria l and permi tted t he entry of go ld-bearing qua rtz minera lized with 
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NORTH 

LEGEND 

f = = @ Crosscut 

~ Fault 
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I G.S.C. 

I 
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Figure 13. Composite section of Mdntyre min e, Ju ne 1924, showing development of 
nins beneath the P ead Lake porph)'l'y. (Af ter A. G. Bur rows .) 
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LEGEND 
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Orebodies ()uarlz- feldspar Porphyrv Slate and Greywache 

.... . . . . ~ /71 

Conglomerate Keewatin Lauas flow Contacts 

SCALE O F FEET 

200 0 200 400 

G.S.C 

Fig:ure 14. Cross-section of Dome mine, showing orebodies formerly found in 
syncline of Timiskaming rocks and now exhausted (r ight), and (left) 
oreboclies now being "·orkecl in Yertical fracture zone in laYas and in 
tuff beds between flows. (Courtesy of Dome Min es.) 
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a little pyrite and pynliotitc. This quartz forms a series of n inlets crossing 
the older n in material in a ladder structure. Bodies thus formed range from 
a few inches to 14 feet in 1Yidth, and some of them have been proved to have 
vertical and horizontal dimensions of more t han 1,000 feet. 

In the northeast part of \Vhitncy township a group of four mincs-Hallnor, 
Broulan, P amour, and I-loylc-1rns brought into production in the 1936-41 
period. They a ll li e on or close to the north contact of the Timiskaming 
syncline \Yitli the undcr l:,ing rnlcanic rnrks. Differential movements between 
strata of different competency han caused fracturing of the harder beds and 
permitted the cnt r:-· of go ld-bearing solutions, forming large bodies of 1011·-grade 
ore. The mineral a~soc i at i ons are the same as in other parts of the Porcupine 
field . 

Several other mines in t he Porcupine area have produced large amount 
of gold, but space limitations preclude individual descriptions. Preston East 
Dome may, ho1rcYcr, be mentioned as the only mine in "·hich important ore
bodies have been found in porphyry. if Yery recent reported discoveries in the 
Mcintyre mine are excepted. A large bod!· of porphyry has been much broken 
by fau lt moYemcnti-, and ore-bearing solutions entering these fissures haYc 
altered and mineralized the porphyr:-· to form large bodies of replacement ore. 
Small , high -grade Yeins , ,crvc as " IH'etencrs," and have supplied perhaps 
onr-quartcr of the total gold production. 

1'vlichipicoten-Goudreait D i'.strict. Gold was discovered in Michipicoten 
district in 1897, and since then sporadic attempts have been made to mine the 
deposits. Most of them are rather narrow quartz veins carrying tourmaline, 
pyrrhotite, albitc, and spectacular splashes and pockets of natiYc gold. ;.Iost of 
them arc now closed . The primip::i.l mine. Cl in e Lake, in Go11drcau district, 
operated on a fa irly " ·idc silicificcl nnd minrralizecl shear zone carr:--ing gold 
values. The grade of the ore was about one-sixth ounce a ton. 

Thunder Bay District. Wi thin a belt of lavas and sediments extending from 
Lake Nipigon eastward about 60 miles, eleven mines were opened in the 1934-39 
period. These are Bankfic-ld Consolidated, Hard Rock, J ellico, Leitch, Little 
Long Lac, M acLcocl -Cockshutt , ;.1agnct Conrnli datecl. ~orthern Empire, Sand 
River, Sturgeon RiYcr, and T om bill (Figure 15). The J ell ico, ~orthcrn Empire, 
Sand River, and T ombill have since clo"ed. 

This group of mines exhilbits a rather wide variety of types. In some of 
them, such as Leitch, Sand River, and Sturgeon River, the orebodies arc simple 
quartz veins, usually less than 4 feet wide, filling somewhat irregular fissures. 
T he principal constituent of value is native gold, and other minerals are scanty 
in amount. 

On the Little Long Lac property, the largest gold producer of the group, 
arkooc beds 1,500 to 2.000 feet thick arc folded into an anticline, along the crest 
of which there are a number of shear zone striking cast. Quartz injected into 
these has converted them into lodes that are uniform in width and continuous 
over remarkably long distances. The quartz carries a large amount of nativr 
go ld and small amounts of arscnopyrite, pyrite , bournonitc, st ibni te, and 
tdrahcdrite. 

The H ard Rock and M acLeod-Cochhutt mine;:: arc adjoining properties 
:ibout 2 miles southeast of Li ttle Lon g Lac. Th e earlier discoveries "·ere in iron 
formation, parts of which " ·ere fractured and the fractures filled wi th auartz and 
:1 lll'i fe rou pyrite. Mining operations have proved that beneath these.i a mass 
of feldspar porphyry, the upper srn'facc of which contains a deep westward
plungin.g trough or roof pendant of greywa.cke. Both the sedimernts and, to a 
lesser exten t. the porphyry along the contact arc replaced by coarse pyrite . 
::i. rsenopyrite, and ::i. little n::i.t ive go ld . This ore has an average grade of about 
one-fourth ounce a ton . 
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On the Bankfield and Tombill properties dykes of feldspar porphyry 10 to 
60 feet wide have been sheared and fractured, and the fractures filled with tiny 
veins of quartz. Pyrite, arsenopyrite, and native gold are found in the veins 
and disseminated through the sheared wall-rock, giving rise to wes,tward-raking 
ore shoots. 

Patricia District. In Patricia district sixteen mines have produced gold. 
Of these the H owey came into production in 1930, but none of the others began 
milling before 1934. The ores of these mines are for the mos't part fairly rich; 
the controlling factor in their development "·a not the change in the price of 
gold, but the growth of air transportation. Only ten of them are still operating 
(Figure 15). 

As in so many places elsewhere on the Shield, the orebodies have been 
localized •mainly where bodies of hard or brittle rock occur. Under the stresses 
of folding or faulting such bodies tend to shatter or fracture rather than hear , 
thus permitting the entry of ore-bearing solutions. The following descriptions 
of two or three of the principa.I mines \\"ill illustrate this. 

At the Howey mine, R ed Lake, the orebody was a dyke of quartz porphyry 
ranging from 30 to 100 feet in width. A brittle rock, this porphyry was fractured 
readily, and so severely that large parts of the dyke were converted into ore 
,,·hen invaded by gold-bearing solutions. Fracturing took place in two stages. 
During the first, lenticular veins of high-temperature quartz, rarely more than 
a foot wide, ,,·ere formed and carried some pyrite. In the second, a fracturing 
of the earlier quartz was followed by deposition in the fractures of native gold 
with small quantities of galena, sphalerite, and gold telluride. Although the 
grade of the orebody on the whole was less than one-tenth ounce a ton, its size 
permitted large-scale operations (1,250 tons a day) so that it could produce at 
a profit. Milling, which began in 1930, ended in the autumn of 1941; during 
this time 421 ,322 ounce of gold were "·on. 

The Central Patricia and Pickle Crow mine are adjoining properties on a 
band of iron formation that strikes northeast. The iron formation, an inter
bancLed mixture of cherty ilica and iron oxide or carbonate, i a brittle rock 
that fractures easily. It has been folded into an overturned syncline that pitches 
northeast. On Central Patricia, drag during the folding movements has shattered 
the iron formation in places, and ore-bearing solu tions entering the shattered 
zones formed pipes of ore raking northeast. The quartz of the ore is heavily 
mineralized with auriferous pyrrhotite and arsenopyrite, and smal ler amount 
of pyrite and chalcopyrite. The carbonate and chlorite of the ad1jacent iron 
formation i:i replaced to a con:oickrable extent by auriferou pyrrhotite. At 
Pickle Cro"· the main orebod ~r has 'been the Hmnll Yein, a fracture that crosses 
the band of iron formation at a small angle. The minerals of the vein are the 
same as at Central Patricia , with the addition of native gold. The vein is bent 
into a serie of drag- folds that yield very rich ore, and the iron formation next 
the vein is much fractured and replaced by sulphides to give mineable widths of 
8 to 18 feet. Where the vein runs out of the iron formation into the surrounding 
greenstone, " ·hieh fractured less readily, it narrows to about 3 feet and the 
\Yall-rock ceases to be ore. 

Manitoba and Saskatchewan 

Although prospecting began in lVIanitoba a,bout 1910, results have been 
rnmewha.t di:oappointing. Only ten properties .~hmYed suffic ient promi e to 
justify the erection of a mill, and on most of these the orebodies proved to hr 
either small or too low grade for profitable operation. Only three, Gods Lakr. 
Gunnar, and San Antonio, are still working. On one, Central Manitoba, clue to 
peculiarities of structure , the ore bottomed at ::hall o"· depths so that mining 
ceased in 1937 (Figure 16). 
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Figure 16. Ind ex map of M anitoba, showing principal knclwn occurrences of gold. 1, Sherritt 
Gordon (copper~.i: inc-gold); 2, M andy, Flin Flon (copper-gold); 3, Gurney; 4, R eed Lake; 
5, Laguna; 6, I sland Lake; 7, San Antonio, Forty-four; 8, Central :Manitoba; 9, Di ana, 
Gunnar, Beresford L ake; 10 , Gods L ake. 
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Conditions at Gods Lake a rc :;ornc\\·hat unusual. A sill of augite dioritc 
1rith a knO\rn length of 10 miles and an anragc \Yidth of 300 feet seem to have 
been inj ected along the contact of a bed of basic tuff. Thicknesses of tuff 
ranging fro m 1 foot to 18 feet have been found along its nor th ide throughout 
an explored length of 5 mil e~ . W here the thicker parts occur, the tuff is fractured 
and the fracture cemented by dark blui:;h or grey quartz mineralized \Yith 
sulphides and native gold. Frngrncnts and bands of the tuff also carry dis
seminated sulphide::;. The predominant sulphide is pyrrhotitc, but there is also 
con8idcra.ble pyrite and a little chalcopyritc and sphalcritc. T he ore has an 
aYcragc tenor of 0·25 to 0 ·3 ounce a ton. 

T he San Antonio mine, on the north shore of Ri ce Lake, is on a diabase ~il l 
200 to 700 feet in width, " ·hicl1 ::;trike:; south east and dips abo ut 45 degrees 
north cnst. T \\·o complem entary sets of fosurc::o cl ip vertically and cut the edge 
of the dyke at about 45 degrees. They narro11· and die out as the edge:; of the 
diabase body arc approached; only in rare instances do they extend in to the 
surroun ding sch i ~t. They arc filled 1Yith quartz, patches of iron carbonate, and 
some al bi tc and chloritc; the quartz i;; min era lizcd 11·ith fin e pyri tc, natil·e gold, 
and a li ttle chaleopYrite . T he 11·a ll - rnck i~ somc11·ltat altered. but contain 
insignificant amounts of go ld . In place::;, ho1Yevcr, it is cut by so many small 
veins t hat the 1rholc mass can be min ed . Th e average tenor is about 0· 3 ounce 
a ton. 

Th e ores of t lt c Gunnar mine a rc Yrn· sim il ar to tlto:-r of L;1ke of the '\\'oocls 
district. Shear zones in m assive basalts. and andcsites contain lenses a nd Yeins 
of quartz t hat in places pass in to stock11·o rks of rarnifr ing 1·cinl ets . The 
quar tz is mineralized rather plentifully with pyrite, galena. chalcop:ni te, 
sphaleri tc, pyrrhotitc, and natiYe go ld. Orcbocl ies a rc for the mo~t part rather 
narro\\·, but of high grade. Th e 1rnll-rock is but little alte red. and never 
ronstitutes ore . Ri ch ore bod ic;:; haYc been fo und in several pl ace,; 11·ltcrc shear 
zones a rc constri cted in passing through dYkes of porphyry or larn prophyrc. 

l\Iost of the gold of )Ianitcba and the adjacent part of sa~katchc1rnn 
co mes . hmYcYer , not fro m the go ld mines proper but from coppe r ores of the 
l\Ia ndy, Flin F lon , and Rherritt Gord on 111 incs (Fi gure 16. ) Since thc~c mines 
began their ;;;melting operations, in J 931 , the.\· ha\'C reconrcd more than 1,550.000 
oun ces of gold up to t he end of J942- morc than doubl e that obtained from t he 
gold min es. 

K o gold min e~ arc at present operating in Sa;:;k at chc11·an. At Golclficlds, 
on the north shore of L a ke Athabaska. sill-like bod ies of coarse , reddish granite 
han been great l.1· fractured and in jected b,\· quartz to form stock11·orks of small 
1·cin lets. Th e quartz is spar;:;cl.\· minerali zed 1Yith coarRe a uri fcrous P.\Tite. a 
fc 11· gra in s of cha lcopyritc and sph a lerit c. and na tiYc go ld. A t the Box m in e 
(Figure 17), the Consolidated Mining and Smel tin g Company attempted mining 
one ol' t hrsr bod ir s on a la rgP. sca lr. but the aYerage grade p1'(JYccl \'CIT lo\\·, 
le:<s than 0 ·05 oun ce a ton. )fil ling, 11·hich began in J939. end ed in Augu;;;t J942 . 

l'{ ortlm'r>st T erri toriPs 

)fost of the deposits of ::\I' orthwest T erri tori es arc m Y cllo"·knif c cl istrict, 
nor thca;:;t of t he nor th a rm of Great, Sla\'C Lake. The rocks arc laYas a nd t uffs 
r a nging in cornpo ·it ion from basaltic to rh_\'ol it ic, overla in and in part in tcr
hcddcd ll'ith sediments of all t ,\·pcs from rnnglomeratc to slate, but mainly 
impure quartzi tc~. Th e rocks. the Y ellO\vkni fc group, are in trucled bY great 
bodies of grani te. and arc more or less metamorphosed near t he rnnt'acts to 
kn ott,\' schi sts and horn f els. Th e,\· Rtand on edge in close!:-· spaced isoc I in al 
folds and havr hrrn cfomlac rd hi' hrn srts of great fa ults. one striki ng north 
20 degrees west, the other practicallv at right angles to this. Ru pture on a 
small er sralc is also common along t he axe. of the tight folclR . 
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Gold-bearing veins are found both in the lavas and the sediments. Those 
in the sediments arc mainly bedded n ins, saddle reefs, and ye ins introduced 
along the fractured axes of the fo lds. They appear near the outer edge of the 
aureole of metamorphosed sediments surrounding certain granite bodies and 
run out\\'ard into less metamorphosed sediments. K carest the granite they 
consist of glassy, bluish quartz carrying crystals of feldspar and needle-like 
tourmalinr ; with increasing clistancr the tourmal ine disappears, tlrnn the 
feldspar, and finall>' the quartz becomes wh ite or milk~; and carries much 
rnsty \rcathcring carbonate. T\YO small mines. the Ptarmigan and Thompson
Lundmark, commenced milling in the latter half of 1941, but wartime conditions 
compel led both to close, in l 942 and 1943 respcctinly (:Figure 17) . 
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Figure 17. Index map of part of Northwest Territories and 
Saskatchewan, showing principal known occ urrences of gold. 
1, Giant Yellowknife, Con-Rycon, and ~egus; 2, Ptarmigan; 
3, Thompson-Lundma 1·k ; 4, OuLpost I slands; 5, Box. 

Th e ores in the lavas arc of t1rn types. Those first discovered lie in small 
shear zones that parallel the large faults striking north 20 degrees west. The 
YCins arc lenticular bodies of quartz averaging about 5 feet \Yide, though 
attaining in places 15 feet or more. The quartz , moderately mineralized with 
pyrite, is much cracked, and t he cracks fi lled with a great Yariety of minerals, 
not only the commoner sulphides such as chalcopyrite, sphalerite, galena, and 
arsenopyrite, but a great variety of sulpharsenid cs, sulphantirnonicles, and 
tcllurides in small amount. The gold, which is mostl? free, tcndis to be most 
abundant in the relatively pure quartz . The veins arc vugg>- in places, suggest
ing that thC>' were developed after t he main monments had been completed. 

The Con-Rycon and Negus mines were dcnlopcd on YCins of this type. 
The first came in to produ ction in September 1938. the second in Fcbruar>- 1939. 
The ore mill ed b.v each had an average tenor of nearly an ounce a ton. Owing 
to war conditions these properties closed in September l 943 and October 1944 
respectively . 

The latest cliscm·crics such as Giant Ycll mYk ni fc are of a somewhat 
different type. They arc rather \Yiclc shear zones that t rend north-northeast. 

85672-5! 
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These ::;hear zones han 1ridths up to 150 feet-possibly more in places. The 
typ ical ore in t hem consists of grey scrici tc l"ch ist 11· ith 30 to 75 per cent of 
quar tz as stringers or lenses; it genera lly has a banded or ribboned appearance. 
Aurifcrous arsenopyrite a nd pyrite arc a bundant in t he schist and to a lesser 
extent in the quartz; na tin gold is rarely seen. In places con idcrable carbonate 
is present , and gold values arc usually lo1Yer. An ore shoot may comprise up 
to 90 per cent of the \Yid th of the shear zone. On both sides the ore grades 
into chloritc or chlorite-sericite schi st, \1·hich rarely carries values of importance; 
and t hi s in t urn passes into ma· iYc greenstunc. Hathcr numerous post-ore 
fa ults cut and displace the ore shoots. 

An occurrence on Outpost I slands, op posite the mouth of t he north arm of 
Great ~Jan Lake, has attracted a good deal of attention. The rocks are 
sediments of t he \ Vil son I sland group, an ear ly Precambrian series ; they strike 
ea::;t -northeast and dip steeply south . Certain beds of impu re quartz ite have 
suffered brccciation acros.:: 11·id t li s of 4 or 5 feet. in some p laces as much as 
S feet. Th e brccciation extends a long the str ike fo r 300 or 400 feet a nd then 
3ccrns to die out or poss ibl y to be transferred to a different bed. It dips 
1·erticall.1·, so as to cross t he bedd in g at a small angle. Th e fr acture zones 
ha1·c been healed by the deposit ion of rhalcopyritc and pyrite. together \1·ith a 
great Yaricty of other min erals such as fe rberi te (tungstate of iron), magnetite, 
hematite. rnarcasite, borni tc, [I nd clial roc itc. Quartz is present only in minute 
stringers. Coarse nat iYc go ld occ urs in fractures both in t he su lphides and the 
quartzite . but tho ugh Yalues a rc locall.1· high they arc extremely erratic a nd the 
tenor of the 11·holc mass is too 1011· to mine profitably. Of late ~·ears attempts 
ha\'c been made to opcrnte the property as a tungsten minC' , \1·ith the gold 
merely a Yal uab le b.1· -p rocluct. Th e aYcrage tungsten content is said to be 
about 1 per cent. 

S IL\'ER 

I n 1942 deposits 11·ithin t he Canadian Sh ield produced 9,616.316 oun ces of 
silver. Of this tota l, 8,056 / i07 oun ces \rcre der ived from copper. lead, and zinc 
ores; 722, 194 ounces formed part of the bullion from the gold mines of the 
Sh ield; and only 837,615 ounces came from ores mined rnainl.v for their silnr. 
In other 1rnrcls. 90 per CC'nt or more of t he sih·er now being produced from the 
Sh ield is merely a by-product from the mining of other metals. It seems likely 
that this condition ''"ill continue to preYail in the future, unless a pronounced 
rise in the pri ce of silvC'r sti mulates mining it for its own sake. Th e condition 
is the exac t rcnrsc cf that which prevailed some years ago . In 1924, for 
example. 10.699.684 ounces of silYcr were mined from the Shield area, and of 
th is al l but 763.782 ounces \Ycrc produced from ores \1·orkcd mainly for their 
sil Ycr. At that t ime, of course, sil ver prices \\·ere much higher t han at present, 
and the great Cobalt silnr camp 1rns not quite worked out. 

Be ides the Cobalt ramp a nd its subsidiary districts, 11·hich taken together 
stretch 75 miles westerl y from Lake Timiskaming, a second district around 
Port Arthur has produced some silver; a nd of recent years silver ores have 
been found at Great Bear Lake. 

Ontario 

Sil ver \YaS discovered at Cobalt in l 903 , and sh ipments commenced in 
1904. Up to the end of 1937. t he Cobalt ramp alone ~' i c l ded 383,635,561 ounces 
of sih·er, the Go\\·ganda camp 24.647,496 ounces, t he South Lorrain camp 
22,867 ,295 oun ces, and the out ly ing camps of Casey township, James township , 
~1aple Mountain, Speight, and \Vhi t on townships , 2,831 ,367 ounces; a grand 
total of 433 .981 .719 ounces (Figure 18). In add ition to the silver , t he mines 
yielded in the same period 80 tons of bismuth. 931 tons of copper, 355 tons of 
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lead, 6.230 tons of nickel, 16,328 tons of cobalt, and 72,189 tons of arsenic. 
Since 1937, and particularly since the beginning of t he war, the mines haYe 
been operated mainly for their cobal t content, as the silver Yeins arc nearly 
worked out. 

Elk Lake 

• Gowganda 
CANE 

SPEIGHT AULD 

WHITSON 

SCALE OF MILES 
8 0 8 

G.S.C. 

16 

.,, 
/.. 

B$ Cobalt 

-l.~ Latch ford 

Figure JS. Ind ex nrnp sho"·ing po,itions of chi ef silYer-bearing areas in the Cobalt region, 
Ontario. 

).lost of the productive mines at Cobalt 1nre grouped within an area of 
about 6 square miles. T he rocks are gently dipping strata of the Cobalt series 
laid dO\rn on an irregular erosion su rface of steeply folded K ec1n1ti n lavas, 
tuffs, and iron formation. A sill of the Nipissing diabase about 1,000 :eet thick 
intrudes the c along a warped plane that passed in part through the Cobalt 
series, in part through the K ee1rntin rocks. In general the sill dips gently east, 
and erosion has now removed parts of it so that the we tern part of the field is 
now largely occupied by K eewatin and Cobalt strata that lay below the sill, 
wherea the eastern part is underlain by the sill itself, together with some areas 
of K eewatin or Coba lt rocks that overlie the sill. 

The silver ores apparently emanated from the diabase sill. No ores have 
been found where the diaba c sill is absent, and a ll the ores were found within a 
few hundred feet of the diabase contact, either aboYc or below, or within the 
diabase itself. A curious feature is that the K eewatin rock , for some reason, 
seem to have !wen c"sent ia l to ore fo rm ation. No important quantity of pay ore 
has been found where the K eewatin was absent. N evertheless, veins did not 
commonly extend into the Keewatin much below the base of the Cobalt series; 
and when they did the silver values disappeared. 

In general, silver was found in three positions. About 80 per cent of it was 
found in the Cobalt series within 100 to 200 feet of the K eewatin contact (Figure 
19). The remainder occurred along the upper or lower contact of the ill, mostly 
with in 200 or 300 feet of either margin. In a fc"· instances n ins were found near 
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the middle of the sill, but uch veins 1rere rare. Pre-ore faults played their part, 
mainly acting as dam or barriers t hat confined depo ition to certain area . 
In south Lorrain, ho11·eyer, much of the ore came from the ·woods fault or 
branches of it. 

The high-grade veins 1rere mostly narrow, from an inch to a foot in width, 
though in rare instances, and for relatively hart length , width attained several 
feet. The Yeins had all directions of strike and usua lly vertical dips. Some 
11·ere follmred for several thousand feet, but most of them were much shorter. 
Besides the high-grade veins (Plate VII), in places the wall rocks were broken 
by innumerable tiny cracks in to 1Yhich the vein-forming olution penetrated and 
deposited silver (Plate VIII). Considerable 1Yidth of rock "·ere thereby eon
Yerted into a 1011·-gracle ore, locally termed mill-rock. 

PL.\TE VII 

Rlabs of nati,·c sih·c1· from the Trcll1c\\·cy mine. Cobalt. Ontario. The uprigh t slah "·eighs 
70 poun<k After \Vil lct C:. 1\[illcr. Ontario Tiurcau of :\fines Hcport, l !Jl3 (05018). 

The high-grade veins contained a great variety of mineral , of 11·hich the 
chief 1Yere calcite, srnaltit , niccolite, and nati\'C sil\'Cr. Pyrargyrite, proustite, 
argentite, rnillerite, chalcopyrite .. phaleri te, galena, a nd many others were also 
present. The sih·er orrurrecl in films, flakes. 1Yires, and Aaltened nrnsse , and \\·as 
usually accompanied by argentite and natiYe bismu th . T ypical high-grade ore 
a\·eraged about 10 per cent silver, 9 per cent cobalt, 6 per cent nickel , an l 39 per 
cent ar .. cnir, but some contained much more silver, up to 7,000 ounce a ton. 

In South Lorrain to1rnship a diabase sill forms an irregular, elongated dome 
a fe11· mile,; long, 11·hose central part ha 'been completely removed by erosion. 
The productive n ins occurred in the sill and in overlying K eewatin rocks within 
a limited area-about 100 acres--on the \Yestern edge of the dome. T he main 
\'Cin occurs in the \Yoocls fault, a re\'Crse fa ult with a displacement on the clip 
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of about 30 feet. The Woods vein, unlike the narro\\' fis urcs of the Cobalt area, 
is a fractured zone that atta ined \\'idth of 5 to 10 feet. T he vein material did 
not extend from \\'all to " ·all , but formed a num ber of 5tringers tha t r amified 
thro ugh the shattered country rock. Also, unlike anything to be een at Co·balt, 
t he more strongly fractured parts of the Woods fault displayed intense weather
ing, due to pre-glacial do\r111vard circulation of ground water, to a depth of at 
least 560 feet. The less fractured parts arc Jes deeply altered. The alteration 
converted the coun try rock , first, in to a oft, greeni h, highly cl cromposed clay, 
and still further oxidation tran formed this into a reddish or ochrc-yello\\' clay, 
by conver ion of its iron from ferrous to ferric oxides. In the upper or ferric 
parts of the vein almost all of the origina l vein mat~ria l has been dissolved and 
carried away, apparently to be re-deposited where the down-moving solutions 
came into contact "·ith the grceni h, ferrous clay. T he result was the formation 
of immensely rich bonanza m as es of nat ive silver, argentite, and ruby i lver. 
Bc.lo\1· the altered zones the u ual Cobalt-like vein minerals are found. 

P L.\'l'E VIII 

Xa ti 1·r sill·rr (whi te) in ra lcite . Temislrnming mine. Co halt. Ontario. sra le. ahout natn ral sizP. 
A ftrr \Villet C:. ~rilkr. Ontario Rur<'au of :'l[i11C's R eporL. l!Jl3 (95917 ) . 

In Go11·ga nda area . about 55 miles nortlrn·cst of Cobalt, the diabase sill is 
prnba·bl~· not more than about 500 feet thi ck. :\fore than one si ll may be pre.sent. 
As at Cobalt, the diabase is inj ected in to K ec1rntin rocks and gently dipping 
beds of the Coba lt series. :-Io:::t of the \'C ins ~· ct found lie at the upper contact 
of the sill in the diaba e it~clf. though one important n in wa in obalt 
conglomera te, and a fe1Y in K ee '>l·at in grcenstonc, just abo\'C the sil l. 

At Go"·gancla , unlike Cobalt, there is evidence that di rectly relates the 
sil\'cr \'Cins to the diabase. T he diabase displays a consistent serie of differ-
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cntiation products that progress through a rather acid aplitc to an apli tc carrying 
little fe ldspar but much calcite a nd some chalcopyrite . It ll"Oulcl seem, therefore, 
that the veins mu t have formed by the gradual accumulation, through continuing 
crystallization of the ~ ilic eous constituents, of calcite material in the Ycin
forrn ing solutions. According to Burrows, some aplite veins carry irregularly 
distributed mas cs of calcite accompanied by native silve r, smaltitc, and 
niccolite. 

Considerable silver was obtained from Casey to1rnship, 15 miles northeast 
of Cobalt. The usual calcite veins occurred in Coba lt sediments, and iYere 
formed apparently at horizons not far below the ba;:c of a diabase sill completely 
removed by erosion. 

Sih·cr-bcaring veins of similar types have also been fo und near B ay L ake, 
JO mile:; 11·c5t of Cobalt; in Auld, Ca ne, Speight, \V hit:::on, and .James tmrnsh ips 
norllmest of Coibalt (See Figure 18); and south of Larder Lake. The total 
production. however , has no t been large. 

In Port Arthur district Archman rocks arc overla in by gently cl ipping 
Anirn ikic sedim ents, whi ch have been inYadccl by sills and dykes of diabase. Th e 
assemblage has been fa ulted, and the fissures thus fo rmed arc filled " ·ith calcite, 
baritc, and quartz, mineralized in places " ·ith cha lcopyritc, pyrite, argcntiferouE' 
sphalcritc, argcn ti f crous ga lena, native silve r, a rgcn ti te, and a grca t Yariety of 
other minerals. Th e proportions of the different minerals vary widely , and the 
veins themselves range in iYidth from a few inches to 20 feet. 

Most of the silver from this area i\"aS obtain ed from Silver I slet, an island 
less than 80 feet in diameter lying off Thunder Cape. The deposit was cli;:covercd 
in 1868 and \\·as worked for l 6 years, in 1Yhich tim e sil ver valued at about 
$3,250,000 was produced. Silver at that time was 1rnrth about $1.30 an oun ce. 
The rocks are almost flat-lying Animikie shales, cut by diabase dykes that strike 
northeast and clip steeply southeast. The c are cut by faults that strike north
"·est and ha vc been healed by vein materials. Th e Silver I slet fault strikes 
north 35 degrees 1rnst and dips 70 to 80 degrees northeast. It has given the 
Silver Isle t dyke a left-hand horizontal displacement of about 80 feet. 

The Silver I slet dyke is 350 feet wide at the sm fa,ce. and decreases to 
250 feet at a depth of 560 feet, irhich 'il'idth i:;:: maintained to the 1,100-foot !en!. 
Ore irns found only 11·hcre the fault crossed the dyke; in the surrounding sha le;: 
the vein feathered out. 

Xumcrous other di;:covcri es 11·cre made throughout the region bct11·cen the 
Internat ional Boundary and Kipigon Bay. Th e more important "·ere in tll·o 
group~, one at R abbit Mounta in and the other at Silver Mountain , about 18 and 
30 miles respectively 11·cst-southiYest of Fort iYiJ,J iam. Since 1892 nearly all of 
thc~c mines ha,·c lain idle, though from time to t ime a re-examination or some 
further development has resulted in a li ttle additi onal production. Total produc
tion to the encl of ,1913 has been valued at about $1,500,000 . 

Northwest T erritories 

In l 930 native s il ver was discovered at the cast end of Great Bear Lake. 
a nd the ri chness of some of the early finds caused many to hope that a nc11· 
Cobalt had been located. HowcYer, con tinued exploration did not substantiate 
the earli er expectations . and no"· it does not appear likely that the possible 
production will be great. Tota l production to the end of 1940 was less than 
2,000 ,000 ounces; there was no production in 1941-2. 

Both the composition of the ore;, and th eir hi.story of deposition arc complex 
so that the interested reader must be refe rred to the more detailed descriptions 
of them. All that can here be sa id is that a complex of Proterozoic rocks, both 
igneous and sedim entary, has been cut b~· faults a long 1Yhich repeated movements 
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have tak en place. After each movement the fractures \\·ere healed by deposition 
of a variety of minerals, both metallic and non -m etallic , so t hat the ores arc 
now a min eralogist's paradi~c. Pitchblende and silver, both native and in Ya rious 
compound , \YCre among the last minerals deposited. In some places the silYCr 
minerals \\·ere distinctly later than the pitchblende, and may form bodies from 
n·hich pi tchblende is a bsen t; in other:; the silver and pitchblende seem to be 
contemporaneous, and arc fo und together. T he ores are valu able mainly, ho,\·
C\"Cr, not for their si lYcr content bu t fo r the rad ium a nd uranium present in the 
pitchblende. 

NICKEJ, 

Sudbury Ores 
Nickel occurs in sc\·cral places on the Canadian Shield, bu t by far the greater 

part of the production of the metal is derived from the Sudbury nick el-copper 
ores. The c deposits were first noticed in 1856, but n·erc disregarded until the 
completion of the Canadian P acific R aihrny in 1885 made transportation pos
sible. During t he first fc11· years the ores \1·ere exploited for their co pper con
ten t a lone; not until 1887 11·as the presence of nickel determined. 

At pre~ent these mines furnish approxim ately 90 per cen t of the total n·orlcl 
production of t he me tal. From the initiation of production in 1889 up to t he 
encl of 1945 they haYc supplied 2,213 ,094 ton· of nickel, together wi th a roughly 
equi rnlen t amount of copper a nd important amounts of gold , silver , platinum, 
palladi um , and other metals of the pl atinum group . Roughly t wo- thirds of t he 
a bove amount of ni ck el has been produced since 1928, fo llon·ing an intcnsiYe 
progra m of rc~careh bY the In tern ationa l ::\ickc l Compa ny that nvtl: · in c rca~ccl 
the peace- time uses of the metal. 

SCALE or M I LES 
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Th e Sudbury ore deposits (Figure 
20 ) are clo ely as ociatecl 1Yith a body 
of norite a nd mi cropegmatite that 
outcrops as an oval rin g 37 by 17 
mi !cs in diameter , and l to 3 · 6 miles 
broad. Th e outer part of the r ing is 
noritc, a nd the inner , mi cropegmatitc, 
\\· ith a fa irly r a pid gradational cha nge 
from on e to the other. Inside the oYal 
ring of nori tc-mi cropegma ti tc . the 
\Yhi te"·atcr seric of volcanic agglo
merate~, t uffs, and sedimentary rocks 
i ~ disposed in a broad syncline or com 
pound syncline. \Yicle dyk es of oliYine 
d iabase cut indiscriminately through 
norite. White,Yater se ri es . and older 
rocks; and small bodies of Proterozoic 
granite i1wacle the nori te in places. 

Fi gure 20. T he Sudbury copper -ni ckel cl epos iLR. 
sho"· ing t heir grouping a rn und Lhe edge of 
t he nor ite irrupti,·e. 

Th e open synclin al stru cture of 
the \Yhite1rnter series, t he a nnular 
shape of the norite-micropegmati te 

m ass, and the symmetrical disposit ion of thc::;c acid and basic phases combine 
to suggest that the igneou mass is a thick sheet intruded a long the con tact of t he 
\Vh itC\rntcr seri c with the old er rock~. Con,;onant \Yith this co nclusion, mining 
operations have shown that in many places the 10\rcr contact of the nori tc clip 
imYarcl at 35 degrees or thereabouts . In other place , on the other ha nd , the con
tact is nearly Yertical or clips outward at hi gh angles . Th ere is r eason to believe, 
hO\Yever. that such relations arc clue to faulting. 
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The orebodies lie either along or rlose to the outer margin of the norite
the so-called "marginal deposits"-or they form dyke-like or irregular bodies in 
the older rocks-"offset deposits." The ore minerals are chicfl~r pyrrhotite and 
chalcopyrite, the former predominating. Nickel is mainly, if not solely, con
tained in the mineral pentlandite, and pla inum in the mineral sperryli te . The 
orebodies consist of rock fragments cemented by the sulphides and partly 
replaced by them. The rock fragments vary in size from bodies several hundred 
feet in length to minute grains, and may constitute up to 60 per cent of an 
ore body. 

L'p to a fc"· years ago it was generally considered that these ores originated 
by settling from the great sheet-like mass of norite-mirropegrnatitc. Investiga
tions since 1930 by the geological staff of t he International Nickel Company 
seem o prove, however, that the ore is almost everywhere closely associated with 
a quartz diorite that forms thin, dyke-like masses against the south contact of 
the norite, and dyke~ in the older rocks . \i\' here this rock is cut by faults, or is 
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Id eal cross-section ·through Creighton min e orebody, from sur face to 18th level. Rlack represents 
ore. After C. V\T . Knight, from R eport of the Ontario ~i c k cl Commission. 1917 (959 17). 

brecciated in one of the unusual breccia zones found at Sudbury, ore commonly 
occurs. The quartz diorite was considered by earl ier obsen ·crs to be a phase of 
the norite, •but the later investigations have proved it to be much yo unger. The 
Creighton min e is an example of an orebody formed by intense faul ting and 
subsequent mineralization (Plates IX and X); the great Frood orebody is 
loc·al ized along an in tensely brecciated dyke of quartz dioritc. The pipe-like 
orebodi es near Copper Cliff, of 11·hich No. 2 mine is an example, occurred where 
a zone of brecciation cuts across a dyke of the quartz diorite. The relatively 
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late age of some of the ores i:o indica ted by a recent discovery at the Garson 
mine, wh ere a body of ore some 40 feet in width cuts directly aero s a dyke 
of oliYinc diabase, the youngest Prerambrian rock of the region. 

The tenor of the ore is Yariable. Some years ago the mine average "·as 
about 3 ·5 per cent nickel and 2 per cent copper. Of late years, hO\rever, the 
grade has gradually fallen, until in 1942 the Herage tenor wa about I t per cent 
copper and slightly les than that amount of nickel. This is due to the inclusion 
with the higher grade ores of large amounts of 10\r-gradc material, particularly 
from the open pit at the Frood mine. 

PL.\TE x 

• ketch illustratin g c-o ntact bet"·ecn massive sulphid es (black ) ·we! i10rite (white) . Creighton mine, 
Surbury. Ontari o. The fa«e represented has a len gth of 20 fee t . A fte r C. IV. Knight , from 
R eport of the Ontario :\ickel Comm ission. 1917 (9.5920 ) . 

Some nickel has been produced from the Alexo mine, on the boundary 
beb·een Clergue and Dundonald to\rnships, nortlrn·cst of Timmins. There K ee
\\·atin lams arc intruded by bodies of peridotite no,,· altered to serpentine . The 
nickel ore occurs at the edge of a body of serpentin e and was proved to be some 
700 feet long at the surface. The contact, and the orebody, had a dip of 65 to 80 
degree , and \YaS followed downward for several hundred feet,. The ore varied 
in \riclth from a fc,,. feet to 40 feet, and consisled of a core of massive sulphides 
bordered on the foot -\rnll side by ~u lphiclcs disseminated in pcridotite. Veinlets 
of solid sulphides extended oubrnrd from both sides of the massive core. The ore 
\\·as ch iefly pyrrhotite, carrying small amounts of pentlandite, chalcopyrite, and 
pyrite. The massi,·e ore Yaried in width from a fe,,· inches to 20 feet; the dis
seminated ore from 3 to 20 feet. The massive ore carried 6 to 8 per cent nickel 
and less than 1 per cent copper. In the years 19'12-19, inclus ive, 51,279 tons 
of ore 1\·ere mined and shipped to the 1\Iond Nickel ompany' smelter at Sud
bury. No figure~ arc arnilable for the nickel rcconrcd. but if it be a~sumed 
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that the average grade of ore sh ipped was 4 per cent, about 2,000 ton of nickel 
must have been obtained. L ate in 1942 Harlin Nickel Mines was organized to 
take onr the property and sh ipment of ore was r ecommenced in 1943. 

Other Nickelif erous D eposits 

About 50 miles \Yest of P ort Arthur, south of Shebandowan L ake, K eewatin 
lavas are intruded by granjte, and 50 or 60 feet from the contact a zone of sul 
phides from 1 to 35 feet wide has been traced by pits and trenches fer more than 
a mile. The ore is mainly pyrite , with orne chalcopyrite and pyrrhotite, and 
\'alues up to 7 per cent in nickel are reported. 

At Dinty Lake, about 24 miles northeast of Goldfields, Saskatche,rnn, a 
fairly large body of sulphides carri es nearly 1 per cent of nickel. The ore is 
intersected by thick dykes of granitic rock dipping at about 45 degrees. 

On the north shore of R ankin Inlet, west coast of Hudson Bay, a sill of 
pyroxenite, largely serpentinized, is 200 to 300 feet thick, strikes ea~t, and dips 50 
degrees outh . At a point where the base of the sil l bulge outward a lens of ore 
a bout 250 feet long displays some 8 feet of massive, and 18 feet of disseminated, 
ulphides. The ore is pyrrhotite with a little chalcopyrite. Drill samples 

indicate an average for t he massive ore of about 9 per cent nickel, and for the 
disseminated ore about 3 per cent. 

Quite a number of other occurreuces of nickeliferous ore in Ontario and 
l\Ianitoba are kno"·n. Most are either too small or too low in grade to be com
mercial, though a r ecent discovery by Shcrri tt Gordon at Lynn Lake in northern 
Manitoba holds considerable promise. )Jickel was found in the silver ores of 
Cobalt district, in the minerals niccoli tc and smaltite-chl oanthite, and 6,230 tons 
of the metal havP. been recovered from these ores. 

COPPER 

Up to 1927 almost the only copper producers on the Canadian Shield 
were the nickel-copper min es of Sudbury district, which have already been 
described 1 . In 1927, however , wpper began to be turned out by Noranda 
Mines, Quebec, and other mines in its vicinity have since added to the produc
tion of t hat district. In 1930, mining began at the Flin Flon mine in Manito ha; 
in 1931 the herritt Gordon mine, Manitoba, began sh ipping concentrates to 
the Flin Flan smelter. Both the. Quebec and l\Iani to ba districts have continued 
to yie ld large amounts of the metal up to the present time. 

Ontario 

In 1942 the copper production of Sudbury district wa5 154,141 tons. The 
total production of Ontario from 1886, \\·hen Sudbury came into production, 
until the end of 1945 was 2,412,334 tons. Th e only other copper producers in 
Ontario in that period \\-Cre Bruoe Mines and t1,·o or three smaller properties; 
in all, these probably did not yield more than 10,000 tons of metal , so that the 
Sudbury production alone was more t han 2,000 ,000 tons. 

At B ruce Mines , on the north sho re nf Lake Huron. copper mining began 
as early as 1846 and continued, with in te rrup tion<S, until 1921. Veins that 
traverse diabase sills in Huronian sed im ents consis,t of quartz and cha lcopyrite 
with minor amounts of calcite and barite. They vary from mere stringers to 

1 During th e p ars 1917-20 th e ~Iandy Mine , 1'1anitobn, sh ipped 25 ,000 tom; o f copper ore averag ing nearly 
20 per cent copper and 0·25 ounce of gold. This ore was team ed some 50 m iles lo Sturgeon Land ing, taken 
hy hnrgP a far ther di stance of 120 miles to The P as , then sent by frC' :i:d1 t 1,200 rn il es to th e Tra il smelter, 
B.C. This achievrn1C'nt was made possibl e by th e wartime price o f copper , 26 cent s a pound. 
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veins 50 feet \ride. The main vein ha .:; been traced 2,000 feet and may extend 
for at least 8,000 feet. In the more productive parts i t averaged 5 feet in width, 
and wa 1Yorked to a depth of 450 feet. The deposit was first worked from 1846 
to 1876, then, except for a short period of operations in 1908-9, it lay idle until 
purcha eel b>· the Mone! Kickel Company, which shipped the ore to Coniston 
as a flux. ::\1ining was carried on by them from 1915 to 1921 , in 1Yhich t ime 
approximately 160,000 tons of ore 1rerc sh ipped. No figures for the copper 
recoycry are giYcn, but t he maximum tenor of the or,c appears to have been 
about 3~ per cent copper. 

A number of other copper clepo~its ha\'C been fo und in Ontario, and 
attempts ha\'C been made to min e ·some of them, wi•th production of small 
amounts of t he metal , but a ll haYc proved too smal l or low grade for operation 
a:t prevail ing prices. 

Qiwbec 

Norancla :\1ines, situated in R ouyn township, Quebec, blc1Y in its smelter 
in 1927, and has been operating continuous ly since. In add ition to Noranda, 
other properties, ·w aite -Amulet. Aldermac, and Normetal , have produced con
idcrablc amounts of corr er (Figure 21 ). The total production of th is group 

of mines to the encl of 1945 was 815,372 tons of copper, together with important 
amounts of gold, silYer, and zinc . 

All these ores arc of the same general type. They arc massive sul rhides , 
mixtures of pyrite, P>·rrhotitc , and chalcopyrite in varying propo rtion~; in the 
·w aite, Amulet, and Normetal or es there are also important amounts of the zinc 
sulphide, sphaler itc. Th e ores have formed by replacement, usually of rhyolitic 
agglomerates and tuffs, or of rhyolitc laYas ~ hattered by fo lding or fau lt move
ments; one of the Amulet orcbod ies, however, has replaced a shattered zone in 
andes ite. At their edges the ma,,.si\'C ore.:; urnally grade rather rapidly, first 
into rock thickly spobtcd with su lrhide,,., and then into rock with little or no 
sulph ide. Much of this low-grade material is mined, howcYcr, because its 
highly siliceous composition makes it Yaluable as a flux in smelting the heavier 
sulph ides . All the orebocl ics arc: a.:::s ociatect \Yith faul ts, wh ich rnay have served 
as channels enabling the orc-be:11'ing solutions to rise in to the permeable horizons 
where repla.cement could take pl~ce. 

The X orancla or.cbod ics a rc rclati ,·cly short, thick masses "·ith long axes 
dipping steeply or Yc rtically (Figure 22). The Alclerrnac bodies, 1011· in corpcr 
con tent, ha,·c much the same share. The ·w a itc and Amu let orcboclies, \Yhich 
replace certain flow horizons owr the top of a broad anticline, a re pancake
'Shapcd ma~ses 1Yith 1011· dirs. Th e Normctal mass is a sheet-like body with an 
80-degrec clip, apparently clcYClopect along a zone of &hearing in the rhyolitcs. 

J11anitoba 

In no r the rn Manitoba. clo,:e to the Saskatchewan boundary , three mines, 
Manely, Flin Flon, and hcrritt Cordon. have produced considerable amounts of 
copper. Of these the F lin Flon is the la rgest and most important; it overlies 
the boundary bebYecn the iwo p roYinces , and part of its production is credited 
to Saskatchewan in the ,:tatistical returns. The p rincipal production from the 
1\1ancl? 1rns during the fi r-::t great \\·a r , though some 10\Y-gradc ore "·as, sa lvaged 
from it in 1943-44. The remainjng procl.uction has been from the Flin Flon and 
Sherritt Gordon mines. The F li n Flon ,:melter 1rns blO\rn in in 1930, and from 
that year to the encl of J945 the~c hrn mines have y ielded 581 ,150 tons of copper, 
together with important amounts of zinc, go ld, ,: ih·er, and cadmium . 

The Flin Flon dcpo,:it li es in a strong drag-fold that strikes north 30 degrees 
wet and pitches to the southeast. The orebodie.s follow a contact between 
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competent ·basaltic and andesitic lavas above, and more easily sJ:ieared pyro
clastic and flow breccias beneath . The ore, a rep lacement of t he sheared rocks, 
is mainly localized along or near the northeast limb of the anticlinal part of 
the main drag-fold, and ends against its crest. The ore zone is· up to 400 feet 
iYide, and ha·s been folloiYed fo r 6,500 feet down the plunge. The country rock 
near the orcbodi cs has been extensiwly altered , some parts being highly silicified , 
other parts converted in to chlori te and talc. Th e latter in places is spotted \\·ith 
sulphides suffici ently to be a lmY-gradc ore. The princi-pal orebod ics, however, 
are solid masses ol' sulphides, mainly pyrite with minor amounts of chalcopyrite 
and spha lerite. Pyrrhoti te is pres.ent, but is not a major constituent as in the 
Quebec and Sudbury ores. Other minerals include galena, tetrahedrite , arsenopy
rite, and magnetite. Th e grade of the ore is said to be remarkably constant; 
for t he year 1934 it averag·ed 1·71 per cent copper , 4·4 per cent zin c, 0·095 
ounce go ld. and l ·45 ounces sil YCr a ton. Beginning in 1936, cadmium, ·se lenium , 
and tellurium have also been recovered from t he ores. R eserves at the close of 
1945 were estimated at 26,000,000 tons. averagi ng 2·99 per cent copper, 4·24 
per cent zi nc , 0 · 089 ounce gold, and l · 25 ounces silver a ton . 

The Man dy mine was a base metal producer from 1917 to 1920 and again in 
1943 and 1944. Altorrcther some 137,700 tons of ore were mined. The ore wa.s 
similar to that at Flin Flon, bu t high er in grade, averaging about 7 · 3 per cent 
copper , 12 ·9 per cent zinc , 0 ·09 ounce gold , and l · 8 ounces silver a ton. Mine 
workings extend to the 1,025-foot level. Most of the ore was obtained from a lens 
that extended from the surface to a depth of 230 feet , but some was found at 
horizons down to 825 feet. The ore lenses were in schistose a ndesite breccia ; 
they followed t he strike of t he formation, and plunged steeply south. 

Th e Sherritt Gordon mine is 40 miles northeas t of Flin Flon. Production 
commen ced in 1931 , but the min e was inactive from 1932-7. During the recent 
war years the mine yielded nearly 15,000 tons of copper annually; in 1943 
more than 28,000 tons of zinc concentrate were also produced. The average grade 
of th e ore is a bout 2·5 per cen:t copper a nd 2 per cent zin c, bu t here are rather 
" ·ide ,·a riations in grade from pl1ace to place. 

The orebody , unlike all others, lies in Kisseynew gneiss. a complex of 
ancient, much recrystallized and granitiz.edi ,sedim entary roclQs. The ore is mainly 
pyrrhotite, locally enriched by chalcopyrite and sphaleri te. It has been formed 
along the contact of a brittle bed. the Sherridon qu ar tzite, with a thick and 
strong bed of gneiss. Fracturing of this qu artzite during folding movements is 
supposed to have permitted ent ry of t he ore-bearing solu tion s. Th e ore now 
forms two long, Ehallow lenses " ·ith a gap between th em 3,600 feet in length 
(Figure 23 ) . As this gap is localized on a cross-anticline, it is supposed t hat the 
two lenses were originally one body , but that erosion has removed the ore from 
the centra l anticlinal gap . The northwes1tern lens has a vertical extent of 500 
to 800 feet; the southeast ern , about 250 feet. Th e combin ed length of both lenses, 
including the 3,600-foot gap, is nea rly 16,000 feet . 

Northwest T erritories 

Statistics of copper production show a few tons of copper from this district. 
These have been derived from the complex ores of Outpost I slands, Great Slave 
Lake, which have alrnady been described unrder "Gold". 

IRON 

Iron mining on the Canadian Shield comrn cncccl at a very early date . The 
first furn ace was erected at Furnace F all s (Lyndhurst) , Leeds county, Ontario, in 
1800, and others were built in t he next 20 years in H astings county and other 
places. Bad roads and difficulti es in procuring th e charcoa l that was used as 
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fuel hampered these efforts and made most of them unprofitable; and 1Yhcn 
the St. La\\Tcncc canals, completed about 1848, permitted cheap foreign iron 
to be brought in most of them closed permanently. 

Continued exploration has shown that iron ornbodics on the Shield are 
both numerous and large, but, on the Canad ian side of the border, are mostly so 
lo"\\· grade that to be successfully smelted they require "bencficiation", that is, the 
grade must be raised by roasting or magnetic concentration. The only deposits 
where this has been unnecessary arc those of the old H elen mine, the newly 
developed ores at Stceprock Lake, and certain bodies now under development 
in the interior of Ungava . 

The ores are of three main types, namely , t hose of the Keewatin iron forma
tions , those of the Anirnikie iron foymations, and ores formed by differentiation 
from bodies of gabbro or anorthosite. Besides these main types , some small 
bodies seem to be of contact metamorphic origin. 

E.eewatin Iron Formations 

The Keewatin iron formations run easterly through northern Ontario into 
Quebec, and nort1111·est into northern :.\Ianitoba. Up to the present, little or 
none has been recognized in the Nortlrn·est Territories. The iron formation forms 
bands ranging in width from a foot or t 'rn to perhaps 100 feet, and in length 
from a few hundred feet to several miles. In some areas it occurs in t1rn or 
more roughly parallel zones, 1Yhich may belong to different horizons or may be 
the same horizon repeated by folding or fau lting. The iron formation is generally 
intcrbandcd \1·i th Kee1rntin lavas, \Yithout evidence of any stratigraphic break 
eith er at the top or bottom . . 

In most districts the iron formation cqnsists of thin alternating layers of 
cherty quartz , or jasper, and magnetite or hematite. Some of the iron oxides 
may be mixed "·ith the quartz , and some qua rtz in the layers of iron oxide. In 
places. iron carbonate accompanies the chcrty quartz , or may form t hin or thick 
zones of nearly pure carbonate. 

l\Iagnctite-rich- ores of this type were. mined at M oose l\Iountain , near 
Selhrnod, 35 miles north of Sudbury, during the years 1907-20. The ore, certain 
bodies of "'11ich were especially rich in magnetite , \ms concentrated magnetically 
and the conccntrntcs ~hipped . The product was of excellent quality , very 10,1· 
both in sulphur and phosphorus, but the briquetted product offered some diffi
culti es in smelting. 

In Michipieotcn cli stri c,t the Keewatin iron format ion differs considerably 
from that found clsc\rhcre. Its stratigraphy is summed up by IY. H. Collins as 
follo"·s: (1) A basic laYa constitutes the cover of the iron formation , or its 
hanging-\\·all where the dip is high; (2) in sharp contact beneath this la Ya 
is a banded silica member ; (3) in sharp , partly alternating contact belm,· the 
banded silica is a pyrite member that grades downward into a carbonate 
member (4). common ly sidcritc , although other ra rbonaks arc also present; 
(5) the carbonate member , in turn , passes grndationally downwardi into an acid 
volcanir formation that con~titu tes the foot -,1rall of the iron formation (Figure 
24). 

All these members are not invariably present. Thus, at the l\Iagpic mine 
the formation lacks the banded Fi li ca member and the pyrite member is rudi
mentary. The D rcany Range has only a rudimen tary pyrite member and 
apparently no carbonate member. l\Jany small irnn formations consist only of 
banded silica. Most of the larger ranges , hon·eycr , haYc all members arranged 
as indicated. 

Th e carbonate member is either directly, or by conversion into secondar~' 
ores, the source of all the iron ore deposits of Michipicoten district. It attains 
a maximum thickness of 240 feet at the H elen mine, and in other places ranges 
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Figure 24. Diagrammatic vertical cross-sect ions of a typ ical unfolded iron formrution 
to show stratigraph ic arrangements a nd relat ionship to adjacent volcanic forma
tions. A- entire cross-section, with thickness exaggerated abou t 'ten times. 
B- enlarged and more detailer! representation of part of A indi cated by the small 
rectangle. (After , V. H. Coll ins.) 
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in thickness dmrn to nothing. Even in the same iron range there are wide varia
tions in th ickness \Yi thin short distances. Abundant evidence has been gathered 
to indicate that this carbonate member has been formed by replacement of the 
underlying ac id lavas. 

At the H elen mine, Figure 25 , t he carbonate member extends from the " ·est 
end of Boyer Lake eastward slightly more than a mile, in which distance the 
th ickness ranges from 50 to 240 feet. At the east encl of Boyer Lake it was 
oxidized from the surface downward to form a pocket of brown iron ore 700 feet 
by 200 feet and 651 feet deep. This constituted the old Hel en mine, which was 
worked from 1900 to l 918, and from "·hi ch 2,780,236 tons of high grade iron ore 
were extracted . The property then lav idl e until 1939, wh en mining was resumed 
on the immense remaining tonnage of ca rbonate ore. This, ore, which contains 
comiclerable P>·rite , is roasted to get rid of the sulphur and carbon dioxide, and 
the product $hipped. 

T he ::\Iagpie mine, about 13 mil es due north of the H elen , wa developed on 
a similar carbonate band about 1,400 feet long and 45 feet thick. The ore, which 
contained much pyrite, \\· as roasted. Th e product carried more than 2 per cent 
manganese. and enough lime and magnesia to make it almost self-fluxing. Min
ing "·a~ clone fro m J910 to 1921 , with occasional in terruptions, in which time 
about 1,500,000 tons of siderite were mined , yielding 1.193,480 tons of the 
roaFted concen trates. 

Accordin g to Collins' h>·polhesis, deposits like those at the H elen and M agpie 
mine,: origin ated th rough the action of volcanic steam and· Yapours on ne,y]y 
extruded lavas. These agents. " ·here poured out on t he sm face, deposited the 
banded sil ica and iron oxi de that con;,titutes the ordinary iron formation; but 
in places the rock beneath 11·a rcr:ilacecl by pyrite and iron carbonate. T his 
hypothesis, tho ugh possibly correct, has been some\\'hat shaken by recent devel
opments at the Steep R ock and J osephin e mines. 

The teep Rock orebody un derli e the bed of Stccprock Lake, and its devel 
opment , requiring the draining of the Jake and the diversion of Seine River, 
·which fl 01ncl through the Jake , has been one of the outstanding achiewments of 
recent years. This \\'Ork , started in 1943, was completed and mining begun late 
in 1944 (Figure 26). 

Three ore zones ha Ye been e tabli8hed by explora tory drilling (Figure 27). 
The "A" zone is 3,600 feet long and ranges in width from 150 to 300 feet. The 
"B" zone has a kn o"·n length of nearly 3,000 feet \\·ith a probable length of 5,000 
feet. and "·idrth:- ranging from 100 to 225 feet. The "C" zone is as yet incom
pletel>· explored, but a length of about 1,000 feet seems to have been indicated, 
and a width of about 200 feet. Th e, e bodies strike nortlrn·est in a general way 
and dip ,::teepl>· soutlrn·cst. Th e foot-wall or nor th sid e is the Steeprock " lime
stone'', for merly considered a sedirnenlary rock , but now known to have been 
formed by replacement, like the ca rbonate member of the iron formation at 
Michipi coten. Above it lie the ore zones, overlain in t urn by greenstones and 
"ash rncb." The ore, 1Yhich consists of massive goeth ite brecciated and 
recerncnted b~· botryoida l and Yugg,1· hema tite , is clea rly fo rmed by replacement 
of the ~ ili ceou s carbonate rock and, to a Jes er extent, of the greenstones. Solid 
lense of ore have a lso been found in the greenstones, '"ell away from the main 
body. The iron-bearing zone contain ore of extremely high grade, averaging 
50 per cent iron or better, and , ·ery low in silica, sulphur, and phosphorous. 
AboYe the level reached by the dri lls ::i,bout 3'1,000.000 tons of proYed and prob
able ore have been indicated in the "A" and "B" bodies alone. 
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A Rock cut canals at Raft Lake 

8 Finlayson Lake to be lowered 

C Canal through grauel ridge 

D Main da ms in Narrows of Steep Rock Lake 

E Existing dams at power deuelopment 

F Three small dams 

G Small cut in ual/ey 

H Small dam in narrow ualley 

J Oiuersion joins Seine Riuer El. 1257 ' 
K Oiuersion route shown thus: . _ . _ 

L Portion to be dewatered G:::> 
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Lake 

Figure 26. Plan of Stccprock Lake area. show ing "·atcr-d i,·ersion scheme. 
(.After Roberts and Bartley.) 
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The J osephine mine, although smaller, presents features ycry similar to 
those at Stecprock Lake. The property is in Mi chipicotcn district, about 8 miles 
northea t of the H elen mine. The orcbody lay beneath the bed of P arks Lake, 
11·hich has been dra ined to permit of mining; on the north sid e it is bounded by 
t he banded si li ca member of the iron formation . The ore form a sheet-like 
body, 5 to 135 feet thick and abo1Ut 3,200 feet long. The cherty silica had been 
brecciated, the brecciation becoming more intense toward the south side of the 
band, and hematite \\·as then in trod uced, filling the fractures and partly replac
ing the cherty fragments. Naturally , the proportion of hematite is larger tol\Vard 
the Routh side, 11·hcrc brccciation 11·as more intense; and to\Yard the south bound
ar~· some lcnsc::; of nry pure hematite have been encountered . Drilling has 
pro\·cd that the ores extend to a deptl1 of at least 1,500 feet. P art Of the ore is 
high-grade, lump hemati te, but the bulk of it \\·ill require treatment in a gravity 
separator to get rid of cxce s silica. 

The evidence is clear that the Steep Rock and J osephine deposits have been 
formed by ascending \rntcr or vapours that have replaced the pre-exi ting rocks 
to form bodies of high-grade iron ore. This development has led some geologists 
to question Collins' original hypothesis, or rather to suggest its modification. 
Their Yie,1· is t hat perhaps the iron carbonate bodies were not fo rmed immedi
ate]~· after the extrusion of the lams, as Collins supposed, but much later, after 
the ]aYas had been fo lded in to their present, steeply inclined attitude ; and that 
possibly the in troduction of i ron \r::i..s a sub~cqucnt proc0ss. beginnin g 11·ith the 
formation of iron carbonates and continuing in some places through other stages 
until pure hematite 11·as dcpo::; itcd . The accuracy of this ,-ic\\. n'rnst remain for 
later i1westigation to determine. 

Although only the outstanding examples of the K eewatin iron formations 
have been described in the previous pages, it should not be forgotten that sim
ilar bodies arc Yery numerous throughout at least the outhern part of the 
Shield. ::\fany of these arc a menable to bcncficiation. and, therefore, fo rm great 
rcsc1Tcs again~t the time \rhcn the cheap]~- mined. high-grade ores at present 
utilized ::hall approach exhaustion . 

Animilcie Iron Formations 

The Animikic iron formations arc not unlike those of the K cc11·ati n, but 
certain differences present themsclns. Commonly, in any large outcrop of the 
Anirnikie iron formation the typ ical "gran ul e texture" appears, wh ich simulates 
in hand specimen the texture of a. fine- to medium-grained sandsfonc. Al so, here 
and there the regula r. even banding passes along the st rike into a wavy structure 
that gins place in turn to di:;ronnectcd se ries of cupp ing bo\\·ls or th irnbles
thc so-ca.lied "algal structure." 

_.\nimiki c iron formation is found in the district running outhwest from Port 
Arthur to the l;nitcd States boundary. '-' imi lar formations are known in the 
Belcher I slands and Ri ch mond Gulf region of Hudson Bay, and in the band of 
P roterozoic sed im ents that ~trik es north-nortlrn·cst through the middle of 
UngaYa. A little of it. has been reported from Great Slave Lake. 

In the area 'Yest of Port Arthur no merchantable ore has yet been found, in 
spite of the fact that this formation on the other side of the International Bound
ary contains the great deposits of M esa.bi district. However, recent drilling 
holds out some promise that orcbocl ies may yet be fo und. In the Belcher 
Islands and utton Lake di:;tricts there are large depo its of lean ore , some 
bands of which could be concentrated successfully if conditions warranted, but 
no deposit of high -grade ore has yet been found. 

\Yithin the last 10 years, exploration of the southern end of the band of 
Pro terozo ic sediments in UngaYa has renalcd the presence of large bodies of 
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high -gra.cle i ron ore. T hey ban been fo und approximately on the Queb ec
Labraclo r boundary north of L ak e P ctitsikapau. E xtensive s urvey ·and explora
tion have been carried on by the L a brador :\lining and Exploration Company, 
1Yhich report' that six deposits were discovered d uring the field seasons of 
1936 to 19'39. Th e principal deposit is est i.matcd t o contain 2,200 ,000 ton of 
good hematite, low in phospborns, per 100 feet of depth. F our other de.posits 
are &a id to be of good gr ad>e, and one of them is r ich in manganese. T he sixth 
deposit is high in s•ilica, but is said to have a large tonnage. T he remoteness 
of thcs·e clcposi ts, which "·ill r equire the construction of 300 miles or more of 
raihYa>· before actiYc development C'an proceed, mak es i t seem unlikely that 
the>' will •become a commcrcia.1 asset for rnme years . 

Magma tic Segregations 

Near :\I ine Centre, in R a iny L ak e district, the rock s· are mainly K eewatin 
laYas intruded by masse~ of gabbro and anorthosite, and by granite. Along t h e 
north shores of Seine Bay and B ad Vermilion L ake there is a long, band-lik e 
mas.s o•f hornblende-rich gabbro, more or less sheared; and on th is, over a 
distance of 14 miles, occur segregations of titani fcro us magnetite up to 100 
feet in lcngt1h . Th ey han the form of steeply dipping, flattened lenses confoiim
ing in attitude to the sch istosii ty . Nearly p ure t itanifero us magnetite fo rms 
either the central part or ncarl>· a ll o.f each body, and is surro unded by an ·ou ter 
shell of leane r ore t hat merges out.1rn rcl into the country rock . 

In that part of Que bec that lies between Ottawa and the North Atlantic 
coa::t numerous bodies of titanifcrous ma.gnctite or ilmenite arc assoc iated "°· ith 
bodies of gab bro or anor thos itc, and apparently are segregations from them. 
One of the most impor ta n t is t he St . Charles depos it, n ca.r the north shore of 
Sagucnay River. The ore, 11·h ich lies 1Yi thin a very large body of ano rthos ite, 
ou tcrops over an area 700 feet long. One m ass of ore measures 320 by 200 feet, 
another has a length ol' more than 300 feet, and other la rge exposures a.re visible 
in the immed iate ncighboul"l10od . 

Tita.niferous magne ti tes of similar origin are also fa irly numero us in the 
region behncn Ottawa a nd Gcorgicm Bay. 

Othe1' Iron Ores 

I n the (lis1trict bct11·ccn Otta 1rn and Georgian Bay there arc iron deposits 
of at least th rec types, in add ition to the rnagmatic segregations of titaniferous 
ore just mentioned, and many of them ha.Ye been mined on a small s·calc. Some 
bodies of hematite or lirnonitc h a,·c pro\'Cd, on mining, to be shallow masses 
formed by the oxidation of u nclcrl>·i ng bodie" of pyrite. Still othern arc found 
in fisw rcs •and caYitics, and may ban been deposited after leaching from the 
once onrlying beds of P almozoic rocks. 

The largest , ho1YcYcr, appear to be contact metamorph ic types dcYclopccl 
along the contacts of granite or cl iori tc \1·i th the crystall ine limestones and other 
roe ks of the G re1w ill c a nd IT a~ting.~ seri es. T hey con" ist of magnetite, in timately 
as~ociatcd 11·ith hor nblende, pyroxene, garnet. feldspar, and in some cases 
con;;,iderablc a.mounts of pyrrhot itc and pyrite. T he ores arc of good gt'ade, low 
in phos,phorus and ti ta.niiurn, and general!>' in sulph ur. T he orcbodies a rc small 
by present standards, ho11·enr, a.ncl occur as succcs:::ions of mther short, stout 
lenses; and the ore m ust cit•hcr be carefully selected to main tain the grade, or 
1rnuld ha.Ye to 1be concentrated to rernoYc irnpurities . Proba bly the largest of 
these properties was the Bcssc1m:r mine, in H a;;;t ings county, 1Yhich was operated 
intermi ttently from 1902 to 19·13. 
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SULPI:Il:R 

The principal source of sulphur on the Shield is irron pyrite~ or pyrite. 
During and prior to the last 11.,ar large amounts of th is mineral were mined 
for the sul phur content-more than 400,000 tons annually in 1917-8-but by 
1924 competiti on from foreign wurccs bad cut the production to some 11 ,000 
bons, and shortly afterwards i t ceas,ccl . No pyrite has been mined for many 
years fo r its sulphur content alone, thou.gh considerable amoun ts have been 
shipped from the copper mines of northern Quebec as a by-product, prin
cipally from the Aldermac mine, cJ.oscd in October 1943. At Copper Cliff, 
Ontario, recovery of sulphur dioxide fumes from the smelter yielded the 
equivalent, in 1942, of some J0,000 tons of sulphur. This process was begun 
in 19'31. 

Pyrite deposits occur in l'l1l'ec genera l districts; in eastern Ontario in 
H astings and nearby countie~, in Michipicoten distr ic t, and· 1yest of Lake 
Superi or. 

Th e first prnperty to be mined \\·as the old Billings deposit near B11ockvillie. 
Operations commenicecl in 1868 and ceased in 1880. Th e main deposit 1rns a lens 
about 300 feet long and 20 feet 1Yide , on wh ich a pit 1rns sunk 250 feet. It was 
composed largely of p_vrite. with some quartz, calc ite, pyrrhotite, and magnetite. 

Several depos its in H a,;;ti ngs county have been extensively mined. ~ear 
Sulph ide garnetiferous schis,t is cut by a body of diorite or gabbro, and lenses of 
pyri te are strung along the contact for a distance of several m il es. The principal 
mas'S mined was more than 600 feet long and 5 to 22 feet wide. The main 
impurity 1Yas calc ite, but some quartz was present. Operation~ extended from 
1904 to 1925. 

Near Queensborough an incgular body of fe lsitc intrudes garnetiferous 
schist, probably a recrystallized greywacke. At the Qucensboro or Blak ely mine 
pyrite lenses arc on the contact with the fclsite and garnctiferous schist. The 
lenses mined were about 50 feet long and 15 feet wide, and were very high-grade 
pyrite. the only impmity being thin vcinlets of quartz. On the property of the 
Canadian Su lphur Ore Company lenses of pyrite occur at the contact of a pyriti 
fero us schist with quartz ite. The lenses are as much as 25 feet 1ride and were 
mined for several years. 

In Michipicoten district the main pyrite deposits are the pyritifcrous parts 
of the iron formations already described und er " Iron". These range in thickness , 
in different places, from a few feet to 120 feet , and in composition from siclerite 
thickly sprinkl ed 11·ith pyrite grains to material 90 per cent pyrite . At the top 
there are usually alternations of pyrite with banded silica; at the bottom the 
pyrite passes by grad ual in crease of carbonate into lean ore and then into the 
pure carbonate. The "range pyrite" is ge nera lly contaminated with about 10 
per cent of magnetite a.ncl pyrrhotitc, and 1Yith fractional percentages of arsenic , 
manganese, and zinc. D eposits of thi s type near Goudreau , Ontario, were 
mined extensively during the _vea rs 1914-9. 

At the H elen mine, in the years 1900 to 19 18, bodies of loose pyrite sand 1Yere 
enco untered in mining the ri~h limoni ti,c ore body. A considerable tonnage of these 
pyrite ores 1rns sh ipped. 

Th e H old s11·orth property, in Goudreau district , has feat ures rather different 
from the ordinary range pyrite. Drilling located two large lenses of pyrite lying 
on the contact be.tween a green schist on the north and a gre_v sericite schist to 
the south. The eastern lens is 1,100 feet long, up to 25 feet wide, and extends to 
a depth of at least 525 feet. The western lens is 600 feet long, up to 31 feet wide, 
and at least 490 feet deep. It is pure, clean pyrite, 11·ith none of the siderite , 
magnetite, and pyrrhotite that characterize the "range pyrite". 

\Vest of Lake Superior, a pyrite deposit at the east end of Vermilion Lake 
was mined fo r many years . It appears to haYe been a vein, clipping vertically. 
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Its \Yidth at the surface was abou t 5 feet, bu t considerably greater widths a re 
reported at greater depths. The principal impuri ty ,,·as a little pynhotite. 

N umero u other bodies of pyrite are knO\rn on the Canadi an Shield , but 
their dcYClopmcnt must a\\"ait the time " ·hen prices and costs wi ll make it 
profitabl e to mine them. 

LEAD AKD ZlK C 

A large part of the zinc prock1ccd from the Sh ield comes from the copper
zinc min es of Quebec and :Manitoba, parti cularly the Amulet, W aite, and 
Normetal oToup of Quebec, which have yie lded 214,468 tons to the end of 
1945, and the Flin Flon , herritt Gordon , and ~Iandy group of ~Iani toba and 
Saskatchewan, from \\"hi rh 600,878 tons were obtained by the same el ate. 

In B ourJarn aquc township, Quebec, zinc ore was discovered in 1937 at the 
Golden .Yianitou property. and a concentrating mil l \\"as completed in 1942. 
A strong fault , \\"hich strikes a little north of cast, cuts a body of rhyolitc , con
YCrting a band of it into 5cri c: itc s·ch is.t. Th e ores are replacements of this schist, 
mainly on the north side of the fa ult. Th e main body is 800 feet or more long 
and ranges from 15 to 65 feet in 1Yiclth . Th e ore consists of Yarious proportions of 
medium-grai ned pyri te and sphaieritc, and contains remnants of unrcplaced 
schist. It earri c ~ l'roni 7 to 11 per crnt of zinc, together ll" i th sm all amoun ts of gold 
and si!YCr. By the encl of 1945 the mine y ielded 49,065 tons of zinc and 
722 tons of lead. 

Considerable zin c ha:; been obtain ed frurn the T etrea ul t mine, a bout 45 miles 
west of Quebec. :\.l though a lmost 1rnrl~cd out some years ago, it 1rns reopened as 
a \rnrtirnc measure from 1942 to 1944. :\. band of limestone, no\Y la rgely altered 
to t rcrnol itc, 1rith minor amoun ts. of ano1th itc, cpiclotc, and ga rnet, st rikes north 
and dips steeply cast. It has been traced 3 .000 feet on th e ·.s urface and ranges in 
\Yidth fro m a fc"· feet to 100 feet, though bulging in one place to 200 feet. T he 
rocks on each iclc are paragneisves, much a!Lered quarlzi tel', a nd other sed im ents. 
l\lasses of sphalcrite and ga lena \\·ere found along the west or foot-1rn ll side of 
the limestone band, and pass up1rnrd into 1011·-gradc di;;;seminated ore. They 
nnicd fro m lcs than a foot to more tha n 50 feet in th ickness. Th e ores 11·ere of 
two typ e~, one mainly sph a leri te 1rith minor amoun ts of other sulphiclcl' , the 
other a fine-gra ined intim ate mixture of ~ph a l erit e, ga lena, py rrh ot itc, p)Titc. 
and minor amoun ts of chalcop)Ti tc. The aYcragc, run-of -mine ore con taincd 
about 9 per cent zinc, 3 per cent lead, O· l per cent copper, 0·09 ounce gold . and 
8 ·3 ounces of l'i lYcr a ton. :\rining \1·as carri ed on, " ·ith some in terrup tions. from 
1912 to 1929 , and again from 1934 to 1937. T otal production in those >·cars 
was about 60,000 tons of zinc and 20 ,000 tons of lead . Durin g the inn pcriud , 
1942-4, an add ition al 6,399 tons of zinc and 1,672 tons of lead were obta ined . 

Abou t 25 ,000 tons of lead ha,·e been produced from the I\:ingdon mine. 1,·Jiich 
operated from 1914 to 19:i2. Th r. minr. is on Chats l sland in Otta,1·a Ri ver . near 
Galetta Yillage, or 40 mil es 11·cst of Otta\1·a. A fa ul t fissure , striking north 65 
degrees \\·est throu gh limestone and other rocks of th e Grenvill e se ries, 1rns filled 
with galena and calcite, 1Yith minor arnount.s of other minerals. Th e vein had an 
a,·cragc " ·id th of 5 feet . and was follo\YCcl more t ha n 2,700 feet a long the str ike 
and to a depth of more than 1,300 feet. 

Th e ;\e11· Calumet mine is on Calumet I sland in Otta1rn Ri \"Cr about 60 
m il es abo\"C Ottawa. Th e orcbodv is a sheet-like mass of biotite-hornblende 
gneiss that strikes a littl e \Yest of north and clips 35 to 40 degrees cast. It 
ranges in thickness from a few tens of feet to about 300 feet, and is considered to 
be a bed of altered impure limestone. Th e principa l ore minerals a rc sph alerite 
with some galena: these a re accompan ied b:-- small amounts of cha lcopyritc, 
native gold, and silver compound" . P art of the ore is ma ive or nearly massive 
sulphid e; other parts consist of su lphides di sseminated through the gangue of 
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roc k min erals, ma.inly alte red fe ldspars a nd pyroxenes. A less com mon type, 
ri ch in gold. i l:l <t dark-coloured ca lcitc- trc rn oli te rock l' arrying cry sta ls of auri
fc rous galena, and Yein ecl by st ri nger~ of ca lcite and coarse r galena . al o auri
fc rous. Al though the property \1·as disiem·ered in 1893, and sporadic attempts 
haYc b en made at intcr ni ls to mine it, t here 1rns no rea l produ ct ion un til 1943. 
In th e >·cars 1943-5 i t y ielded 25,068 tons of zin c and 7,748 ton of lead . 

T o1rnrcl t he \l" C ~ t end of Sud bur» bao:; in. f'trong faul ts cut the \\"hile1rntcr 
seri cl:l \ri th an ea ,; t-north east strik e (Figure 20 ) . B odies of lead-zinc ore han 
been fo un d in thc~e fa ults. a nd the E rr ington mine \Yas operated by the T readwell 
Yuk on Compa n» frnm 1928 to 1932. Se,·era l or cbodi es 1Yerc fo und, one wit h a 
length of more tha n 550 feet a nd a n anragc 11·id th of J 2 feet. Th e ore is massin 
iron P»ri tes . par tJ,- r epl ac-cd b.1· spha lcritc carry in g galena, cha lcopyritc, and 
py rrhot ite. Th e meta l con tents of the ore a ppea r to have averaged abou t 6 
per cent zin c, l per cent lead, and the same of copper, "·i th low value in gold 
a nd sil \"Cr. 

Abou t 20 mil es nor th-northwc t of t he last locali ty , the L ake Geneva 
l\Iining Company operated a small proper ty. \Vork begun in 1928 was suspended 
in J 930, a nd resumed in 1941. T he deposit is a vein that strikes nortlrn·cst and 
clips at the surface a bou t 45 degrees sou tlrn·cst, fo llmYing in a genera l 1rny the 
strike and clip of the ancien t volcani c a nd sedim entary rocks. Its \Yid th ranges 
fro m a fe w inches to 7 fee t , averaging abou t 4-2" feet. Th e ore is mainly fi nc
grain ed sphaleri tc , cal'l'yin g a good deal of si liceous gangue and a li tt le galena, 
chalcopyri te, and pyrrhotitc. The meta l con tents of t he ore run fro m 9 to 13 
pe r cen t zin c and 3 t o 6 per cent lead. 

N urn crous other deposits of lead and zinc ores have been fo und on the 
Canad ian hi eld , but most of them have proYcd too sma ll or too lean to be 
min ed profi ta bly. 

PLATINUM GROU P METALS 

Th e metals of t he p latinum group include pla tinum , pa lladium, iri dium, 
osmium, rhodium , and rut henium. The first t hree ar e ut ilized in con iderable 
ciuantitics, bu t the uses of t he others ar e as y et sma ll. B esid es being 11·idely 
employ ed in jewellery, t he metals a re r equi red in t he chemi cal and electri cal 
fi elds wh ere hi gh r esistance to corrosion, erosion, and oxidation arc c~scn ti al. 
Th e larges t single use is as a catalyst in making ni tri c and sulphuri c acids 
for munitions plants, and also in cer tain opera t ions in organic chemistry such 
as t he manufacture of vit amins. They ar c also becoming \Yicl ely used in 
den tistry . 

Th ese m etals are produced only from t he Sudbury ores. Pla tinum and 
some rh odium occur in the mineral spcrryli tc , a pl atinum cli a rscnide, whi ch 
is sparsely scatter ed t hrough the sulphides. The source of the palladium and 
other metals is unkno" ·n bu t i t is suspected t ha t t:hcv occur in some uncl iscO\·cred 
compound of copper , a '.ther e is mu ch more of botl1 platinum and pall adium in 
the copper-ri ch pa rts of the ore than in the ni ck el-rich par ts. Th e average 
con ten t of th e metals of thi s group in th e ore is about 0·08 oun ce a ton . 

From 1920 to 1945, in clusiYe, the Sudbury ores y ielded 2,123,643 oun ceco 
pl atinum and J ,952,089 ounces other metals . In 1929, the last yc.ar for which 
separa te r ecords arc r epor ted , the yi eld was 12,474 ounces platmum , 12,231 
ounces pa ll adium , 3 ,037 oun ces rh odium , l ,376 ounces ruth cmum , _497 oun ces 
iridium , and no osmium. These fi gures 11·ill , ho\1·cvcr , give some idea of the 
relatin pro por tions in \Yhi ch th e v ari ous metals occur . . 

Pla tinum and pall adium have been repor ted from R ottcnstonc L ak e, 111 

northern Saskatchc\Yan 80 miles north of L ac la R ange. Th ere one or more 
zones of gnei ss and dssocia tecl schist carry pyrrh otite a :1d other _s t_d phides. 
Th e occurrence \\°US drill ed in 1928 and 1929 by Consolid ated ::\I1111ng and 
Smelting Company . One JO-foot core a sayed $3.50 in pl atinum and $4.30 
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in palladium a ton, at prices then prevailing, a~ 11·cll as some copper and nickel. 
In a :::cconcl hole, 100 feet from the first, a 25-foot section assayed $2 40 in 
platinum and $8.60 in palladium a ton, \Yi h \Yorth1Yhilc amounts of copper 
and nickel. Further diilling proYecl , hmYevcr , that the mass is only a small 
lens, ranying some 50,000 tons of ore. 

COBALT 

E~ cntially all the coba lt produced from the Shield is obtain ed from the 
c,Jd silnr mines at Cobalt, Ontario . Very large amounts of the metal \\·ere 
obtained 11·hcn the~c mines \Ycrc in full operation, and much wa s discarded 
hcrau:-:c the market \\·a,; glutted. For the past 15 years only sa h·agc operations 
have been cal"l"iccl on by persons leasing the old mines or picking the old clumps. 
The total gro:::s Yaluc of all the ore th us rcco.-cred in 1942 11·as only "750 .000. 
Thi~ figure includes, of course, the Yaluc of the si lver recovered. 

A small amount of cobalt has been \\"On from a deposit at \Ycrncr Lake, 
in Coba lt cfo,trict, Ontario. A body of garnctiferous schist striking approxi
mately cast has been replaced locally by sulphides, chiefly cobaltitc and some 
ch alcop>·ritc. Th e unm,ua l mineral linn acitc, Co~s~ , !ms aim been reported. 
Plums of ore up to 20 feet in length and 18 inches 11·iclc arc sunoundcd by 
clissemina tecl ore, the \\·hole forming bodies of which the largest wa about 
150 feet Jong and 12 feet ll"idc. Th e property 11·as operated from J 942 to 
.Jan uary 1945, and about 800 tons of co ncentrates \1·erc ,;hipped. 

Total Canadian production of cobalt in 1945 1rns on l>· about 55 tons. 
Total production since 1904, the first year for 1Yhich production 1rns recorded , 
to the encl of 19-±5, has been 17,263 tons. The recent use of the metal in high
spcccl cutting tools has greatly increased its importance. 

ARSENIC 

. .\ la rge amount of arscrnc 1s proclucccl from the Shield, but all of it iE 
a by-product of other mining operations. Large amounts have been produced 
in the past from the ores of coba lt, and some is still obtained from this source. 
Crude arseni c is shipped by O'Brien Gold Mines and by Beattie Gold ::\Iines 
in Quebec, and by the Little Long Lac mine, Thunder Bay district, Ontario. 

Total Canadian prod uction of arsenic in 1945 was 1,023 tons , but 11·hat 
proportion of this came from the hicld is not indicated. 

BERYLLIUM 

B ery l, a t present the only commercial source of beryllium, is a silicate of 
a luminium and beryllium carrying 4 to 4~ per cent of the latter. The mineral 
occurs in pcgmatite dykes, and most of the world production has been ~s a 
by-product from the mining of such dykes for feldspar, mi ca, and other products. 

No commercial production of beryl has yet been made in Ca111ada. In 
Lynidioch tmYmhip, Renfrew county , Ontnrio. a pcgmatite dyke about 45 feet 
11·idc has been quarried experim entally and some 50 tons of beryl are sa id to 
have been recovered. From this figure it has been estimated that the average 
beryl conten t is about 0·25 per cent, or 5 pounds a ton. 

Pegmatitc dykes carrying beryl arc fa irly numerous in southca~tern l\Iani
toba in the genera l district of Pointe du Bois on \Vinnipcg RiYcr . The out
standing di~C'onry reported is on the Huron claim, about 9 or 10 miles upstream 
from Poin te du Bois. In one exposure beryl occurs in crvstals and crrtalline 
masses acrn.~~ a 11·idth of ]5 feet. In another, a beryl-bearing zone 20 feet wide 
has an especia lly rich band 8 feet wide. 
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A little beryl has been fo und in pegrna tite dykes around the edge of the L a 
MoHe gran ite ma,ss, 11·hich oYerli cs, t he corner of Villemon tcl, Figuery, Preissac, 
and L a Motte townships a bout 10 miles sou thwest of Amos, Quebec. The 
crystals range from t inch to 1 t inches in diameter, and from 1 inch to 4 inches 
in length. Th ey are, however, widely separated , and the amoun t present is very 
101Y. Any beryl recovered from this distri ct 1Yill probably be by-produc t 
mate ria l from the mining of other su b<::ta nccs, rnc h as spodumene. 

In the Y ello11·knife -B eau lieu area of the ~ orthwest T,erritorics dykes of 
pcgmatite arc very numerous, and many have been found to carry beryl. Only 
a small percentage of them has yet 1been examined , but of these an unusua lly large 
number carry beryl in promising quantities. Poss ibilities seem bright in th is 
a r.ca for mining some of these d ~rk cs either fo r bery l a lone or together with 
tantalite-co lumbite. B eryllium has assumed new importa nce of late years 
because, a lloyed 1rith copper. it makes oprin gs that can vibrate numberless 
times wi tho ut displaying fatigue. 

CADMIUM 

A litt le cad mium is obtained as a by-product of zinc production at the Fli n 
Flon mine in M ani to ba . About 66 to ns were obtain ed in 1945. T otal produc
tio n to the encl of 1945 has been 919 tons. Th e prin cipa l use of the metal is for 
plating to protect against salt -11·ater corros ion . for 1Ybirh purrose it is m uch 
superi or to zin c. 

CHROMITE 

No chromi te is at present being produced from the Shi eld. In the years 
1934-7 a few thournncl tons 11·erc mined from a deposit n ear Obonga Lake. 
Thunder Bay dist ri ct of Onta ri o, ju:::t nortlrn·est of L ak e -:'\ipi gon. Th ere a mass 
of "serpen tin e rock" composed of ::erpcnti ne, carbonates, ta lc. r. nd chlorite in 
\'ar»ing p roportions und erli es an area abou t 3~ miles long and ] mile 1Yidc. 
l\Ia sses of clisserninatecl r hromi te 1Yerc fo uncl in '31evera l plares, pa rticular ly 
toward the eastern end of the mass , ra n~· in g on an average from 3 to 10 per cen t 
chromic oxide. Attempts made to concentrate this material pro\·ecl, holl'cvcr, 
th at the best concentrate car ri ed onlY a bou t 43 per cent Cr2 0:i, and had a 
chrome-iron ratio o f abou t 1 to 1. As good commercial concentrates, carry 45 
to 50 per cent of rhrornir oxide . and haYe a chrome-i ron ratio of nearly 3 to l , 
the product did not prove rntisfactory and mining operations were suspended . 

::\Iuch inte rest has been aroused b» the disconry in 1942 of large chromite 
depo·sits north of Bird (Oiseau ) Hi ver, southeastern M anitoba. A. great sill
lik c mass of gabbro intruded into the P recam brian rock s has been diffe rentiated, 
presumably by gravity, into prnclurts rangi ng from an augitite at the base to a 
feld:: path ic quartz diorite at. the tor. Som e\1·hat below the m iddle of t he sill a 
band of the rock , paralleling the strike, is filled with small grains of chromite. 
Th e chromi fero us material is banded in alternate narrow bands of high- and low
gracle ore. Th e main zone average;,; 7 feet in \Yidth, and has been traced for 
severa l miles . Th e run-of -mi ne ore is said to average bct1Yeen 16 and 20 per 
rent. Cr~03 . but the best chrome-iron ratio is about 1·2 to 1. 

LITHIUM 

Arnblygonite, spodurnene, an.cl lepidolitc are the chief lithium minerals of 
com merce and, when reasonably pure, usually contain , respectively , abou t 8, 6, 
a nd 4 per cent of li thium oxide. 

Li thium min erals have not been min ed commerciall y in Canada as yet, 
except for a few hundred tons, mai nlv of sp oclumene , that were sh ipped in 1937 
from the P ointe du Bois area of M anitoba. In t his a rea spodumene , lepidolite, 
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and the variety of amblygonite known as montebrasite occur in pegmatite dykes. 
The ancient volcanic and ·sedimentary rocks arc there intruded by bodic of 
microcline granite, oligoclase granite, and albite granite. The last, in contrast 
with the other two, forms only small masses, and the lithium-rich pegmatites 
seem to be acid differentiates of it, as they are found close to its margins. The 
lithium minerals appear mainly in the central, quartz-rich parts of the peg
matites. 

In the Yellowknife-Beaulieu area of t he -:\1" ortlrn·cst Terri tories, many peg
matite dykes arc a·ssociated with bodi es of muscovitc-biotite granite that 
a;ppears t.o be of Pro-terozoic (post-Animikic ?) age. These granite bodies have 
1netamorphosecl strongly the sediments they intrude, and the pegmatites are 
commonly confined to the sediments th us a I tercel. One of these pegmatites, the 
McDonald body in Buckham Lake area , contains about 30 per cent by weight 
of spod umen€ in its central part, -,,·hicb a,·c ragcs 19 feet in thickness and 400 
feet in length (Plate XI). 

PLATE XI 

Spodumene crystals in pegmatite, north end of Buckham 
Lake, Northwest Terrifories. Photo by A. \;v'. Jolliffe, 
Geological Survey (93817) . 

A prom1smg discovery was made in northern Quebec, in 1942, of a peg
matite dyke 23 feet wide carrying abou t 20 per cent of spodumene apparently 
distributed uni formly through it. Exploration since that time has indicated 
that more or Less similar dykes occur through La Mobte and Lacorne townS'h ips 
for at least 13 miles east and 10 mile.;; southeast of the east end of the La Motte 
granite body. T he spod umene dykes have harp, tabular, steeply dipping walls. 
T hey range from a few feet to 30 feet in wid th, and can be traced for hundreds 
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of feet. The chief comtitucnts arc albitc, microcline, quartz, and spodumenc, 
11·ith a litilc beryl a nd, rarely , tantalitc-columbi te. The four chief constituents 
arc presen t in nearly eq ual proportions, though the spodumenc content Yaries 
from dyke to dyke. The general textures are those of very coarse igneous 
rocks, though there arc local segregation 11·hcre spodurncne crystals attain 
lengths up to 18 inches, or even more. 

Lithium is the lightest of tihe metals, only about half as heavy a water. 
It is being used incr asingly in a wide ~erics of alloys with other element . 
The chloride is one of the most hygroscopic inorganic substances, and i utilized 
a a drying agent in air-.conditioning units. 

National defence requircmenls , especially in the aircraft indus1try, created 
a trnrnendous d mand for magnesium meta.I. Accordingly, in 1942, the plant of 
D ominion Magnesium \\"a " brought, inrto production near R enfrew, Ontario. The 
plant utilize~ dolomite beds of the Grem·ille serie , quarried near the plant, and 
reduced by the ferrosilicon process. Altogether 12,854 tons 01f metal were turned 
out by the encl of 1945. 

PLATE XII 

Granules of brucite (stained black) in calcite matrix. Natural 
size. Photo by M . F. Goudge, Bureau of Mines. 

N ear Ruthcrglen, Ontario, 19 miles w t of fattawa, and near Bry on and 
\Yakefield , Quebec, bodies of cry talline limestone of the Grenville series carrying 
granules of the· mineral brucitc were dis·covered by 1VI. F. Goudge of the Bureau 
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of Min e-, Ottawa. T he bodies of crystalline limestones are surro unded by, and 
presumably included in, masses of hast ingsite syenite; no brucite has a yet 
been fo und except in connection \Y ith these syenites. Th e granules of brncite 
are abou t the size of gr ains of wheat, and ·are p resent in various proportions 
up to 36 per cent (Plate XII ). Analyses of the brucite-bearing rocks indicate 
that magnesium and calcimn oxide_ are present in abou t the same proportions 
as in pure dol1omit.e, suggesting that thermal metamorphism of dolomite may 
ha.vc been responsible for prodiucing these l'ocksi. 

A plant was established at \Vakefi eld, Quebec, in 1942, for mining and 
extracting the brucite. T he rock is calcined, which conYer ts the limestone into 
lime and the brucite into magnesia (MgO); the lime is slaked with excess of 
wate r, and the milk of lime then 1rnshcd ou t while the m agnesia granules are 
reta ined on screens . T he clean magnesia is used mainly for refracto ry products, 
furnace linings and the like. 

l\ Iagncsite, the ca1'bonate of magnesium, has been minecL for many years 
from d<Cposits in Grenville and H arrington townships, Quebec, and production 
lias increased rapidly of late years. T he magnesite 1occurs mainly in four locali
ties. and forms lenticular rnaEse scYcral hundred feet in length . These hold 
Yarying amounts of do lomite and some band of disseminated serpen tine. T he 
magncsile-dolomilc beds, with 1Yhich are associated quartzi tcs, gneiss.cs, and 
lime::tones of the Grenville s·crics, lie close to bodies of pyroxene syen ite, and 
it has been suggested that th is assoc iation may haYc some genetic significance. 

The magnesite-dolomite mixture is commonly calcined, and is used in bricks 
or other forms as a refractory ma.te ri al. 

MOLYBDENUM 

:\Iolybc!.cnum, which is principally used for alloyinig steel, occurs mainly as 
the sulph ide, molybdeni te, a soft, flaky, blue-grey mineral. I t has been found in 
man~· places on the Sh ield. 

T he most ou tstanding di covcry iof recent years was made by D ome Explora
tion Compa.ny on I nd ian P eninsul a. Kc,rngama Lake, in P rcissac tmrnship, 
Quebec. Dri lling in 1942 established the presence of a large body of dissem
inated molybdenite, and, under pre::: urc of \Yartime demand, the proper ty was 
brought into prod uction in September 1943. A body of mica granite displays 
num erou;; pegmati ti·c and aplitic facics passing int:o quartz Yeins. Large numbers 
of such Ycin ~ . many of large size, traver.;oc the granite. T he quartz veins carry 
a little feldspar in places, and in obhern have selvages of .mica flake "·ith some 
feldspa r. In othe r pl,ace::: they pass into pegmatites. The molybdeni te deposit 
lie bel\Yecn t1Yo faults, about 40 feet apart, that strike nortlHYcst and dip 40 to 
50 degrees northeast (Figure 28 ) . F rom the hanging-wall fault gently dipping 
quartz Yeins 6 ind1cs to a foot wide extend acro~s the granite and arc connected 
by steeply dipping quar tz strin gers. Near t he foot -\>rnll faul t the veins increase 
in number and cYc ntual ly coalesrc to form a sol id vein of quartz 12 feet "·idc 
in pla.ces. Late r defo rmation formed small sl ips in the quartz and in included 
fragme nts of granite . 

rndcformcd vein car ry small a1111oun ts of molybd,cnite in hexagonal plates; 
but the s lip surface- men tioned arc t hickly li ned wi th muscovite and fine-gra ined 
molybdeni te . T he run -of-mill ore from this occurrence averaged about 0·45 
per cent M oR 2 . Mining on it has ceased. 

In t he sou thwe~t corn er of Lacomc township , Qu ebec, and the ad joining 
corner of M a.J artic tom1ship , deposits of molybdenite known fo r many years 
have been worked since 1943 . A biotite schist of sedimentary origin ha been 
invaded by th in siHs of gran ite and then by pegrnatitic qu artz veins carrying 
molybd eni te . T he " ·hole assembl age strikes north east and dips nor thwest at 
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about 60 degrees, though ome veins also clip southeast. Mio t of the veins 
average 3 to 4 feet in "·idth. Test sample of the ore ran about 2 per cent 
molybdeni tr. 

In R enfrew ·c·ounty, Ontario, bocl ies1 .apparently of contact-metamorphic 
origin were mined for molybdenite during the war of 1914-8, and to a lesser 
e>.,i;ent during th€ last wa.r. uch were the Zenith mine near Renfrew, the H unt 
a.nd other mine in Mount t. Patrick area 20 miles wuthwest of Renfrew, and 
the Spain mine about 30 miles southwest of Renfrew. Boclieu of granite, sytmite, 
or pegmatite intrusive inito the Grenville serie ha\·e metamorphosed crystalline 
limestones along onbact tio pyroxenite heavily mineralized with pyrite, pyrrho
tite, and more or less molrybd€nite. These bands of ore ranged from a foot or 
two in width up to 30 feet. Rich pockets of molybdenite were found in them, 
but on the whole the grade was Jro~v and operations '\\·ere unprofitable. 

SOUTH NORTH 

gaoo" 

2 

IW 2 1 
QUARTZ MUSCOVITE G RA ITE BIOTITE GRANITE 

SC ALE OF" f"EET 
50 0 50 100 

Figure 28. Adit cross-section, Indian molybdenum mine, Prcissac town hip, Quebec. 
(After G. W. H . Norman. ) 

G.SC 

A imilar occurrence fo und near Montcerf, 15 mile north of Maniwaki, 
Quebec, ha been mined to some extent during the recent war. A ill-like body 
of granite-gneiss oYerlies cry tall ine limestone of the Grenville series, the contact 
triking northeast ·and d ipping southeast at a low angle, apparently 25 or 30 

degr.ee . At the contact the limestone i converted into a mixture of pyroxene, 
mica, oal'cite, and feldspar; and acros a ·width of about 5 foet this material is 
mineralized with some pyrite, pyrrhotite, and molybdenite. P arts of the deposit, 
it was esitimatecl , might run 1·25 to 1 ·50 per cent molybdenite, but the general 
avemge was much 101Yer. 

M twh molybdenite ha been furnished by a deposit near Quyon, Quebec, 
caHed the Moss mine. D uring the first great war the mine was operated from 
1916 to 1919 and producecL 3821 tions iof molybcLenite from 61 ,206 ton of rock 
mined. From 1919 fo 1926 it wa worked intermittently, then clo eel until 1940. 
T he deposits occur in a mas of fine -grained, pink syenite carrying numerous 
inclusion of an older, coarser syeni te. T he syenite body is about 2 miles long 
from east to west by 1 mil e wide. T he principal deposits lie at the northeastern 
expo ure of th is body. At their edges, the pink quartz syenite pas es by a 
gradual transition into the mineralized zones, which differ from H1e ordinary 
syenite merely in their grey to green colour and in the presence of finely dissem-
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inated. molybdenite , pyrite, fluorite, and magnetite. With in t.he principal mineral
ized zone are scattered lenticular mas es of high -grade ore consisting of 
molybdenite, feldspar, quartz, fluorite, pyrite, and magnetite. The fo~st mass 
of thi high-grade ore to be mined proved to be approximately 200 feet long, 
50 feet wide, and 75 to 125 feet deep. The gen€ra\ tenor of the ore appoars to 
have been 1 to i of 1 per cent moly,bdcnite, though richer parts ran 2 per cent 
or better. The general minemlized zone in which this mass lay was about 
500 feet long, 60 feet wide, and at l,eaist 250 feet de€p. 

The origin of these deposits is uncertain. Some geologists who have studied 
them believe that they are magmatic segregation or replacements. Others have 
advanced the suggestion that they are roof pendants of the older Grenville series, 
completely recrystallized and mineralized-a suggestion for which their manner 
of pinching out at no great depth seems to offer some support 

RADIUi\I AN D URANIU:'>I 

In the spring of 1930 pitchblende, the ore of uran ium and radium, \\·as dis
covered at LaBine Point, at the east encl of Great Bear Lake. Since that time 
other discoveries have been made both in the same general neighbourhood and 
in the area between Lake Athabaska and Great Bear Lake. The Eldorado mine 
on Great Bear Lake isi, however, the only property that has yet yielded any 
important amount of pitchblende. 

At Eldorado mine the rocks are those of the Echo Bay group of Proterozoic 
age-thinly banded cherty sediments, bedded tuffs, and coarser fragmental rocks, 
with a little limestone. They strike north and are folded into a synclinal-like 
tructure that appears to plunge north. A flow or sill of felcl~par porphyry 100 

feet or more in thickness is interbandecl with them. Three faults strike east
northeast acro~s this structure; the northernmost dips vertically, the others about 
55 degree north. The ores are found in the shatter zones of these faults. In 
the two northernmost faults the ore is found only in the sediments, apparently 
because the faults were not strong enough to shatter the porphyry extensively; 
but in the southern, which has a shatter zone up to 30 feet wide, ore is found in 
the porphyry a well. Due to this peculiarity, the ore in the two northern fau lts 
bottoms on the porphyry syncline, some 800 feet belo\\· the surface. 

Ore is by no means uniformly clisitributed throughout the f-1.hattcr zones, but 
occurs in shoots separated by barren s-ections. Pitchblende is the main constitu
ent of value, but is only one of a remarkable variety of other minerals. At least 
thirty-four metallic minerals and five non-metallic ganguc minerals have been 
identified. These were deposi ed in recurrent waves of mineralization, separated 
by periods of renewed fracturing. The first minerals deposited were pitchblende 
and quartz, followed successively by: cobalt and nickel mineral with more 
quartz; lead, zinc, and copper sulphides with dolomite; ferruginous rhodochrosite, 
copper and silver sulphides, and native silver. The country rocks near orebodies 
are converted into fine-grained, hard, red alteration products, consisting of quartz 
and feldspar reddened with finely disseminated hematite. A similar but much 
less intense alteration is fairly general throughout the district. 

In the years 1933 to 1937 the refinery at Port Hope, Ontario, produced 
53 · 808 grams of radium valued at $1,525,600, and 508,296 pounds of uranium 
salts valued at $706,500. Figures for later years have not been made public. 

SELENIUM AND 'TELLURIUi\I 

Selenium and tellurium arc not mined for themselves, but are recovered as 
by-products in t he electrolytic refining of blister copper. They are thus pro
duced from the nickel-copper ores of uclbury, and from the copper-zinc ores of 
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Quebec and i\Ianitoba. Production of selenium from these sources in 1945 
totalled about 190 tons; of tellurium about 1 ton. Total production from these 
mines, to the end of 1945. \\·a:-; 2.1 15 ton~ of ~clenium and 98 tons of tellurium. 

The use of these element has incrca, ed greatly in the last decade. Selenium 
is being increasingly utilized for n1lcanizing rubber, in the manufacture of high
qualit~- rectifiers for con\'Criing alternating in to direct current, and for many 
minor applications. A minute amount of tellurium added to cast iron greatly 
increases its re~istance to abrasion, thus making it more uitable for car \\'heels, 
gears, and ~o on. T ellmium-lcacl alloys become tough er nncl stronge r \Yhen rolled .il 
or stretched, so that pipe made of them can be a third thinner than ordinary '111111 

lead pipes and yet han greater strength. Th ese alloys are also remarkably 
resistant to corrosion from strong acids, ancl hence are finding increasing use for 
tank linings and ~imilar protccti ,·e materia l.~ . One-half of 1 per cent tellurium 
is reported to double the life of lead in sulphuric acid plants. 

TA~TALU:\C .\XD COLU:\IBIU:\I 

K eilh cr tantalum nor colurnbium has been mince! in Canada. Durin g the 
fi elcl season of 1943, hmwYcr, many pegmat itc dykes were found by officers of 
the Geological Rurvey in the Y cllowknif -Beaulieu area of the Northwest Ter
r i torics, and the;:;c contain ~ o much of the mineral tan tal itc-columbitc that a new 
mining industr? may prove practicable. 

The pegmatitcs . which arc related to the Late Precambrian granite of the 
region , arc found chiefly in areas of scdimcnbry rocks of the Yello"·knife group 
much meta morpho~cd b? the heat emanating from these granites; they also cut 
bodies of older granodiorite and diorite. The pegmatitcs, as \\·ell, carry beryl 
and lithium-bearing minerals , and have been mentioned under those heads. Near 
R oss Lake seyeral hundred of these dykes arc satcllitic to a body of pegmatitic 
granite, and these display a distinct zon ing. \Yithin a mile of the granite the 
dykes carry fc"· rare-clement minerals other than beryl. Bet"·een 1 and 2 miles 
from it, the pegmatites contain most of the rare-clement minerals, including the 
best concentrations of tantalite-columbitc. Rti l! farther a'rny spodumenc and, 
in one instance, petalite, become prominent. Only about one dvke in five canics 
tantalite-columbite; in those that do, the mineral tends to form fairly large 
crystals, up to senral inchc" in length and 2 inches in d iameter. 

Small shoots carrying good concentrations of tantalite-columbite have 
already been found, but unfortunately the distribution is erratic, a in most 
deposits in rpegmatitc. W hether suffic ient can be found to justi fy actual mining 
operation r emains for further prospecting to discover. 

The composition of t he tantali te-co lumbitc Yarics \r ithin \Yicle limits. Some 
of the specimens carry li ttle tantalu m and much ro lumbium; in others the 
opposite is the case. The high- tantalum ores are much the more Yaluable , though , 
oclclly enough. columbiurn metal is worth rough ly three times as much as 
tantalum. 

TIN 

Ko tin ores have as »ct been fou nd on the hicld although the oxide, 
rassiteritc, has been identified in man~- of the pegmatitc dykes mentioned in the 
last section, and in others in southeastern Man itoba .. 

TITANIUM 

I lmenite, or titan ite of iron. i ~ the principal source of titanium on the hield. 
It occurs as magmatic segregations in the anorthosites of outhern Quebec, which 
are found all the "·ay from the 10\Yer Otta"·a to the ::\ orth Atlantic coast. l\I ining 
of ilmenite has been carried on for many years near t. Urbain , about 9 mi les 
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north of Baie St. Paul on the north shore of the St. Lawrence below Quebec. At 
this locality ilmenite forms a number of bodies in ma.sEive anorthositc and 
elongated parallel to an indistinct gncissoid structure in it. The 1rnlls of the 
ilmenite bodies arc sharply defined. The ore is massiYe, carries some felds
pathic matter, and at one occurrence contains streaks and rude bands so rich 
in the oxide of titan ium, rutile, that the ore could be mined for the rutile alone. 
Ilmenite carries 18 to 25 per cent of titanium, rntilc 54 to 59 per cent. 

A second important ilmenite occurrence, not now mined, is near I vry, 67 
miles north of Montreal, \\·here a number of outcrops of ore li e in an area 1,100 
feet long and about. 120 feet ·1ride. Titaniferous magnetites, carrying from 3 to 
15 per cent of titanium, arc knO\nl! in a great many places, as near Lake St. J ohn, 
a t Bay of Sc1·en Islands , and on the ::;hares of Seine Bay and Bad Vermilion Lake 
in Ontario. 

Titanium is used chiefly in the manufacture of 11·h ite paints, on account of 
its great covering po1Yer. lt is used to a smaller extent in making ferro-alloys. 
About 14,000 ton of titan ium ores 1Yere mined in Canada in 1945. 

'l'UKGSTEN 

The principal ore of tungsten on the Shield is scheelite, or calcium tungstate. 
It is found ch iefly in gold ores, and also recently in quartz Yeins in the Yello11· 
knifc-Beaulieu area of the North1Yest Territories. Xo deposit worth mining for 
its O\rn sake has yet been found, but to fi ll war requirements Canadian gold 
mines went to considerable expense to separate and save the relatively small 
amounts occurring in their ores. H ollinger Mines, at whose property perhaps 
the largest bodies of schceli te \Yere fo und, erected a mill in which 135 tons of 
ore \\'ere treated daily. Ore from the other mines in Porcupine district was 
shipped to this mill. 

Some tungsten has also been obtai ned from th e deposit on Outpost I slands, 
Great Slave Lake, which has already been described under gold. The ore, 
however, is a gold-copper-t ungsten-tin complex, and difficulty has been encoun
tered in producing a satisfactory t ungsten concentrate. The tungsten min eral 
here is mainly ferberite, or tungstate of iron , and the ore is sa id to run about 
1 per cent tungsten. 

ASBESTOS 

Small bodies ·of serpentine are common in the Grenville series, particularly 
north and east of Ottawa. Opinions differ as to whether these represent intrusions 
of peridotite or have been fo rmed by metamorph ic processes from the cry falline 
lime tones. Th ey carry veins of asbestos· in many places, and the fibre is of 
high quality, low in iron and usually entirely free from magnetite . Attempts 
have been made from time to time to mine the deposits, but they have invariably 
been found too small to be commercial. 

A small deposit of asbestos is known on the shore of R ahn Lake in the 
1Yestern part of Bannockburn towns·hip, Ontario. A body of highly serpentinized 
peridotite str iking northwest has been traced for some 1,700 feet. A fault along 
its contact with rhyolite shattered it across a width of 5 or 6 feet, permitting vcin
lets of asbestos to form in the shattered zone. Several attempts have been made 
to develop the property, but presuma1bly its small size has been unfavourable to 
success. 

About 3 miles east of Actinolite vill age, H astings county, Ontario , there are 
large bodies of actinolite that 11·ere mined, with interruptions, from 1883 to 1927. 
The mineral in some places appears to be basalt or other greenstone altered by 
the intrusion of granite-gneiss. Other parts of the belt carry considerable 
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dolomite or fcrruginous carbonate, and thus suggc;;t t he possibili t.'· that the 
rock may be an a ltered crystalline limestone. The minera l \rns ground , mixed 
with coal ta r, and used for roofing. 

APATITE 

Apatite, or tr i-calcium phosphate. has been mined in considerable quantity 
for manufacture of supcrph osphatc fe r ti lizcr. About the beginning of the 
century, ho\vcvcr, cornµct i ti on from cheap fore ign supplies r loscd most of the 
mines. and the littl e no11· produced is a b,\· -p roduct of mica mining and is utilized 
mainly for the manufacture of phosphorus. Production in 1941, about 2,500 tons, 
was the largest fo r many .'·cars; in l 942 it \\' as only 1,264 tons. 

Almost a ll the apatite come~ from Quebec, beh\·ccn and bord ering on 
Gatincau and Licvre R in rs, and from a district in Ontario lying north and 
northea t of Kin gston. Crrta llinc li mestones of the Grem·illc series have been 
metamorphosed to irregul ar mas ·cs and bands of light green diopside accom
panied by calcite. ph logopitc , apatite. tourmaline, fluorite , and other minerals. 
Apatite is found in the P.''l'Oxcne rock in irregul ar pock et.\· masses. accompani ed 
by more or less phlogopitc. Th e apat ite is ahrnys fluor -apatite. 

MICA 

Mos t of the mica produced from the Shield is amber mica or phlogopite, 
and comes from the ame a reas and the same types of deposits described for 
apatite. Some of these bodies, like the Lacey mine nor thwest of Kingston , 
have been large produce r~. Produc tion of phlogopitc in l 942 \vas 2,706 tons, an 
amoun t nearly double that produced in 1941. 

:\Iuscovite, or 11·hitc mica . is found in small amoun t in pcgmatite dyke . In 
J 941 an impor tant discovery 1\·as made near Eau Claire station 13 miles west of 
M atta\Ya, Ontario. B odies of biot ite schist, hornblende gnci ~ , and hornblende
garnet gnei s, a ll of \.1-hich a rc probably metamorphosed sedimentary rocks of 
the Grenville scri cSi, arc surround ed by a laskitc granite co nsisting ch iefly of 
microclinc and quar tz . Dykes of pcgmatitc up to 20 feet 11·iclc, lenticular in 
shape and irregular of outl ine, arc fa irly numerous in the metamorphosed edi
mcnts. and consist ma inly of microclinc and quartz . omc of them also carry 
sodi c plagioclase, muscoYitc, biotitc, and small amounts of other minerals . The 
commercia l muscovite is found in large crysta ls, one of them 6 feet by 8 feet. 
It i reported t ha:t commercial rnmcovi tc is con fined to those dykes that are 
coarse in grain, contain soda fc ld~par rather than potash fe ldspar, and cut across 
the clcaYagc of t he wall-rocb . T\\·cnty-hrn tons of mu o::coYite \\·ere produced 
in 1942. 

A second body of similar type is fo und at the Villcncun mine 20 mi les north 
of Buckingham, Queb ec. Th e pcgmat itc mass here is at least 150 feet wide 
a nd consists of in timately a sio ciated mi croclinc and a lbi tc with minor amou nts 
of quartz. Th e mine has not been operated fo r some years. 

FELDSPAR 

F eldspar i_ likC\\·isc min ed from pcgmatitc dykes, and most of the produc
t ion from the Sh ield come from the same general areas as that of apatite and 
mica. Th ere a rc also many deposits, which have sh ipped intermittently, 
throughout Ontario \Yest to Georgian Bay, and in Sudbury district. M osit of the 
feldspar produced i of t he high-po tash type. though a lit tl e high -soda feldspar 
i also mined. J\Iany dcpos,it;; a re of large size. Thm; t he D erry mine, about 9 
miles north of Buckingh am, Qu ebec, is on a dyk e 150 feet \ride wi th an exposed 
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length of 350 feet. A 50-foot d rip alo ng th e 11·est 1rnll of this d:d.;:c is clean 
spar \Yith only a li tt.lc quartz , tourmal ine, a nd pyrite. Th e Rich ards.o n mine, 25 
m le north of Kingston. Ontario , is on a steeply in clined dyke 150 feet wide. 
Fur a length of 400 feet the dyke con:si~t~ mainly of deep red microclin c fla nking 
a central mass of quartz. 

Production of feldspar in l 9-l5 1rns 26 ,389 tons from Quebec and 3.857 tons 
fr irn Ontario. Approximate!'" 98 per cen t of i t is used in gla :o~, potte ry, and 
c1 arnel rnanufactnrcs. Durin g the ll"ar po1rdercd feldspar \\"as used to some 
c>.tent for :::mothering incendia ry bombs. Th e fc ld"pa r used, a n eas ily fusible 
vi riety. melts "·ith the ·heat of the bomb to conr it \Y i th a Yiscous coat that 
sl ut~ 'off accc"~ of air. 

::SEPHELI~E SYE~ LTE 

A string of ncphclinc sycnitc bodic::; exten ds from Sebastopol to11·nship in 
R 2nfrc11· county \\"estcrly a lmost to the rnutli11·es.t corner of H a liburton county. 
A :-ma ll mass i:;: al ~o fo und in M ethuen :rnd Burleigh t01n1ship:< , P eterborough 
cc unty. These bodic ' arc dcYcloped on or clo."e to the contact of the granite 
of the region 11·ith crystalline limestones. and appear to be differentiates of 
t i c granite. 

::\'"ephclinc :oycnite is mined in ::.\1cthucn toll"nship, and al o in H astings 
C(lunty near Bancroft Yill age . T he rock consists cs entially of nephelinc and 
alkali fe ldspar, \\" i th minor amo unt of biotitc a nd other basic minerals. It is 
n ined mainly fo r use in the glm3s and pottery t racks, a it contain 2.0 to 30 per 
cc ·nt of alum ina as oppos·cd to 17 to 20 per crnt in feldspa r. Likcwi e it higher 
content of a.lkalis reduces the temperatures of melting. Some 61 ,345 tons were 
ff inccl in 1945. 

CORUNDUM 

Corundum occurs a a constituent of the nc.phcline sycnite group of rocks 
d 0 s<C· ribcd in the preceding section. T his group ranges in composition from 
a ,kaline sycnitcs to es·s-ex itcs and more bajc types, and also to felds'Pathic rocks 
aCJalogous to anorthosi tc. Th e corundum occurs ch iefly as a component of 
n•ddish alkal i , ycn ite' . and of pcgrnatit ic fac ics of these yenites occ urring in 
dykes up tio 18 feet 1Yidc. T he corund um-bearing phases are localized and have 
been exploited ch iefly in R aglan and Ca rlow townish ir:is. In place~ corundum 
forms as much as 10 per cent of the rock mass , tho ugh the average content of 
tie rock milled " ·as bet"·een 5 and 6 per cent. 

Corun dum began to be mined abo ut 1900, and production reached a 
rnaximum in l 906 . Between 1900 an d l 921, 19,524 tons of the m ineral were 
s1ipped. ::\'"o commercial sh ipm ent.~ haw bocn made ~1i nce 19'21 , though an effort 
t) revin the industry ha~ late!:-· been made. and 1,317 tons " ·ere produced 
i l 1945. 

Sl LTCA 

Considerable silica i ~ mined from the Canad ian Shield. ::.\1uch the greater 
r art is not from Precamb rian rocks, but is impur·c, sili ceous sand and gravel 
l sec! as flux fo r the smelters at ucLbury and Flin Flon. Approximately 1,500 ,000 
tons are th us utilized annu ally. In add ition . these smelter will commonly buy 
lJw-grade si liceous copper or gold ores 1Yhere t.hese a rc conYeniently ·available, 
l sing til1cm primarily ·as flux ~,· i th t he metal conten t as a va luabl e by-prod'l1ct. 
~~bus the l\fond Nickel Compan:-' at Sudbury fo r yea rs mi ned the siliceous copper 
C•rcs at Bruce ::\fines; Noranda u tili ze::> the ~ i l i cco u s gold ores of P owell-Rouyn 
Gold :.\lines. 

M any of the pcgmatitc dykes mined for fc•lclspar contain segregated masses 
of almost pure quartz, and though much of this ha:; been discarded as waste, 
parts haYc also been sold to , ,mclters or manufacturers of ferro -silicon. 

85672- 8 
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Th e upper third of the Lorrain quartzite fo rma tion, the upper part of the 
Cobalt series, is a very pure quartzite, and has a " ·id·e distribution thl'oughout 
northern On tario. It ha been mined near aul t Ste. ~Iaric for the manufacture 
of silica brick , and' near KiHarney, Ontario, for the man ufacture of ferro -sil icon . 

TALC 

All t he ta lc produced from the Shield ha been from deposits near Madoc, 
Ontario. T he only important pmducer has been the H endersion min€, operated 
sin ce 1937 by Canada T a lc, Limited. This deposit was discovcredi in 1900, but 
for some years operated only 2 month in the yea r and J1ipped i ts products to 
the "C'nited St.ates. In 1907, 1ho1Yewr, !1 grinding mill was erected., since "·hen 
operation has been almost continu ous. Some 438,000 tons have been pPoduced 
to the end of 1945. T he body is a very high-grade, whit.e, foliated talc forming 
a nearly Yertical tabul ar map 25 to 75 feet wide and at least 1,100 feet long. 
It li es bet"·een bed of dolomitic lim estone. in to which it grad·es sharply at the 
edges; ·and 11·ithin the talc body trnces of the bedding plane of the original 
dolomitic limestone from which i:Jhe talc is derived arc visible. It is probable 
t hat the adion of solutions from a near-by granite led to the formation of the 
talc. and that an inte rmediate stage in the alteration was the conversion of the 
lim c~.tione to treimolite. · 

Other properties in the neighbou rhood have producer! some talc from time to 
ti me, bu t the ta lc in general has been of a 101Ycr grade. 

DARITE 

Barite i not mined from the Canadian Shield, except possibly as a by
produrt. H 0i1yever , there a.re a number of important occurrences of the min eral. 

In eastern Ontario and in districts in Quebec bordering on the lower Ottawa 
R il'er, barite is a constituent of certain veins of P ahrozoic age, but largely 
deYeloped in P recambri an rocks. Th ese veins, which carry also galena, fluorite, 
and calcite, in places hold large bodies of nearly pure barite. 

In northern Ontario veins of barite are fo und in several localities. I n Cairo 
to 11·nsh ip a steeply dipping vein of barite with minor amounts of sphaleritc, 
galena , specula ri tc, and flu orite traYerscs a body of sycnite, and in places is 7 
to ] 5 feet 1Yid e. In Yarrow t01rnsh ip, simil a r Ycins cu t Cobalt sed iments . In 
P cnhonrnod to1rns1hip a n in la rgely romposed of barite, with some calcite, 
quartz, and flu orite traYcrses a pegmatitc dyke and in places atta in s a width of 
15 feet. 

In Port Ar th ur district baritc is an important constituent of some of the 
silnr-bearin g vein in the Animiki c rocks. 

CELESTITE 

Celestitc, like bari tc, occurs in eastern Ontario and ad jarcnt parts of Quebec 
in Yeins of Palmozoic age , though many of them arc fou nd in P rcrarnbri an rork s. 
Much of it was thrown on the waste dumps in t he mining; of these wi ns for 
fluorite near M a.doc, Ontari o. A deposit in Ba.got township, R enfrew coun ty, 
Ontario, wa mined to a small extent in 1920-1. and an attempt to re-open it "·as 
made in 1941. Th e celcstitc contai ns much baritc, ho11·evcr , and on that account 
was not found usable. 

FLUORITe 

F luorite is the most Yal uablc constituent of the group of veins mentioned in 
the two preceding sections. These vei ns, 1Yhich arc of Palrco zoic age, are all 
found in eastern On tario and adjacent parts of Quebec close to the P almozoic-
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Precambrian boundary and in rocks of both groups. Th e pri11e:iµal minerals are 
.fluorite, baritc, and calcite, ,,·ith smaller amounts of cclestite and minor quantities 
of •1uartz, chalcopyritc, pyrite, and other minerals. The proportions of the prin
cipal mineral.;; vary widely from one vein to another, and even in different parts 
of :he same vein. 

Those that carry fluorite in commercial quamities are found near l ad1)C, 
Ontario, and to a smaller extent in Cardiff township, Haliburton county. 

The veins near Mad oc occur in two systems, the Moira Lake and Lcc-1\liller 
groups. Those of the M oira Lake group centre around a northwesterly trending 
fatlt fissure that has been traced more than 5 mile . Most of them lie in this 
f.at.It fi ~ure, but ome in parallel su bsidiary fractures. The Lee-:i\,li ller group 
lief, a_ mile or .two to the west of the Moira Lake group, and forms a string of 
depos it trenclmg northwc t, but somewhat more northerly than the~ J\Ioira Lake 
grc •up. Their linear arrangement suggests that they lie on a fault line but the 
inc ividual descriptions do not so state. ' 

The vein materials arc concentrated along the fractures in lenses from a few 
feet to 200 feet long, and from 2 to 17 feet wide . Tbc fluorite i~ partly massive 
an l partly in crystal · in the numerous vuggy opening . 

Production from these veins has been mainly a wartime effort. Jn 1906-20 
nearly 20,000 ton s of fluori te 1Hrc mined, but before that time and after it until 
the outbrea1:: of the recent \rar there wa.s li ttle or no production. I n 1940-2 
attempts were made to re-open many of the old mine , with the as i tance of the 
De minion Government, and in the years 1940-5, inclusin, 38,671 ton of fluor
spar 1Ycre recovered. 

CHAP HITE 

Flakes of graphite form a common constituent of the crystalline limestones of 
tlw Grenville series. In places these rocks have been acted on by silica-bearing 
sol utions, presumably derived from granites or other intru sives, and are conYcrted 
to a greater or less extent to silicate minerals uch as feldspar, diopsidc, scapolite, 
mica, and similar minerals . . In place · these si licatcd bodies also carry important 
amounts of graphite and some pyrite and quartz. The c minerals appear to have 
be;n among the last to form , as they cut through and seemin gly replace the 
sil.catcs. In addition to thi relationship, there appears also to have been a 
st1 uctura.l control , because the graphite bodies arc much \Yidcr and richer at the 
cn·sts of sharp folds than farther out a long the limbs. 

An excellent exampl e of these relations is afforded by a deposit about 7 
mi les southeast of P erth, Ontario. Thi s body was discovered before 1870 and was 
wcrkecl at intervals, but particularly clurincr the war of 1914-8. A pit some 400 
fed long displays a band of graphite-bearing rock carrying 4 to 5 per cent of the 
mineral paralleling in strike and dip the banding of the surround ing limestone 
(F igurc 29 ) . This band , \Yhich strikes east-northeast is narro\1· and irregular 
th :oughout most of it length; but at the northeast end, where the limestone is 
slnrply drag-folded, the graphite band widens to about 40 feet, and the amount 
of graphite rises to l 5 per cent or even more. All the production of the mine 
,,·as from this thick, high-grade body, which plunged northeast at a high angle. 

The most important graphite deposit is t he Black Donald mine, situated 
a.tout 25 miles outh1,;est of Renfre1Y, Ontario. This boclry 1rns discovered about 
1889. and has been in operation, \\· ith some interruptions, from 1895 to the 
present. The deposit is a bed-like mas 10 to 30 feet thick that has been ha rply 
fo tded into an asymmetric syncline plunging northeast at an angle of about 20 
degrees. Availa1ble data seem to suggest that at the northeast encl of the 1Yorkings 
the north limb of the syncline is about to roll over into an anticline. The grade 
of the ore is unusually rich. Much of the ore mined in the earlier day was 
70 to 85 per cent graph ite, and it has been estimated that the body as a "·hole 
a\ erages 55 to 65 per cent. 

85672- 8} 



I 

f-
fl'. 

0 
z 

:J 
fl'. 

f-

L 0 T 22 

1i:;~~\~ 
'l/1\\1' 

5 CA LE OF 

50 0 5 0 100 

96 

z 
<( 

~ 
:r: 
u 
er 
<( 

L EG EN D 

I I Boulder clay 

- Graphite ore zone 

~ Underground ertsnsion of orebody 

B UCKINGHAM SERIES 

I~<~ 7<el Biotite pyroxene monzonite 

GRENVILLE SERIE S 

~ Crystalline limestone 

10 (7 - 8) I Diamond drill hole (1917) 

10 (A- f ) I Diamond drill hole (1901- 1902) 

c 
0 

8 

~A 
y · 
-~ ~No. 2 Pit 

~~ ~(? No. 3 Pi t 

,, ,, 
11 TRENCH 

!' 

~~~':,ENCH 

F E ET 

150 200 250 

E 
0 
? 

D 
0 
? 

·;(<.l vC 

... · , L v r-_.: 

l 
0 

G.S.C. 

Figure 20. D iagram showing graphite deposits, lots 21 and 22, con. V I , ::-forth 
Elmslcy Lp., L ana rk co ., Ontario . (After ·w. H . Collins.) 



97 

GARXET 

Garnctifcrous sc hists and gneis cs arc strikingly dcnlopcd in Yarious parts 
of 1hc hield, especially in the Grcm·i ll e-Hastings a rea of eastern Ontario and 
adj )ining parts of Quebec. Very little garne t is mined, however. Only 17 tons 
" ·eie mined in 1942, a ll of i t from Hinr Valley. about 40 miles northwest of 
No: th Bay. incc 1942 only 3 tons were mined, in 1944. The Canada Garnet 
Company also carries on intermi ttent operations near L abelle, Quebec. The 
rea ;on for the sma ll production is that Canadian garnet has not yet been found 
to meet t he rather exacting specifi cat ions demanded for indu tria l use. 

KAOLlX 

K aolin is found near St. Remi , Amherst tmrnship, Labelle coun ty, Quebec, 
abc ut 70 mil es northwest of J\lon trcal. A north-trending ridge abou t half a mile 
\Yicc i composed of nearly vertical bed of Grenville quartzite and garnet 
gne iss striking north-northwe t. Th e ridge is separated by Yallcys from ridges 
of ,,;rani tc and sycnite gneiss. Th e eastern side of the ridge is massive and 
unlorokcn, but the west side, throughout a zone approximately 1,000 feet wide, is 
shattered almost eYcrywhcre by fau lting to a friab le condition. The sha ttered 
zone has been traced at least 7,000 feet. 

Wit hin th is shattered zone there are vein-like masses of kaolin ranging in 
wic th from a few feet to more than 100 feet. The kaolin bodies contain frag
rne 1ts and disseminated grains of t he quartzite, amount ing roLwhly to t\\ a-thirds 
of the whole mass. Th ere is excell ent eYidcnce to show that the kaolin has 
for ned by replacement of the shattered quartzite prcsumabl>· through the 
agency of ascending bot liquids or vapours. Th e average kaolin content of 
t he shattered zone taken a a whole has been estimated to be about 11 per cent. 

X earl>· 25,000 tons of th is material " ·ere mined in 1942, but in later years 
prccluction has fallen off grea tly . A by-product of its preparation is 1rnshccl 
sili ~a sand suitable for glass making. Th e k aolin, or ch ina clay, is utilized 
in :he paper, rubber, ceramic, and other industries. 

everal other in teresting occurrences of kaolin have been discovered in 
Qmbcc of recent years. One, near P oin t Comfort, on Thirty-one-mile L ake, 
is l:nmrn to carr:v high-grade chin a clay. Other deposits, as yet little explored, 
a rE near Brebcuf, on Lake Labelle, and nPar ChatPau Ri chr.r. 
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CHAPTE R III 

THE APPALACHIAN REGION 

(F. J. Alcock) 

PHYSICAL FEA Tl!RES 

Th e Appalachian region of Canada, ~ometimcs called the Appalachian
Acadian region, comprises the three M aritime Provinces-~ oYa cotia, ::\ rw 
Bruns1rick, and Prince Echard I fa nd-ancl that par t of the f)roYincc of Quebec 
tliat lies southeast of " Logan 's Linc," a thrust fau lt extending from Lake 
Champla in northcasbYarcl in a gently cun· ing a rc to Quebec Cit:-· and from 
there dmrn the St. L a1nencc. Th e \1·hole belongs to a larger unit usua ll :-
rcfc rrcd to as the Appalachian Highl ands or the Appa lachi an :\founta in sYstc rn , 
1Yhich tretcbcs from Al abama in t he sout h1Ycst to X c11·foundl and in the 
northeast, a distance of 2,000 miles. This larger region , marked throughout 
by P a la:ozoic deformation. is divisible in to a number of ph>·siographic pr01·inres 
that show simil ar surface characteristics 11·ith in thcmsrlYCs. The Appalachian 
region of Canada is the northeast continuation of the ::\ cl\· England ph:--sio
graphic proYincc, 1Yhich includes t he Green :\!fountains of \"ermont. 11·ith 
clcrntions up to 4.393 feet (:\1ansf1clcl ) , the Whi te :\foun tains of X e11· H ampshire. 
culmin ating in l\lount \Yashington, 6.293 feet high, and the high lands of :\Iainc. 

In Canada t he Appalachian region as a 11·hole is an u pland dissected by 
yalJ eys and broken by broader lo\\·land areas dcnlopcd on belts of \Yeak 
rocks . It has a long stretch of coast, for the most part irregular in outline 
and with many deep embayments. 

NOi .A SCOTIA 

KoYa Scotia is made up of ffrc upl and and as man:-- 1011·lancl areas (See 
Figure 30). T he fo rmer compri e: (1) 1 the large Southern Upl and, which 
embrace t he sou thern and cen tral part of the peninsula and slopes from 
elevation of about 600 feet southeasb·ard tmrnrds the Atlantic Ocean and 
also outh1Yestlrnrd to,rnrds the Gulf of :\1aine; (2) ~orth l\Iountain, a narrmY, 
flat-topped belt, anraging about 550 feet high, t hat extends a long the south
east iclc of the Bay of Fundy from Cape Blomid on in Minas Basin soutlrn·est 
for 120 miles to Brier I sland ; (3) the Cobcquid M oun tains, J:-- ing north of 
Minas Basin and stretching for 75 mil es across Cumberland coun ty from the 
head of the Bay of Fundy almost to I'\ orthumberland Strait; this region sho"·s 
broad, rou nded summi ts blending to form a somewhat rolling urfacc \Yith an 
average elcYation of a li ttle more than 900 feet; ( 4) the highlands of eastern 
Pic tou and Antigon ish counties bcbYcen ~cw Glasgo"· and Antigonish and 
stretching northcast\Yard to Cape George; in t he southern part t he aYcrage 
clcrntion is about 800 feet, bu t near Arisaig it is more nearly 900 feet; (5) the 
upland belts and north ern tableland of Cape Breton I sland , \1·here hard, 
crystalline rocks come to t he surface; t he northern tableland is t he la rgest 
of the e areas a nd presents an even, fl at- top ped surface about 1,200 feet, high 
(Plate XIII ). 

1 These numbers correfpond with those on the accompanying map , Figure 30. 
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The lo,Ylands are underlain by le rcsi ' tant rocks, such as sandstones, 
hales, limestone, and gypsum, and show a considerable diversity of lcvation 

and form. They comprise: (6) the Annapolis-Cornwallis Valley, a long, trough
likc depression lying bet"·een the steep, straight " ·all of Korth Mountain and 
the opposing South Mountain escrurpmcnt; (7) the lowlands of IIants and 
Colchester counties urrounding Minas Ba in on the north, eavt, and outh, 
and merging into Corn"·alli Yalley on the "·c t; (8) the Cumberland-Pictou 
area occupying all that part of the isthmus of Chignccto lying north and cast 
of Cobequid ::\fountains; (9) the lowland of Antigonish and Guysborough 
counties, \Yhich lies south and cast of the highlands extending to,rnrd Cape 
George; and (10) the lowlands of Cape Breton Island, areas l>·ing bct11·een the 
upland belts and occupied by undulating country or land-locked lakes. 

PLATE XIII 

The flat-topped upland surface of northern Cape Breton I. land. Photo by J. W. Goldthwait, 
Geological urvey (31345). 

NEW BRGNS\\"ICK AKD l'lUNCE ED\\'ARD ISLAND 

Ke"· Bruns\\·ick falls naturally into four major topographic diYi-ions (See 
Figure 30) whose boundaries, howcnr. in most places arc not sharply defined. 
The fir t, which may be regarded as thr. main axi of the province, is known 
as the Central Highlands, an upland region developed largely on resistant 
granitic, volcanic, and metamorphic rocks (Plate XIV). It trend northeast 
through thr. cr.ntral part of thr. J)rovincc and is made up of ridges and hills 
most of Khich ha Ye flat summit . Its elevation varies ronsiderabh·, but much 
of it has an average height of about 1,000 feet. The highe t part i where 
tributarie of Miramichi, Nipisiguit, and Tobique River take their ri e. Here 
broad ummits have a general elevation of about 2,200 feet, with some ridges 
and peak ri ing to ti ll greater height . For example, Mount \'arlcton, the 
highest point in the proYince. has an eleYation of 2,690 feet. 
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To the northwest of the Central Highlands is a second diYision, which may 
be termed the K orthern upland. It stands at an elevation of 800 to 1,000 
fed above sea-level and is developed on folded P a lwozoic strata. Th e upl and 
pr ~ cnt a rcmarlrnbly uniform, fiat-topped surface whose regularity is broken 
on ly by a few peaks and ridges rising slightly aboYe the general level and by 
va lleys such as those of the St. John and the Rcstigouche, which are deeply 
entrenched in it. Th e tmrnrt higlrn·ay from Campbellton to St. Leonard 
C1'1JSSe th is belt. 

PL\TE XIV 

Serpentine Lake in the Central Highlands of Ne"· Brunswick. Photo by C. E. Cairnes, 
Geological Sun·cy (76695). 

The th ird divi ion, the Eastern Plai n, lies to the cast of the Central High
lands, and makes up almost one-h alf of the province. It i a region of low relief, 
r rely more than 600 feet high, sloping gently to the Gulf of St. Lawrence. Its 
underlying rocks are mo tly fiat or gently dipping Carboniferous sediment . 
P ·ince Edward I sland may be regarded as an outlier of bhis division, and the 
Cumberland-Pictou lowland area of Nova Scotia is continuous with it. 

The four th division , termed the Southern Hi gh lands, lies along the B ay of 
Fundy. It is mainly an urland belt of ridge of which the most important i 
tr e fiat-topped Caledonia M ountain belt of Albert, Kings, and St. John coun ties, 
which reaches a maximum elevation of 1,350 feet outhea t of M arkhamYille. 
To the southwest, in Charlotte county , the belt merges into the Central High 
lands. T he region hows considerable topographic dive1city and a great variety 
o · rock types. T:h e ridge arc composed mainly of hard volcanic and intrusive 
rc1cks, whereas minor lmdand areas '>Yithin the belt have been carved fro m 
weaker strata. 

QUEBEC 

In Quebec the Appalach ian region is bordered on the northwest by the 
:. Lawrence Lowland in to which it merges imperceptib ly. In fact, considered 

f1 om the point of vie"· of topography, the lowland belt oYcrlaps the Appalachian 
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geological region. T o the soutlrn·e-t the upland region includ s three parallel 
groups of ridge and isolated hill and mountains. These arc highest in t he 

The su1nmiL of T abletop ~ [oun ta i n. cenLral Caspe. Quebec, showing surface of 
P hoto h.1· F. J. A lro(·k. Geological Sut'l'e.1· (5 856). 

PL.\ TE xv 

P r.ATE XVI 

Gaspe pcneplain, Caspe P eninsula, Quebec, from sou th of R estigoucb e River. Photo by F. J. 
Alcock, Geological Survey (73511). 

south , and decrea~e in elevation towards the northeast. The highest point is 
Round Top on Sutton l\1ountain , elerntion 3,175 feet, near the Vermont border. 
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Th e most easterl y of the three b It is known as bhe M egantic anticline. It 
fo rms part of the In tcrnational Boundary, and to the northeast passes into 
1\[aine. To the wes t the Stoke M oun ta in anticline extends a fa r as Lake 
S t. Fr:rncis, n·here it loses its identity. Still farther west, a li ttle beyond Lake 
:\ [cmphremagog, the third range, the Sutton Mountain a nti cline, is a continua
t ion of t he Green M oun ta ins of Vermont. B etween the a n ticlinal ranges the 
c )untry Yarics from 900 to 1,000 fc tin elcrntion, presenting in places a remark
ably level surface. T o th e nortb east, i t continu es as an upland belt of ridges 
anc! rolling country cut across by deep va lleys such as t hose of the St. Francis 
and Clrn. ucliere. It decreases in eleva tion to a point about opposite Quebec City, 
but farther north east it rises again and in the central part of Gaspe P eninsula 
becomes the Shickshock l\Ioun ta ins, with elevations r anging to more than 4,200 
f,~et. T he incliviclual members of this range show broad flat ummit (Plates 
;~y and X YI ), and the range is bordered both to t he nor th a nd sout h by another 
flat -topped uplan d at a lower level in to which the pre ent river va lleys are 
c~cepl~· incised. On t he 1wrth s ide of the Shickshock the descent to the lon·cr 
tpland is for the most part ab rup t; on the south it is more gradual (See P late 
::~YI) . T he lower surfa ce ;, lopes off bot h to the north a nd to the south , a nd t o 
he soutlrn·est merges with the N orthrrn Upland of ::f cw Bruns wick . 

GEOLOGI CAL INVESTIGATIO J 

Geological inYc.;tigation began in N ova Scotia a ~ earl y as 1827, wh en 
fr:rn (' is Alger, a mincra l ogi~ t fro m M assachusetts, studied the iron ores of 
llnnnpoli;: couJlly and made notes on va rious minera l and rock occurrences of 
the Bay r,f Fundy region. Alger C'onti nu cd n·ork in association n·ith Charles F . 
. l ack on, n·ho latrr IH·:·nrne ~tate geologist of :\Iainc, Kc\Y H ampshire, and R hode 
J sland, and in 1829 the hrn pu blislwd an account of their more extended 
cxp:urations, accompamed by a gcologic:d map of the province. T he first ~ova 
~:eol ian to under tak e serious gee logical research was Abra!ham Gesner, a physician 
Lt P:ursboro, who became increas1ugly ir. tP res ted in rock,s and min erals, a nd in 
J 836 pub liJ1ed a book on the geology and mineralogy of the provin ce. T wo 
~·cars later he "·as appointed provincial geo logist of the neigh bouring province 
of X e\\- Bruns1Yi ck. In 1845 another investigator published his first of many 
1rnrk on the geology of his nati ,.c province. This \YaS J. W. (la ter Sir \ 'i' i Iii am) 
Da\\·son , \Yho from 1855 to 1895 was princ ipal and professor of N atura l His tory 
at l\IcGill U111 n rsity . His well kn o1rn 11·ork , Acadian Geology, \Yent through 
om editions. St ill another importan t pioneer worker n·as the R c,·crcnd D avid 

-~Ioneyman , \\·hose first publi ration appeared in 1859. 
incc Confeder ation, in ] 867, t he Geological S·urvcy has ca rri ed out i1wcsti 

gations in Tova Scotia. Of the earli er S urny \rnrk crs the l\Yo more outstanding 
iames arc those of Hugh F letcher, ch iefly noted fo r his work in Cape Breton 
[sland, and E. R. Faribault, who was mainly concerned wi th the mapping of 
.he Gold-bearing (Meguma) seri es. Later deta iled studies of local areas have 
)een made by W. A. Bell , :YI.Y. Williams." F. H. l\IcLearn, G. W. H . Norman , 
rnd others. In particul ar , Bell's studies of the Carbon iferous of Nova Scotia 
iavc furn i~hed a new conception of the complicated history of that period. 
\[u ch in formation has a lso been contributed by proYin cia l and other workers. 
Th e physiographic history of the provin ce has been in terpreted by R. A. D aly 
rnd .J. W. Goldthwai t. 

Geological investigation began in New Bruns wick \Yith the ap pointment of 
8csncr as provincial geologist. His five annu al report6, ] 839 to 1843. cover mu ch 
Jf the province. In 1842, Sir Charles Lyell paid a visit to both N ova Scotia 
and N ew Brunswick, wibh t he result that geological research was greatly stimu
lated. In 1844 Gesner returnee! to hi s native province, and tihe task of carrying 
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on geological innstigation in ::\cw Brunswick fell to J ames R obb, ,,·ho in 1 49 
1rn~ appointed first professor of rhcmistry <1Dd na tural history in Ki ng·s Coll ege, 
F redericton. His successor, L. W. B ailey, -ably continued the work from 1863 
to 1904. About 1860 t 1Yo residents of Saint John, George F. Matthew and C. F. 
Hartt, became interested in the geology of that city, particularly in the beds 
known as tbc F ern Ledges. Hartt late r carried out geological explorations in 
Brazil and became head of t he Geo logi ca l Commission of that country. ::.\1attbew 
continued to mak e the stu d~· of New Brunswick geology his chief li fe in terest. 
and for years he \vas assoc iated \Yi th Bailey in geological innstiga ti on and 
mapping. His list of publications is ver y long. 

Wi th Confederation in 1867 the Geological urvey commenced systematic 
mapping in the proYincc. For ~-c ars Bail ey and 1\Iatthcw were employed by the 
urvc~· during the summer months, and other \\·ork \YaS carried out by permanent 

members of the Survey staff, such as R. vV. Ells a nd Wm. M cinnes. T he bed 
rock geolog:.· of the entire province \Yas mapped on a scale of 1 inch to 4 mil e , 
and much of the surface geology \l'aS covered on the sam e cale by R obert 
Chalmers. M ore recent sy~tematic mappin g of the provin ce, on a scale of 1 
in ch to 1 mile, has resul ted in the detailed investigation of many key areas. 
Among those responsible for this work may be ment ioned G. A. Young, W. J . 
Wright , \'V . R. D yer, A. 0 . H ayes, G. vV. H . Norman , .J . , . Stewart, and F. J. 
Alcock. Other impor tant items of research in clude J ohn ::.1. Clarke's work on 
tbc early D cvonia n faunas of D alh ousie; ~fari c C. Stopes' report on the fl ora 
of the Little River group, and B. F. H owell 's account of the Cambrian of Saint 
J ohn. 

In 1827 Dr. J. T. Big. by published a paper on the rocks in the Yicinity of 
Qu ebec and P oin t Levis. but actual geological mapping in the province of Quebec 
began " ·ith the work of v'iTilliam E. Logan, who in 1842 ,rn appointed to under
take a geological survey of Canada . At bhat t im e, Canada consisted of only 
two proYincc-. Lower Canada and l -pper Canada, no1v Quebec and Ontario, 
respectively . Logan had been born at M ontreal, bu t was educated in Scotland 
and later became keenly in terested in geology fro m work t>hat he carried out in 
conn ec tion \Yi th coal and copper mining in W a les. It was with great enth usiasm, 
therefore, that be returned to his natiYc country where a virgin field for geological 
research a waited him . The organization he fo unded and which he directed for 
26 years has cont inued to the present, and has been responsible for the greater 
part of the geological exploration and mapping carried out in Canada. 

Logan's first cihoscn field of operations was Gaspc P eninsula. In 1843 he 
mapped a part of its coast and in the fo llowing year continued the work and 
in add ition made a section aero s the peninsul a. Under him and his succes or, 
Alfred R. C. Selwyn, the task of working out t.he succes ion and complicated 
struct ure of the entire Appalachian bcl t of tbe province made great progress. 
The finding of copper ore and asbc tos and chromite in southern Quebec, and 
la ter of zinc- and lead -bearing veins in central Gaspe, gave an impetus to 
detailed studies. The \Yark of J . A. Dres~er, B. R. MacKay, H. C. Cooke, T . H . 
Clark, and others in sou bhcastc rn Quebec, and that of F. J. Alcock in Gaspe 
Peninsula, for the Geological Survey, together wi th tJhe investigat ions of I. Y.l. 
J ones and his a sistants of the D epartment of Mines of the province of Quebec 
in these regions, has done much to increase t he information available concerning 
this belt. Outside workers have also mad e important contri butions: the studies 
of J ohn M. C larke on the early D evoni an strata of eastern Gaspe and those of 
Charles Sch uchert and . A. N orthrop on the Silurian rock of P ort D aniel and 
Black Cape require special mention. 
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GEOLOGY 

The Appalachian region of Canada is essentially one of P almozoic rocks, 
although both older and younger for mations arc present. Th e region underwent 
extensive deformation twice during the P alrcozoic, once a t the close of Ordovician 
and again in D evonian time, and both of these disturbances developed north
easterly trending structures. Th e great Appalachian revolu tion at the close of 
the P almozoic, whic1h fo lded and faulted the strata to bhc south , thereby producing 
the Appalachian Mountains, had only local effects in this northern region. The 
generali zed table (Table III), page 106, shows the geological succession in Nova 
Scotia , N ew Brunswick, and south eastern Quebec. 

PRECA?IIBRIAN 

The Appalachian region contains several groups of rocks , such as the Green 
Head , the George River, and the Coldbrook, whose ages are known definitely to 
be Precambrian, and obhers such as bhc Meguma and the Macquereau regarded 
as Precambrian, but on less ~ atisfactory evidence. Certain granite intrusions of 
the Sou thern High lands of New Brunswick and others in Cape Breton I sland 
are also probably Precambrian , but absolu te proof of th is has not been estab
lished. Other belts of rocks shown on early maps ::ts Precambrian arc now either 
definitely kn own or else inferred to be of P alwozoic age. 

Green H ead Group 

T he Green H ead group in southern New Brunswick takes its name from 
Green H ead in the peninsula immediately west of Sain t John where it is typically 
developed. It fo rms a belt. extending fro m Musquash Harbour on the west to 
near Smithto1rn on H ammond River to bhe northeast, a distance of abou t 40 
miles, and inliers , mall a reas exposed in regions of younger rocks, occur as far 
11·est as. Dipper H arbom, and to the northeast on Clover Hill, 10 miles southwest 
of Sussex. The group also forms part of Gran d Man an Island and of some of 
the small er islands to t:hc east. 

The rocks consist of crysta lline limestone and dolomite, quar tzite, argillite, 
graphitic slates, and mica sch ists and gneisses. They arc cut by numcrou small 
basic dykes and by deep-seated in trusions of granite, diorite, and gabbro. T he 
carbonate rocks vary from bluish and grey to white; in places the weathered 
surface shows concretionary markings , which may be of organic origin. T hese 
ha,·e been desc ribed under the nam e Archaeo.zoon acadiense (Pl ate XVII) and 
may represent algal growths. 

At bhe ::..fount Pleasant Avenue entrance to Rockwood P ark at Saint J o-hn, 
limestone beds of the Green H ead group are overlaid with an angular un con
formity by Proterozoic Yolcanic rocks of the Coldbrook group. T he Green H ead 
is regarded as probably Archman. 

George R i"ver Group 

T he George River Group, present in most of the upland areas of Cape Breton 
I sland, is very similar to the Green Head . It was first named and described in 
the Boisdalc-George River area southeast of St. Andrew Channel. T he rocks 
comprise crystalline limestone and dolomitic limestone; quartzite, commonly 
chistose ; quartzi te-greywackc; mica schist, in places garnctiferous; dark horn

blendic gneisses; and,, locally, dark green volcan ic ty.pes. T hese rocks are 
inttuded by dykes and by deep-seated granitic masses ranging in composition 
from granite to diorite. Locally an intimate in tcrrnixturc of tihe altered sediments 
and the in trusive rocks gives rise to gneissic rocks. 
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The age of the George Rin r group is clearly Prc'cambrian. Fossiliferou 
Cambrian trata flank the Boisdalc Hills : w1hc:re these beds arc in contact with 
the granite the latter hows no sign of intrusiw rel ation~hip; moreover, the basal 
Cambrian conglomerate contains boulders of grnn ite and dic1rite. It is believed, 
therefore, that in addition to the George River nicks, most at least of the granites 
of Cape Breton I81and arc of Precambrian age. 

Pt.\TE XVII 

Archaeo::oon ar·adiense. possible primiLi,·c foss il from the Green H ead group. i'laint John region, 
Xcw Brunswick. Photo by A. 0. J1ayes, Geological S urvey (24858). 

Coldbrook Group 

The Coldbrook group, made up al most " ·holly of ,-olcanic rocks, receiYeS its 
name fro m Coldbrook. a :0ettlemcnt 3 miles northeast of t)aint J ohn, N ew Bruns
"·ick. It under lies early P alwozoic strata that comprise beds ranging in age 
from Lo\\·er Cambrian to Lo11·er Ordovician. In places Lo1Yer Cambrian basal 
conglomerate rests 0n the Coldbrook , and most of t;hc boulders and pebbles of 
the conglomerate consist of Coldbrook rocks. The age of the Coldbrook is, 
therefore, Precambrian, and, as members of the group O\'erl ic un conformabl~
beds of the Green H ead group, the Coldbrook is regarded as of Late Precambrian 
or Proterozoic age. 

R ocks correlated "·i th the Coldbrook group underlie most of the Calcdonian 
Mountain belt in outhcastern ~c11· Brunswick. They consist of volcanic flows. 
tuffs, and breccias of both acid and basic composition, "IYith some associated 
tuffaceous sediments, ph~·l lites, and conalomerates, the whole cut by tock-like 
mas es of granite and dioritc and by basic dykes . Many of the rock are massive; 
others arc sheared and in places sch i sto~c . At Mark Lake, 2 miles northwe t 
of Loc1h Lomond, a band of conglomerate intcrbcddcd "·i th the volcanic rock. is 
of interc t from the fact that it contains boulders of Green H ead rocks, white 
quartz, and massive red gran ite, suggesting that t:hc Green H ead sediments 11·crc 
intruded by granite prior to the Coldbrook eruptions. 

outhwe~t of Saint John a belt of rocks running from B ca\'cr H arbour 
northeast to Loch Alva comists of rhyolitc and basi c Yolcanic rocks intruded by 
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grani te and by fc lsitc dyke~ . T he basic members a rc largely altered to horn 
blend ic rock s, a nd the~- arc in sharp co ntact \Yi th somewh at simil ar volcanic 
rocks of Silurian age that borrler them. The ol der assembl age has been correlated 
with the Coldbrook , but may be older, possibly Green H ead. 

JI eau ma i'·eries 
T he l\1eguma series. a lso kn mrn as the Gold-bearing series of K ava Scotia, 

occ upies the Sou tlhern Upl a.ncl of that province, extending along the Atla ntic 
coast from Canso to Y armouth, a dista nce of 275 mile . It consist of a great 
th ickness of co nfo rmable qua rtz itcs a nd slate~ int ruded b~- many la rge mas~es of 
gran ite and b~- dy k es of d i aba~e . ..\ro und the granite bod ies, a nd in places for 
several miles fro m the nevrcst granite outcrop, the sediments a re metamorphosed 
to gneiss a nd schist. T he age. of the ,; cri es 1rns fo rmerly rega rd ed as Lo"·cr 
Cambrian, but i t is 11 011· gc n e rall~- co mi dc rcd to be Pro tero zoic. T1he e·hi ef reason 
for th is belief is the li tho logical ::i imil a ritY of the group to the Precam brian slates 
a nd qu a r tzitcs of AYa lon P eninsul a . ~c,1· fou nd land . 

T he se ri es i:;: separab le in to hro co nfo rmable divi :; ions, a 101,·cr, k no 11·n as 
the quar tzi te or Goldc1w ille fo rm ation, a nd an upper, call ed the s late or H a li fax 
forma tion . The fo rmer coMists c hic fl~, of thi ck- bedded, compact , O' rccn ish and 
blui ~h grey qu ar tzose sandstone or qua rtzite,, in the main fc ldspa thic a nd 
micacco us and comm only containing large cubes of pyri te . In terbccl cled with 
the qua rt zi tcs a rc laye rs of argill aceous , si li ceous. a nd mi caceou s lates. T he 
th ickncs of t he Goldem·i ll c fo rm a tion, as meas m ed on Linrpool Bay, Queens 
coun ty, is in excess of 23,700 feet. 

T he H ali fax form ation consist ch iefly of argill accous a nd sili ceou slates, 
mostly dark grey t o black , bu t pass ing at cer ta in horizons in to greenish and 
blui sh grey, ta lcose argilli tes or into grey, ch loritic, a renaceous beds. The black 
s lates arc commonly heavily rharged ll'i th py ri te . A few beds of sili rcous lime
stone are present near the base of the for mation at ce rtain locali t ies to the east 
of H a lifa x. Th e thickness of the format ion as mca3 urcd on Black Ri ,·er is 11 ,700 
feet. 

T he :.\Icguma seri es has bee n closely fo lded in to an ticlines a nd synclines 
(P late XVIII ) wh ose axes tre nd ca:::t a nd wes t. In addi tion, there a rc cros·~ - fo]ds 
givin g r ise to a series of domes . On an average the main fo lds a rc a bout 3 mi les 
apart and the domes a long the a nticlinal axe a bout 10 to 20 mile a pa rt. T he 
trata are al o traversed b>- loca l fa ults and by longer cross-coun try fa ul ts that 

may be traced for miles . Th e grani te masses tha t cut the beds arc of D cYoni a n 
age . Th e basic dyk es a nd :" ill s may a lso be D evonia n, but their rela ti on to the 
rrra nite is not defini tely known. T he beds conta in ma n>-, most!>- n arro ,1·, quar tz 
veins. a large nu mber of \\·h ich carry go ld, fo r \Yh ich reaso n the strata are refe rred 
to commonly as the Golcl -bcaring seri es . 

11I acquereau Group 

The M acquerea u group extends along the Chalc.ur B ay coast of Gaspe 
P eninsula for 15 miles in the X e"·port-Chandlcr r egion . It consists of quartzose 
sediments and mino r a moun ts of Yolcanic rock s. T he former inc lu de a rkose
quar tzi te, s lates, r ed and green sha les, quartzosc argilli tes, and qu ar tzitc
conglomeratc containing pebbles of quartz, granite, grani te-gneiss, gree.nstone, 
and schist. Locall y beds of carbonate ro rk are a lso presen t . The volcanic 
members arc qui te subo rdi nate, and consist of de nse, dark green to black 
varieties. T he beds arc intruded on the up per "·aters of N orth P ort D aniel River 
by masses of se rpcntinizcd perido ti te, '"hich locally sho"- a border zone of 
amphiboli tc. D yk es of grani te cu t the l\Iacquereau st rata, the serpent ine, and 
t he amphiboli te. T he group is onrl a in unconform ably b~· st rata of l\Iiddle 
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Ordovician age, and el cwhere by Silurian beds. In this region no intru ive rocks 
were found cu tting either of these overlying erics. The age of bhc Macquereau 
is, t herefore, certainly pre-Middle Ordovician and probably Precambrian. 

PLATE XYIII 

F:ildcd slalcs of the }Jeguma (Cold -bea ring) series. ~o,·n Scotia. Photo b.v K R. Faribault, 
Geological un·c.1· (68906). 

PAL.iEOZOIC 

Cambrian 

Quebec. Cambrian rock arc found in southca tern Quebec, in Gaspe 
Peninsula, in southern X cw Brunswick, and in Cape Breton I sland , Nova ~cotia. 
In w uthc.astcrn Quebec most of the rod<~ of this age arc metamorphosed to a 
greater or lc.ss degree, and some arc highlY schistose. In Sutton :Mountains the 
Su tton schists include rocks of Lower Cambrian age, some of probable Upper 
Cambria n age, and some that ma>· po:-sibly be OrdoYician . In the Oak Hill 
region near the V crmont border a se ries of Lo11·cr Cambrian strata 3,000 to ±,000 
feet thick, consisting of slate, quartzite, dolomite, grcy1rnckc. and scricitc schist, 
rest on a basement of c1hloritc ,chist, known as the Tibbit Hill , 11"11ich mny be 
Precambri::rn . Farther wuth, in Vermont, formations of Lower, :\Iiddle_, and 
Upper Cambrian age arc all pre ent. Evidently, upli ft occurred at the close 
of the Lower Cambrian and 1Yas followed by long continued erosion during most 
of :2''1icldle Cambrian time. D epos ition "·ns resumed in late d:idclle Cambrian 
and again in Upper Cambrian time, . At the close of the latter epoch, or a little 
later, there was uplift once more in nortlmestern Vermont and adjacent parts 
o f Quebec accompanied by t ilting of the strata and pcrhap, some folding. 

The pre umably Cambri a n rock of the Thetford-Bc.aucevil le region h:iv 
been described under the name Caldwell group, a succession of nearly pure 
quartzites, slates, and lavas. They underlie trata that arc considered Ordovician. 
The lower, highly metamorphosed parts of the group, consisting largely of 
crumpled, ilYery, sericite schist , are called the Bennett schis . The e also 
include chlorite schist, phyllite , dark mica schists, and minor amount of limc-
tone and dolomite. The con tact between th chist and the overlying normal 
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Calchrell quartzites is a transition zone in \\·hich bands of the massive pure 
quartzite alternate 1Yith layers of fi si le schist. The lava members are fine
graincd, dark green, basaltic types, commonly showing pillow structure. They 
lie for the most part either at or near the top of the Caldwell quartzite. 
A.ssociated with them are tuffs, flow breccias, and agglomerates. Northeast of 
Thetford the quartzites and volcanic rocks are overlain conformably by a rather 
thick zone of grey and green slate, all part of the Caldwell. 

At Levis, opposite Quebec City, conglomerates of Lower OrcloYician age 
contain boulders in which arc Lower Cambrian fossils, and farther northeast a 
Lo1Ycr Cambrian fa una has been collected from pebbles in conglomerates that 
may be Lower Ordovician or Cambrian, and the same general Lower Cambrian 
fauna is present in beds on the 1rest shore of the Strait of Belle Isle. Evidently 
a sea way extended in Cambrian time along the St. La11Tence Valley region into 
Vermont, but just how continuous depo,ition 1rns during the period i not known. 

In Gaspe Peninsula some beds of hard , grey limestone separated by layers 
of ribboned, shaly limestone outC'rop for about a mile on ::\Iu rphy Creek, about 6 
miles north1Ycst of Perce. The strata a.re known as the ::viurphy Creek formation 
and haYe yielded a late Cambria n fauna. including a graptolitc, a sponge, a 
linguloid bra.chiopod, and some t11·enty species of trilobites, many of which are 
small forms. 

New Brunswick. At Saint John, southern K cw Brunswick, and in several 
small areas immediately to the northeast, a.re beds of the St. John group, 
1Yhich range in age from Lower Cambrian to Lower Ordovician. The fo llowing 
succession has been buil t up from separate limited sections in the Yarious 
localities 1Yherc rocks of the group arc exposed, partly through a compa.ri:::on 
of the fauna with those of the Ca mbrian suc cession in other regions. 

Age' 

Lo\\"Cr Ordovician (A r('nig) 

J"o11·cr Ordov ician o r Upper 
Cam bria n (TrC'madoc) 

--- --

l ' pprr Ca mbrian 

--- --

Middle' Cambrian 

--

T ABLE IV 

St. John Gro11p 

Seri C's Format ion 
--

Suspension Bridge' 

BrC'tonittn i\"avy I sland 
·--

--· --- --
:'\arro\\"S 

--------
Black Shale Brook 

.Johannian 
Agnostus Cove 

Hastings CovC' 

--
Loch Lomond Porter Road 

-- ·-
Fossi l Brook 

--- ---
Handford Brook 

Handfordian 
G len Falls 

Lo11·cr Cambrian 
Etchcminian Ratc li fk Brook 

F a una! zom' 

'l.'etragmptus 

Dictyonema 
jlabellifonne 

---
Peltura 

---
Parabolina 

---

Olen us 

Agnoslus pisifonnis 

Pararloxides 
mallhewi 

Paradoxides 
abenacus 

Paradoxides 
eteminirus 

Prololenus a nd 
Beyrichona 
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The Hatcliffc Brook formation consists of sandstone and conglomerate 
and is as much as 200 feet thick. An interesting exposure can be seen in a 
rock cut on t.he riwr road between Fredericton and Saint John about due \Yest 
Df the middle of Ca tons J :::land. H erc coarse conglomcratic beds containing 
large gran itic boulders rest on rocks of the same material as the boulder, and 
the granitic basemen t is, therefore, Precambrian. The Glen Falls formation 
is a "·hilc sandstone or quartzite, locally 30 feet th ick. It is uccccded by 
the H andford Brook formation con isting of about 75 feet of hard grey sand
stone canying B eyrichona, grading up1rarcl into the Prntolemls shale about 
10 fccL th ick . Th e Protolemu; faun a is marine, and permits correlations to be 
made \rilh Lo\\·cr Cambrian strata clsc \\·hcrc in the ::'\orth Atlantic region. 
particular]:, in southeastern ::'\ e\\·foundlancl and north1Ycst Europe. 

The ::\l idcllc Cambrian . Loch Lomond series is characterized by the presence 
of lhe trilobite genus Parndo.Tirles . Its lo"·est formation, the :Fossil Brook. 
has for it basal member a hard, sili ceous. black limestone about 5 feet th ick. 
This is oyc1faicl by grc)· shalc:3. Th e succeeding Porter Road format ion has 
t1rn shale members, a lo1rer about 35 feet t hi ck, consisting of dairk, hard, 
hca\·~· bedded , fissile sha les abundant! ~· fossiliferous, and an upper , thinly 
bedded, gritt)', finely fas ilc, black shale from 25 to 75 feet t hick. The Hastings 
Con formatio n consists rnainlv of thinh· bedded. bl ack shales ·with a few 
lC'n;.;c,; and nodules of dark lime.stone. · 

T he Upper Cambrian and Lo1Yer OrcloYician beds arc divided into two 
~ eric,;. the .J ohann ian and the Brctonian . The former includes t he Agnostus 
Con formation. consist in g of black and grey hales and micaccous grc)' sand
stont',.; ,,· ith Jense;.; and concretions of buff 1Ycathering limestone, and tbe Black 
'hale Brnok formation made up of black shale and t hin-bedded limestone. 

The barnl fo rmation of the Brctonian, the Narrows, i undoubtedly Upper 
Cambrian. and consists of black hales \\·ith limestone concretions and thin 
interbcds of sandstone. Fossils are rare, but enough a rc present to proYe 
that t11·0 "·ell-known northwestern European faunas are represented. The 
"uceecdin g Navy I sland formation consists mainly of thinly bedded black 
shales carrying D ictyonema flabelliforme and is Upper Cambrian o~· Lower 
OrcloYician. The youngest forma tion of the group, consisting of thinly bedded , 
black. graptol itic shales, outcrops at the upper end of Saint J ohn H arbour, 
north of ~uspension Bridge. The beds contain T etragraptus and D idymograptus 
and arc clearly LO\YCr Ordovician. 

~Yorn Scotia. In Cape Breton I sland Cambrian rocks are exposed in the 
Boisclalc region on the southeast side of St. Andrew Channel, in a larger belt 
to the southeast along Mira River and Mira Lake, and in small er intermediate 
areas to t he northwest of East Bay. Th e beds range in age from Lo\\·cr to 
Upper Cambri an, and present many similarities \\·ith those of t he St. John 
group. The Lo11·cr Cambrian strata consist of grey shal e and slate with some 
quartz i tc and conglomerate; red sand tone and red and grey argi!li te carrying 
hematite; and greenish grey and some reddish grey argillitcs . The Middle 
Cambrian or Paradoxides beds are dark grey slates or shales, grey sandstone. 
a nd conglomerates, t he last occurring at or near the base. The Upper Cambrian 
rock are micaceous grey slates, quartzites, hematitic beds, and younger dark 
grey and bl ack carbonaceous shales and slates " ·ith a few thin ]ayers of dark 
lime tone. The beds are overlain by Carboniferous rocks. · 

Ordovician 

In the Appalachian belt of Quebec strata of Lo11·er, l\I iddle, and L"pper 
Ordovician age are kn o1Yn . bu t in most places foss il s arc not su ffi ciently 1Yell 
pre erved to permit of exact age determinations. In the long belt from the 
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V crmont border to the cast encl of Ga. pc the deformed OrcloYician sbrata were 
formerly referred to as t he "Quebec group -" T his term had first been applied 
by Logan in 1860 to beds at Quebec City t hat had been t hrust against a nd 
over younger strata of Yiiddl e Ordovician age. Later the term became a 
conYcnif' nt one to include a ll t hose: early rocks whose exact age 1rns unknown. 

In :\Toya Scotia, Ordovician rocks arc known to occur in the Pictou
Antigon ish upland. T hey comprise metamorph osed , sedimentary, volcanic, and 
intrusive Yari cties. The Brnwns M oun tain group, consisting of argillite , slates, 
and grcy1rncke , i regarded , on the evidence of a fc11· foss il linguloids , a of 
Lower OrdoYician age. Locall y associated 11·ith t he sed iments arc in tcrbcddecl 
volcan ic f101Ys and tuffs, and cutting t hem i a stock of granite a nd dykes and 
stocks of rhyol itc and quartz porphyry. In the Ari rnig region strata of thi 
group arc oYerl a in hy coar;::c conglomerate and gri t of the :vralignant Cove 
formation, 11·hich is bclicnd to be of ::\Iiddlc OrclO\'ician age. In the Pictou 
region purpfod1 reel, arkosic conglom erate, purpli ;::h grey, aTkosic grit, and 
purpli sh rcrl argilli te form what is kno11·n as the 8tc1rnrt Brook formation, 
which is probab l ~· correlati1·c 11·ith the ::\Ialignant CoYc. 

I n N C\Y Bruns11· ick, rncks of ::\Iid cl lc Ordovician age occ ur near Bathurst . 
Stretching to the soutlrn·est is a 11·iclc belt o.f sedimentary rocks, with , in places, 
associated Yolcanic Yarictics. Much of t his comp lex may be of Ordovician age. 
In the soutlmcste rn part of the proYince the Charlotte group is probably of 
OrcloYician age. It is made up of t1ro di ,·isions, one known as tbc Dark 
Argillitc, the other as the P a le Argillitc. The former lies unconfonna:bly below 
strata of Sil urian age and is cornrosccl of argi lli te, slate, quartz ite , mica chi t, 
gneiss, and m inor a mounts of volcani c rocks. It is in truded by ma ses of grani te 
and gabbro. Th e P ale Argil li te consists of a rgilli te, sandstone, arkose . slate, 
and mica schist. In the St. Stephen area the beds airc apparently conformable 
11"ith and grade into t hose of the D a rk Argilli tc . On early maps the Pale 
Argillitc was classed as D evoni an on accoun t of the reported fi nding on Cox 
Brook, a tri,butary o,£ M a.gaguadaYic River, of a Lepiclodcnclron-likc form. 
Later "·ork has fa il ed to find an~· foss il s 1Yhatcnr in these rocks. 

Lower Ordoi•ician. L ogan divided his Quebec group strata at Quebec City 
into two formations. the Sillcn· and the Levis. T he for mer is the older and 
consists of red and green shales, and lenticular masses of reel and green 
sandstone; fo sil arc fe"·, and what there are- chiefly PhyUograptus and 
other graptolites- inclicatc a close sim il arity with the fauna of the Levis. 
Th e latter format ion comists, chiefly of hard , grey, green, and red shale, 
thin-bedded , hard, blue and grey limestone, and thick ,and thin bed of 
limestone conglomerate. It carries an earl y Ordovician, graptoli te fauna. 
The peibbles in the conglomerate members in-elude some composed of illery 
rocks, sho11·ing that the formation is ~·o ungcr than the Sill ery. There are 
also pebbles carrying L ower Ca mbrian fossi ls, obhers with Upper Ca mbrian 
fossils, and still others 1Yi th Lower Ordovician. Beekmantown fossi l . The rocks 
have been fo lded , OYe rturn cd , and th ru ~t aO'ainst younger Ordovician rocks to 
the north. 

Th ese rocks extend in a soutlrn·est di rection from Levis , and may continue 
to the Vermont border . Th ey also continue to the northeast, for ming a belt 
along the St. La\\Tcnce that ma:< be fol101Yecl to the eastern encl of Gaspe 
P enin ula. In the Th etforcl -B caucevill c region rocks that may correspond to 
them, in part at least, have been described under tihc name B eauccvillc group. 
In the Th etford area th is group consists of bl ack slates with a basal conglomerate 
and some intcrbeclcled impure quartzite or greywacke, overlying un conformably 
the Cambrian, Caldwell group. In the Bcauccvillc region Yolcan ic t uffs and flow 
arc in tcrbeclclecl wi th the sedim ents , and in places the series is so altered that it 
is difficult to distinguish the volcani c from the sedimentary members. Still 
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farther southwest, near Phillipsburg in the Lake Champlain region, a tihick series 
of fossi liferous B eekmanto,Yn ediments consisting of shale and limestones over
lies Upper Ca1nbrian ·beds and is followed by strata of Chazy or Middle 
Ordovician age. 

To the northeast of Levi , rocks consisting of reel, green, grey, and black 
slate , quartzites, and conglomerates form a belt in places 20 miles wide. Th ese 
beds have been correlated with the Sillery , but both younger and older strata 
may be in cluded. An interesting feature in these rocks is the pre ence of bel 
of limestone conglomerates. These occur at various horizons in both the Sillery 
and t•he Levis, forming bands from about a foot to more than 100 feet in thick
ness. The pebbles and boulders consist of grey limestone, a nd weigh from less 
than an ounce to many tons. imilar limestone conglomerates are found in 
Newfoundland to the northeast and Vermont to the southwest. T hey have been 
interpreted as the result of local lipping and breaking up of limestones a long 
the sea bottom by ear thquak e in a zone where faulting wa prevalent. Another 
feature of the Sillery is the occurrence of belts of quartzite, locally called the 
Kamouraska formation. Th e e belts are lenticular but extensive, and their 
thickne s varies greatly. 

Fi gure 3 1.. Generalized scclion across St. TJall'rcnce Yalle.1· at Quebec City. 

lVfiddle Ordovician. At Quebec City, ·the Q•uebec City for mation (See 
Figure 31) carries T renton foss il s, and consists of limestone and shale and thin 
be! ts of limestone conglomerate. The beds have been altered and cleaved; to 
the south , beds of the older Levis formation have been t hrust against them, 
whereas to the norbh they are in fa ul ted contact with younger beds, of Upper 
Ordovician age. T o th e southwest the B eauceville (Famham) group, mentioned 
above as possibly Lower Ordovi cian, may be largely or wholly of Middle 
Ordovician age. In the Disraeli area the St. Francis group of lavas and impure 
quartzite and greywacke is regarded on rather meagre fossi l evidence as M idd le 
Ordovician. In the St. Lawrence River region, in Montm agny, L'I~let, and 
Kamoura ka counties, slaty shale, graphitic shale, lime tone, sandstone, and 
limestone conglomerate of what is known as the P ohenagamooke formation are 
regarded as Middle Ordovician. T o the cast, in the JVIa tane area, simila r rocks 
have basalt flows assoc iated with them. On Lake Matapcdia and in the central 
Shickshock M ountain the Sh ickshock fo rmation, consisting of in terbeclcled 
arkose and vo]c.anic rocks, is probab ly correlative with these. 
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In the Port Daniel area, on the Olrnlcur Bay side of Gaspe P eninsula, dark 
grey to black shales carrying late Middle Ordovician fossi ls, chieft~- graptolites, 
hayc been described und er the name Mictaw series. Associated with the shales 
arc limestone beds and also conglomerate . The be.els re t on lVIacquereau rocks , 
and at one place where t.he contact can be observed the basal :.\Iicta\\· beds 
consist of coarse conglomerate made up largely of :.\Iacquereau boulders. but 
containing also some of quartz, granite, and reddish gneiss. The 1\lic:ta"· beds 
arc cut by dark, basic intrusive rocks. 

On the opposite side of Cha leur Bay, in the northern part of N cw Bruns11·ick, 
black slates outcropping on the north bank of Tctagouche River ha\'C also 
yielded a graptolite fa una of Middle Ordovician age. Associated ·1vith them are 
argillitcs, black, dark grey, red, and locally bluish to greenish, quartzose sand
stone, arkose, quartzite, and conglomerate. There arc also associated igneous 
rocks, dark volcanic flows, and tuffaceous varieties loc-ally sheared lo schists. 
Both the sedimentary and bhe volcanic members have supplied pebbles to the 
succeeding Silurian rocks in the region. 

[;pper Ordovician. In Matapedia and Rcstigouche Valleys, ·at the south
'>Ycst border of Gaspe Peninsula and farther east on the north side of Chaleur 
Bay, are sediments that locally have yielded fossils of Upper OrdoYician age. 
The beds in Matapedia Valley consist of limestone, slate, and quartzite, and are 
knmrn as the Matapedia group. The limestones are dense, dark grey, and 
argillaceous, and are associated with argillaceous slates and in many places beds 
1 to 2 inches thick are eparated by argillaccous partings. The argillaceou 
rocks everywhere show a slaty cleavage, \\'hich, however, is much better dcnloped 
in some than in others. Locally they pass into phyllites with a silky lustre. 
Bedding planes can be recognized in most places, and the beds have been highly 
crumpled . Farther east, similar rocks on the north side of Chaleur Bay have 
associated with them quartzite, grit, and conglomerate beds. Tracadigash 
Mountain, to the north of Carleton, lies on a broad belt of conglomerate and 
grit about 2,000 feet t:hick. 

At Perce, similar much deformed strata, consisting of thin-bedded lime
stones and shales with minor amounts of black shales, sandstones, and basal and 
intraformational conglomerates, ·have been described under the name White 
Head formation, whose beds have yielded a considerable fauna of middle or 
upper Richmond age. On Grand River west of Perce, grey limestones. shaly 
limestone, and shales carryin()' a meagre fauna of late Ordovician age have. been 
termed the Pabos formation. Both of these formations arc correlated with the 
Matapeclia. 

Fossils regarded as of Utica and Hudson River age have been collected 111 

shales and slates on the St. Lawrence RiYer side of Gaspe, but the extent of 
these rocks has not been determined. 

Sili£rian 

Silmian rocks occur in Nova Scotia in the northern part of the peninsula 
and southwest of Minas Basin near Kentville. They arc present in northern. 
southern, and west-central New Brunswick. In Quebec they are found in a 
number of s.cattered localities in Gaspe Peninsula, and also in the mountainous 
belt to the outhwest. 

Nova Scotia. The best section of ilurian strata in Nova Scotia is at 
Arisaig, where there is an almost continuous exposure, about 2~ miles long, 
of 3,800 feet of sandstone, calcareous sandstone , and shale known as the 
Arisaig series. The .barn] beds rest upon a flow of rh:rnli te probably of late 
Lower Ordovician age: the series is overlain by the I noyclart formation con
sidered to be Lo\\·er D evon ian. Th e Arisaig beds are highly fossiliferous . 
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Sections on the shore and in the stream valleys show the strata to be crumpled, 
fau lted, and in places overturned. Th e main structure is that of a syncline 
broken and fa ulted a long its axis, and this has been complicated by minor 
fo lds and fau lts. 

Th e series is made up of fiye formation s (See Table V). Th e basal Beech 
hill , 160 to 300 feet thick, is composed of conglomerate, sandstone, and 
arenaceous shales. The succeeding Ross Brook formation consists of black 
and grey shales 825 feet th ick. Th e 1\!IcArlam Lake formation, 1,120 fee t thi ck , 
consists largely of shales with some sandstones, and carries a bed of oolitic 
hematite 2 feet thick. The :Moydart is made up of 380 feet of grey or bluish 
grey shales and sandstones, and the Stonehouse of 1,275 feet of grey and 
greenish grey sandstone, red shale and sandstone, and grey and greenish shales 
and sandstones. Deposition throughout apparently took place at the bo ttom 
of a shallow sea under varying conditions of clear and muddy water. The 
faunas can be correlated better with Bri t ish than with Amer ican sections. 
Resembl ances to t he Cha leur Bay faunas of Quebec and northern New Bruns
wick and to those of l\ifaine and southern K ew Brnnswick are slight . 

Th e K entvillc formation, in its type area at Canaan, south of K entville , 
consists of foss iliferous . fawn and dark-coloured slates of Si lurian age. In 
the Windsor area th is fo rmation is represented by beds of dark green to 
greenish purple or variegated green and purpl e argilli tes . Areas of Silurian 
rocks arc a lso present in the metamorphic complex of the Cobequid upland . 
This complex includes a ltered sediments that may be of Carboniferous age, 
and some of the gran itic intrusive rocks may be of that age also. 

Quebec. At P or t Daniel and Black Cape, on the north side of Chaleur 
Bay, are sec tion s showing probably the thickest continuous marine succession 
of Middle Si lurian age in North Ameri ca, and one of the thickest known 
anywhere. At Black Cape th e rocks outcrop almost continuously for about 
3 miles a long the coast, in cliffs ranging from 50 to 80 feet high. The beds 
occur in regular succession as one limb of a syncline, the dip in general being 
about 60 degrees to the south. At t he top of th e sequence vo lcanic flows are 
interbedded with the sedim ents. At P ort Daniel the structure is more com
plicated, but the same fauna! and li thologic divisions are recognized in both 
localities . The fo llowing a re the formations in descending order, in to which 
the series has been divided, with the thicknesses in the respec tive areas 
(See also Table V). 

Formation Port Dan iel Black Cape 
--------------------------------------·-

Indian Point .... . .......... . ........... ... . . .. . . .. ... . 
'\Vest Point. .... . .... . .. .. ....... . . . .... . ......... .. . 
Bouleaux ... ...... . ... . . . ... ... . . . . ........... . .. . .. . 
Gascons....... . . . ...... . .. ... . ... . . . . 
La Viei llc . _ ........ .. . . .... .. .. . . .. . . ..... . . . . . ...... . . 
An se Cascon. . . . . .. .. . . . .. . . . . . . . 
Clem vi lle. 

Tota l ... . .... . . .. . . .... ............. . . . 

Feet 

4-56 
1. 714 

888 
1 ,890 

405 
332 
824 

6 , 509 

F eet 

543 
2 ,.594 
3,835 
l ' 155 

300 
? 

8 ,427 + 
feet of sediment
ary rocks and 
4,626 feet of vol
canic rocks. 
Total 13,053 + 
feet 
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The Clenwill e i:; ncJ1rhere fo und a long the coast in ei ther of the sections, 
buL in tbe P ort Daniel region it is seen inland along Lit t le Por t D ani el River 
and a lso in the Yicinity of Cle1m·ille. The beds consist chiefly of shales and 
sandstones. At Jacquet Rin r , in northern ::\ e'" Brunrn·ick abou t opposite 
Black Cape. a coastal section shov"s a much greater thickness of the Clem
Yille . at least 3,400 feet of sandstones and shales and about 500 feet of Yolcanic 
rocks . The fauna of the formation is domi nan t ly a brach iopod assemblage. 

The An se Gascon begins \\·ith conglomerate and sandstones, which grade 
up into shales; the sha les become increasingly calcareous and grade up\Yard 
in tum into the ha rd knobby limestones of the L a Yieill e form ation. T he 
latter contains many fossi ls, particularly corals ; the guide fossil is the large 
brachiopod, Stricklandinia gaspiensis . 

The Gascons formation consists of argillaceo us, fine -grained sandstones 
marked by many ccph alopods, by gastropod trails, an abundance of worm
bol'l'O\\'S known as Taoniirus, a nd locally by the graptolite NI onographls . It 
grades \Yithout break from the La Viei ll c bclcl\I· to the B oulcaux above. The 
latter , consisting of green i ~h and reddi sh, muddy and arenaceous shales, 
and thin-bedded limestones formed largely of coral ree fs and breccias, is in 
il::; turn transitional into the limestones of t he \\ 'es t P oin t formation. These 
arc mostly pink, thick-bedded limestones containing an abundance of Crotalo
crinus columnals. In its upper part the formation has four marine basalt flows 
in terbedded wi th the sediments. These flmys arc both porphyri tic and amygcla
loidal, and have t hicknes cs of 80, 13 , 540, and 3,630 feet, respectiYely. Above 
the upper thick fi o\\· is a zone of in terbedded sediments and bands of 
amygdaloidal anclcsite porphyry. The Indian Point formation of the P ort 
Daniel area consists of muddy, fine -grained, deep green sandstone weathering 
purplish red, in terbedded with more or less local l en~cs of yellowish limestone. 
Its fa una is marked by a dom in ance of pelccypods. 

Silurian beds haYe been fo und at a considerable number of other areas 
in Gaspe peninsula , as for exampl e in the D a rtmouth RiYer region, the 

t. .John River a rea, the i\Iount Albert area, t he ::.Ioun t Alexander area, on 
Cap Chat and Matane River, and in l\Iatapedia Valley. In almost a ll of 
these localities the fossil content of the beds permits of correlations with forma
tions of the Chaleur Bay region. For example, in t he Lake l\fatapedia region 
the Silurian beds are diYided in ascending order into three formations , the 
Val Brillant, the Sayabec, and the St. Leon. The first of these belongs to 
the La Vieille, and the Sayabec apparently does also; fossils from the St. 
Leon suggest a correlation with t he Gascons a nd Bouleaux. In the Lake 
Temiscouaba region, the Moun t Wissick bed have been assigned to the Middle 

ilurian . Sti ll farther southwest, Silurian strata a rc knmrn at Kno1dton Land
ing on Lake ::.Icmphremagoa, just north of t he Vermont border. 

:-,r ew Brunswick. In northern N e\\· Brun S\Yick, rocks of the Chaleur Bay 
erics outcrop in a number of areas along the Chaleur Bay coast, such as 

Jacquet River, Bl ack P oint, Blacklands Point, P eti t Rocher , and Belledune. 
The best section is at J acquct River , where formations from the Clemville 
to the Gascons are exposed . The section consists of a major syncline with 
·One limb , the western much better exposed than the other; it is disturbed by 
faults and local fo lds'. and is concealed loca ll y by flat-lying, r eel, cla t ic beds 
of Carboniferous age. The most striking feature of t he section is t he great 
thickness of the Clemville stra ta . 

In southern N ew Brunswick, Siluri an rocks are known at a number of 
localities. In t he St. George, Passamaquoddy Bay, and Oak Bay regions on 
the Bay of Fundy sediments interbedcled with great quan tities of volcanic rocks, 
chiefly rhyolites and ancl esitcs. have been described under the name M ascarene 

85672-9 
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group. _.\t Oak Bay the base of the :ocri e::; i::; a coarse conglomerate kno,,·n as 
the Oak Bay formation. which r ~ ts unronformably on the D ark Argilli tc of 
the Charlotte group. Other sediments include shale, limestone, sandstone, and 
deme, hard, fine-grained a rgilliti c quartzites loca lly containing ash material. 
The Yolcanic material includes flo,rs. tuffs, breccias, and a:-sociatcd in trusiYe 
rocks. The belt is a continuation of one extend ing from the Eastport area of 
M aine \\·here ::;ccliment~ and Yolcanic rocks ha\"C been diYided in to a number 
of formations kno1rn from their fossil content to be of ~Iiddlc and 1.:-ppcr 

ilurian age. Silurian strata a rc a lso kno11·n in an a rea to the nortlrn·est of 
Long R each on St. J ohn Rinr. On Kingston P eninsul a on the opposite side 
of Long R each a narro11· fringe of Silurian sediments shows corals attached 
to the ellipsoida l upper wrfacc of a volcanic fl ow. T he latter is, therefore, 
Silurian as well, and i t i ~ probable that most at least of the Yolcanic rocks 
that comprise the larger part o.f the peninsula arc of that age also. Silurian 
sediments occur farther up St. J ohn Yallcy in t he ·w ooclstock and Eclmunclston
Grand Fal ls a reas. 

D evonian 
R ocks of L ower D cYonian age occur 111 Quebec, in X e11· 13runs1,·ick, and 

in N ova Scotia .. edimcntation at this t ime \YaS accompanied by 1\·idcsprcad 
volca nism, and at the close of the epoch extcnsin detorma ii on took place, 
accompanied by the intrusion of granite masses. In the ~Iiddlc D evonian 
great thicknesses of elastic sediments accumulated in Gaspc P eninsula, and 
in Upper D evonian time cdirncntation progressed local ly in the Cha lcur Bay 
and Bay of J< uncly region 

Pr..ITI-: XIX 

r 

Lower De,-onian limeslone~ near Shiphead . Cane Ga~pe. Photo b)· F . .J. Alco(·k. 
Geological Rm·,·e.'· (51490) . 

Lower Devonian. The best Lon-er D evonian cctions of t he Appalachian 
region of Canada arc at the . .eastern encl of Gaspe P eninsula, Quebec, and at 
Dalhousie, N ew Brunsv.·ick. The former , \Yhich are well exposed on t he F orillon 
P eninsula on the northeast side of the mouth of Gaspe Bay, form a thick, orderly 
succession of soutlrn·estcrly clipping limestone (Plate XIX) and limy shales 
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unconformable wi th or ovcrthru ::; t upon OrdoYician slates to the nor theast. 
The se ries ha::; been diYidecl on a lithologic and fa un a! basis into three forma 
t ions, th e :-; t . .-\ lbans. the Bon ~.\mi , and the Gran de Gren . Th e lo 11·cst, t he 
St. Alban.3. consists of compact ca lcareous :::hales; these haYe yielded about 
fifty spec ie:; of fo:;:; ils, more than half uf 11·hich are found in the lmrcr di,·isions 
of t he H elcl crbcrg series in X c11· York. Th e succeeding Bon Ami beds consist 
of magncsian lim estone::; 11·ith fc 1r fossi ls and these mos tly diminutive forms , 
nll , ho 11·enr, quite distinctly uf B cldcrbcrg age. The upper formation, the 
Grand e Gren, consists of limestone; it has yic ldccl a fa una of one hundred 
and fi fty -fin ::;pecics, characterist ic main ly of the H elclerberg-Oriskany, but 
11·ith a con:;iclcrable rep resentation of the later Onondaga of N ew York. These 
Lo 11·cr D cYonian limestone:; are a bout 2,000 feet thick. They were de cribed 
origin a lly by Logan un der the name "Gaspc Limestones ''. :::l imi lar beds are 
exposed at P erce. H erc the :.Ion t J oli formation is probably equivalent to 
the St. AlbanR, and the :.Iuraill cs limestone, in its upper par t at least, to t he 
Grn nclc Greve. In the ;.tiatapcdi a Valley region, at the western end of Gaspe 
Peninsula , Lower D eYonian ~ h a les and argil laccou limestones at least 2,200 
feet t hick arc called the Causapsca l format ion. They apparently grade up 
into the sandstones of the H eppel formation of J\Iiddlc D eYoni an age. In 
central Gaspe, L ower D evonian shales and limes tones cover wide areas. The 
bcclis are folded, fa ul ted, locally in trud.ed by dykes and stocks of porphyry, 
syenite, and diorite, and mineral ized with zinc- and ]('ad-bearing veins. In 
places associated wi th the sediments are thi ck deposits of Yolcanic rocks, a lso 
probably of Lo" ·er D eYoni an age. 

T o the southwest, in t he Bcauccvillc region , beds consistin g of con
~lomeratc, limestone, and shal es carry fossils that, apparently , represent an 
Onondaga age, and have been described und er the name F a mine series. Between 
Chaudierc River and Lake M emphremagog are a number of D evonian remnants 
of Hclderbcrg age. In the Disraeli map-area near Th etford these rocks have 
been ca ll ed the Lake Aylmer group. 

Lo"·cr D eYonian rock ~ cover a n umber of areas in northern N ew Brunswick. 
They consist of marine ...:cdimcnts, Yolcanic flmys and t uffs in tcrbcdded with 
the sedimen ts, dykes, and Yolcanic necks, such as t hat formi ng Sugarloaf 
;.tiountain at Campbellton. In the IO\YCr par t of the se ri es the sed iments a re 
rclatiYely more abundan t, \1·hcreas in the upper part the Yolcanic members 
predomin ate. The best and most read ily accessible section of t hese rocks 
is on the shore at Stewarts CoYe at Dalh o u ~ i c (Figure 32). This sec tion belongs 
to the upper , dominantly Yolcanic division, bu t in cludes a larger propor tion 
of sediments than the diYision as a " ·hole. The sedim ents arc hi ghly fossili
ferous, haYing yielded over ninety species, and some of the beds arc crowded 
\Yith shell s. Th e s u ccc~s ion , in clesccndinp; ord er . is as fo llo\\·s : 

Thitkncss 
Fed 

P yroxrne andesile (fifth an d four th f!m,· s of Stewart an desites) .. .... 40+ 
I ntrusi,·e andesi te a nd breccia (Bon Ami andesiles) ...... . .. 90 
P yroxene andesi te (thi rd. ~erond. and first flows of Strwa rt andrsilP-') 85 
c·ap in ~ect ion . . . . . . . . . . . . . . . . . . . . . . . . . . 250 

l-pprr D alh ousie b ed;; 
16. Arenaceous li mestone with barren grc~· shale.,. . ... 25 
15. H ard, grey limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
14 . Thin-bedded sha le with li mestone . . . . . . . . . . . . . . . ;15 
13. Ash bed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
12. Blocky. ralearcou;; shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
11. Ash brds with t hin li mestones and sha les . . . . . . . . . . . . :JO 
10. Th in., gre~· shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . JO 
9. Limestones and calcareous ' ha le;; . . . . . . . . . . . . . . . . . . . . . . . 7Ci 
8. Calcareous, sand~· shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
7. Arenaceous limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Agglomerate and and esite (wi th b ed 6) . . . . . . . . . . . . . . . . . . . . . . . . . . . 280 
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Lower Dalhousir beds 
5. Hard , gre:-· limcolone . . . . . . . . . . . . . . . . . . . . . .... .... . 
4. Coarse. yello\\" i;oh \\"hi le tuffs . . . . . . . . . . . . . .... . ... . .. . 
3. ]J ard, gre:-· . arenaceou.s shale \\"ilh limcstonr .... .. .... .. ........ . 
2. Crc:-» c::tlcarcous shales 11·i th limestone .. ..... ..... .. ........... . 
1. :::iilicificd lim estone \\"ith shales ............. . ........... . . .. . . . . 
Basalt luff and breccia . . . . .......... . 
Ba ;oalt . . . . . . . . . . . . . . . . . . . .. . . .... . 
Palagoni le luffs .. . . . .. ....... ....... . . .. . 
Calcareous sha les . . .... . . ... . 

Thickness 
Feet 

10 
12 
40 

125 
30 
30 
15 

180 
90 

In the Kictaux-Torbrook area of . .\n napolis and Kings counties, Nova 
Scotia, arc early D eYonian slates and quartzitcs with \rh ich arc associated 
ferruginous beds. Simi Jar rocks occur farther sou t lrn·c~t in the Bear River area. 

In the northern part of the penin sula , to the soutlrn·est of Arisaig, finc
graincc!, reel, arenaceo us slates and grey rnndstoncs of the Kn oyclar t forma
t ion, about 1,000 feet thick and apparently continental in origin, oYcrli e with 
a marked erosiona l unconformi ty ::)ilurian ~trata of t he Ari rnig series. The 
grey sandstone has yielded remains of fish regarded as L O\r cr D evonian. 

In t he Boisdalc region of Cape Breton r ~ l ancl, bcbYCCn East Bay and 
St. Andre\\· Channel, the :\IcAcl am Lake fo rm ation of grey. frcslrn·atcr ark oses 
and conglomerates, fo r the most part steeply dipping , carries plant fragments 
indicative of a Lo1Ycr or :\I idd le D cYonia n age. :\.t one pl ace the sed iments 
haYc volcanic tuffs assoc iated "·ith them. In t he :\Iabou Hi ghlands a nd in 
t he Eastern 'Gpland of the L ake Ainslie area a rc vo lcan ic rncks that a rc also 
probab ly of Lm\'Cr or :\I icl dl c D cYon ian age. 

J![iddle D evoninn. :\ fuch of th e interi or of Gaspe P cnim ula is underlain 
by sandstones, conglomerates. and arcnaceouf' shales varying in colour from 
green and drab to red. The tyre locali ty for these rocks is on Gaspe Bay 
\Yhere Logan measured a section 7 ,036 feet thick. Th e beds lie above the 
Gaspe limestones, a nd Logan gaYc the name Gaspc sands tones to them. They 
carry plant remains of the Psilophyton-Arthrostigma (Drepanophycus) flora 
and a lso fish remains. :;\Iarinc inYcrtebratc fossi ls liaYc been found in a number 
of localities, and apparent ly indicate a :\Iidclle D evonian age. In the type 
sec tion the beds arc conformable or nc:i rly so " ·ith the und erlying limestones, 
a lthough the chan ge in lithology is abrupt. At pl aces in the interior of Gaspe 
beds of t he lower par t of the series carry fossils t hat, apparently , represent 
a transition from LO\Yer to :\Iidcllc D evonian . In the zinc and lead field of 
Berry M ountain and Brandy Brook s, the Gaspe sandstone beds arc not cut 
by the granitic and syenitic in trusive rocks nor arc U1Cy minera lized by veins, 
as arc the LmYcr D evonian beds. 

On the nor th side of :\ fa] Baic, at the eastern encl of Gaspc, is a belt of 
conglomerate about 3,000 feet t hick, which, because of its distinctiYe lithology, 
has been separated as a uni t knom1 as the :\Ialbaic for mation . The beds are 
conformable "·ith those of the und erlying Gaspe sa ndstone; they have yielded 
plant fragments ~irn ilar to those in the sandstone; and the age of the formation 
is considered, therefore, to be :\Iidcl le D c\"Onian. 

A seri es of coarse sandstones in :\Iatapcclia Val ley has been designated 
the Heppel fo rmat ion. It oYerlies 1Yi th a fa irly sharp boundary L o11·cr Devonian 
beds of the Caurnpscal formation, has a probable th ickness of at least 6,500 
feet, and loca lly has y ielded a considerable fa una of :\Iidd lc DcYonian age. 
Its li thology, its relation to older rocks, and its foss il s a ll point to a correlation 
with the Gaspc sandstones. 
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Upper D evonian. On the north side of Chalcm Bay, opposite Dalhousie, 
a series of intcrc~ting beds of Upper D cYonian age has attracted ma ny fossil 
collectors bccau:;c of i ts \\·calth in fish remain::;. The strata arc best exposed 
alo ng the "horc ~ection bct\\·een \\" est ::\Iaguasha and Escurninac P oint 
(Figu re 33). T hey fo rm a broad s~· n cline pitching north, are underlain to 
the west by Gaspc sandstone. and arc onrlain by rrd .BonaYenturc conglomer
ate of Carboniferous age. Th e~· han been diYidcd into three formations on 
a basis of li tho logy . The lo\\·c:; t. the Pira te Con formation , co n~ i sts, at its 
base. of about 400 feet of coar~c. angular-pcbbic cu nglorncratcs in tcrbcclclcd 
\\·itl1 chocolate. irrecn, and grc~·. a rgi ll aceous and :;andy beds; the lo\\"cr beds 
of thi:0 zone eo 11 tn in an o~tracod fauna and numcrou~ plant remains. the 
latter close !.\· a~~oc ia tcd \\·i th a scam of coal 2± inches t hi ck. Thi~ basal zone 
is onrlaid b~r 210 feet of coarse, angul ar-pebble conglomerate \Yith sa lmon
co lourcd matrix. a nd this in turn i~ ~ucccedcd lw 450 feet of coffee-coloured 
shale~ , \\·i th occa::'ional green band::', a nd a cong l(;mcratc member 0 to 40 feet 
th ick. The ~ccond or Fleurant for mation consist:; of coar:;c . round-pebble and 
boulder conglomerate \ritl1 grey matrix. It ha::' a thickness of -.l-5 feet. The 
type locality i Fleurant Point. but it i:; abo seen at :\Iushroom Hock and 
in t he lo\\" c li ff on the shore a third of a mile southca:0t of Engli:;hman Creek. 
The upper fo rmat ion , the E~cuminac. consist" of grey "hales and :<ha!~- sancl
slones, culmin ating in a 16-f'oot member made up of reddish beds. Thi~ form a
tion is 370 feet thi ck, and is the one that has ~·iclclcd the excellent fish fossils 
(Figure 34) and also fin e plant remain,;. The latter include L"ppcr DcYonian 
ferns, some common to the P erry fo rm ation in ::\Iainc. There is a definite 
erosiona l break bcbreen the E~cuminac beds and the succeeding BonaYcnture 
conglomera tc. 

On the \\"cstern side of P a:;snrnaquoclcly Bay . in the St. AndrC\\"S region 
of Kew Brunswick, near t he :\ fa inc border , on the oppos ite side of the bay 
on :\fasca renc P en insula. at Black H arbour rnuth of St. George. and on 
some of the ad jacent i::;lands arc areas unde rl ain by 'bed~ of red sandstone 
a nd conglomerate that a rc correlated \\· ith the P er ry conglomerate of :\Iainc. 

The beds li e for the most part \\·ith Im\· clips and in gentle folds . In 
places they rest unco nformab i>· on the Silurian rnck~. and in places arc in 
fault contact against them. The conglomerates contai n boulder:; of the Silurian 
and pre-Silurian rocks and of the ;-;l. George granitic intrusi\·c rocks. On 
Hill Is land two basic amygda loidal Ja,·a f! O\\"S arc interbeddcd \Yith the red 
sediments, and si mila r nJlcan ic rnck slHl\\'" on H <rn·a rcl I sland. Loca lh· the 
bed~ arc cut b~· dark dykes. Similar d>·ke~ and flo\1·~ , are associateci' 1Yith 
the conglomerate beds at St. And re,\·:::. 

Plant remains. too poor to be identified. ha,·c been found on the north
" ·est s ide of Black H arbour. The rocb, hm\·cyer. arc so similar to those 
of the P erry fo rmation on th e ::\Iainc coa:::t that t here can be li ttle doubt 
that t hey belong to the same :<cric;; . Th e P er ry format ion on the ::\Iainc side 
has yielded an rppcr D cYon ian fl ora . 

Carboniferolls 
Jn Quebec , rocks of Carboni fero us age outcrop along the shore of Chalcur 

Bay a nd on M agdalen I slands in the Gulf of St. La\Hencc. In the former 
region the bed~ arc r eel cong l omerate~ a nd sandstones of i.hc Bonaventure 
fo rm ation. Th ey arc fresh, and fo r the most part a rc undisturbed. ::\Iagdalcn 
I slands arc com posed of fo ld ed sedimenta ry and Yolcanic rocks of ::\Iississ ippian 
age surrounded by flat-lying beds of reel sa ndstone of probable PennsylYanian 
age. Onr one-ha lf of ~C\\' BrunS\\·ick is underlain b~· Carboniferous strata, 
and cons iderable areas of X oYa Scotia a rc a lso coYcrccl by these rocks. Thev 
arc the rnurcr of the coa l. oil , gas. and gypsum of th e t\;.o prnYinccs. Princ.c 
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Ed\rnrd Island is underlain b>· gentl>' dipp ing red beds of late P ennsy1Yanian 
or possibl>· P ermi an age (Plra te XX). Figure 35 shmYs the succession of 
formations in some of the more important areas . 

Dorsal side Ventra l side 

Fi gure 34. I'allc11's rcstonitio11~ of Rolhr iolepis eo 11ode11 sis \Vhit cnl'e• . an l:p1wr D e\'ln1ian fish 
from the Bscuminac formation, E scuminac Ba r . Quebec. 

M ississippian. Th e type area of ::\I i ss i ~ sippi an rocks in :\om Scotia is 
along the lo\Yer part of ).xon Ri,·er south of ::\l inas Basin. The strata belong 
to t'rn groups, the Horton and the \\ 'incisor. The former is made up of two 
formation , a lmYel' known as the Horton Bluff, con:;istino· of some 3.400 feet 
of dark shale, sandstone, and conglomerate. ancl an upper, the CheYerie. made 
up of 600 feet of reel and grey shales, sanddone, and arkose. The Horton 
Bluff formation rests unconforrnably on pre-Carboniferous metamorphic and 
igneous rocks; i t contains plant remains, buried forests, and soils, and bas a 
fauna of ostraeod crustaceans and foh remains. The Che\'Crie res ts " ·ith 
angular unconformity on the H orton BlufI, and is succeeded, also uncon
formably , by the \\'incisor grnup of marine sedimen t~ . The latter comprise 
limestone, gypsum, :obale , ~and~tonc , and limestone conglomerate, the ,,·hole 
having a thickne s of about 1,550 feet. Th e limestone member are rich in 
fossils and haYe yielded one hundred anrl twenty-se\'Cn species, chiefly molluscs 
and brachiopods. 

The ::\lississippian rocks ex tend eashrnrd through the lowland belt(9) 1 

to the Strait of Canso, and also occupy much of the lmdands of the south
western part of Cape Breton Island. In the Lake Ainslie area the Horton 
group includes about 6.000 feet of conform able , clominately cla tic sediments 
containing a meagre flora and fauna. Th ey arc in trud ed by diabase dykes 
and si lls. Th e succeeding \Yi ndsor beds haYe here a thickness of about 2,000 
feet. In the Ari:::aig region diabase and basalt dykes and stocks intrude red 
conglomerate, ~andstone, and sandy shale of the ::\li~ sissippian McAra Brook 
formation , but arc apparently older than the limestone of the Ardness forma
tion of ::\lis s i s~ippian age. 

1 See Fi gure 30, p. 99. 



EUROPE 

Age Zone 

({) 

:::> 
0 
0:: 
w 
II. z 
0 
aJ 
0:: 
< u 
0:: 
w 
0.. 
0.. 
:::> 

({) 
:::> 
0 
0:: 
w 
!:!: z 
z < 

z 
< z 
< 
I 
0.. 
w 
1-
Ul 

z 
< :::; 
< 
I 
0.. 
I-
Ill 
w 
~ 

z 
< 
ii: 
:i 
::i; 
< z 

z 
< w 
Ill 

> 

0 ;:: z 
aJ z < 
er < Vi 
< z < u Ci z 
0:: 
w 
~ 
0 
_J 

0:: 
:i 

~ 

D 

c 

B 

A 

z 
< z 
< 
~ ,_ 
Ill 
z 
z 
w 
0.. 

z 
< a: 
0.. 
iii 
Ill 
iii 
Ill 

~ 

.::: . 
~g 
'"' ""ii 
" "' .. 
a"" 

~~ 
EE 

c'.l ~ 
· ~ 
a 
~ 

:: 
§'"" 
""' '"' """' ..!;! ~ 
.g "' 
s~ 
~: 

~ 

Boss Point 
fo rmation 
3000±/t . 

~ Hillsborough 
~ fm .2400'-

~ w;idon fm . 
l!jlO±ft. 

Albert form. 
4000±/eet 

? 
Memramcook 
fm.1500±/t. 

125 

Cumberland 
group 

7000~11.000' 

Boss Point 
fm.3525±/t. 

c.s.c. 
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In ~e1Y BrunS\\·ick, ::-lississippian rocks arc ''" 11 clenlopccl in the Hills
borough region, in a belt extending northea ' t and southwest from Sus ex, in 
the Plaster Rock area on the Tobique, and in other areas. In the Hillsborough 
and Sus' ex regions the succession begin with the l\Icmramcook formation 
consisting of reel conglomerates. shale , and sandstone. This is succeeded, 
apparently conformably in most places at least, by the Albert formation, locally 
about 4,000 f ct thick, consisting dominantly of grey hale , commonly bitu
minous, \Yith some "andstonc and lime tone layers. These bed \Yere deposited, 
partly at least. under marine or estuarine conditions; they haYe yielded a 
con iclerable fish fauna and arc the source of the oil and ga of the region. 
They are succeeded, again conformabl y . by conglomerates and sandstones 
of the ::-Ioncton group. In t he Hillsborough region the ::-foncton beds are 
divided into b\"O formations, a 1011·er cal led the \Veld on, consisting of some 
1,500 feet of reel shale and ~and tone, and an upper , the Hillsborough, made 
up of 2,400 feet of reel fclclspathie grit and conglomerate. In the region south
\1·est of Sussex, the I\:cnncbeca. is group. composed of conglomerate, sandstone, 
and some hale, i probably the cquiYalent of the Mcrnramcook, Albert, and 
J\1oncton strata. 

PL.\TE xx 

K eppod1 Bca~h , oo u1thcast of Cha1·lotleto\\·n. Prince .l<:chrnrd I sland .. howing gently dipping beds 
of P ennsyh·a ni an sandstone. l'hoto b.r Gonion ::\[. Dall~·n , Editor, Canadian Geograph ical 
Journal (97100). 

Overlying the ::-Ioncton a nd K ennebeca:::is beds is a marine group, the 
Windsor , made up of limestone and gypsum . It serYcs as the chief Carbonifer
ou::: horizon marker of the region, and Yaries in thicknes from rubout 50 feet 
or less to 700 feet. It is succeeded, in turn. by red sandstones and conglomerates 
of the Hope\YCll group. In mo"t places the basal Hopewell beds are conform
able "·ith those of the Windsor, but an erosional break bcbrnen the two 
groups, or one \,·it.bin t he Hopc\Ye!l it~clf , is indicated by the occurrence in 
many places of 1boulclcrs of the \\"i ncisor limestone in the Hopewell conglom
erate. The Hope\\·ell beds grade up1rnrcl in1o strata of P ennsylvanian age. 
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In the Plaster Rock area , the :\Ii~ ~ i~sippi an beds consist ol' scmi -con
solidatcd to \\'Cll-consolidatccl coarse conglomerates, sandstones, thin -bedded 
sha les, sanely shales. and shal>· find g>·psum-bcaring strata, \\·ith a conglomerate 
horizon at the top. Th e beds a.re near!>· cnry\\'hcrc deep reel, and han the 
form of a basin, flat-lying in tlic centre and \Y ith clips on the margin up to 25 
degrees . Their tota l thickncs~ is bclieYcd to be about 2,000 feet. 

Stretching \\·c~t from Hampstead and S\l'inging around Oromocto Lake 
a nd north1rnrd s i" a belt of :\I ississipian ~cclimcntary a nd Yolcanic rocks. 
The::;c con~i~t mainly of reel conglomcra tc~ and rhyolitc , 1\'i th lime::: tone appar
ently of younger age. T he lim c~tonc is \\ ' inci so r, and the red clfl stic beds and 
associated rncks mav be :\Ioncton. 

Strata of \\'ind;or age occur on :\Iagda len I slands , Quebec , in the Gulf 
of ::;t. La11Tcncc (,'Ice Figure 44). The oldest beds arc limestone, shales, shaly 
limestone. and gyprnm , 11·ith intcrbcddcd Yo lcan ic rocks. Th e sediments locally 
contain an abund ance of fus~ib. Th e ,·olcanic rocks arc ba:oaltic, fragm cntal 
tvpc~, and in places a:1gular bombs arc embedded in g:yp~um, showing that 
they had fal len into the sea 11·here the gypsum 11·as accumulating. These rocks 
arc locally onrlain by a grey sa ndstone that may also be of \Yi ndsor age. 
All the;oc rocks a rc fo ld ed. and on them rc~t with angular unconformity red 
sandstones of probable Pcnns."1-rnnian age. 

Pennsylvanian. The upper Carboniferous rocks of NoYa Scotia han been 
di1·iclecl b>' Bell (See Figure 35), on the basis of their flora , into four groups, the 
Canso. the Ri\· erscla lc, th e Cumberland, and the Pic to u. All arc \\·holly non
marine, so far as is kno\\·n, and in no one area fire all four present. 

Th e oldest, the Canso, \Yhich may be partly or even wholly Miss issippian, 
consists of reel and grey shales owrlying t he Windsor beds. It contains local 
thin beds of limestone, and in the Mina s basin the strata commonly include 
th in bands and ,·cinlcts of iron carbonate. The beds show abundant ripples, 
mucl-cracb, and rain-prints. There arc fc11· recognizable pl ant remains, but 
those studied sho\1· affin ities \Yith :\Ii ssissippian species. Freshwater shells are 
rJ::;o pre~ent locall>" Canso :::trata outcrop on the Strait of Canso, in the 
:\Iabou area of Cape Breton I 8land , on the inst coast of the same island bet\\'een 
Inverness n.ncl Cheticamp, in the 101Ycr part of the Joggins section , in the 
Parrsboro area , and elsc11·hcrc. 

Th e ;;ucccedi ng Ri1·ersdal e group is made up of alternating red and grey 
sandstones and ~hales , including, locally , a bn. sal conglomerate. I n the Parrsboro 
area it onrlies the Canso bed::; 11·ith angular unconformity , and in the Springhill 
area it underli es the Cumberla nd group. In other localities bo t h the lower and 
upper contacts arc generally di"conforrnities. Th e coals of the Port Hood area, 
Im·crncss count>-, and those of Richmond county are in Rivcrsclale strata. 

Th e third or Cumberland grou p is t>·pica lly exposed in the Joggin s and 
Springhill coalfields of Cumberland counh. and the coals of these areas are in 
this group. The best section is exposed in. the sea-cliffs of J oggins (Plate XXI) , 
\\·here the group shO\YS a thickn ess of over 9,000 feet of non-marine conglomerate, 
sandstone, shale, and coal. 

The highest group, the Pictou , consists of sandstones, grits, and shales , as 
much a:; 9,000 feet th ick The con.ls of Sydney, Salmon RiYcr. Irn·erncss , and 
:\fabou :\Iincs areas of Cape Breton hland, those of the Nc11· Glasgow· area, 
Pictou count>·, and those of Kcrnpto11·n and other areas in Colchester county are 
in rocks of this group. The beds rest unconformably upon Carboniferous rocks 
older than the Cumberland, and locally overlap upon pre-Carbonifc.rous rocks . 
In the Sprin ghill area they lie un conformably upon the Cumberland group, and 
elsewhere the contact with that group is disconformable. 

Penn:::~·}yanian rocks conr much of the Carboniferous pl ain of eastern 
Ne\\· Bnms11·ick. In the Sussex and H illsborough regions the? form hrn groups, 

85672- JO } 
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the H opc11·cll and the Pctitcodiae. T he fo rmer i::: made up ch iefly of red sand
;-;tonc,.: a nd ,;hale::: and. a,; a lready mentioned. i ~ prnbabl~- in part ::\Iis:::i:osipian. 
The P cti teocl iae group i,,, compo::'cd domina nt!~· of onl>- ::: li gh t!>- disturbed grey 
sandsto ne,; and gri b \rith pebble conglomerate:::. ::tnd include:;; beds of Ri ,·crsdalc 
a nd P icton ages. 

l 'L.\Tt·: XXI 

"Part of C'arlio 11 ifcrotrn "c«l inn al .Jog)!in,. Xorn S«otia. Photo b.'· I . IV. Jones , 
C c'oln)!iral Sun«'_,. (71 62.'i). 

In th e Hilbborough a rea the H opc11·ell group i:;; composed of three format ion 
The lmYcst, th e ::\Iari ngou in . po~~ibl~- of ::\[i s~ i ssippian age, consists of red shales 
a nd rnnd;;tones , and has ::t th ickness of abou t 1,400 feet. These beds a rc 
succeeded conformably b~- the ShcpodY format ion , about 900 feet t hick, beginning 
as a g rey sand;; to nc ::tnd gradi ng into red sandstone and shale wi th interbcds of 
ma sin gre~· rnnd~ton c. The formatio n carric;; a Camo flora and ma~-, t herefore, 
be ~[i ssis;;ippi an. It i::: succccdccl b~- the Enrage formation of red sha le, sand-
tonc . and conglomerate. ::tnd thi ;; in turn is OYcrJain b~· t h e Boss P oint formation 

of domin ant!~· grc,· ;;a nd ~to ne,; ;; imilar to tho.s0 of a lo11·cr part of the P ctitcodiac 
group. The upper formatio n of the P et itcodiac group in this area cons ist of 
reddish bro1rn sandstone 11·ith arko~c and pebble conglomerate. and is kno11·n as 
the Grande Ansc; i t~ bed;; o\·crli c the Bo~~ P oin t strata ''"ith m arked angular 
uncon forrnib·. 

In t h e J\ [in to coal area the co::tl -bc::tring G:·and Lake formation is of Picton 
::tgc. In the nortl1east corner of the proYincc, ~ trata of the ~ame age arc identified 
as those o f the Bathurst a nd C lifton fo rmatiom. Along the Chalcur B ay shore 
bctl,·ccn Bath ur~t and Dalhousie a rc patehc,- of red BonaYcn ure conglomerate 
simil a r to tho~c on the Ci:1spc coast. 

Along; the Ba~· of Fund,- in the St. .John region. and extending rnu th to 
::\Iu:;q ua::d1 Harbour. purplish sandston e~ a nd conglomerates \1·ith associated 
Yolcanic and intrui'i,·c rocb form 1rhat i" kn01rn a s th e ::\Iispek group. T he 
sediment,: earl'.'' a fc11· Carbonifcrou,: plant remain i'. Th e~- arc oYcrlain b~· 
sandc:ton c~ of the Lancaster format ion. \1·h ich cn 1TY a flora of C umberland age. 
The ::\ 1i ~ pek roc k::: a rc prnbably to he co rrelated 11·ith the Canso. 
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The north shore of Chaleur Bay is bordered for considerable distances by 
red cla~ tic beds of the Bonannture formation, \Yhich takes its name from 
Bona venture I sland at P erce (Pia te XXII). The strata consist chiefly of coarse 
<'onglomerates and sandstones \Yith associated reel shales, shaly sandstones, and, 
locally, lim estone. Th e beds for the most part lie horizontal!>', but are locally 
tilted and in places faulted. At t 'rn places near Grand Ri,· er amygclaloiclal 
ba altic fl o\YS are associated "·ith the sediments, and near Perce a dyke cutting 
across the beds is broken b>· horizontal faults into four parts. 

PLATE XXII 

~ I 

Yi <'". of Yillnge of Perce. T'cr r(· R ock. nnd B ona,·enture Jsland. Qu cbe<'. Photo by F. J . Alcock, 
Ccolog:ital Sun·e.1· (51413). 

To the nort!rn·e t of Perce the Cannes de Roche formation consists of three 
members, a lo\ver reel conglomerate, a middle cliYision of reel and green shales 
and haly sandstones, and an upper division of buff sandstones a nd conglo
merates carrying plant remains, in cluding casts of Calamites, etc., which may 
indicate a late l\Ii ssissippia n but more probably a P ennsylvanian age. It is 
probable that the Cannes de Roche beds are of the same age as the Bonaventure, 
but 1Yere formed in a different basin. 

On ::.!fagdalen Islands, fiat-lying beds of conglomerate and sandstone overlie 
unconformably ·win clsor sed im ents and Yolcanic rocks already described. The 
bed resemble closely those of the Bonannture both lithologically and struc
tural]>·, and arc probably of the same age a that formation. 

::'IIESOZOlC 

Triassic 

The youngest consolidated rocks in the Appalachian region arc of Triassic 
age and occur in the Bay of Fundy region . They rest unconformably on 
various Palreozoic and Precambrian formations. In Nova Scotia, red sand
stones, shales, and conglomerates of the Annapolis formation underlie the 
Annapolis-Cormrnllis Valley and border both sides of ::..iina Basin. The sedi
ments are capped by about 1,000 feet of arnygdaloidal basaltic lavas forming 
the ~orth ::.fountain Upland. On the Ne''" Brunswick side of the Bay of 
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Fundy patclt c,.: of similar reel cung!orncratc::; a nd sand~toncs o'-c:Lll' in the t. 
l\Iartins region. a nd at ~Iartin H ead and \\' atersiclc \\'here they form the 
Quaco formation . Other areas of the same roc k::; arc fo und at R ed H ead near 
Saint J ohn , and at Lcprcau P oin t to the south1Ycst. At each place the beds 
clip to the nortl111·cst. and arc in fa ul t contact 11·it h older forma tions on that 
side. A fc11· foss il plants and ~omc fish rcmaim sc1Tc to couclate the beds 
with the N c11·ark series of late Trias~i c age in ::\c11· England. 

Prsn: X:S:III 

Tria" i'" trap at Sout hern H ead. Gra nd 7'1"a nan hla nd. X e"' Hr unR11·ick. Photo by 
F . J. Alcock Geological S un·ey ( 4-3. 1945). 

T he Yolcanic rocks that form rn much of Grand ~Ianan I sland (Plates 
XXIII and L'XIV) are a lso regarded as of Triassic age, because of their 
li tho logi c cha racter ancl their as,.:ociation 11·ith rnme fresh, reel, elastic beds. 

CEXOZOJC (?) 

In southern Quebec a rc eight masses of intrusiYc rocks forming 11·hat 
a rc kno11·n as the ~Iontcregian Hills. The most 1yesterly i ' ~foun t Royal 
at l\Ion trcal. I n the chapter on the St. La\\'rence L o11·lands these rocks are 
discu sccl at great er length. Three of the hills. Yarnaska , Shelford. and Brome, 
lie ea t of the Logan fau lt and hence belong to the Appalachian region. The 
rocks consi .. t of a lkalic Yarictics; the:< arc dcfinitel:· of post-LO\\'Cr D cYonian 
age and ma:· be as young as late T er tiary. 

GEOLOGTCAL H TSTORY 

The earli est geological eYent of il·hich there is record is the accumulation 
in Archman time of t he sediment~ of the Green H ead and George RiYcr groups. 
The great amount of limestone and dolomite in these rock is evidence that 
this deposi tion took place und r marine roncl i t i on ~, but the extent of the sea 
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.and the source of t he mate ri a l is not knU\rn . Thi :s period of sedimentation, 
w hich wa:s a lso accompanied by loca l yo]cani :; m . \\'US closed by mountain 
b uilding movements and granitic intrusion. Succeeding erosion uncovered 
s ome of the grani te , a nd was then follO\Ycd, in Proterozoic time. by a great 
pe riod of volcanic actiYity during which the r ocks of the Cold brook gr oup were 
erupted. These were la ter intruded, probably in Precambrian t ime, by granite 
a nd associated rocks. P ossib ly tO\rnrds the close of the Proterozoic era there 
a ccumul ated in K o, ·a cotia another great seri es of rocks, t he M eguma . made 
up of elastic sediments. som e 6 miles t hick. The5c ,,·ere eYident ly la id clo,1·n 
in a region of differential warping, \Yhere a su bsid ing basin \ms bordered by 
rising, mountainous country that l" uppli ed the m ateria l for the sediments. The 
basin of accumul ation may haYe been a tro ugh of the sea , or a flm·ial dcpres 
, ion or depressions on the continent. 

I'LATE XXIY 

Gc>nll .' · ~loping beds of Triassic sandstone and conglomerate, 
at Lepreau Falls, Lepreau RiYcr , L epreau, X.B. Photo 
lJ~· F . J . Alcock. Geological Sun-er. 

\\'ith the beginning of the .Pa la:ozuic t here i:; more info rm ation a\·ai lable 
from 1rhich to dra 11· conclu:;ion::; concerning the di:;tribution of land and sea 
du rin g the Yariou,; epochs. Throu ghout the Pa la>ozoic most of the larger 
Ap palachian Highl a nd region \1·as a geosynclinal or "ubsidin g belt " ·here sedi
ments continued to be laicl do11·n. Th e som cc of thc::;e sediment,; was a land 
mass that ]av to th e ea:;t , an old Janel knO\rn a,; ~ ppalachi a. It occupied the 
site of the present border of t he ea:;tern rni tecl State::;. extending to an unknown 
di~tance out in to the Atlantic. The southeastern part~ of ::\oya Scotia and 
of ::\rid ounclla nd ma:· f orrn part· ~ of th e no rt hra,;hrnrcl cxtcmion of this 
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ancient land m ass. At tim e::;, 110weYC r, t hi s nor thern or ~.\. cadia n par t of 
Appa lachia was separa ted from Appal achi a proper by seaways connec tin g t he 
Atlantic \\·i th th e in terior continenta l sea conring t he geosyncline. 

Throughou t most of the first hal f of Pal:Eozoic time th e St. La wrence 
River region " ·as a sub~iclin g trou gh for the accumula tion of sediments . At 
times thi s trough was a n open sea\\·ay connecting the ..\"orth Atlantic \Yith 
t he interior epi continent a l ;: eas; a t other times it \\·as merely an ernbayment 
of th e ~.\.tl a ntic ; and a t ~till oth ers it was cntirclv drained due to th e uplif t 
of t he r egion a bon th e ~ca . 

tied imcnta tion progrc ~sed in thi ::; trou gh during much of Cambri a n t ime. 
A t the close of tha t period upli ft \\·ith ~ome defo rmati on took place, and 
is r eferred to as the Ycrmon t di sturba nce . During the :; ucceeding OrdoYician 
period :::edim enta ti on began aga in a nd continued in te rmi ttent ly. Throughout 
m oo;t of til e Lower Ordo,·ician epoch th e north1Yest side of the St. La11-rence 
\\·as a hinge a long \\·hi ch Ycr tical moYcments took pl ace, t he nortlrn·cst side 
ri sin g and supp l ~r in g :;edimcnt:=: to th e ~inkin g trou gh to the southeast. T hese 
moYemen ts \Yerc ma rked repea tedly by scYcrc ear thqu ak e shocks, th e record 
of \1·hirh is seen tod a ~· in the Ya rious horizons of lim estone. conglomerates 
pre~en t in th e OrdoYicia n stra ta . This hinge zone \ms eYid ent ly a fairly steep 
coas ta l slope against \Yhi ch th e sedim ents of the trough faded out. E vidence 
for t hi s is seen at :\Ion tmorcncy F a ll s northeast of Quebec City \\·he.re the 
Precambria n gneiss nortlrn·est of t he fa ul t zone is overlain by fl at-ly in g Trenton 
limes ton e (8ee Fi gure 31 ). whereas, immedi a tely in front. of th e gneiss, Trenton · 
beds of t he Quebec Ci t~' form at ion arc underl ain , not direc tly by t he gneiss , 
bu t b)· great t hi ckn es~cs of pre-Trenton OrdoYician strata . E Yident ly it \ms 
no t unti l :\fiddle OrdoYi cia n or Trenton time th at t h e ~ca s11·cpt over t he r egion 
nor th,rest of t he St. Lawre nce . 

:\Iarine sediments of Ordovician age in ..\"e\\· Brunswick a nd X m·a Scotia 
show that at t imes a t least during t hat period t hi s r egion lay beneath the 
sea. It ha been postul ated by Schu chert t hat a separate geosyu cli nal basin , 
to whi ch the name Aradian has been giYen , existed here an d t hat it \Ya 
separated from th e St. Lawrence geosyncline by a ri sin g or positive zone te rmed 
the N ew BnmS\Yi ck gcanticlin e. Th ere is li ttle evidence, ho\\·cyer , fo r such 
a geant iclinc or fo r b\·o qui te distin ct geosyn clinal basins of accumul at ion. 

In ]a le Lo,Yer OrdoYicia n t ime deformation accompani ed by granitic int ru
sion took place in the Arisaig region of N oni Scotia. Th e OrdoYi cian mo\·e rn cnt::; 
culmin ated towa rds the close of t he peri od in wh at is kn o\\·n as the T aroni c 
r evol ution , \Yhi ch defo rm ed mu ch of t he r egion south east of t h e Logan faul t. 
Evidence of t hi s disturba ncr is seen in the cleaved and schistose characte r of t h e 
Ordovician rock s as compared with the less altered Siluri an strata, in the un con
forma bl e r elations behnen t he Silurian and Ordovician beds at L ak e M ata pcd ia, 
and the p resence of boulders of OrdoYician rock s in Silu ria n conglomerates in 
nor thern X cw B ru nS\Yi ck . ?for th of the L ogan line scd imen ta ti on \\·as con tinuom 
locally, at least , in t he lower St. L a,n encc region fro m late Ordovicia n in to 
Silu rian t ime, with no major break , as i;:: shown b~· the "uccess ion on An ticosti 
I sla nd. T he T aconic orogeny was accompanied apparen tl y by t he in tru. ion of 
igneous rock s. In the E astern T ownships and in Gas pc arc ul tra basir masses 
that are nO\Y par tly to completely altered to serpen tine . It is probable that 
mo t at least of t hese were intru ded at t his time. 

During early Silurian t im e t he Ap palachi an region of Ca nada " ·as a bow 
the sea a nd un dergoing erosion , bu t by the Middle Siluri an the sea aga in coYcred 
much of it and for a t im e enn connected \Yi th t he in terior contin enta l sea, which 
covered mu ch of On tario and t he In terior P lains region of \\·cstern Canada. 
Thi ck deposits of sedim en ts cont inued, an d locally, as in southern ?fo\\· Bruns
wick , large a mounts of Yoka ni c rock" \Yere erupted at the same t im e. T o\\·ards 
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tile close of the Silurian period uplift again took pl ace, this time as a broad 
up11·a rp raising the region abon ~ca-lcwl. During Lo1Ycr Dernnian time the 
northern :\"c11· Brunswick and St. La1Hencc regions \1·erc once more invaded by 
the ~ca. and locally, as in the Chaleur Bay region, the period of deposition thus 
initiated 1ra,.: al:-o one of great Yo!canic acti1·it>·· 

:H the clo,.:e of t he Loll"cr D c\'onian epoch. and cont inuing into ::\Iiddle 
Dcrnnian t im e, earth mo1·cmcnts again affected mu ch of the Canadian Appa
lachian region. Thi s deformation, kno11·n as the Shick:::hockian disturbance, was 
accompanied b>· the in trusion of large rna::_;:;cs of granite and associated rocks. 
Th c::;e granites arc exposed OH'r much of the Southern lJpland of Nova Scotia 
and the Central High lands of ~c11· Bruns1nck . 

The Shickshockian deformation, like the Taconic, rc:::ulted from thrust from 
the southeast, ll"hich produced folding and 01·crthrust fa ulting. The amoun t 
o f hortening in a nortlmcst direction as a r esult of these two dis turbances was 
undoubted]>· great. It ha" been mentioned that the Quebec City beds at Quebec 
arc of the :::amc age as the Trenton beds on the opposite side of the Logan fault 
at adjacent ::\Ion trnorcnc>· Falls. The two sets of Trenton beds are, however, 
of quite different facics, rn rying both in lithology and in their fossil content. 
Jn ~c11· York State outcrop:; of the Quebec City fac ics arc 50 miles cast of the 
ncarrst exposures containing the normal Tren ton beds. It has been inferred from 
th i,.: that the amount of shortening has been of the order of magnitude of 50 miles 
and may haYC been much greater. 

During ::\1i ddlc Dc1·onian time great thicknesses of elastic sediments accurnu
la tcd in Ga~pc .Pcnins·u la; tO\rn rds the close of the epoch orogenic movements 
fo lded and f a u I tcd the beds, a rcnc\\·al of the earlier Shickshockian monmcnt:::. 
Jn Upper Dcrnnian t im e dcpo:;ition occuncd in local area such as the Chalcur 
Ba>· and Ba>· of Fundy regions. By this time some of the granite masses that 
had been intruded earlier in the period had been unroofcd and \\"ere undergoing 
Cl'OS!On. 

By ::\lississ ippian time the mountainous topography produced by the 
Dcrnnian orogeny had been largely destroyed. ::-Iuch of Nova Scotia and Ne\\' 
Brnn$wick noll" formed a gcosynclinal area bordered on the northwest, in Gaspc 
and Ne'" Bruns1Yick, b>· an upland anrl on the rnuthcast by another land mass 
of 1Yhich southern ::\ O\'a :::lcot ia today io:: a remnant . T he floor of this broad 
depression , cornrnonl>· referred to as the l'.i' undy basin, \1·as apparently subject to 
warping and folding, so that deposition in it was quite Yariablc. Positive 
elements in it, such as the Caledonian and the C'obcquid Mountain belts, tended 
to rise "·hilc intcrnning zones continued to sink, rn that sedimentation pro
gressed in local basins. Throughout much of t he period the deposits that 
accumulated were non-marine. During the "\'i'in cl~or stage, hmYeYer, a sea, an 
embaymcnt of the Atlantic , wept over the region submerging nearly all of 
New Brunswick and Nova Scotia. In it limestone, gypsum, and salt accumulated . 
and on Magdalen I slands in the Gulf of St. Lmucncc there was also volcanism , 
and great quantities of fragmcntal volcanic material \1·cre deposited with the 
o::ccl irncnts . 

Throughout .Pcnnsy]yanian time continental deposits again \\·ere laid dom1 
in subsiding basins in N ova Scotia, \\·ith interruptions, ho\\·c,·er, due to earlh 
movements. At the close of Canso t ime local orogeny took place, and at the 
end of Rivcrsdale time there was renc,,·cd uplift and broad " ·arping movement . 
Again in post-Cumberland prc-Pictou time there \Ycre further disturbances. 
These disturbances '"ere accompanied by marked changes in the flora, the t\yo 
more important being bet1Yecn the Canso and River_dale and between the 
Cumberland and Pictou groups. In southern New Brun 1Yick volcanic activity 
with some intrusions accompanied the deposition of the Mispek strata of probable 
Canso age. Over much of Ne"· Brunswick, ho"·ever, the Pennsylvanian sedi-
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mcnts \\·ere de posited not in tectonic ba,ins bu t as broad uni for m ~hects of 
a lluYium . 

In Triass ic ti me the Ba:' uf Fund y region \\"as a basin surrounded b>· up lifted 
coun try , a nd in to it \\"CJ'C brought ;-:ediment~ from all :- icles . D epos iti on took 
place on fl ood-pl a ins, perhaps a" broad allm·ial fan;;; , and also in temporary bodies 
of \rater . Tmra rds the close of the period of deposition, basalt fl O\\·~ , probabl~
fi ssure erup tions, acc umula ted in t he X orth ::\founta in a nd Grand ::\Ianan regions. 
Sedimentation \\"a" closed or follmred b>· extcn~i\' c faulting moYcments. The 
principal fa ul ts \\·ere along northcast-sou tlrn·est lines. \\"ith minor ones in a 
north -south direction , and the resulting fa ult bloc ks \r cre tilted uniform!>· to 
the north\\·est. It is poss ibl e that thi s fa ul ti ng continuer! into Jurassic t ime. 

As• there arc no consolidated strata in the Cana.dian Appalach ian region 
younger than Triass ic, any "uc h that ma>· han been deposited must han been 
removed by subsequ ent ernsion. Dming rn o"t at least of post-Triassic t ime the 
coun try \\'a" a bove t he sea a nd ,: u fferi ng rlcnuda ti on. A ,·ail able information 
on thi s period is limited, therefore. to phr~iographic data and to that supp lied 
by the unronsol icla tecl deposits of the region. 

R eference has alrcad>· been made to the flat - topped character of the upland 
sur faces . From almost any high poin t in the ent ire region a rcma rka bl>· c\"Cn 
skyline m eets the eye in every direction . The fla t Shick shock summits a nd those 
of the Caledonia ::\founta ins of southern X e\\. BrunS\\·ick and of the northern 
upland of Cape Breton I sland a rc particular]>· striking exa mpl e::; of th is feature. 
Th ese surface::: t rnn cate belts of rnck s of Yary in g degrees of hardn ess, a nd 
clearly arc parb of a n uplifted peneplain , \\·hich m ay ba\·c been fo rm ed as ea rly 
as Cretaceous t ime. It \\·as later upli fted. and follo\ring th is a second erosion 
surface \\·as produced in Tert ia ry t ime on the areas und erla in by softer rock s. 
Th e ]o\dand belts of N oYa Scotia and X e\\' BnmS\\·ick and the lO\\'Cl' upla nd 
sur face of Ca~pc. kn mrn as the Gaspe pcneplai n to disti nguish it from the hi gher 
upl and or Sh ickslrnck pcncpla in , arc parts of this yo unger erosion surface . This 
later cycle \\"aS in t urn terminated by upli ft , and t he region \\'as carri ed to 
elernt ion much greate r than those at 1\"hich it stands today. It was during 
t hi s period of uplift, prnbahl>· in late Pliocene tim e, that t he St. La \HCncc River 
channel \\"U8 cxcaYatcd to its present depth. 

The high elevation of the region in late Pliocene a nd early Pl eistocene ti me 
ca used snow a nd ice to a ccumulate in t he higher areas, \\·i t h the r e:; ul t that 
glac iers moved out from the middle of Gaspc. fro m the Central Highlands of 
~C\\' Brunswick , and from elsC\Yh crc. La ter the ma in ice-sheet from it5 centre 
in the heart of La brador P cninrnla extended onr the enti re region, co \·cring enn 
:\fount \Vashington in N e\\· H ampshire. D eposits left by t he ice includ e erratics. 
grnund moraines, kames, esk crs, and drumlins. Th e \\·eight of the ice caused the 
\\'hole r egion to sink. 'iYhcn t he ice fin ally melted the region rose, but t his 
upli ft has not been suffi cien t to offset the pre,·i ous dep ress ion. The result is 
that t he coastal r egion still has the features of a drmrned topography, \\·ith the 
bo ttom of St . L a \\Tcn cc River in plaC'es st ill 1.500 feet below sea-l evel. 

EC'OXO::\IIC GEOLOGY 

The Appalachian region ha::: a great Yarict~· of minerals. The Pcnnsylrnnian 
rock:-: conta in coal , and J\Ii sis, ippian strata h aYc gypsum , salt, baritc, petro
leum. natural gas, oil-shale, and a lberti te. Th e ultrabasic rocks of the Eastern 
T o\rnsh ips of Quebec and of Gaspe P en insula carry asbestos and chromite . 
D evoni a n granitic in trusions produced wid espread rnincra liza t i on, giYing rise 
to numerous occurrences of gold. and of iron, copper. zinc. lead , an timony. 
tungsten , and molybdenum mineral$. Bedded irnn deposits 1\·ere formed at 
several horizon in P ahozoic strata. ::\Iangancsc ha :< been obta ined from ores 
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of several types . ::\Ionumcnta l, building, and abrasive stone, rock fertilizer, 
diatomite, peat, cla~·s, sands, and graYcls are other materials that are, or 
haH been, produced. 

COAL 

Coal is the most important mineral product of the Appalachian region. 
In 1940 production reached a peak \\·ith 7,848,921 tons mined in Km·a Scotia 
and 547,064 in New Bruns11·ick. nearly half the total amount mined in Canada. 
The coal comes from P cnnsy h·anian strata and is all of bituminous rank; 
much of it is suitable for the production of coke and gas and is also a good 
steam coal. In normal times the production supplies not only the raihrnys 
of the area, the local steel in dustry, and the domestic market, but a lso part 
of the fuel requirements of the prm·ince of Quebec and to some extent those 
of Ontari o. The main fields (Figure 36) are those of Sydney and Innrness 
in Cape Breton I sland, Pi ctou and Cumberland on the NoYa Scotian penin
sula, and ::\Iinto in Kc\\· Bruns1Yick. 

In the Sydney field. coal 1rn::; exploited more than 200 years ago by the 
French during the construction of the fortres~ at Louisburg, and has been 
mined continuo usly no\\· for more than a century. At present t his field supplies 
a bout 75 per cent of the NoYa Scotian production. Th e productin area is a 
narro1Y fringe of lml"lancl coast 30 miles long in an cast-southeasterly direction, 
and covers a Janel area of about 57 square miles a " ·ell as a large area in 
''"hich mining is carri ed out beneath the sea. The richest part of the field 
is directly beneath Sydney H arbour . 

The producing beds form part of the :i\Iorien group of Pictou age. The 
:-cries has a maximum th ickness of about 6,450 feet, and rests \Yith erosional 
contact upon strata of the Canso and \Yindsor groups. It consists of grey 
and reel sancbtone, grey and red shale, grey, arkosic gri t, with some pebbly 
conglomerate, and, near the base of the series. some beds of limestone
conglomcratc. Th ere arc a lso thin beds of freshwater limestone, commonly 
carrying Spirorbis, and numerous coal seams. The beds are thro1Yn into broad 
open folds that trend northeasterly to easterly and pitch semrnrds at Jmy 
angles. The prevai ling dips throughout t he fie ld vary from 4 to 15 degrees. 
There arc OYcr forty seams, and c\"en the thin ones persist for long distances. 
Those that arc \\·orked range for the most part. from 4 to 7-!z; feet in thickness, 
but thicknesses up to 11 feet ha\"e been encountered . The workings extend 
for more than 3 miles under the sea, and i t is belieYcd that the coal-bearing 
measures extend sea"·arcl for another 30 miles . 

The coal areas of Inverness county lie on the ''"est coast of Cape Breton 
Island, forming smal l detached basins in ·ll"hich the beds dip semrnrds. In 
the l\Iabou ::\1incs and I1wcrness areas the beds are of Pictou age. Inverness 
has been largely depicted of its best coal, but at r-Iabou Mines t here is at 
least one 'rnrkable coal scam of fai r quality. At P ort Hood, Chimney Corner, 
and St. R ose the coal-bearing measures are of RiHrsdale age. At P ort H ood 
one 'rnrkablc coal seam lies under the water. At Chimn ey Corner t'rn possible 
\\·orkable seams dip steeply beneath the sea. St. R ose is a small land area 
containin g these same two seams, the area inten·ening between the two fie lds 
being a faulted barren block . I n addition to the above areas in Im·erness 
county there are other Cape Breton deposits in Richmond county. These 
occur inland. and are of RiYersclale age. The workings have been on a small 
scale. and production has been hampered by faults and by the poor quality 
of the coal. 

The Pictou field , coverin g an area roughly 10 miles long and 3 miles 
\Yide surrounding ~e1Y Glasgmy and Stellarton , has been exploited for coal 
for about 150 years, and up to date has produced more t han 40,000,000 tons. 
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The economically productin measure:; of the field are known as the Stellarton 
group and arc of Pictou age. They form a triangular shaped area bordered 
on t he north, south , and cast by faults , and on the west they re t disconform
ab l)- on Cumberland st rata and onrlap unconformably upon Canso beds. The 

tclla rton measures arc folded into a number of open anticlines and synclines, 
·with undulating axes trending northeasterly to easterly , and are cut by se,-eral 
major and numerous minor faults . Th ere arc many coal seams, but as a rule 
these Ya ry greatly in \nlrkablc th ickness and quality within short distances, 
a feature that makes it difficult to estimate reserves. One scam, the Foore!, 
shmwd a maximum t hickness of 45 feet. 

In Cumberland county there are t\\·o coal fields, and in both the production 
is from mcasmcs belonging to the Cumberland group. One of the fields is at 
Springhi ll , and t he other is that of the J oggins-RiYer Hebert area near the 
head of the Bay of Fundy. Th e Springhi ll field is less than 4 miles wide 
and includes fin ~cams. each 5 to 10 feet thick, in about 800 feet of strata. 
Both to the north and to the south of the area the scams thin rapidly along 
the strike and become un11·orkablc. \\"ithin the area they clip \\-c~t\\·ard at 
angles of 20 degrees or more. with no noticeable change at depth . The coals 
of the .Joggins-Rivcr H ebert area arc slightly 10\YCr stratigraphi cally than 
those of Springhill, a nd comprise four scams that locally reach a thickness 
of 3 feet. The)· pinch in to bancn rock within 25 miles of the shore of C hignccto 
Bay. and mo~t of them \\·ere found to th in as they \\·ere follO\YCd do"·n the dip. 

The ::\iinto coal of Nell' Bruns1rick is in measures of Pictou age that, 
i.o a large extent. \Y Crc deposited as a thin sheet of sediments and not in local, 
coal-formin g basins. Th ere is onl)- a sin gle scam at ::.lin to, but it may cover 
a much larger area than any of the ~cl\"a Scotian scams. The scam is rarely 
more than 2 feet thick. Over a large area it li es close to the surface, and in 
p laces is mined by stripping a\rny the onrlying material "·hen this is not more 
t han 15 or 20 feet thick. Elsc\\·hcrc lhc scam is \YOrkcd by shafts to a depth 
of 125 feet. 

ASBESTOS 

Canada has the largc"t production of asbestos of any country in the \\'orld, 
and almost the entire amount comes from the Eastern Townships of Quebec. 
::\Iining ha::: been continuous si nc e 1878, and rescn-cs are still Yery great. In 
1880 the value of the outpur 'ms less than $25,000 ; in 1920 it amounted to 
$14,792,201; and in 1943, 467,196 tons were produced \Yith a value of $23,169,505. 
The asbestos is of the fibrous serpentine or chrysotilc variety , and comes from 
"Crpentinizccl peridotitc. ::.Iining is carried on both in open pits and under
ground. l\Iost of the properties arr in the Yicinity of Thetford ::.lines and 
Black Lake (See Fi gure 37), bu t other centres arc East Broughton, about 25 
miles to the northeast, and Asbestos, some 45 miles to the southwest. 

Th e pcridotitc with associated pyroxenite occ urs as sheets and stock-like 
masses in a na rrow intcrrnpted zone, commonly referred to as the Serpentine 
belt, '"hich extends from the Vermont border just " ·est of Lake ::.femphremagog 
for 150 miles to the northeast (See Figure 37). Still farther northeast small 
areas of simi lar rocks occur near Lake ::.Iatapecl ia and at )fount Albert. Ser
pentine Mountain, and near Port Daniel , in Gaspe P eninsula , but these areas 
haYc produced no commercial fibre. In the Thetford area the pcriclotite rocks 
lie mainly within the Cambrian Calcl\rell group, but also intrude Ordovician 
Beauccville strata. It is probable that the age of the intrusions is late Ordovi
cian. and that they "·ere introduced at the time of the Taconic orogcny. mall 
masses of granite and dykes of feldspar are associated \\·ith them; these may 
be differentiates of the basic magma or offshoots of underlying ma _ses of later 
granite. 
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The asbestos is of brn types, cross fibre and slip fibre. The former occurs 
in Yeins \\·ith clean-cut " ·all s, the fibres arranged para llel to one another and 
at a high angle or normal to the walls. :\lost of the output is of tbi Yaricty. 

lip fibre occurs in highly sheared serpentine \Yith the fibres more or J es~ 
matted and lying lengtlrn·isc along the planes of slippage. 

46" 

Areas of basic intrusions 
of the serpentine belt 

16 32 

G.S.C. 

Fif(ure 3i. P art of southe rn Quebec. showin g the distribution of rocks of the >erpcnti nc belt. 

The Ycins of cross fibre yary in \Yidth from a hairline to 3 inches, or Yery 
rarely to 4 or 5 inches (Plates XXV and XXYI). That oYcr i inch is kno\\·n 
as "crude", bccau~c it is hand selected and cobbed, whcrea shorter material 
is milled, the rock bein (!: crushed, beaten , and screened and the asbestos li fted 
from the screens by overh ead suction. The milled Yaricty amounts to more than 
99 per cent of the total production. 

The cros fibre veins are of two types. In one a , ingle set of fibres runs 
from \Yall to \Yall unbroken except by occasional inclusions. In the other , or 
two-fibre Yaricty, the fibre extends from either " ·all , meeting at a central fi ssure 
that may contain serpentine similar to the wall-rock, and magnetite. Both 
types occur throughout the deposits. The ,rnlJs of the veins consist of ser
pentine tha t passes rapidly at the edges farthest from the Yein into the ordinary 
partl~r serpentinizecl peridotitc. This border zone is lighter in colour than the 
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surrounding rock, locally contains brucitc, and the edge are sufficiently sharp 
to enable the rock to split readily along them. The width of the altered 

l'L .\TE XX \ " 

Rerpcntinized peridotiLc at Black Lake. Quebec. showing win• of •crpentin c who•e middl e parts 
con;; ist of asbestos . Photo hr F. J. Alcock , Geological Sun·c.1· (51464). 

PL.\'l'I' XXYI 

Asbes tos pit an d piles of tailings. B lack J~ake. Q11 chc r . "Photo b.1· C. H . Rtockwell. 
Geological S11n·e1· (88417 ). 

zone. includ ing the a"bc::-tos ·nin in the middle . i ~ rommonly from 6 to 8 times 
the "·iclth of the , -e in itself !Figure 38J. 
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The veins may also be diYiclcd into simple Ycim= and ribbon nin~ . The 
latter arc found mostly at the Yirny Ridge mine south\Ycst of Black Lake. They 
are so named because a band or '"ribbon" of rock has been sl iced along closely 
spaced, parallel or nearly parallel lines, and the fractures filled with cross fibre 
asbestos . The separate vcinl ets common!? aYeragc -~ to t inch in width, 
occasionally reaching an inch. The "·alls of the ribbon veins are broad bands 
of complctcl:· scrpentinizcd rock. so that the ,,·hole ribbon corresponds to an 
individual Hin of the ordinary type. 

Peridolite 

0 

LEGEND 

1-- - ::-::--=---- 1 - - ----
Serpentine 

SCALE OF FEET 
I 

Asbestos 

2 
GS.C. 

Figure 38. Asbestos and serpentine in peridotite. wall of pit near Standard mine. Black T,ake, 
Quebec. 

As already mentioned, it is belicYed that the injection of the pcridotitc and 
pyroxen ite rock took place at the close of the OrdoYician period during the 
Taconic orogeny. It is probable that the rocks were serpentinized originally at 
a late stage in their consolidation, as a result of reaction bet11·een the mineral 
constituents and associated magmatic \rater. 

Though associated with the peridotite lhe asbestos is quite clearly of later 
ongrn. Veins cut across P?roxcnite dykes and across masses of chromite in the 
peridotitc. At one place a granite dyke "-a~ fou nd to con ta in inclusions of 
peridotitc, and in one of these inclusions was a n in of asbestos 3 feet long and 
"·ith a maximum width of -1 inch running out from the pcridotite in to the 
surrounding granite. EYidcntly this asbcsto:: "·as formed after the intru:;ion of 
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the granite. The \·cins arc related to fault fisrnring , and apparently \\'Crc formed 
h>· n1poms traYCl!ing along the fosurcs, conYcrting the \\·alls into serpentine. 
The pre:::encc of magnetite uggcsts that th is alteration took place at high 
tempera turcs . From the fault fissmes the Ya pours penetrated the pores of the 
rock, and where\'Cr the~· encountered incipient fractures they reacted \Yith the 
peridotitc. com·crti ng the \\·alls in to serpenlinc and carrying omc of the excess 
materi al into !he fissures to be clcpositccl a~ nsbestos . It is probable that th i 
seco nd period of se rpentin ization nnd the prod uction of the asbestos arc related 
to the D crnnian orogen>· and accompanying intrusions. 

CHRO:\fITE 

Chrnmi te is associated \rith the basic intrusi\'C rocks of the Serpentine belt 
(See F igure 373) already referred to in connection \rith asbestos. The first 
cliscoYcry of the mineral i, attri bu ted to Sir l \'illiam L ogan, \1·ho is said to have 
fo und some loose blocks near Lak e M emphremagog in 1842. From 1894 to 1909 
there \\·as a stead>• but small outpu t, but since then mining has been really active 
onh· in \Yartime, the kno\rn deposit being too small or too low grade to compete 
\Yith foreign sources und er normal conditions. In 1918 shipments amoun ted to 
15,600 tons of crude ore and 6,400 tons of concentrates. In 1944 total mill 
capacity of t he producing properties \\·as about 750 tons a clay, as compared 
" ·ith 200 to 300 tons in 1918. Th e production has come from the Thetford-Black 
Lake area, from St. CY I', situa ted 30 miles north of Sherbrooke, and from 
\Yebste r Lake about 12 mil es west of that citY. The }\fount Albert area of 
central Gaspe is also known to carry small amo~rnts of t he mineral. 

Th e serpentinized rncks consist of th ree main \'arietics: (1) clunite, or 
periclotitc composed wholly or nlmost whol ly of oliYine; (2) pcridotite made 
up of ol ivine nnd pyroxene, the latte r mineral making up from 5 to 50 per cent 
of the rock; and (3) pyroxenite composed almost entirely of pyroxene crystals. 
Accessory gra ins of chromite occur in all three, but appear to be most abundant 
in the dunite. 

Th e chromite concentrat ions, \\'ith fe1Y exceptions, are confined to the dunite. 
They fo rm deposits of three types-tabul ar, lenti cular, and fracture -filling. The 
tabul ar bod ies (Pl ate XXVII) arc rclati1'ely long in comparison \\·ith their '"idth 
and may exten d to considerable depth. Th e ore consists of gra ins of chromi te in 
a grou ndm ass of serpentine, and Yaries fro m lean disseminations to nearly 
massive chromite. It common]>· sho\\·s a banded st ructure, narrow chrom ite
bearing zones alternating \\'ith layers of barren or nearly barren rock. The 
ta bul ar de posit vary in size up to 2,000 feet in length and 60 feet in 11·idth , but 
the work able ore may be confin ed to lenses \\' ithin them. Th e e deposits have 
produced most of the ore mined . Th e lenticul ar deposits consist of lenses and 
pockets or irregularly shaped bodies, and may be i olated or occur in a rather 
"·cll-clcfincd zone. Each body may consist of disseminated ore, or of nearly 
massi\'C chromite, or of a mixture of the b·o. In the fracture-filling t>'Pe 
(Plate X..,'\_VIII ), short irregular cracks in the rock or spaces bet\\·ecn fragments 
of brcccia arc filled "·ith nearly massi\'C or heaYily clissrminatcd chromite. 

The chromite "·as un do ub ted!>· deriYCd from the magma that produced the 
basic intrusi\'C rocks. It is probable that partial crystallization took place in a 
deeper magma chamber, and that differenti ation progressed, with chromite and 
oliYinc concentrating at the bottom, oliYine and pyroxene in the miclcllc, and 
pyroxene on top . This still mobile mi:xi m c of crystals and magma was then 
intruded in to the places 110\\' occupied. and the various t>·pcs were intermixed 
as a result of the intrusi\·c processes. Final crystallization " ·as probably accom 
panied b>· further local differentiation. 
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! ' LATE X.:\. \ . ll 

Spcc·imcn frn rn a labular ehrornit<' cknosit in dunite . Blaek Lake area. Quebec·. 
H11rea11 of Geolog.1· and Topo~raph)· : scale. ~ 11al11 ral Rize (!)~ 168 ). 

Pholo by 

Specimen of ,]unite "·ith chromite (blark) filling fracture>. Black Lakl' area. Quebcr. P holo by 
B u rea u of Geology and Topoirra ph )': ~cal c . ~ natural size (92lGi ). 
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SOAPSTOXE 

'oapstone, or massIYe fine-grained talc, i:: associated \rith the serpentine 
rocks of the Eastern To1rnships of Quebec. ::-lost of the production has been 
from the Thetford region . In 1943 some 12,099 tons of ground talc, Yaluecl at 
$127,343, 1,293 tons of sa 1rn soapstone "·orth $35,439, and 99 tons of talc 
crayons, " ·ith a Yaluc of $19,357, \\·ere produced. 

Th e soapstone is an alteration product of serpentinizecl pcridotite dykes that 
ha 1·c been intruded in to siliceous qua rtz itcs or schists. The oapstone bodies 
commonly lie at the margin s of the dykes . nnd the schists there are altered for 
a fe 11· feet from the contact into a mass of dark green chloritc. The soapstone 
ha ;:: a higher i lica conten t than the se rpentine. and probabl:> \\·as produced by 
hot solutions that effected a transfer of silica from the siliceous " ·all-rocks. There 
is cYidcncc that the formation of the soapstone took place later than that of 
the asibcsto~ . In place::: n in s of a~bc.,tos altered to talc arc found in the oapst<me 
bodies. and similar win:::, retaining their cro:::s -fibrc structure though consisting 
11011· of talc, ha1·c been traced from the serpentine into the soapstone body. It is 
proba bl e, ho11·enr, t hat the tlrn proccssc~ followed each other close!:> , and that 
t he production of both the a::: hc::: tPs and the talc resulted from injections of 
solut ions from the :::amc source. 

GYPSUl\I 

G~·p .. um occ- urs in :N"oYa t)cotia. in ~c11· Bruns11·ick, and on 1\fagcl·alcn Islands 
in the pro1·incc of Quebec. Th e deposits arc all in beds belonging to the \\"incisor 
grou p of ::-Iiss iss ippian age . In ~oYa Scotia the Win dsor ~ trata arc clenlopecl 
extensiYCh· in the Carboniferous a reas of Cape Breton I sland, on the mainland 
east of i'.r"inas Basin , in areas a long ::\orthumbcrland Strait, and on Cumberland 
Basin at the head of Chignecto Bay. In ~ c11· Bruns1rick th e series is exposed 
in a belt around M oncton. and extend ing soutlmcst to Sussex and Korton. The 
mai n gypsum deposits of Norn, Scotia a rc in the \Yinclsor di tr ict of H ants 
county, and haYc been producti1·c for more than 100 years. Other large deposits 
occ ur in nortll\\·es tcrn Cape Breton. In ::\e11· Bruns11·ick, production is confined 
to the Hillsborough area of Alber t coun ty. In 1941 N orn Scotia produced 
1.395,172 ton" Ya! ucd at $1..517,297 , and N c11· B runs11·ick in the sa me ~·ear 
produced 56,172 ton" . Th e g~·psum and a:::soc iatcd anh:·clritc beds rest on marine 
\Yin dso r limestone. 

In the \Yin dsor area the 11·holc !'Cries has an estimated thickness of not 
I P:<~ than J .550 feet. Therr :1 rc he re fom or fiye zones of ca lcium suliphate 
deposits, including both g~·psum and anhydrite, each of \\·h ich is probably 
more than 40 fee t thick. These arc separated b~· rnr»ing am ounts of red 
shale, fossiliferous limestone , and thin. magnesian. sa nely shales . The deposits 
11·crc obYiously derived directly b~- prec ipit ation from sea-water. D eposition 
probably took place in a series of partl~- or \\·holl» land-locked basins instead 
of in t he once continuous ·windsor sea. The thickness of the depos it suggests 
tha.t the suppJ:,· of sea-\rn ter mmt haYe been replenished repeatedly while the 
mate rial was being fo rmed. 

SALT 

alt is a>'~ociated 11·ith strata. of the Wi ndsor group in Yarious places in 
J:\oyn, Scotia and ::\e11· Bruns11·ick. L:1rgc quantities arc mined at ::-Ialagash on 
Korthurnberlancl Strait; a drill hole bored at ::\appan. near Amherst , in search 
of oil and gas intersected 500 feet of sa lt. beginning at a depth of 2,990 feet; 
other holes drilled near ::-Iabou . I1wcrncss coun ty, and in the region south\\·est 
of ::\Ioncton in ::\c11· Bruns11·ick also cu t salt beds. In addition , natural brine 
spr ings occur at many places underlain by Windsor beds. 
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At :\Ialagash, product ion in 1942 amounted to 50, l 99 tons Yalued at $317, 798 . 
Th e Win disor beds the re a rc fo lded and faul ted, and the salt zone apparently 
immediately succeeds the gypwrn . Th e salt 11·as encountered at a depth of less 
than 100 feet beneath the ~urface. and \1·orkings have extended to a wrtical 
depth of more than 1.000 feet. There arc t1rn main l a~·ers of \Yh itc salt and 
other zones of reddish coloured salt. P art of the production is from the cYapora
tion of brine produced hy leaching the \rnstc material in the mine. 

PEAT 

P eat is kn01rn at many places in the :\ ppalachian region. and a small 
production comes from bogs in Quebec and at ~h ippigan in :::\011· 13run ~11·ick. 

PETROLEUM, l\A'l'URAL GAS, Al\D OIL- SIL\LE 

I n :::\ 011· Brnns1Yick, the Stony Creek fi eld (Figure 39) , ~ i tuatcd bcl\1·een 
:\Ioncton and Hillsborough, ::: upplics the,_e place and orher loca liti es in Albert 
and \Vestmorland counties \\·ith natura l gas. The an nu a l production is around 
650,000,000 cubic feet, Yalu cd at more than $300.000. Th e same fie ld also 
prod uces each y ear abou t 25.000 barrel:; of petroleum. 

NORTH 

\ 
' ' 

G.S.C 

SOUTH 

..,_ ______ Gas Fie Id ------~>*--- 0 i I 

43 53 34 103 104 
Sea -

·: : · Leue/ 

·.":·.· .. 

Zone 8 Undivided 

- - - - - - - - - ~a_s : ~I_ ~lber/ Sha les - - - - -

Lower Red Beds "'e 
tm mramcoo~ 
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0 1000 2000 

Figure 39. Section across Stony reek fi eld . X cw Brunswick . (After J .. A. L. H enderson.) 

Both the oil and gas come from t he Albert formation of :\lississippi an 
age. This fo rmat ion consists largely of shales, but also conta ins sandstone 
zones t hat form the rcsc1Toirs for the oil and gas. It outcrops from the Yallcy 
of the :\Iemrarn cook on t he northeast to the Sussex region on the outlrn·est. 
In the latter area conglomcratic zones become interbedded " ·ith the shales, and 
still farther south\Yest :::andstoncs and conglomerates become dominant and 
eYident ly re pre~ent shore ph ases of the fo rmat ion. Else,rhcre the Albert shales 
arc concea led by younger :\Iississippian and P cnnsylYan ian beds. 

The .\lbert formation locally contains oil- :ohales, the th ree locali ties that 
haYe attracted chief attention being R oscYalc and Albert :\lines in Albert 
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county and Ta:dor \ -illage in \restmorland county. Extensin diamond
clrilling operation- \\'ere cal'l'icd out in 1942 on all three of these occurrences, 
and more than three thousand analyses were made for the oil content. This 
\\·o rk has indicated that the material is not rich enough for the oil to be 
rcco \·cred economically. 

The Albert bed:> also contain, locally, a solid hydrocarbon kno\1·n as 
alberti tc. Th e largest deposit was at Albert Mines. It was disconred in 1851, 
and mining \\'aS carried out for some 15 years. Originally, the material was 
thought to be coal, but subsequently it \\'as found to occur as a Yci n injected 
into a fracture crossing the bedding of the shales. The nin had an irregular 
strike. a steep dip , and Yaried in 1YidLl1 from nil to 28 feet, averaging about 
8 feet. It was follm\·ed by und erground \\·orkings to a depth of 1,400 feet and 
for a length of 3,000 feet. From it over 200,000 tons of albertite \\·ere shipped 
t o the United States, \\'here it 11·as used for the enrichment of coal gas, the 
y ield being 14,500 cubic feet a ton. 

Gaspe peninsula has attracted attention a number of times as a possible 
oil fie ld , and holes drilled in the York River region yielded small amounts of 
petroleum. The oil-bearing zones are in the Gaspe sandstones, in the underlying 
Ga pe limestones, and at the contact bet\Yeen these two series. Ko large con
centrations of oi l have yet been found. 

GOLD 

Gold has been mined in a large number of districts in Nova cotia where 
the deposits are quartz Yeins, and in the Eastern T ownships of Quebec \Yhere 
it was recovered from placers. In addition, the copper-bearing deposit of the 
latter region ha\'C produced some gold. 

Gold mining began in NoYa Scotia in 1862 ; the annual production from 
that date to the present has Yaried greatly , reaching a high in 1939 \\·i th a value 
of more than $1,000,000. Most of the production has come from the peninsular 
part of the proYince \\·here the deposits are in the slate and quartzite of the 
M cgurna or C:old -·bearing series. Altogether in the numerous gold districts 
t here are scores of propertie that have produced golrd. 

The deposits are veins that occur for the most part along the bedding of 
the sediments and are mo t abundant on th e anticline or domes (Figure 40). 
They have their greatest width as a rule along the axes of the anticlines, nar
ro1Ying and in places th inning to nothing on the flanks, thereby fanning bodies 
known as saddle reefs. Some crosscuttin g veins a lso occur, and in a few districts 
form the principal deposits. The mineral associated with the gold-bearing 
quartz are principally pyrite , arscnopyritc , calcite, and galena. Most of the 
go ld occurs free and visible, but some is contained in the sulphides. The veins 
arc not all gold-bearing, and in those that arc the gold is commonly concen
trated in shoots. The deposits are believed to owe their origin to solut ions 
ern~nating from the masses of Devonian grani te that intrude the Gold-bearing 
sen es . 

Gold has also been found in several localities in Cape Breton I sland. 
The rocks consist of altered sediments and intrusions of Precambrian age , 
but they can in no \\·ay be correlated with the Gold-bearing series of the main
land. The gold occurs in quartz nins and also in placer gravels. A small 
production of gold from both types of deposit \\'as made on Middle RiYer in 
Victoria county. 

Production of placer gold from the Eastern Townships of Quebec has been 
estimated to be $3,000,000. The first recorded discovery was in 1823, near 
the mouth of Gilbert River, a tributary of the Chaudierc. Mining operations 
began there in 1847, and as the shallow deposits became exhausted, work was 
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carried up the Chauclicrc, the (;iJbert , and other tribu taries , and ri cher deposits 
\\'C rc Jucatcd in buried chann el::: and b cneh e~ of pre-glacial ::; trcams. Th e period 
of a rti n minin g \\'as from 1875 to 1885 . 

. .\pparcntl:' t he placers \\·e re dcri n d frnm quartz Yeins in th e dis tri ct. 
EYidcnce fo r thi s is th e fact th a t man:· of t he nuggets obtain ed \\·ere rough 
a nd a ngula r. " ·ith occasiona l bits of the Yein qua rtz from \\·hich they had 
been derin d st ill a ttached , suggc:::ting t ha t th ey bad not t ran llccl fa r. H O\\·cver , 
t hough th e region conta ins man:· quartz Ycins, none large enough or ri ch enough 
to mine has yet been found. 

COPPER 

Xum crous occ urrence:; of copper m in erals arc kno\Yn in ::\'cw Brnnswick 
and X oYa Scotia, bu t p rod uct ion has been n ry small. The deposits include a 
Yari cty of ty pe ~. At Cape d 'Or, Cumberl and coun ty, N oYa Sco tia., na ti ve copper 
occ urs in veins an d along join ts in Tri a;:;~ ic di abase, and small quanti ties have 
been fo un d a lso in some of t he traps of Grand ::\Ianan I sland. In southern 
~e\\' Brnns,Yick co pper minera ls, chi efl y chalcopyri te, and, local !:·, bornitc, arc 
present in Ycins in igneous and schistosc rocb. Occuncnccs arc kno"·n fro m 
the islands of P as::;am aquod cly B ay cashrnrcl to Alber t coun ty. At t. Stephen 
a sulphid e replacement deposi t of consid crnbl e size carri es. low Yaluc in copper 
and nickel. cconda ry copper min era ls occur in Carboni fero us sand stones a t a 
number of places in both provinces. In X orn Scotia th ey arc fo und in distri ct s 
bordering ::\1'orthumbcrl and trai t; in f\ c\r Brunrn·ick th e principal showings arc 
at D orcheste r in '\Ycstmorl a ncl coun ty , at ~C\\' Hor ton in Alber t county, and at 
Goshen near Elgin at th e wcs tcm border of Albert county. At these places a 
little chalcocite and mal achite is associ ated \\'ith plan t remain s in th e sandstone 
beds. Con ::: id crabl c development \\'Ork ,,·as cl one a t D orchester , and a small 
amoun t of copper produced . 

Th e E astern T ownship of Quebec haYc produced consid erable quanti t ies of 
copper ore. Its presence t here 1\·as known as ea rly as 1841 , and from 1859 to 
1866 th e region was p rospected actively by hundreds of sha fts . At first t he 
deposits were 1\·o rkecl fo r their copper content al one, but, commencing abou t 
1877, sulphur also was p rodu ced from th e associated iron pyri tes . 

The deposits li e 1Yithin a belt 30 to 40 mi les wide and 130 mil es long 
extending northeaster!:· from the Vermont border to Chauclierc River. Th e belt 
includes t he Sutton 'Moun tain and Stoke ::\foun ta in anti clines, 20 to 25 mil es 
apar t, both composed largely of schistose sed imentary and igneous rocks of early 
Palmozoic age. Bebncn t hem th e rountry is und erlain mainly by P almozoic 
sed im entary fo rm a tions. M ost of t he larger copper deposits li e within or 
clo e to one or other of t he t \YO schistosc an ti clina l zones . The fo llowing is a 
bri ef accoun t of some of t he more impor tant proper t ies, beginning at the \\·est. 

The Acton mine is on the west of the utton ~foun ta in belt near Acton Vale. 
It produced about 12,000 tons of ore averaging 12 per cent copper . Th e deposits 
occurred in t hree main a reas wi thin a length of 720 feet, and lay in a band of 
chcr ty lim estone, 3 t o 70 fee t thick , rcstir.g on dark slates. The beds are of 
Orclm·i cian age , a nd arc faul ted and deformed. M ost of th e ore, 1Yhich consisted 
of chalcopyri tc and bomi te, occurred as a cement around breccia ted lim estone 
fragments, or as veins or impregnations in t he limestone. 

Th e schistosc rocks of th e Sutton ~foun ta in belt contain many occurrences 
of copper min eral s, but t he deposits arc r:1ostly small. Th e rich es t was th e 
H ar vey Hill mine, di scovered in 1850. H erc three bands of slaty schists carry 
dis emin ated gra in s and small stringers of chalcopyrite , in places " ·ith some 
bornitc and py ri te . T he deposit " ·as 1vorked at in tervals from 1858 to 1899 ; the 
production amoun ted to several thousand tons of ore wh ose copper conten t 
ranged from 14 t o 30 per cent. 
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Between the Sutton M oun tain schistose belt and that of Stoke :\fountain 
are copper deposits associated 1\·ith the basic in trusi,·e rocks of the serpentine 
belt. The intrusions arc of diabase, pyroxenite, and serpcntinized peridotite, and 
form an almost continuous but disconnected series of sill-like masses on the 
east side of Mississquoi Valley. The copper deposits range onr a length of 
10 miles, and occur within or near the 1Ycstern contacts of the in trusions " ·here 
the rocks are schistose . T he schi tosc zones hiwc been impregnated "·ith chal co
pyri te and pyrite and in places carry veins and stringers of quartz containing 
these min erals. P yrrhotite also occurs at t he Hu ntingdon and St. I ves mines. 
The former of these was worked at interYals behYcen 1865 and 1883. The 
mineral ized sch i tose zone there had a maximum 1Yidth of 18 feet and a length 
of 150 feet. 

The eastern or Stoke :\fountain schistose belt contain many copper 
showing ; a fe,y haYe supplied la rge quantities of ore and others smaller 
amounts. The deposits occur in se ri cite schist or at the contact of scricitc and 
chlorite schists, the former apparently representing highly altered rhyolites, and 
the latter metamorphosed andesites. 

The most importan t mine of the belt, and indeed of the entire coppcr
bearing region, is the Eustis, whi ch , from the tim e it was first operated soon 
after i ts discovery in 1865, unt il it closed in June 1939, produced about 
2,500,000 tons of ore . The orebody, which extends oYer a length of 400 feet and 
has a maximum "·iclth of 90 feet, consists of four lenses arranged en echelon 

l 
"1 ., 
~I 

(Figure 41 ). They dip southeast, 
conforming wi th t he schistosity of 
the country rock. A remarkable 
feature of t he deposit is its depth: 
the inclined shaft in the foot-1rnll of 
the deposit has a length of more 
than 7,000 feet (Figure 42). T he 
chief sulphide is pyrite, bu t there is 
appreciable chalcopyri tc in one of 
the lenses : pyrrhotite is a lso present 
and increases with dep th. 

The ·w ccdon mine, di scovered in 
1909, lies about 38 miles northeast 

Fi gure 41. Di agran1 n1iatic plan, shO"wing en echelon 
arrangement of su lphide lenses, Eustis mine. of the Eustis, and i of t he same 

G.S.C 

(After Y. Douglas .) general type. It is a len ticular mass 
of pyri te 570 feet long, has a 

maximum thickness of 40 to 45 feet. and clips at angles of 25 to 60 degrees to 
the sou th~ast. The ore averages 3 · 62 per cent copper, 40 · 74 per cent sulphur, 
and carri es small amounts of zin c. lead. silver , and go ld. The M oulton 
Hill mine is on another clepo it of the same general type. The deposits are of 
replacement origin, and were probably formed during the Devonian peri od of 
folding and intrusion. 

In 1942 a new clisconry was made by the use of detailed geological and 
geophysical methods near t he old M oulton Hill mine. T he deposit is a long a 
fault or shear zone and consists of pyrite, sphalerite, galena, chalcopyrite and a 
little tetrahedrite, with a ganguc of barite, quartz, and calci te. Th e ore' carri es 
appreciable values in gold and silver. 

IRON 

The Appalach ian region of Canada contains a Yery large number of iron 
occurren ces, of a variety of types. Some of t he deposits haYe been work ed in 
t he past, and a few stil l haYe considerable reserves. Many of the showings, 
however, are so small that they are of geological in terest only. 
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l n ,uulbea,-tcrn Que bet. llal'l'O\\' Z<>J1l,< or 111agnctite and Jie 111 atitc OCCUI' 

in scd irn cntarY formation . or Cambrian or Precambrian age. 1n :\'e11· Brnns1rick,. 
the re a rc inqJ:)l·tant magnetite dcpu~its near :\'ipi~iquit Hi Hr ~uutli ol' Bathurst. 
:\'car \\' oocl,-tock. in :-;t. .John Ynlley. hl\\'-gradc. 1n nnganifcrnus hcn1atitc i ' 
intcrbecldcd 11·itl1 :-;iluri an ~cdi 111 cnt,- . .-\ h!a,-t l'urna('c \\'a" erected there as early 
as 1848. and another in 1863. l n :\'unt :-;('()tia. ,;cdimcntnry depo~it", in place · 
cun,- i ~ting uf magnetite. in uther" uf !J (' ll1ntite. arc a""(i('iatccl 11·it11 Cambrian 
' trata in northeast Cape 13rcton J,-l and, 11·ith :-;i!urian lied~ in Pi ctou and 
Antigonii'h countic". and in D enrnian 111en"mc::: in the :\'i('tau\-Torbruok di:;trict 
uf Annapoli;; (·ou nt:-" The Prcea11ib ri an r()tk" ol' ('ape Breton ! .~land locally 
('ontain ma,:;,-c,- of magnetite. The rcgi()n ,-mrnu111 iing :\Jina~ Ha,-in cuntain::: 
dcpo,:it::; of li111onite and ,:iderill'. ,-0111e a":::ocia1ed 11·ith \\' incbor li111e"tonc . .-\ 
<:()n,idern h le tonnage of Ji moni te 11·a" prnd ll('Cd in tl1c Londonderry cli:otrict. 

Tli c Batliur,:t iron clepo:;ils are loeatccl on .·\u "lin Brnok, abo uL 17 miles 
,<(1uth ol' Bathm,:t. ln tlic :-·ca r:; 1910 lo 1915 more lhan 200,000 tons of ore 
11· l ' J'(' shipped. :\lining 11·a,.: again C<llTied out in 1943. :;hipmcnt8 being mad e by 
rail to :::lydne:-· at a time 11·hcn. 011·ing to 11·ar eonditions , it ,,·a~ difTicL1lt to get 
u1T from :\c1rfoundlnnd. ·rh c 13~1thm,t ore is chiefly magnetite. but "omc 
hematite i,.; al,:o present; in places it is \l'CI! banded. It is associalcd 11·ith quartz 
pmphyr:-· and diabase , of \'Cl lcanic or intrusive origin, interbcdclcd 11·i th ur 
intrus i1·c into <cdirncnb of ,-uppusccl OrcioYician age. The ore occll r~ \\·here 
the rnch arc ,-chisto:"c. and apparently formed as a rc:oL1ll of rcplnccmcnt. The 
largest body of ore forms a 11·cll-definccl rna:::s dipping at an aglc of 45 degrees. 
and at unc place hac; a breadth at the ,L1rfacc of 105 feet. 

In th e );ictaux-Torbrook cli~triet of :\'oYa Scotia the iron ore i,; of sedi
mentary or igin , occunin g \\'ith sbtcs and quartzilcs of ear ly DeYonian age. 
The beds arc folded into n s:--nclinc. and. locally. a rc c·rumplecl , fau llcd , and 
~hcarccl. T he:-· arc also inlrndc'd by dyke::; and rna~:::cs of gabbro and cliorilc. 
and . on the ~outh, they arc cut off by a granite batholith. The ore occur
rences lie in hrn nearly parallel zone:' about a mile apart. The southern ha:; 
been traced along the "trike of the beds for about 5 mile:;. lt is made up of 
intc rbedcled ::;late and fcr ru ginolls rnck. the 11·holc haYing a th icknc"" of some 
18 feet. The iron-bearing rock is in places oolitic; local ly it car ri c~ hematite, 
but for the mu~t part is composccl of magnetite and sphcrulitic green iron 
~ilicatc , 11·ith quartz and fine-grained a rgillaccous material as a cement. The 
northern zone. \\'hich probably represents the same horizon a~ the aboYc but 
on the other limb of the syncline, has been traced for -! miles. It include" 
three or more iron-ore bccJ,s. M ost of the production has been from ore bands 
that arc 4 to 9 feet th ick. The magnetite may be secondary after hematite 
or the i rnn si licatc. 

The limonitc and carbonalc ore,; of the Lonclonclcrry area lie along a 
zone of fissuring in a bancl of conglomerate . rnncl:::tonc. and shale on the south 
slope of Cobcquid ::\foun tains. The ore has been mined at intcn·als o\'Cr a 
length of 10"1· milci' . The minerals, ''"hich include ankcritc, sidcr itc , lirnonitc. 
and other hydrated oxid es of iron in Yarious proportions , occur as lenticular 
masses of all siz e::: up to 50 feet or more in \1·idth . :\fining has been confined 
to the larger ones. In places the ore con~ists almost ,,·holly of primary ankcritcs 
and other carbonates; in others the carbonates ha\'C been altered to limonitc 
and other iron oxides . . ·\t one place secondary ore::: \\·ere follcmcd to a depth 
of 400 feet belo\\" the ~mfacc. 

LEAD AND Z l i\"C 

Both ::'\ oYa Scotia and :\' e11· Bru ns1Yick ha Ye numerou::; f:rnal I ;;ho11·i ngs of 
sphaleritc and galena, but. although dcYcloprncnt \\"Ork has been ca rri ed out on 
a large number of properties. there is no production at present. 
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In southca::;tcrn Cape Breton Island a prupcr ty nea r :::ltirling \\·as actiYC 
for a time as a zin c p rnduccr. Th e dcpu:;its are repl acem ents of a lt ered ,·olcanic 
roc b of Prccarnbrian m earl ~· .Pala>uzoic age. Thr ore zones cunsid of sol id 
masse:; of :; ulphid c:; or of ::::chi::;t 1rith ::i ulphidcs . Th r :; ulphid c rna;;:;cs a rc 
made up of a n intim ate mixture of sph a lcri tc, pyrite , clialcupyrite. a nd galena. 
One zone of or e r a nged up to 35 feet in 1r idth and aYcragcd 17 p er cent zinc . 

Galena occur;; at a number of places in ;\uya :::lcutia as:::ociatcd 11·ith Car
bon ifero us limestone;:; ei t her a::; fin e d i :;~eminations in the ruck or in Ycins and 
sma ll pockcb. Considerabl e dcnlopmcn t m 1rk 1rns carried out on such a 
depos it at Leach·alc , 12 mile:; ;;ou thea:;t of Tru rn. Thr dcpo~ it con::; ist,; of angu la r 
block s of ,u lphidcs and of grry lim c~ t o n e embedded in a muddy matrix of fi nely 
broken ore a nd limestone. Th e ::; ulphide masses arc compo;;ed of pyrite and 
galena, 11·i th rnrn llcr proportions of ~plialcritc a nd ga lena. T he depo~ it \\·as 
fo rmed ori ginalh· alo ng the contact of l irn e~tonc of \\° in cisor age and under
ly in g 'and :;tonc a nd ~hale of the H udo n grnu p. L t1ter , the ore zone \\·a~ 
extcnsiYc lY broken and ::;!teared bY fau lt mon• 1 nent~. 

In ~·e11· Bn111::: 1rick a ~ulphi<lc depo;; i t in 1rhich :o ph alerite i ~ t he most 
abund ant mi neral \\·a:; discoYerecl near T rtagouche RiYcr as a remit llf tracing 
b lock::: of sulph ide fl oat back along the direction of glaci ation tu their :;omc r·. 
After finding the material in pl ace the clepo,it \ms explored by surface wnrk 
a nd diamond drilling. It pro YCcl to haYC a length of more t han a m ile bu t a 
\Yidth of less than 30 inchel:'. and in pl aces i t is mu ch narro11·cr . Th e deposit 
is o f replacement origin in ~ch i~b of ::; uppuscc11y Orclm·ician age dcriHd frnrn 
\·olcan ic t uffs. 

In central Ca~pc a large a moun t of clcYeloprnent m1 rk h a~ \J cen carried 
out on zinc and lead :ohu1ring~. hu t no producti on has yet \Jcr'n attem pted . Th e 
a rea lies on t he north branch of B erry ;,[uu nta in Brnok and Brand y Drook . 
hcachYater:; of Cascapcdia RiYc r . ..-\. m oto r rt:ad 1ead:o from the rail rnad al 
Cascapcdia near C ha lcur B ay to the property. 

T he rock~ of th e miner::ilizcd belt a rc Lo11·er DeYo ni a n ~ha les and rnnd
stone::; oHrlain b~· basic Yo lcani c f1011·s. The Yolcanie rnck~, in t urn , a rc 
rncccrdcd by Caspc rn nd stoncs of ;, riddl e J) cnrn ia n age . The L owe r D c1·1mia n 
sed iments a rc folded. fau lted, and in t rncl ed b~· dykes and stocks of granite. 
sycnitc . dioritc. a nd porphyry. Th e deposit:; a rc Ycins and rnincrali11cd b reccia 
zone~ carrying ::: ph a leri te a nd ga lena and. in pl ace~, cha lcopy ri tc; the ganguc 
i,.; quartz and ca rbona te. :-'ome u f the late r quartz is of t he a methyst ine Yaricty. 
The Yein :-; Yary up lo 50 feet or so in \Yiclth. and 'omc haYc been t raced for 
distances of h alf R mil e. Th ey Yary greatly in their mineral content . .Post
minera l fa ul t in g make~ it diffic ul t locally t o fo llo11· certain H ins . 

). fA XG .\XESE 

Oxides of m a ngane:oc arc kn 01rn a t man:v plarc~ in ..\oYa :-: cutia and ~c\\· 
Brnns1rick (Figmc 43) . Earl>- attempt~ at Yariuu~ times to denlop the more 
importan t occurrences resulted in the production of a to ta l of some 40,000 
ton" of high-grade material. Duri ng the secunrl 1rorld 1rnr a number of the 
old proper t i e~ were re-examined; dcYe!opment \\·ork 1rn ~ ca rried ou t on a few, 
but the resu lt s were cli rn ppoin t ing. 

The deposits includ e a Yaricty uf t>11ws. of \Yltich the m ore important 
arc : (1) ores associated 11·ith Carbon i ferous sed imen ts, parti cul ar ly the W indsor 
lime;:;tonc: 12) ores fi ll ing fos ures in pre-Carboniferous rock s: an d (3) surface 
bog deposi ts. Dcpo~ i ts of the fir st typ e include those at J\Iarkliarnv ill c . Turtle 
Creek , a nd Sh cpody :\foun tain in Ne\r Bn111s11·irk ; T cnny capc, in ~oYa Scotia; 
and ;,Iagdalen I sland s, in the Gu lf of St. L a 11-rence. Depo~ i ts of the second 
type occur at Gmdand ;,roun tain a nd J ord an ;, r01111 ta in in X e"· Brunswick , 
and at ~e\Y R oss in ~oYa Scot ia. A con-=iderable d cpo~ i t of bog ore occurs 

85672- 11 } 
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at Da\\·son :-'cttlcmcnt, about 5 miles nurth11·c:::t uf Hillsborough , in ;-Jew Bruns
wick. There arc numernu::: other. ~mailer occurrences of bog manganese in 
the prnYincc, many a l~o in ::"JlJYa :'cotia. and ~omc in ::;outhcastern Quebec. 

The ::\larkhamYille dcpo~it 1rns 11·o rkcd bct\Ycen tlic years 1862 and 1895, 
and more than 23,000 ton' of ore 1Yerc :::hipped. The material consisted of 
cry:::taJJinc and rnassiYe pyrolu:::itc and rnanganitc 1rith rnmc psilornclanc, and 
occmrccl in mas:::c::: and porkeb along bedding planes and joints in low-clipping 
\findsor limestone . Con:::idcrnblc quantitie::: 11·erc also found at the smface in 
res idual clay. 

At Bcrryton , on Tmtlc Creek . about 15 rnilr~ soutl11nst of ::\lon cton, a small 
t onnage of psilomclanc and p:Tolu,itc 11·a::: reC'onred from a gently dipping band 
of \\' incbor lime:::tonr about 25 feet thiek . Th e ore occuned at the top of the 
limc~tonc. 11·hieh i' on'rla in bY Penn~yh·anian :::andstone and C'onglomcrate. At 
Shcpocly ::\fountain a ::'mall tonnage of ore 11·a .• 1·rco1·crecl from a band of \ \' incisor 
linw,tonc and a thin bed of onrl:·ing reel claY. Th e Jimc~tone rc~t~ on ch lorite 
~ chist:::, and the rla:· i:3 rnrcecclcd b:· conglomerate. 'and~tone, and shale. ::\Iost 
of the ore occurred a~ nodule.• in the claY bct11·cen the Jimc~tone and the 
conglomerate. · 

At Tcnnycape, Han t::: coun t:·, :::\oYn :-:rotia. the ore, 11·hich was mainly 
pyrolusitc, occu l'J'ed near t he base of a thick zo ne of \ rindsor limestone clipping 
a bout 40 degree::' to the :::outh. Th e unclerlYing rod~::: arc :::ancbtoncs, and bct1Yeen 
t he sandstone ancl the limestone is an 8-foot bed of Jinn· ~ h a le . :Near tho contact 
with the shale the limestone is bl'cceiatecl and the best ore occurred here as 
nodules and rna~,e~. One mass yielded 1,000 tons of good ore. 

On 1\Iagclalcn I •.Ja.ncls !Figul'e 44). manganese oxides occur as masses of float 
in tho soil , and in \\'imbor limesto ne beds near tho contact 1Yith overlying reel 
sancbtone~ of prnbn hie Penns:· h·a nia n age. 

/ 

OF MILES 

QUATERNARY 

C:=J sand 
PEN N SYLVANIAN (?) 

~Red sa ndstone 
MISSISSIPPIAN 

l:::<.<. (>Jcrey sandstone 

ITTlTlTTTTll Gypsum, limestone, 
llilllilillJ some uolcanic rocks 

2 ~ Volca nic rocks, 
~~~~-~--~ ~some sediments 

@Fossil locality G.S.C. 

Fignrl' ·P. C rindstone and :\ !right Is lands . ~fag cl:ilon Tslancls. (B.'· F . .J. Al cock.) 

The clepo:::it~ at (;o,1·Jand ::\ l ountai n near Elgin and at Jordan ::\fountain 
near Sussex, :::\e11· l3nm,11·ick , occur in fractme:0 in rnck::: of Precambrian age. 
The origina l somre of the material i ~ belin·ecl to be the Precambri an Yo lcanic 
rocks, but the concentration wa~ effected by surface solu tions. D eYeloprn ent 
work has sh01rn that the cleposib arc slrn.11011'. 
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At J'\ c11· Ho"" · in the nol'lhc rn co rner of Lunenburg county . ::\oya Scotia, 
the cl cpo:0i t:: a rc lenticul a r w ins lyi ng in fa ul ts or cru shed zone::: 25 to JOO feet 
1ridc in D cnmi a n grani te . Th e w in" Ya r~· in \ridth from a fc11· inches to more 
t ha n 5 feet. The best ore i~ =-olid bl ack p~Tol u ~ i tc . but manganitc and psilome
lanc, with ralcite, bari tc, irnn uxidc". and country rock a" ga nguc material , form 
Jes~ Yaluabl c ore. 

BClLDL'I (; A:K D OR:\ A:\l E:~ T:\J_, STO:\"E, ETC. 

In Noni Sc:otia, X c11· Hrun ::' 11·ick, an d :'outhcrn Quebec: a rc la l'gc a l'eas of 
gra ni te t hat in many p laC'c~ arc of n "uit a.bl c gra in and colour fo r both ::trnctural 
and monun1cnta l purpO::'C:' . \\" it h the gra nites may be included ce rta in basic 
igneous rock ::; >' ucli a~ gabbrn. di oritc. and di a base . com rn onl~- kn o11·n to t he trade 
as " black grani te". T he reg ion that has attracted most attention in th is regard 
is around the t<J1rn of ;-; t. Gcol'gc in Charlotte co un ty, X ew Bruns\rick. From 
the la rge nu mber of qu arries th ere, some in red grani te, ot her::' in black , a con
side ra bl e prndu ction of :' lone ha" bee n recorded . A t pr esent a small but steady 
amoun t of t he black r ock is produced at Di gdcguash L a ke for monum ental pur
pose~. Crcy granite for monum ent ba"c" i" taken from the Spoo n hlancl quauies 
in the St. .John Yallcy near H amp::'tcad. Jn Quebec, granite fo r bu ildi ng stone is 
obtain ed at Stanstcad. 

C rystall ine lim es tone and dolomite occ: ur at severa l places in K c11· Brnn 11·ick 
and N ova Scotia. A t Saint J ohn crYstalli nc carbonate rock s of the Green H ead 
grou p a rc q uarried for use as a 8o il con di t ioner and for structural purriose~ . 
Silmian crysta llin e limestone is fou nd at L 'Etang and on Frye I s la nd rnuth 
of St. George. 

Carbonifcrou;:: rnndstones lrnYe furni shed considerable a moun t;:: of Yerv 
sati,;facto ry building sto ne. Th e ::\I i ramichi quarries near K c1YCastlc . t hos.c 
of Chalcur B ay cast of B athm;::t , and a con;:: idcrablc number in that pa r t of 
N o"a Scotia and K e\\. Brunswi ck lying bct11·ccn the head of C hi gnccto Bay and 
N orthu1whcrland Strait arc nmon g the mo;;;t important. 

GRI NDSTOXES, ETC. 

A small but !'tca.dy producti on of grindstone;:: and .-c~·the;::to n cs i ;:: main ta ined 
from quarries nea r Stonchann on Chalcur B aY bcbl·ecn B athurst and Caraquet. 
T he rocks a rc fine- grai ned . ewn-textured !'anrHonc 0 of the Cl ifton format ion of 
P ennsylvan ian (Pi ctou) age. 

SO DIU :\[ SULPI-L\TE 

Sodium !-'t ilph atc i;:: knmrn to be prc;::c nt in the \ \ "c ldon area. Albert coun ty, 
K e11· Bn111"1Yick , and m ay ~omc day be dcnloped . T\YO hol e~ put clmn1 3,400 
feet apart in sea rch of gas encountered a layer of sodium sulph ate from 60 to JOO 
feet t hick overlying rock rn lt. ::\lfany millions of tons of the material a priear 
to be prcscn t. 

DfATO :\TTTE 

D iatom itc, consisting of microscopi c sili ceous shells of unicellul ar organisms 
kno11·n as diatoms . occ urs at a large number of pl aces in the Appalach ian region. 
Th e material is of R ecent. frc;:: lrn·ater or igin. The more impor tant depos its in 
New Bruns1Yick arc at P ollet a nd ::\IcXai r Lakes nea r ::\Icchanic Settlement in 
Kings count>· - a nd Fl ood L ak e. 16 mil e::: south east of Sus;::cx; in X orn Scotia 
there arc de pos its nea r ~c,,· Annan. Di gb~- ::\eek. and clse,Yh erc. 

B:\RlTE 

KuYa Scot ia has supp lied m ost of the barit c pruduced in Canada . and 
conta ins t he coun try's l argc~t kn01rn rc~c r\"C' s. In 1940 a deposit di, c<n-c rcd in 
the P cm broke-\'ir alt on area of I-Ian ts county , near 1\Iinas Basin, has been proYed 
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by drilling to contain more than 3,000,000 tons. one of the l arge~t kn01rn barite 
deposits in the ,,·orld. P roduct ion bega n there in 1941, a nd 6.000 ton ~ ,,·ere 
s liippccl in that year; the amount prod ucccl in 1944\YaS 114,147 to ns. 

Tli c deposit lies in a lirnc~tonc - conglom cratc zunc 200 feet thick that forms 
the basa I beds of the :\Iississi ppi a n, \\ ' i rnbor grnup . Abo,·c t he lim estone conglo
rncratc is gypsum , a nd bclo11· it arc ~anclsto n cs a nd argilli tcs of the H orton group. 
T he baritc body i ~ a rep lacement of t li c limc~to n e - co n glo rn crntc on the fl ank of 
a sy ncl ine that is part of a la rge drag-fold. Fa1t! ti ng mo,·crn ent ~ prndu ccd a 
zunc of brccc iation that scrnd a~ a loc us for the rcplaecmcnt . Th e deposit 
rl' aehc.:; tlic surface . and i t~ large area perm its opcn-c·ut 111 ct hud~ of minin g. 

Pri or to t li c disco ,·ery of the \\ 'alton deposit the eli irf' prnd uction of baritc 
\\'a ~ from depos i t~ at Lak e :\i m lic, InYcrnc~::: coun ty , Cape Brrton I sland. There 
t he dcpo~its a rc n ins tnwcr::: in g prc-Car boni fcrnus rnck s. For lengths of scYcral 
hundreds of feet t li c n in s ban \\·idths Yar~· i ng from 8 to 18 feet, and locally 
!tan· rnrnllcr 1·cins parallel 11·ith them . Though the nin material is la rgely 
bari tc, it co n ta in ~, in places . considerable calci te and iiuoritc. Bari le -bearing 
wi n~ ucc· u1· alw at ::'forth C'hcticamp, 40 mi les north of L a ke Ainsli e. Near 
Fin I slands, on the north .:; iclc of :\Iinas B as in, still other bari tc deposits occur 
in :t brcccia ted zo ne tra nr~ i ng folded slates and sa nd stones of Carboni f crous or 
ear lier age . 

A:\TlMO l\ \' 

Antimony , in th e form uf stibnite and nat i,·e a ntimony, bas been produced 
a t Lake George, York county, .Nc1\· Brunswick; at \Yest Gore , R a n ts county, 
~Tova Scotia; a nd at Sout h H a m in sout hcastcm Quebec. ..\. t L ak e George , 
\Yhich li es a bout 25 miles 11·est of Frederic to n, the depos its arc \·eins cutting 
Pa lmozoic sha les and qu a rtzites in th e neighbourhood of intrusiYe m asses of 
diabase and D cYonian granite. Th e ganguc minera l is qua r tz; the chief ore 
mi.ncra l is stibnitc, bu t nati,·c a ntimony is present in t he up pe l' par ts of the 
YC111S. 

At \Yest Gore the deposits a rc a lso Ycins, \Yhich here cut beds of the 
l\Icguma or Gold -bearin g sc ri c;;. There a rc th ree nearly parallel H ins 700 
to 1,000 feet apa rt, the la rgest of whic h has been t raced for more t han 1,200 
feet. The ore occur;;; a:0 lenticular masses in t he Ycin s. A t South H a m natiye 
a ntimony, \\·i th subordin ate a moun ts of st ibni tc , ocrurs as fl ake:; a long cleayage 
planes in slaty a nd ,_;ehi :3 tosc rock at i t" co ntac t 11·i th a basic intrnsion. 

In the -:\Ioosc Rinr district of H a li fax coun ty, ~oYa Sco ti a . narrow 
quartz Yeins in folded sediments of the 1\lcguma or Go ld-bearing seri es carry 
chcelite. Arscnopyrite and tourmali ne a rc accompanying minerals. At 

Waverley, in the same coun ty, schccli tc-.bearing veins occur along bedding 
planes of t he l\Icguma sediments. 

In N cw Bnms11·ick , a bout 25 miles nortlrn·c~t of B ui:; tO\rn , near the j unction 
of Bumt H ill Brnok ,,·ith the Soutlrn·cst l\Ii ramichi , a large number of small 
quartz veins carry \\'Olfrarnitc, molybde ni te, a nd caso< itcritc. Exploratur:; \\·ork 
has been carried out on the prnpcr ty at intcn·ab , but the a mount of the Yaluablc 
minera ls is sm al l. The vein,_; cut P a la>P 7oic ~rd imc n ts mcta rnorpho~ cd by a n 
adjacent gr aniti c intrusin mass . 
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CHAPTER ff 

THE ST. LA WREN CE LOWLANDS 

( J. F. Caley) 

PHYSICAL FEATURES 

The St. La\\Tencc LmY!ands (Figul'c 45) arc plain-like areas bordering 
the Canadian ::lhield on the sou th and extending northeasterly from Lake 
Huron and the head of Lake Eric to Anticosti I s land. They may be diYided 
for descriptiYe purposes into three parts, each of ,1·hich is floorr.cl by unfolded 
Palxozoic rocks. 

The most westerly of these cliYision::; includes ::'llanitoulin I sland and 
the part of southwestern Ontario that fronts on Lakes Erie and Ontario and 
lies \1·e~t of the Frontenac axis, a proj cction of the Canadian hield that crosses 
the ::lt. La\uence bet11·een E:ing:;ton and BrockYi I le. This cliYision i broken 
into l wo parts by the ::\iagara escarpment , a prominent physiographic f eatme 
that extends \\'CSt\rnrcl from ::\iagara Hinr (Plate XXIX) to H ami lton and 
passc from there north\Ye;:;hrnrcl, forming • augeen P eninsula and controlling 
the longer dimension of ::'llanito ulin Island. In the south, the escarpment 
presents an abrnpt rise of 250 to 300 feet, but to the north it forms part of a 
narrmY belt of rapidly rising land that attains an elevation of L700 feet, 
almost 1,000 feet abon the lmrer lnnd ~tretching east a nd southeast to L ake 
Ontario. The escarpment is the result of erosion acting upon a region of simple 
structure and normal a lternation of re~istant and easily eroded strata. East 
of the escarpment, the land rises gently north\\'ard from the ]eye] of Lake 
Ontario, 246 feet, to a maximum height of about 1,000 feet aboYc the sea. 
At se1·eral places ea~t of L ake ;-)irncoc, the north boundary of this area is 
marked by an escarpment with an abrup t drop of 50 to JOO feet to lhc Pre
cambrian rocks of the Canadian Shield. \Yest of the Niagara escarpment the 
ground rises nortlrn·arcl from the lcYel of Lake El'ic. 572 feet , and attains a 
maximum clcYation of about l ,700 feet in the district rnutlrn·cst of Colling-
11·ood. The. sm fare throughout this area is rolling, but of low relief. 

The second cliYision of the St. L a11Tencc LO\dancls extend:; from the 
east side of the Frontenac axis to a point a fc\1· miles below Quebec City. It 
occupies the area bebYeen Ott~ma and ::lt. La 1ucncc Rivers, and straddles 
the 8t. L a1Hencc to Quebec City, helm'" \1·hich it extends a short distance 
along the north shore. East of the St. La1uencc the diYision is bounded by 
the ·'Logan's line", a fa ul t or fau lt zone that marks the nortlrn·estern border 
of the fo ld ed and hilly _.\ppa lachian region. T o the north of Ottawa and t. 
La\ucncc RiYers the P alxozoic formations of the Lowlands arc either faulted 
against or overla p upon the crystallin e Precambrian rocks of the Canadian 

hield. \Vithin this diYision of the Lo\Ylands the land no"·herc rises more than 
500 feet above the sea. except for a fc\\· isolated hills of intrusive igneous rock 
that penetrates surrounding Palmozoic fo rmations. Below ::\Iontrcal the Janel 
bordering the St. Lawrence does not exceed 100 feet in eleYation, but farther 
back rises to heights of nearly 300 feet above the sea. 

The third diYision lies cast of, and is separated from, the second by about 
360 miles of St. Lawrence RiYer. It comprises Anticosti I sland, ::\Iingan hlands, 
and a narro"· strip of the north shore of the St. Lawrence opposite these islands. 
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Anticosti I sland is about 125 miles long, \\·ith a maximum ''"idth of about 
35 miles. It is a partly rnbmcrgcd, sou therl y cl ipping cucsta, "·ith an escarp
ment fac ing nort h and the hi gher land near t he north coast. T erraces occur 
on both north a nd ~outh ~idc:o of the i"'land: those on t he north arc generally 
na r ro11·, 1Yhcrca::; on the sou th side some a rc scYcral miles \Yidc. :\fore than a 
seo rc of such terraces arc knO\rn. the highest more than 400 feet above the 
sea. :\lost of them, cnn the highc:;t, are coYcrccl with gravel, apparently 
of beach ori gin . 

::\lingan I slands fr in ge the Quebec coa"'t north of Anticost i for a distance 
of abo ut 60 miles. T hey are bYcnt:,· -brn in number, fifteen of fair size and 
the others ::<mall. T he regional dip of the strata fo rmi ng these islands i::: south
"·ard, resulting in ;:tccp cliff,- along thei r north ::: id c::: . Some of the island 
carr:-· accum ul at ions of graYe l both at and aboYc "ca -lcYc l. 

IIl STORI C:\ T_, RE\"IEW 

The history of exploration in the St. L a\\TCncc Lmdands dates back to 
1535 \Yhcn .Jacque - Cart ier sa il ed up the ~ t. La.1ncncc to the Indian villages 
of Stadacona (Quebec) and H od1claga Oion trcal) . In 1603 Champla in examined 
the ]O\rcr part of Ri chel ieu River, and in 1608 fo und ed the city of Quebec, 
commencing the reby t he permanent settlemen t of Canada. Three :-·cars later 
Champlain selected a tradi ng si te near t h<.: old Indian village of H ochclaga. Thi s 
1rns Pl ace H o:--alc, later to become the cit:-· of ::\Ion t rcal. In 161 5 he a;:;ccnded the 
Otl<111·a to the mouth of ::\Ia tta11·a Ri YCI' and thence In· "mall stream~ to Lake 
Kipi::<s in g and dmrn French RiYcr to Georgian B ay. 1-j c t hen proceeded cast to 
Lake :-:imcoc a nd via the Trent \rntcr sy:::tcm to B a:-· of Quintc and L ake On tario. 

In 1667 L a ::;allc ap pea red on the Canadia n scene, a nd m ade a home at 
Lachinc on the I sland of ::\Ion t rcal. In company \1·ith de Casson and C: alincc , 
brn missionaries, he tranllcd up the St. L a11Tcncc and along the north shore 
of Lake Ontario as far a" Burli ngton Ba:--. H erc the party separated and 
La Salle attempted to fi nd hi;: 1rny to the .:-J ississippi. In 1669 de Casson and 
Galince left Burlington B ay a nd afte r 3 clays reached Crane! River, \1·hich they 
fo llmYcd to L ak e Eric. Th ey wintered on the shore of t he lake at the site of the 
present tmrn of P ort D over and the n returned to M ontreal by \my of Saul t Ste. 
::\Iaric, French Rinr, Lake Nipissing, and the Ottawa. 

In 1679 L a Sa lle aga in :::ct nut for the "·est. H e raised a fort at the mouth 
o f ::\iagara Rinr, and built t he Griffin , lhc first sa iling ns~cl on the upper Jakes. 
He sailed the entire length of L ake Eric. up D etroit Ri\'cr, acros;: L ak e St. Clair, 
a nd th rough the narrow passage of St. Clair R inr in to L ake Huron . 

. 'uch 1rn the disconry and beginning of settlement by the \Yhitc man in the 
St. Lawrence L md ancl". Toda:-· thi;: area. the oldc~t 8cltlcd part of Canada, 
constitutes a first rankin g indu:::trial and agricultural region (P late XXX) . It 
forms a narro''" fringe along the sou thern border of Quebec and Ontario extending 
from the Gulf of St. L mu cncc to t he Great L ak es. Roughly half of the total 
population of t he D omini on lins within the a rea of the, t. La1ncn cc L o1dancls. 

Serious attempt.~ to ~turl» the geologica l hi:::to ry of the area commenced in 
the ear ly 1820 ':::. .-\.bout 1823 ::\ Ia.ior General Bradclelcy of the R o>·a l Engineers 
\\Tote 11·hat is pcrhap8 the fir"'t pubfohcd account of the Palrrozoic li rn c:-toncs at 
Lake St . .John and ::\Iu rra:-· Ba:--. ancl clrc"· attention to the occ urrence of gold 
in the drifl of the Ea;:tcrn T mrnsh ip"'. B egin ning at about the :::a rn c ti me and 
continuing onr a period of cYcral yea rs D r. .J . .J. Bip::by. then Sccrctar:-· to the 
B oundar:-· Commiss ion , ca rri ed on geologica l irn·cstigations extend ing from 
Quebec to L ak e Superior; hi s "Sketch of the Gcolog>" of t he I sland of ::\Iontrcal", 
published in 1825. i::: an important and accurate contribu tion. C cologica l and 
mineralogical obscrrntions made in t he Yicini t:-- of I\:in gston b,· Captain H. I-I . 
B onnycastle R.E. arc conta in ed in Silliman ·s .Journ a l for the Har l 83 1. 

856i2-12~ 
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Establi~hmcnt of the Geological SurHy of Canada in 1842 in augurated a 
systematic and continuing prugrarn of geological inHstigation and mapping in 
Canada . The ::iun·c>·'s first Director. Sir l\"illiam E. Logan, 1rnrked in various 
distr ic ts stretching from l\"inclsor to M ontreal. and on the :\Iingan I slands. In 
1843, his assistan t. Al exander :\Iurray, i1westigated the country bet"·een Georgian 
Bay and Lak e Eric, an d about 4 >·ears later Yisitecl M anito ulin I sland . In 1857, 
Jame" Richardson, another member of the Surny, visited Anticosti and the 
l\Iingan Islands. H e also innstigated either side of Otta11·a River from Pem
broke to Gre1wille. and examined the north shore of the St. La1ucnce bct1Yeen 
Montreal and ~t. :\laurice. ln 1863, Logan published his Geology of Canada, 
a comprehensive work that Rtill remains a standard reference. Credit for Logan's 
succes~ must be shared also by Elkanah BillingR, on whom fell the important 
and laborious task of iclentif>·ing a nd describing the huge fossil collections. 

Logan 1rns fol lo1Yed during the latter part of the last century by many other 
innstigators. Among these were Robert Bell , \\·ho worked on :\Ianitoulin I sland 
in 1865 ; R. IY. Ells, in the Eastern T ownships, Quebec, and in Ontario bet11·een 
1886 and 1906 ; and A. P. Lo1Y, in parts of P ortncuf and JVIontmorcncy counties , 
Quebec , in 1890-91. In 1876 Professor E . .J . Chapman's "Outline of the Geology 
of Canada' ' 11·as published . It was prepared aR a basis for a course of lectures 
gi1·en at the "Gni1·ersit>· of Toronto, a nd is in part compiled from previous works 
and in part the rcrnlls of the author's own ob8e1Tations. 

Since the beginning of the present century geological 11·ork has continued in 
man)' parts of the St. La11-rencc Lo1Ylands . :\lany geologists ha1·c taken part 
in this 11·ork , and although each has made important contributions, the following 
arc perhaps among those that a re best kno11·n: \\' . H . T1Ycnhofel, for his work 
on Anticosti and H1c :\Iingan I s·lands; F. D. Ad am~, .T . . .\. Drc:::scr, and G. A. 
Young. for their work on the 1\Iontcregian Hi lls; L. C. Cummings, on the ar tesian 
11·ells of Montreal; IV. A. Parks, on natural gas in the St. Lawrence Valley and 
bui ld ing stones of Quebec; :\I. Y. \Yilliams, on ::\!J:anitoulin Isl and; T. H. Clark, 
for his contributions to the stratigraphy, palmontology, and structure of the 
Pa lmozoic formations of Quebec; A. F. Foerste, on the Ordovician formation s of 
Ontario and Quebec; A. E. Wil son for her exhaustive study of the stratigraphy, 
palrcontology, and structure of the sedimentary forma tions in the Otta1rn Vall ey ; 
a nd P. E. Raymond, E. ::\1. Kindle, H. M . Ami , and J . F. \Vhi tcaycs, for their 
contributions to the palrcontolog» of the Ontario formations. 

The soutlnvcstcrn peninsula of Ontario de~erYc.s separate mention. 0Yer 
80 per cent of the total Canadian output of sa lt, as 1Ycl! as important quantities 
of gypsum, come from this part of the St. La1ucncc Lo\\·lands. H ere , also , are 
the Ontario oil and gas fields , which have the distinction of being among the 
oldest in North America. 

Geologica~ work in th is part of Ontario covers a period of more than 
JOO years. Our present geological knowledge of this region is, therefore , the 
combined contributions of geologists, both Canadian and foreign, many of whom 
were eminent in their respectiYc fields of research. Among the earliest workers , 
Alexander Murray and T. Sterry Hunt deserve special mention. They 11·er e the 
first to undertake systematic work on the Palrcozoic rocks of the region. More 
recentlv the \York of C . R. Stauffer and 1\I. Y. \Yi! Iiams on the stratigraphy and 
palrcontology of the D evonia n and Si luri an rocks, respectively, arc important 
contributions. W . A. Parks made extensive contributions to the Ordovician 
geology of the region as well as to the palmontology of both the Silurian and 
Devonian rocks. Detailed studies have also been made by M. A. Fritz, W. S. 
Dyer, J. C. Sproule, W. A. J ohnston , J. F. Caley, G. P. Crombie, E. W. Shaw, 
H. C. Laird , C. S. Evans, .J. S. Ste11·art, E. M. Kindl e, and others. 
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GEOLOGY 

T he seas in \Yhich the several groups of PalIBozoic rocks "·ere deposited did 
not at all t im es extend continuous]>· onr the entire region of the St. Lawrence 
Lo1Ylancls. Du ri ng the Ya ri ous adrnrucc.::: and retreats of t hese seas, parts of the 
region 1nre either flo oded or emerged before others. Th e result is that the 
stratigraphic seq uence is no t C\'Cr)·11·hcrc the same, that rocks of the same 
age arc not necessarily present in all parts of the region, and t ha t contempo
ra neous cd irnen ts may differ in lithology from pl ace to place. For convenience 
in describin g the geology. the region is here divided in to the fo llowing parts: 
Ontario . \Yest of the Frontenac ax is and incluc!ing l\Ia ni toulin I sland; On tario 
and Quebec. cast of the Frontrnac ax is; and . .\n ticosti and the l\Iingan I slands 
(8ee Table VI ). 

OXTARIO PEXJXSl'L . .\ AXD :'II.\XITOULT:\f ISLAXD 

lratigraphy 

Tbc region \Yest of the Frontenac axis !Figures 46 and 47) is underlain by 
marine sed im entary strata of Ordovician , Silurian , and Dcrnnian ages. Th ese 
rocks rest upon the unc\'en surfa ce of the Precambri an basement complex t hat 
outcrops to the north as part of the Canadian Shield . The sedim en ts have a 
maximum kn O\rn t hickn ess of about 4,280 feet, of \Yhi ch 1,654 feet arc Ordo
vician, 1,554 feet are Silurian, and J .072 feet arc D evonian strata. These rocks 
have been diYidcd into about t11·cnty format ions \'arying in thickn ess from 
20 to nearly 1,500 feet. 

The oldest exposed rocks \YCrc formed in B lack Rinr time !See T able VI ) 
and arc represented by limestone strata with, locally, a basal sandstone and 
shale, carrying the fauna of successive P amelia, Lowville, and Leray zones. 
T hese are overlain by limes.tones of the Trenton and Cobourg formations, the 
whole atta ining a thickness of 550 feet in the Lake Sim coe distri ct, about 72 feet 
on 1\Ian ito ulin I sland , and 890 fcc.t in a \\·ell drilled in South ::\Iarysburg t01rn
ship, Prin ce Echard coun ty (See T ables VII and VIII ). 

The Trenton sea seems to have \Yithdrawn from at least the northern 
part of the area, as di sconformablc re lations betlYccn the Cobomg limestone, 
of upper Trenton age, and the succeedin g Collingwood shal e arc in evidence 
both on ::\Ianitoulin I sland and in the Georgian Bay district. This hiatus 
is thought to haYe been of short duration. after which the sea again ac!Yancccl 
and remained. \Yith perhaps minor osc ill at i on ~, until the close of OrcloYician 
time. 

The fir t deposits of this ~ca a rc the black bi tu mi no us Collin g1rnod shales. 
replete \vith fossils, notably graptoli tcs and t rilobites, and ranging in thick
ness from 30 feet on Georgian B ay to 60 feet on ::\Jani toulin I sland. Thi~ 
depo it is overlain by the Blue M ounta in formation consistin g of soft, bluish 
grey shale, s p arinigl ~r fossiliferous and about 120 feet th ick. On M anitoulin. 
contemporaneous sediments of the Sheguiand ah format ion arc about 100 feet 
thick. The Blue l\Iountain is succeeded conforrnably by the Dundas forma
t ion, a cries of grey shales with occasional thin limestone beds, and attai nin f!: 
a maximum thickness of about 250 feet. Fossi ls are abundant, particularly 
in certain zones. Bryozoa and brae hiopods are among the chief diagnost ic 
forms. On M anitoulin the correlative of the Dundas is called the \Vek11·erni
kongsing formation , and has a th ickn ess up,rnrcls of 75 feet. Th e next oYcr
lying formation is the ::\Ieaford, consistin g of about 150 feet of shales similar 
to those of the Dundas, but becoming appreciably more calcareous toward the 
top. T his formation contains both cora l and bryozoan reefs, and the general 
assemblage of foss il s ind icates a Ri chmond age. The youngest Ordovician 
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rocks are represented by the Queens ton formation, consi - ting of reel shale 
perhaps in part of dcltaic origin (Plate XXXIJ. Except for a few ostracods, 
no fossil have been found in this shale. In the ::\Ieaford -Owen Sound district, 
grey fossi liferous shale and limestone bed arc intcrbcddccl with the red rock, 
but on Manitoulin Island the red shale is entirely replaced by grey limes tone 
and shale (Kaga\YOng formation) enclosing a Richmond fauna. Wells in the 
~outh ern part of the region sho\\- a maximum of 963 feet of Qu eens ton beds; on 
M anitoulin the K aga1Yong is about 85 feet thick. 

P r riod 

Devonian 

Siluria 11 

Ordo
, ·ician 

T ABLE YII 
Ontario Peninsula 

-I Format ion 

l\ Pl llc Poi11l 

l familton 

'\ oifotk{ DPla\\·a n• 
· Onondaga (?) 

I

PrP-'\orfolk f l?etroit Rin·;· 
\ Syl vania 

Ori,kany 

I 
lkrt iP-A kron 

Sali11a 

lc:U<·lph 

Lock port 

Cli11lon 

Medina 

QuC'c nsto n 

i\fraford 

Dundas 

Blue Mountain 

Collingll"ood 

Cobourg 

Trenton 

Leray 

Loll"ville 

Pamelia 

D e8cription Thickn es8 
-~--~----1---~-

G rey shale 

Limrstone " ·ith sonw clwrt and, in 
pla ceo, sand 

Dolomit <' ; linwstone; clwrt; sand 

G r1·.v sands lo1H' 

280 + 

330 

2-10 

G-10 

20 
----\-----

Huff dolomite 

BrO\rn dolomit<'; gr<'.'» linw sha le; 
gypsum; sa lt 

I 
Huff dolomit r } 

Buff a.ncl light gn'y dolomitl' 

Dark gn'_1· 8ha le and calcarPous shall' 

Light grey dolomitl' 

Red and grry sha le ; red sandsto ne; 
grey sandsto nr; grey do lomite 

Red shale ; so mr µ;re~· sha le and lime
stone in Saug<•c n Penins ul tt 

Grry shale and limt•s tone 

Grey shale \\·it h thin, limy ba nds 

Grey shale 

13lack sha le; some limeslone bands 

Grey, argi llacrous limrslonr 

Grey limestone 

Limestone 

Limes tone 

Basal formation of limestone, sand
stone, red and green shale 1Yith 
cmbecldrd sand grains 

} 

39.) 

I . ~3~ 

.;oo 

7l 

3.) 

140 

9G3 

-ll 

120 

30 

550 
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TABLE VIII 

Jfan iloulin I sland 

:\frmhN 

WingfiC' ld 

DyC'r Ba.1· 

Cabot JTrnd 

i\Ianitoulin 

DC'scription 

Dolomill' 

C: rPPn slrnl<' 

GrC'en, s haly dolomite' 

Dolomi tic and a rC'naccou' limc
ston!'; some• gre.v shale' 

Argi lhtC!'OUs li mps(OnC' 

G rC'1· sh:llt• 11·ith thin linwsto rw 
bands 

G rey and b roll'n salt s halt• 

Black, bit uminous shn ll' 

lmpur<' grey linwstorw 

ThicknC'ss 

230 + 

22 

;.,7 

60 

7."i + 

100 + 

60 

72 + 

l'L.vn: XXXl 

Contact between Ordovician Queenston shale and overl~·ing Silurian Wh irlpool sandstone (See 
Figure 48), on Credit River at Cataract. Ontario. Photo by J. F. Caley, Geological Survey 
(84274). 
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At the c l u~e of Ri chmond ("Cppcr Ordo,·ician ) time th e OrdoYician sea 
' '"ithdrcw from this region , initiating a period of erosion. 

Th e o ld e~ t Siluri an stra ta consist of a variable group of rocks in cluded 
under the term ::\Iedina form a tion. They occ m from Niagara River to ::\Iani
t oulin I sland , bu t Ya ry in lith ology from place to pl ace. Th e initi al Silurian 
deposit is grey, \Yhirlpool sa nds tone (.See P la te XXXI) , 25 to 30 feet t hick , 
extendin g fro1n Niaga ra P eninsula a lmos t to Georgian Bay, " ·here i t di sappears. 
AboYe is the ::\Ianitoulin member, repre8ented in Niagara P eninsula by about 
30 feet of grey sha le. K ortlrn·a rcl it becomes increasingly calcareous until on 
l\Ianitoulin I sland it consists of 60 fe et of dolomi te tha t res ts direc tlv on 
Ordovician stra ta (E:agawong formation). The upper member of the ::\Icdina 
is knmrn as the Cabot H ead ; on Ni agara River it comprises about 60 fee t 
of reel and gree n shale, sh a l~· limes tone. and reel (Grimsiby) and grey (T1horold ) 
sand~ton e. On Sau geen P eninsul a, nor th of Colpoy Bay, t hese beds are repre
sen ted by a bout 90 feet of green and reel sha le, wi th brn t hin zones of grey 
dolomite kn o11·n re:o;pec ti \"C l~· as t he D yer Ba~· and St. E dmund L entiHes. 
On ::\Ianitoulin I sland t he Cabot H ead shal e is rest ri cted to about 57 feet 
of red and gree n ~h a l e ; i t is oYerla in by 25 fee t of green D yer Bay shaly 
dolomite follmY ecl by 22 feet of green \\.ingfielcl shale. Th e presence of t he 
br?ozoan JI elopora f ra gilis dete rmines the enclosing beds as of Cabot H ead age. 

The ::\1eclina is succeeded, a lon g Kiagara Hi,·er , by t he ::\Iicldle Silurian, 
Cli nton fo rmation , consisting chiefl y of light grey , dolomiti c limes tone \\·ith 
' ome grey sha le. th e " ·hole about 35 feet t hick. It thins rapidly to t he wes t 
and nor th . cli~ appca ring in E lgin coun t ~' · In Ni agara Peninsul a t he Clin ton 
is overlain by the H oc h e~ te r form a tion , consistin g of medium t o dark grey 
shale . This is about 71 feet thick at Niagara F a lls, and is present throughout 
the south1vestcrn par t of t he Onta rio P eninsul a . It t hins nor tlnrnrd , di sappear
ing at a bout tb c la titude of Hamilton. 

Follm1·ing R ocheste r tim e. th e entire Ontario P eninsula and ::\1anitoulin 
Island remained beneath t he sea during the period of deposition of the suc
ceeding Lockpor t a nd Guelph form ations. Th e Lockpor t fo rmation consists 
of grey dolomi te (Pl a te X~XTI). It is about 80 feet thick at Ki aga ra River , 
more t han 160 feet thick in Sa ugce n P eninsul a, and a t least 230 feet thi ck 
on i\Ianitoulin I sland. In t he sou thern part of On ta rio P eninsula, the Lock
port rests upon Hoches ter sha le. In Saugecn P eninsul a and on ::\1ani toulin 
I sland it rests directly upon t he Lo\\·er Silurian i\ledina formation. t he inter
Ycning R ochester and Clinton hav ing pinched ou t before t hese northern locali
ties a re reached . In the south. the Lockport is overlain b)· t he Guelph forma
t ion , c0nsisting of buff and gTey dolomite, 150 feet t hick in th e vicinity of 
N iagara F alls, 135 feet th ick at Dundas, and perh aps 60 feet t hick in L ambton 
county . At E lora, in \Ycllington coun ty, about 82 feet of t he Guelph is 
exposed , bu t no Guelph beds haYe been identifi ed on ::\1anitoulin I sland , 
although t he fo rm a tion may once han been present there. Th e Gu elph fa una 
is charactcrizccl by an abun da nce of pelccypocls of t he genus M egalomits, t he 
occurrence of ecl ent ulate brachiopocl s of the family Trimerellidae. and a great 
variety of gastropods. 

The great gorge of ~iagara Ri,•er has been caused by the recession of 
the falls, t he present pos ition of \Yhich is about 7 miles above the foot of 
the Xi agara escarpment at Qu censton. T he falls and their recess ion are t he 
result of t he crosiYe po" ·er of wate r fal ling o\"Cr nearly fia t-lying sedimentary 
strata of Yaryin g hardness . Th e stra tigraphic succession at t he fa lls con
si;;t;;. in desce nding ord er. of L ockport dolomi te . 78 feet thick ; R ochester 
sh a le, 65 feet; Clin ton limestori e and shale, 22 feet ; i\[edin a shale and sand
stone , 119 feet : an d the soft Queens ton sha le in \Yhich t he riYer bed i;; cut. 
T he Clin ton lim estone fo rms a ledge about 15 feet abon the level of the 
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rinr at the foot of the falls, the underlying formations all being submerged 
beneath \rntcr Jeni. The seYeral formations through 1Yhich the gorge is cut 
are \Yell exposed along its sides . and, RS they ban a. fairly uniform southerly 
dip of about 31 feet a mile, their position beneath the rinr at the falls can 
be determined . Recession of the falls takes place by undermining the bard 
capping dolomite and the resistant Clinton Jim c:::tonc (Figure 48). The soft 
Rochester shale is erod ed by 11·ind-driven spray generated by the falling water. 
This leans the capping dolomite unsupported. "Cndcrmining of the Clinton 
limestone takes place by cro>'ion. beneath the \Yater, of the softer ::\Iedina 
shale and rnncl::tonc , and i~ effected by the action of boulders and stones 
carried b~· the cul"l'cnts. HcrnoYal of the Lockport dol omite and Clinton 
limestone by undermining results in the maintainancc of a Ycrtical falls as 
recession proceeds . 

PL.\TE xxxn 

"Flo"·erpoto"' of ::. riddle Silurian (Xiag;aran ) Llololllite, 
Fl o" ·erpot Island. Georgian .. ]fa)· Xational Parle Photo 
b.1· .J. F. Caley, Geologi cal Sur\'ey (84284). 

In the region bet11·ccn Lakes Huron and Eric, the Guelph dolomite is 
overlain by upper :::lilurian (Cayugan) strata. It is probable that at the close 
Jf :i\Iidcllc Silurian (~iagaran) time the Lockport "'ca gradually \1·ithdrcw from 
the north, and advanced in :\c11· York :-;tatc. Thii; had tbe effect in Ontario 
of exposing the tops of many of the rccf-fonned, positiYe relief features on 
the sea floor, giYin g rise to a number of intermittently connected lagoons. 

The lo\rcst member of the "Cppcr Silurian succession is the Salina forma
tion , consisting of dolomite , shaly dolomite , limy ~hale. and shale. \1·ith extcnsiYc 
beds of salt and gypsum, the 1rhole rangin g in thickn c:::s from 300 to more 
than 1,400 feet. Beds of salt as much as 200 feet thick arc known, and 
an aggregate thickness of 540 feet has been penetrated in one 1rell. ::-\o fossils 
ha.Ye yet been found in the fo rmation. 
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Th e Salin a is succeeded b)· U1 e Bcl' t ie-.-\.J;:rnn beds, the uppermost Silurian 
strata in Ontario. They cornsist of grey to brn1rnii'h, dense dolomite \Yith , in 
X iagara P eninsul a . some dark, com pa ct. calcareous shale. The ba le disappears 
11·est1rnrd until , 11·est of \Youcl stock, t he formation is entirely dolomite. The 
Bertie-Akron Yaries in th icknc~s from 35 feet, in Xi agara peninsul a, to 395 
feet, in E ssex coun ty . 

Lockport 
dnlomite 

Rochester 
shale 

Cli1; ton limestone 
and shale 

Medina shale 
and sandstone 

Queens ton 
red shale 

SCA LE O F FEET 

50 0 50 100 150 

Fig111·c 48. Section of format ions at Xiagara Falls. 

A t the close of C'n:n1gan t ime the region \ms uplifted and the sea 1vith
clrcw. .-\. period of erosion fo] l(rn·cd , after 11·hich the sea again r eturnee! , in 
L0\1·c r D eYoni an t ime. 

In ::\iagara P eni ns ula. tl1c ca l'ii e ~ t D eYonian rock s arc r epresented by t he 
Ori ~ kan)· ;;:anclstone. 1rhich rests upon the eroded surface of the Si lurian beds. 
Thi~ ~anrHonc 11·as itself ;;: ubj ectcd to c l'u~ i un. rn that it is patchy in dis
tribution nnd i~ nrmh crc more t lrnn 20 feet thick. T he contained fauna is 
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characterized by a preponderance of brachiopocls, and these determine the 
Lovver D evonian age of the deposit. 

\Vest of Niagara Peninsula the Oriskany has not been identified , and the 
Silurian rocks are there succeeded by a seri es of limestone, dolomitic lime
stone, and dolomite \\·ith varying quantities of chert in the lo\YCr part. Sand
stone beds as much as 60 feet thick are presen t locally between llO and 172 
feet above the top of the Silurian, and the base of the group is commonly 
sandy with small amounts of glauconite. Th is assemblage is known in ~Iichigan 
and Ohio as t he Detroit RiYcr group, the sandstone being designated the 
Sylvania sandstone. The Detroit RiYer and Sylrnnia together comprise the 
pre-Norfolk strata of soutlrn·cstcrn Ontario. Their aggregate thickness is vari
able, ranging from about 140 feet in \Yoodhouse to\\·nsh ip to 650 feet in 
Sandwich tmYnship. Onrlying the prc-Korfolk, perhaps disconformably, is 
the Norfolk formation (Dela \Yarc and (?) Onondaga) consisting of grey 
limestone commonly \Yith some chert and in p l ace~ with sand at the base . Its 
thickness ranges from about 70 to more than 200 feet. Th e 1011·cr part of the 
Norfolk contains midd le or upper Onondaga foss ils, the upper part foss il s of 
Delaware age, but the llrn part~ a rc lithologically similar. 

The stratigraphic position of th e D etroit RiYcr group with reference to 
the Onondaga of \Yes tern X e11· York is not certainly known. It has long been 
thought that these rocks lay beneath the Onondaga . Howenr, recent \York 
in l\Iichigan thro\1·s some do ub t upon this interpretation , and further \\·ork 
in Ontario may indicat.e t'lrnt th e rocb containing the typical loll' er Onondaga 
fauna underli e rather than onrlie the Detroit R iYcr group. 

The Norfolk is succeeded by the Hamilton formation consisting chi ef!:< of 
grey, calcareous shale, bu t including thin zones of limestone, commoniy at the 
top and \Yi thin t he upper part of the formation . The thickness varies from 140 to 
330 feet. Although some grey, shaly lim estone may be present at the base of the 
formation, the change from limeston e (::\fodolk) to the soft H amilton shale is 
generally sharp enough to suggest the possibilit>- of a break in sedim entation at 
th is horizon. The H ami lton is abundantly fossilif rous, 1Yith brachiopods, 
bryozoa, corals, and pclccypods espcciall>- numerous. 

Th e Hamilton is succeeded by the black shales of the Kett.l e P oint (Huron) 
formation. This is the youngest conrnlidatcd rock in the area, and occupies the 
centre of the broad regiona l s>·nclinc of soutlrn·cstern On ta rio. At Kettle Point 
the formation is characterized by spherical concretions kn o1Yn as "kettles"; its 
maximum kno1rn thickness is about 280 feet. Fossils arc no t plentiful , but the 
known fauna comprise::: the brachiopod Lingula, some annelid jaws, and fish 
scales . A small flora is also present, small , amber-coloured, spherical spo re cases 
referred to Protosalvinia lwron ensis being numerous in some beds. 

The entire area has been glaciated, a nd bedrock is coYered b>· a mantle of 
drift, consisting of boulr!cr cla>· .. :::and , granl. and clay, 11·h ich Yarics fro m a few 
feet to se\'Cral hundred feet in thickness. 

OTTA\\'A- ST . LAWRL\"CE REGIOK 

Stratigraphy 

The central pa rt of the St . Lawrence Lmd ancls extends east from the Fron
tenac axis (Plate XXXIII) to a. short cfotance bclm1· Quebec city. As in the 
western part, this section is underlain h>· un fo lded P:il::cozoic strata. Only the 
Cambrian and Ordo,·ician systems are represented, and these a rc intruded 
locally by the igneous rock of the ::\Iontercgian Hills. In eastern Onta rio the 
maximum th ickness is about 2,200 feet. but in Quebec at least 10.000 feet of 
Palffiozoic rock is knmrn (See T abl es I X and X ) . 
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TABLE IX 

Ontario (East of Frontenac Axis) 

Period Sub-epoch Formation D C'sc ription Thickn<'ss 

Feet 
Richmond Quccnston Red sha le , grc.\· shale, and heavy 

Russell dolomite JOO 
---- --- --- ----

Lorraine Carlsbad Cn'y shall• and dolomitic hands 600 
---- - -- --- -- --

Gloucester Billings Black, bitumi nous shak 
and 

Co lling\rnod I·:astv ic\1· Da rk liml's to rw and bro\1·n shal<• 2.)0 + 
( l ' tica) 

------ - -- ·-
Ordovician TrPnlon and OtbLll'lt Linwston c ll'ilh sand, slralP, and dolo-

Black Ri v(' I' milP at tlw basl' 700 
----- - --- -- - - -- - -
Chazy St. Ma rlin Linwslonl' and shalP 

Rockcliffr Slralc• and sandstorw 200 
- --- ---- -- ---- -- ---- -- -
n('(•kmantoll'n Oxfo rd Dolomil l' 

Marclr Dolomite a nd sandsturw 3,-,0 
--- - -- - - - - - - - - - - - - - - - - - - - l - -
Ordovician or :'\cppan !Sandstone ' 

0- 280 
Camb ria n 

P eriod I Sub-epoch 

T ertiary or earlier 

Richmond 

Lonain e 

(Utica) 

-----
Trenton 

Ord ovician Black River 

Chazy 

Beckmant0\\'11 

Cambrian 
or (?) 
Ordovicia n 

TABLE x1 

Quebec 

F ormation 

Montcrcgian 
in trnsions 

DPscri ption 

Qucenston RPd and grP.\' shale 
' ' Vayncsv illc' Grl'y shale 

Lorrainl' Gn',\' shale 

Gloucester SlralP 
Collingll'ood Bl!1ck shale 

\ 
f 

----------- ---- -
C'obourg Grry limestone l Sherman F a ll Limestone 
Hull Limestone 

J Rockland Limestone 
-- --- ---- --- ---
Lcrm· Limestone } Lo11·vilk f,imcstone 
Pamelia Dolomite 

-- -

Liml'stonc \ 
A.1· Inwr Sandstone f 

---

fkauh a rnois DolomilP \ 
Theresa(?) Dolomite and sandston r f 

- --
Potsdam Sa ndslo nl' 

1 Adopted from Gcologr of Quchcr, vol. ll . p . 253 ; p uh . h1· Quehec Dc•pl. o f :l fi ncs, 1944. 

Thicknpss 

FPC't 

l ,.?OO + 
239 

3 ,3.JO + 
----

200- 1.:;oo 
----

800 

-----

.jO 

-- ---
300 

-----

J ,060 

----
0- 1 .696 
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The Yar>·ing exte nt. direction of ach ·ancc, and the local osc illa t ions of the 
,:cYera l seas that irwadcd thi s a rea during .Pahcozoic time ha\·c produced both 
lateral and Ycrt ira l differences in the accu mulated o::cdimcnt;:: . F ormat ions of 
more or !co:;:: local extent ha,·c thus been r ccugnizccl. These ha ,·c been gi,·cn local 
name,: , a.- in T ab le VI. 

T he earli est sediments a rc rcprc:::cntccl in Quebec by the P otsdam sand:;tone, 
acc umula ted perhaps in late Cambri an timr, on the undul atin g Precambrian 
·urfacc. Th e sandstone yarics grcat l:-r in thickness from pl ace to pl::t cc . ranging 
from ni l to about 1,700 feet. It is practically clcYoicl of organi c rcmairn:, fossils 
being con fi ncd to sma II bra.chiopod.- of 1rh ic h on 1>· Lingulella acwninata has 
been fo und in thio:: regi on, and con:;titutc;; the basis fo r assigning a Ca mbrian 
age to the rock. Climatichni tes and Prol ichnites, tho ught to be tra il s of innr
tc bratc a nim als, a nd the burro11· 8colitlms lrn,·c been obscn·cd in many ou tcrops. 

After P ot;::da rn time, the ,;ea dra ined from Qu ebec. Th e beds (Th eresa (?)) 
at the ba se of t he OrcloYician arc composed of round ed a nd fro tcd sancl gra ins, 
\Yhcrca~ the P ot;::dam is composed ma inly of a ngu la r grains . 

In On tario t he Precam bri a n o:: m facc i.- onrlain first b>· t he 1\cpca n sand
stone , similar in lith olog>· to the P otsda m. H 011·cYCr, as there is no discernible 
brcnk bct11·ccn the N cpcan and the ovcrl)·ing :\ [arch fo rm ation of undo ubted 
O rcloYician age, i t is possible that t he )Jcpcan i;; also of that age. 

Th e P otsclam -;·fopcan stra ta arc succ eeded b_,. beds of B cckman to 11·n af!:c, 
commencing \1·ith a sand~· phase and ending \1·ith dolomite. Th cY comprise t11·0 
for mation s each wi th different name,; in both Ontario a nd Quebec. In Ontario 
their maximum combined th ickness is about 350 feet . \Yhercas in Qu ebec a.t least 
J .060 feet of strata arc rcprc~entcd. Th e B cekm ant01rn age i;; indicated by the 
enc losed m arin e fa un a. 

At the close o f Bcckman tmrn t ime the sea \Yithclrcw, resul t ing in complete 
emergence until the i1wa~ion of the C haz.' · sea, 1Yhich transgressed the St. 
L a1H cncc r egion from the cast . C hazy time i represented in both eastern 
Onta rio and Qu ebec by brn formation ~, commencing with sa ndstone and fo ll011·ed 
hY o::hal c and limestone. Their combined thickness in Onta rio is abou t 200 feet, 
iricrca~ ing cashrn rd to 300 feet in Quebec . 

A t the end of Cha z>· t im e the sea again \1·ithdrc\Y, probably in the direction 
from \Yh cnce it came , and after \rha t is though t to li a 1·c been a relatively short 
period of emergence. the sea again encroached , bu t thi ~ t ime from the west, and' 
resulted in one of the most \Yidesprcad subm ergence of Palmo zoic t ime. Thus 
,,·as initi ated Bl ack RiYCr a nd Tren ton time, during " ·hi ch a bout 800 feet of 
st rata were la id dmrn. In Onta ri o these strata (Otta'rn formation) comprise 
lim estone \Yith some sand, shal e, and dolomite at t he hasc . In Quebec the entire 
succession is mainly l imc~to n c , and has been subcliYid ccl, C' hi efly on foss il 
cYiclencc (See Table X ) . 

Trenton t im e m ay haYc been Ruccccdcd, in Ontario, by a short pe riod of 
non-deposition, but othcnrisc t he , ca appears to ha,·c r emained over the St. 
Lawrence region until la te Orclo,· icia n t im e. 

Th e Ottawa fo rm ation is succccclcd by more than 250 feet of dark shale, 
" ·i th intcrbed dccl limestone at th e base (EastYicw a nd Billings formations) . In 
Quebec the contemporaneous deposits are enti rely shale, and r each a maximum 
t hicknc s of 1,500 feet. Th ey comprise the Collin g1Yood and Gloucester for 
mations, and arc considered to be of 'Ctic a age. 

Succeed ing th e 'Ctica is the L orrain. r epresented in Onta rio by the Ca rl :::bad 
forma tion . Th e latter con.-i.-ts of grey sha le 11· ith dolomite bands and carries a 
fau na of post-'Ctica age. In Quebec, L orrain e strata consist of shales '"ith 
subordin ate nrn oun ts of l imesto ne and san dstone. A measured th ickness of 
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2 ,27-:1: feet is prc,cnt on ::\icolct Ri nr, and a boring south of the ;::.:.t_ L a\\-rencc 
penetrates for 3 .3-±0 feet in grey shales probably of L orraine age. T his succession 
ha~ not been ubdi\·idcd. 

T iJic L orra in e is onrlain b:: strata of Richmond age. In Ontario these 
comi::;t of dolomite (Ru~scll formation) oHrlain by typical red Quccnston shale. 
the \Yholc about 100 feet thick. In Quebec the sequence begins \Yith the \\"a.\·nes 
Yille grc.\· shale, separable from the undcrl_\·ing Lorraine only on palfeontological 
C\'idencc a nd attaining a th ickn ess of 239 feet on ~icolct Ri \'er. O\·erl.\·ing the 
\Yayne~Yil l c arc blue and reel barren shale~, common ]_\· referred to the Quccnston 
form a ti on and at least 1.500 feet thick. 

Durin g Queenston t ime the sea had al rcad .\· begun to \Yithdra\Y, an d except 
during part of the L mrer D cYonian epoch the St. La\uencc region appear~ (o 
ha,·e remained a lane! area until P leistocene time. 

::\Iuch of St. H elen J ~lancL ::\Ion treal. i~ formed of a brcccia con~isting of 
blork~ of all sizes up to 20 feet across embedded in a mat rix that appears to 
com ist of smaller fragments of t he same rocks . The blocks arc from Precambrian 
gran ite and gneiss, P otsdam sandstone, the ::c,·cral OrcloYician l i mestone~. and 
D eYonian lim estone. Fos~i l ~ collected from ::;omc of these blocks include both 
Helclerherg and Oriskany fo rm s. and indicate that at least part of the region \\·ns 
co\·ered b_\· a D eYoni an sea, \Yho"c deposits are 110\Y rc pre"ented onl:; hy the 
breccin. Th e lack of igneous materinl in the matrix has led to the conclusion 
that the rock is the remit of brecc iation of n rolurnn of onrl_\·ing rock caused ]\,. 
gas pressures from an underground magma connected \Yith the ::\Ion tcrcgian 
in trusions. 

Th e ::\Ion tcrcgian Hills, except for ::-fount J ohn:;;on. lie along a somc\Yhat 
cuffed line extendi ng easterly from ::\Ion trca l for n distance of about 50 miles. 
Th e.\· are eigh t in number. fiy c of \\·h ich ri;::c \\·ell onr J .000 feet above the 
sm roundi ng plain. the others to heights of 600 to 700 feet. Their rcspectiYc 
names arc ::-Ioun t Royal. St. Bruno. St. Hi la ire, R ougcmont, J ohnson, Yamaska. 
Shefford, and Brome. The last three intrude the folded and faulted Palmozoic 
rork s cast of t he Logan fa u lt, and arc, thercfm·e, 1Yithin the .-\ppalach ian region 
preYiously described. 

Th e hills arc circular or o,·al in outl ine, each onh· a fc"· square m il es in area 
and r ising ab ru ptly abon the lenl of t he smrounding land. Th ei r co res consist 
of igneous rocks of alkaline t :-·pc", in cl udi ng such Yarietics as alkali s_\·cnitc, 
nephelinc sycnitc, and cssexitc. and arc intrusin into Pahozoic fo rmations 
ranging in age from Beekmantown to Richmond. 

Brnmc and Shcfford ::\foun tains arc thought to be unroofcd laccoliths, or 
pcrh !1 ps parts of n single laccolith still covered bY sed im entary strata in the 
21-milr intcn·al of lower land bchreen the hills. The remaining hills appear to 
be rnlcanic neck \Yith nearly nrtical 'rnlls. 

T he age of the in trusions is Devonian or >·oungcr . E,·iclcncc for this, in 
add ition to t hat sup pl ied by t li c St. H ele n Island brccc ia. is afforded by 
Y amask a, Shcfforcl, and Brome 1\Iountains, \Yhich lie \Yith in the folded Appala
ch ian region. The intrusive masses shO\Y no effects of deformation, and hence 
must ha Ye been intruded after the last folding that affected this region in 1\Iidclle 
Dernnian time. It has nl"o been noted that in the ::\Ion tcrcgian intrusive rock 
plcochroic haloes surrounding crystals of zircon and titani te arc i1wariably poorly 
dcwlopccl a nd immature. In thi s the.\· resemble those in Tertiary intrusiYC 
rocks, \rhcrcas in certain D cYonian granites haloes a rc numerous and prominent. 
Th e suggestion has, therefore, been aclrnnccd that the igneous roc ks of the 
l\I ontcregian Hi ll- may be as young as Tertiary. 
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AKTICO,;TI ISL\ XD, ~UXG.\)l" ISLANDS, r\XD ADJ ACEXI' CO.\ SI' OF Q"CEBEC 

This most easterly of the three cliYisions of the St. L a1rrence Lowlands is 
separated from the others by se1·eral hundred miles of 1rnter. but represents part 
of a much more extcnsin clcnloprncnt of Ordo1·ician a.nd Silurian rocks. 

Period 

• ilurian 

01·do-
1·ician 

Pl'1·iod 

Ordovician 

J __ i·:poch 

:-\iag:1ra11 

T ABLE X F 

Anticosti I sland 

Fo rmatio n 

C" hico t tl' C' ri no ida l and red li mestone 

.J up itl'r Limestone and shak 

Antiroo<tian G un Ri n'r Al te rnat ing li mestone an d shale 

Linwstone with sha le part ings 
(AIP:rnnd ri a n) 

Ca nrnchian 

Rirhmond ia n 
( Richmo nd) 

(l"tira ) 

Becsrie 

l ~ lli ~ l\:iy S ha le and limt'sto nc o n tlw Ro u t h 
shorr ; ~an dsto 1w fo ll o11·ed by li me
sto ne o n north shore 

1 nterbcdded li mestone a nd shak 

English lfm d LimcRtone a nd shale 

i\Iarasty I Hlack sha le 

T ABLE XII :! 

Jl finuan I slands and Adjacent Coast 

Suh-Pporh Format ion Description 

Ch:1z1· i\li ngan Li mestone, shale, a nd sandstone 

1 Jl~ek~rnnto1rn R omaine Dolom ite 11· ith some shale 

T hickness 

Feet 

73 

653 

308 

189 

200 

730 

228 

? 

T hickness 

Feet 

13.i + 
-----

262 + 

..-\.ntico"t i Liane! 1rns Yi:< ited in 18,56 bY H icliard"on, 11·IHl rol lectecl mum· 
fo"" il" late r to be identified by Bi llings. T he report on t he Ceology of Canada, 
1860. C'onta in" the remit of Logn n '~ ob~c1Tat i on:0 on the i ~lancl. In later years 
,-e1·crnl descriptions of the geolog~· of Anticm:ti haYc appeared , and in 1927 the 
mo"t cumprehen~i1·c report. b:· T 11·enhofcl. 1rn~ pub li:0hcd. 

Both OrdoYiC' ian and Silurian ~1·ste111,; arc reprc~cnlcd on .-\.nticosti. The 
ol de~t bed~ arc those of the ::\[acnsb·. black. bituminous shale. T his has not 
been seen in place. but occurs as loo~c blocks thro1Yn up by the 11·an~ along the 
north i'hor(' of t he ii'land. The blork s enclose fossil graptolites and trilobites 
indicating a rtiC'n age for the rock. 

1 \u aptect from T\n•nho fcl, \\". lI.: Geology of .\nti cosli I sland; Geo!. Sun· . . Canada. ~!cm . 154 (la28). 
:! Twenhofcl, \\p. Il. : C L'ology of thr :dinj.!:111 l :;Jarh.I::; Gt•ol. Soc. Am . . Spec ial Paper Xo. 11, 1038. 
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T he olde;;t exposed fo l'mn l i o n ~ !'epl'escnt a cont inuous sc l' ic;; of lim estone ancl 
shale tota llin g a bout 9.58 fed in thi cknc~" - This b lt CC'C:'~ i o n has been di\'id cd on 
pa l::contologica l eYiclcncc in to h rn fo l'm a tion s, th e E-: ngli,:: h H ea d and rhc Yaurca l. 
F os:-:ils a l'c fai rh· nu mcrn u- and a rc of Hi ch moncl age. 

Th e Va urc;1 l form ation is o,·erl ain bY about 200 feet of rnck consisti ng 
preclorn ina nti >· of limestone, bu t con tain ir1g also some beds of ;:and sto nc a nd 
eYen one bed of qua rtz pebb le conglomerate . This i" lhe l ~lfo Ba>· fo l'm at ion . It 
encloses a fa un a , OYCr 80 per cent of \\·hose spec ie" do not pa"~ in to the next 
succeed ing for mati on. .--\I though the fa un a has a dec id ed Ri chmond aspect t he 
assemblage" arc not kn o\\·n clf:c 1,·herc in Am eri ca . an d ccl'ta in ~p ccies bear a close 
resemblance to Silurian forms . 

The E llis B aY is succeeded bY the Bcr:'c ic fol'mat ion. ''"h ich h a~ at its base 
a limestone conglomerate, in dicating p o:< ~i blc unco nfo l' mablc relat ions. Th e 
conglomerate is succccclccl by lim estone wi th ;; ha le pa rt in gs, the whole about 
200 feet th ick. Abou t twenty-eigh t fauna] ~pc ci cs persist in to thi s fo rmation 
fro m und erly ing E lli f' B a ,- strata, and t hc;:c form ~. lugcthcr \1·it h lhc intro
duction of some th irty nc1,· :-pccics, compri;:c the Bcc;:c ic fa un a. T his fa una 
indicates a Siluri an age of about the time of the Cataract (:\ I eclina) format ion 
of Ontario. 

Overlying t he B ccscic is about 308 feet of al terna ti ng lim estone and sha lr 
comprising t he G un RiYcr form ation. T he::c nH'k~ ~hm1· cYi dcnce of shallo 11· 
water deposit ion. The enclosed fa uua ind icates a t ime fro m about :\Icdina to 
Clinton. 

T he Gun River is succeeded bY about 650 feet of lim estone and ~ ha l e of the 
Jupi ter fo rm ation. \Yhi ch carri es a fa una of Clinton age. Ove rl>·ing it is the 
Chi cotte fonn a ti on consisling of 73 feet of Cl'in oidal , nd reef lim estone. Corals 
form a n important clement of t il e Chi eotlr fauna , 11·!ii (' h i~ rmTela tcd ll'i th the 
R oc hester an d lo\\·cr par t of the Lock port form at i on~, :i ncl is. t herefore, Ni agaran 
111 age. 

Th e An t i co~ t i sect ion is one of the mo"£ inte resti ng in X orth Amer ica, as thr 
Ell is B ay beds bridge in la rge par t the gap that in most p laces exists bctlr ecn 
th e OrcloYic ian a nd Silmia n s ~·stcm s . Accordin g to Twenho fcl, "Jn al mo;:t 
unbroken scqu r ncc arc reco rded th e changes of li fe from the Ord m·ie ian to t he 
Si luri an, the slrat igraphi c break bct11·ccn t he t ll'o h ~w i ng been apparen t] >· of 
brief duration ." 

The rocks of the :\Iingan ! ;; la nd:; ancl adj acent coast of Quebec \1·c rc 
examined by Hi c h ard~on as ea rly as J 857. Th e islands \YCrc later vi f' itccl 
by Logan and Schuchcrt . a nd in 1938 Tll'enh ofrl published t he result" of preYious 
visits mad e by him in J909 , 1929, and 1933. 

The cxpoBcd rocks belong to the Ord O\· ician ~ :--~ t cm and han been cl iYidcd 
into tlrn fo rmat ions, t he Hornainc a nd :\fingan of Bcrkm antmn1 and Chazy 
age res pcc ti Ye ly. The Homaine fo rm ati on consists of t h ick -hcd dcd dolomi te 
conta inin g some chert and reachi ng a lhi ckncss of a bout 262 feet. . .\ spa rse 
faun a of about thir t:v-scYcn recogni zed ~pcc i e~ indic ate a n l ' ppcl' Beekman
tow n age . Th e :\Iinga n form ation is ._ pa ra trd from the underl ying R omain e 
by an unc onformi t ~' · and con"i"t" of a basa l :::ancl :::ton c succeeded by lim e
stone ''"i th some shale. Th e tota l t hicknc"s i:- more than J 35 feet. A fa una 
of one hundred a nd clcnn ::: pcc ic::: has :::o far bee n described . fi ft :-·- thrcc of 
" ·h ich arc not kn mrn elsc 1,·hc re. A Chaz>· age i ~, hon·cve r, indicated (, ee T ables 
VI and XII ) . 

E CONOMIC GEOLOGY 

Th e principal economi c produ cts of t he P a l:rozoic fo rm ations in t he 
St. Lawren ce Lm\"l ancls arc of t he non-meta lli c ty pe. T he more important of 
these arc natura l gas and oil, salt, gyp~ urn. structura l materi als. and fluori te. 
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c;alena-bcaring Ycin ::; in the Precambrian rnck;; north of I\: ingston may be 
related to post-OrdoYician igncou:::; acfo·ity as similar nins ca"t of the Frontenac 
nxi,: rut the u\·crl:-·ing basal OrdO\·ician lirnc~toncs. 

K A'l'l:R.\L GAS .\:\ D OIL 

The commercial ga,.: and oil field,: a re a ll in the Ontario P eninsula (Figure 
-l9) and lie al mu:::;t ent ire!)· ,.:uutl1 (If a line joining the \rest end of Lake Ontario 
and the f()ut uf L ake Huron. ;-;mall quantities of oil han been found on 
\l:rnitoul in !.-land. and ne:11· Georgian Bay, but so far no field of commercial 
importance ha::; been cli:;coYered there. In general, the gas and oil field s arc 
,.:c paratc, and :-·iclcl fro m different g('ological zone". Exceptions arc the Dam1 
and DoYcr field,:. each of 1rhich yield,; both gas and oil. 

The fir:;t ga::; field 11·as disco\'Crccl in E,.::::;cx county about 1889, and is 
"till productin, though on a ,:mall "calc. Production of natural gas in Ontario 
in L945 \\'as approximately 7,200,000 :\I cubi c feet and had a r etail Yalue of 
about $4,837,585. The ga,; fie ld ::; arc concentrated mainly in Niagara Peninsula 
in the ca~t and in :\[i ddlc:::;ex. Lambton. I\:cnt. and E~:::ex counties in the west. 
In ::\iagara Penin:;ula the commercially prnducti\'C formations arc all of 
;-;ilurian age, ch ief' among 11·hieh arc the \Yhirlpool and Grimsby sandstone::; 
and the Clinton limestone. \\' est of London the procluctiYc zones a rc in the 
c;uelph and Salina formation::; (~ilurianl. except in the Donr fi eld, \\·hich 
yield,; from the Trenton fmmation I OrcloYician). Pornsity appears to be the 
chief factor controllin g accumulation. Import ant ::ibo a rc anticl ines and domes. 
PositiYC relief features on the Cue lpli fo l'm ation prnduccd by grO\Yth of reefs 
a re al:-;o important local!~·- The D onr field i:" of ,.;pecial interest in that 
it i,; synclinal in ~tructme . It i,; tlwught that accumulation lherc is possibly 
due to lack of 11·a( CI' in the l'e:'C l'\'Oir rock. 

The oil industry in Ontario began in 1858 \rith dcYCloprnent of tarry 
~cepagc::; long kno11·n to oec-ur along Black Creek near the Yillagc of Oil ' pl'ing:::;_ 
Drilling commenced in 1861. a nd man>· floll'ing wells 11·c rc quickly brought 
in. Initial flo,1·,., of 2.000 and 5.000 ba rrels a cla>' \\'Crc not uncommon, and 
one 1Yell i ~ report ed to han' fi01Hd 7.500 barrels a clay. Drilling soon spread 
to the Pctroli::i di~trict. and thi,; area is still the ch ief productiYC r egion in 
Ontario. Tota I prnduct ion of oi I in Ontario in 1945 \1·as about 113 .325 barrel s , 
(lf 11·liieli 65,007 liarrcb ('ame frnm the Oil Spr ing" and Petrolia field s . 

All commercially proclucti\·e field" al'c in the south\\·cf:tern part of the 
penin,.:ula. :\Jain production is from the Xorfnlk formation (Devonian) at 
depth,: of 380 to 500 feet bclo,1· the ~urface. s;maller yield arc from the Salina 
and C:uclph fo n nationf: (:-lilurian). and from the T renton formation (Ordovi
cian ) in the Donr field. The Tl'cnton haf; also yielded small ciuantitics of oil 
in the <ic·orgian Bay (!i:-;trict and on :\Ianitoulin Island . In addition, a fe\\' 
barrel,; annual!>· a rc reconrecl frum the \Y hirlpool sandstone (Silurian) in 
::\iagara Pcnin~ula. At all prorluetin horizon~, except that of the Trenton, 
the oil has accumulated in local anti cline~ and domes . The Dover fteld produces 
frnm a "~'nclinc. due to the almost complete absence of water. 

S.-\L'I' 

Produetion of ~nlt in J94.1 \1·as 578,697 short tons, valued at $2,920 ,973. 
Thi,: 11·a~ obtainrcl from the ~ot1llrn·e:- tcrn part of Ontario Peninsula (Figure 
.10) ancl represent" 86·5 per cent of the total Canadian output for that year. 
The ~alt is produced by evaporation of artificia l brine. 

Salt "·as rli~coYcrccl in On ta rio in 1866 'Yhen a compan:-r was formed at 
f:odcrich for the purpo~e of dri11ing for oil. Th e first well was drilled on the 
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north side of 1\!Iaitland Ri,·cr a short distance abo,·c the bridge at Goderich , bul 
instead of striking oil, a bed of rock sa lt \YaS encountered at a depth of 964 feet: 
the salt was intcrstratified with rock, but aggregated 30 feet in th ickness. 

The exact boundaries of the salt basin are not kno"·n , but on a basis of the 
many gas and oil \Yells that pa through the salt-bearing formation, the general 
area underlain by salt includes most of Huron, Middlesex, and Lambton counties, 
the western part ·of Elgin county, parts of Dover, H arwich, Camden Gore , 
Raleigh, Chatham, and Romney townships in K ent county, and Sand\\·ich and 
part of Anderdon townsh ips in Essex coun ty. The salt doc no t form a conti
nuous sheet or bed beneath th is large area, a number of wells having penetrated 
the entire salt-bearing formation without encountering salt. H o,,·cver, drill ing 
records point to considerable continuity of the salt beds and suggest that, within 
the general area outlined, there arc relatively few places where salt is absent. 

The salt forms part of the Salina formation. From one to ten separate beds 
are known, separated by variable thicknesses of dolomite or limy shale. Single 
beds range from 5 to 295 feet in thickness, and their aggregate knmrn thickness 
reaches a maximum of 593 feet in Sa rnia township. Apparently the beds arc 
lenticular in form, t he thickness of a single bed varying greatly from \Yell to well. 

In drilling, the first salt is commonly encountered at a depth bet"·ecn 320 and 
450 feet below the top of the Salina formation, but in a few places it has been 
found within the upper 150 feet. Salt, hO\\·ever, is rarely within 100 feet of 
the ba e of the formation. 

To"·ard t he close of Niagaran time the Lockport sea gradually receded, and 
a partly isolated basin was formed over much of southwestern Ontario. This 
basin underwent desiccation, with resultant formation of beds of gypsum and 
sa lt. Th ese precipitates were intcrbedded with muds, products of the erosion 
of older Silurian beds exposed in the surrounding, uplifted areas. An inter
mittent comm unication with the open sea was maintained , thus adding perio
dically to the quantity of salts available for precipitation and giYing rise to a 
variable succession of strata from place to place. 

The salt is obtained by evaporation of artificial brine. '\Veils arc dri lled 
into the salt beds, cased , and then tubing of smaller diameter is placed inside 
the casing. Fresh water is commonly forced into the well through t he outer tube, 
though at Goderich where the \veil pierce a water-bearing horizon above the salt, 
t hi s water is a Jl o,Yed to run down naturally into the "·ell, whose casing has been 
perforated to permit t he water to enter. After the water has dissolved the salt-
it will take up approximately a third of its weight- it is pumped to· the surface 
through the inner tube. 

The brine is eyaporatecl by t1,·o general methods. In the vacuum pan 
proccs , a partial vacuum is maintained in closed vessels, and under the reduced 
pressure evaporation proceeds rapidly at rel9.tively low temperatures. Crystalli
zation is rapid, so that the salt has a fine grain. To th is fine salt may be added 
about 1 per cent of magnesium carbonate to make it free-flowing; or about 
0·01 per cent of potassium iod ide to make an iodized salt of standard grade. In 
the open pan process, the brine is evaporated in open vats. The resulting salt is 
coarse, and is usually marketed in bulk or in bags for use by dairies, meat 
packer~, and so on. 

GYPSU:\[ 

It is well onr 100 years since g~·psurn was first discoYcrcd in Ontario. the 
first mine being opened about 1822 b)' \\"illiam Holme~ nea r the site of the 
present city of P ari s. At first the product \YaS utilized solely for fertilizer or 
land plaster, and the market \Yas local. In ]945 the Ontario output was 92,174 
tons, valued at $385,516. This " ·as about 11 per cent of the total Canadian 
production for t hat year. 
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T he entire outpu t is from Grand Hinr Valley, where Seneca, Oneida, and 
Nor th Cayuga a rc the most im portant to1rnships for wo rk able gypsum deposits. 
The de posits arc len ticul ar in form, :tnd occ ur at different ho ri zons with in the 
Salina formation . In di1·idual deposits as m uch as 11 feet thick arc k no1rn . 
At present m ining is carried on by the Canad ian Gypsum Company, L imited, at 
Hap;ersYille . and by Gyps•um, Lime and Alabast ine, Canada, Limited, at Cale
donia. 

F LUORITE 

Fl uorite has been obta ined in economi c quantity from Yeins in B lack Ri H r 
(OrdoYician) li mestone in M adoc to1rns hi p, Ontario. T he 11·idth of the vein 
materia l ranges from 2 inches to 8 feet, the chief associated minera ls being bari tc 
and ca lcite. 

Fl uori te a lso occ urs in caYit ic:: in D evonian dolo mite at Arn hcrstburg, Essex 
county, and in Lockport (:-;iJurian ) do lomi te at N iao·ant Falk T hese occur
rences arc smal l, and of minera logica l intcrc~t on ly. 

LEA D AK D ZINC 

Lead- and zin c-bearing vein s in L anark county, Ontario, near Carleton Place, 
intersect Ordovician strata and a re, t herefore, of Ordovician or late r age. Asso
ciated 'IYi t h these minerals i a li ttle pyrite and chalcopyri te. T he ganguc is 
commonly ca lcite. These occurrences a re of interest as furn ishing evidence 
regarding the age of t he calcitc-baritc- bcaring vein in eastern Ontario, which 
arc mostly in Precambri an rocks. H owever, as they arc simi lar to those near 
Carleton Pl ace in both mineralogy and general characte r, t hey a rc presum ably 
also of P a lxozoic age. 

STRUCTURAL MATERIALS 

T he concentration of popul ation "·ith in the St. Lawrence Lowlands creates 
a substantia l demand fo r stru ctura l materi a ls. It is, therefore, fo rtunate that 
t he region i underlain by al mos t undisturbed P al32ozoic rocks, the limestones, 
shales, and sandstones of \1·hi ch furnish ample suppli es for stru ctura l needs. 

T he chief stru ctura l products of the li mestone quarries a rc crushed stone 
for road metal, raihrny ballast, and concrete aggregate; stone for Ji me and P or t
land cement; building stone, fl ux, ·stucco dash, terrazzo, and stone for manu
facture of rock wool. Other important products arc chemical lime tone, used in 
the manu facture of calcium carbide and in mak ing beet sugar and sulphi te pul p. 

Almost all t he li mestone fo rm ations of th e Ord ovician, Siluri an, a nd D evon 
ian systems arc used in maki ng one or more of t he foregoi ng products. 

Brick and ti le a rc the chief materia ls manu factu red from t he ha les. T he 
.rrcl shale of the Qucenston fo rmation i,.: the most 1Y icl r ly used, a lthough the 
:\Icdina, Cabot H ead shale al;::o possesses econom ic possibi lit ies. 

Ch ief use made of the :;a ncl ~ton cs is fo r build in g stone, a nd both the W hirl
pool san cl~tonc (Silu rian) an d the Oriskany sandstone (D cYonian) han been 
used extensively fo r th is purpose. 

85672 l :1~ 
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CHAPTER V 

THE HUDSON BAY LOWLAND 
( J. F. Caley) 

PHYSICAL FEATURES 

The Hudson Bay Lowland is the plain that borders J ames Bay on the south 
and west and extends along Hudson Bay to Churchill RiYer in Manitoba (See 
Figure 45). \Vest of James Bay it average:;; about 200 miles in width, but 
farther northwest na1Tm1·s to less than 100 miles . Its seaward slope in J\Ioose 
River basin is about 3~ feet a mile. This 101\"land area is bordered on the south 
and west by the Canadian Shield, and occupies an area of about 125,000 square 
miles. 

J\Iost of Hudson Bay Lowland is floored by a lmost flat-lying, Pahcozic 
strata of Ordovician, Silurian, and D eYonian ages. In addition , t1Yo relatively 
small remnants of Upper Jurassic or Lower Cretaceous beds are exposed at the 
so uthern margin (See Table VI). 

The most prominen t topographic feat ure in the :\loose River basin is the 
low escarpment at the southern boundary of the coastal plain. It is most con
spicuous where cut by 1\Iissinaibi, Opazatika, and 1\Iattagarni Rivers, where it 
marks the northern limit of Precambrian exposures. From Abitibi River east
>vard, howc,·cr, the escarpment diverges to the southeast, whereas the Prc
cam brian-Palreozoic contact trends northeasterly toward James Bay. 

Within the lowland area most of the rivers flow across the belt of sedimen
tary rocks, and clue to the low swampy character of much of the intcrstream 
areas, rock oubcrops arc mainly along the banks of th e larger streams. 

HISTORICAL REVIEW 

Hudson Bay has been known since 1610, 1Yhcn H enry Hudson, in searching 
for a north11·cst passage, sailed down the cast side of that great " inl and sea" and 
wintered on the bleak shores of James Bay. Prior to that time, other explorers, 
particularly Martin Frobisher (1567, 1577, 1578) and John D avis (1585, 1586, 
1587) bad passed the mouth of Hudson Strait, but apparently failed to navigate 
its entire length and enter Hudson Bay. Hudson 1Yas followed by many others 
-Sir Thomas Button (1613) , Robert By lot and ·William Baffin (1615, 1616) , 
Jens Mun ck (1619) , and Thomas James and Luke Foxe (1631 ). Button is 
credited with being the first "·bite man to cross to the inst side of Hudson Bay, 
and Button and 1\11unck wintered at or near the hrn places where t he Hudson's 
Bay Company was later to establish York Factory and Fort Churchill, its two 
main trading posts on Hudson Bay. 

Thus far, little or no attempt seems to have been made to explore the inland 
region to the south of Hudson Bay. HoweYer, durin g the 100 years following the 
establishment in 1670 of the Hudson 's Bay Cornpany 1 , scnral of the Com
pany's men, notabl y H enry Kelsey, Anthony H endy, and ::.Iathcw Cocking, 
travelled some of the 11·atcnrnys between the bay and Saskatche"·an River . 
During t he eighteenth century an extensive system of inland posts was in augur
ated, and rival English and Canadian companies traded throughout the region 
until about 1821 , \rhcn the North-\\'est Company and the Hudson's Bay Com
pany were amalgamated under the name of the latter. 

1 Events lPading up to the inauguration of this company arc recorded in an earlier part of this volume. 
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P erhaps t he earliest geological explora tion in the Hudson Bay Lowl and was 
made by Rober t Bell of t he Geological Survey. Between the years 1875 and 
1880 he t raYersed t he country from the shore of L ake Huron t o :\Ioose F ac tory 
on J am es Bay, examined much of the coast of J ames and Hudson B ays, and 
explored t he valleys of Churchill , )Jelson, H ayes , Atta\rnpiskat, Albany, and 
Moose Rivers. Hi s repor ts constitute a comprehensive acco un t of the drainage 
basins of t hese rivers, and describe the P ahcozoic rocks exposed in t heir 
respective ya!leys. 

B etween 1880 and 1911 seYeral geo logist;; contributed fur ther to our genera l 
kno\Yledge of the geology of t he region. Chi ef among t hese may be mentioned: 
A. P . Low (1900), J. B. T y rrell (1897) , D. B. D mYling (1901 ), W. J . \\Tilson 
(1902), J . l\I. Bell (1904), Charl es Camsell (1904 ), 0. O'Sullivan (1904), ·w. S. 
D obs (1905) , and M . B. B aker (1911 ). In 1913 the Geological Survey publi shed 
a repor t by Willi am M cinnes on t he basins of N elson and Churchill Rivers, 
a comprehensive \vork descriptive of so me 220,000 square mil es of t erri to ry , 
much of 1Ybi ch had been expl ored earli er by ~everal of t he aforementioned 
geologists as \\·e ll as by t he author himself. 

l\Iore recently, detailed studies lrnYe been made on local a reas \r ithin t he 
Lowlands region. The work of Savage and Van Tuyl (1919) on t he stra ti graphy 
of t he P all£ozoic rocks of J ames and Hudson Bays, and of \Y. S. D yer (1928) 
on t he geology and economic deposits of t he l\Io o~e Hi ver basin deserve special 
mention . Other importa nt contributi ons a rc th ose by :\I. Y. Williams (1920), 
on the geology of M attagami and Abi tibi Hin rs; E . M . Kindle (1923 ), on 
t he nor thern part of M oose Hiver ; F. I-I. l\IcLearn (1926), on the M esozoic 
and Pleistocene deposits of t he lo1rer :\!fi ssin aib i, Opaza tika, and :\Iattagarni 
R ivers; and D yer and A. R. Crozier , on the Onaka1rnna ligni te fi eld . 

Period 

Lower Cretaceous or 
Upper Jurassic 

D evonian 

Silur ian 

Ordo vi cian 

GEOLOGY 

T ABLE XIII 

Hudson Bay LoU' lanr/ 

F ormation D0scrip t ion 
---

_1 Thi ckn e~ 
Mattaga mi 

Long Rapids 

Williams Isla nd 

Abi t ibi Ri vC' r 

Moose River 

Sexta nt 

Atta .,.,·apiska t 

Eklrnn Ri ver 

Severn RivC'r 
---------

Port ':\ elson 

Shammatta wa 

Nelson River 

Fire-clay a nd ligni te 

Petroliferous , black a nd gr0y sha le 

Limestone a nd calca reous sh:1 le 

Grey, fossili fe rous limestone' 

Limeston e and gy psum 

Arkose ; clay ; sandsto1w 
-

Limcsto1w; coral red 
--

LimestoJl(•; some chC'l' ty dol omit0 
---

Limeston e' 
---

Limestone 

Lim estone 
·--------

LimC'ston (' 

F rC' t 
138 

50 

87 

65 

50 

85 

JO() 

7.5 

35 

80 

70 
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Th e oldest sed imentary rocks are of Ordo\·ician age (See Table XIII). 
Th e main body, at the northern part of the lo\\·land area, outcrops along N elson 
and Drowning RiYcrs . It has been diYidcd into brn format ions, the ~elson 
Ri\·cr, of "·hich a thickness of 70 feet of lim estone ha been measured, and the 
OYc rlying hammatta\Ya, 1Yith an exposed thickness of 80 feet of limestone. The 
Nelson Rinr fo rmation med to be correlated \\·ith the Ordovician rocks of L ake 
Timi skarning and \Yith Trento n limestone of the Lake Winnipeg region. Due, 
ho1Yever, to the recognition of a r ecurrence of certain Trenton species in the 
Richm ond , it is no1Y known that the Liskcard formation at Lake Timi sk a ming 
is Richmond in age and no t Trenton as was formerly thought, and i t is probab le 
that the Nelson River formation is of the same age a nd correctly correlated 
11·ith the Lisk card. The fa un a of the Sham matta1rn format ion determines its 
Richmond age , an d correlates it \\·ith the Stony ::.\fountain formation of t he 
Lake \Vinnipeg region. 

The Silurian rocks of the Hudson B ay region are \\·ell exposed a long Severn, 
Wini ·k , Ekwan, and Atta\\·apiskat Rivers. The lowest formation is the Port 
N elson, comprising about 35 feet of limestone. Its most characteristic fossil is 
Virgiana decussata, indicating a Lower Silurian age. Th e formation is correla ted 
11·i th the basal part of the Stonewall limestone of Manitoba. 

Th e Port Nelson is succeeded by the Severn RiYer, a formation about 75 feet 
thick, composed of limestone and carryin g a fa una of about the same age as 
the Cataract of Ontario. Th e P ort Nelso n a nd Sevcm Ri ve r fo rmation s have 
been correlated \Yith the Al exand rian (Lower Silurian) of the ::.\Iich igan-Ohio 
basin. 

Th e Lo11·er Silurian strata arc succeeded by the Ek\rnn Rinr formation, 
co nsistin g of about 100 feet of lim estone 11·ith some chcr ty dolomite. This in 
turn , is onrlain by the Atta\\·ap iskat format ion, comp ri sing about 85 feet of 
lim estone and coral reef. The Ekwan RiYCr represents about the time of the 
10\rcr or mi dd le Lockport limestone, a nd t he coral reef a bout that of the upper 
Lockport : both a rc, t herefore, Niagaran (Midd le Sil urian) in age. 

D evon ian rocks arc \1·cJJ exposed in th e l\Ioose River basin wh ere Lower , 
Middl e, and L"ppcr D eYoni an epoch arc represented. A section of these rocks 
is furni shed. bv a diamond-drill core from a \Yell located near the axis of the 
broad sy nclin al region of the l\Ioosc RiYcr basin in which the M esozoic rcrnn a.nts 
a rc prese rved. This core sho ws the D eYo ni a n rocks rest in g directly on the 
Preca mbri an. 

T he age of the 10\nst Pal aeozo ic rocks in the well, those of the :.\loose 
Rinr fo rm at ion, is not ce rtainly kn o\rn , but a Lo1Ye r D cYoni an marine fl ora 
has been obtained from some of the exposed beds. 

At Sextant R a pid s, on Abitibi Ri\·er, the :.\ loose Ri\·cr formation is only 
50 feet th ick. and is und erlain by a bout 50 feet of soft, uninduratcd, grey, pink, 
a nd green arkosc , a nd grey sandstone a nd shale of the Sextant for mation (See 
Tabl e X UI). l\Iarinc plants from the grey shal es and sandstone near the foot 
of Sexta nt Rapids ind icate a L o1Ycr D evonian age for the fo rmati on. 

Th e ::.\foo;:c Rinr format ion is succccclcd bv about 37 feet of buff limestone 
kno1rn a~ the Abi tibi Ri H'r format ion . T hese strata haYC been cor related with 
the Onondaga of sou tlrn·estern Ontario and 1\ ew York, but Lower as wcl I as 
Gppcr D evon ian clements haYe been recognized. 

Th e Abitibi Ri n r format ion is onrla in by the Wil liams I sland format ion , 
con~ i st in g of abo ut 149 feet of massive grc:v shale, succccclccl by 32 feet of 
red, gywifero us shale, the \\·hole capped by 120 feet of porous and caYernous 
limestone. About 87 feet of this formatio n is exposed at the head of \Yilli ams 
I sland. Th e fa un a col lected there shows a mixture of Upper and :.\!fidd le 
D evoni an spec ie.<: , \Yi th about the same number of each. Th e fo rm ation is thought 
ro represent a bou t the t ime of the Hamilton of N ew York. 
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TABLE XIV 

Hudson Bay Loiclancl (Drill Core) 

Period Formation D escription Thickness 

Feet 

Lower Cretaceous or Mattagami !<' ire-clay, lignite, a nd lignite clay J32 
Upper Jurassic Light grey and gree n, plast ic clay 38 

--- -----
Long Rapids Greenish grey sha le a nd bituminous 

sha le 285 
-------

Williams Isla nd Porous :rnd cavern ous limestone J20 

Red gypsiferous sha le and gypsum 32 

Massive grey shal r J49 
---- ------

Abiti bi Ri vr r Buff limestonr 37 
----

Devonian LimPsto ne b reccia, porous limestone , 
and grey sha le 63 

Moose Ri ver fn tc rbcdded shalP a nd limestone 
\\"ith gypsum or se lenite veins 59 

Arenaceous li mestone, calcareous 
sandstone, red sandstone, and 
coarse grit 32 

------ -- - ---

WC'athercd syen it ic gne iss; granite-
Precambrian gneisH 30 

Weathered , pin k grnnitc-gn<.'iss 3 

Succeeding the \Vi lliams I slan d fo rmation is a.bout 285 feet of greenish 
grey, brO\rnish , and da rk grey to black, bituminous shale comprisin g the Long 
Rapids formation. T he on ly fo sil s fo und in the exposed dark sha le arc spores 
referred to Protosalvinia (Sporangites) huronensis . Th eir presence, together vvith 
the lithological simi larity of the hrn fo rm at ions, ind icates a. correlat ion with 
the Kettle P oin t shales of L ake Hu ron. T hese shales a re of Upper D evonian 
age, and a rc co rrelated with the Gen esee of J\' e1y York and 'Yith part of t he 
Antr im formatio n of ::\li ch igan . 

The i\Icsozoic rocks of lhe Hu dson Bay region a. re termed the l\la tta.gami 
format ion . It comprises t\Yo fac ics, a. lower one consisting of light grey, brown, 
reel, and buff-coloured, fin e-grained, plastic fire -clay, a nd an upper one of dark 
grey to black fire-clay and bro1rn , miracco u"' sand wi th scams of argill a.ccous 
lignite . T he tota l th ickn ess, as in dicated by diamond drilling, is about 170 feet . 
Plants collcctecl from a lignite ~cam exposed at the Great Bend on ::\Ia ttagami 
R inr ha Ye been referred to L-pprr .T urassic or rarly L o11·er Cretaceous " ·ith 
preference t01rnrcl a. Kootcna~· age (L o11·cr Cretaceous). 

ECOKO::\IIC GEOLOGY 

Extensive deposits of gypsum a.re kno11·n to occur in the :\ loose River 
formation at SCYcral local it ies in the l\Ioose Hivcr basin. T he mineral outcrops 
on l\loosc River, "·here a maximum th icknrss of 15 feet has been observed; on 
Chccpash Rive r i t reaches a th ickness of 20 feet, and cl iffs from 10 to 17 feet 
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high are common; at Gypsum J\Iountain, bct1rccn Abi tibi and French Rivers, 
cliffs of gypsum 15 feet high , 11·i th neith er top nor botto m exposed, ha,·c been 
reported . T he gypsum is of excellent quality, but its great dis tance from markets 
reduces its present economic importance. 

Lignite deposits of economic interest a rc kno1rn to underli e an area of at 
least 6 square miles on the west sid e of Abi tibi Ri \"Cr, near Blacksmith 
Rapids (On aka1rnna) . Th e deposits arc in the ::VIa ttaga.mi formation of Upper 
Jurassic or Loll" cr Cretaceous age, and li e at an awragc depth of a bou t 65 feet 
bclO\Y the surface. Th ey occur in brn main scams separated by a clay parting. 
The lo\YCr scam has a fa irly uniform thickness of 1-± to 22 feet through out the 
middle and eastern par t of the fi eld, but th ickens t o bct11·ccn 25 a nd 30 feet 
in the soutlrn·estc rn part. Th e upper scam has been more subject to glac ial 
erosion , and shO\YS much greater nuiation in th ickness . I n p] a.ccs, part or all of 
this scam has been eroded, but th i cknc:;:~cs of 40 to 43 feet arc kn own. 

R efracto ry clay occu rs mainly at tlrn horizons in t he lignite fi eld. one aboYe 
th e upper lignite scam and t he other between the two sca ms. 
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CH APTER YI 

THE INTERIOR PLAINS 

(G. S. Hume) 

INTRODUCTION 

The Interior Plains occupy that part of W es tern Canada between the 
Precambrian Shield on the east and the Cordilleran area on the west. They are 
a continuation of the Interior Plains of the United States beginning at the Gulf 
of :Mexico and extending in a narrowing belt nortlrn·cshrnrd through Canada, 
where they include : (1) the south11·est quarter of M ani toba ; (2) the southern 
half to two-thirds of Sask atchewan ; (3 ) all of Alber ta, with the exception of 
a narrow belt of mounta ins and foothills in the south11·cst and a sma ll area of 
Precambrian rocks in the northeast; (4) the north eas tern corner of Briti sh 
Columbia ; and (5) the M ackenzie lowlands of t he Northwest T erritories. 
Altogether t hey occupy an area of about 775,000 square miles, of whi ch about 
375,000 sq ua re miles is wi thin t he P rairi e Provinces a nd includes a lm ost a ll the 
ara ble land, consisting of open prairies in t he sou th (Pl ate XXXIV) borcl erccl 
on the north by park lands with poplar groves (Plate XXXV), which, in turn, 
merge farther north into more heavily timbered area of poplar and evergreen 
forests . ti ll farther north, in t he M ackenzie lowlands, the Pl a ins extend 
into the Arctic r egions and scantily t imbered and barren lands. Th e area 
within the Northwest T erri tories extends west and northwest from the border 
of the Precambrian Shield at the Fort Fi tzgerald-Fort rni th rapids on Slave 
Ri,·er . It includes the basin of Great SlaYe Lake we t of th e N or th Arm and 
west to South N ahanni and lower Liard Rivers. N orthward it in cludes most 
of t he basin of Great B ear Lak e, and where it r eachc the Arctic coast 'has a 
1viclth of about 325 miles we t from D arnley Bay to M ackenzie B ay at the 
,,·est edge of the :Mackenzie delta. 

The eastern boundary of the Interi or Plains is the junction with the 
Canadian hield, and fo llow a broadly curving northwesterly course from south
ea tern Manitoba , through Lake ·winnipcg to the weste rn encl of Lake Athabaska, 
and thence in fa irly direct line th rough Great Jave and Great Bear Lakes to the 
Arctic coast. Along this eastern edge the region either merges in to t he 
Canadian hicld without any noticeable topographical break or else a sudden 
drop of a few score feet or Jess may mark the division between the smooth ly 
rolling or nearly level Plains on the west and the hummocky or low, hilly 
country of the Canadian Shield on the cast. On the west (See Figure 53) , the 
Interior Plain merge with the Foothills of the R ocky :Mountains for 1,000 
miles to Li ard Rive r in northern British Columbi a. Farther north their boundary 
swings nor therly a long the ' '•est side of the L iard to 1\Iackcnzie Rin r, beyond 
1vhich the main ranges of mounta ins arc \Yest of t he M ackenzie, but cast of it 
the Plains arc interrupted by the Franklin Mountain s. These consist of the 
Franklin R ange, which begins north of ViTilJ01vl akc R in r and ends north of Great 
Bear River and south of F or t Cood H ope. and the N orman R ange, "·hich begins 
at Bear R.ock at the mouth of Great B ear Rin r and ends in the Yic ini ty of San 

ault R apid on 1Iackenzic River. South of \Yrigley t he M acken zi e cuts through 
a narrow moun ta in ri dge, 1Yhich is the northward continuation of Camsell Ran ge 
on the southwest to Rock-by-the-Rivers-Side on t he northeast, but clsc1vhere 

85672-14 
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Prairie lands of southern Alberta in T\\"in Ri ,·er area . Photo by G . S. Hurne. 
Geological Sun·e.r (G.S .H. 1-10. 45). 

PLA'l' E xxxv 

P ark lands i11 Battle R i,·er \ ' alle)'. nea r D onald a. Alber ta . Photo by G. S. Hume, 
Geological Sun·ey (793!39). 
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throughou t its entire length flo1Ys through a lowland underl ain by gen tly inclined 
strata. To the north this lowland occupies the lower parts of P eel, Arctic Red, and 
Ramparts Rivers, and its south cm boundary is a westward-trending range that 
extends from Carcajou and Imperial Rivers to the cast edge of P eel Rinr 
plateau near the junction of Snake and P eel Rivers . Beyond th is the \Yest 
bounda ry of t he Plain s is the cast edge of Richardson ]\!foun tains to the Arct ic 
coast. 

PHYSICAL FEATURES 

DRAI~AGE 

The drai nage of the In teri or Plains is largely controlled by the regional 
northeast slope from an elevation of about 4,000 feet on the eastern edge of 
the Foothil ls to 500 feet in the M ani toba Lo1Yl and , a relatively narrow fringe 
of glacial -l ake deposits bordering the Precambrian Shield. In the M ani toba 
Lowland the drainage is nortlnvard in to Lake \Vinnipeg, bu t, except for Milk 
River in Alberta and a few small streams in southern Sask atchewan that drain 
south to Milk and Missouri Rivers, the drainage of the Plains is northeastward 
through the Saskatchewan River system into Hudson Bay, and nor thward 
through the Athabaska and P ence RiYCr syste ms in to Mackenzie River and 
thence to the Arc tic Ocean. All the larger drainage courses and many of the 
smaller ones arc cut well below the plains level, in places as much as 200 or 300 
feet, and occu•py wide valleys mostly wi th steep banks and fi at, bo ttom lands. 
In many areas, also, particularly in th e southern Plains, vall eys that once 
contained large streams are now dry, or arc occupied only by minor streams 
in 1Yet seasons or ·by the remnants of former lakes, now la rgely alkaline and 
without outward drain age. In many other parts of the southern Interior Plains 
a lkaline lakes fill shallow depressions below the prairi e level and arc com
pletely surrounded by slightly higher lands. In dry periods these lakes eibher 
dry completely, leaving white a lkalin e fiats from whi ch t he salts arc scattered 
by winds over th e ad joining uplands in white dust storms, or they dry in parL, 
lea,·ing a 1Yh itc salt fr inge as a rim around the Jake shores. 

INTERSTREAi\I AREAS 

In the in terstream areas, especially in the south , a large part of the In teri or 
P lains is fia t or gently undulating. In these areas in Alberta irrigation project;; 
are turning semi-arid grazing lands into rich ag ricultural districts, and t ree 
growth is changing the •physical aspects of the form er grass lands. In other 
interstrcam areas large morain es have been deposited in belts of variable wid th 
1Yith in "·hich irregul ar hill s and ridges, mos tly ·well rounded and with moderate 
reli ef, present an irregul ar topography in compari son "·ith other prairie land s. 
In still other areas there are extensive rnnd deposits, partly blo"·n in to dunes 
and nearly every where supporting a gro"·th of scrubby bush. 

RELIEF 

Th e co ntrast in relief between the prai rie Jcyel and the rather deeply 
incised riYer va ll eys is still further increased by the p resence of a considerable 
number of flat - topped hi ll s or mesas that arc erosion remnants of a much 
higher plateau JcycJ. M ost of these carry a thin mantle of glacial materia ls 
deposited as the contin ental ice-sheet receded, but some, as for example Cypress 
Hi lls in southeastern Alberta and southwestern Saskatchc1rnn, lay above the 
icc-lcnl and \YCrc no t glaciated in their higher parts. Other than the Cypress 
Hi lls. which rise above 4,000 feet, there arc H and, Neutral (Plate XXXVI). 
and i\Iisty Hills of sou thern Alber ta; Swan Hill s and Caribou M oun ta ins of 

85672- H } 
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northern Alberta; H orn ::\fountain north of the \\·est end of Great lave Lake 
in the N ortlrn-cst Territoric~; \rood and M oose ::\fountains in southern Sas
katchc\rnn; Turtle ::\fountain in southern l\Ianitoba; and many others of less 
height and area. 

PLa'l'E XXXVI 

Xculrnl Hilk norlh of Y elcran. Albcrla. "Photo b)· G. Hume, 
Geolo!(i<·a l S111Tcy (86008). 

ESCARP?-!EKTS 

In addi tion to these rnrious hill s, the prairie lenl is, in the , outh, in ter
rupted by tvrn eastward-facing escarpments. The more easterly and more 
prominent, known as the Manitoba escarpment, face the Manitoba Lmdand, 
and rises abruptly 500 to 1,000 feet above it. Th e escarpment face has been 
dissected by erosion, and is cut by several " ·ide valleys. Viewed from the cast 
it appears as groups of hills kno\rn, from south to north, a P embina. Riding 
::\fountain , Duck. P orcupine, and P asquia, but their tops arc in reality only 
the Jeni of the sccon l prairie steppe. 

The second escarpment, known as the :Yiissouri Coutcau , is in south
\\'CStcrn Saskatchc,ran. and form the eastern boundarv of \Yood ::\fountain 
Plateau and a north \\'c"t extension from it. The rise is 200 to 500 feet. but 
as there is an equal drop to the \\·est, the escarpment docs not represent a 
rise from one prairie ]eye] to another as docs the M ani toba escarpment. 1t 
disappears to the nortlrn·cst, but in the south is locally a prominent fcatmc . 

"BADLAND" TOPOGRAPHY 

A fc\\' place in t he central P lains arc featured bY \\·hat is kno1Yn as "bad
land" topography (Plate XXXTJT). This is clcnlcipccl as a resul t of easy 
erosion of soft bed , oYcrlain usually b~· more rc"istant sand~toncs or shale~. 
The land becomes deeply cli~scctcd by sharp ya] l c~·s be linen knobs or hills of 
Yariablc size, heights. and o;hapcs . a lmost cntirrl~r ckrnicl of Ycgctation. Fan
tastic land for m clcnlop, bu t, though spectacular, they do not occupy large 
area . In Alberta they a rc present along Reel D eer Rinr Valley from Drum-
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he ll er to and beyond Steveville, and along ::.1ilk Rinr in the southern part 
of the province. ::.!fore restricted areas occur at J\!Iud Buttes near Monitor and 
in the Tit Hills southwest of Czar. In southern Saskatchewan badlands occur 
in an area near the International Boundary south of Wood ::.!foun tain Plateau, 
along the Lake-of-the-Rivers and Big Muddy Valleys, and along Frenchman 
River Valley near Eastend. None of these is extensive. 

PLA'l'E XXXVII 

Badlands on Reel Deer RiYer. ea~t of Ste,·evi ll e. Alberta. Photo by C. ~1 . Sternberg, 
Geological Survey (81536). 

Thus, a lthough the name "plains" suggests a level tableland there are 
many irregularities of topography ·both as deeply dissected river valleys and 
as prominent hills rising well above the prairie level. The rolling grass lands 
of the south give place to the bush lands of the north, and in the far north to 
forests, muskegs, and barren, frozen ground, with many groups of large lakes, 
and t·he physical features of the Interior Plains as a whole arc more diverse 
than uni fonn. 

PREVIOUS GEOLOGICAL WORK 

Geological information relating to the southern Plains of Wes tern Canada 
dates back to the Palliser expedition of 1859 and the reports by H ector. In 
1874, George M. Dawson, as geologist for the North American Boundary 
Commission, studied the country along the 49th parallel. In 1881, under the 
auspices of the Geological Survey, D awson, with R. G. McConnell as assistant, 
examined the region in the vicinity of Bow and Belly (Oldman) Rivers from 
the Rocky Mountains east almost to the Saskatchewan boundary and north 
from the Internaitional Boundary to Calgary. McConnell spent the winter of 
1881-82 in Calgary , and the "·ork of the prcYious summ er was continued by 
him independently in 1882. In 1883 Dawson again visited the area for about 
a month. Thi s early work by D awson and McConnell laid the foundation 
for subsequent investigations on the south ern Plains. In 1887 Warren Upham 
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studi ed glaci a l Lake Agassiz in l\Ianitoba, and in 1887 to 1889 J. B. Tyrrell, 
with D. B. DO\Yling as a sistant , traversed north\l'Cstcrn ::.\fanitoba, including 
the a rea in the Yicinity of Lakes \Vinnipcg and '\\ 'innipegosis. This was the 
beginning in W cstcrn Canada of DO\Yling's work that was to continue un til his 
rotircrncnt in 1925, and to be especially significant in relation to the develop
ment of coal and artesian water resources and to a less extent those of oil 
and natural gas. 

In the far north information has been rclatinly scanty, and explorations 
have been con fin ed to the main stream courses or to investigations in the 
mountain groups \\·ithin or adjoining t he In terior l' Jains . In 1789 Alexander 
1\Iackcnzic mad e his memorabl e journey from F ort C hip e11·yan on Lake Atha
baska to the mouth of l\ fackcnzic Hi 1·cr a nd back to I<'ort C hi pewyan, a distance 
of 3,000 miles. 11·hich he conrcd in 102 day:o . Hi s joll1'n a l con ta ins much accurate 
and valuable in formation. From 1799 to 1810 D aY icl T hompson made the first 
complete sur\' CY of Athabaska RiYCr', and a monument on the Atha baska at 
Jasper no11· commemorates his exploits. Jn 1888 Willi a m Ogi!Yi c, for the Depart
ment of the Interior . made the fi rst good map of l\[ackenzie River , having 
crossed from t he Yukon by \my of R at Ri n r , a tributary of the P eel. He 
ascended the :i\Iackcnzi c to Great SlaYc Lake and SJayc Rinr to Lake 
Athabaska. Jn 1891 he a lso a;;ccnclcd L ia rd a nd F ort I\ cl son Rivers, crossing 
to For t St. J ohn on P eace RiYcr. In 1879 George l\I. D a wson and R. G. 
l\IcCon ncll exa mined the P eace Ri1·er country a long t he South Pin c to Dun
Ycgan on Peace HiYcr. From thence t hey traYe llcd across coun try to Athabaska 
Landing a nd from there to Edmonton. In 1887 H. G. l\JcConncll descended Li ard 
Hivcr to Fort Simpson, a t rip made under great difficu lti es, a nd in 1888 dcsccncl cd 
t he :;\Iackcnzic to F ort l\l c.Phrrson on P ee l Rin r. l\lcConncll was one of t he 
first to make accurate observations of the geology and possible oil resources 
of the J'-Iackcnzi c basin. In 1S88-89 hr examined t he count ry bct\1·ccn Atha
baska a nd Peace Rivers north to Great Slave Lak e. In 1902 Charles Camscll 
examin ed the salt springs south of F ort Smith, and era ·sec! to Peare Ri1·cr. This 
\YaS fo l1 011·cd in 1905 by exploration and mapping of the P eel and Wind River 
basins. In ] 907 J oscph K eele descended <iraYcl (K ee le) n ivcr to its junction 
with the M ackenzie. From 1913 to his retirement in 194.5 S. C. Ells made 
cxtensi1·c inYcstigations of the biluminous .-ands of the Athahaska and of the 
more genera l region in t heir Y i cin i t~'· Dming the years 1920 to 1923 scYcral 
parti es of the Geologica l Surn~-, un der ::\L Y. \i';"illi ams, E. J. Whi ttaker, A. E. 
Cameron , and G. S. Hurn e, inYest igatcd the ::\ln ckenzi c River basi n, where 
explorato ry 11·clls that Jed to the disco\"Cry of the :\'orman \Veils oil fi eld \Yere 
being drilled. Th ese reports " ·eJ·c grcatl~· augmented b~· explorations under the 
direction of T. A. Link for the Ca no! proj ect during the years 1942-4. 

l\[a ny im·cstigations, in ad di tion to those mentioned a bove, have been 
made since 1900 on various par t::; of th e In teri or Pl a ins by members of t he 
Gcolop)ca l Survey and of the geological sta ff of the Cninrsity of Alberta, and , 
particularly in t he last fc1y years, mnch informRtion concerning the sub-surface 
stratigraphy a nd structme has been made available by companies drilling in 
scare h of oil. 

GEOLOGY 

Th e In terio r Pl ains are und erl ai n by sedimentary rocks of P alieozic, 
l\Iesozoic, a nd Cenozoic ages resting on a Precambrian erosiona l surface of 
va ri able reli ef. They a rc la rgrly drift co1·crcd. hu t br neath t he glac ia l debris 
and glacia l-lak e deposits the brdrnck has a regiona l south11·cst dip , rn o::,tly so 
gen t le that the beds apprar to be a lmost fl at . F or t hi s reason the younger 
strata mostly conceal the olde r beds except. "·here the la tter r each t hr surface 
a long the margin of the P recambrian Shield or arc upthrust by fa ults in the 
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\\·estcrn foothills and mountains. Thus the older beds arc known only from their 
outcrops on the cast and \\·est margins of the Pl ains and from well borings that 
have penetrated them, la rgely in the search fo r oil and gas, \Yhcrcas t he young
est rocks haYc been sub iectccl to erosion and occur no\\' as isolated remnants of 
f ormcr, much more cxtc'nsiYc dcposi ts, t he r cmoYal of "·hi ch has revealed other 
slightly older strata that they prc,·iously concealed. 

CAJ\.IBRlA:--l' 

The oldest P almozoic strata, the Cambri a n (Figure 51), are not known 
to occur in ::\fanitoba either as outcrnps or in borings. The age of some sand
stone beds filling irregularities in the Precambria n floor below fossiliferous 
OrdoYician beds is not definitely kno1Yn . but is bclicYed to be Ordovician a lso. 
Near Ogema, in south-centra l Saskatchewan south of Regina, a deep well 
reach ing the Precambri an at a depth of 9,400 feet encoun tered about 800 feet 
of :;andstones, in part glauconi tic , that may be \1·holly or in part Cambrian, 
overlain by 500 to 600 feet of lim estones and dolomites of possible Ordovician 
age. Cam brian strata arc kno11·n to occur acrnss sout hern Alberta, where shales 
and dolomi tes \1·crc rlrilled in th e Co mrnonwealth-.l\lilk River well, northeast 
of the to11·n of l\lilk River, a nd in th e Ca li fo rni a Standard Prin cess N o. 1 well, 
which reached the Precambri an at a depth of fi ,14.7 feet. The extent of the 
Cambrian under nort hern Alberta and northr rn Saskatchewan is unknown. It 
is presumed that t he M ontrcnl-Al berta \1·cll at I Vai111uigh t reached Cambrian 
strnta, and limy shal es of t hi s age a rc bclicYCd to lie below a white and red 
quartz sand at a depth of 4,l .iO feet in Vermili on Consolidated No. 15 well, 
southeast of Vermilion. Cambri an beds, howeve r, are not present a long the edge 
of t he P a l:rozoic outcrops in nor th ern Alberta to the west of Lak e Athabaska, 
nor in \\·ell s drilled to the Precambrian at Fort M cMurray in search of salt; nor 
have t hey been obscrnd along t he eastern edge of the .Pa lffio zoi c sediments 
where t hese are in contact v.-ith the Preca mbrian on the nor th a rm of Great Slave 
Lake. A t hi ck succession of Cambria n sha les, do lomi tes, and limestones is, 
h01vcver, known in t he eastern mountain s of sou thern Alberta, and beds of 
similar age have been recognized in :\lackcnzic a nd Franklin M ountains in t he 
N ortlrn·est T erri tori cs. 

ORDO\'ICJAN 

Strata of Upper OrdoYician age ft ank the Precambrian rocks of the Cana
dian Shield to the west, nortlrn·cst, and south of Lake Winnipeg. In the southern 
part they haYe been subdivided in to three formations, consisting of the Winnipeg 
formation of mainly sandstone, succeeded by the R ed River formation of lime
stone and dolomite, overlain, in t urn , by t he Stony M oun tain formation of 
limestone, dolomite, and red shale. T ogether these form atio ns comprise less 
than 800 fee t of strata, the basal, sandstone beds resting on and fillin g in equa li
ties in t he Precambrian surface. They thin westwards beneath the P lains; arc 
doubtfu lly present in the extreme southwest; and, so far as known, do not 
occ ur in the northern plains of Alberta. In the eastern R ocky ::\fountains early 
and late Ordovician strata arc presen t, and cer tain sha les encoun tered in the 
CommomYcalth-:\l[ilk River 11·ell of southern Alberta contained ostracods that 
ma? be of OrdoYician age. Orclo\'ician shales an d dolomites \vith gypsum occur 
along the west side of the nor th arm of Great Slaw Lake a nd from there north
ward a long the western margin of the Shield to Great B ear Lake, but are doubt
fully present west of M ackenzi e Ri ver Vall ey in ::\1 ack cnzic M oun tains. 

S ILU RIA N 

Middle Silurian (Niagaran) strata of the Stonewall formation , less than 450 
feet th ick, arc known in :\1anitoba west of Lake W innipeg, and similar beds 
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re·.: calcd by drilling in outhern Saskatchcll"an may be of the rnmc age. Th e 
formation consists largely of dolomite or dolomi tic limestone, 11·ith, locally , 
salt and gyp urn beds. Strata of this age ha\'C not been identified in the south
western Plains, and probably arc not present. In the F ort :\Ic:\Iurray area of 
northern Alberta Silurian beds are present locally, and the 1011·cr part of P eace 
Hi,·er \'alley contains g~·p:;um beds of this age . D olo mitic strata arc a:;:::ociatecl 
\\·ith salt beds west of Fort Smith, and arc considered to be Silurian, a nd lime
stones and dolomites of Silurian age presumably underlie most, if not a ll , of t hr 
l\Iackcnzic lo\\·lancls, outcropping both on the cast and 1rc:st margins. and a rc 
present in the \Vin dy Poin t 1rcll drilled on t he north shore of Great ;:.\la\'C La ke 
lo1rnrd the \\·est encl of the \Y est Arm. 

DE\"O::\IAN 

D eYonian strata underlie all of the Interior Plains, but consist en tirely of 
l\Iidclle and Upper D evonian lim estone and dolomite, interbcdd cd with shale and 
containin g some lh ick beds of anhydrite and salt. In M ani toba, west of the 
fringe of Silurian outcrops, there arc cxtcnsi\'C exposures of D cYonian beds on 
Lakes l\Iani toba and \Yinnipegosis. Also in northern Alberta, at Fort :;\Icl\Iurray 
and in the lower valley of P eace River, Upper D evonian beds outcrop, bu t nu 
l\Iiddlc or Lower D evonian bed:; are present. F arth er north , however, l\Iiddl c 
DcYonian limestones and dolomite ha\'C been fou nd in the ,·icinity of G reat Slave 
Lake, Northwest T erri tories, and excep t " ·here oYe rl ain by Cretaceous strata 
occupy a belt of considerable bu t as yet unkn own wid th a lon g the entire course of 
Mackenzie Va ll ey. In ascending order a rc the Pin c P oint limestone, Presqu'ile 
dolomite, and SlaYc P oin t limestone. Th e pper D evonian impson shales arc 
exposed on :\1ackcnzi e River abo1·e Fort Simpson and a lso on Hay River. The 
overlying Hay River shales outcrop on the same ri \'Cr below i ts falls and arc 
overlain by Hay River limestone . 

D evonian beds, mostly of limestone an d dolomi te, but " ·ith some shale, 
ha,-e been encountered in the Plain s in e\'Cry \\·ell drilled deep enough to reach 
them. In southern Alberta the cliYision is threefold, \Yith dolomitic limestones 
and dolomites comprising the lowest division, anhydrite in an intermediate zon e, 
and sha le and dolomitic limestones, containing Upper Devonian fossils, in the 
upper diYision. In east-centra l Alberta sal t has been encountered b elow 1,000 to 
1,500 feet of limestones and dolomi tes of D evonian age. The relationships. of 
the salt beds in east-central Alberta, the anhydrite beds of southern Alberta , and 
the salt and anhydrite beds encoun tered in t he Pal::cozoic rocks of outhern 
Saskatchewan are unkno\\·n, but it is presumed both Si luri an and D evonian 
deposits may he present. Th e salt beds at Fort Mc:\1urray have been con
sid ered to be Si luri an, but there is no positive proof of their age. 

Cl[TSSISSIPPIAN AKD LATER PAL1EOZOIC 

Mississippian beds overlying the D evonia n arc restricted on the Plains to 
southern Saskatchewan and outhern Alber ta (See Figure 51) , 1Yith a fringe of 
unknown width along the east ecJo·c of the F oothill . In sou th1Yestern Alber ta 
the youngest Mississippian strata are limestones correlated \\'ith the Rundle 
formation of Banff. They overlie limy shales of the Banff formation, and arc 
correlated wi th the Madison group of Montana. In t he southern Pl ains the 
top of the Mississippian i an erosion surface, but there are still younger :\i[issis
:::ippian beds in southern Saskatchewan, revealed by the drilling of dee p well s. 
In the Williston basin , which extends north from North Dakota and nor theastern 
:\lon tana into southern Saskatche\\'an , t he typical massi1·e limestones of the 
~Iadison group are continued up\\·ard in to earthy li mestones, and anhydri t ic lime
stones with red and variegated shales. In west-cent ral Montana , where these 
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beds are absent, red calcareous sands O\·crlic the ::\Ia c\i~on disconformably, but 
to the cast, in the Williston basin, there is a gradual merging up11·ard into sandv 
lim estones, overlain bv typical marine limestones and shales, in t urn onrl ain 
by black Ol'ganic shales alternating "·ith continen tal deposits contain ing plant 
fragments and e\·cn th in coal scams. These arc onrlain b~, the younges t 
Pal::cozoic beds of the area, namely dolom it ic sandstones, anhyd ri te, and red 
and rn ri cgatcd shales . Th e fa un a from the uppermost beds shol\· P en nsylvani an 
clements, though the beds a rc main ly, if not \1·holly, of Chester (::\Iiss i,s ippian) 
age. 

Else1rhcrc in the Interior Pl ains area of Canada t here a rc no kn ol\·n 
Pcnn~vl\·anian or P ermian rocks. although late P al::cozoic strab han been 
rccog1i'iz.ed in the eastern Cordi llcra n r egion as far north as , a nd on, Li ard 
Rinr. lt is bcliend. therefore, that ::\Ii ssi;,s ippian and possiblr Pcn n ::; ~·lrnn i an 
fo rm ation s occur under younger strata in the sou t lrn·cst part of the Nortlmcst 
Tcrritori c~ ad joi ning lo\\·cr Li arrl R iver, but no Carboniferous rocks a rc known 
cl~c11·hc rc in the ::\Ia.ckcnzic Itinr basin . 

In certain areas of sou them A l.bcrta a rcgolith onrli cs ::\Iississi ppian strata, 
and is either a chert conglomerate or a conglomerate conta ining chert, green 
clay, and other elastic materials . In cast-central Alberta, 1rhcrc i t onrli cs 
D evoni an lirn c,tonc, the r cgoli th is quite widespread. In a few place it consists 
onl ~r of non -calcareous. green and red, a rgillaccous materials, bu t in other nrcas 
rnnd is present in considerable a mou nt. and the thickness of the dctrital material 
ma~· be as much as 100 fret, or c\·c n more in exceptional instances . In ccntral-
1rcstcrn Sa~katche1rnn a gas-bearin g ~and bclol\· Lo1rcr Cretaceous beds may 
belong to this rcgolith. Th e age of the clctrital material may be either late 
Pal rcozoic or early l\Ie ozoic , bu t the material i t.;:elf is dcrincl from the 
1rcathcrin g of Pal ::cozoir r ocks. Jn southe rn l\Iani toba, the Am aranth forma
ti on, clcscribccl most!>· from \\·ell samples, lies bchrccn kn own D cYo nian and 
Jurassic stra ta, but its prec ise age is uncertain . The bee!!" a rc a. succession of 
reel shales \\·i th gypsum, " ·ith a maximum kn mrn th ickness of 240 feet. 

TRIAS;;;rc 

R ocks defin itely id cnt ili ccl as Tri ass ic arc kn own only from the nortl 1\\·cstcrn 
part of the centra l Pl ains. " ·he re the>· han been encountered in a deep 1Ycll 
clrillcd near Poucc Coupe, Alberta. Th e T r iassic beds of this area a r c entirely 
marine , cons ist ing of siltstones, calcareous shales, and a renaceous limestones. 
It is probable that strata of th is age uncl crli c the \Ycstcrn and northern parts of 
the Pl a ins in nor theaste rn Bri t ish Col umbi a, as well as a small a rea in nor th 
western Alberta. T hey th in out easbrnrd, prernmably due to erosion prior to 
Ju rassic deposition, a nd are not present \\·here the top of t he P a lrcozoic is 
exposed on P eace Rinr at Yermili on Ch utes . 

. J URASSIC 

Jurassic rocks oYerlic the Tri a,-,ir, "·here pre::rnt, or rest on P alreozoic 
fo rmat ions. They arc kn o\\"n in :o:o uthc rn ::\[an itoba, in southern SaskatchC\\·an , 
in rn ut hern and \rcstcrn Alberta along the 1\·e;:t edge of the I nte rior P lains, and 
in northeast Bri tish Columbia 1.C\ee Figure 51) . Tn the "·est and soutlrn·est the 
.Ju rassic is entirely marine. co n ~ i" t in g rno~tly of da rk ~hales " ·ith limestone 
bands in the lower part a nd bro1rn ribboned san dstones in the upper part. In 
the rnuthern Alberta plains the sedimen ts . as enco un tered b» drilling, a re 
mainly green shales \\·ith so me sancls. although lim estone beds arc also present. 
Th ese arc 250 feet or lcs~ thick , and a rc be lieved to correspond 1rith the Ellis 
formation of l\Iontana . In southern Saskatchewan and ::\Iani toba in fo rm ation 
is again based 1rholly on the study of .~amples from a fc\Y deep \Yells. P art 
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of the Jurassic strata there may consist of reel shales, but grey shales predominate 
and limeston e beds may be present. Th e contained foss il s indicate an in tcr
rnixturc of marine and non-marine beds, 1Yhosc aggregate thickness is quite 
Yaria blc, but commonly doc::; not exceed a few hundred feet. The extent of the 
.Jurassic beds nort lmard in these pro,·inccs is not kno1,·n, but it is doubtful if 
marine strata persist fa r north of S\Yan Hi \"Cr in :\Ia.nitoba. 

CHETACEOUS AND PALEOCEXE 

The Cretaceous period, follmYing the Jurass ic, was one of 1Yide pre ad 
deposition in the In terior P lains, and conditions of sedim entation \\·ere highly 
Yaria blc cYcn at the same time in different areas. In southwestern Alberta the 
period began under 1riclcsprcad continental condit ions with the deposition of 
elastic materials, sands and shales "·ith coa l. This condition was maintained 
through Lower Cretaceous time, ending \Yith local deposit ion of Yolcanic breccia, 
which in the beginning \1·as mingled \\·ith the continenta l material. T o the 
north, in nortlrn·estcrn Alberta and northeastern British Columbia, and extend
ing in to northeastern Alberta and so uth to rn uthcrn Saskatchewan, Loll"er 
Cretaceous marine beds alternate wi th the non-m arine deposits. The sea in which 
these marine beds were laid clmrn obviously existed to the north and cast of the 
area of so uthll"c:;tcrn Alberta tha.t received onl y continental deposits, but marine 
Lower Cretaceous beds a rc not kn O\Yn to have extended in to northern l\lanitoba, 
although t hey arc present in the south interbeddecl \Yith non-marine strata of 
lhe S1rnn Rinr group . A considerable part of the ma rine Lm\"Cr Cretaceous 
i~ com posed of shales, and these alternate 1Yith non -m arine beds of sands and 
:;;ha irs in 1Yhich cord scams occur. 

In southeastern Alberta and in south ern Saskatchewan beds of Lower 
Cretaceous age arc deeply bmied below the ::urface, and are on ly knO\rn where 
penetrated by deep boreholes. They include the partly non-marine and prob
ably partly marine shale:: and sandstones rcfrrred to in the litrraturc as the 
''l·a ri colomed" beds. Th eir exact age has not been determined, but they have 
been tentatively correla ted with the Bla irm ore of soutll\\·cstern Alberta. Some 
at least partly ·marine dark sha les and sa ndstones OYerlying the "varicolou red" 
heels in southr rn Saskatchc\\·an haYc also been refen cd to the L o\1·cr Cretaceous. 
To the cast. on the :\Ianitoba escarpment, it is probabl e that some part of the 
partly marine and partl ~' non-marine sandstones, shales. a.nd clays of the 
8\\·a n Rinr group, and pos6ibl~- a part of the marin e shales of the Ashville 
formation , arc of Lmnr C retaceous age. 

Farther north in Athaba~ka Ri\"Cr Y a.l lcy in th e vicinity of Fort l\Ic:i\Iurray 
the 11·csterly non-marine sandstones of the l\Icl\Iurray fo rm ation (the " T ar 
s:rnds") haYe been placed in the Lo\1·er C retaceous and correlated with ei ther 
the K ootcnay or !01nr part of the Blairmorc formation of soutlrn·estcrn 
Albr rta , the la.trst correla.tion being with lo\\·er l31 airmore. T he :\fc::\ Iurray is 
onrlain by the Fort St. .John group , in cl udin g the marine shales and sandstones 
of U1 c Clcarwatrr format ion. the marine and non-marine sandstones and rare 
coaly layer" of the Ciranrl Hapids formation. and possibl?, at the top, t he dark 
marin e "Pelican ::hale''. To the nortlrn·cst of F ort :\Ic:\[urraY and lmr r r Atha
bai:;ka Valley, and in the lO\\·er or eastern part of P eace Vailey, the succession 
i~ much the rnme. At the base and penetrated in boreholes is sandstone, prob
abl)' comparab le 1rith the l\Ic:\Iurray sands on Athabaslrn River. Aho»c are 
the marine shales of the Loon River fo rm a tion, occ up~· in g a "lra.Ligraph ic 
position similar to that of the Clearwa.te r of the Athaba::ka. sertion. Higher. the 
partly rna.rin r and partly non-marine 5anclstonc. shale, a nd one kn o1r n coaly !aver 
of the Peace Rinr format ion resemble the beds of the Grand R apids format ion, 
and the marine dark shales of the Shafte bury recall the " P elican shale" of the 
Athabask a section. Th e section from the base of the Loon River to th e top of 
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the Shaftesbury has been included in the Fort St. J oh n group. T he fau nas of the 
Fort St. J ohn group, particul arly the B eaudanticeras affine and Gastropiites 
faunas, have been elated late L mYcr Cretaceous, and the beds containing them 
correlated with the upper par t of the Blairmorc group and possibly the base of the 
Alberta group in sou thwestern Alberta. Some do ubt of th,, Lower Cretaceous age 
of the top of the Fort St. J ohn group, in cluding the Shaftesbury formation, has, 
ho\\·cvcr, been expressed. The shales of the :\Icanclcr formation, possib ly of 
L o1Ye r Cretaceous age, occur in H ay RiYer Ya llcy. 

At the begin ning of lipper Cretaceo us time continental cond itions clirnp
pcarcd , and thick marine clepo~ i ts accumul ated ncrywhcrc onr the area of the 
P lains. Fo r the most par t these are dark sha les, but in the north1nstcrn Pla in s 
the oldest upper C retaceous deposits arc rnncls , in part alternating wi th shales . 
Th e sea that clepo~ i ted t hese sediments lasted m uch longer in the cast than in t he 
inst. and, in consequence . 11·hen contin enta l conditions aga in began in the west, 
marine depos it;: were st ill accum ul ating in the cast and continued to do so 
almost to the end of lipper Cretaceous time. T hese cond itions are illustrated 
for the southern Pl a in s by F igure 51. In the west the early Upper Cretaceous 
cornpri.-cs abou t ] .700 to 2.000 feet of ma rin e, Alberta shales of Colorado age, 
sucrccded by a fc11· hundred feet of marine shales of ::viontana age. Farther north 
in Smoky and P eace Ya.llcys the upper Cretaceous apparent ly begins 1Yith the 
rnndstones, shales , and th in , rare coal scams of the D unvcgan fo rm ation. Th ese 
are overla in by the marine shales and rare rnndsto ncs of the Smoky group, the 
equ ivalen t of the Albe rta group in the rnuth. To the ,,outhcast, in Atlrnbaska 
Valley, the marine shales of the L a Biche format ion in clude beds equivalen t to 
those of the Alberta and Smoky groups, but may extend a li tt:c higher strati
gra phically. Farther east, in the l\Ia ni to ba escarpm ent, beds equivalent to the 
Al,bcrta group incl ud e the marine shales, calcareous shales, and rare limestones 
of the Favcl fo rm ation and a pa r t of t h e marine shales of the Vermilion River 
formation. 

Th e beds of the Alberta group arc overlain by B elly River sanclstcncs an d 
shales (See F igure 51) . In t he west these contain coal seams and are en t irely non
rn arinc, bu t to the cast and northeast they 1nclge out and become interfingcrcd 
with marine shales and sands. Thus in the southern plains of Alberta the 
non -ma rine eq uivalen t of th e Belly Rive r heel s of the F oothills, r epresen ted 
by the Milk River, Foremost, and Oldman formations, are intercalated above 
the Milk River by a westerly t hinning wedge of marin e, P ak o1Yki sha les . Still 
farther east, in southern Saska tche1Yan, th e Milk Ri ver formation of non-m a rin e 
sandstones a nd shales wedges out, and the overlying, marine P ako1d<i beds give 
place to the mu ch thick er series of marine shales of the Lea P ark , which rest 
directly on the Alberta shales and are very similar to th em li thologically. T he 
succeeding Foremost an d Oldm an continental beds arc here th inning rapidly to 
t he east, and disappear somewhere in the western part of south ern M anitoba, 
east of which poin t a lmost the entire Upper Cretaceous section is marine, and 
consists dominantly of sha les. T he ma rin e succession in south ern M ani toba has 
been subdivi ded litho logica lly in to four formations, namely the Ashvill e, which 
may be in pa r t lower Cretaceous, succeeded by the Favcl , Vermili on River , and 
Ri ding M oun ta in formations. Th e Riding Mounta in is mu ch the th ickest of 
these (See F igure 51) and except a round Turtle :\fountain, in southernmost 
M ani toba, is everywhere exposed to erosion. It includes equivalents of the 
upper Lea P ark of Saskatchewan as well as those of the con tinental, Oldman and 
Foremost formations and the succeeding m arin e beds of the B earpa'i\· fo rmation 
of more 1ycstcrly areas . 

Thro ughou t southern Saskatchc1van and Alberta, and in southwestern 
Alberta, the B elly River beds or their equivalents are overlain by marine shales 
of t he B earpaw formation, which atta ins a th ickness of more than 700 feet and 
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contains a number of sandstone members. 1\Iarine sed imentation lasted longer 
in the east than in the west, and the Blood R cserye sandstone, which overlies 
the Bearpaw of outhcrn Alberta, has recen tly been correlated ''"i th the Oxarart 
sandstone member of the B carpaw of the Cypress Lak e area in southwestern 
Saskatche\rnn . In the Cypress Hills t he Oxarart sandstone is overlain 'by as 
much as 200 feet more of marine B carpaw shales, and these are 11011· believed 
to represent t he tim e equi va lents of the basa l, brackish water, oyster-bearing 
beds of the St. Mary River formation, which overlies the B lood Reserve sandstone 
in southern and south1nstcrn Alber ta (See Fi gure 51 ). 

North1rnrd along t he east edge of t he Foothills the B carpaw marine shales 
of lhe south become less ty pi cally marine, and contain yellow and reddi sh sand
s tones. In some areas t hin coal scams arc present in beds considered Bearpaw 
eq uivalents. Apparently t his represents a nea r shore phase of sedim entation , 
and north of Highwood River t he recogni tion of tbc B carpaw becomes difficult, 
and the un de rl ying, non-m arine, Belly River beds, with a th ick coal seam near the 
to p in Turn er Valley and more southerly areas, is continued up1Yard in to the 
non-marin e sandstones and shales of the Edmonton formation. In the Drumheller 
area of Alberta , 1rhcre the Edmonton is 11·ell exposed and consists of 1,224 
feet of white , bcntonitic sandsto nes and shales with coal, there is an erosional 
disco nformity at its to p. To the southwest these late Upper Cretaceo us beds 
a rc onrlain by non-ma rine P a leocene sandstones and shales of the Paskapoo 
fo rmation, 1Yith a basal conglomeratic sandstone containin g cobble up to 
6 inches in diameter . Along the eastern edge of the Foothills north of Bow RiYcr 
diffic· ul ty ha~ been experienced in diYid in g the non -marine succession into the 
Yar i o u ~ co mponent parts recognized farther south. In the l\Jiountain P ark and 
C'adomin areas of Alber ta the non-marin e bed arc said to be 12 ,000 to 14.000 
feet thick, and a lth ough the upper .part is regarded as P aleocene, its point of 
separation fro m the Cretaceous belo1Y is st ill un certain . Th e basal Paleocene 
conglomeratic sandstone ha been traced soutl111·arcl along the cast. edge of the 
Feothills from B o1Y River to ·willo11· C reek. On Bo11· River it ~·es ts on Edmonton 
strata, but due to nortlrn·ard bcYel ling, progressi"ely hi [!hrr 'beds appear to t he 
f' outh belo11· it. Thu s, as tbc Edmonton form ation is traced south1Yard it becomes 
th irker ll"ith the add ition o f younger ber~.:J , and rn uth of Hi ghwood River it 
is kno1Yn as the St. 1\Ia ry Ri,·cr formation. In addit ion, still younger bed~ 
a ppear bct1Yccn the St. :Uar~· Rinr format ion and the P aleocene conglomcratic 
rnnd:-t.o:ie These arc the \Yil l01v C reek beds cons isting mainly of r eel "l1ales, 
but including als::i green sha l e~ and sancMoncs (8re Figure 5l). Th e \'Villow 
Creek beds eonta in freslmater foss ils \\·hose age is ind efini te, but hitherto have 
been regarchcl as probably P aleocene. Th e st ratigraphic relationships, however, 
~eem to inoiratc that the \Yill o\\· Creek format ion mav be Cretaceous. In the 
Poreupine Hill ;: of south11·e;:;t Alberta, ll"est of N anton' and Claresho lm , a thick 
:- ucccssion of sandstones and shales of the P orcupi ne Hills formation, 1Yith a 
basal conglomeratic sancl ;::tone, is probably the soutlmard equivalent of the 
Paskapoo format ion. 

It has a lready been indi cated that marine conditions per;::istcd longer in the 
cast than in the 1rcst, and that the brackish, 10\YCr par t of the St. Mary Rinr 
formation of southern Alber ta may be the t ime cquirn lent of part of the upper 
Bearpaw in the Cypress Hills area of ~o u thwcstern " askatchc11·an. Abon the 
Bcarpaw marine beds in the Cypress Hills arc sandy beds 1rith carbonaceous 
materials and thin coal scams that compri c the Eastcn d formation (See Fi gure 
51) . T he division between t he Eastcncl and Bearpa1Y formations. holl'CYCr, is 
dra1Yn arbitrari ly, as some sandy members formerly included in the Eastend 
have been described recently as part of the Bearpaw. Also, the upper contact 
of t he Eastcnd fo rm ation is t ransitional into 'IYh itc, feldspath ic sancl~ton es of 
the Whitcmud formatio n . Bcn toni tic shales a nd sands fo rmerly included in the 
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top of the \V hitcmud format ion have been separa ted in the Cypress Hills area. 
into the Battl e fo rm at ion , and seem to indi cate a marked change in sedimentary 
conditions, pa rti cul arly in the prevalence of ,·olcanic activity as revea led by the 
prese nce of bcntoni tc . The deposition of the B attle format ion , ho,,·cvcr , \YaS 

follmred by a period of eros ion, \Yhi ch in place~ remand both it and part or all 
of the \ Vhitemud fo rmati on . This period of erosion in the cast a ppears to 
co 1Te~pond \Yith tha t in the west at the base of the Pa~ka poo formation , but 
in the cast still youn ger C re taceous beds, represented by the Frenchman forma 
tion (formerly Lo,,·cr Rann:scrag) appa rentl y of Lance age a nd containing a 
T riceratops nrtcbra te fa un a, succeed the period of eros ion , and in the cast encl 
of t he Cy press Hill s grad e upw ards into the R anmcrag (formerly upper 
R avcnscag) fo rm at ion of non-marin e P a leocene beds. The division bchrcen the 
Frenchman and R avcnscrag fo rmations is pl a rcd at the base of a coal-bearin g 
sucr e~s i on of beds. 

Considerabl e dircrsity of opinion has marked attem pts to correlate the 
r ari ous fo rma tions of eastern and \rcstern a reas . Formerly the lower par t 
of the Edmonton form a tion ·was correlated \rith the Eastcnd and the upper 
part ,,·ith the \\'hi tcmud, as the Edmonton in the Glcichcn area of southwestern 
Alberta contains a volcanic ash bed, \rhich ,,·ith bcnto ni tc in the formation 
indi cated a period of volcanic activi ty . Furnival, ho1revcr, correlates t he 
lower part of the St. M ary River (or Edmonton ) wi th t he upper part of t he 
Bcarpa w of t he Cypress Hills area a nd the upper or frcsh1rntcr part of the 
St. Mary River with the E astcnd formation. H e a lso tcntatinly corre lates the 
\Yi ll cl\\· Creek beds of soutlrn·cstcrn Alberta with the \Vhitemud fo rma tion 1 . 

It is presumed that th e B a ttl e formation \YaS no t included in thi s correlation, 
and i1t is th us assumed that sedimentation in the cast may still have been in 
progress when it had ceased in the west. In the 1rest the division between th e 
Cretaceous and the Paleocene is represented by an erosional di sconformity a t 
the base of the P askapoo, but in t he east the sedimentation appears to haYe 
been continuous from late Cretaceous into P aleocene t ime, as indicated by 
continuous deposition of continental sandstones and shales. In a genera l \my 
the Ravenscrag, as re-defined by Furnival, correlates wit h the Pask apoo of 
Alberta and with similar non-marine sandstones t hat occur in southern :Mani
toba and arc there known as the Turtle Moun tain formation. 

Overlying t he UppC'r Cretaceous marine sha le succession , or Riding 
M ountain beds, in :Manitoba is a sand tone knom1 as rthc BoisscYain. Its 
exact correlation \\·ith the Cypress Hills success ion is not definitely knmrn , but 
it may be Frenchman or older. It is overlain by Pal eocene, Turtle Mountain 
beds. 

In the nor th and nortlrn·cst, in Smoky. W apiti, and P eace Va ll eys . t he 
mari ne shal es and sandstones of the Smoky group arc succeeded by the non
marin c sandstones, shales, and coal scams of the \Vapiti formation. In t heir 
lmrer part they arc apparently equiva len t to t he Belly River of t he south, 
but may extend much hi gher strat igraphi cally. 

In the northwest beds of both LO\\·cr and Upper Cretaceous age occur 
in the va ll cvs of Fort N elson and Liarcl Rivers. 

Jn the ·far north strata of Cretaceous age arc fo und on the 1Ycst and north 
shore:=: of Grea t B ear Lake, in cl uding the shores of K eith, Smith , and D ease 
Arms. Th ey comprise shales and sandstones. 

EOCEXE A~D LATER 'l'ER'l' I.\ RY 

u pper Crctaccom and P aleocene strata fo rm th e bedrock OYC I' mo;;t of 
the sou thern In terior Pl ains exclusiYe of the P a l::eozoic exposures in the ;_[a ni toba 
Jo,,·Ja nds and in northern Alberta. Th ere arc, ho\\·cnr, a few localities ,,·here 

1 ]n the summrr o f 1946 C. :\I. Skrnbcrg , Cf'ological Surn•.v. collected 'l'riccratops from l'ppcr Edm.Jnton 
beds of tlw Tird D Per H ivrr area, 5iO ttt hwcst of Big Y all C'~'· This f o~sil has hC'cn considPrt>cl to lw confi ned to 
beds of Lance ag:c, and formerly has onl y bC'en found in t he Frenchman formation of southern Sasknt cht•w an. 
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younger beds arc present. In the S\Yift Current area, north of the Cyprc.;:s 
Hilb in Saskatchc1rnn, about 50 feet of conglomcratic sandstones a nd sand
stones arc, on the basis of contained nrtcbratc fau na, of late Eocene age. 
These beds arc OYcrlain by other conglomerates and sandstones believed to be 
the same as those that cap the Cypress Hill s and are there known as the Cypress 
Hill::; formation of Oligocene age. At the cast encl of Cypress Hills they haYc 
an clcYation of 3,375 feet, 'but at the west encl li e abon an clcrnition of 4,400 
feet. They rest cl iscon forrnably on various older for mations, indicating a 
considerable period of erosion prior to their deposition. Their thickn c::;s probably 
docs not exceed 300 feet. Similar beds arc fou nd in the H and Hills of south
eastern Alberta and in the Swan Hills of northern Alberta. In the Wood 
Mount,ain area of south ern Saskatchc\rnn the plateau is capped by grave ls 
that contain a :.\ lioccnc Ycrtcbratc fauna. The gravels arc mostly uncon
soli clatccl, but in places ha,·e a ca lcareous ceme nt a nd a rc associated with 
some ,ands. 

At a number of 1Yicl cly separated loca li ties in southern .-\ lb t.:rta deposits of 
grave l. consisting mostly of quartzite pebble,:, occur in the rinr yaJlcys. These 
arc the Saskatchc1rnn grave ls. On ::forth Raskatchc11·an Ri,·cr at Edmonton 
and in many other areas these pebbles arc of quartzitcs , chert, and arkosc. 
They arc \Yell rounclccl, and so smooth that they have a peculiar, greasy appea r
ance. In the Edmonton area they rest on bedrock in deposits as much as 50 
or more feet th ick. In places the gravel contains some s·and, fragmen ts of fossil 
wood, and ironstone pebbles. In rnuthcrn Alberta, so far as known, they 
arc co nfin ed to the ri,·cr valleys, but in the area nol'th of R eel D eer to Edmonton 
the re arc many dcposi ts on the upl and slopes, or on the side of small stream 
va lleys far remoncl from any major watercourse. The gravels, und oubtedly 
dcr i1·cd from the ,,·est, \Ycrc thus widely distributed, presumably by stream 
act ion. bu t their age is unknown except that they arc pre-glac ial and younger 
than the bedrock on " ·h ich they rest. It is assumed , therefore, that they arc 
Tertiary deposits. 

GLACIAL DEPOSITS 

Except for th e top of the Cyprc s Hi ll s and a small area near R ockglcn in 
southern Saskatchewan the In terior Plains have been glaciated by ice-sheets 
that originated to the nor theast in nort hern Canada . In southe rn Saskatchewan 
at least th ree t ill sheets and two series of interglaci a l deposits have been 
recognized, whereas in south ern Alberta there arc, so far as kn own, only two 
til l :::beets of the continental glaciation, and one series of interglacial beds. T he 
older of these 'tlrn conti nenta l ice-sheets is thought to han extend ed much the 
farther southwest, and the later sheet is presumed to haYc coalesrcd with the 
ice from the mountains leaving deposits that arc fou nd beyond the Foothills 
as far cast as Calgary . 

Interglacial deposits on Bo\1· River in southcm Alberta a rc as much as 
30 feet th ick , and consist of locss, or "·incl-bl01n1 sil t, and a lluvi a l nood-plain 
deposits of fine sil t and clay with small seams of li gnite. The glacia l deposits 
haYe formed mornincs. cskcr::: , and ou twa:::h material of sand and gravel. as 
well as glacial -lake ;::i lts denosited in bodic::: of 1rntcr of Yarious sizes that 
were dammed by the ice. Th e mos·t extcnsin of the lake deposits a rc t·hosc 
of glacia l L ak e Agassiz , and form the rich , fl at far ming lands of the ::\foni toba 
LmYland. Th e main drainage channels of the Pl a ins existed prior to the 
Glacia l period, but to ·a considerable extent these chan nels 1Ycrc. at one time or 
another, clammed by glacia l ice and lakes were temporarily formed. Subse
quently, on the retreat of t he ice, many of t hese old drainage channels 11·crc 
again re-occupied by .the major streams, but in other instances new stream 
channel \Ycrc cut clue to the diversion of the "·atcr. T he large amou nt of 
water fo rmed by the melting of the ice also accou nted fo r some large streams 
at that time in rnllcys 11·hcrc there is none now. Th ese Ya llcys arc commonly 
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\Yide and deep, bu t may be occupi ed by alkaline lakes, the remnants of former, 
much larger bodies of fresh \Yater. In size the Yallcys nmv appear as wholly 
out of proportion to the present drainage requirements. R eli ef was further 
accentuated by the accumulation of moraini c materials a long the margins of 
the slowly rntrcating ice-sheets. In places this drift is as much as 500 feet, 
or more, th ick, bu t generally, except in th e moraines , it is mu ch th inner. Th ese 
glacial features, together with the hills that arc form er remnants of a much 
higher surface, give the southern Plai ns their present characteristic appearance 
of rolling lands and northwest-trending ridges, and break the monotony of 
ll'h at \YOuld otherwise be a somewhat featureless topography. 

STRUCTURAL GEOLOGY 

The strata of the central Plains have been remarkably little disturbed 
eJ<cept by regional warpings of the earth's crust. In general there is a low 
southwest clip away from the margin of the Precambrian Shield, but locally 
broad, gen tle fo lds are presen t. Some of these fo lds are undoubted ly clue to 
compression, bu t others are thought to be the resu lt of deposition and com
paction of sedim ents laid clown on an erosional surface of considerable relief. 
Two such widespread erosional surfaces are kn O\Yn to have been formed during 
the geological history of the Pl ains, and others of minor importance may be 
present. 

EROSIO::\"AL SURFA CES 

The first of the major erosional sur faces \\·as that existing on the Pre
cambrian rocks when t he earli est P aheozoic strata \Y8re 1bein g laid clown. There 
is reason to believe that the relief on th is surface \\'US as much as or even 
greater than the presen t relief of the Precambrian Shield. Th e second erosional 
surface cle\'Clopecl at the close of Pal::eozoic time, and prcYious to the deposition 
of the M esozoic sedim ents. Undoubtedly eros ion \\·as accentuated by a broad 
\\'arping oif the P al::eozoic strata, and areas such as t hat of the S1Ycct Grass arch 
in south ern Alberta \YCrc upli fted at that t ime. It is well kn01rn that the close 
of P al::eozoic time \ms marked by great diastrophisrn in eastern N oPth America, 
lmt in the \Yest the disturbances \\·crc rclati\'Cly slight , and the major rnountain
builcling deformation ca me much later . Very li ttle information is avail able on 
1thc relief that clc\'Clopccl on the P almozoic erosion surface, but kn obs 100 feet or 
more high arc kn O'\rn to have been lef,t, and very much larger ones may be 
present. In Alberta, late P:al::eozoic erosion resulted in a general bevelling from 
south to northeast and perhaps as much as 2,000 feet of P al::cozoic sedim ents now 
present in southern Alber ta \\'C l'C remoYecl from more northerly areas. Th e area 
of th e Sweet Grass arch \\'US broadly \\·arped ait t hat time, but it appears that 
on it the slope of t he stra ta as a 1Yhole must haYe been south,Ycst as the younger 
f't rata \\'Crc preserved in the south and removed fro m northeast areas. In th is 
area ait present the slope of the strata and of the buried P almozoic sur face is to 
t he nor t.h, but th is may han been brought about by the intru~ion of igneous 
plugs that nO\\' form three buttes in ::.\Ion tana a short distance south of the 
In terna tional Boundary. T hese intrusions disturbed Yicsozoic strata, and hence 
arc younger than the late P aheozoic erosion sur face . In Saskatche1Yan also , east 
of the R egina area and extending northwest in to Alberta sou th of Ll ovclminstcr, 
there seems to haYC been an erosional plateau of Pal::eozoic strata. This formed 
a barrier for t he early M esozoic seas, and hence separated M ani toba from 
"·estern Sask atchc\\·an and Alberta . 

STRCCTURAL AN D STRATIGRAPHIC TRAPS 

Sedim ents laid clown on an erosion surface of considerable relief haYe a 
depositional cli p due to the fact t hat the strata as they are formed lap against 
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t he sides of any feature that projects abo\·e their general leYel. As the areas of 
lmY relief become filled " ·ith sediment the amou nt of depositional dip tends to 
decrease. but "·hen the sediments become suffi ciently thick to pass OYer the top 
of any higher part of the former erosion surface, such as a knob or ridge, there 
is a tcndcnc ~r for the knob or rid ge to become the locus of an arch. This is the 
remit of shrinkage in \'olumc and hence in th ickness due to compaction and 
consolidation. ObYiously, if the sedim entary material is uni fo rm in character 
the amount of arching that will result from the complete burial of any erosional 
knob or ridge \rill be dependent on its relief. There is a lso the tendency for 
t he amount of arching to become progressively less up\\·ards, and, finally, if 
sufficient depth of burial occms the effect of the arching cfoappcars . Sands 
compact 111uch lc"'s than muds, 1\·hich. when clcpositccl, arc Ycry loosely cohere nt. 
but on rc : rnpre:::~iun ma~· change into hard ::: hales. Sand bodies in a shale 
"equcnce. therefore , may haYe the same effect of arching the sediments laid dmYn 
owr them as do the irregularities on an erosional surface. These arched beds 
a rc ~trnctural traps for oil and ga . 

In lhe compaction of sediments certain organic materials may be changed to 
oil and gas. SCJucczing during compaction causes these, as \Yell as the \1·atcr in 
t he sed im ents. to moYc into the parts where compaction is less . As sands com
pac t to a much less extent than muds, the common consequence of compression 
is for fl uicl s and gases to move to the more porous sand ~. In the compaction 
also th 2 shales become relatiYcly impcn-ious, so that lenticular sand bodies 
surrounded by shales that pre\·ent further migration become rcscrYoir rocks for 
gas, oil, and water arranged according to their specific graYitic relatiYe to the 
a tti tude of the sand body itself. Th ese arc the stratigraphic traps that are now 
becoming recognized as an important ourcc of oil and gas . Sands arc import
ant features in sed imentation because. as already stated, their porosity on com
paction may be adequate for the retention of pctrolifcrous dcpo its. 

The effect of erosiona l sur faces may haYc a marked influence in the forma
t ion of st ru ctural traps for oil and gas in limestones or dolomites . If the 
erosional surface is on limestone, as it is in the central Plains, the "·cathcring of 
t he sm facc causes leaching, and t he circulation of ground water may dcYclop 
pore' space in the limestones at some distance belo"· the surface. Also the 
change from limestone to dolom ite, with consequent shrinkage in Yolume, may 
be of great signifi cance in creatin g a porous rnservoir rock. It has been noted 
t ime and again that reservoir beds in limestone are related to former erosion 
smf aces, although all limestone rcscrrnirs are not nccesrnrily associated \Yi th 
uncon for mi tics. 

FOLDS 

In addition to local struc tural traps for oil and gas on the Pl ains, there are 
also broad folds brought a bout by compression. The Sweet Grass arch in 
southern Alberta is one of the mo~t prominent of these . It has a width, from 

lfedicine H at on its east flank to 1\IcLcod on its west fl ank , of about 125 miles, 
and on it arc smaller fl exure<:, at lea. t in the Mesozoic rocks. It plunges to the 
north and loses its id entity south of R ed D eer River . 

\\'est of the Sweet Gras arch a nd cast of the Foothills, ::\Icsozoic strata 
occupy the basal part of a broad trough knmn1 as the Alberta syncline. Thi s 
extends nortlrn·ci3tcrlv from the In ternational B ound arv almost to P eace Rinr. 
a distance of about 5'00 miles. It is largely fi lied \1·ith T ertiary strata. and hence 
is a noticeable feature of any geological map. It is possible, though, that the 
t rough is quite superfic ia l and that for part of the area from High\Yood to Bow 
RiYCrs it docs not exist as a broad fo ld in the underlying Palffiozoic rocks. 
Farther norLh lit t le in formation is available. Drillin g in the area east of the 
north encl of Turner Valley shows that t he surface of the P a lffiozoic limestone 
has a regional southwest clip to the edge of the Foothill s, and, if any syncline is 
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present, it is under the fault plate that is oYerthrust from the Foothills onto i:he 
"·est edge of the Plains. To the south of Calgary, however, the stratigraphic 
relationships are such that there is reason to believe that the syncline involves 
the pre-Mesozoic formations. 

Th e southwest dip, apparent along the east edge of the Al'berta syncline 
across central Alberta, is interrupted in the vicinity of the Saskatchewan 
boundary, near Lloydminster, by a reversal of dip to the cast. It is not known 
1vhethcr this structure is due to folding as the result of compression, or is t he 
result of deposition over a broad elevated part of the Pala:ozoic erosion surface. 

BASINS OF DEPOSITION 

It is apparent from the study of the Pl ains that some areas received con
siderably more sediments even in Palrcozoic time than did other areas, and that 
sedim entation continued in these basins of deposition when it had apparently 
ceased elsewhere. These basins probably existed from Precambrian t ime . One 
such is present in southern Saskatchewan, and is the extension of the \Villi ston 
basin of North Dakota and northeast l\Ion tana. Another appears to have 
existed in cast-central Alberta where there is an unu sually i:hick section of 
D evon ian and older rocks, even though the younger Devonian beds, presen t 
farther south, were rcmoYcd by erosion prior to :Mesozoic deposition. In con
trast with the basin in southern Saskatchewan, which contains Terti ary strata, 
and , therefore, is readily discernible at the surface, the central Alberta basin 
has no surface expression. It is suspected, however, that in this area there may 
be some relationship bct,vccn the basin and a thickness of 400 to 1,000 feet of 
rock salt that 1rns found by drilling and is either of Silurian or, more probably, 
D evonian age. 

ECONOMIC GEOLOGY 

The weathering of the sedimentary bedrock and the glacial materials that 
conr t he southern Interior P lains made this a rich agricultural area, but t he 
lack of intrusive rocks precludes, in general, the occurrence of metalliferous 
deposits . Lead-zinc deposits do, howcYcr, occur in sedimentary D evonian strata 
south of Great Slave Lake. The Saskatchewan gravels, particularly in the 
Edmonton area, contain some placer gold, and the weathering and erosion of 
thi.::;c beds along North Saskatchewan RiYcr Yall cy has allowed a lean concen
tration of fine gol d in the bars of the river. These han been worked spor
aclica ll:v , but arc of rclatinly small impo rtance. 

The mineral wealth of the Plains is confined to non -metallic substances 
found in sedimen tary st ra ta . Th e most important of these arc the fuel s- coal, 
oil. and gas. HO\YCYcr, common rn lt , sodium ~ulphatc, and gypsum arc locally 
important. 

COAL 

The coal-bearing beds of the southern In terior Plain s arc in the Bcll~r Rinr 
::ind Edmonton (St. l\Iary Rinr) beds of Alberta an d the Ran nscrag beds of 
Snskatrhe\\"an. 

Bcllv Ri ve r coal occurs in the fo1lo1YinQ: thirteen areas in south ern and 
rcntral Alberta: Brooks, Empress, Lethbric!gc, -:\Iagrath , l\Iilk River , P akan , 
Pakowki, R cdc liff, Roch ester. StevcYillc, T aber , Wainwright, and \Vcstlock. In 
the Empress, P akan , RtcveYillc, and \Vaimuight areas the coal scams are small 
and are not being mined. Edmonton co::tl is also present in the \Ycstlock area, 
but at present only Belly Rinr coa l is mined. 

Edmonton coal is mined from t he following fourteen a reas in Alberta: 
Ardlcy, Big Vall ey, Cam rose, Carbon, Castor, Champion , Drumheller, Edmon
ton, Gleichen, Pembina, Sheerness, Toficld , \Vetaski1Yin , and Whitecourt. 
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TABLE xv 
PROD1JCTIO::\f TABLE 

1943 

Coal-
Alberta (Pl a ins onl y). 
Saskatchewa n. 
llfonitoba .. . . 

Petroleum-
Alberta (Pb ins onl y) ........... . 
Saskatchewan ............ . ...... .. . 
l\[a n i to ba . . . ........ ...... ....... . 

Natural gas-
A lberta (Plains only) .. . ........ . 
Saskatchewa n .................. . 
llfonitoba . ............. ...... .... . .. .. .. .... . . 

Sa lt (sod ium chloride)-
Albertn ...... . 
Saskatrhewan. . ..... . ........ . 
i\'la ni toba ............. . 

Sodiu rn su lphate--
_.\l berta ...... . . 
Saskatchewan . 
lll a ni toba. . ............ . 

Cypsum-
,\l berta ............ . . 
Snskntche \\'an .................... . 
l\Tanitoba.. . . . ................... . 

Ch1y a nd day products (brick , ti le, etc.)-
Albcrta ................................ . . 
Sas kn trhcw:i.n .. 
ll! nni toba. . ...... . .... . . . ....... . ..... . 

Crnwnt-
A lberta (Plnins on ly). 
R:iskn.tC'h0wa11 ......... . 
Ma ni toba .... . ............... . . 

Building stone-
,\ lbcrta . . .... . 
Rnskatchc"""'- .... . . . . ... . 
:-ran itoba .... 

T ons 

3, 414 , 58 1 
1, 665 , 972 

999 

Bbls. 

22 1,85 1 

M cu. ft . 

J0 ,866,508 
138, 235 

T ons 

18 , 700 

27' 275 

87, 297 

3:j , 180 

Bblo. 

792, 392 

T ons 

13, 032 

36,887 

s 
10 , 689 , 194 
2, 432 , 249 

2, 964 

13, 823 

324 , 147 

486, 000 

854, 152 

236, 710 

1, 010 , 094 
293 , 050 
132, 452 

l , 497 ' 445 

47 ' 490 

46, 132 

1944 

Tons 

3, !GO , 15.5 
l ,390, 155 

Bbls. 

462 , 412 

It , 896, 753 

T ons 

24, 151 

28, 150 

98, 188 

37' 768 

Bbl~ 

866, 186 

T ons 

12, 755 

33, 796 

11 , 136,348 
2, 037' 212 

··· ·· ·· · · ·· · 

352 , 133 

387' 500 

l , 004 , 054 

378, 965 

1, 118,349 
290, 732 
189, 115 

1, 697 ' 277 

47' 100 

5 1,4 64 

In add ition to the above there arc several areas in t he P eace River district 
11.·hcrc coal occ urs in the cquirnlcnts of t he Belly Hi,·cr-Edrn onton sequence 
of beds. 

::.\lo~ t of t he coa l in the Pl ai ns a reas of Alber ta is sub-bituminous in rank, 
but in the Lct hbridge and :.\Iagra th a reas the coa l is higher grade bi tuminous. 

All the coal scams a re fl at-lying. In the Edmonton formation there are 
fomtccn sca ms yarying from 1 foot to :t maximum of 20 feet in t hi ckness. In 
Red D eer Ri \'C r \' alley, \\·here Edmonton strata ou tcrop in the Arcl ley, Big 
\'a llc~·, Carbon , and Drnmhcll cr coal fields, the fo rmation is 1,224 feet t hick 
and the aggregate t hickness of coa l scams is 62 feet. 

Lcthbridge is th e most importan t mining a rea for Belly Hi \'Cr coal. The 
upper 85 feet of the fo rm at ion arc the re coal-bearing, but only one scam JS 

extensively \\'Orkccl. It Yaries from 3 fee t to 5 feet 6 in ches in thickness. 
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At Taber, where the coal is stri p-mined, a seam about 4 feet thick occurs 
near the top of the Foremost formation, \Yhich is stratigraphically about 380 
feet below the top of the coal -bearing be el s at Leth bridge. The scams of coal 
in the :\1ilk HiYCr and Redcliff areas arc in the Foremost formation. The coal 
in the Brooks area is in Bow RiYCr Valley at Eyremore, and is in upper B elly 
River beds. It has been strip-mined on a v alley bench, and mined by a shaft 
150 feet deep on the upland. 

NATURAL GAS 

Petroleum and natural gas arc close ly associated in ongrn, and, under sim
ilar conditions, in mode of accumulation. P etro leum i·· ahrn~·s a:;:::ociatcd \Yith 
some natural gas in the earth rc~errnir::: , but, became of the greater mobili ty 
of gas \Yhcn subjected to earth comprcssiYc fo rces, there a rc many occurrences 
of natural gas \\"ithout any CYiclcnce of t he presence of petroleum. 

r iking-1\.insclla Area 

Th e greatest developed rcscrn of natural gas on the Plains is in the Viking
K insclla a rea of east-central Alberta (Figure 52). In a few wells a small 
amount of di stillate has been fou nd on the do1Yn-dip side of the gas area, which 
has given ri se to the hope that an oil field may a lso be found in th is area and 
for \Yhich the search is sti ll being continued. :\fostly, ho11·cver, the gas is dry , 
that i~, it contains no light Yolatil c liquids. 

Gas 1rn disco\"Crcd in the Yik ing field nnrth of the tmrn of Yiking in 1914, 
and the area now clcnlopcd by the dril ling of t\Yent~· - six 1Ycll s of 1rhich eighteen 
arc producing, comprises about 34 sections of proYCd lan d, that is 21,760 acres. 
Th e original pressure of these wells, \Yhich arc about 2,200 feet deep , was 733 
pounds. and in 1944, afte r a production of 55.000,000 :\ [ cubic feet, the pressure 
wa s 520 pounds. In 1945 the re 11·erc eighteen \1·cll~ . The gas 1ras piped to 
Edmonton in 1923, and supplies a number of small towns en route. In 1940 the 
pipe-line 1...-as extended to the Kinsella field to the northeao::t of Viking, and in 
1946 it 11·as further extended from the gas main at P oe, 50 miles southeast of 
Edmonton, to R ed D eer by way of Camrosc, \ \' ctaski\\"in, Ponoka, and Lacombe. 
This branch line is 98 · 5 mile long, and is connected to yarious towns by smaller 
lines. 

The gas occurs in the Viking sand, which is in "Cppcr Cretaceous marine 
shales about 140 feet aboYc the L01rcr Cretaceous non-marine beds. The sand 
is 1Yidcsprcad, varying from a fc11· feet to 20 feet in thickness. Apparently the 
porosity of the reservoir rock and its thickness is more important in relation to 
production than is tbc position of the 11·ell in relation to the stru ctu re. 

The first well 'ms drilled in the Kinse ll a gas field in 1930, and from 1932 to 
1944, eighteen more \Yell s 11·crc completed, proYing a ga area 7 miles long by 5 
mi Jes wide, representing more than 20,000 acres. In 1946 five more 11·clls 11·ere 
drilled in the gas area. In addition, an extcnsiYe drilling program has been 
undertaken in the ad joining a reas. Seventeen 11·ells have been clrillcd, of which 
ten haYe been successfu l. The proved area, 1Yhich trends north1vcst, is now 
more than 30 miles long by about 15 miles 11·idc, representing about 275,000 
acres, in clud ing the Kinsella field. Th e initial open f1011· of individual 11·c lls was 
large, as much a 20,000 :\1 cubi c feet, and only one of those drill ed by Korth
wcstcrn Utilities 1rns less than 7,000 :\I cubi c feet a clay, 11·ith most of the 11·clls 
over 10,000 M cubic feet. 

TV aimcright-Fabyan Area 

In the \Yainwright-Fabyan a rea (See Figure 52) the Yiking gas horizon is 
composed of sandy shale, but ''"ells in it yield 1,000 :\I to 3,000 ::-r cubic feet of 
gas a clay. Gas from Fabyan is piped 8 miles to W ainwright. 
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Figure 52. Ind ex map of oil and gas fi elds of Alberta and western Saskatchewan. 
1. Turner Valley: 2, Tnber: 3, B o" · I sland; 4, Foremost; 5, Conrad; 6, D el B onita 
Twin River; 7, R eel Coul ee: 8, Pinhorn: !), Medicine H at; 10. Princess-Hrooks; 
11 , V iking-Kinsella : 12. Yerrni li on; 13, Lloydminster; 14, Lone R ock; 15, li'abyan; 
16, 'iVainwrigh t; 17, Unity; 18, Provost; 19, Athabaska; 20, Pouce Coupe. 
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E ast of \Ya irnHigh t a nd in the Yicini ty of the Al bcrta -Saska tchc1ra n boun
dary the Viking horizon is most ly too shaly to prod ucc gas, bu t in Saskatchewan, 
in an area soutlrn·cst of Unity , a sand at a bout t he same stra tigraphic position 
has been fo und to be gas-bearing. Gas has now been piped in to u ni ty from 
thi s field , a distance of about 5 mi les. T he Yolumc of production apparent ly 
is dependen t on t he thi cknc~ :s a nd poro::;ity of t he sa nd, and Yarics from a fe11· 
th ousand to 3,500 ::\I cubic fee t initia l open f\ 011· daily . 

P rovos t Area 

Drilling in 1946 in the area south of P roYost in cast-centra l Alber ta nea r 
the Sask atchc11·an boundary bas given furt her proof of the \\·iclc extent of t he 
Viking sand. 1'here is r ca on to bclicYc, howcYcr , that this sand is dcYc lopccl 
loc ally rather than as a continuous body. Dri ll ing of the fir st 11·ell south of 
Pro,·ost revealed t he presence of gas in t he Viking sand , bu t th e well 11·a::; co m
pleted as a n oil \Yell in a S[tnd at t he top of the Lol'l·c r C retaceous beds . Xurnbcr 
2 11·cll , d rill ed a mile north and half a m ile 1Ycst of_ · um ber 1 we ll , ga,·c a cl rill
stem test indi cat in g a bout 1.800 :\I cubic feet in the Viking sand, bu t t he 11·cll 
i being deepened to test lo1rer fo rma tion::; . ::\"umber 3 well, about a qua rte r 
mil e north of Number l , was completed in th e Vi kin g sand wi t h an open fl ow 
of 4,700 M cubi c feet, a nd Number 4 \rcll , abou t 5 mil es east of Number l , 
a lso completed as a gas well in t he Yiking sand , gaYc a n open fl ow of 2,JOO ::\I 
cubi c feet a clay . Thus a nother large gas a rea has been opened in Alber ta . 

'Vennilion -Lloydminstcr A rea 

In the V crmilion-Lloydminstcr area (See Figure 52 ) gas occurs in a sand 
at the t op of t he Lower Cretaceous ::me! in other sands some1rhat 101Yer strati
grapbi cally. Gas was discowred near Lloydmin stcr in 1934 in a sand 260 feet 
below the t op of t he Lo11·cr C retaceous, bu t subsequent wells haYc developed 
gas fl ows in t he sand at t he to p of the Lo1Ycr Cretaceous. H eavy asph a ltic oil 
with some gas has a lso been prnducecl in t hi s area from a sand 165 feet below 
th e top of t he Lower C re:taccous. In t he Vermili on area t he gas field t ha t 
sup plies .tbe t o\\·n is a bout 10 mil es to t he southeast. Gas i fo und both in t he sand 
at the upper conb ct and in Lower Cretaceous bed . bu t, a pparently, in a 
d ifferen t sand than that which produces hcayy oil in the Borradail c fie ld. 
6 miles east of V crrnilion . Ordinarily in the Borracl a i le fi elcl only suffi cien t gas 
is present wi th th e oil to pump t he wells , a nd t he sand in " ·hi ch these occur 
is a bout 130 to 140 feet below the t op of t he Lower Cretaceous non-marin e 
beds. 

Sotithem A lber ta Gu s F ields 

B ow I sland F ield . In sou thern Albe: rta there arc the dcYelopcd gas fi elds of 
Bow I sland , F oremost , Brooks, and ::\Icdi r in e H at, as well as many other incli
Yidua l well s containing gas in quanti ty (8ce ll' igurc .52 ) . A large undeveloped gas 
r csc1Tc is und oub tedly pn ·sen t in t he Prin cess area \rh cre an oil fi eld is p]·o
clu cing fro m D crnnian li rne,;toncs. Appa rc ntl~r, hol'l·cnr, t he most prol ifi c gas 
hori zon in t hi s a rea is in t he basa l Lo11·cr Cretaceous sand , although other 
sand s a lso carr~· gas. 

Th e Bo11· I sla nd gas fi eld was di sco 1·cred in J909 , and after t he drilling 
or RCYCral well s, a 16-inch gas main \ \ "[I S buil t t o Calgary in 1912, a di stance 
o r 110 mil es . In all twcnty- CiQh t \YC lJ s W C!'C drill ed to a depth of 2 ,200 feet 
on the upland or about 1.900 feet in Ol dman Rin r Ya llcy . By 1919 t he fi eld 
was showin g signs of exhaustion afte r t he \Yithdra-;rnl of 28.000,000 l\[ cubi c 
feet of an es ti mated origina l gas content of 45.000.000 ::\I cubi c feet. In 1930 
oncrations were commenc ed to r e-pressure t be fie ld \\·i th Turner Va ll ey gas . a nd 
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by 1939, ]3,250.000 ::\( rubic feet had been in.i cctcd for storage, and the pressure 
had increased from 256 to 565 pounds. Th e ur1 grn a l rock pressure of the field 
\\'aS 745 pounds. 

The gas in the B ow I sland field occurs in an Up per Cretaceous sand about 
360 feet aboYc t he top of t he Lu11·er Cretaceous in the deep, Imperia l Burdette 
No. 1 well , but this interval to the top of the L o11·cr Cretaceous increases to 
approximately 500 feet in t he T aber area. In the Bow Island field the gas \YaS 

in pay streaks, not a ll eq ua lly porous, in n. sand about 30 feet thick and 
commonly oYerl ai n by a fine pebble wnc. 

Foremost Field. Th e Foremost gas fie ld li es 30 miles south of the B o11· 
Island field. It was cl isconrcd in 1916, hut dcwlopmcnt dates from 1923. I n 
1927 there \Yerc six procluctiYc gas 11·clls, a lthough scYcra l others had been 
drill ecl. The gas horizon is appa rently t he Bo\\· I sland sand, and a lthough it i ~ 
thought to occur in an cast-\Ycst fo ld , there is no south closure. Th e ~and, ho1Y
c1·cr, i ~ lenticul ar sou tlmard up the flank of the S\\·cet Grass arch. Drilling in 
1946 has greatly extend ed this fi eld to the south and southeast in the area west 
of Pakmd;:i Lake. Th e gas area is presently under development and the indi
cated gas reserve is very lar"C. 

A 10-inch pipe-line 1rns buil t in 1923 to join the Foremost field with the 
16-inch Calgary line at Burdett. \ \' ith the di scoYcry of large quantities of gas 
in Turner Ya lley in 1924 th is field has only been d rawn on in emergencies. 

Brooks Area 

Th e Brooks gas field is small, with a few 1Ycll s of low yield prod ucin g 
from a depth of about 1,250 feet in a sandy zone said to be in the l\Iilk River 
fo rmation. T here is no st ru cture in the Brook field othe r than the regional cl ip 
of lhc strata of about 25 feet to the mile. Eiglit wells supply the town of 
Brooks. T he supply of gas from the Brooks fi eld has barely been adeq uate 
for the needs of the to1,·n. H o11·ever, a new well clrillecl 7 miles northeast of 
Brooks in 1946 has been completed in the basal Cretaceous sand \Yi th an open 
fi ow of 23,000 l\I cu bi c feet and a small show of light oil. Further drilling is 
to be done in the hope of finding oil clo11·11 the flank of the structure to the 
northeast. T hus adequate gas is now aYailablc for Brooks when the situat ion 
1rnrrants the bui ldin g of the neccsrnry pipe- line. Th e Brooks discovery in the 
basal Lower Cretaceous f:and is fu rther proof of the widespread gas potentialities 
of the Brooks-Princcss-StcvcYil lc area. 

M edicine II at Field 

Th e Medicine H at gas field, at the to1Yn of the f:a rn c name, is the oldest 
in Alberta . Gas 1rn:::; found in a 1rnter well drilled in 1890, and th is subsequently 
led to the den loprnent of the gas field. Two gas zones occur; the upper zone, 
at a depth of 650 feet, is probably the same as the producing sand a.t Brooks , 
and the lo1rcr, at abo ut 1.100 to l ,20D feet. is 250 to 300 feet below the base of 
the ::\Iilk Rinr fo rmation in "Cpper Cretaceous i::andy shales . T he ga field 
ro1·crs an area of about 72 square mil es in and close to the ci ties of Medicine H a.t 
and Redcliff, and the gas rights on four tom1ship_ arc resernd for the use of 
these com munities. M ore than seven ty wclL have been drilled to J945 with 
open flo11·s of 1.000.000 to more than 4,000,000 cubic feet a clay. Gas is used 
both for domestic and ind ustri a l purposes. 

Pinhorn Area 

In 1943 ::\IcColl -Frontenac Oil Cornpan>· drilled a 11·ell in the Pinh orn area 
close to the In ternational Boundary southcaf:t of Foremost. T ests showed 
4,850 ::\I cubic feet a clay of gas in the basal Lower Cretaceous, 6,000 ::\[ cubic 
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feet a day in the Jurassic, and 5,000 ::\I cubi c feet a clay in the top of the 
l\Iississippian lim estone. I n 1944 a second 1rcll \Yas drilled abo ut a mile north 
of the first, but yielded only minor flo1n of gas and sh01n of oil 1Yith water, and 
1Yas abandoned. In 1946, ho1Ycvcr, fo ur \Yells \rcre completed in an area 12 to 
16 miles nor th of the ori gin al discovery . Th e fir st 1Ycll obta ined an open flow 
of 46,000 to 48,000 ::\I cubic feet in the B o1Y I sland rnnd; the second, 1! miles 
to the south1nst , obtain ed 8.000 ::\I cubic feet a day; the third, 3 miles nortlrn·cst 
of the first. indicated a major gas "·ell on drill-stem test, 11·hcrcas the fo ur th, 
5 mi les cast and slightly north of the third, was a dry hole. Subsequent wells, 
h01Ycver, have shown that th is area is probably an extension of t he F oremost 
gas field as already indicated. Thus, regardless -of i ts u lt imate yield a large new 
gas ·area has been discovered ii·ith a n add ition al, apparent!>· somc11·hat smaller, 
field discovered in 1943 and 1Yithin 1! miles of the International B ound ary. 

Jl!iscellaneous Alberta Prnduction 

T he prcYalcncc of gas in Al berta has m ade it possible to obtain smal l 
supplies fo r local use. At the Dominion Experimental Station at Suffield the 
D epartment of National D efence has dri ll ed scYcral \1·cl\s for fuel. T he flows of 
gas arc less than 500 M cubic feet, and the gas zone is that of the Medicine 
H at producing sand . In other areas individual gas 1rnlls have given supplies 
that, mostly , only have been used locally. An except ion to this 1rns the R ange 
(R ogers Imperia l) No. 1 well drilled close to the In tern ational Bou ndary sou th 
of Foremost. T his \Yell ob tai ned gas on the basal Lo1wr Cretaceous sand , in 
the Ellis (Jura.ssic) , and in the top of tl1c P aheozoic limestone. The combined 
flow 1Yas about 45 ,000 M cubic feet. but the gas from the limestone 1Yas h igh in 
sulphur and \YaS plu gged. Gas from the other sands in the well vYas piped to 
M ontana to join the pipe-line from the W hitlash fi eld to Great Falls, and 
between the >·ears 1930 and 1939 about 1,300 .000 M cubic feet were exported. 
At ·\Vctaski,Yin , sou th of Edmonton, a 1Ycll 1,200 feet deep was used to supply a 
hotel, and at the Provin cia l Asylum at P onok a gas from shall ow \Yells \YaS used 
for some t ime. At the tmYn of Athabask a 100 miles nor th of Edmonton six 
shallO\Y \\·ells, about 350 feet deep, \Yere drill ed in J913-4, and gai:; from them 
1rns used locally un ti l cxlrn ustcd . In 1943 D eca ;\o. 2 1rnll , dri lled 6 miles 
sout lmcst of the t01rn . obtained 19,000 ::\1 cubi c feet of gas at a depth of 1.684 
feet in the Cha nd Ra pids fo rm ation. This gas has no" · been piped to supply the 
tow n of Athabaslrn. Alm at P oucc Coupe, close to the Bri foh Columbia 
boundary , Bonanza R oyal tics N o. 1 \Yell, dri llccl to a dcpti1 of 2,173 f ect, obtained 
a n open flO\Y of about 5,000 M cubi c feet of gas , but tbcrc is no present mark et 
for it. 

Saskatchewan Gas Fields 

In Sa~katche"·nn, gas has been produced for local use at Lloyclminster, 
rnity, and K amsack. T he first gas 1nll at Ll oydminstcr was d ri lled in 1934, 
and gaYc a flow of 16,750 M cubic feet at a. depth of 1,970 feet, from a Lower 
Cretaceous sand. This well became flooded "·ith water, and was nbancloncd in 
1938, but other gas 1nlls south of the town continue to provid e suppl ies needed 
in th is communi ty. T he development of gas at Uni ty is quite r ecent , and only 
during the past summer (1945) has th is supply been piped to the t01rn. The gas 
comes from two sands, an upper one at a depth of about 1,650 feet, and 
considered. to be at about the Viking sand horizon , and a deeper one at a depth 
of 2,050 feet in the Lo1Ycr Cretaceous d irectly a bove the Paltcozoic limestone. 
Some large wells baYc been obta ined and drilling is being continued. 

In the K amsack area of Saskatchewan near the M ani toba border more than 
fifty shallow wells, aroun d 200 feet deep, have been drilled fo r small gas flows 
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in brown shale. The ini tial presrnrc was about 35 pounds and , as \\·oulcl be 
expected, rapid exhaustion occurs. Th e ga.s has been used in the tmYn of 
Ka.rnsack. 

Southwestern 111 anitoba 

In soutlrn·e~ tern :\Iani toba shallmY 11·ells of 150 to 300 feet in depth have 
produced sufficient gas from "Cpper Cretaceous marine sha.les to supply farm
houses, bu t no gas fields liaYc been c\evclopec\. 

PETROLEU~I 

The search for petroleum on the Plains has been extcnsiYe in the last few 
years , and several fields have 'been clcvclopec\. Among the older fields are 
Reel Coulee and \Vainwright, and the newer ficlcls 1 a rc Taber and West Taber 
(BarmYell), Conrad, Princess, Vermilion , and Lloydminstcr. Recently there has 
been a considerable program of drilling in southern Sadrntchewa.n, 11·ith negative 
results. A number of oil wells han been drilled in askatchewan at Lloyd
minstcr and the producing area bas been greatly extended in 1946. Previously 
the main production of this field \\· ns in Alberta, but this has increased consic\er
abl~· in 1946, mainly from Saskatche11·an. Other than this there is no oil produc
tion in Saskatchc1rnn, and none in :;\Iani toba. 

R ed Coulee Field 
The R eel C'oulee field (8ce Figure 52) 11·as cfoconred in 1929 and abandoned 

in 1944. Production came from senn 1rell~ drilled clo~c to the International 
Boundary on a small "nose" on the S1rect Grass arch . Th e producing horizon 
was a sand in the lmnr part of the Lo11·cr Cretaceous at a depth of about 2,500 
feel. All \\·ell s 1rcrc pumped . Production durin g the life of the field was 
328 .71 l barrels . 

Tab er and Tr est Taber (Barmcell) Fields 

The T aber fi eld (See Figure 52 ) 11·as disconrecl in J942, although one 1Yell, 
Plains Xo. 2. had obtained some oil in this area in a 11·cll drilled in 1937. The 
field occupie;:; about 280 acres, and 1rns prond by senn wells. Production 
comes from a bar sand about 470 feet belo11· the top of the Lo11·er Cretaceous, 
nncl all wells arc pumped. 

In 1944 a ne11· oil field, outh of BarmYell and a fc1Y miles 11·est of Taber 
11·as found to be productive from the Taber sand. Only four 11·clls had bee~ 
dri lled in it at the end of 1946, but t11·0 other 11·ells south of the main field gave 
a small production. Up to the encl of l 945 the production of Taber and \Vest 
Taber 11·as 427,210 barrels. 

C onrn d Fie I rl 
In 1944, also, an important disconry 1rn~ made at Conrad. about 20 miles 

southea~t of Taber. Prod uction there come~ from ~and in the Elli>= (.Jmassic) 
bed~ at a depth of approximately 3,100 feet bclmY th e plateau level, or 2,950 
feet in depth where the 11·c lls are in the bottom of Etzikom Coulee . Th e oil has 
a gravity of about 26 degrees. The san d is lenticular. 11·edging out above 
shale against the nortlrn·ard plunging Palrcozoic rocks of the S11·ect Grass arch. 
Also it is not equally porous, and on the edge of the field i tight and unproductive. 
At the end of 1944 there 11·cre three productin 11·clls in thi area. An additional 
seYcnteen successful completions 1nrc made in 1945, and a pipe-line has been 
laid to connect the field with Conrad station, a distiai1ce of 3 miles. One new well 
was drilled in 1946. Th e field as presently developed is 2± miles long, "·ith a 
maximum width of 1 mile. Initial production of the 1Yells on the pump 11·as 50 
to better than 100 barrels a clay and in midsummer 1946 seYentcen 11·ells were 
averaging slightly more than ,1 ,000 barrels each a month. 

I For addil ionnl data on new fi eld s See note on page 219. 

85672-15 



Princess Field 

Between the years 1939 and 1942 sc,·eral \Yell:; \\·ere dril led in the Princess 
field. 125 miles cast of Calgar~-. and one of these, :-; tandarcl Pri ncess i\o. 2. 
obtain ed some oil in the upper part of the Mississippian limestone. In 194-± 
a \Yell \\·a drilled as an offset to Prin ce~s No . 2 and at a depth of 3.965 to 3,982 
feet oil of 34 · 5 degree gravi t~· was fo un d in D evonian dolomite. T he top 
of the productive zone i;;; 345 feet bclo11· the top of the D e,·onian and 50 feet 
bclo11· the top of a limestone and dolomite that underlies a s u ccc,.;~io n of anhyclritc 
beck This is the first \\·ell to produce oil from De,·onian beds in the central 
Pl ain;; . :\ dditional drillin g in 1945 enlarged the arcn to fiYC 11·c lb on a 40-acrc 
"pacing program, and the field no11· appear:' to be incapable of further expansion . 
The size of the field is thus rclaliHly small, and some water is present \1·ith 
the oi 1 in a fe1r of the 1Yclls. The cliscoYcry, ho1Yenr, is important as indicating 
the type of structure that may be found in this area, and drilling has alread)· 
indicated other poosible procluctiYc fields in younger strata, in the 11·catherecl 
debris on top of the ::\1ississippian an d in the upper ::.Iississippi an beds, in the 
basal Lo1Yer Cretaceous sand, ancl in the G'ppcr Cretaceous Bow Island sand. 

11 ermilion-Lloydminstcr Arca 

In cast-cen tral Alberta the Vermilion ancl Ll oydminster field~ (See Figure 
52) arc procluci ng oil of 14 to 15 degree::< gravity for rai hay fuel. The discoHry 
\Yell in the Vermilion area is 6 miles cast of the tmrn and 1 mile south of 
Borradailc station, and \rn;; completed in 1939. Production \\·as obtained in 
forty-eight wells, although consiclcrably more than this haYc been drilled in the 
adjoining areas and in outlin ing the fielcl. The production i,.: from a sand about 
130 to 140 feet belmY the top of the Lmn•r Crctaccou;; at a depth of 1,800 to 
1,850 feet. The oil as produced is part l>' emulsified \Yith \1·atcr and contain;; 
considerable fine silt. C leaning is clo ne in a P ctrcco (electrical dehydrating) 
uni t, and the production in 1945 1Ya::< 238,358 barrels. IncliYiclual \Yells produce 
10 to 35 barrels a day on the pump. 

Th e Lloydrninstcr field is spread oYCr a wide area in Alberta and Sa,.;
katchc1Yan, and may consist of more than one continuous pool. Production 
per well is sorn c,Yhat better than at Vrrmilion and i~ mainly from a ::;and 165 
feet below the top of the Lo,Yer Cretaceous although brn other !'ands also haYC 
produced oil. The structure is rclatiYCly flat, and, as a.t Yermilion, the oil has 
to be cleaned . By the close of 1945 there were cleyen producing \\·ells in 
Alberta ancl th ree in Saskatchc11·an . I n 1946, ho1rcver, the field 1Ya.s greatly 
expanded. particularly in Saskatchc1rnn, about 4 m il es south of Lloydminster 
on both sides of the 4th meridian. Production 1rns some1Yhat retarded by lack 
of marketing faciliti es, a nd considerable oil on the Saskatche,rnn sici'e wa;; 
plarccl in open pit storage. L ate in 1946 a !"itc 1rns bought for an nsphalt plant 
and plans a rc under way for i ts erection. Thi s outlet , together \\·ith the oil being 
bought by the Canadian N ational Rni hYays for fuel, 1Yill unclo uhtcclly slirnitlatc 
interest , and the prospects arc considcrccl excellent for further expansion. In 
1946 an area 6 miles \rest of Lloydrninstcr was extended to the north by n \1·cll 
that may open up a nc\\· pool. Also , drilling 15 miles southca:::t of Lloydrninstcr 
nt Lone Rock has est.abfohecl the pre~cnrc of both oil and gas, and may al,.:o 
indicate a nc11· pool. The limits of none of the:::c pools arc ~·ct established. 

H' ain 1criaht Arca 

In the Wainwright area (See Figure 52) oil \Yas disco1·('1'C'd in J923, bu t 
production clid not begin until about 1926. Several \Yells scattered oyer a 
considerable area were clrillccl, and a fc,y of these 11·crc founcl to be procluctin' 
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in a sand about 140 feet bclo11· the top of the Lo,Yer Cretaceous. The production 
of the field, rnain!Y from sc,·cn \Yel l;:; _ to the end of 19-!.'S ,,·as 223 ,025 barrels. 
Th e oil has a graY.ity of 18 to 21 . .\ .P.I . 

Bituminous c:ands of Lo,,·cr Cretaceous age outcrop on Athabaska River and 
it,; tributarie.~ in the Fort ::\fr::\[mray area of Alberta. Th ey arc readily 
acccR~ ibl c and ha\'c been cxtcn~i,·cly :>tud icd ''"here they outcrop for 118 mile::: 
along Athalrn"ka Rinr both abo,·e and bc]o,,· Fort ::\ [r:;\ l urray and on many 
tributary ~trcarn~ i.'-\ ce Figure 52) . 

Th e "ands in \Yhich the bilurncn occ:ms are approxirnnll'l>· 180 to 250 feet 
thick. but the thickness and grade of clcpo:::it arnilablc for exploitation arc highly 
Yariablc . ~ornc of the "and ma>- carry a::: much as 17 to 19 per cent of bitumen 
by \rcight , but rno"t of it i" lo,,·cr grade \rith intcrbcddcd ,;:trcak" of shale and 
lean material. The amount of o\·crburden coYcring the dcpo"it" is an important 
cowidcration in en.luating c·ornmcrcial possibilities of an>- local area and this , 
too, i" highly Yariablc , \rith only limited knO\rn areas of rich material under 
light cover. 

In the ::\ Jilclrcd-Ruth Lake·" ar('a, on the wcl:'t ~i de of Athabaska Rinr 
opposite the rnouth of Stccpbank Ri\'Cl'. 22 miles north of Fort ::\Ic::\Iurray. 
diamond drilling in 1946 by the Dominicin Gowrn mcnt, ,,·ho clming the 'rnr 
spon,,orccl the operations of :\ ba;.;and Oils. Limited, h[ls csta\Jli,.;hcd the presence 
of a rich bituminous ;;:and area ,,·ith intrr:::tratificd bitumen bed~. The,;c bitumen 
beds, Yarying from a fc\\" in ches lo 21 feet th ick. \Yith an aggregate maximum 
th iC'kncc:s of .57 feet in une h1J]c. han hr('n fou nd in thirh·-thrce hole" of 
,;e\·cnt>· - thrcc drilled on ~- to -:\-mile spacing in an area of abcnit 3 ,;quare miles, 
\Yhich is con"iclcred to contain more than 500 .000.000 barrels of bitumen. In J 20 
ane" rlo,.:r to a pos,;iblr phn t E< itc the rich bituminous :;;and~ ll'ith bitumen 
beds haYc an a\"Cragc th irknc:::fl of 188 feel, o\"Cr lain by 47 feet of overbmclen, 
and conlain more than .'i0,000,000 barrels of bitumen, which is sufficient to 
"uppl>· 10,000 barrels a clay to a plant for 15 years. Th e deposit is f: ufficicntly 
rirli lo \1·arrnnt cornmcreial 01H·rntion,.: \1·hcn these :ire ('()n,-idcrcd fca:-iblc. 

::\fa n>· attempts haYe been made to \\"Ork the bituminous sand ,;; b>' :::trip 
rn inin[! and extraction of the bitumen content. For a fC\\" year,; the In ter
national Bitumen Company 01wrated at Bitumont. 50 milcR clmrn Athabaska 
Hi,·r r from Fort ::\ fc::\ l u1Ta>·· This dcpo:::it, ,,·hich i,.: rich and rather soft in 
compari :::on ,,·ith :oornc other;:;. liaR no\\" been taken oYer by Oil Sands , Limited, 
"uppor tcd financially by the Alberta Gonrnmcnt. The pre;;ent plant has not 
yet rcaehed the product ion stage. 

In the Fort ::\Ic::\Imray a rea, on Horse Hinr. the ~-\basand Company has 
been act ive for the pa;;:t 15 year". Dming that time experiments ha\"C been 
cal'l'icd on " ·ith llilfcrcnt plant design;; and bv Yarious methods to find an 
l'C'Onomical mean" of cxtra r~ i Pn. Jn 1943 and 1944, OIYing to the scarcity of oil 
products during the \Yar, the Abasand uperaLions 11·crc fi nanc ia I ly Rupportcd by 
the Dominion Gm·ernmrnt. A ne\1· plant ,,·as built after the form er one had 
burned doll'n. but unfortunately, \rhrn the nr,,· plant ,,·a::: ready to go on 
continuou~ operation to determine actual oprratinrr co:'t:::, it al~o burned clO\Yn. 
~o nc\1· plant has been built. The method of extraction used is: washing 11·ith 
,,·arm "·atcr to obt[lin the bitumen from the =- :ind. and the dilution of 
the reco\'ercd bitumen "·i t h lighter oil prnduct:- to ,-cttlc ou t the contained silt. 
A small topping plant is u:;ccl lo rcrnYcr the nil used a" a diluent and to make 
such diluent as is necessary from the r:\\\' bitumen. The Oil Sand,; method at 
Biturnont is different in that alt hough hot 1rntcr i" u,;cd in ~rparatinn, no 
diluent is used. 
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The products that can be made fro rn the bitumen a rc dependent on the 
refi ning proC'C::'i' used . Aspha lt of hig;h quality for roofing or for road paYing is 
t he main con::;t itucnt. If Ycry cxpcn:::i\·c refinery processes are adopted, hmYeYcr, 
a ra nge of p rod ucts from aYiation gasoline to tar r esiduum can be manufactured. 
The problem of t he use of t he rn::;t q uan t it ies of "tar sa nd s" aYailable is 
economic. Th e bitumen can be extracted a nd products can be made from it, 
but cheap methods of operating arc c,;,;cntia l if t he products a rc to be marketed 
in competit ion 11· ith simil ar produrt~ obtained fro m oil produced from oi l fields 
in t he u sua l \my . 

SALT 

Salt production is confi ned to the \ratcnrnys area of Alberta, 300 miles 
north of Edmon ton. and th e K ccpa\\·a a rea of .:. Iani toba. At \Yatern·ays the 
sa lt beds, 200 feet thick, are r emark a bly pure and underli e 200 fee t of gypsum 
and anhydrite bed;:. in t urn undcrl~· in i! lim c,; tones contai ning l"pper D eYonian 
foss il .. . Th e to p of the salt cl cpo,., i t in the first salt \1·rl l drill ed at \\'atcnrnys in 
1936 was at a depth of 69-1- feet. Be lo\1· the bot to m of the ,;a lt. at 893 feet, a rc 
more gyp,;um and anh:Hlritc !web to n depth of 898 feet. \1·hcrc d ri lling \\'US 

discontinu ed. 
In 1937 a sa lt crnporation p lant 11·a,; built at \\' atcnrny;:; . Coa l brought 

from the Edmonton area i;: used n,; fuel. A fi-in cl1 production 11·cll 11·as drilled 
170 feet inlo the ;;alt and JWod urtion bega n lrttc in 19:37. but t he fll'i't sh ip
ment "·a,; not made un t il earh- in 1938. In 1939 another "·el l 11·a,.; drilled, and 
21 l feet of ,;alt \1·a~ pcnctr;ll·c,l. Th e top of the gy p ;;;um-anh~·d ri tc bed;; \\'US 

reached al ;":)2 ,'J feet . the to p of the ~alt at 72:3 feet. the bottom of the :::alt at 
934 feet. and the lwk \\·a,; di,;c:ontinucd at 9.):2 fret in the lo\\·c r gypsurn
a nhydri tc -dolomitic bed,;. 

Ya ri ous grade" of ~a l t both for hum a n a nd animal ronsumption are made 
at the \Vatc n ray,: plan t, a nd p rod uction in 1244 \\·as :24 .1.'J l ton=-. 

Thi rk Ralt bed;:; a rc known to occ ur in easr-ccn t ral Alberta and \Ye ' t 

ccn t rnl Sask atchewan. Tn Verm ili on Consolida ted ~o. l.') \\·e ll , dri lled in 1944. 
12 mi les Rou thcast of Vermil ion. a sa lt drposit "1:22 feet th ick was encountered 
beb\·cen depths of 3,481 and 3,903 feet. This sa lt con ta in ed a fc 1\· thin bands of 
sha le a nd. in the bottom. ;:;ornc thin bands of anhydri te a nd dolomite \Yere 
present. The age of the sa lt is thoui:tht to be D cYonian . Similar sa lt beds haYe 
been encountered in deep ,,·ell ;: in Alberta at W a imnight, I roYost. and at Elk 
P oin t north of K orth Saskatche1rnn Rinr. The first or :\'umber 1 \Yell at Elk 
P oint r eached the top of the salt bed::: at a depth of 2 ,775 feet. and drilled an 
aggregate thickness of 750 feet of salt in t hree beds. of \\·hich the t hickest was 
abo ut 400 feet. A gas \Yell \\· i th an open flow of 3,000 1\I cub ic feet a day at a 
depth of 1.30.') to 1.320 feet in the L ower Cretaceous ha been completed close 
to the a lt \\·ell. In Number 2 \Yell. clrillccl 7 miles northwest of Number 1, an 
aggregate t hi ckn ess of abo ut 1,000 feet of sa lt-bearing bccls 1rns drilled. In 
Sask atchewan sirnil:u salt beds haYc b een drilled south of U ni ty, at D aYidson , 
and in southern Saskatchewan. Thus t he snlt beds con r many thousands of 
square miles, and m ay extend from the \Yaimnight -Verrnilion-Efk P oin t area to 
the W atcn rnys deposits , 300 miles north of Edmonton. 

The N ecpa\\·a rnlt deposit in l\Ianitoba 1rns disconrcd by a \Yell completed 
in 1913 at a depth of 1,742 feet. In 1931 the ~ccpawa Salt Company, a subsi
diary of Canadian I ndustries, Limited , \\'US formed, and in 1932 commenced 
opera tion s b~- pum ping ou t brin e, \Yhirh ri ses in the \\'Cl! to "·ithin 200 feet of the 
surface. a nd c\·aporating it to obtain sa lt. In 1942 another 'wll 2.000 feet 
west of the first one found salt zones between depth s of 1.162 and 1,445 feet. 
Th e original plant produced only coarse grades of sa lt , bu t in J940 a ne\Y plan t 
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was built, capable of producing 100 tons a day, and making coarse, table, and 
dairy salt as \Yell as compressed blocks for Ji ycstock use. E stc,·an coal is used 
in the cyaporation process . 

l\o salt is at present being produced in Saskatche1rnn. In drilling a ,1-ell 
at Simpson a salt brine "·as encountered at a depth of 3,435 feet. :\. small salt 
plant 1rns buil t in 1933, but onl :-r operated for 2 years, in 11·hich time 774 tons of 
sa lt 1Yerc produced. ln 1942 a deep \Yell near RaclYillc encountered 240 feet 
of rock salt be tween depths of 7,602 and 7,842 feet, but no attempt has been 
made to utilize this. 

SO DlU::\1 SULPHA'l'E 

Sodium sulph ate deposits resul t from the eyaporation of alkaline lake \\'aters, 
and form hard beds of crystalline salts usually mixed 1Yith impurities in the form 
of mud . Th e salts arc gathered from the lake and put through a purification 
plant before being shipped to the market. 

Saskatchewan is the only province shipping sodiu m sulphate at present. 
The material is largely used in the Kraft P aper l\Iills of Ontario and Quebec 
and the copper-ni ckel refinery at Sudbury, Ontario . Small amounts arc used 
in t he glass and textile industries. 

There are many deposits of sodium sulph ate in Saskatche1rnn, and plants 
arc situated at Bishopric, Alrnsk. Ormiston. Oban , and Gladmar. The two 
largest operatorn arc the Horseshoe Lake ::\lining Company, 11·ith plant at 
Ormiston, and )Ja tural Sodium Products, Limited , 11·ith plants at Bishopric and 
Alsask. 

GYPSl:::\[ 

Gypsum for commercial purposes is mined in ::\Ianitoba only. Gypsum bed s 
ou tcrop near Gypsmm·ille in the Yicinity of Lake ::\Iar tin. ::\Iani toba, and arc 
quarried. The exposed area is abo ut 4t square miles. Operations began in 
1900, and have been continuous since that time. The material is blas ted from a 
face about 15 feet high , loaded into cars, and shipped to a plan t at \Yinnipeg 
"·here it is processed into Yarious kinds of gypwm products. Since 1928 Gypsum 
J,ime and Alabastinc Canada. Limited, han \\"Orkcd these deposits. 

In 1929 W estern Gypsum Products, Limited , started to mine gypsum a 
mile south of Amaranth , 40 mile::< north of Portage la Prairie, on the west side 
of Lake )-Ianitoba. The g?psum bed is 38 feet thick , and is reached by a shaft 
130 feet deep. The processing mill is in Winnipeg. 

CLAY AKD CLAY PRODUCTS 

In Alberta the clay products industry largely centres at ~Ieclicine H at \\·here 
cheap natura l gas is aYail ablc for fuel. Th e clays, howenr, arc obtained by 
selccti1·e mining in the Eastend and \Yill mYs area of Saskatche1rnn . The pro
duets made arc ::;tone1Yare, ~e1rer-pipe. pottery , and tablc1Yare. ~.\t Claybank, 
8askatchc11·an, a plant uses plastic refractory clays obtained by selective mining 
of the Upper Cretaceous \Yhitemud beds (Plate XXXVIII). 

Cl acia l clays have been used in a number of areas on the Plains for the 
making of brick. Most!:--, ho1,·enr, these clays arc rather unsat i~factory for this 
purpose . 

CEl\IEKT 

On the Plains the only operating cemen t plant is that of Canada Cement 
Company at Fort Whyte, close to \Yinni peg, ::\Iani toba. The lirne~lonc for this 
cement plant is quarried on Lake ::\Ianitoba and mixed 1Yith claY obtained not 
far from the plant. 
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In Alberta the m ai n ee111cnt plant i:; at Ex~ha11· 111 the F ooth ill s 1yest of 
Calgary 

°Exposures of poller)· cla)» \\Till o11·s. Saskatelwwn n. l'hoto h.1· X. TI. Da 1· is. Tiu rcau of "'.f ines. 

l111 ildi11~ ,;to110 q11arr.1· nn<l kil11s at Ga 1-,,on (TnHlall) . -:l faniloha. Ph oto li.1· 
-:Ir . F. Gouc1~0. H111'<'nu of -:l[i110s. 

BEXT OX ITE 

B en ton i tc from nea r Drumh eller , Alberta . has been u~ecl in the manufacture 
of dri lling mud for oi l 1Yells. In :\Ianitoba hen toni te ha~ been obtained from a 
depos it near :\forcl en a nd used in fou ndries a nd for bleaching in oi l refi nin g. 
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ffC ILDI:\ G STO:\E: 

The OrcJo,·ic ian limc5tonc of Tvncl all and Gar:'On. :\Iani toba. ha~ been u::: ed 
extensively for building (Plate X:\:XIXJ. I t i::: a mottled grc: · to buff stone. Th e 
Pn,lrnpoo sa nd sto ne at Calgary and c l ~c11· h e rc is also sui table for building 
j)lll"JlO:'e:'. 

LE.\D A:\D ZI:\C 

On the :;outh ~bore of Great SlaYc Lake at Pinc Point "·c:::t of F ort R esolu 
tion five depo:::its containing galena a nd sphalcritc have been found in rc latinly 
flat-l:'ing dolomites of the 1\Iidcllc D cYonian .Prcsqu'ilc for mat ion. Th e dolomite 
i:s commonly C[uitc massi ,·c and ca,·crnous, but thi n beds a rc present. On the 
north shore of Crcat SlaYc Lake at Windy P oin t this dolomite y ields copious 
oil :::ccpagcs, and small C[uantities of bitumen arc r eported in brO\rni:::h dolomites 
as::;oc iatcd 11·ith the mineral dcposils. At one locality about 4 mile from the 
mineral deposits a pyrobiturncn rese mbling nlbcrtitc has been fo und in irregular 
chunk" in the canmous dolomite. 

Occurrence~ of lead-zinc mineral::: have been found in an area 15 miles from 
ca~t to \\·est and 10 miles from north to south in the .Pinc P oint area, but the 
fln main deposits occur in an area 1 mile long by -1 mile "·idc. Three of t hese 
depo~it::; arc roughly circul a r and about 250 feet in diameter; the fourth is ellip ti
cal. about 900 f cct by 200 feet; and the fi [th measures 125 by 80 feet. Drilling 
ha~ sho\\·n that the dcpo~i ts arc superfi cial, having a depth up to 75 to JOO feet, 
bu t becoming lower in grade in the deeper parts. Some of the ore con tains 
more than 30 per cent lead and more than 20 per cent zin c, and the richer parts 
occur at a dep th of 10 to 45 feet. 

The beds in "·hicb the ore occurs lie in a broad sync line that, locally, has 
been somewhat folded and fractured . Th e deposits a rc a long l\Yo lines, which 
arc considered t he shattered axes of low, local a n ticl ines in \Yhich jointing is 
prominent. Sink holes surround so me of the cl cpo~it~, but others sho\1- no surface 
exprc:Ssion. Lead and zin c minerals occur in greater or l e~s amounts throughout 
t he deposits, but beds of nearly barren m aterial may be intcrstratifi cd \Yith 
others containin g a high mineral con ten t . It seems obYi ou~. therefore , that the 
depo~it~ arc of the replacement type, but the origin of the ga lena and sphalcritc 
is obscure. Sih'cr is presen t only in insigni fi cant amounts. 

::\OTE. ~inc·c this volume "·ns forwnrded for printing the Lrdur oil field, 20 miles c::ou1hwcst of Edmonton. has 
bern rlisroverrd, nnd to date> (October 1947) hn s C'IC'n'n productin• wc>IJ:". The di:-rm·er.v \H•ll was rompletC'cl 
nt a d<'pth of 5,066 feet, the rr-:,.n·oir hPds bring dolornif(•s of D <'nmin n nirf'. Thi~ rlir-:rm·rry i~ 1hr most 
import:int since that of Tunwr Y:lllr:• , gin•s pr0mise of IH'roming n rnnjor firlcl , ::rncl g:rratly i1rn1n5C'5 the 
pro .... tWC't of di"CO\'Pring additional fields in 1 lw "Plains. 
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CHAPTER YII 

THE CORDILLERAJ.'1" REGION 

(C . .., Lord, C. 0 . Jfaq c, and J. S. Sten-art) 1 

GENERAL STATElVIENT 

Th e Cordillcran r egion in Ca nada emb races the mountainous belt of country, 
some 500 miles 1Yidc, t hat borders t he P acific Ocean. It is pa r t of a grrat 
mountain system t ha t extends along the P acific border of the continent. In 
Canada the r egion in cludes Yukon a nd most of Bri tish Columbia, as 1re ll :.ts a 
western part of Alberta and ::'\ ortl11Yest T erri to ri es. Its 1Yestern boundari es are 
the P aci fi c Ocean an d Alaska, and it exten ds more than 1,500 miles south 
eastcrlv from the Arctic Ocean to the In te rnational B oundarY. On the east it 
is bordered by the Great Plains of Canada, a nearly fiat a rea underlain by 
a lmost horizontal sedim entary ~trata in sharp cont rast 1Yith the mountainous 
terrain, 1Yide Yariety of rocks, a nd complex structure of the Cordilleran region. 
The boundary bellYecn th e Cordi ll cran and Pla in regions, from south to north , 
lies a little 1yest of Ca lgary , in :::onth ern Alber ta, a nd close to Hudson H ope on 
P eace River; it passes t hrough the ~ou theast corner of Yukon, crosses to the 
east side of :.\Iackenzi c RiYer about 50 mil es belo11· F ort Simpson. crosses Bear 
Rinr, and re-crosses to the 1Yest ::: icl e of :.\Iack cnzic Riwr near F ort Good H ope; 
thence it reaches the Arctic c oa ~t at the 1ycst edge of the :Mackenzie River delta. 

Except in the fa r north, th e Cordill eran region is largely a forested coun try, 
but the more mountainous areas eYc r~· wherc proj ect \Y ell abo1·e ti mberlin e. In 
t he southern interior arc wide st rctc: h e~ of grass -coYered or sparse ly 1Yooded 
hills and -valleys. T he region has contribu ted abou t one-qu ar ter of all mineral 
wealth produced in Cana da, outstanding mineral produ cts bei ng copper, gold, 
lead, silver. zin c, coa l, natural gas, and pe tro leum. In Bri tish Columbia, the 
principal mineral ])l'OYincc of the region, minin g in 1945 cont ribu ted 12·5 per 
cent of the Yaluc of a ll Canad ian production. 

PHYSICAL FEATURES 

Th e Co l'clill eran region inc lud es th ree nortlrn·esterly trending phy:;iographi c 
sub-proYinres : (a) a 11·es tcrn sys tem of moun tains; (b ) a central system of 
plateaux and rnoun ta iw; and (c) an eastern system of mainly mountains (See 
F!gm e 53 ) . 

W ESTER?\ SYST El\[ 

The 1re~tern ~ystem in cludes the St. Eli a~, Coast, Cascade, and VancouYer 
I sland :.\foun tain s. Th e :::lt. Elia~ l\Iountciins occ upy an a l'ea in t he extreme 
north1Yest corner of British Col11rnbia and adjacent, soutlrn·estern Yukon. They 
are the highest in Canada, extremely ru gged, and in b rge part covered by an 
ice-field. The clcYation of :.\fount L ogan (See Plate I ) the highest peak in 
Canada, is 19,850 feet, and other peak s exceed 15,000 feet. 

1 C. ;:;, Lord prepn recl Yarious introductor~' :::rction~. :111cl is responsible for tlw f!:t'nrral geology of th£> \\.estrrn 
Cord illera, the section on nwt:tlliferous depo~its , nnd mi~('c•\Jnnpnus non-metallic drpo:.::it-s . C. 0. Hage and 
J. S. Stewart nrc rc;;;ponsible for the grology of the Enstern Cordi\lern, and SC'ct ions on coal and petroleum and 
natural gas. 
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The Coa:::t :'.fountain,; ucc·up,1· a belt 100 mile-: 11·idc a nd LOOO mil es long, 
and border th e Pacifi c coast from Y ukon :;o u thca~ t a lmo..;t to t he Intern a tional 
Boundary at the 49th p '.l. rn llcl. The:• ris e a bruptl,1· from the sea, a nd to1rnrcls 
the axi~ of t he range a rc c·haracte ri zcd b:; an al most unbroken ~ucccs..:ion of 
bare, rn ggcd peaks and ..: a11· - toothcd ridge:; ri:::inf?; to clc1·at i on~ fro1n 7,000 to 
more than 13,000 feet (Plate::: XL and X LI ) . Alpin e glaciers and ice-fields are 
common, and in a fc11· pl ace-: in tl1e northern half of the ra nge Yallcy f?;lac iers 
extend to sca-lcnl. Th e range is crns..;ed b» a number of deep riYcr Yallcys, 
an d it~ 11·cstcrn margin is penetrated by numerous, long, narrow fi ord· co ntinu ed 
inl and by deep r -shapcd rnllcy::: . 

The Ca,;cade ::\ fountain::: prnjcct in to Canada from the State of \ \'ashington 
and arc more t han 100 mil e" 11·idc 11· hcrc they cro~~ t he border. Th e» li e on the 
cast side of lo11·cr Fra ~cr HiYCr Yallcy, 11·hich separates them from the Coast 
l\Iountain s, and exten d a:" fa r north a:; Thompson River . l\Iany of the higher 
peak::; and ridges near t he In te rn atio nal B oundary aLlai n clcYal ion ,; between 
7,000 and 8,500 feet ; the» a rc fully a;.; rnggcd a:' tho"c of the adjacent Coa~t 
l\foun tain,; , and, like them, hold many alp in e glar icrs. 

::\fountain~ orcup,1· mosl of Y ancom·er I sland and culmin ate, in the central 
part, in peak s 5,000 to 7,000 feet or more abo\'C sca-l cYCI. Th e 11·cstcrn ,;idc of 
t he i ::: la ncl, like the 11·cstcrn ::: idc of the Coa ..; t ::\ founta in ~, is characte ri zed by an 
in tr icate set of fiord s an d h.1' heaYil,I' t imbered rork,1· :::lopes t hat ri :;c abrnptly 
from th e sea to heights of scnral thousand feet. A lclldancl as much as 10 
mi Jes wide borders the cast C'oa;;t. 

CEKTRAL SYSTK\I 

T he ccn tr al SY stern , rompo::'ecl of di,.:sectccl pla t ca ux and sea ttc rccl m oun tain 
ranges, occ upies a belt that n\·cragcs more than 200 mil es 1Yidc nncl extends 
southca,.:t from the Al ask a Bounda ry at Yukon Ril'Cr to the ;;:o u t hcrn boundan
of Britio0h C oh1mbi a at Oka naga n · H i1·e r. In Yukon it inrl ucl cs the Yuko~1 
Platea u and Ogi!Yi c, SchY_1·n, P cll y, and other moun tain ". In British Columbi a 
no rth of latitude 54 and 55 degrees it inC' lucl c:o Cao0..;ia r and Omin eca ::\foun tain s, 
B a bine and Bu lkl ey ::\founta in . ..:, and :-lti kinc Platea u. Tn the rn uth crn part of 
t he prnYincc it romprisc::: lhc In te rior Pln teau a nd C'ariboo, ::\Iona~hcc , Selkirk , 
and Purrcll ::\ [ountain s. 

Yukon Pl ateau in Canada include' rnuch of the drai nage ]rn,.: in of Yuk on 
RiYcr find, rommcncing in northern Briti sh Columbia nea r At lin and T c::: lin 
Lakes , extend' n ortlmcstlrn rcl t h rough Yukon ancl thcnrc 11·c;;tlrn rcl into Alaska . 
It h a~ been clecp l>· clis:;ccted b,1· a drainage s,1·,;t em 1Yho:::c ma in rhanncls a rc 
scYcra l thou:::n ncl feet deep, and the onrc gently ro lling u pland has bce.n brok en 
in to a seri es of high , fl at - to pped hi ll s a nd ridges. Ogih·ic a nd Schl',l'n ::\Iountnins 
border i t on the north nnd nurth ea:;t rc:;pccti1·cl>· , and to the ;;oulliea;;t the 
p la tea u ends aga in f;t Pcll,1· ::\ Jountain:; . 

L ittle is kn Olm about Ogi h·ic and ~ehYYn ::\ r ountai n::'. Th e f unncr, with 
bordering peab as high a::: 7 ,000 feet, extend easterly frn m the Al ao0ka bmrn 
dary, near lal ilud c 65 degree-:. for 150 mil e~ . Th ere tlic,· join Schr,,· n ::\founta in :;. 
11·hich form the northca,;t rim of the Yukon Pl ateau a nd ,:trctrh ncarl,I' 400 mile::: 
southca ,: tc r l,1· to encl in 1011· rountr.Y ca~t of Fra nre..; RiYcr near latitude 61 
deg rees. Sch1·,1·n ::\founta in . .; ri se from th e platea u a long an irregul a r fr ont. and 
are broken into grnu p~ of mountain;;; b,1· broad ,-alle,1·0 and other dep ression:;. 
P robably a fc11· peak' a rc more than 10.000 feet abo\'C :::ca - lcYcl, a nd many ri.se 
to cleYat ions in exec,;~ of 7.000 feet. :-'chn·n ::\founta in ;; a rc bordered on the 
northca:-t by the ::\Iac k cnzic· ::\ fountain;; o.f the cn,;tcrn ph y,;iograph ic sub
proYince. 
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PLA'n : XL 

View of Coast l\f01111tai11'. Skccna Ri1·cr. British Col umbia . Photo b.1· permission Royal 
Canadian Air Force (B .. -\ .1 1 .37). 

PLATE X:LI 

View of Coast ::\ rountai11s 0 11 11·cs t side of T\linakli11i H i1·c r. Hri ti;;h Colurnhia. Ph oto by 
11enni" ion R o;·al Canadian Air F orce (:\.28:30-76). 
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P elly ::\foun ta in s form ~t triangular a rea in the ::;o utl1ern part of the Yukon 
Plateau, with corner:; neal' T eslin Lake. Frances Lake, and P el ly RiYer at longi
tude 135 degree::' . They in<:luclc Clcnl:·on, P ell:·, and Big :::ia lmon R anges, and 
rise from adjacent plateau a l'ea:; thrnugh borde r a l'cas characte rized by long, 
smooth- topped ::'Jl lll'::' an d di::::::ccted tabl elan d:::. The highest peak:; of the main 
uni t, the rugged Pell:· Hange. ma:> be more than 8.000 feet aboYe sca-le\'Cl, and 
hold a fc11· :;mall alpine glacier:::. 

Ca::;:;iar and Omincca ::\ lo un ta in" eon:::t itute a continuou:; be lt st retching 450 
mile::: north1Yc:;tc r l:· frnm nert l' Ta kl a Lake into Yukon, and extending 50 to 75 
mile:; 1Yc:;t from Finlay and P ar-n ip Ri1·cr". The~c mountain" eomprisc a great 
number of range" :::cparnted b,1· brnad , tran::'YCr:::c and longitudinal valleys 
several thou:::a nd feet deep. Th e hi gher peak;; a nd ridge:; range in elevation 
from G.000 feet to more than 8.000 feet. Pcrrnancn t ice is confined to rather 
small. scattered. alpine glacier:::. 

Bab in e and Bulkley ::\foun tain" and theil' northerl,I' exten~ion;; occupy an area 
of more tha n 20,000 ::;qual'e mil e:::, boun ded un the ea"t b,1· Ca::::; ia r and Ornineca 
l\fountain", on the :;outl1 b,I' the I ntcriu r Platea u, on the 11·e::'t b:· the Coast 
::\fountain::::, and on the nol'th b,I' :-:tikinc Plateau. B1ilkl c,I' and Babine ::\foun
tains li e on either ::::iclc of the nol'th11·c"tcr ly trending Bulkle1·-uppcr Skccna 
Yallcy. Th e." compl'i ::'c man\· indi1·idu a l mountain:::: ur mountain group" isolated 
by 1Yicle !011· a rea" or great Ya lle""· ::\ lo:::t pea k>< arc highly di":::eetccl. and ::'Orne 
ri se n1 ore than 7.500 feet aboYc the YallcY::'. 

Sti kinc Pl alcau ocrupie" much of the. drainage ba,in of :::lt ik inc RiYcr cast 
of the Coa;;t ::\ I ountai n,: on the north i t join ' Yukon Pl atea u bchYccn Atl in 
and T esl in Lake", and clsc11·hcrc is bounded bY the nortl1c1-h' extension:; of 
Babine and Bu lklc\· ::\foun tains or IJ\' Omineea· and Ca;::;iar ifountains. It;: 
gcntl,1' undulating ;lll'fare :-l\'cragc:-: 4,000 fert OI' more abo1·c sea-lewl, and is 
dissected in to <I number of sma ll er plateaux 'by the larger stream and riYcr 
vallc,I'"· 

T he Jnter ior P latea u strctrhe::' frnm Bu lklcY, Babine . and Om ineca ::\foun
tain ~ app rnximatcly 500 mil e;: southca:::terly to the International Boundary. 
At it' north end it cxtcnd5 fro m the Coa;:t ::\foun ta ins 200 miles cast to the 
Rocky ::\ f oun ta in ~ . T o1rn.rd;: the rnuth it becomes progrcssinly restricted b,\' 
Cascade ::\fo unta in ~ . on the 11·cst. :rnd bY Cariboo and ::\fonashce ::\founta ins . on 
the cast. a nd at the Boundar." near Oirnnagan and K ettle Rinrs is less than 
50 mi les 1Yide. Thi;: great plateau region, \1·ith a general elerntion of 3,000 to 
4 ,000 feet (Pl ate XLII ), i:; co mposed of a succession of plateau surfaces inter
rupted b\· the deep ly cut Yalleys of a drain age sy:::tem 11·hosc main channels lie 
l .000 feet or more bclo1Y the remnants of the upland surface . 

Cariboo, ::\1onashcc, Selkirk, and Purce ll ::\foun tain ;: form a moun tain group 
11·ith in a triangular a rea beh,·ern the I nter im· Pl atea u on the \\'C,.t and the 
Rocky ::\ Iountai n Trench on the cast: the apex is in the big bend of Fraser 
Ri 1·cr , and the ba:'c at the In ternational Boundar,1-. The Yarious member~ of the 
group a rc ~e paratcd by deep Yalle."' or trenrhc,. trending nort h1rnrd and north -
11·cst ll' a rd. Selkirk ::\ fou nta ins a rc cxrccd ing l~' rugged. 11·ith s ummi t~ ri~ing to 
clc\·at ions of l l .000 feet and more abo\'C sea-lcwl. 

E.\:-iTER~ SYSTE.\I 

Th e eastern ·""' te rn includes Ri cha rdson. ::\ Ia ckcnzic. Franklin, and R ocky 
~foun taim. and in tcr\'Cnin g plateau and plain a reas. 

I n British Colu mbia the eastern and ce ntral ,.ystcms arc separated by the 
R ocky }\fountain Trenc h, a great t rnugh that extends nortlrn·esterly frn rn the 
Internati ona l Boundan· nearh· to the rnuthc rn boundan· of Yukon. and includes 
alinecl parts of E:ootena>·· ·Columbia. Fra~cr. Pa rsrii p. and Finlay R ivers. 
Th e boundary bct11·cen the~e ">"0 te1m i ~ less 11Tll defined bc_l'ond the northern 
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end of the lreneh : it enters Yukon near longitude 126 degrees. ext end::: northcrl>
in to N"ortlrn·cst Tcnitori c~, a nd s11·in g:' to the nort llll·cst bct11·cc n Selwyn ::\foun
tains on the "outlrn·est a nd ::\Iackcnzie ::\founta ins on th e northeast to re-enter 
Yukon near latitude 65 deg rees. and the nce proceed" nortlrn·estcrly on a sinuous 
course to pa"" 11·c ~t of Riclrn.rd:::on ::\fou nta in ;: and ente r _.\.l ask a. near latitud e 
69 degree~ . 

Rich a rcbun l\l oun ta ins form a ;:tra ight 1rnll 175 miles long extending 
north erly from P eel Ril'Cr near longitude 136 degrees nea rly to the . .\.retie 
coasta l pla in 1\'C:'t of ::\Iackcnzi c HiYCr delta . In the north thcY a rc more than 
40 miles 11·idc, a nd conta in rnggcd. nor ther! >· t rending as.vmmet~·ical ridge;: 1Yith 
pca.b ri :< ing to heights of 5.000 feet o r more. Th rougho ut most of the ir length. 
ho11·enr. the>· comprise a. much na n·o11·c r belt of :'tccp-siclcd ridges. the fl at 
tops of 11·hich li e main!)· bclo11· 4.000 feet. X o cirques or other eYidencc of 
alpine glac iation ha;: been fo und in aerial ph otograph ;: of eYCn the highc~t peak;:. 

· '.\Iackenzi c l\Iount ain s occ upy a broa d cresccn lic a rea, co nYCX towards the 
northeast , st rclch ing 425 mile.:; :'Outheastcrl y from sou th of P eel RiYCr near 
longitude 134 degrees near!>· to Lian! Ri1·cr at latitude 61 degrees. T heir 
maximum " ·id th exceeds 100 miles. Th eY a rc distino:ui;:hcd from Rehn·n ::\foun
ta.in s, "·hich ad join them on the so utli11·c~t, not by an y ab rup t t<;pographic 
boundary, but by absence of intru ,; ion;:, con;:picuou ;: ;:tratification , a nd more 
youtli'ful to pography. On the north and north east they ri :'c a bruptly from the 
l\lack cnzic Ri1·er 1011·lan d . In the m ain they compri.-c a com pact mass of 
con spic u o u ~ l~ · la.ycrccl. nortlmc"tcrly trending ridge;: topped b>· peaks that com 
monly ri se to cleYation;: of m ore than 7,000 feet, and in som e places a rc 
reported to exceed clcrn tion s of 9.000 to 10,000 feet. Sma ll a lpin e glac iers arc 
\\·icl esprcacl. Th e Canyon H a ngc;: . 1Yhic h fo rm thei r northeastern front nnd occup~· 
a belt up to 40 miles 11·idc. in clude more ;:ubduccl mountains and high plateau 
a reas tra\'C r.:::ed b>· deep!~· incif:ccl rinr Yall c>·s . 

P eel Pl ateau is a g reat triangular te r race occupying the angle bcbYecn the 
cast front of Richardson ::\foun tains and the north front of ::\Iackcnzie l\Ioun ta in ;:. 
Its northeastern edge is in part a sca rp ri "in g 200 to l,000 feet above the Pla in ~ 
region. Th e major rinrs trave rsing the plateau, such as the P eel a nd .-\ reti e 
R eel, a rc deeply entrenched in the oth crn·isc rathe r fl at, glaciated, upland ;: urfacc. 

Throughou t most of their length Frnnklin ::\foun tai ns lie a short distance 
cast of a nd parallel "·ith ::\Iack cnzie R iYCr. T hey extend fro m Fort Good H ope 
more than 400 miles southeasterly to the mouth of Routh N'ahanni RiYer and 
average less than 30 mi les ll'iclc. Th e>' include, from north to rnuth, :::\orman. 
Franklin, Carn i'cll, and ~ahanni R ange:::. each compri~ing a number of para ll el 
north to nortln1·c:.:tcrl>· t rend ing ridge;:. In placci' the:--· reach heights of 5.000 
feet. 

The Hocky ::\founta in " for m the en~tern front of the Cordi llcran region in 
British Columbia . H er c th e~ · ri se sharply l'rn rn the cornparatil'C l>· fl at Pla in o;; 
region , thro ugh a Foothills belt, to peak,; reaching elernt ions of 10.000 to nea rly 
13,000 feet. Th ese mountain s, 1rith their ca;;tcrn footh ill s. have a maximum 
1Yidth of about 100 miles, and extend from the In ternat ional Boundary at longi
tude 114 degrees 850 miles nortlrn·c"tcrly to Li a rcl Ri w r. .:\ t the ir nor tlrn·c;:t 
end they a rc separated from SchYyn a nd ::\Iack cnzie ::\fountains by a distance 
of more than 100 miles. They ban been can cel from a thick series of sedimen
tary strata of rather simple st ructure , and the r esult an t layering, Yi:'iblc fro m 
great di stances, at once cfo;t inguishcs t hem from most other moun ta ins in Brifoh 
Columbia (Plate XLIII ). Th ey consist of a series of O\'Crlapping ra nges that 
trend northll'cst and , on the " ·hole, ha\'C precipitous eastern face" and much 
less steep 11·cstcrn s lopes. IndiYiclual ranges arc broken or te rmin ated b~- deep 
cross-Yalleys. and the 1Yholc mountain mass is crossed by scw•ra l deep depression,; 
haYing comparatively low heigh ts at the cliYiclcs. 
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EARLY GEOLOGICAL \YORK 

Geological exploration in the Cordi lleran region by the Geological :::iuney 
dates from 1871. In that year the pnwince of Briti :::h Columbia became part 
of the Dominion, and the Geological SurYey agreed to extend its services to 
the province and to maintain them there. Dr. A. R. C . Selwyn , then Director 
of the Surny, with J ames Richardson as his assistant, a rrind in Yictoria in 
t he spring of 1871. SehYyn immediately embarked on an explorator:v su n ·e>· 
from I<aml oops to Moose Lake near Y cllmYhcad, and Rich ardson co nmic ncccl 
an examinat ion of the YancouYer I sland coal fields . A repor t on th is mirk 
was publi shed in 1872, acco mpani ed by a map of Va ncouYCr I sla nd coal field~ 
on a scale of 1 inch to 10 miles . This \\·as the first geologic al map of a ny part 
of Bri tish Columbia. 

A fir;;t need of the proYin ce and other parts of the Cordilleran region \ms 
for geological explorat ion , and this task \ms pmsuccl cnt husiaslically by a 
limi ted staff of geologists from 1871 to about J 908. Besid es his exploratory trip 
of 1871 , Seh,·yn made in 1875 an exploration from the mouth of the Fraser to 
the jun cti on of Smoky and Peare Ri,·crs, th us compl eti ng the first geological 
traHrsc of the mountainous belt of ,,·estern Canada . In the same season D r. 
G. :\I. Dawson, one of t he outstanding fi gures in the history of Canadi an gco lopy, 
en tered the fi eld and explored a route from Socia Creek b F ort George Yia 
Ch ilcoti n and ~asko Riwrs. From that ti me un til ]892 , \rh cn he became 
Director of th e Survey. Dawson 1rns the central figure in 1Hstcrn Canadian 
geology . In 1879, starting at P ort Simp;;on on the Pacific coa:it, he completed 
a route survey easterly through the mountains ,· ia Skcena HiHr . Ba bine and 
Stc1Yart Lakes, F ort ::VIcLeod, an d 1011·er Pinc River. to Edmonton in Alberta. 
An cYCn more remarkable exploration was under taken in 1887, as a re~ ult of 
which he has been ca ll ed the rea l di scoverer of, and first to describe, the Yukon : 
the capi ta l city, D a wson, 1Yas later nam ed in his honour . LcaYing the coa"t 
tmYn of Y\Trangcll , Alask a, in the spring, he traYel!cd more than 1,300 miles Yin 
Stikine River, D ease Lake , D ease River , Lmrcr P ost, Li arcl, an d Frances Rive r;;, 
Frances Lak e, Pclly RiYcr , Fort Selkirk , and Lewes Rirnr to cross the Chi lkoot 
P ass and reach the coast at the head of Lvnn Cana l in the autumn of the sam(' 
.\'Car. This journ ey, completed in 4 man.th;::. ncarl.\- circum:::c>ribccl an area of 
about 63 ,000 square miles, and pro1·icled much gcologiral in forma tion on Yuk on 
a decade before the cliscoYery of the ~pcctac ul a r placer deposits of Kl ondike 
RiYcr. Dawson's principal field, hmYeYer , lay in the Interior Pl ateau regi on 
nf central southe rn Bri tish Columbia, where he i~ perhaps best kn mrn fo r hi" 
E:a ml oo ris and Shuswap ma p-sheets, pubfoh cd on a scale of l inch to 4 mile" 
and inc luding about 6,400 square mil e::; each. 

In 1882, Da1Yson explored the region bctll·ccn B m1· and Belly Ri\·crs,. lbcrta. 
and dre\Y attention to its important coa l deposits. Jn 1885 he explored the 
R ocky :\foun tain region between latitud es 49 ° and 51° 30'. and publi shed a report 
and map \Yith structure ~ections of the Cascade coal basin. 

R. G. l\IcConnell. in 1886. measured a section aero~~ the R ocky :\1oun '. ain" 
in t he vicinity of the Canadian P acific R a ihrny. and illustrated his report 1rith 
several struc ture section s. In 1887 he emba rked on one of the most cxtc n ~ iY c 
explorations eyer undertaken by an officer of the Survey. H e had accomp ani ed 
Da·wson from \Yrangcll to Lo11·er P ost on Liard River; from th at point he 
de ccndcd the treacherous Li an] to ib mouth. part of the wa.\' wi th two com
panion s and part \Yay en tirely a lone . . -\. fter wintering at For t Pro,·id cnce on tlw 
:\Iackcnzie, he journeyed downst ream to the mouth of P eel Ri1·er 11·e ll north of 
the Arc tic Circ le, up Peel River, \Ycsterly across the mounta ins b.\- 'my of t he 
Rat Ri 1·cr portage to Porcupine R i 1·er . th cnre dmrn ;:;trcarn to Yukon Ri vcr , a nd 
i_1p that stream and i t~ tributar>-. the Lc\H'S, to reac h the coast at Lynn Canal 
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by \my of Chilkoot Pa~s . He co mple ted t his remarkable journey in Sep te mber 
1888, after coYcring about 4,200 miles by \rater and on foo t in some 7 m onths' 
\rnrking time. In J894 ~IcConnell commenced mapping the \Yest K ootenay 
!-> hcet in south ern British Columbia, but in 1898 returned to Yukon and examined 
the Kl ondike pl ace r fi eld , then experiencin g its unpreceden ted rush of gold 
seek ers . During the fo llO\\·ing decade he co ntinued his studi es of Yukon , 
inYoh ·i ng explorati ons of Ste \\·a rt , ~Iacmill a n, and Whi te RiYcrs, a report on the 
E:londike r egion , and examinations of a number of lode mining dist ri cts . 

Among the la:ot of t he truly exploratory geo logica l expedition~ were those 
under tak en by Charles C am sell , r ecently D eputy ~Iini ster of the D cpar t men t 
of ::\lines and R esources , and by J oscph K eele. Camscll left D a\rson in l\Iay 
1904 and travelled by way of Stewart Rinr a nd Brainc Pass in to the basin of 
\Yincl RiYcr , t he latter being fo llO\YCd to i ts confluence with P eel Rin r , which 
in turn \\·as examin ed to its junction with the ~1ackenzic; the return journey 
\\·a s m a de Yi a R at, B ell, and P orc upine R irers, D a\Yson being reached in 
;o;eptember 1904. .Joseph E:cclc , in 1907 a nd 1908, made the first geologica l 
traYer~c of ~lackenzie l\Iountains. L eaying Da\Yson in the early umrner of 
1907, he r eached the divide by way of P clly a nd Ross Hivcrs, hauled his outfi t 
m·cr the 100-rnilc por tage during the late \\·inter, a nd descended Gran! River 
to the ::\Iackenzie in 1908. 

The offi ce rs engaged in th is exploratory \\·o rk were, of necessity, more than 
geologists . Th eir rerorts, on ly in part m en tioned here, contain , in addition to 
geological data , a wealth of information on topography, na tural history , a nd 
resources of eve ry kind per taining to the regions examined . A n umber of t he 
journeys that they completed showed, incidentally, a proficiency of pioneer tranl 
not likely to be again equall ed in the hi story of the Surny. In gener a l, the 
re:-u lts of their geo logical \\·ork were portrayed on map~ on a scale of 8 mile 
to the in ch , the topographic bases in most cases haYing been made by the 
geologist s t hemselves. 

As th e broad genera l feat ures of the physiography and geology became 
fairly \Ye ll knO\rn through explorations, the need for m or e detailed work became 
C'Yiclent. A sca le of 1 inch to 4 mil es was fou nd suitable. D a wson completed 
th e fi eld \\·ork for hi ~ K a mloops sheet on thi s scale as earl y as 1890. The adjoin
ing Sh uswap map-area, in \\·hi ch \\·ork wa commen ced by him in t he same year, 
1\·as completed by .T a rn es ~IcEYoy by 1896. By J900 R \\'. Brock h ad com
pleted wo rk on the area co,·e red by the \Vest Kootcnay Sheet, \\·ork commenced 
h~' ~IcConn cll in 1894. 

By a bou t 1900 the lode mining industry of southern British Columbi a \ms 
\Ye ll e~tab lished , a nd the demand arose for sti ll m ore accurate and detai led 
studies of the min er a lized areas . M ap scales of 1 in ch to 1 mil e, or of even la rger , 
came into general use . A . P. L ow, appointed Director of t he Survey in J906 , 
a t once realized th a t geologists wi th specialized trainincr \1·cr e r eq uired for t hi s 
" ·ork , and by settin g higher stand ards for qualifications of new appointees, may 
he said t o have initi ated the presen t period o f deta iled geological surveys. 

Some of the outstanding innstigations of minin g di stri cts prior to 1910 
""er e mad e by :M cConnell in sou thern Yukon and northwes tern Bri tish Columbia, 
by R. \V . Brock in the B oundary, L ard cau , and Rossland districts, Charles 
Carnsell at Hedley and in Tul amccn district, and by D. D. Cairnes in t he coal 
a reas of Yukon a nd in the mining areas of \Vh eaton Ri,·cr a nd Atlin. Th e work 
o f D . B. Do\\·ling in th e early years of the century is noteworthy for hi s m any 
cont ribu tions on the coalfields and coal resources of the Cordill era . 

Interna tional Boundary sun·cys provided excellent opportuni ties of studying 
geological sect ions across the Cordi ll era. A memoir entitl ed " Geology of the 
North Am erican Cordillera at the Forty-i\finth Parallel" was published by 
H. A. Daly as a r esult of his field work bet\\·cen 1901 a nd 1906. In t he north , 
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D. D. Cai rncs examined the geology a long the Yukon-. .\laska bounda ry bet11·ecn 
Yuk on and P orcupine RiYcrs dming 1911 and 1912. This 11·ork 11·a:; part of a 
co-opcra ti \'C agreement 11·ith the l -ni tcd ;-; tatcs Geologica l Sur \'Cy 11·hcrcby the 
latter organiza tion undertook the :;tudy of the boundary r egion north of P or
cupine Ri\'Cl' . ln the fo llo1Ying year Cairncs exa mined a n a rea adj acent to the 
sa me boundary on upper \ \ 'bite Ri1·er. 

Since about 1910 many other 11·orkcr5 ha1·e been a:;signcd by the Geo logical 
Suncy to the Cordillcran r egion. Both detail ed in \'Cstigations of minin g camps 
and more genera l mapping on a :;cale of 1 inch to 4 miles haYe been caniccl on 
more or lc"'s con tinuously to the present. E1·cn today consid erably less than one
quarter of Briti:;h Colu mbi a an d Yukon arc geo logically mapped accord in g to 
modern stand ard s. 

c r::oLoc:y 
Th e Corclill cran region is re a di l.1· di 1·i~i blc in to l \\·o rn n tra~ting geological 

pro1·ince~: the \ \' edcrn Cordilleran region, nnd the E astern Corclilleran r egion. 
Th e former includes, briefly. a ll of Canada 11·cst of the R ocky. M ackenzie. a nd 
Richardson :\loun tains. and i:; thu:; co -cxtensi\'e 1rith the 1restcrn and central 
physiograph ic sub-prov in ces; the Ea::: te rn Cordillcran r egion includes the abo\'C
mcntioned mountains. extends ca,-t to the In te rior Pl ains , nnd is co-extcnsiYc 
11·ith the ca:::tcrn physiographic sub-p rovince. 

Th e \Ycstcrn Cordillcrnn region is one of great geo logical l'ompl exi ty. 
Sedimentary and Yolcan ic strata range in age from Proterozoic to R ecen t. The" 
record a number of periods of cru,- tal cli :;tmba nce acco rnp nn icd or fo ll o11·cd by 
uplift nnd ero:;ion. T hese rnricd greatly in int en~ i t .1 -, and probably somc1Yhat 
in time, fro m pl ace to place, but those uf P roterozoic and late :\lc:::ozoic to 
early T ert ia ry time a rc outstanding. During the latter in tc rrn l the fo ld l'd 
and faulted :;lrata 1rere inl'aded extens iY cl~· by deep-seated gran it ic bodie,; , 
including the Coa:;t. X elrn n. Cas,- inr-Omin ec-a . nncl other bntho li ths, and by <l 

ho1:it of smaller int rusions. T he Preca mbria n, Pal::cozoic, and :\Iesozuir strata 
11011· li e for the most part in nortlrn·csterly-trcncling fo lds on the flanks of t he 
parallel intrusi1·c bodies such as the Const a nd Cassiar-Omincca batholiths. 
Th ese strata arc intensely fo lded, C\'Cn locally oYcrturncd, and clips com monly 
exceed 45 degree:;. ~omc arc schistosc, and it may be that they hal'c been more 
high ly folded nnd shccucd in the 1·icinity of the batholiths. In many places 
the axial pl anes of the O\'C rturn cd fo lds cl ip tmrnrd..: the southwest a t hough 
formed by a thrust from the soutlnl'cst . Th e T er tiary deposits inc lude ya ,- t 
a reas of on ly s lightly dist urbed \'Olcanic rocks. Faults are "·iclcsprcacl through 
out the region and both normal and reverse types hnve been recognized. Th ey 
tre nd in ma ny directions nnd in places appear to hal'c broken the terrain into 
separate blocks, 1rith unrelated structures. Great thrust fa ul ts, such as the 
Pinrhi fault in the T akl a area and others in the X clson area, 500 mil es to the 
southeast, seem to hal'c been dcYclopcd by th rusting tmrnrds the in teri or of 
lhe continent. \Yiclcsprcnd metalli zation , rc;:;ulting in numerous deposits of 
copper, go ld, lead, sih ·er. zinc, a nd other ores accom pan ied or closely follo11·ccl 
the 1\Icsozoic and early T ertia ry intrusions. A fc11· metal li ferous deposits, some 
of them of commercial impor tance, nrc t hought to be of other ages. Coal scams 
are fo und in late M esozoic and T crtia r>· strata. 

T he Eastern Cordil lcra n region is underlain by grent th ickn c:::ses of 
Proterozoic, P ahozoic, and :Mesozoic sed im ents, for the mos·t par t succecdin ?; 
one a no ther " ·ith out pron oun ced angul ar disconlancc and, in ge neral , un accom
panied by plutonic or Yolcanic rocks. Th e» no1\' form, in great part, lofty 
mount ai ns of comparatin ly simple stru ct ure, although the R ock y :\founta in s 
>He horclcrccl on the cast by an intrirately fo ld ed and 01·crthrust Foothills belt. 
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The region conta ins extcnsi\'C coal deposits and important accumulations of 
petroleum a nd natural gas, but on !~· one known commercial meta lliferous 
drposit. 

,,~ESTERX CORDILLERA 

SEDl~lEXT.\lW AXD YOLCAKI C RO CK S 

Precambrian 

The oldest kn01rn rocks of the \Ycstern Cordillcran region of Yukon and 
Brit ish Columbia a rc of Proterozoic age. In British Columbia they outcrop 
on ly \Yith in a belt that paral lels and lies mainly " ·est of the Rock>· Mountain 
Trench and tapers nortlrn·cs tcrly from a \\·idt h of a bout 120 mil es at the Inter
national Boundary to encl , so far as is known , nea r la ti tude 58 degrees. The 
rocks of thi- belt lrnYc been examin ed in most detai l in t he area bct1,·ccn 
Kootenay Lake a nd the rn ll cy of K ootcna>· a nd Columbia Ri,·ers, \\·here they 
underlie most of the Purcell a nd large parts of ;:iclkirk M oun tains. N orth of 
the "Big B end " of Columbia Rinr the>· arc presumed to und erli e " ·idc areas 
of relati ve]~· unexplored co untry. :-;till fa r ther north they reappear as a narro11· 
ba nd near Tcsl in Lake on the Yukon-British Columbia boundary and outcrop 
in c.xtcnsi\'C lhough high !~· irregul ar a reas th roughout mu ch of southweste rn 
Yukon. Th e Proterozoic assemblage in clud es variously deformed and meta m
orphosed , slrn ll o11· to deep 1rntcr sedimen ts and lesser a moun ts of Yolcanic and, 
possibl>·, dccp-sratcd igneous rocks. In parts of so uth eastern Bri tish Columbia, 
where exposed thickncsse~ of a,; much as 75 ,000 feet have been record ed , the>· 
h:ffc been subdi1·iclcd into brn grea t unconformabl e sys tems. th e older kn01Yn 
a::; Puree]!. and the latter n,; \Yindcrmcrc. Elsc 11·hcrc no satisfa cton · diYision 
has been made . and n01r hc rc ha\'C basal Proterozoic rocks been rccog~ izcd . 

He.cen t fi e ld 11·ork has sh01rn that large a reas of schistose and gn c i s~ic 
rnr k:'. cla$SCd as Precambri an by early \1·orkers, arc \rholly or in pa rt of 
Paht'ozoic or eYcn ::VIcsozoir age . T he term "Shus1rnp seri es" \Yas at one t ime 
app lied to rn rn c 4,000 squ a re mil es of schists, crysta llin e limesto nes, gnei sses, 
and ma~si , .c grani to id rocks J ~·ing between Sh urn·a p La ke a nd the In ternational 
Boundar>· in southeastern Bri tish Columbia . Alth ough origin ally thought to be 
or ;\ rc·ht'Ca n (prc-B clti an) age recent \York has sho11·n t hat Sh us\\·ap rocks 
re presrnt mcrc l>· a condition of metamorphism a nd are of no par ticula r age: in 
plaecs they arc now kn own to include. fo rmation s of Proterozoi c, P a lxozoic , and 
r,·en ear l\· M esozoic ages . It is c.ntirely probable tki't further \York '"ithin the 
little kn o11·n Proterozoic belt extending northwesterly from the "Big B end" of 
C'o lurnbi a Ri \'Cr n·ill renal a ppreciable areas of s imilarly highly altered 
Pa lrr-ozoic rocks. In Yukon. high!>· altered rocks placed wi th in the Yukon 
group . and at one t im e thought to be a ll of Precambri a n age, arc no\\' kn o,Yn 
lo inclu de, in places. formations of both Precambrian and later ages. 

Th e Proterozoi c sedim ents arc oYcrl ain in differen t districts bY P a lrr-ozoic 
for mation:- varying in age from Lo\\'cr Ca mbrian up11·ards, but in "most places 
the unconfo rmit>· i~ not mark ed by noticeable angular discordan ce. 

A la rge part of Yukon Pl ateau is occupied b>· altered sed imentary and 
,·ok:mic r ocks of t he Yukon group. in cluding quartzitcs, quartzose mica schis,ts 
and t heir gnci ~~ i c ph ases, crystallin e limestone, and grccnstonc. These arc 
arco lllpanicd by bodies of deformed in t rusiYc rock s, 11011· a ltered t o scrici tc and 
other schists . a nd gneissic grani te, n·hich. tho ugh yo unger than the Yukon group 
~lrata . are of un cer ta in age. Certain members of t he group ban been de finitely 
established as Precambri an in Alaska , and doubtless some of these members 
r xtcnd in to Yukon. H o\\'C\'Cr, no defini te dating has been possibl e t hroughout 
most of Yukon, and Ya riou areas of so-called Yukon group rock have been 



232 

correlated on a basi~ of lithology. pronounced mctamorphirn1, and a pparen t lack 
of fo::s il s . Although origin a ll,\· though t to be a ll of Precambrian age, recen t 
\\'Ork ha~ shom1 that some are altered P ahrozo ic rocb, and it has been co nsidered 
best in r ecen t .\· cars to class them as probab ly of Precambrian a nd P ah:cozoic 
age. 

T o the southeast, in the Cariboo district of Bri t ish Columbi a, the 
Precambrian rocks arc known as the Cnriboo series, and haYe been divided 
into three confo rm able ~cd im cn ta ry fo rm ::itions kn O\rn as the Richfield , B ark cr
vi ll c, and P lcnsa n t Valley. Thi s seri es consists main ly of quartzite, limestone, 
and argi ll itc \\·ith min or proportions of rnlc::inic rocks and sch ists. The exposed 
thickness probably exceeds 15,000 feet, and the base has not been seen. T he 
strata arc folded , and the fo lds plunge to th e nor th and disappear beneath 
youn ger strata before r eaching Fraser River. Th e gold-quartz vein s of the 
BarkerYillc r egion occur in the upper part of the Richfi eld formation . Th e 
Pleasant Va lley or uppermost for mation of the Cariboo series is apparently 
oYerlain conformably in one localit,\· by foss ili ferous Lo1nr Ca mbrian limestone 
and argillite, suggestin g a Pro terozoic age for the Cariboo scrie:o . Th e latter 
is separated fro m the next youn gest strata, the ::vii ssissippian, Sl id e ::\!fountain 
group , b,\· an a ngul a r un conformity. 

In sou theastern Bri t ish Col umbia Proterozo ic sed imen ts occupy a belt 
some 60 to 100 miles wide, main].\· \\·est of the R ock y ::\foun ta ins, and in an 
area nO\Y occupied by Selkirk and Purcell ::\fountains. T hese rocks nrc of 
Purcell (Early Pro terozoic) a nd Win dermere (Late P roterozoic) ages . A great 
many basic sills and dykes, in cludin g those known ns the Purcell intrusives, 
occur throughout the Purcell and \Vindermcrc systems. 

T he $edimcnts formed in Purcell tim e consist of a conform abl e succession 
of fo rmations with a maximum recorded tota l thi ckness of about 45,000 feet. 
Although there arc no brcnks in the succes"ion and similnr rock types occur 
thro ughout, i t has been possible to subdivid e the s:>stem lithologicallv into 
recogn izable for mations. Th ese comprise a Lo11·er Purcell and a n Upper Purcell 
sedimentary series, intercalated at or near the top of the 10\Yer series , in the 
Cra nbrook area. 1Yi th basic , ::iltcrecl extrusiYc rocks knO\Yn as the Pu rcell lavas. 
and int ru ded, particularly in the lmYer format ions of this seri es, by thick sills 
nnd multiple sills of diori tic composition, poss i bl ~· related to the Purcell la"rn~ 
and referred to in reports as the Purcell intrusiYcs. 

The Lo1Yer Purcell seri es comprises, from its base up: the For t Steele 
fo rm ation , 7,000+ feet thick, composed of 11·h itc quartzite, bandccl, grcY 
argil li te and quartzi tc, black, limy argi lli tc, and grey-green , do lomit ic a rgillite; 
the Aldridge fo rmation, 16,000 feet of grey, r usty weathering argilli te and 
argill accous quartzite; the Creston form nt ion, consist ing of 6,300 feet of green , 
purple , and " ·b ite, argi llaceo us quartzite; the Ki tchener form a tion, 6,000+ feet 
of green, grey, and purple, buff 1nathering, dolomi tic argillite; and the Siyeh 
formation . 1,000-2 ,000 feet of highly coloured argilli tc and dolomitic argilli tc. 

The "Gppcr Purcel l seri es is m ost generally subdivided into t"·o forma 
tions: a Jmyer, or Dutch Creek formation , comprisi ng 4 ,000 feet or more of 
laminated argillite, m agnesian lim estone, and argi lli tc; and an upper, J\Ioun t 
N elson formation, consistin g of some 3,000 feet of beds wry :-:i milar to those of 
the Du tch Creek. 

T he form ations of the Purcell system a rc, as a whol e, r ema rkably fresh. 
They were laid down in shall ow standing 1rnter in a slowly sinking seaway at 
least 10,000 square miles in area, and rippl e-marks and crossbedding a re 
common in the Cranbrook and N elson areas. The presence of mud-crack s 
through out the se ri es in these area shows that the sur face of deposition was 
exposed to sun and air at frequent intcl'Yals. 
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Th e \\"in dc rm crc system 1rns laid d(J\\"11 on an eroded su rface of fo lded 
Pmccll stn1ta. T he erosion f;Urfacc dips 11·cstcrly, so that west of a line 
extend ing no rthc r! Y fro m the ~ou t h encl of K ootcna.'· Lake the Purcell strata 
paf;::; be neath :1 th irk , steep!>· dipping mantle of \Vincl crm crc rocks. The angul ar 
di;:co rda ncc bct11·ccn the t1rn great systems se ldom reaches 45 degrees, indi cat ing 
that the w c-\Y in dc rm crc fold ing 1rn broad and open. Win de rmere rocks, 11·ith 
a maximum 1·cro rdcd tota l thickn cs;:: of about 22 ,000 feet, include conglomerate, 
f'latc. roa r~c -grain c cl (]Ua rtzi tc, limc"to nc, grccnstonc, schist, and paragnciss . 

T he bn;:::1 l fo rm:ltion, kn o11·n af; the Tob:> conglomerate, ranges in t hi ck ness 
from 50 feet to more tha n 2,000 fe et and conta in s. a mongst fr agments of 
Pur('ell rod;:,.:, pebbles and fragment;:: of orthoc lasc that ~ u ggc;::t a gran iti c 
intrus iw ror k af; a ;::o urrr of at ka"t !'Orne of the sed iment" . Nea r the In ter
national Boumtn:-·. 11·est of E ootcna.'· Lake, the Toby conglomerate is mainly 
onr la in b.1·, but part ly in te rbeddcd 11·ith . the Irene Yolcani r for mation 
rons isting e,.: ;::en tia l l>· of fi nc-gra in cd . f;hcarcd greens tone or ho rn blende schist. 
E lse11·hcrc to the north , ho11·c1·er . the TobY is oYcrlain confo rmablv bv the 
IIo r,.:eth ief Creek series, about 6.000 feet th i.rk , co mposed of green . argill accous 
qua rtzite, bl uc-g: re.'· limestone, a rk o~e, a nd pebble conglomerate . T his is 
;:uc· c·ccdcd Ii:-· the H amill ,.: eri e;::, 7.500 fo 10.000 feet th irk , consistin g b rgcly of 
greY, gree n, a nd 11·h itc , silir eo u,.: qu artzi te, and ~e paratcd from Younger st ra ta 
bY a prom in ent band or band~ of rn agn c~ i a n limestone of the Badshot fo rm at ion, 
100 to 250 feet th ick. 1Yhi ch co nfo rm ablv overli es th e H a mill and fo rms a 
::: plcnd id horizon marker. T he ;::ucrccdfn g Lardcau series, the uppermos t 
member of the \Y in dc rmcrc s>·stcm. ha;:: a n exposed maximum th ickn ess in 
La rcleau a rea. nortlrn·cst of E:ootcna:> Lake. of 15.000 feet. It is composed of 
a rgi ll ite . slate, (]trn rtzi tc , and limesto ne. 11·ith some basic igneous band::; of 
doubtful origin. T hese rock.• a rc common !:-· metamorp hosed to schists of 
Yarious t >· pe~, to C'l' .\·sta llin c limcs·tone, and to gneisses. :Near the In te rn a tional 
Boundar.'· the cqui1·alcnt of the H amill and , probably, pa rt of the H orsethi ef 
CrC'ck scri cR of the north i ~ taken b.'· the Three Sisters, Qua rtz ite R a nge , an d 
R eno fo rma tions. and t hese in turn arc on rlain confo rma bly b.'· the Pend
cl'O reill c scric::: of ph,\rllitc , a rgill arcom: quar tz ite, and lim es tone, corresponding 
stratigr:1phica ll y to th e more 11·id csprcacl Larclcau series . 

I n the general vicini ty of E:ootcnay and S1'ocan Lakes \Yindermcrc strata 
ban been severely metamorph osed and in t imately inva led by grani tic and 
pcgmat iti c bodies and arc locall>· rn granit ized as to be distinguished fro m 
gran it ic in trusions wi th diffi culty. Par ts of this highl>· metamorph osed te rra in 
\Yc rc fo rm erly inclucl-cd 1Yi th t he Shu rn·ap series. Erosion cl ue to upli ft 1Yi thout 
ma rked tilting or fo lding preceded early Cambri an depos ition. Along the 
R ockv l\Iou ntain Trench foss ili fe rous Lo11·er Cambri an berls rest in different 
placc.S on qui te different horizons of the Winderm ere rocks. In pl aces t here is 
a slight angul ar unco nforrni t>· at the base of th e Cambria n. 

Palceozoic 
Th e reco rd of t he Pa lrcozoic i ~ fr agmentary . Probabl:-· th e greater part 

of the \Ycstcrn Cordillcra n region 1rn ~ a land area exposed to erosion in 
Cambri a n t im e and, south of about latitude 56 degrees, remained so un til t he 
Carboni fe rous period. At least par tial submergence in Bri tish Columbia and 
Yukon, no rth of th is la ti tude . is indicated by "·idcly scattered occ urrences of 
po~t -Cambri a n and pre-Carboniferous foss ili fe rous strata . Duri ng t he Carbon
ifcrnu. and Permi an periods app arently nearly the \\·hole of the \Ycstern 
Cordill ernn regi on lay beneath the ca, and great t hicknesses of sedimenta ry 
and Yol cani c materi al accumulated. \Yidc areas of almost unexplored coun try 
in eastern Yukon are presum ed to be underl ain chi c.fly b.'· Pal[Cozoic st ra ta, 
but. may alw conta in rocks of ::\1csozoic an d Precambri :l n age . In nor thern 
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Brifr;J1 Co lumbia. ,,·here cxpo~cd ~trata arc thought to rcprc:0cnt much of 
Palxozoic; time. no important break in deposition or record of orogcnic 
distmbancc has been recognized. In a number of loca li ties sed irn cntntion and 
vulcanism probably proceeded more or lc~s continuous!:· from late Pal~ozoic 
into ear ly ~Icsozoic time , but in p laces an intcrYa l of uplif t and crm:ion \Yithout 
marked tilting or fo lding may han in tcrYcncd . 

Cambrian sedimentary strata arc kno11·n on ly on the Y ukon -. .\l ask a 
bouncl:11·y near lat itude 65 deg ree'~, in the Ca rib oo district of British Columbi a , 
and in ~outhcastcrn Bri tish Col umbi a on either side of the Rocky i\lountain 
trench. All these localitief' lie close to the n orthea~tcrn and eastern edge of 
the W estern Cordillcran region. and ma:· indiratc the arproxirnatc south11·cstern 
and 11·cstcrn limits of the Camb rian ~ca , \1·hic:h 11·:1s an impo1-tant feat ure of the 
Eastern Cord ill cran region. ~li ddlc and rppcr Cambrian fo~sils occur in 
ra leascous strata on the Yukon-.-\ ln:-kn boundary. At one localit:· in the 
Cariboo di~trict Lo11·cr Cambrinn limestone and argi lli tc apparent!:: onrlie 
Proterozoic rocks conforrnabl:·. Lo11·cr, ~Iiddlc , and Cppcr Cambrian ;;:crli 
rnentary formations outcrop here and there , in southca~tern Brili~h Columbia 
ea~t of I\ootcna,· L ake and in the Yicinity of Golden. The Lo1Ycr Cambrian 
Cranbrook a nd Eager form ation" rest \Yithout marked angul ar discordance on 
an ero~ion surface that truncates both early a nd late Proterozoic strata. 

I\no11· n occ urrences of post-Cnmbrian and pre-Ca rbon i fero us strata in 
no rthe rn British Col umbi a an<l Yukon arc too \1·idc ]Y ,ccnttcred and too little 
st.udierl to prn,·iclc a reliable pictmc of their fOJ: mcr c.:dent and general 
character. ~lore detailed 1\·ork ma:> sho\\' sed im entary rocb of this age to be 
rather cxtcnsin!Y developed " ·ithin the basins drained bY :-;tikinc and Dease 
Ri1·ers. :-;iJurian and D cYonian formations arc s u~pcdcd to oeC'ur beneath 
Carbon i f crous an cl P erm in n strata in the. Stikin e Rinr a rca. Probable 
Siluri an fo8~ils have been found in the Dease Fcrics of chert, quartzite, lime
stone, nnd argilli tc near D ease Lake, and scYeral thousand feet of sed imentar:> 
rocb underlie the. foss ili ferous bccL. P ermia n foss il s han al~o been found in 
th is ser i e~ , \\·h ich. so far as kn o1rn, comp ri ses an essentially ronform ablc 
asse mbl age of sed iments representing mu ch of Pal~ozoic time . OrdoYician 
grapto liles haYe been fo und in black shales assoc iated 11·ith simil a r rocks near 
the mouth of D ease Riwr. Upper Ordm·irian grapto litcs arc also recorded 
from sha le, chcrty a rgi lli tc . and chert on upper R oss Ri1·cr in Yukon. about 275 
mile::: north of Dease L ak e, suggesting the former prc~cncc of a rather cxtcnsiYc 
carl ,1· Pa!a>ozoic sea in rn ut hc:1~t e rn Yukon and northern British Colu mbia. 
Fossi Ii f crous Cambrian to DcYonian limestones and do lomites a re k n01n1 on 
the Yukon-Alaska bournlar,1· about 25 miles north of Yukon Rinr. On D onjck 
Rinr, in soutll\Ycstcrn Yukon, arc exposures of a group of schist. ph,1·1lite, and 
limc~tone, the latter containing D c,·o ni an foss ils at its base. T his group ma,1-
contain Carbon i fero us strata in its urpcr part. Farther ~o u th, near Slims Rinr. 
limestone and che rt arc oYcrlain by Silurian limc~tone and oYcrlie rock s 
correlated 1ritl1 the Yukon group. 

In the Purc ell ~fountains of southca:otc rn Briti:.;h Co lumbi a. the ::-Ioun t 
Forster for mation has been te ntatinl.1· pincer! in the D cYoni an. It is composed 
chiefly of shale , 11·ith thin limestone interbcds, and has a mnx imum th irkncss of 
600 feet. The basal beds rest \Yith apparent conform it.1· on Bri:-:ro strata of 
L01wr Sil uri an age . :\o fo:osils haYc :·ct been found in this formation, but the 
lithologic change from underlying Brisco beds is abrupt. 1\·hcrca~ the ~fou nt 
Forster appears to merge up1rnrd into the onrlying Starbird formation of 'Cppcr 
Dc,·onian age. 

The Starbird for m ation is c~~cntial l y calcareous, and grades from shale anrl 
arPnaceous limestone at the base to limestone at the top . A complete section 
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is not nn1il a bl e. bu t one more th a n 230 feet thick \\"aS measured wh ere a 
roller tion of foss il s \\·ns obtain ed . Th e fa una is apparently peculiar to t he 
loca lit \'. but is defrni tcly D e\'onia n and is pl aced in t he Upper D evonian. 

T he grea t thi ckn ess of sccliment:l r\' nncl \'Olcani c stra ta that accumula ted 
in m:uin e ll' a ters o,·c1· mu ch of Bri t ish Columbia a nd Yukon dming Ca rbon
iferous and P ermian time arc now exposed in relatively small , isolated , greatly 
defo rmed patches an d nor thll'este rJ,· trending troughs. One group of such 
exposures lies \Yi thin a grea t t ri angl e in t he sou thern in terior of Bri tish Columbia, 
\Yith its base on t he In ternational B ound ary fro m Chilliwack to Greenwood and 
its apex a sh or t distance north of Ornineca Ri YCr . Another group of these 
exposures extends northweste r!>· from upper S tikinc RiYer thro ugh D ease Lak e 
and Atl in distri cts in to sou tlrn·cstcrn Yukon. Other exposures of these rocks 
have been mapped cast of the British Columbi a -Al ask a boundary between 
Stiki nc and T aku RiYCri'. R ocks of th is general age, origin a lly desc ribed in 
southern B ritish Columbia as the Cache. Creek group, have in oth er loca li ties 
been gi\'Cn such names as D ease, Slide ::'.founta in , Bridge River, H ozamccn, 
and C hilli1rnck groups. All arc remarkably a like in li thology a nd stru cture 
\Yhercvcr exa min ed, a nd in clud e limestone, cher t, qu a rtzi te, argilli te, grccn
s tone, and dc riYccl schists . T he limestones, commonly mas~ i \ 'C, a re particular])' 
a bundan t in the P ermian , ancl in man)' pla ces schists predo minate in the 
\'ici nib· of the batholi ths . Th e non-calc :l. rcous sediments consist of beds of 
quartz1tc or of cher t , -1 inch t o 6 in ches thick , commonly minutely crumpled, 
a nd ~epa ra tcd b)' black , lustrous, ca rbonaceous a rg illi tc . In m any places the 
part ings have a sla ty cleavage and have been pa rtly metamorp hosed t o graphite 
or to mi ca . Th e grcenston es compri se a ltered sill s, flows, volcani c fragmcn ta l 
material. and min or intrusions. 

In the "Cpper \Yhi tc Ri,·e r di st ri ct of sou tl l\Yes tcrn Yukon a confo rm a ble 
succession of lim estone, rh ert. ~ h a l e, sandstone, a nd conglomera te is in t imate ly 
associated "·i th andesitc, basalt, and r elated pyroclastic rock s. T he assemblage 
in clud e~ members ranging in age from Cnrboniferous to Cretaceous, and 
apparently represents a long peri od of continuous sedim entati on and inter
mittent n1le ani sm 11·hcrein pa h ontologi ca l cYidcnce is the only rnt isfactory 
means of differentiatin g ::Vlcso zoic a nd ]R te P a lmozoi c forma tions. 

To th e north east, in th e ::'.Iayo a rea, just nor th of :\Iacmill an Rin r, a n 
extensi \·c C a rbo ni ferou ~ faun a has been fou nd , a nd a bout 45 miles cast of 
Da1,·rnn foss il s of Ord oYi rian or , more proba blY, la ter P a lmozoic age occur in 
an a rgilli tc -sandstone-co nglomcra tc seri es . B oth these occurrences of late 
Palrcozoic strata lie nea r the soutlrn·cs tcrn edge of a great un explored area 
pro\'isionall )' designa ted merely as ·'undi,·idcd P al::cozoic" and suggest ra ther 
extensive trn rts of la te P a lmo zoi c rocks " ·ith in t hat tc.rrain. 

The D ease series in t he D easc-Stikin c a rea consists of 15,000 feet of th in
bcddcd cher t, quar tzite, limestone. a nd argilli te n·i th minor greens tone a nd 
clerin d ::<ch ists, and is capped by massiYc P ermi an limestone . As p reviou sly 
stated , there arc no a ppa ren t un conforrniti es or marked ch anges in li thology 
thrn ughou t the series a lthough beds ranging fro m OrdoYi rian to P ermian m ay 
be rep resented. In the Stikin c area th e seri es is r epor ted t o be separated fro m 
o\·erly in g Tri ass ic sediment ary and Yolcanic fo rmations by a pronoun ced uncon
fo rnii ty, l u t in the E aglc-McD a me area no unconfor mity \Yas found , and the 
up per part of t he seri es that may be in par t Tri assic coul d n ot be distinguished 
lithological ly fro m t he 1011·er sedimen ts . 

T he Carboni fernus a nd P ermi an rocks clsmYh er e in nor thern Bri t ish 
Columbi a includ e 10,000 feet or more of lim estone, cher t, a rgillitc, grccnstonc. 
and cl cri w d sc hi :::ts, the limestone being particul arly a bund an t in the P erm ian. 
In the Cariboo di stri ct they etrc ca lled Slid e :\fountain series , \1·h ich h as been 
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cli ,-idcd into four members; namely, the basal Guyet conglomerate, the Grccn
bcrry limestone, the \\·a\"Crly basic Jayas and breccias. and , at the top, the 
Antler argillite and chert. The Slide Moun tain series oYcrlics the Precam brian 
and Cambrian strata unconformabh·. Fossilifcrou~ Permian boulc!crs a rc fo und 
in Triass ic conglomerate near Zym(Jctz RiYcr, indicating that uplift and erosion 
there intcr\"Cncd bcl\Yccn late Pah:eozoic and early :\Icsozoic depos it ion. In the 
general Yicinity of Takla Lake, 140 miles to the nor theast, a period of uplift 
and crn~ion \1·ithout marked ti lting or folcling may ha\"C extended from P ermian 
to rppcr Triassic time. 

Jn :;outhcrn British Colurnbia C'arbonifcrou~ and Pcrrnian strata arl' expo~cd 
mainly ca~t of the Coast Range and un Yancou\"Cr bland . .-H Buttlc L ake. near 
the centre of the island. limestone interla\"Crcd ll"ith andcsitic and ba"altic f\ 01,·s . 
tuff:;, and breccia~ con'tain:; P ermian br~·ozoa . The considerable thirkne:;~ of 
nilcanic rnck~ and other sediment" lying stratigraphically bc](l\\" the limc~tonc 
may be Pennsy h·anian or older. Trias,; ir laYa:3 and fragmenlal rnrk~ on rli c 
tl1c Jirne:;tune. A s yet no horizon ha:; been defined a~ marking a break hctl,·cen 
Paheozoi e and :\Ic;;ozoic forrnati on~. and it "el' ms probabl e that nilcanic actiYitY 
\\"a~ more or le~~ continuous . unbroken h>· any importan t cro, ion intcrn1l. On 
the ea,;tern ;::idc of the Coast Hangc, bct1,·een the International Boundary ancl 
Tlio111p.-;on Ri,·er, Cache Creek intercalated ,;cdirnenla ry and Yolcanic rocks rnav 
he a" much a~ 20,000 feet thick; their depo:; i tion prol~ahl>· ll"as follo\\"ed b>· a'n 
interrnl of uplift and erosion extending to rpper Tria;::;::ic time. Tn the S!ocan 
and Lardca u arc:is. near the east edge of the late P a la:ozoic exposures in southern 
Briti~h Columbia, the "Cppcr Carboniferous and Tria~sic st rata of the J\lilfurd 
group shm1· no cYidcncc of any in terrupti on of sedimentation at the close of 
Pahozoic time. Thi~ group is composed m a inly of slate, argilli tc, chert. chcrty 
green;::tonc, and limestone, and the late P a la::-ozoic members arc separable from 
the :\frsoznic member;:; on ly \1·here fossil cYiclcncc is aYailablc. 

JI esozoic 
:\fr,;ozoic deposit s a rc known to range in age from L"ppc r Trias::; ic to L"pper 

Cretaceous. ~t rat a of Lower and J\Iiclcl le Tria~~ic age ha YC not been dcfi nitcly 
recognized in the \\"cstcrn Corclillcran region. but they may be prese nt because, 
as a lread>· stated , deposition ,,·as apparent ly continuous, in some areas, from 
late Pala:-ozoic 11·cll into J\I csozoic tim e. It seems probabl e that Trias~ic and 
Jmas"ic Yolcanic and sedimentary strata origin ally o\"Crlay much of the ·w estern 
Cordillcran region in British Columbia and at l ca~t the soutlrn·estcrn half of 
that r eg ion in Yukon. Subsequently, howcYer , they Jiayc been remond b~r 
c ro~ i on from Yast areas no11· occupied by the Coast and Cassiar-Ornin eca batho
liths and related intrusions, and in the Interior Plateau of southcl'll British 
Columbia ha\"C been buried by 1ridcsprcad Tertiary larns . Except in a few 
plac es there is li ttle cYiclcnce of orogcnic mo,·cmcnts or an eros ion intcn·al intcr
Ycning bctlrccn Triassic and .Ju rassic formatiom, ancl in the main the rather 
scant pala:ontological CYidcncc ha;:; pro\"Ccl the most satisfactory means oi 
scparati ng the strata of these periods. Si mi lar clifficu I tics ha YC been cxpcrienecd 
in separating .Jurassic strata from the predominate ly sedimentary formations 
of Lcmcr Cretaceous age, and on the geo logical map of Canada cons iderable 
Lo\1·cr Cretaceous and .some Tri assic rocks arc in cluded 1rith those of .Tura;:;::::ic 
age. Howcnr, in a fc,,. \1·idcly separate area~ , ranging from southcl'll British 
Columbia to the Yukon , an unconformi ty has been recognized near the base of 
the Crctaccou;:; system. Lo,1·cr Cretaceous sandstone, shale. and conglomerate 
\Yith minor ,-olcanic members and a few coa l seam~ occur \Yithin a narro1\· belt 
along th e cast edge of the southern part of the Coast Range and as minor areas 
on \'ancounr and Queen Charlotte Islands. Other Lo,,·er Cretaceous strata arc 
probably 1\·idcspread in the H azelton group bctl,·ccn the Coast anrl Cassiar-
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Ornincca ba th oli ths nor th of the J asper-Princ e Ruper t lin e o f t he Canadi an 
Xat ional R a ihrn?, but, except loca l!>· , where di agnostic foss ils han been fo und , 
ha\·c not been :oat isfa ctorily separated from Ju rass ic beds. Cretaceous fo rmations 
of both sedimen ta ry a nd nJl canic origin are fo und \Yith t he older M esozoi c r ock s 
of the Yukon a nd L C\Y CS RiYC r basins in southern Yukon. Sedimen tary rock s 
of marine and continen tal origin a lternate t hroughout t he 1.:-ppcr T r iassic
LO\\·er Cretaceous sect ion showing succcssiYc occupa tions a nd \Yi thdra \\·als of t he 
sea;; of the past from differen t parts o f the r egion. Limes ton e is common in th e 
rp pcr Tri assic, coal a nd pl an t r ema ins occur at a fc\Y horizons \Yi thin t he Jurassic 
of northe rn Bri tish Colum bia and Yukon, a nd continen ta l sedimen tary rock s 
\\· i th coal sca ms a nd pl an t rema ins compri se much o f the L ower Cretaceous 
strata . indi ca tin g a progressive ch ange from dominantl y ma rin e condi t ions in th e 
r ppcr Triassic to essen tia lly con tin ent al condi tions in L o1Yer Cretaceous t ime. 
l'ppcr Cretaceous rocks occur in a fc,\. " ·icl cly scattered loca li t ies . Th ey arc 
mainly con t ine nta l conglomera tes . sandstones, and sha les, a nd \Yerc probably 
fo rmed in loca l basin s. :.\fountain building marked the close of th e 1Icsozoi c 
era an d extend ed in to earl y T erti a ry time. Wi th thi s disturba nce m arin e waters 
cli,:a pp ca red fo r a ll time from most of the \Y cs tern Cordilleran region. 

Cppcr Trias:oic limes tone, gr cy1rnckcs, :o andstoncs, a nd argilli tes of the 
Lc11·cs Hi \·e r se ri es occupy scatter ed nor therl y and nor th 1Ycs tcrly t rending 
trough,; in the L c11·cs and Tcslin Rin r basin s o f southern Yukon. This seri es 
i;;; abou t 4 ,400 feet thi ck nea r Lake L a berge on L ewes Rin r. Va rious r ela tions 
han been noted bcL\Yecn th e L c\1·es Riw r s trata and t he onrlying L aberge 
series of Jurassic age : in pa rt the hrn series a rc structurally conformabl e alth ough 
in places sepa ra ted by a period o f eros ion. and in pa r t they a rc cparated by an 
angula r u neon f orrn i ty. 

rppcr Tri assic rock s occ upy a belt a bou t 230 miles long ly ing cast of t he 
Coast R nngc bath oli th bct1YCCn T aku and rnuk RiYcrs. Th ey include perhaps 
5.000 feet of intcrbeddccl limestone, a rgilli tc, grey,rn ckc, conglomera te, t uff, 
brcccia, a nd a ndcs itc, a nd a rc oyerl ain un confo rmably by Juras ic Yolcanic and 
sedimentary str ata. Simil ar "C'ppcr Tri assic trata a rc found near Takla L ak e, 
250 mi !cs to t he sou thcast, and irnty possibly und erli e par ts of th e lit tle-known 
in tc rn nin g a rea provisiona lly classifi eel as m ainly .Jurassic. 

T he Yancouw r group of nor thern VancouYCr h land consists of a great and, 
so fa r a;; known, conform a bl e succession of Yo lcani c a nd sedimentary rock s. 
The Yo lc ani c rocks, includin g fl m1·s and fr agmcnta l ty pes, fo rm th e large par t 
of the group , bu t limesto ne and other sediments arc intcrbcdd ccl with t hem in 
p laces. Foss il shell s indi ca te t hat a lthough pa rt of t he group is undoub tedly 
Triassic i t may a lrn include Jurassic stra ta . A :::harp angul ar uncon formity 
separates i t fro m oYcrlyin g L o1Yer Cretaceous _c dimenta ry beds. 

Triass ic fo rmations in t he sou thern interior of Bri ti ~h Columbia occupy a 
\Ycstcrn belt hch1·ccn T a tl ayok o and H arrison L ak es, wide areas in t he Yicini ty 
of =:\i co la a nd K a mloops L ak es a nd Princeton , and a n eastern area n ear . locan 
an d E:ootcnay L ak es. In t he Tya ugh ton L ake area of t he western belt the 
Xocl a nd Pi oneer fo rmations and t he Hutl ey group succeed each other con
forrnab ly and in clude argilli te, t uff, a ndcs ites, conglomera te, and limestone. 
The Hurl ey group contains T riassic foss il s and is onrlain , p ro bably con formab ly . 
h>· the T yaugh ton group of mainly, if not en t irely , U pper Triassic age . T he 
Tyaughton group is a dist in ctiYC li thologica l assemblage of ma rine for mations 
consisting of intcrbccldccl sandstone, shale, gri t, conglomerate, and limestone. 
It is o\"Crl ain confo r m a bl)' by L o\\·cr Jurassic r ocks. 1.:-pper T riassic rocks of 
the P ri nceton and ::-Jicola a reas in clud e t he Tul arn ccn and Nicola groups of 
mainly andesitic and basaltic laYas, 11·i th local accumulations of a rgilli te and 
limc~tone. In t he Slocan area, a a lready mentioned, some T riassic sedi men ts 
arc incl uded 1Yith the :.\Iil fo rd group . T he :.\Ii lford group is overlain , probably 
unco nfo rrn ably . by the I\:aslo seri es, whi ch is, in turn , discon formably onrlain 
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by the Slocan series of p ro ba ble late Tri ass ic age . Th e E:aslo sc ri c::; in cludes 
a bunda nt a ncl csitic Yolcanic rocks, 11·hcrca:; th e ma rine S locan :;c ri es, wi th a 
barnl conglomerate, is made up of slate, argilli tc , quar tzi te , li rnc:0to nc, a nd 
tu ffacco us sediments . 

Th e most \1·idcly exposed ::\I c~ozoi c fo rmatio n:; in the \Y cs tern Cordillcran 
region a rc of Ju rassic a nd early Cretaceous ages . In ::iO uthcrn Yukon t hey occupy 
th e greater par t of the ::\Ic::;ozoic syncline dra ined by upper Yukon, Lc11·c:;, a nd 
T cs lin Ri Yc rs, a nd are t here ass igned to the La berge seri es and Older Volranics . 
Th ey lmYc been traced .souther!!' in to British Columbia through t he Atlin r egion, 
a nd thence southeasterly through north ern British Colum bia for some 700 mile;; 
to Quesnel La ke, through a be lt that broaden:; to a maximum \Yicl th of about 
150 miles a nd occ upies much of the co un try bch1·ccn the Coast and Omincca
C'a::<siar batho li t h ~ . \\' i thin t hi s rnst region of nor thern a nd centra l Bri t ish 
Co lumbia the!' haYC been assigned yarious names such as J\IcLcod se ri es in t he 
Dcn~e -S ti k i n c a rea, H aze lton group ancl ;-;kcena formation in cent ral Bri ti:;h 
Col umbi a , a nd Quesnel Hi1·cr group in the Cariboo di stri ct. ::\Iuch ::; ma ll er 
a reas of .Ju ras:; ic strata a rc ass igned to the ::\Iaudc a nd Yak oun for ma ti ons on 
Qu een Charlotte I sland s, and to the T aylo r. E ldorado. Ladner, an d ~.\ gass iz 
fo rm ations in the Bridge Hi n r a nd l<mc r F rase r Ya ll e>· areas of ~ou them 
Bri tish Columbia. 

Th e La berge se ri es of Yukon is an in tcrlay crcd assembl age of conglomerate, 
grcywackc, t ufl' , a rkosc , $ancl stone. argilli te, and coa l. It may be as much as 
10.000 feet th ick in the l\' h itchorsc area . ome b eds contain both shell frag ments 
a nd pl an t rema in s. Th e series conta ins Lo1,·cr and 1\Iidclle Jurass ic members, 
a nd is o\·erl ai n conforrn a bly by t he T antalus conglomerate, sandstone, shale, a nd 
coa l of presuma bly early Lo\\'cr Cretaceous age . Andcsi te, basalt , and r ela ted 
t uff a nd brcccia of t he Older Yolca nics of the \Yhitchorsc and Atl in areas are 
thought to be mainly con temporaneous \1·i th the L aberge beds. 

Th e H azelton group is \1·icl csprcad from P or t la nd Cana l to P r ince George. 
In the Smi thers a nd H azelton areas, \\·here some of the most r ecent ,,·ork l1 as 
been cl one, i t is a conforma ble succession , possibly 10,000 feet t hick , of intcr
bcdd ccl sand stone, grcy\Yack c, argillitc, conglomera te, t uff , breccia, a ncl csitc , 
a nd basalt , r anging in age fro m pre-::\ficlcll e Jurassic to Lower Cretaceous, and 
in cludes \\·hat Jiayc been called the H azelton grou p and t he Sk een a formation 
or series. Th e assemblage \Yas subdiYicl ccl locall>· into th ree Yo lcani c uni ts 
separated by hrn sedim enta ry uni ts, bu t th is subdiYision " ·as not possible " ·here 
diagnosti c fossi ls 11·ere not found or " ·here t he sedimen ta ry un its arc mi ss ing. 
B oth marin e a nd contin en tal strata arc presen t, and coal is found associated 
\Yi th con tinen tal strata t hroughou t the H azelton group. although the best coal 
appears to occur in rocks of B lairmorc (LO\Ycr Cretaceous) age . T hc;:c cont in
en tal, coal- bearing members of the H azelton group haw hi ther to been t hought 
to compri ;:c the Rkeena for mation or series a nd to onrlic the IT azclton group 
co nforma bly , accordin g to some geologists, or un confo rrn a bly acco rdi ng to others. 
Hcccnt studies indi cate t hat no sa tisfactory str atigraphic di,·ision can be made, 
and that con tin ental strata comparabl e with t he Sk ccna appear at Yarious 
horizons in the H azelton group. ::\for tlrn·cst of T akl a Lake cqui Yalen t strata 
arc separated fro m onrl>·ing rpper Cretaceous continental rock s by a n erosion 
in tcn·al \Yi th or " ·i thout angul ar di scordance. T here is a genera l si mi larity of 
t he Quesnel Hin r and ::\1cLcocl seri es t o t he H aze lton group , a lthough t he 
::\f cLcod seri es conta ins a basa l co nglomera te in pl aces and has b een reported 
to rest un confor mably on l:"ppcr T r iass ic li mestone of the T hiber t ser ies. 

In the Queen Charlotte I slands . the Lo1Ycr .J urass ic ::\Iaudc fo rm at ion of 
argilli te, sandstone, and t uff grades upwards into the Yakoun basal t::: . agglom
era tes . and tuffs . Th e combi ned thickn ess of the t1rn fo rmation:; ma>· reach 
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15,000 feet. They \\·ere fo lded , in truded by granitic stocks, and exposed to 
eros ion before being buried by t he Cretaceous formations of t he Queen Char
lotte se ries. 

Although patches of Lo1Yer an cl ::-Iiddlc Jurassic sedim ents occur in the 
Ty aughton area of th e Bridge Ri1·cr district the earliest 1Yidcspreacl Jurassic 
rorh arc those of th e Tayl or group of probab le ::-Iidcllc or l:"ppcr Jurass ic age. 
[l in cludes :oe1·era l thousand feet of conglomerate, sandstone , and sha le of deltaic 
c~t uarine origin. .-\ hea1y basal co nglomerate suggests a considerable inten ·al 
ot' l'rosion bct11·ccn it and underlying forma tions. Th e Eldorado group is a 
st rn ctura lly conformab le, lo ca ll~' disconformablc, succession of Upper Jurassic 
and L tmcr Crdaccous sedimentary rock s. Although so me difficul ty has been 
experienced in ~cparating t he Jurassic and Cretaceous strata of this group, the 
latte r contain more sandy and tuffaccous materi al and loc ally a coarse basal 
conglomerate 11·ith many granitic pebbles. Th e Eldorado beds arc onrla in , 
11·it11 a ppa rent stru ctural conformity. by late Lo11·er or ea rl y l:"pper Cretaceous 
Yolranic st rata of the Leckie group. 

At Harrison Lake, in t he H ope a rea, the l:"ppcr Jurassic sedimentary rocks 
of th e Agas:;; iz group, 11·ith a basa l congl·omcratc 3,000 feet thick, rest uncon
formably on ::\Iiddlc and rppcr .Jurassic Yolc•anic and sed imentary strata. The 
Agassiz conglomerate c1·idcntly marks a considerable erosional interrnl, prob
ably in l:"pper Jurassic time. K ea rby , res ting unconfo rma bly on early l:"pper 
.T urnss ic beds, a rc 5,000 feet of conglomerates , sandstones, a nd shales containin g 
marin e, early Lower Cretaceous foss il s. 

Th e Jiutshi and ::-Iount ~ansen groups, presumably of C retaceous age, 
orrupy rather extcnsiYc tracts in the L aberge and Carmacks areas of Yukon. 
T hey include andesitc , basalt, and associated pyroc lastic ro rks and minor 
sedimentary beds. Th ey a rc though t to be separated from the older , caal
bearing T anta lus formation , of probable early Lo1Ycr Cretaceo us age, by an 
angular unconform ity. 

On Queen Charlotte I slands th e Haicl a coal-bearing formation of late Lower 
Cretaceous age grades abruptly up1rnrcls into tbe H onn a and Skidcgate forma
t ions of upper Cretaceous age. Th ese formations haYC an aggrega te thickness 
of about 9,000 feet and represent sediments th at accumulated rapid ly in sha llow 
11·ater. Th ey make up t he Queen Charlotte series. 

Small areas of sandstone , shale, and conglomerate of continental origin 
and presum ably of l:"ppcr Cretaceous age occur in t he H azelton-Smithers and 
Deasc-Stik inc areas. I n the latter area they overlie .Ju rassic rocks un con
for mably. 

Lo1Ycr Cretaceous conglomerate, sandstone, and shale, 11·ith thin coal scams, 
have been found in scattered locali ties on nor thern Vancounr I sland. On t he 
southeastern part of the island l:"pper Cretaceous t ime is represented by about 
10,000 feet of similar, coal-bearing sediments of the N anaimo series. 

A narrow, discontinuous belt of Lower Cretaceous continental and marine 
rocks extends from t he International B oundary at Similkarneen Rin r north
westerly along the east fl ank of the Coast R ange for nearly 300 miles to the 
Chilko Lake area. In the sou'theast part of the bel t the asscmbl>agc is more 
than 10,000 feet thick, a nd includes the D c11·dncy Creek and J ackass ]\fountain 
marine sed im en tary groups and the contin ental Pasaytcn a rkosc, grey 111acke, 
and shale 11·ith plant remains, as ll'Cll as other Yolcanic and sedimentary groups. 
A 1·olcanic assemblage of 11atc Lmnr Cretaceous age c'Ontains a basal agglomerate 
with fragments of grani'tic rocks, suggesting a period of uplift and erosion in 
late Jurassic or early Cretaceous time. ~car C hilko Lake, crossbcddcd arkose, 
::nnclstonc, and shale, with carboniz ed plant fragments, contain diagnostic Lower 



240 

Cretaceous marine shells , and oycrlic Triass ic beds \\·i thout any marked un con
forrni ty. Comparable beds of the Jackass ::\fountain group arc fo und along 
Fraser Ri\·er bctlncn Boston Bar and Lillooct. In the Bridge RiYer area the 
Leckie group, comprising more than 10,000 feet of fragmcntal Yolcanic rocks, 
rests conformably on the Eldorado sediments. Fossil plants found in carbon
aceous beds in the Yolcanic rocks indicate a late L o1nr or early l ' ppcr Crctaceou;; 
age. 

T ertiary 

T erti a r!' time represents most of the Cenozoic era. Orogcnic rnoYcmcnts 
and uplif t at the close of ]\[esozoic time probabl y acted to some extent 
throughout much of the Cordillcran region. In the a dj oining Eastern 
Cordilleran region the Rocky ::\fountai ns \\·ere formed and in the 'i'i-cstc rn 
Cordillera Cretaceous strata 11·cre folded and fa ulted to various degrees, and 
the Cond Range \YaS brought into be ing through an uplift suffi ciently gradual 
to enable various river:;; to m ain ta in \\·cstcrly courses across it. Loca l frcsh
\\·atc r basin s of sedimentation appeared here and there from time. to time 
throughout the Tertinry, and local accumulations of marine sed im ents formed 
near the present coastline. Vulcanisrn "·ns more or less actiYc fro m Eocene 
time on, although it appears to han reached a climax in the Miocene or 
Pliocc.nc, and then to have gradually \Yancd. The Yolcanic rocks are mainly 
basalitic and andesitic Javas and related pyroclas-tic materials . In general the 
Tertiary str ata rest \\·i th a definite a ngular unconformity on the older rocks, 
and early Tertiary formations li e in open folds \Yhcreas later Terti a ry beds a rc 
nearly horizon ta l. In Yukon theY occur ns irregular isolated a reas l!·ing 
mainl!· \\·ithin hrn nortlrn·es tcrly trending belts. One of the belts extends 
from near earmarks, at the mouth of LC\YCS River , to the Alaska boundary , 
and the other lies along the northeast fl ank of St. El ias ::\fountains. In north ern 
British Columbia one area, in p nrt of Quaternary age, extends north from 
T elegraph Creek, on S.tikine River, for about 80 mil es_, and another floors the 
Rocky Mountain Trench for perhaps 150 miles along Finlay and Fox RiYers. 
In the southern interior of British Colum bia theY attain th ickn esses of some 
thousands of feet and m ask much of the older te1:rain in a belt 150 miles wide 
extending 350 mile.s southeasterly from Babine Lake to Kamloops Lake, nncl 
thence sou-thcast to the Intcrnn tional Boundary they occupy smalle r scatte red 
areas. Other occurrences ;ire knO\rn on Queen Chnrlottc I slnn ds and at the 
mouth of Fra~er RiYcr. 

Age determinations of T crtiar>· strata haYc not proYccl entirely satis 
factory , a nd rcYisions ha Ye been, and doubtless wi 11 be , necessary from time 
to time. Angular cliscorclancc.s have been recognized \Yithin the T ertiary 
succession in mnn y areas, but the precise ages of the Yarious periods of 
disturbance represented arc common ly in doub t, nnd a satisfactory account of 
T ertiary history is hardly poss ible at present. 

In the Carmacks and Ogih·ie areas in Yukon the basal Ter tiary rock~ 
comprise small areas of partly consolidated conglomerate, sandsfonc, shale, a nd 
t uff, \\·ith plan t r emains and scam s of ligni te . Th ey are of ver:> early Tertiary 
age, and haYe been correlated with the K enai series of Alaska. In part they 
occupy n nortlrn·cstcrly trending basin, perhaps 120 miles long, that parallels 
Yukon Rinr cast of the Yukon -Al nslrn bound arY. Th e Carmack s Yolcanic 
rocks, mainly anclcsitic lavas .. conformabl!· oYcrlic 'the basal sedimentary series 
and han an exposed thickness of at Jcn~t 2 ,500 feet. All these ear ly Tertiary 
rocks, \Yith clips rnnging up to 20 degrees, arc separated by an angular 
unconformity from the undisturbed basaltic and andesitic Jayas and pyroclastic 
rocks of the Selkirk series, the extrusion of \Yhich commenced in very late 
T ertiary or in Plei stocene t im e and did not cease. until perlrnps on ly a fc\\· 
thousand years ago. 
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In cc ntr:li Brit ish Col um bia. in the general Yi c i n i t~· of t he Prince R uper t 
line o f the Ca nad ian N a tional R a ilway , sma ll areas of Paleocene or Upper 
Cretaceous f'cdim cn tar y rncks ha YC been idcn tificd bcb ·cco H a zel too and 
Yandcrhoof. Th e~· compri~c :;c \·cra l hund red feet of sa ndstone, shale, con
glomerate. an d ligni tic coa l. Compara ble rock s ha \·c been ca lled the Si fton 
formation a long F inlay a nd F ox r inrs in the R ocky ::.foun tain Trench . In the 
Fort F raser a rea somc1Yh at simi la r stra b of poss ibl e upper Oligocene or lower 
::. I ioccne age dip at angles up to 30 degrees a nd a rc o\·crla in by 2,000 feet of 
near ly hori zon tal basalts, andcsites. and other Yolcanic rock s. T hese horizontal 
!:lYas are th us proba bl~· of ::. l ioccne or P liocene age or both. Similar fl at-ly ing 
hl'"as, common ]>· refe rred to as the ''Pl ateau barnlts", con r m uch of the old er 
ro<:l~s \Yithi n the rnst a rea exte nding southeasterly lo K a mloops L nk c and 
)forth T ho mpson Ri\·cr . 

Paleocene or car!Y E oC'c nc elast ic strata of the Burrnrcl formation, \Yi th a 
thiekness of at least 2,000 feet, occur in the Yicini ty of Ya ncounr. T he beds, 
appnrcntl:<, "·ere formed on an nlluYial plain at the \rcstc rn base. of the Coast 
Range. Sed imentation \\·ns in tcnuptccl fo r a n inte rYa L but reco mmenced in 
]ale Oligocene or ea rl>· ::. I iorcnc time \r hcn 1,500 fret or more of elastic 
"cdiments of the E:i ts il a no fo rm ation \Y erc la id cl own. T hese tlrn groups of 
~lrnta a rc in lnrgL' part of f r c~ lnrn tc r origin, bu t fo rm ed nea r a seacoast. and 
the upper forrn:1tion is p robab l~· partly marin e. On w uthcrn Yanco un r I sland 
:m ('xtcnsi\·e a,rea i;; occup ied b>· the ::.Ictchos in ,·olca ni cc, possibly 7,500 feet 
tli iC'k. of late Eocene age . T hese rock \rcrc folded and subjected to erosio n 
before the Sookc sandstones nnd con11;lomcratcs of midd le T er tiary age \rcrc 
laid dO\rn u pon them . P oss ibl>· the cfoturbance took p lace at the time deposi
t ion tcmporaril >· ceased nea r Ya nco uYcr , and prcsum ab h· at a ti me \1·hcn 
orogcn ic moYc rn cn ts affected m uch or a ll of the Cord illcran r egion , as in 
Y<Hious clistr ict:- in the interior earlier Tcrtiaff sedimen ts and Yolcanic rocks 
a rc ronsiclcrnbl:· more d istu rbed than yo unger T crtinr:· fo rm at ion.. T he 
inte n·al of defor mation . wh ich \r ns accompanied b>· loca l plu tonic and prcsum
nb] ,· Yolc11n ic actiYity, perhaps took p lace in Oligocene ti me. 

One of the best section;:; of T ertia n · rock s of the sou thern interior of the 
pro\"ince is fo und in Ok a n:igan Valle>: close to the In ternationa l B oundary . 
Herc the Spri ngbrook format ion, perhaps of P aleocene age. and composed of 
'oi ls, a l!uYi urn , ta lus. stream a nd lak e depos its, and t uff, rests on a pre-Tertiary 
rock surface of steep relief . T hese strata accumulated in the Ya llcys a nd are 
o\·crlnin by a nd lo some extent in tc.rl aycrcd with the andcsitcs, basa lts , an d 
P.\Toclastic rocks of the ::. ra r ro n fo rmation , \l"hich buried t he Ya lleys and reached 
a, thickness of more than 4,000 feet. T he \Yhi te L ak e for mation. consisting 
main ly of lak e and str ea m de posits \r ith coal, \Y:\S depos ited on the ::.Iarron 
--trata fro m \r hich most of -the ir materials \YCrc dc ri \·ccl. T hey arc locallv as 
sleep as 65 degrees and 4,000 feet or more thick. Th eir age 

0

is probab] ,· · late 
Eocene, but they may be somewhat younger. Th e \Yhi tc L ak e strata a re 
overlain uncon fo rmably by beds of more gently clipping andcsitic breccia a nd 
ngirlomcratc, which arc succeeded up\Yarcls b>· agglomerate and conglomerate. 
The »Oungcst conglomerate beds arc hori zon tal and of pre-Pl eistocene age. On 
Xorth T hompson River, 150 mil es to the nor th, a coal-bea ring fo rmation of 
conglomerate, sandstone, and sh ale of early T ertiary age occupies Yalleys, as 
doc· the Springbrook fo rmation. F oss il fl ora collected fro m t he coal-bearing 
assemblage include m a ny K ena i forms. Its prescrYcd thickness is scYeral 
thousand feet. and i t is ca pped, in places \Yi t h an gul ar un confo rmi ty, by 
:rndesit ic a nd basaltic laYas of presumabl >· ::.1ioccnc or Pliocene age or bot h. 
Similar laYas, as a lready stated , occupy " ·idc areas in a great tract extend ing 
nor tl1\wstcrl>' to B a bine L ak e in the F or t Fraser a rea . The strata , a lt hough 
]orally t ilted, a rc for th e mo~t par t approxima tely horizontal. In t he Princeton 
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area (lf soutlme"tern Briti~li Co lum bia acclesitc and b:-i"alt is intcrl:wcrccl \Y ith 
sedi rn entar~- rocks comprising conglomerate. sandstone. shale, ancl c·oa l, which 
ac('um ul atccl in lake basins d uri ng a period of ,· ul can isrn in Oligocene or 
:.\Iioccnc tim e. Th i~ assemblage of ,·ok:-inic a nd sedi mentary strata i" oYcrlain 
uncon formabh· by fl at- ly ing black basalts of :.\Iioccnc or later age. 

Quatenwry 

Lates t Cenozoic time is k no\rn ns Quatcrnnry, and is subcliYiclcd into 
Pleistocene nn d R ecent poclE. During Pleistocene ti me the \Vcstern Cordi llernn 
region. except for a large area in the Y uk on Ri,·cr basin and, possibl:--, so me of 
the higher moun tain peaks, \\'3S coYcrecl bY the Cordillcran ice-sheet. T he ice 
probably accumulated in the moun tains and moYecl ou t fro m them in man» 
directions . As a result of the ice rnoYcmcnt most of the deeply \Ycathcrccl, 
T crtiar)' surface was rcmoYcd, an d . c~peciall:-' in son ie of the larger nlllc_v". 
underlying fre:::J1 beclirock \\'flS deeply crncled . Th e notable exception \Yas the 
preservation of the \Ycathc red T ert iary surface in the unglac iatcd district in 
Yukon . In places ther e is cYidcncc of more than one ad,·a nce of the ice. Near 
Vancolffer, Pl eistocene deposits a rc m ore than 1.000 feet th ick , and consist of 
at lenst tlrn sheets of boulder cln» separated by "tratiflecl sands and clays . T he 
boulder cla)'S were lnicl clown by different ice-sheets separated in time b>· :-in 
intcrglacin l period chll'i ng \Yhich the sands and clays \YCrc deposited . Other 
deposit~ of boulder clay occur throughou t the glaciated region, a nd marine and 
lak e sediments \YCr c deposited at the mnrgin of the glacier or in englacinl lakes. 
Sinre Pl eistocene ti me the ice has disappeared fro m the region with the out
stRnding exception of the many retreating glacie rs and ice-fields that still persist 
in the Coast Range and St. Elias M ountains. Wi th the recession of the ice came 
a general re -elevation of the land , \\·hich has left former marine beaches stand in g 
scnra l hundred feet above presen t sea-leve l. Existing streams haYc cut in to 
ancl re-transported the glacial deposits , which now appear as post-glacial sands, 
grHcls, and sil ts in many of the present valleys. 

T he \\·idcsprcad n 1lcan ism of the T er tiary period persisted, on a greatly 
reduced sca le, into Pleistocene and Recent ti mes, the last erup tions probably 
taking place \\· i th in the past fc \\· thousnnd years. Enn todn>-, hot spring~. 
consider ed to be a plrnsc of the dying \'llk nnism, arc rather \Yidcly distri buted 
thro ughou t tlie Corcl illcrnn region. In Yukon, in addition to very young lavas 
suc h as those of the Seiki rk series. arc deposits of loose white volcanic ash 
throughou t the soutlrn·cstcrn half of the territory . T hey arc as much as 100 feet 
thick on the northeast face of St. Elias Mountain~, but th in rapid ly a\Yit)' from 
this centre. a nd elsewhere arc cmnmonh· a foot or lcsR in thickn ess . The ash 
lies nt or close to the Rurfocc, gro,Ying ;·cge tatio n common!>· being rooted in it. 
T he Tu~·a and similnr laYRS and cin der cones of D ense Lake nnd Stikinc Ri\·er 
areas include member~ of \'cry late T erti ary. Plcii:;torcne. and R ecent ages. 
Some of this actiYity probabh- took place in quite recent time; Hoodoo 
Mountain , on I sku t Ri ver. m ay, for example, still be actin a nd capable of 
further eruptions . Recent laYas occur in scYcral place.s along the coast, as on 
islands in Mathieson Channel \Yhcrc strnti ficcl tuffs and fl mrs of a maximum 
thickness of 1,000 feet rest on glac iated bathol i thic rock s a nd on ti ll. R ecent 
volcan ic deposits in the southern part of the proYince in cl ude laYas of tl1e 
Garibaldi district, ash beds in the Bridge Rinr area, and anclcsitic laYa on 
North Th ompson River . 

INTRUSIVE ROCKS 

IntrusiYc rocks arc common throughout most of the ·w estern Cordillcran 
region, but considerable areas of them are capped by Tertiary lavas. The 
in trusions vary widely in size, age, and composition, although granitic boclie~ 
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of Mc~ozoic age arc b>· far the mo~t abundant and inC'ludc the Coast batholith, 
\Yhich r:rnk;;; nmong the \YOrld's largc:;t. They arc of particular interest in that 
they ''"ere clcrivcd from the same clccr-scatcd source or sources as the metallic 
rninnal dcro,-it s of the region. Jn general they !inn not been greatly affected 
b>· t hC' c·ornprcssi,·c stressc~ that crn rnpl cd the associated strnta, and "·cll
rlc\'C' lopC'd gncissic phases arc not common. 

~o granitic rocks of proYccl Prccnmbrian age ban been recognized in 
British C'ol umbia or Yukon. H o1,·cvcr, feldspar pebbles in the basal Windermere 
rocks of southeastern British Columbia sugges t the presence of an Early 
Prntcrozoic or older granitic in trusion. The quartz dioritc Purcell sills in the 
same district haYc been mapped as of early Proterozoic age, but may be younger. 
Uneissic granite that cuts rocks of the Yukon group is possibly in part of 
Precambrian ngc, but it may be much younger . 

So far as kno1rn only minor intru~ions occurred in Pal!l'ozoic time. An 
example i the Proserpin.c si ll s and dykes of quartz porphyry, fclsite, and 
ap li tc thaL cut Precambrian rocks of the Cariboo distri ct but arc not known to 
intrude :\1i ssissippian strata. 

The Coast batholith is the largest of the M esozoic intrusions. It forms the 
core of the Coast Range and extends nortlrn·csterly about 1,100 miles from the 
northC'rn part of the State of ·w ashington to Yukon. Its "·idth averages more 
than 50 miles and locall>· exceeds 125 mil es. Flanking it for many miles on 
l'ithcr side arc smaller, related intrusiYc masses that, n·ith the rocks of the main 
batholith. comprise \rhat is common ly knoll'n as the Coast intrusions. In 
,-outhcrn British Columbia the batholi t h curYcs towards the cast and is linked 
ll'ith the prcsumabl.\· related ::\clson batholith of E.:ootcnay district by other 
intcn·cning intrnsions. The Coast intrusions range in composition from granite 
to gabbro, but arc mainly of grnnodioritc and quartz diorite. The batholith i~ 
a composite of an unknown number of phases that were emplaccd as succcssi,·e 
inup lions ovc.r a long period of time, and, prcrnmably , the numerous satcllitic 
bodies arc likc1Yise of more than one age. The younger phases commonly show 
8harp intrusive contacts against older phases, and in many localities the batho
lith ic rocks cut Lower Cretaceous sediments that contain pebbles of earlier 
batholilhic rocks. It has been suggested that in northern British Columbia the 
more ac id phases are most common tmrnrds the interior of the batholith. In the 
~outhcrn part of the proYincc. howcYCr, the eastern intrusions, such as the ~clson 
batholith , nrc more ncid and contain a greater proportion of granite than those 
nca rn the coast . 

D eterminations of the ages of the Const in trusions arc, in general, confined 
t o pha cs appearing along the eastern border of the batholith or in the presum
ably related satcllitic intrusions ly ing on either flank. Phases developed only 
in the interior or coastal parts of the main batholith, \\·here the.\· cannot be 
con1parcd dircctl.\' with fo~sil ifcrous strata, might be of apprec iably older or 
younger ages. Although most of the intrusive rocks are acknowledged to be not 
older than late Jurassic, gncissic granite of possible pre-Jurassic age has been 
repo rted from the Tapley area, and other poss ible pre-Jura ss ic granitic bodies 
ar C' suggested by the occurrence of granitic pebbles in Jurassic trata in the 
\\'hitchorsc, Laberge, Stikine, and Britannia areas. On Queen Charlotte I sland s 
intrusiYc rocks correlated with the Coast batholitb cut enrly Upper Jurassic 
formations and arc overlain by late LO\\'Cr Cretaceous fopmations. In the Hope 
area granitic rocks of comrarablc age cut ::-1iddlc Jurassic strata and appear to 
he the source of granitic detritus in early Lower Cretaceous conglomerate. 
~carby, in the Princeton area, rocks ranging from granite to gabbro, and repre
senting several periods of intrusion, cut Upper Triassic strata and are in part 
older than late Lower Cretaceous formations that hold their derived pebbles. At 
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Ashcroft, granite that in truded early Upper Triassic rocks is overlain un con
formably by late Middle or very early Upper Jurassic strata. Intrusions cutting 
Lo\Yer Cretaceous beds have been fou nd along the east side of the batholith in 
many places in British Columbi a and somewhat cast of the batholith in the 
Laberge and Carmacks areas in Yukon. In the Bridge River district the 
batholith cuts a fo rmat ion of late Lo,Yer or early Upper Cretaceous age. A small 
satellite stock has in truclccl probable Upper Cretaceous rocks in the Houston 
area and may be of Tertiary age. Near Vancouver the batholith was emplaced 
and unroofecl before Paleocene or early Eocene time when it was buried by the 
Burrard fo rmation. In a number of localities relatively fresh phases of the 
intrusions cut late l\Iesozoic phases and are thought, but not prone!, to be of 
Tertiary age. In summary the available evidence indicates that most of the 
Coast intrusions arc not older than late Jurassic or younger than earliest Tertiary, 
and that the main mass is post-LmYcr Cretaceous in age. 

The intrusiYe rocks of south -rcntral Briti~h Columbia arc most cxte.nsivclv 
developed in the region between Koo tenay and Okanagan Lakes . Much of th1s 
great area is occupied by a complex of batholithic rocks referable ch iefly to one 
great period of intrusion and correlated \Yi th the Nelson (West Koo ten a~·) 
bathol ith. Associated with but cutting this batholith , arc bodies of younger 
intrusives. Elsc 11·hcre in Selkirk and Purcell ::\foun tains are a number of large 
stock-shaped bodies of granitic rocks, some of batholithic proportions, \Yhich for 
the most part resemble members of the ::\"clson batholith but may include later 
in tru sions. Much granitic nrnterial in this general part of the province appears 
as banded, or gneissic and pe.gmatiti c, granitic rocks closely associated with and 
partly replacing Precambrian and la te r stra ta . This assemblage has been 
referred to as the Shusm:ip granitic and gncissic rocks, which are no w, in large 
part at least, correlated \\·ith the ::\"clson batholith. The various members of the 
Nelson batholith arc gran ite, and grade into one another as if they represent 
nearly , if not quite. continuous irruption that doubtless occupied a considerable 
interval of time.. They cut the Slocan series and are, therefore, of post-Triassic 
age. No other direct evidence of age is a\·ailable , but it is generally conceded, 
'.ln indirect evidence, that the age of the batholith is almost certainly Cretaceous 
incl may well be la te Cretaceous. 

The Cassiar-Omineca batholith, \Yith a probable length of more than 500 
miles, extends northwesterly from near Takla Lake through northe rn British 
Columbia and well into Yukon. It is on ly partlv explored and is not known to 
han been completely unroofecl . Wh ere obscrYcd its \Yiclth ranges up to about 
25 miles. Smaller related bodies are numerous along its western margin. ~car 
it s southern encl and in the Yicini t>· of the Yukon-British Columbia border 
intrusions arc abundant within belts that appear to connect it with the composite 
Coast batholith. Recorded phases range in composi tion from granite to diorite 
a nd, locally, more basic rocks, although granocliorite is probably the most 
abundant. These rocks commonly grade into one another and a rc not knO\rn to 
represent more than one continuous period of intrusion. Near Takla Lake the 
batholithic rocks cut .Jurassic strata that arc thought to be conformable "·ith 
other Jurassic strata of early Upper Jurassic age. T hey also appear to have 
been the source of pebbles found in early Upper Cretaceous conglomerate. Thus , 
so far as known , the main Cassiar-Omin cca batholith is of Upper Jurassic or 
Lower Cretaceous age. 

Intrusive, stock-like, tabular, and irregular bodies of serpentinizccl clunite. 
peridotite, pyroxenite, and gabbro are found in southern Yukon, in D ease Lake 
and Takla areas of northern and central British Columbia, and in Bridge River, 
Hope, Princeton, and other areas of the sou thwestern part of the province. The 
largest are more than 100 square miles in area, but most of them are much 
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smaller. The>· me commonl.\· cons icle recl to be cnrly ph ases of the 1\Iesozoic 
batholithic intrusions ancl to be of Jurass ic age. 

In add ition to some of the batholithic rocks, the age of \Yhi ch is kno11·n only 
to be post-Lo1Ycr Cretaceous, a nd ll"hich may, therefore, be of early T ertiary 
age, arc widespread dykes , stocks, and other larger intrusiYe bodies of more or 
less definite ea rly T ertiary age. T hey in clude rhyolitc, granophyre, q uartz 
porphyry, and medium - to fine-grain ed gran ite, sycni tc, monzonite, and quartz 
dioritc . A number arc of distinctly a lka lin e composition. Porphyritic textures 
arc common. A few bodies exceed 15 miles in maximum dimensions . In ntrious 
localities they cut prc-T crt iar>' gran itic bodies, or early T ertiary strata, or 
clo:::cly resemble and arc pre~umabl>· related to Tertiary Yolcanic r ocks. Such 
bodic~ are found in the Ogilvie, Carmack s, and W hitehorse areas of Yukon, 
along the Prince Rupert line of the Canadian Xational R ailll"ay, nortlrn·cst of 
T akla J..,akc, nnd on Yancouvcr Island. Others occur in the interior of sou thern 
British Col umbia, where they in clude the Kuskanax batholith, the R ossland 
alkali granite and sycnite, the monzonitc stock:; of Franklin mining camp, and 
Cor.Hll and Bcavcrdell batholiths and other intrusions of K ettle River and 
Okanagan L ake areas. 

E.\STicnx ConoTLLEHA 

GEOLOGY 

Jn the Enstcrn Cord ill era the rocks arc nlmost entire ly of sed imentary 
origi n (Figure 54). R ocks of igneous origin occur in limi ted area in the sou th, 
and sill s and floll"s arc of some importance as horizon markers. 

I'rol erozoic 

Proterozoic (Lntc Prccnmb rian) rocks (See Figure 5-±) arc exposed for the 
greater length of the R ocky ::\fountain , and along the R ocky ::\fountain Trench, 
1Yhich forms the boundary bchn'cn the Eastern and W estern Cordillera. In t he 
Xortlmc ·t T erritories, a lso, sedi menta ry beds thought to be of Proterozoic age 
underlie strata o[ knmrn Cambrinn age in the Cap Mountain region of Franklin 
Mountains and in ::\1ackcnzie ::\ fountain~. 

Proterozoic rocks han their greatest exposed width in the ,·icinity of the 
International Boundary. In the Clarke Range on the cast these rocks are 
knmrn as the Le\\·is series, which has been subdiYiclcd into eight fo rm ations 
\\·ith an aggregate thickness of 13.720 feet. From oldest to >·oungest the 
formations arc the \Vatcrton, Altyn, Appckunny , Grinnell , Siyeh, Purcell lavas, 
Sheppard, and Kintla . Th ey succeed one another ''' i th apparen t conformity, 
and are compo~cd chiefly of sili ceous dolomites and argitlites "·ith lesser amounts 
of quartzite. T hese P roterozo ic rocks arc ch iefly 11·a tcr-laid sedim ents, but 
inc l11Clc one important :::hcct of extl' u-i n basalt ic lfwa that extends across the 
f'out hcrn R ocky Mountains into th e eastern part of tl1c Purcell R ange. I n the 
Lewis scrie it forms ronspiruous cl iffs, and may be seen contouring the 
mounta in s thro ugh scnral miles of rnntinuo us exposure. It preserves a con
formable po:::ition between the Si>·eh and Sheppard formations , nnd maintains 
a fairl >· even thickness of 260 to 350 feet. This laYa occurs in the Clarke Range 
near 'i'ir aterton Lakes, itncl extends 1ye~hrnrcl along the In ternational B oundary 
into the W estern Cordillera. Some fin e-grained diorite sills a few feet thick 
orcur in the Le\\·is series at a considerab le intcn·al above the basaltic flows. 
The Proterozoic age of the L ewis series is a:::s um ccl from its st ratigraphic position 
unconformablv beneath l\Iiddle Cambri an sediments and the presence, in the 
Altyn form ation, of form less, chitinous plates and films that indicate early 
forms of life. 

85672-17 
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Figure 54 . Correlation chart of formations for Rocky }fountains and Foothills. 
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Th e Lc1Yis seri es is practically identical in petrography and su ccession "·ith 
the Purcell seri es on the other side of the R ocky :\fountain Trench, and is a lways 
correlated with it. T he Pmcell series is, ho1Yever, onrlain unconformably by 
the ·w indcrmcrc series, a lso of Proterozoic age, which is appa rently absent in 
the Clarke R ange where the Le1Yis is onrlain by :\Iidd lc Cambrian strata. 

R ocb of Preca mbria n nge orc ur at the hcnc!lrnters of B o1Y Rinr near Lake 
Louise. The 101Ycst beds exposed belong to the Corral Creek for mation, nnd 
co nsist of quar tzite, sandstone, and shale 1Yith a total thickness of 1,320 fee t. 
T hey nre oYerlain b~· the H ector formation, composed of grey, green, and purple 
shales , interbedclcd 1Yith conglomerate, a nd ha1·ing nn aggregate thickn ess of 
4,590 feet. Th ese fo rrn n tions arc n~ surned to be of Precambrian age from the 
fact that they a rc separated by an un conformi ty from the overlying Olenellus 
zone of Lo1Yer Cambrinn age. 

In the J asper P ark region rncks of Precarn brian age form the base of 
thrust- fa ul t blocks. T hey have been nnrnecl the .Jasper cri es by Allan , 
Ru therford, and \Yarren, and the Micttc series, in J\Iount R obson P ark , by 
\Yalcott. T he rocks cons ist of argillilcs, slates, quartzitcs, breccias, and 
conglomerates. T heir agg regate thickn c-'S is unkno1rn 1 but probably nmounts 
to scnra l thousand f cet. Th e J nsper series is over lain by quartzitcs believed 
to be of Lower Cambrian age . 

In the Finl ay F orks a rea of British Columbia, nt the hcachaters of P eace 
River, the Misinchinka schists r rprcsent the oldest rocks. T hey consist of a 
thick succession of fihel~' laminated mi ca sch ists, a nd hnvc been tentatively 
placed in the Precambrian because of their stratigraphic position, their intensely 
metamorph osed condition, nncl their lithologic r esemblance to schists clsen·here 
of B eltian (P roterozoic) age . X o attempt has been made to correlate Prote rozoic 
fornrntio ns in the different areas 11·hcrc the~· are exposed . Lacking fossils, the 
other cri teria common ly empl oyed for corre lat ion a rc only useful in a general 
11·ay. 

Palc.eozoic 

Cambrian 

Sedimentary rocks of Cambrian age arc almost as extensive as the Eastern 
Cordil lera region itself (.See Figure 54), bu t fluctuations of the sea duri ng the 
period caused '"ide differences in the type and thickn ess of sedi ments in Yarious 
places. In general, the basal P a lrcozoic beds rest on nn erosion surface, but in 
many places there is no marked unconformity \1·ith undcrl>·ing P roterozoic 
strata, and 11·hcrc differences in lithology are not m:ukecl the di 1·id ing line may 
be difficult to place . 

Th e L o1rnr Cambria n sea 'ms restricted in size. In the Clarke R ange. near 
the I nternational Bounclnry, Mi dd le Cambrian bed~, as alrcndy noted. rest on the 
Proterozoic, so that, if L o1Ycr Cambrian sediments cnr 11·crc laid clo11·n there, 
they 1Yerc subsequently removed by erosion. I n the Yicinity of the Canadian 
Pa cific Raihrn>', at the hcad1rnters of B o11· Rin r, some 3,700 feet of sediments, 
composed of conglomerate, sandstone, and shale, lrnvc been definitely assigned to 
the Lower Cambrian on fossil evidence. 

Farther north, in the 1·icinity of ::\Iount R obson on the Canadian ~ational 
R ailwny, the Lower Cambrian is represented by quartz itic sand stone. 8il iccous 
shales, nnd limestones \1·ith a tota l thick ness of about 3.900 feet. Else1Yhere 
to the north, on P eace River and in Frnnklin and :\Iackenzie Mountains, 
sedimcntnrY beds ha1·c been assigned to the Lo,nr Cambrian on scanty and 
questionable foss il evidence, and, commonly, on li thology and stratigraphic 
position . 

T he l\fiddle Cambrian sea 11·as more 1Yiclcsprcad, and probably extended 
the full length of the Eastern Cordill era. At the south, in the Clark e R ange, 
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the epoch is represented by quartzites, sandstones, and shales with some lime
stone at the top, and the total thickness of beds is about 500 feet. In the 
vicinity of the hcachrntcrs of B mY River the 1\liddle Cambrian beds are chiefly 
limestone and have a total thickness of nearly 5,000 feet. In the }\foun t R obson 
region massive, arenaceous limestones predominate, and the total thickness of 
}\[iddlc Cambrian strata is estimated to be 6.200 feet. 

Middle Cambrian strata have not been recogni zed in Peace River Valley, 
but ma:> include part or all of more tha n 4,000 feet of beds composed of 
quartzitcs and shales '"hose age has not been determined but 1\"hosc stratigraphic 
position indicates that they arc prc-De,·onian. 

In the Northwest Territories ::-fidd le Cambrian shales and sandstones at 
least 200 feet thick haYc been identified from contained fossils in Franklin 
Mountains near For t Norman and in ::\1ackcnzie }\fountains. 

Upper Cambrian rocks arc mu ch more restricted in distribution than those 
of Middle Cambrian age. T hey a rc absent at the 49th parallel, but are well 
represented in the ,·icin it,· of Ki rk ing Horse Pass on the Canadian P acific 
Rai!lrny , and are also represented, though less ful l,·, at ::-Iount Robson on the 
Canadian National R aihrn~r . The Bo"· River-Kirking H orse Pass section is 
c mposed largely of limestones and shales ,,·ith a total thickness of near!:< 10,000 
feet. In the 1\Iount Robson region t he Upper Cambrian is again made up of 
shale and limestone ,,·ith a thickness of about 2.100 feet. Farther north, on 
Peace River and in the Xortlrn·est Territories, Upper Cambrian strata may be 
present, but have not been ce1'tainly identified . 

The Cambrian succession of format ions appears to be complete along the 
t\\·o routes of the main lines of the Canadian ~ational and Canadian Pacific 
Raihrnys. On l\Iount Robson and in the ,-icinity no "·ell-defined lithological 
break eparates OrdoYician and Camb rian strnta, nor is there an» sharp change 
in the faunas . so that it 11·ill require careful collecting and detailed study to 
determine the po::i ti on of the con tact. 

Ordot'ician 

On Mount R obson itself the. trata definitely recognized ns Upper Cambrian 
a re succeeded bv some 3.000 feet of thin-bedded limestones. These beds arc 
arenaceous near 'the. top, and \Yeather into massiYe forms in cliff sections. Fossils 
in the lo1Ycr part indicate a basal Ordovician age. 

The boundary bcl\Yeen l7pper Cambrian and OrcloYician strata is also hard 
to define where the main line of the Canadian Pacific Raihrny crosses the Rocky 
Mountarns. T here massiYe Upper Cambrian limestones of the Ottertail forma
tion arc con formably o\'C rla in by some 6,000 feet of chert , cherty limestone, 
shale, and slate of the Gooc\sir fo rmation ; bu t the basal Gooclsir beds arc now 
known to carr.'· Upper Cambrian foss ils, and not far above the base lol'l·ermost 
Ordovician fossils have been fo und. T he Goodsir formation is overla in by about 
1,700 feet of black and bro\\'n shales containing Ordovician gra.ptol i te~ . 

In B caverfoot M ountains, near Golden, Bri tish Columbia, the Glcnoglc 
shales of Lo\\·cr Ordovician age contain graptolitc , and arc overlain by the 
BeaYCrfoot for mation of Upper Ordovician age. The basal B eavcrfoot be.els 
comprise 150 feet of quartzite. T his is overlain by some 700 feet of arenaceous 
shale, succceclecl by quartzite and shale of small but undetermined thick ness. 
Tr.e upper part of the BcaYerfoot consists of 900 feet of lime tone. 

In southeastern Bri tish Columbia the early Ordovician graptoli tic shales of 
the Glcnogle formatio n arc overla in by 167 feet of quartzite and sandstone of 
t he 'Nonah for mation (See Figure 54). Th ese beds are though t to rest on an 
eroded surface of grapto li tic shales, and in pl aces on the underlying Gooclsir 
formation. Although no discorda nce in clip is observable a considerable erosional 
interval seems to be represented. No fossi ls have been found in the W onah , but 
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the formation is overl ain by rnagncsian limestone of late upper Ordovician 
(Richmond) age, so it is thought that the \Yonah beds may be earl y R ich mond. 

In the Norblrn·cst T erri tories no strata of Ordovician age have been 
recognized in Franklin l\1ountaim, nor b:·: the recent geological ,,·ark a nd well 
drilling in M ackenzie Rive r Val lc:v. )forth of F ort :\'orm an, ho11·cvcr, a deep 
well penetrated a section of cvaporitcs over 2,000 feet in th ickn o s. This series 
contains some thick beds of ro ck salt of a high degree of purity, as evidenced 
by drill cores . No foss il s have been fo und in t hese snl in c deposits nor in the 
associated sed iments. Th ey overlie strata of l\Iiddlc Cambrian age , and underlie 
beds of Silurian age. Until more definite correlation is possible, th is cvaporite 
series could be placed anywhere in the sequence from Upper Cnmbri a n to L ower 
Siluri an. 

On P eel River dark shnlc carrying graptoli tcs arc apparently of early 
Ordovician age . 

In Mackenzie l\1oun tn ins, Ordovician limeston e::; of Ri ch mond age are 
reported from the hcad1Yatcr;; of Gravel Riwr. In fact it ap pears that the 
Richmond sea spread across a ll of northern Ca nada . Fossils of Ri ch mond age 
have been collected from the Arctic regions an d in northern Ontario, l\Ian itoba, 
and north of Great Slave Lake in the Nortlrn·est T erri tories . 

Silurian 

The submergence of the Eastern Cordilleran region in late Ordovician time 
contin ued in to that. of the Sil uri an period, and sed iments of this age occur at 
intervals from t.he In ternationa l Boundary in the south to Frnnklin and 
Mackenzie }.fountains in the nort.h. · 

;:::iJurian rocks may be represented in the Clarke R ange , near the Inter
national Boundary, by some un foss ilifcrous beds that und erlie strata of DcYonian 
age, but in genera l the , iluri nn beds, as those of OrclO\·ician age, have been 
largely r emoYed by erosion. 

In t he Windermere region of rn uth castc rn Bri tish Col umbia both ln,tc 
Ordovician and carl.1· Silurian srcl imcn ts arc present. The clrnngc i;; trans it ional, 
ho\\'cvcr, and no accurate li thological sc.paration can be made. Th e Siluri an is 
here represented by the Bri ;;co for matio n, composed of thi n-bcclclccl , rnagnc~ian 
limestones 1.000 to 1.200 fee t thick. 

Along the mnin li ne of the. Ca nadian Pacific R aihrny , \1·hcrc Kicking 
Horse Ri,·er r uts the B cnYcrfoot Rnnge , the Brisco formatio n is represented by 
some of the H alysitcs beds of early author;;. On :-:linclair }.fountain the forma
tion consists of dark, fincl:· a renaceous nncl magnc~ian limes to nes, \Yith some 
black shales. T he total c;:tirnatcd thickness of these beds is 1,200 feet. 

::\1i ddle ;-;ilurian lime$tonr::; or<· ur nlong the Alaska High1Yny in the front 
ranges of the R ocky }.fountai ns \\·est of Fort ::\elson . Th ey rest on sandstones 
that nrc te nt:tt i,·e ly rcfe n cd to as Cnmbria n. T he bed~ immediately overlyi ng 
them arc of ::\fiddle D cYon ian age. 

Xo Siluri a n has been recogn ized in the J nspcr P ark region 1Yhcrc the 
Canaclinn Xational Raihrn.1· crosses the R ockies; nor is there an.'' record of 

ilurian stra ta ,,·here the hcarhrntcrs of Peace Ri1·er cross the Rock.'· l\Iountains. 
Si luri an roc·ks arc 1Yidcl:· cli~tr ibu t ed in the X ortlrn·est Territories, and good 

section;; nrc exposed in Franklin a nd i\fackcnzic }.fou ntains and in ::\Iackenzie 
Riwr Yal lcy. In the geological exp loration and clccp-\\·cll dri lling for and since 
the Cnn ol Project dcYelopmcnt , Hie Sil uri an strntn in }.Iackcnz ic-Carcajou basi n 
a rc a ll ineluc!cd in the R onni ng group , \rhich is composed of ha rd , dense, 
do lomi tic lim estones in tcrbccldcd with anhydrite and green shale, and has an 
aggregate thickness of abou t 1,500 feet. 
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The Ronning group is onrlain by about 435 feet of brecciated dolomite 
with some gypsum. Th e age of this brcccia is uncerta in , bu t it is underlain by 
Silurian beds and oYcrlain by Middle D evonian strata . 

D evonian 

Early D evonian time was apparently marked by a general wi thdrawal of 
the sea from the R ocky Moun ta in r egion, as no strata of Lower D evonian age 
have been recognized. 

Limestones and shales of Middle D cYo nian age, as much as 2,000 feet tihick , 
are widespread in t he M ackenzie River region. This sea a lso extended west
ward into the R ocky Mountain region of the Alaska Highway where Middle 
Devonian limestones of undetermined t hi ckness occur west of Fort N elson. 

In P eace and Pin c River Valleys the Middle D evonian rocks are mainly 
massive limestones, with expo eel sections up to 2,000 feet th ick. 

In the J asper P a rk region of Alberta D eYonian limestones constitute the 
thickest and most cxtcnsiYc fo rmations. They re::t on Cambrian or Ordovician 
bed . 

T o the south, one of the best exposed and most easily accessible sections 
of D evonian rocks is north of Bow River between Exshaw and K ananaskis, on 
the Canadian Pacific R a ilway. It compri cs the F airholmc and overlying P a lliser 
formations, which , together , have also been r eferred to as t he Minncwanka 
formation. The Fairholmc con;;:ists of black , dolomi tic limestone in the lower 
part and light grey dolomite in the upper part, with a total thickness of about 
1,420 feet. Th e basal beds of t he fo rm ation rest on arenaceous dolomites t hought 
to be of Cambrian age. Alth ough the Fairholmc contains abundant foss ils they 
arc poorly preserved and their age cannot be more close ly defined t han D cYonian. 
Hon·cver, the format ion is overlain by U pper D e,·onian strata a nd was quite 
probably laid clo\\"n in the Middle D cYonian sea that spread northward. The 
ucccccl ing, P alliscr formation is composed essentially of grey n·c.athering, 

clolo10itic limestone, and is particularly resistant to erosion. It has a th ickness 
of abou t 790 feet. On Athabaska Ri Ycr and vicinity t he apparent equivalents 
of the Minncwanka succession farther south are cl iYisible into t hree uni ts, 
comprising a lo11·cr and upper series of limestone and dolomite strata separated 
by about 500 feet of chiefl y thin-bcclclcd calcareous sha le carrying fossi ls of 
UppC'r D cYonian age. 

Jn the Clark e Range, near the southeastern edge of the Canadian R ockies, 
the D evonian strata of Windsor l\Ioun tain and poss ibly older rocks a rc in cluded 
in an unnamed series of beds some ] ,450 feet th ick . They consist mainly of 
limestones and dolomi tes, but in clude t hree intcr\"Cning shale member . Fossils 
of Upper or Middle D cYonian age han been found in beds nc.ar the mi dd le of 
the series. 

[n M ack enzie Rin r Valley the Upper D c,·onian de posits a rc \Yicl csprcad, 
and are composed of shale, limestone, and sandstone . In the southern part, the 
tota l thickness of be.els is l e~s than 1,000 feet, but in the northern part, where 
shales prcYail, nearly 3.000 feet of bed s arc present in places. 

The R ocky 1\Iountain and ::-Iack cnzic River regions 1Ycrc, the refore, more 
or less continuous ly submerged during Middle and Upper D evonian ti me. 

Carboniferous 

Carboniferous strata n·crc laid do1rn \Yith apparent con fo rmi ty on D cYonian 
beds throughout the R ocb · M ountain region, but arc absent along ::-Iackenzie 
River Valley. In the Cron·sncst Pass and at Banff the period is represented by the 
Banff, Rundle, and R ocky ::-fountain fo rmati ons, the first t1Yo of ::-Iis issippian 
age, and th e last a P cnnsy lY::tnian form a tion. 
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Th e B anff formation is composed mainly of shaly, cherty limestone and 
limy shales, and is 1,200 to 1,400 feet thick. At i ts base is a thin but 
persistent band of chiefly black shale Yariously referred to as the Exshaw 
shale or Exshaw fo rmation, and 1Yhi ch is uncertainly of late D evonian or ea rly 
Mississippian age. Fossil evidence from its type locali ty in the Banff area 
near Exshaw has indicated a D evonian age, but the contact relations indicate 
a much closer association with t he overlying Mississippian beds. Also, simi lar 
widespread black shale 1Yithin the same stratigraphic interval is known to be 
early Mississippian, though this may be a higher shale than that at the ty pe 
Exshaw locali ty. 

Overlying the Banff is the Rundle formation, consisting largely of grey, 
chrdy limestone. In CrmYSnest Pass the Rundle has a thickness of 5,300 feet, 
whereas to the cnst in the Yicini ty of Blairmore it is only 1,600 feet thick. T o 
the north in the Banff area the H.undle bas a thickness of 2,400 feet, but in the 
J asper Park region it is not more than 1,000 feet thick. The Rundle formation 
lies conformably on the B anff, and grades imperceptibly into it. Heccnt 
investigations indicate that it is entirely of Mississippian age. 

The Rundle is ovcrl:tin ''"ith apparent conformity by the R ocky l\Iountain 
formation, consisting of quartzite, chert, and sanely dolomite of Pcnnsylnrnian 
age. This series of beds i:arics greatly in thickness , apparently clue to subse
quent erosion. In Crowsncst P ass the thick ness is gi\'Cn as 350 to- 800 feet; in 
the B anff area it is 2,400 feet thick; but southeast of B anff, at Moose Mountain, 
the formation is missing. 

T o the north, in the J asper P ark region, the same threefold division of the 
Carbon ifero us can be made, but the thickness of the formations is much less . 
Mississirpian strata are general ly less than 1/ iOO feet th ick , and those of 
P ennsylvanian age about 500 feet. 

In P eace River Valley the Carboni ferous is represented by limestone and 
quartzite of both Mississippian and Penns~rlvanian ages, and of undetermined 
thickness. Argillitcs and limestones of Mi ssissippian age have been observed 
a long t he Ala~ka Highwa~- in the vicin ity of Liard River. 

The Banff and Run dle formations extend cast beyond the limits of the 
R ocln' :YI:oun tn in s and Foothills, but the H.ocky Mountain formation is rarely 
found beyond the eastern ranges. \Yhcre it is missing the top of the. Rundle 
formation becomes an erosion surfnce, as in the Foothills and region to the east. 

Permian 

Strata of P ermian age have been recognized on Liard and P eace Rivers . 
An occurrence on Bcanr River, a tributary of the Liarcl, some 50 miles above 
For t Liar cl, consists largely of chert, with th in layers of shale. T he chert is 
overlain by calcareous sandstone containin g marine fossils. The total thickness 
of beds definitely assigned to the P ermian is only J 50 feet, but they arc underla in 
by some 1,600 feet of calcareous sandstones and shales, the age of "·hich may 
be Upper P ennsylva nian or P ermi an. 

Th e P eace River occurrence is lo ca tcd aboYc Hudson H ope "·here the 
P ermian strata are exposed in the core of a tightly fo lded and faulted anticline 
south of the river. Th e beds arc of marin e origin , and consist of calcareous 
sand, m arl, and limestone "·ith a total th ickness of 415 feet. The extent of this 
P ermian sea is not defini tely knmrn. 

1\1 esozoic 

Triassic 

M arine strata of T riassic age arc distribu ted throughout the entire length 
of the R ocky M ountains, and rest with apparent confo rmi ty on the P al::cozoic 
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rocks. Tn the south the eastern margin of Triassic sediments fol lo\YS closely the 
eastern ranges of the R ockies, but nor th of Athabaska River T r iassic strata 
extended some distance east of t he mountain front. 

In the vicin ity of Banff the Triassic beds consist of calcareous shale, 
argillaccous limestone, and dolomite of t he Spray River formation (See Figure 
54). This formation is generally divi;;ible in to a lower, dark grey member, 
composed of lam ina ted, calcareous and sanel y shales, and argillaceous limestone 
of Lower Triassic age, and an upper member of light grey limestone with sanely 
beds and darker shale bands of Mi ddle Triassic age. T he line of demarcation, 
howcycr, between Lo"·er and Middl e Tri assic sediments has not been defined. 
The total thickn ess of the Spray River group of beds is about 1,650 feet in the 
\'icinity of Banff, " ·here the form ation rests on R ocky Moun tain quartzite. 

T he continui ty of Triassic strata southward is uncerta in. N one is recog
nized in the Turner Valley oil field , and a lthough beds han been correlated "·ith 
the Spray Ri ver in Cro\Ysncst P ass on lithology, fossi l cYidencc is lacking. 

Northward, near Cadomin on a tributar~· of Athabaska River, the t"·o 
members of the Spray River form ation are exposed, but are th inner, and here 
the basal beds rest on the Rundl e formation of 1\1ississippi an age. In t he J asper 
P ark region both members of the Spray RiYer outcrop in several places. and in 
one section the uppermost beds arc ovcrl:1in by gypsum and other evaporites, 
and the gypsum is imm ediately overlain by Jurassic shales. On Mowi tch Creek , 
to the north of Athabaska River , t he gypsum is overlain by some 480 feet of 
light grey limestone, "·hich in t urn is overl ain by Jurassic beds. 

In the P ence Rin r section of the R ockies, the Triassic is r epresented by 
the Schooler Creek formation (See Figure 54). T his is a cliff-forming group 
of bed more than 2,500 feet th ick and composed of fine calcareous sandstone, 
grnding to arenaceous limestone. Th e for mation is divisible in to two members, 
a lower, li ght grey, slightly carbonaceous and arenaceous member of Upper and 
pas ibh· also Middle Triassic age, and an upper, dark, ca rbonaceous member of 
Upper Tri assic age. 

To the east, near where the Alberta-British Columbi a boundary crosses 
P eace River, r eel beds and gypsum penetrated in a deep " ·ell ha,·c bee n correlated 
''"ith the Triass ic on the ba sis of lithology and stratigraphic sequence, but far ther 
cast the Trin sic is absent. 

Xorth of P eace River and to the "·est of the Al aska Higlnrny the Schooler 
Creek formation has been traced as fa r as Prophet RiYcr. F rom Half~rny Valley 
nortlrn·arcl it is known to be underlain by the marine shales, silt.stones, sand
stones, and limestones of the T oad fo rm ation, from ,,·h ich fossi ls of earl)· Middle 
Triassic age have been collected . T his formation may extend south of the 
Halfo·ay, bu t has not yet been sntisfactorily identified there. 

In the "·cstern part of T ctsa Vall ey the highest Triassic beds arc the massiYe, 
calcareous sandstones and limestones of the Li arcl formation, co rresponding to 
(he lower part of the Schooler Creek formation in the south . It is und erlain by 
the T oad fo rmation . In the rnme valley and to the cast, near mi le-posts 375 to 
377, Alask a Highwa~-, all or most of the Liarcl has disappeared, and t he T oad is 
the highest Tria~s i c formation and i onrlain by da rk shale, possibly of Lower 
Cretaceous age. 

On Liard River the Tri m:s ic is exposed from the R apids of the Dro\vned to 
beyond the mouth of T oad River . In the \YCSt the T oad formation is overl a in 
by the Liard formation, but in the cast the Liarcl is absent and the Toad is the 
highest Tri assic formation. T he T oad fo rmat ion of Liarcl River carries t 1,·o 
marine faunas, one of late LO\YCr and one of early Middle Triassic age, and is 
underlai n by the marine grey shal es, "·ith some rippl e-marked sandstones, of the 
early Lower Triassic Grayling fo rmation. T his basal fol'mation possibly extends 
far to the south, but has not yet been recognized th ere. 

85672- 18 
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The Grayling is 600 to 1,000 feet thick. Eight miles south west of the mouth 
of Toad River the Lia rd formation is more than 600 feet th ick , and the T oad 
1,800 feet. At t he mouth of T oad RiYcr the T oad fo rm ation is a bout 800 feet 
thick. 

Farther north, along the Alaska boundary nor th of P orcupine River, are 
two known occurrences of Upper Triassic rocks. No Triassic has been recognized 
in ::viackenzi c River Va ll e~· or M ack enzie M oun tains, and in many places 
Cretaceous rocks rest di rectly on D crnnian strata. During this long intcrrnl 
there 1rns amrlc time to remove a ny late P a lmozoic or T riassic sedi ments if uch 
had been deposited in th is region . 

Jurassic 

::\ Iarinc Jura~sic sediments can be traced contin uously along the eastern 
ranges of the R ock y M ou ntai ns and Foothills from the International Boundary 
nortlrn·arcl to beyond Peace River , but arc apparently absent on Liarcl Rinr 
and in the ::\Iackcnzie River region . Jurassic strata are reported from Richardson 
Mountains west of Akl:wik. and from Firth Ri ver farther \YC t. The northern 
part of the R ocky l\Ioun ta;ns and ::\ Iackcnzic River basin 11·crc probably land 
masses cl min g: til1i s period. 

T he Jurassic in the v icinity of the In ternationa l B oundary is represented b~· 
the Fcrnic formation. T his name has been carried nortlnrn rcl to in clude all 
Ju rassic strnta (8ee Fi gure 54) , and ha:; thereby acqu ired the significance of a 
group a it includes strata of Yarious divisions of Jurassic time, ranging from 
early Lo\Ycr to middl e. Upper Jurassic. Th e Fcrnic is typica lly composed of 
dark marine sha les 11·ith a fe 1Y th in limestone and sandstone beds, and at the 
base, in ma ny places, phosphatic limestone . 

South of B o11· Rin r the Jurassic seas spread casl\rnrd oYcr the Plains. 
'I1hc thickncs of the F crnic is clifficul t to estimate bccauvc of lack of con tinuous 
exposed sections and the tend ency of the abundan t shaly beds to crumple and 
fold easily. Further , the succession apparently fo ll o\YS the genera l tendency of 
fo rmat ions of the Rocky l\ifoun tains to thin rap idly to the cast. Jn the Yi cini ty 
of Blairmore in Crowsncst Pass it is about 800 feet th ick , \Yh creas to t he inst, 
at Corbin, thickn esses of 2,800 to 3,000 feet have been estimated. Thicknesses 
elsewh ere include : Turn er Va ll e~· oi l field , Jess than 200 feet; Banff, 1,600 feet; 
and Mountain Park , outlrn·cst of Edmonton , 1,500 feet. Jurassic shales are 
k nown to occur in the Foothills of the Pea ce Ri ver region, but have not been 
stud ied, and they have been traced nortlrn·n rd a long the Al aska Higlw,·ay as 
fa r as Sikanni Chi ef River. 

L ower Cret aceous 

Th e Lower Cretaceous epoch began with a broad uplift of the southeastern 
Cordillera, causin!!; the sea to 11·ithdra 11-, and leaving the region a land ma s. 
Contin ental deposits of Lo,Yer Cretaceous age continued, howenr , to be la id 
do11· n from the In ternat iona l B oundary to an d beyond Peace Ri,·cr. N orth of 
A lhabaska Rinr, marin e beds appea r in the Lower Cretaceous seri es and at 
P eace River full y half of the strata arc mari ne. At Li ard RiYcr and northward 
to the Arctic in Mackenzie River Valley the Lo"·cr Cretaceous is ent irely 
composed of marin e sediments . 

In the Cro11·rnest P ass region the L o11·cr Cretaceous is rep res en te~l b~· the 
K ootenay formation and the Blairmorc group. The K ootenay rests 11·ith struc
tura l conformity on the Fcmic and apparently grades into it. The strata arc 
composed of sandstones, sanely shales, and conglomerates, 11·ith numerous coal 
scams, man~' of which a rc mi ned. In the western Crowsncst Pass the sediments 
are coarse, and together IYith the associated coal scams attain a thickne:::s 3,000 
to 4,000 feet. T o the cast these beds become finer grained and thin to 500 feet 
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or less . South of Bow Ri ver the K ootenaY formation contains all the commercial 
coal and the scams can be traced s01;1 e distance nor th of t he riYcr. The 
Koo'tenay fo rmation is o'vcrl ain by the Blairmorc group, the base of which is 
marked by the persistent Cadomin conglomerate that extends continuously a long 
the l<'ooth ills belt to somewhere nor th of Athabaska River (See Figure 54). Th e 
Blairmorc stra ta compri se a series of frcslrn·a ter sediments, from 1,200 to 3,000 
feet thick , composed of alternating sandstone and shale with some th in argil
laceous limestones near the base. T hese sed iments, like those of the K ootenay, 
become thinner and finer gra ined from west to east. T his decreasing coarseness 
of sediments suggests n high land mass to the west. A conglomerate bed in the 
upper part of the Blairmorc group is composed partly of porphyry pebbles, and 
suggests that an in trusive mass had been unroofcd before the close of the Lower 
Cretaceous epo ch. 

In t he Cro1Ysncst P ass region the Blairmore group is overl ain by bedded 
t uffs and agglomerates of the CrmYSncst formation, which has a maximum th ick
ness of 1,150 feet. T his deposit covers a limi ted area of about 800 square mil es. 

On Brazea u Ri ver the Lower Cretaceous has been subdivided into fo ur 
formations . Th ese, in ascending order, are the N ikanassin , Cadomin, Luscar, and 
Mountain P ark. The upper part of the Nikan assin is correlated, \Yith an upper 
part of the K ootcnay of th e s·outhcrn F ooth ill s, and is composed of quar tz itic 
sandstone and shale some 900 feet th ick. Th e fo rmation is largely of fresh 
water origin , but some marine beds occ ur at the base. T he Cadomin, Luscar, 
and Mo untain Park for mations are the equiva len t of the Blairmorc grnup. Th e 
Cadomin is a persistent congl omerate band, bu t is rarely more than 25 feet th ick. 

T he Luscar is composed of shale, sandstone, a nd coal, and has a total 
th ickness of 2,000 feet. Th e coal scams in th is for mation are comm ercially 
important , and a re mined at many pl aces bct\\·ccn North Saskatchewan and 
Peace Rivers. Th e Mountain P ark forma tion is composed of hard, ridge
forming, green sandstones. It is some 825 feet thi ck on Brazeau River , but thins 
rapidly nor thward. On Athabaska Ri ver it has lost its ridge-forming character , 
and if present has not been separated from the underlying Luscar for mation. 

In the P eace River region t he Lower Cretaceous is represen ted by the 
Bullhead group, overlain by the For t St. J ohn group (See Figure 54). Th e 
former has not yet been satisfactorily d,ivid ed. In the eastern part of the P eace 
River F oothills two divisions, the Dunlevy and overlying Gething formations, 
have ,been recognized. The Dunl evy is some 3,000 feet thick , and is composed 
of sandstone and shale. Some of the sandstones arc coarse and conglomeratic 
and others are quartzitic; t he lower beds are mari ne and may be partly of late 
Jurassic age. Th e Ge.thing forma t ion is correlated wi th the Luscar . It consists 
of sandstone and shale with coal seams , and has an aggregate thi ckn ess of about 
1,400 feet. T he Bullhead group th in s northward and loses i ts identity about 
midway between P eace and Liard Rivers. 

The For t St. J ohn gro up of P eace River Valley has been divided in to five 
formations. B eginning 1Yith the oldest th ese are the Mooscbar , Gates, H asler, 
Goodrich, and C ruiser. T he group as a whole is composed of shales and sand
stones, largely if not entirely of marine origin , and has a tota l th ickn ess of about 
4,000 feet. 

On Liard River the Lower Cretaceous is represented, in ascending order, by 
the Garbutt, Scatter, and Lepine formations composed of san dstones and shales, 
entirely of marine origin , and with an aggrcg[ltc th ickn ess of about 4,500 feet. 
The marine lo\\·er Cretaceous extends dmY n ::viar·kcnzie R iver Vallcv to the 
Arctic, and in those regions is at present inclu ded in the Sans Sault group 
composed largely of shales, some 3,800 feet th ick, that rest on an eroded surface 
of D evonian rocks. 

85672- l Sl 
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Upper Cretaceous 

T he Blairmore group and Crowsncst volcanic rocks are overlain by the 
marine Alberta shales of Upper Cretaceous (Colorado and early Montana) age. 
In the Foothills belt they have been divided into three formations, and have 
an aggregate thickness of 2,200 feet in the south, 3,000 feet in the central area, 
and 3,800 feet in the vicinity of Athabaska River. At the base is the Black
stone formation, varying from 400 to 1,000 feet in thickness, and composed of 
dark grey shale "IYith sandy beds at the base. In places the basal bed is a 
conglomera te. Th e succeeding Bighorn formation is composed of sandy shale, 
sandstone, and pebble-conglomerate. It attains a thickness of about 450 feet in 
the western Sheep River region, but thins rapidly eastward, and tn the south is 
the equivalent of \Yhat has been called the Cardium sand.stone or formation. It 
is overl ain by the Wapiabi forma tion, composed chiefly of dark grey shales and 
1,500 to 1,900 feet thick. 

Th e Wapiabi is succeeded by freshwater sandstones and shales of the B elly 
River formation. These sediments become coarser from cast to we.st. In 
south ern Alberta their thickness increases from 2,000 feet in the eastern Foot
hills to more than 4,000 feet in the Rocky Mountains. South of B ow River the 
B elly River is overlain by dark marine shales of the B earpaw formation, and 
these extend far east\rnrd beneath the Plains (See Figure 51). The B earpaw 
varies greatly in th ickness, but rarely exceeds 800 feet in the Foothills. The 
succeeding Upper Cretaceous strata (Ed monton or St. Mary River formations) 
are composed of 2,500 to 3,000 feet of sandstones and shales of freshwater origin, 
with coal seams in the basal part. North of Bow River the marine B earpaw 
beds arc absent, and it becomes increasingly difficult to separate the la ter thick 
assemblage of Upper Cretaceous strata into formations and to draw the boundary 
between Cretaceous and P aleocene beds. In the Foothills between N orth 
Saskatchewan and Athabaska Rivers these strata have an average thickness of 
11,000 feet. Th ey have been divided into a lower assemblage of Upper 
Cretaceous beds, those of the Brazeau formation, "·hich probably includes both 
B elly River and Edmonton equivalents, and an upper assemblage of Paleocene 
beds carrying P askapoo flora, and , to1Yards the base, some important coal 
measures. 

In the Peace River region of nor theastern Bri tish Columbia (See Figure 54) 
a threefold division of the Upper Cretaceous has been made. At the base the 
Dunvcgan formation, consisting of interbcdded sandstones and shales of brackish 
and freslrn·atcr origin , attains a thickness of 1 ,100 feet. Th e Dunvcgan is 
overlain by the Smoky group, "IYhich is though t to be roughly equivalent to the 
Alberta shales of the ;;:o uth. At its base is the Ka ska pau formation composed 
chief!? of dark fissile shales of marine origin. These arc overlain 

1

by marine 
sandstone, shale, and conglomerate. Th e Smoky group is succeeded by the 
vVapiti group of rnndstones and shales of non-marine origin. 

Farther north, near the junction of Fort Nelson and Liarcl Rivers, the 
Upper Cretaceous is represented by the Fort Nelson formation, composed largely 
of conglomerate and coarse sandstone of non-marine origin, and "·hich attains 
a thickn ess of at least 560 feet. The Fort Nelson formation is overlain by an 
unn amed series of shales and sandstones that contain marine fossils of Upper 
Cretaceous age. Still farther north, in the Carcajou River basin of lower 
M ackenzi e Rinr Valley, the Upper Cretaceous has been divided into three 
formations, \\·hich, in ascending order, are the Slater River, Little Bear, and 
East Fork. The Slater River formation rests on the Lower Cretaceous Sans 
Sault group and is composed of about 1,000 feet of black, fissile shale with 
ironstone concretions and a few thin bands of bentonite. The Little Bear 
formation consists of sandstone, sha le, and lignite. The beds include both 
bracki sh and frcsl1\rntcr sediments, and han an estimated aggregate thickness 
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of 700 feet. Th e East F ork fo rmation consists essentially of grey marine sha le , 
with a littl e sandstone, and has an aggregate thickne~s of 850 feet, with the 
top eroded. 

In the F ar N orth . strata of Cretaceous age arc kn o1rn to occur on Arctic 
R ed and P eel Rivers, in Ri chardson ::-Ioun la ins, and on P orcupine Hi1·er to t he 
west, but have not been studied in any dcta i I. 

Cenozoic • 

At about t he beginning of the Cenozoic era and continuing to the. close of 
the Paleocene epoch, the thick succession of Proterozoic, P al::cozoic, and ::-Icsozoic 
sedim ents deposited in the R ocky Mountain geosyncline was subj ected to dcep
seated orogcnic movements that together '"ith subsequent erosion produced the 
R ocky Mountain s. The rocks 'Xcrc folded and faulted, and large blocks were 
thrust eastward. The l\Iackcnzie and F ranklin Mountain areas were subj ected to 
similar compressive for ces at about the same time, or earl ier , prod ucin g a "·ide 
belt of mounta in ranges. This northern area had been a land mass during late 
P a l::cozoic and early ::-Icsozoic time, as evid enced by lack of sediments of post
D cvonian and pre-Cretaceous age. 

Evidence of igneous activity in tile Rock~· l\Ioun tain s at the tim e of th e 
folding is very meagre. Beds of bcntonite occur in Yarious Upper Cretaceous 
formatio ns of the Foothills and M acken zie River Valley. T hese suggest volcanic 
activity, but the Yents that supplied the materia l are not k n01rn. An intrusive 
body of nephelinc syenite and associated a lkaline rock types occupi es an area 
about 12 miles square on I ce River near Field , Bri tish Columbi a. A small body 
of the same rocks is exposed at the head of Moose Creek Valley. This intrw:ivc 
complex may represent the upper par t of a much la.rgcr mass that lies buried in 
the " 'estern R ockies, and may be the source of th e mineralization at Field. The 
age of the intrusion is thought to be late Cretaceous, but proof is not conclusive. 

Early T ertiary sedirnen ts arc kn o,vn from widely scattered areas "·ithin 
the Eastern Cordillera. Paleocene freshwater sandstones and shal~ of the 
P orcupin e Hills and Paslrnpoo forma tions extend eastward along the outer edge 
of the Foothills belt of Alberta (See Figures 51 and 54). In the south the 
Willow Creek formation underlies the P orcupine Hills fo rm ation, in places 
disconformably, and may be of late Upper Cretaceous age. It consists of 
sandstone and shale, and is about 2,760 feet thick. The formation as a "·hole 
is characterist ica lly redd ish, but th is colour fades to the no rth, and beyond 
P orcupine Hills the vVill ow Creek has not been recognized. No definitely 
diagnostic fossils have been found in the Willow Creek beds, but they overlie 
the late Upper Cretaceous St. i\l ary River formation with apparent conformity. 

The P orcupin e Hills formation occurs on the eastern edge of the Cordilleran 
belt and extends east"·ard in to the adjo ining P lains. It is composed of sand
stone and shale of fresh~rntcr origin, and has n maximum th ickn ess of 3,500 feet. 
The beds overlie the ·willow Creek formation, and their foss ils indicate a 
Paleocene age. Th e P askapoo formation occupies the centre of a broad syncline 
in "·est-centra l Alberta, and its outcrop is con tinuous northward fro m Porcupine 
H ills to Athabaska Rinr. Only the lo"·cr part of the formation is exposed in 
the Eastern Cordillera. T he beds consist of grey. lenticular sandstone and sanely 
shale that have an estimated maximum thickness of 4,000 feet. Th e P askapoo 
is thought to be the approximate eri uival cnt of the P orcupin e Hills formation. 
Recent innstigations in the Foothills nor th of B ow Rin r have indicated that 
irnpor ant coal-bearing beds fo rmerly thought to be of late Upper Cretaceous 
age carry a Pal eocene fl ora. Early T ertiary deposits , all of frc lrn·ater origin, 
and conta inin g coa l scams, occur in various in tcrmontanc areas. In the south , 
a long Flathead River Vall ey, some 1,500 feet of light-coloured, soft sands and 
shales (Kishinena for mation) have been ti lted during the later stages of 
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mountain building. A small basrn of T erti ary strata in th e northern Rocky 
Mountains a long Coal River, a tributa ry of th e Li ard, contains a coal scam 
15 feet thi ck. In the R ocky M ountain Tren ch a lon g Finl ay RiYcr and through 
Si fton P ass arc T erti ary deposits co nsisti ng predomin an tly of coarse conglom
erate, sandstone, and sha le. In places these beds a re til ted 10 to 40 degrees, 
showing that they have been affected b>· the In ter mountain building mo\·cmcnts. 
In the vicini ty of Fort Norman on l\!Iackcnzie River , strata of Pal eocene age 
consist of shale, soft sand sto ne, and conglomerate. On Li t tle B ear River, due 
west, these bed · attain a thickness of 1,600 feet , and contain coal scam:; 8 to 10 
feet thick. Th ese beds li e unconformably on Upper Cretaceous strata. 

On \Yind and Bonnet Plume Rivers, hcacl\rnters of the P eel, T ertiary strata 
are 1,000 feet thick, and consist of gravel , sands, and shales \\·ith ligni te beds. 
Th ese strata have a thick basal conglomerate. They lie un conformably on 
steeply folded formations and arc themselves gently folded. To the '\Yest of 
Richardson M oun tains, alon g P orcupin e Rive r, light-coloured beds of clay, sand, 
and conglomerate rest unconformably on Cretaceous and older strata, and arc 
thought to be of T er tiary age. Al though ea rly T ertiary time was characterized 
chiefly by mountain building, there \Y Crc ~tages of erosion that reduced large 
a reas to low reli ef. Remnants of these pcncplains arc evident in the i\Iackcnzie 
and Rocky Mountain area . 

Pleislocene 

In Pleistocene time much of the Eastern Cordill era region \Ya subj ect to 
glacial action. Some a reas, ho\Ycnr, apparently remained free of ice , and in a 
large par t of Yukon west of Richardson M ounta ins there is no evidence of 
glaciation. Th e F oothill s of the R ocky M ountains a nd the eastern edge of 
M ack enzie M ounta ins \\"Crc reached by the. K cc\\·atin ice-sheet, whi ch came from 
the cast. On r each ing t he foot of ::viackcnzic :\foun ta ins th is ice-sheet spread 
both north and south a long :\Iackcnzie River Valley. Th e effects of glacial 
action arc to be seen in the various types of deposits left by the ice mass, and 
in the deepening and broadening of the mountain valleys. 

STR L'CTURE 

The Eastern Cordillera system \\·as produced b>· co mp rcss iYe fo rces bclicnd 
to have operated from '\Yest of the R ocky ::\foun tain Trench. T hese stresses 
acted on t he th ick succession of strata, prod ucing fo lds and large, west-clipping 
th rust faults (Figure 55 ). 

The Rock y M ounta in structures arc usua ll y parallel fo lds and thrnst - fa ult 
blocks that give rise to long, nortlrn·c~ t-trcncl in g ridge,; and ranges. :Many of 
these th rust fa ul ts arc moderately steep, 11·ith cli;;;plnccmcn ts not usually more 
rhan a few hundred feet. Th ere are, ho\YC\"Cr. scYcral lo\\·-angle fault s of large 
displacemen t, a no table. example bein g the LC\Yis owrth ru st, which extends some 
distance into southwestern Alberta and southeastern Bri tish Columbi a from 
M ontana, and along which the displarcmcnt is rncarnrc-d in miles. Th e thrust 
fau lt;;; generally clip \\-est, but imm ediately cast of the R ocky M ountain Trench 
some cl ip cast. The Foothill s belt along the eastern edge of the R ock.'· M ountains 
iias stru ctures similar to those fo und in the mountains, excep t that subs idi ary 
th rust faults a rc more num erous in the M esozoic sediment$ common to th is belt. 
In the nor thern part of the Foothill s belt faulting is less eYidcnt, and the fo lds 
arc more svmm ctriral than fa rthe r sout h. Th e R oc!n· i\Ioun tains arc bounded 
on t he \\"est by the R ocky :\fountain Trench. a complex stru ctm al feature about 
which very little is knom1 as the trench flo or is for the most pa.rt \\·idely conred 
\\·ith glacial and river deposit-'. 

Mackenzie M oun ta ins a rc characterized bv broad fold s \Yith a subordinate 
amoun t of thrust fa ulting. These folds com~only show arcuate outlines and 
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arc arranged en echelon. T he Franklin ::\foun ta ins exhibi t th is arcuatc form to 
a marked degree. Th e southern ends of some of the moun ta in ranges S\Ying to 
the west, and trend tmrnrds the nor thern extremi ty of the R ocky ~foun ta ins. 

T he structures of Richardson ::\fountains arc not 'i\·ell kno,rn, but broad, 
nor th-trending folds ha,·e been reported as characteristic of the region. 

ECONOMIC GEOLOGY 

1\1INERAL PRODUCTION 

T he Cordillcran region contributed about one-quarter of all mineral 'i\·ealth 
produced in Canada up to t he end of 1945. In that year prod uct ion fro m th is 
region 'i\·as valued at about $96.500 ,000 or about one-fifth of the 1945 mineral 
production for C:rnada. Of th is amoun t me ta ls valued at abo ut $51,700,000 
(Figure 56) , and comprising mainly copper , gold, lead, silver , and zinc, came 
from the \\'cstcrn Cordillcran regio n (Yukon and Bri t ish Columbia). N on
meta llic prod ucts, \Yith an aggregate Yaluc of about $44,800,000, comprised 
mainly coal, natural gas, and petroleum , and these fuels, except for part of the 
roal, were deri ,·cd fro m the Eastern Co rdillc ran region (Alberta). 

M ETALLTFEROl:S D EPOSITS 

(See Figure 57 ) 

GEC\'EHAL STATE:\IENT 

\Yi th the exception of a small area near Field . British Columbi a . essentially 
all kn o\Yn metal li ferous occurrences, both lode and placer, arc in the \Ycstern 
Cordill eran region. ::\Iost of the Ioele deposits are genclically related to the 
,,·idcsprcad . late ::\Icsozoic and early T er tiary granitoid intrusions, such as the 
Coast an d N elson batholiths, and formed b>· solutions that accompanied or 
closely fo ll o'i\·cd their emplacement. In many instances it is clear that the 
rising min erali zing solu tions were guided by stru ctura l features . The in trusions 
comprise a number of phases injected at various times during this general 
period; ho,,· mu ch and what kind of meta llization, if any, accompanied each 
pha~c i~ not :·ct knom1. Wi th minor exceptions the orcbod ies arc of primary 
origin; much of the upper parts of mineral bodies, "·hi ch may have been 
oxidized and enri ched by clo \rnward percolating 'i\·atcrs in pre-Pl eistocene time, 
have been rcmond b\· ice action. 

::\Iclal min es anci' prospect arc partirularlY numerous in an area that skir ts 
the Coast batholith and projects eashrnrd at t,,.o pl aces: one projection includes 
the m an~' stocks and smaller batholiths that extend along "kcena and Bulkley 
Valleys towards Pinchi Lake, and the other includes the major in trusions that 
extend from lo\1·cr Fraser River, th rough N elson. nearly to the R ocky }\fountains . 
The apparent concentration of metal Ii f crous deposits in these regions may be 
clue, in part at least, to their grcaler arccss ibili ty. Scattered pros pects and a 
few prodnrtivr mines have hern found through out mu ch of the remaind er of the 
W estern Cordillcran region in both British Columbia and Yukon . Much of this 
coun try remains, even today, difficult of access, tedious to explore. and essen
tially unp rospcctcd , and, 'i\·ith the possib le exception of the 'i\·icle a reas of 
Ter t i ar~· rocks stretching nortlrn·esterly from E:amloops, undoubtedly contains 
man:· undiscovered conc entrat ions of metals. 

T he kno'i\·n deposits arc mainly in P roterozoic, P alrcozoic, or M esozoic 
rock . M ost of them lie near the borders of intrusions. Some, ho'i\·cver, as at 
Field and in the B arkerville Gold Belt , occur in stra ta many miles from the 
nearest exposed intrusive bodies to 'i\·hi ch they could be rela ted. Th e greater 
number are veins or tabular bod ies resulting from the repl acement of coun try 
rock along fau lts or sheared or brecciated zones. Th e mineral deposits range 
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from vcr.\· high temperature a~scmblagcs found at the borders of granitic 
intrusions, such as the co ntact meta morphi c m agn et ite deposits of the Pacific 
coast, to tho~c formed at quite low temperatures and pressures and at a great 
dista nce from their source, such as the P inch i Lake mercury or es . In some 
camps, such as the Slocan, the ores do not extend to Ycry great depths; the re 
they li e 1vi thin a n undulating zone 1,000 t o 2,000 feet th ick 11·hcrcin the silvcr
lcad orcbocli cs of its upper par t grade d01r111rnrd into pYri tic zin c bodies near i ts 
b ase . Excep tionally, as in the gold -bea ring quartz veins of the Bridge Ri ver 
ca mp , orebocl ics occur at in tervals through a vertical range of seYcra l thousand 
feet 11·ithou t significa nt changes in min eralogy or prcc iou::; meta l content. 

Placers conta in gold, platinum , sc hcc lit c, and cassitcri tc. G old is by far the 
most important meta l, but pl atinum and schcclite have a lso been recovered. T he 
go ld placers are primaril>· t he result of Jong-continued 1wathcring a nd erosion , 
in T ertiary t im e, of great. YO!umes of r ock containing a Ycry sm all proportion 
of gold. Concentration of the gold by strea m r esul ted in pay -streak s in 
pre-Pleistocene granls. Th c-c have sin ce been variously disturbed rtnd r c11·orkcd 
by ice and trca ms, and placer gold is now fo und in T ertiary, Pl cistocc.ne , a nd 
R ecent gravels. The most productive placer fielcl , that of the Klondike in 
Yukon , is in an unglaciated area, bu t a ll pl ace r a reas of British Columbia and 
some of Yukon were bmiccl and partly or completely eroded b_\· Pl eistocene ice. 

History of M ining 

The min eral resourc es of the Cordill cran region attracted little notice until 
1855 11·hen placer gold was fo und in B rit ish Columbia on P end d'Orcill e River 
by miners sp read ing nor th fro m the 1rnning go ld fields of Californ ia. B y 1857 
others had located go ld in the granl s of lower Fraser River. The ensuing rnsh 
was fo ll o1rcd b>· other thmu1nds of gold ::;cckers 11·ho hcaclccl for the Cariboo 
distri ct fo llo11·ing the discovery the re, in 1861 , of the ri ch placer depos its of 
Willia ms and Lightning Creeks. Oth er impor ta nt pl ace r camps 1Yerc found 
bct1Yccn 1860 and 1865 at various pl aces in southern British Columbia. Placer 
production in the province reached its peak between 1863 and 1867 1rhcn gold 
va lued at $16,283 ,592 was recoYc.rcd. In 1873 the M anson C reek a rea began to 
open up ancl, farther to the nor thwest, the productive gold-bearing gravels of 
the D ease L ak e region 1Ycre stak ed for the first time. By 1880 the latter had 
co nt ribu ted gold to the Yaluc of nearly $4,000,000 and, a long with those of the 
old er placer camps of the proYincc, was 1vcll pa::;t peak production. T he next 
and last outstanding pl acer discovery in t he province was made in 1898 " ·hen 
min ers on their wa.\· to the Yukon clisconrcd gold in At lin dist ri ct. This proved 
to be the m ost prod uctil·e fi eld in the p roY in cc next to t he Cariboo. 

Placer gold "·as fo un d on Yukon Ri1· cr , in Yukon. as ea rl y as 1869, and by 
1890 prospecting had spread to t ribu ta ry st reams 11·hcrc coarse go ld was 
rcconrcd. The disconry of the Six tyrni lc fi eld in 1892 1rns ec lipsed in 1896 by 
the r epor t o f fabulously ri ch p lacers on E:lonclikc River and i ts t ribu taries. In 
1897 and 1898 there fo !IO\vecl an unpa ralleled rush of go ld hunte rs from all parts 
of the 1rnrlcl , and in 1900 gold production of Yukon (main!:-· fro m the Klondik e 
district) r crtched it s peak va lue of S22,275.000. 

Aclivc lode prospcrti ng in Bri ti~h Col umbia started between 1880 a nd 1890, 
and c1·cntually r crnltccl in a n ann ua l and agg regate produc tio n of gold and base 
metals fa r in excess of that of the more spcct:w ul a r pl acer fields. :\.s in the case 
of pla cers, the search started in the so uthern part of the province, and in the 10 
years commencing 1882 spread th rough out the E:oo tcnay , Sloca n , B oundary, and 
Rossland di~trid s , and thro ugh areas tribu ta ry to t he Canad ian P ac ific Raihrny, 
which reached Yancouvcr in 1885. B>· the end of the centur.\· mining was a 
th riving industry in the southern p art of th e province, a nd a dozen or mor e 
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smelters had been built to treat yarious ores. All ha \"C since been abandoned. 
The Rossland gold-copper camp attained maximum production about 1902, and 
was practically aband oned about 20 years later. In the meantime copper mining 
at Ph oenix in the Boundary district had reached peak proportions in 1913, and 
continued until the closing of the smelter at Grand Forks in 1919. Four other 
outstanding properties were found in the south between 1892 and 1898: the lead
zinc deposits of the Sullivan mine near Kimberley, the copper deposits of Copper 
Mountain near Princeton, the copper ores of Bri tannia mine on Howe Sound, 
and the gold ores of the Nickel Plate mine near H edley. Mining began at the 
Nickel Plate property in 1903 : metallurgical difficulties 1Yere encountered at the 
other three properties, but Bri tannia and Sullivan mines entered continuous 
large-scale production in 1923 and intermittent but important production at 
Copper Mountain commenced in 1926. 

Although lode mining was well established in southern British Columbia by 
1900 it was not until 10 years later that the northern part of the province 
received much attention. The Portland Canal area had been prospected for 
metalliferous deposits since 1898, and by 1910 ii·ide areas were staked. In 1914 
the first copper ore from the Hidden Creek mine 1rns smelted by the Granby 
Company at Anyox, 1Yhere operations contin ued until 1935. T he Premier mine 
near the bead of Portland Canal bas contribu ted important quantities of gold 
and si lver since 1918. 

Only tii·o lode camps in Yukon maintained steady production for more than 
5 years. The mines of the YVhi tehorse copper belt, discovered in 1897, reached 
a peak production of 2,807,096 pounds of copper in 1916 and were abandoned in 
1920. High -grade silver-lead Yeins 1Yere found by placer miners in the Mayo 
area in 1906, and in 1924 a 150-ton concentrator \\·as erected at \Vernecke to 
treat these ores. The mill was closed in 1932, moYed to nearby Galena Hill in 
1935, and abandoned in 1941. 

The rise in price of gold in 1933 and 1934 profoundly affected the lode and 
placer gold industry in both Yukon and British Columbia: many old properties 
1Yere reopened or expanded, and the search for new deposits 1Yen t on apace. In 
1939 gold produced in British Columbia was valued at $22,659,323 and far 
exceeded, both in quantity and Yalue, that produced in any year prior to 1933. 
It also far exceeded the value of any other metal produced in 1939. During 
the early thirties production from the Pioneer and Bralorne deposits in the 
Bridge River area expanded very greatly, to make this camp the largest gold 
producer in the province. :i\Iany other gold mines, none mill ing more than a few 
hundred tons a day, \\·ere revived or brought into initial production between 
1933 and 1939 in the Cariboo, Hedley, Nelson, and other areas. The most out
standing gold discoYery in recent years is the Zeballos camp on the \Yest coast 
of YancouYer Island, which became an important producer in 1938. 

l\Iarkecl readjustments in the mining industry came ii·ith the second world 
1rnr, including a greatly increased production of base metals, and a decided 
curtailment in gold mining during which a host of small gold mines \\·ere closed. 
A demand for so-called "strategic metals" resulted in the prnduction of large 
amounts of mercury from the recently cliscoYerecl deposit at Pinchi Lake north 
of Fort St . .James, the recowry of tin from the complex ore of the Sullivan mine, 
the production of scheelite concentrates from the Reel Rose mine near Hazelton, 
and the discowry and deYelopment of the tungsten ore of the Emerald mine in 
the Kelson district. 

Gold 

Gold produced in the Cordilleran region up to the end of 1945 1rns rnlued at 
about $633.300.000, and far exceeded the value of any other metal recoYered. 
T his production, in point of vie"· of value, "·as about equally divided between 
placer and lode operations. Essentially all gold derived from Yukon, valued 
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at about $212,100,000, came from placer mines. 
mines contributed a bout $92,000,000 and lode 
$300 ,000 ,000. 

Placer Gold 

In B ritish Columbia placer 
mrn c a lit tle more than 

Placer gold mining, in spite of i ts long history, is still an impor tant industry. 
In 1945 gold fro m this sour ce \\·as valued at about $1,620,000, of which $1,221 ,258 
came fro m Yukon, mainly from dredging operations in the K londike district 
(Plate XLIV). 

Since its clisconry in 1896 the Elonclike district (3) 1 , embracing about 800 
square miles in the vicini ty of K londike Ri\·er and D awson, has yielded gold 
Yalued at probably more than $200,000,000, and thus ranks as Canada's foremost 
placer field. J\Iuch smaller quantities of gold have come from Fortymile, Sixty
mile, Mayo, Big Salmon, and E:luane areas of Yukon. Kl ondike district is a 
plateau thoroughly dissected by stream valleys . The oldest and most important 
formatio ns consist of schists, partly of elas ti c and par tly of igneous origin, and 
the principal prod ucin g creeks of t he district fl ow over them. T hese formations 
arc of P recambrian or later age, or both, and have been penetrated by boclie of 
granite. Short quartz veins presumably related to the granite bodies are abun
dant in some of the schists, and contain pyrite and other sulphides and a Ii ttlc 
Yisible gold, though thei r average gold content i perhaps only a few cents a ton. 
The graYels are composed mainly of vein quartz. The area was not glaciated, 
and the ground is permanently frozen to depths ranging from a fc1Y feet to more 
than 200 feet. 

PLATE XLIV 

11Ioclern cold-water t ha"· ing plant and dredging operations belo"· Gram·illc on Dominion Creek, 
Klondike placer mining district. Yukon . Photo hr H . S . Bostock. Geological S un·ey (7931'1). 

A cross-section of any of t he gold-bearing stream valleys in th e Klondike 
usually shO\YS a comparatively narrow inner Yalley, bordered by wide benches 
beyond which the surface rises gradua lly to the crest of t he inter-va lley ridges. 
The benches are r emnant' of old valley bottoms partly destroyed by the excava-

1 This number appears on Figure 57 and indicates approx imate location. 
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tion of the present valleys. K arrow tcnaccs occur in pl aces between the lever 
of these old channels and the lcYC l of the presen t stream . Auri fcro us gravels 
thus occur on the presen t Yallcy bottoms, on the rock benches cut into the Yalley 
sides, and on the prcscry cc] parts of t he old , high -lc\·c l benches or channels. 
Th ese deposits may be classified as : (a) 101\·-lcYcl gra\·els, comprising creek , 
gulch , and river gravels; (b) gravels at in termediate levels, or terrace gravels; 
and (c) high-level gra\·cls, including river gravels and t he White Chann cf. 
gravels. 

The creek gravels are t he most important, and fl oor the bottoms of the Yallcys 
to depths of 4 to 10 feet. Th ey rest on bedrock and the gold is commonly fo und 
in cracks and joints to dep ths of 2 or 3 feet or more. On E ldorado Creek , for 
exam pl e, creek gravels yielded more than $25 ,000,000 in gold from a pay-streak 
300 feet or le:os 1riclc and 3! miles long. Gulch granls occupy smaller tributa ry 
valleys and the upper parts of main creek valleys. Rive r gravels co ntai ning 
gold in payi ng quantities occur on the \Yicle fl ats bordering the lower part of 
Klondike River. T he neck and guieh graYCls arc of Quaternary age. 

T errace graYcls, of irregular distribution, occur on rock benches cut into the· 
steep slopes of the present yaJlcys at various JcycJs. 

High -lcYCl r iYCr grayels, commonly 200 to 300 feet above the riYCr fl at::;. 
occm at various points along Klondike Riw r , but as a rule contain only a: 
li ttle gold. T hese, and the intermed iate terrace graYCls arc probably of Qu ater
nary age . 

Th e \Vhi tc Channel graYcls are the oldest in the district, ancl probably elate 
back to the Plio cene at least. Th ey occur on benches and in olcL channels bor
dering the present yal leys at clcrntions of 150 to 300 feet. The deposits range 
up to nearly 400 feet thick , bu t large parts were destroyed clurin rr the deepening 
of the presen t valleys. Th ey arc t he result of a long period of erosion during 
which perh aps several thousand feet of schi sts and associated mineralized quartz 
veins were worn clom1 and the dcriYcd gold concentrated in to defini te pay
strcaks. P ractically a ll the gold in the presen t low-lcYcl Yall ey fl ats was derived 
by r cconccntration from t hese high -l evel graYCls. 

Placer gold produced in Bri t ish Columbia in 1945 had a rnlue of about 
$399,000, and came mai nly from Cariboo and Atlin districts. Placer field s arc
scattercd throughout t he length of the prm·ince, mainly wi thin that par t of the 
Western Cordillcran region lying cast of the Coast :\foun tain s. The Caribon 
field has been by far the most productiYc of these, and the Atlin district ranks 
second . Oth er notable di stric ts arc t hose of the Omincca, centrin g on Gcrmansen 
Creek; the Cassiar , chiefly in th e vicini ty of Dease Lake; Tulamcen and Similka
meen RiYers; and various sections of sou theastern British Columbia and lmvcr 
Fraser and Th ompson R ivers. 

Placer gold recovered from the Atlin di stri ct (7), in the north,vest part of 
Bri t ish Columbia, amounted to nearly $15,000,000 by the encl of 1945. In 1899. 
the year after its cli scoYCry, production was valued at $800,000 , and did not again 
approach that value un til recen t years . Th e 1945 produc tion was Yalucd at 
$317,062 . 

The area is a deeply eroded and glaciated plateau region bord ered on the 
west by the rugged Coast :\foun tains, and 11·ith a reli ef of from 2,800 to 
3,800 feet. 

The underlying format ions present great Yaricty in ~tructure and composi 
ti on, and range in age from P a locozoic to Pl eistocene. T he principal go ld
bcarin g streams traverse an area on the east side of Atlin Lak e that "·as not 
so hcaYily glacia ted as other parts of the region. This a rea is underlain bY 
greenstonc, biotitc and actinoli tc schi sts, pcridotite, ancl ser pentine . Th ese 
rocks contain gold-bearing qua rtz Ycins and minera li zed zones . Th e placer 
gold \1· as dcriYCd from the destruction of great quanti t ies of simil ar country 
rock that included auriferous qu ar tz veins an d zones. 
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The gold-bearing gravels are : (a) ycllO\r, much decomposed gravels, com
monly buried beneath glacial drift; a nd (b) gravels fo rmed by stream erosion 
of the glacial drift a nd included masses of ancient a uri fcro us gravel:;: . The 
granls formed by stream erosion commonly rest on boulder clay, no go ld being 
found in the boulder clay or on the bedrock beneath i t . Profitable placer 
mining is rcn !crcd un certa in by the occurrence in places of a n overburden 
of barren glacial drift, a nd by the presence of boulder clay and numcroLL 
boulder ·. 

PL.\TC: XLY 

H.1·c1rnulic plac·C'l" mi11ing on T\:C'ilh le.1· C'rcck in t h C' Cnrihoo clistr ic·t of Brilish ol umbia. Photo 
h)· .-\ . IT . 1,ang. C:C'ologicnl i';urrn.1· ( 7!)974 ). 

Total placer gold production of the Cariboo d istrict (16) probably exceeds 
$45,000,000, of \rh ich more than $35,000,000 came from the B a rkervillc a rea a nd 
the ba lance from the Quesnel Rinr area, including Cedar Creek, K eithley Creek 
(Plate XLV) , t he Bullion mine , and Hor:;cfly River. In its peak year of 1863 
the Cariboo produced most of the provincia l total of $3.913,563. In 1945 
production from the Cariboo aggregated $42,554. 

The Barken·illc a rea is a deeply dissected p lateau with a general upland 
elevation of about 6.000 feet. Bedrock con:;:if;b mainly of folded, metamorphosed 
Precam brian sediments, travcr ;::cd by a zone t to l mi le or more ,,·idc \rithin 
\\-hich arc quartz Ycin,.; ca rrying galena, pyrite, arscnopyrite, scheclitc, and gold. 
Fine and coarse gold has been recO\·crcd from the upper oxidized parts of such 
nins \\"here i t has been concentrated from eroded parts of the Yein;::. T he gold 
of the placer deposits presumably 01res its or igin to the Jong-continued action 
of such processe during late Tertiary time. 

The entire Cariboo district, unlike the Klondik e, \\"US occupied by an ice
sheet in Pleistocene time. In many place;:: the T ertiary placer deposits 11-crc 
destroyed by glacial action, but in a few place,.; they 11·erc pre:;ernd and burier[ 
beneath glacial drift. In the process. some gold 11·as incorporated in the glacial 
deposit~. The presen·ation of the a uri ferou:=; Tertiar~- granls seems to have been 
due. in part, to the ice-sheet haYing been ~tngnant. Other placer deposit;: arc of 
post-glacial a nd interglacial age. and m1·c their gold content to the erosion and 
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re-sorting of the glacial drift and Tertiary granls. They lie on the Yallcy 
floors and on benches bordering the Yallcr. P ay graYCls ordinarily are only 
a few feet thick, but gold in places extends for severa l feet downwards into the 
fissured bedrock. Exploitation of the field has been retarded by the thick coyer 
of glacial drift. \Yilliams Creek, in Barkcn·i!lc area, was the most productin, 
and it and its tributaries, to the end of 1896, \\·ere reported to ha\'C yielded gold 
Yalucd at $19,320.000. Thi production amounts to about $1,000 to the running 
foot of valley, a figure greatly exceeded by that for either Eldorado or Bonanza 
Creeks in the Klondike district. 

The placer of 'Pulameen district (26 ) are unusual in that both gold and 
platinum arc important con tituents. Coarse gold was discovered there in 1885, 
and by 1910 this field had produced gold valued at $724,860, and more than 
J0,000 ounces of platinum Yalucd in excess of $46.000. Only small amounts of 
these metals have been recovered since that time. Bedrock includes sedimentary 
and volcanic strata of Triassic age and intrusive Jurassic peridotite and pyrox
enite. l\Iuch of the placer rrold and platinum is coarse and rough: the gold 
nuggets commonly contain YCin quartz whereas the platinum is often associated 
with pyroxene, oli\'inc, or chromite. Auriferous quartz Ycins and other golcl
bcaring deposits in the Triassic rocks furnished most of the gold, and the basic 
rocks prnvidcd the platinum. 

Lode Gold 

Practically all gold deriYcd from lode mines of the Cordillcran region 
of Canada come~ from British Columbia. The production from this province 
exceeded $1,000,000 in 1896. For the next 35 years the value of the annual pro
duction fluctuated between $2,000,000 and $5,500,000 and then rose rapidly 
to its peak of about $22,462,000 in 1940. The 1945 production was rnlued at 
about $6,752,000. l\Iost of the early production came from complex rrold-copper 
and gold-silver ores from the southern interior and along the Pacific coast, but 
in recent years much of the gold has come from deposit consisting essentially 
of gold ores. 

The Engineer mine (6), in the Atlin district, is on the cast side of the Coast 
Mountains near the northwc, t corner of British Columbia. It operated inter
mittently between 1910 and 1934, and, though well knmrn for its spectacular 
gold showings, was ncnr an important producer, because of the pockcty nature 
of the deposits. The country rocks arc Mc ozoic argillites and greywackes cut 
by a granodiorite stock and its rntcllitic clykcs. The dykes arc cut and offset 
by the aurifcrous Yeins. T1\'o quartz-vein ,;tocbYorks, locally knon·n as "hubs". 
have been tested extensively but arc not kno1Yn to carry commercial amounts of 
gold. T he principal gold-bearing Ycins lie on either side of a ~hear zone and trend 
t01Yards it at various angles: none has been traced into the shear or across it. 
The shear has an indicated length of about 4.000 feet. and is as much as 65 
feet n·idc. It is well mineralized 1Yith quartz, is hcaYily impregnated with pyrite. 
and contains encouraging amoun ts of gold. The Ycins range from mere stringers 
to 2 feet or more in thicknc s, and scYcral arc more tlian l.000 feet long. The 
better mineralized parts are in many cases on ly 6 to 8 inches thick . ::dost of 
them are filled n·ith quartz, but one has a calcitc-maripo itc filling. Native gold, 
gold tclluridcs, and mariposite occurred in ycr~r rich pockets. 

In 1937 the Polaris-'l'aku mine (8) near Taku River became British Colum
bia's most northerly producing gold mine. It closed in 1942 due to n·ar con
ditions, and up to that time yielded 89 ,330 ounces of gold and 4,990 ounces of 
silver. Th e host rocks, hard, massive andcsitc and sili cificd tuffs interlayercd 
with soft phyllite and schist, strike about west and dip 60 degrees south to 
vertical. They are of Mesozoic age and are cut by the Coast batholith, the 
cast flank of which lies a few miles west of the mine. The productive veins 
occur: (a) along contacts between schist and ma-::iive andesitc; and (b) within 
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mass1n and es ite . The largest and most persistent vein is of the first type; it 
anrages about 8 feet \Yide and is more than 1,000 feet Jong. Veins of the 
second type aYCrage about 4 feet in width and one has bee:n follo'i\·ecl for abou t 
450 feet; they encl \\·here they enter schist. R everse faul ts, of pre- and post
mineral age, strike abou t nor th, and offset t he n ins fro m 10 to 40 feet. Th e 
vein matter is quartz and carbonate \\'i th about 5 per cen t sulphides, mainly 
arsenopyrite, pyri te . and stibnite. ::-fost of the gold is intimately associated "·ith 
the arsenopyrite and no free go ld can be seen eYen in rich specimens. Th e wall
rocks, for as much as 30 feet from the Yeins, have been replaced by carbonate , 
pyri te, arsenopyri te, and a chromium-bearin g mica. Ore shoots range fro m 50 
to 800 feet in length and up to 35 feet in width. Their anrage gold conten t 
Yaries between 0 · 25 and 0 · 60 oun ce a ton. 

About 220 miles to the sou th, near the head of P ort land Canal, is the 
Silbak Premier mine (9) , \Yh ich since 1935 has in cluded the P remier and ad join
ing B.C. Silver and Scbalrn·c properties . T his mine is notable in that it pro
duces an ore in which the sil YC r amoun ts to a fi fth of the gold value, a much 
higher ratio than in any of the other larger gold mine:::. Prod uction began in 
1918 and by the encl of 1945 had amoun ted to 1,711 ,294 ounces of gold, 
38,338,818 ounces of silver , and 28 ,294,238 pounds of lead. 
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Figure 58. Plan of No. 3 level (clcvaLion 1,550 feet) , P remier min e, P ortland Canal. B ritish 
Columbia. (For secti ons A-B, C-D, etc., See F igure 59.) (After G. H anson, 1935.) 

Th e property (Figures 58 an d 59) lies close to t he eastern edge of the 
Coast batholith. The country rock at Premier mine is fe ldspar porphyry hold
ing many la rge inclusions of sheared vo lcan ic rocks a ltered to greenstones or 
chloritic sch ists . T he porphyry forms a stock about 3 miles long. T he ore
bocl ies occupied fracture or shear zones, and most of the ore occurred where these 
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zone cut brittle porphyry rather than \\·he re they crossed the mo re easily 
sheared volcan ic rocks. T he main fracture system stri kes nor th 50 degrees 
east, dips 50 to 75 degrees northwest, and is 1,500 to 2,000 feet long. At its 
soutlrn·est encl it swings to a course nearly clue nortlrn·e t for about 3,000 feet. 
A large part of the north ca:sterly striking zone was a >1·ide body of so lid ore, 
but only a few ore shoots 11·crc found in the north11·cstcrly striking zone. Th e 
orcbodies 1Yere in general 30 feet or less in "·iclth, except at the bend 1rhcre a 
width of more than 50 feet 1rns mined. T he ore was, for the most part, fa irly 
solid sulphide consisting at depth of pyrite, galena, sphalcrite, and a little chal
copyritc . Nearer the surface it contained important amounts of polybasitc, ruby 
silnr, argcn titc, native silver, clcctrurn , natin gold, and argcntifcrous tctra
hcdritc. Th e \\·alls of the ore zone arc silicificd , sc ricitizcd, and impregnated 
1Yith pyrite to distances of 10 feet or more from th e or0bodi es. Early sh ipments 
of ore from near the surface contained a much as 7 oun ces of gold and 220 
ounces of silve r a ton, but the quanti ty of these metals in the ore decreased 
rapidly 1Yith depth. T heir rcla tiYc abundance nearer the surface wa presum 
ably clue to the secondary enrichmen t of a primary ore through the agency of 
dowmYard-pcrcolating waters. 

T he Surf and Pugsley min es (14) on Princess R oyal I sland were operated 
successfully from 1916 to 1926 and again from 1936 to 1942. Overall produc
t ion amounted to 385,200 ounces of gold, 6,294,750 pound of copper , a nd 199,950 
ounces of si lYCr . At the surface the Surf deposit consisted of two veins of 
pyritizcd quartz 100 to 160 feet apart, one on each side of a large northerly 
trend ing shear zone . T he Ycins joined at depth to form a sin gle n in 40 feet 
1Yidc in places. Other quartz Ycins have been found. In diYid ua l veins have 
lengths as great as 1,000 feet. T he count ry rock is mainly quartz dioritc of the 
Coast bathol ith, but the hem·ccl zone cut through a large mass of chlori te schist 
included in the batholith. Th e Ycins arc some'll·hat r icher in the schist than 
elsewhere. Quartz and ankcri te arc the principal ganguc minerals . Aurifcrous 
pyrite composed up to 25 per cent of the Ycin material, and nati1·c silver, chal
copyrite, hematite , molybden ite, and othe r mineral s were also present. 

Zeballos. This camp (22), on t he west coast of Vanco uYcr Island, includ es 
the Ya.IJcy of Zcballos Rinr and its 1rntcrshcds. I mportant gold discoveries 
\\'Crc made here in 1934. ::form al proclu rtion commenced at the Privateer and 
Spud Yallcy mine in 1938, and soon after at seYcral other mines, but by late 
1943 all properties had been forced to clo c because of the 1rnrtirnc shortage of 
men and suppli es . During this short pe ri od of activity the four principal mines 
produced 335 ,000 tons of ore and recove red about ~- oun ce of gold from each 
ton, in add ition to some silnr. 

A quartz cl iorite intrusion 1 to 2 miles wiclc , trends nortlrn·cstcrly through 
the ca.mp, and i- fl anked b~' older. ~Icsozoic volcanic rocks and limestone. ~lost 
of the known properties lie 1rithin the quartz cl ioritc, or in t he Yolcanic and 
1;:cdimcntary rocks near its ~ou tlrn·cstcrn border. Th e main productiYe veins 
~Lrikc about cast or nor th ca~t. and most of them occ up~' fa ult fissure ::: . Th ey 
arc rarely more than a foot 11·idc and normally maintain a fairly uni form strike 
and clip . The 1rn ll s arc marked by a film of gouge. and the w in matte r i~ quartz, 
carbonate, and su lphide~ . Th e latter make up about one-q uarter of the Yein 
fil ling and inrlud c pyrite, sphalcr ite, nrscnopyritc, chalcopyritc, ga.lc na . and 
p~·nh otit c. Cold is commonly Yisiblc, and in general occurs \Yhcrcvcr galena 
and spa lcritc a rc found. 

Bridge R iver. Th e Bridge Rinr area (20 ), near the ca t flank of the Coast 
~fountains, a.bou t JOO miles no r th of Yancouycr, con tributes an nu a lly abou t 
one-quarter of all gold produced in Briti sh Columbi a. Th e operating mines 
arc the Pioneer and Bralornc, and the latter, 1Yith a normal capacity of a.bout 
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LEGEND 
BRALORNE INTRUSIONS 

~ Soda granite 

~ \ ii Qua rtz diorite 

~ Chiefly augite diorite 

PRESIDENT INTRUSIONS 

- Chiefly serpentine 

HURLEY FORMATION: 
sediments and associated 
uolcanic rochs 

PIONEER FORMA TION: 
greenstone 

NOEL FORMATION : 
sediments 

~ FERGUSSON GROUP : 
~ sediments 

Fault (veins also occur along fa ults: in) 
such cases only ueins are shown . . . . . /VVVVVVVV 

Mine worHings connecting 
with drifts along veins .. 

I Maud S ( North ) vein 
2 C vein 
3 North vein 
4. Shaft vein 
5. B vein A bloc k 

VEI NS 

10. 
11 . 
12. 
13 . 
14. 
15. 
16. 
17. 
18. 

. . · ----

Alhambra vein 
Blackb ird vein 
Empire vein 
Coronation vein 
Countless vein 
Hangingwall, f - vern 
Hangingwall, E- vein 
Hangingwall, B-ve in 
Main vein 

19. Foolwa ll vein 

P i<>nrcr mines. Drilish Columbia. (After C. E. Cairnes.) 
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500 t ons of ore a day, is th e largest gold min e in the p rovince . I mpor tant pro 
d uction com menced at .Pioneer min e in 1929, and at Bralornc mine in 1932, and 
to the end of 1945 these mines had sup plied 1,707,569 ounces of go ld and a bout 
432,000 ounces of silver fro m 3,237,424 tons of ore. Tungsten concentrates a nd 
arsen ic have also been reconred . 

T he Pioneer and Bra lornc proper ties (Figure 60 ) ad join one anot her and 
occup)' a belt approximately paral lel to, and on the nor theast side of, Cacl1rnll 
ader Creek , a tribu tary of Bridge Hive r. l\I o~t of the gold-beari ng q uartz veins 
arc related to, and occm in, a long, r elat ively na rro11" .~ teep - s i decl, stock- li ke 
body of j\Ic~ozoic augite dioritc, q ua rtz diori te, and r elated h ighly siliceous soda 
grani te . T his mass t ren ds abo ut nortlrn·ed a nd is about 3 mi les lo ng a nd less 
t han a mile 1ri de. T he variation in com position is att ribu ted to different iat ion 
prior to in t rusion, a nd the mineral deposi ts a re rega rded as a late, p rob a.b ly the 
last, pha.5c of this di ffe rentiation . 

Although th e principa l vein-bearin g fis ~ures occur ma inly 'ri thin the 
in trusiYc mass, t hey abo extend for some distance into the ad joinin g ::-lcsozoic 
grcenstonc. T hey haYc a general " ·est to north"-est strike with steep dips, a.ncl. 
consequently, angle obli quely acrnss t lt c stock-like in trusion. The go ld-qua rtz 
vein depos its occur in fiss ures a long 11·hi ch there bas been more or Jess fault ing 
and shearing. Some of them arc r emarka bl y persisten t, a nd in ::-Luch 1937 t he 
main Pioneer vein fiss ure ll' as kn 01rn to be 2,700 feet long a nd at least 3.200 
feet deep. Ganguc min era ls of the Yein fillin g a rc main ly quartz and calcite, 
bu t a lso include other carbona tes, scricite, chl orite, maripositc, and sc hccli te . 

Ietalli c minera ls make up only a small par t of t he vein filli ng, and a rc chiefl y 
py ri te and arsenopyri tc . Oth ers include na ti1·c gol d, gold t elluride, spha lcri tc, 
galena, pyrrho ti tc, chalco pyrite, tctra.hedritc, stibni tc, and marcas itc . N ative 
gold occurs 1Yi th the sulphides, pr incipally arsenopyritc, and di ssem inated 
th rough massive vein quartz. 

A pronoun ced ribbon s tructure is a common feature of the w ins, 1Yhich 
r ange in wid th fro m a few in ch es to about 20 feet . N either vein wid ths, t ype 
of mineralization, nor gold con ten t has changed m ateri ally over a ve rt ica l range 
of more t han 2.800 feet (1936) . Al te red wall-rock , ,1-hich extends ou twards 
from t he veins fo r distan ces of a few in ches to ma ny feet, cont ain s abundant 
ankcrite and other carbonate and small er amoun ts of py ri te, mariposite, quartz , 
an d alb itc . Ore shoo ts may be 350 fee t or more in length \\'i th maximum wid ths 
of as much as 20 feet of minera lized qua rtz. Ore:::, as min ed, carry gold values 
ra nging from a fr action of an ou nce to the ton to bonanza shoo ts ca rry ing as 
much as 50 per cen t gold by weigh t. An rage \' a lues of t he prin cipal orcbodi es 
haYc Yaried from le ~s than -b ounce to 3 ounces or more a ton, "-i th ri cher par ts 
a ffordin g mu ch hi gher va lu es. 

Barken•ille Gold B elt . Although the B ark en ·il lc G old B elt (15) in t he 
C ariboo distri ct li es in t he hear t of a highly productive placer fi eld di 5coverecl 
about 1860, importan t lode-gold mining did not get unde r 1rny there un til the 
Cariboo Gold Quar tz min e stn rted millin g in 1933. P roctuction comm enced a t 
t he neighbourin g I sland l\Iountain m ine in 1934, and by t he en cl of 1945 these 
properties bad t reated 1,285,532 tons of ore a nd r erovered 531 ,397 oun ces of 
gold a nd 56,625 oun ces of silver. 

T he upper pa rt of the Precam bri nn Richfi clct fo rmation in t he Yicini ty of 
B a rkcrvill c, and par ticul arl y t he R a inbow member (Fi gure 61) , is cu t by a 
mu lti tude of qu ar tz Yeins, ma n,,- of w hi ch a rc go ld bea rin g. T he p ar t of the 
form ation chnracte rized by thc~c veins is ca lled th e B ark cn ·il lc Gold B elt. It 
t rends nor tlrn·esterl y, a nd in general underli es an area less tha n a mile 1rid c and 
at least 10 miles long. T he rock s of the belt nrc interbeddcd argill itc, q uar tzi te, 
and lim estone. and lie on the north east fl a nk of a nortlnYeste rl y t rendin g an ticlin e. 
Severa l northerl y stri k ing post-min eral fa ults, " -ith horizon ta l offsets of 1,200 
fee t or less, cross the gold belt. Pre-minera l fa ults a lso occur. 
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The min eral deposit arc of ti:vo types: (a) gold-bearing pyritic quartz 
\·cins, and (b) gold-bearing pyritic replacement deposits. ::\1ost of the mineable 
gold deposits of the belt a re of the first type. 

The YCins of grcatc:;t commercial nduc arc of hrn classes; transYcrsc vein::< 
crossing the 6t rata roughly at r ight angles, and diagonal Ycins triking north 70 
deg rees cast to cal:'t. They dip steeply or arc vertical. Th e trans\"Crsc veins 
arc in general 150 feet or Jes in length and 4 feet or lc~s in \Yidth. T he diagonal 
veins arc a little \rider and longer than those of the trans\"Crsc type, but are 
less numerous. Fractmes oreupiccl b~· commercial Ye.ins a rc in the main in 
severa l groups or zone::;. Indi\·idua l Ycins in a group may not go far along the 

~ 
8.C. member 

argillite 

LEGEND 

~ 
Rainbow member 

argil/ite and quar tzite 
Baher member 

quart zlle 

FEET 

2 00 4 00 600 

G.S.C. 

Figure Gl. Cariboo Gold Q11a1-lz min e. Barkeni.llc Gold l3 clt, BJ"iti'h Columbia. (By G. Ranson .) 

strike or clip, but others tak e their place, and, so· fa r as is knmYn , there is no 
diminution in the number or size of veins in a zone with depth. An individual 
vein tend s to be confined to a single rock type. Th e vein-filling i closely 
fractured . Ganguc minerals are mainly quartz and a nkeritc; other min eral 
make up 50 per cent or less of the veins, and includ e pyrite and arscnopyritc , 
and a little gold, galena. sphalcri tc, bismuth-lead sulphides, marcasitc, gold 
tclluridc, and schccl itc. Free go ld is especially abundant in nests of bismubh
lead su lphides. Ore dcri,·ccl from the wins to elate had yielded a littl e less than 
half an ounce of gold a ton. 

Th e other main type of deposit \\"flS formed by replacement of limestone 
beds. Th e best ore con:::ists of ma~sivc, fine-grained pyri te "·ith free gold and 
small a moun ts of other min era ls, and is generally of higher grade than the vein 
ore . \Yh erc replacement is less in tense the ore consists of vilicified limeston e 
wilh pyrite nnd ankerite or dolomite. One replacement ore.body \Yas at least 
300 feet lon g and as much as 9 feet or more " ·icl e, anrl contained about an oun ce 
of gold a ton. 

II edley D is tricl. The Nickel Plate mine , at one time Canada's la rgest 
gold producer, has contributed much of the gold recovered from the H edley 
district (28). :\!lining began in 1903 and ended early in 1931 when the orc
bodies were though t to be essenti al !~' worked out. A rcviYal of the camp \Yas 
brought about b:-· extensiYC, detailed geological 1rnrk, and 1935 "·itnessccl the 
resumption of prod uction at the Nickel Plate-Sunnyside mine. First gold \\·as 
won from the adjo ining H edley Mascot min e in 1936. The e mines, near the 
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ummit of Nickel Plate M ountain , arc still operating, and the camp is on ce 
more a major gold -prod ucing centre of the proYincc \\'ith greater ore r eserves 
than ever before. Up to J918 the mine of the H edley district produced from 
$500,000 to $750,000 in gold an nually, n·ith a peak production in 1915 of more 
than $900,000. Figures for production prior to 1907 han not been obtained, 
but production from that year to the encl of 1930 n·as nearly $11.000,000, almost 
a ll of n·hich came from the Xickc l Pl ate ystcm of orcboclics. Produ ction from 
Nickel Plate-Sunnyside ancl H ccl lc>· Ma scot mines, 1935 to 1945 inclusin, has 
amoun ted to 498,574 ounc es of gold , 72,957 ounces of si lver, about 2,163,000 
pounds of copper, and some ar,:cnic, from 1,474,690 ton of ore. 

R ocks of the productin, upper part of Nickel Plate ~ foun tain comprise 
about t1rn-thircls Triassic limestones, quartzitcs, and argill itcs and one-third 
gabbro and cliorite as intrusive sil ls and other bodies. The strata strike in 
general about north and clip about 25 degrees 1Ycst, bu t a rc traversed by several 
minor folds that trend about northwest. The youngest rock is granodiorite, 
\\·hich forms the base of the mountain. Loll'-anglc thrust faults from the \\·est 
diYiclc the upper part of the mountain into scYcra l superimposed slices separated 
by breccias. Each slice has independent bedding attitudes approxi mati ng, but 
not id enti cal \rith, the attitude of the bounding th rusts. 

The orcbodics occur "·ithin the bed s of the Nickel Pla te formation between 
the gently dipping su rface of the granodioritc and the breccia of the lowest 
th rust, knO\rn as the Climax brcccia. Th e_\' lie \\·ithin an area characterized 
b.1· intense metamorphism of the sediments and associated sills, by the abundance 
of these sill s, and by the series of north1wstcrly trending minor folds. Th e 
metamorphosed rocks arc in the form of a cup or funnel 11·hcrcin the sediments 
of tlic Nickel Pla tc formation ha vc in the m ain been thoroughly rccrystal Ii zed 
to n, skarn of garnet, cpidotc, diopsiclc, and other min erals, and the sill s have 
been somc1Yhat less altc.rcd. '\\' ithin th is high].\" altered rock mass the location 
of the ore is controlled by the edges of the cup, b:< minor folds, by gabbro sheets, 
s uch as that locally knO\rn as the Midway or H ot sill, and by other stru ctural 
f ca tu res. 

Th e Nickel Plate s~·stcrn of orebocl ic is the most extensive and productive, 
and is being exploited b,\' the currently operating mines . Tbcy occupy a zone 
at least 3,000 feet long, 500 feet or more ll'idc, and scnral hundred feet thick. 
This zone trends nortlrn·cst along one of the above-mentioned minor folds, and 
fo ll O\YS gabbro sheets, \\·bich d ip a little more stecpl_\' than the adjacent strata. 
The oreboclics within the zone form a series of sheet-like bodies or "shingles", 
each of which plunges about 25 degrees nortlrn·est along its longest axis ancl 
O\'Crlaps those bclo11· en echelon. Thi s arrangement of the orcbodics gives the 
:txis of the sy tern a plunge. of about 30 degrees to the n orth\Yest. The shingle
Jike orcboclics arc. in the main , laid along the top and bottom of the ::\Iid1Yay 
gabbro sheet, \\·hirh then forms the foot -\\·all or hanging-\rnll of the incliYidual 
bodies. In other di rections the ore passes grad ua lly into mineralized rock. The 
ore is sli ghtlv younger than both the skarn rocks and the gabbro, and the 
solu tions that brought it in may have come from the sa me so urce as the gabbro. 
Arscnopyritc is the principal ulphidc, and contains minu te particles of gold. It 
commonly comprises 10 to 50 per cent of the ore. The solutions that introduced 
the auriferous arsc.nop_\'ri tc al so deposited srapolite, ca lcite, and clinozoisite. 
::\Iinor sulphides include chalcop_\Titc, sphalcritc, pynhotitc, and P.\Titc. 

Rossland Camp. The Hos~land camp (31), centred about the town of 
Hr ss land, has afforded far more gold than any other Ioele mining camp in 
western Canada. Production began in 1894 :tnd continued on a large scale from 
J897 to 19J 6. In 1902 the ramp attained its peak production of 126.000 ounces 
of gold, 373,000 ounres of sil\'Cr, and 11.667 pounds of copper . from about 330,000 
tons of ore . By 1923 the annual ou tput had fallen to less than 7.000 ounces of 
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gold. l\Iining at a reduced rate continued un ti l about 1930. The total produc
tion .of the ca mp, from 1894 to J 930 inclusive, was 2,868,227 ounce of go ld , 
3,616,465 ounces of sil YCr, a nd 118,037,675 pounds of copper . Former operation s 
included the Centr e Star-\Yar Eagle, L e R oi, and Le R oi ~o. 2 groups of 
mines. In recent ~·cars small operators lrnYc rcco\"Crccl substa ntial amounts of 
gold by mining remnants of ore in the old workings and cl um ps. 

The olcl c t rocks of t h e camp a rc folclccl, late P a lrcozoic slates . Th ese ha,·c 
been intrnd ccl extensively by sills of augite porphyry, by granocl iori tc \\·i th off
shoots of dioritc porphyry, and by a n irregular mass of monzoni tc. 

The gold ores occur in replacement wins along fiss ures or shears cutting 
the brittle, com petent intrusive rocks. Th e w ins gen era l!~· fo ll o\Y the con tact 
between the a ugite porphyry and any one of the other intrusive rock s. Th ey 
commonly strike abou t cast and cl ip steeply north. omc of the veins extend 
for a much as 4,000 feet a long the strike, and m ining has been .carried clown 
the clip m ore than 1,500 feet bc lmY the sur face. T hey a rc offset by fa ul ts . The 
\'C.in-\Yiclths rancrc from a few in ches to 130 feet. Ore shoots \\·i th in the veins 
ranged from 50 to m ore than 500 feet in dr ift length, and from a fc 11· feet to 
130 feet in wid th. M ost of them pi tched stee p]~·, either to the ca8t or west. and 
pitch lengths ranged up to 750 feet. So me ,rnJl -rock s, notably the m ore socl ic 
dioritc, \Ycrc apparently more favo urable fo r repl acement than other~. and in 
t hese the orcbocl ics \Ycrc wider and richer than clsc\1·hcr c. The o re consisted 
mai nly of p)·1Thotitc and chalcopyritc in a ganguc of country rock and quartz . 
Other meta lli c mineral included pYritc, arscnop:ni te. molybd~1itc, ga lena . a nd 
~ phaleri tc . omc of the ore was almost solid sulphides, but other go ld ore 1rns 
nearly ban cn of such minerals. Th e country ro ck \\·as silicificd for man~· feet 
on both sides of the ore shoot . 

Sheep Creek. An area 10 to 20 mil es 1Yi clc, extend ing from K ootcnay Ri w r 
at ::\elson soutlrn·a rd for about 40 mile to the International B ounclarY . conta ins 
more than one hundred deposits from \Yhich gold has been dc ri \"Ccl. ':Nearly all 
this gold •has come from quartz veins . Th e most prod uctive camp wi th in th is 
area is that of Sheep C reek (32), near Salm o, first active in 1899. To 1945 th is 
ra mp has prod uced 693,618 ounces of gold and som e silver from a little mor e 
than 1,500,000 tons of ore. R e.cent producers in clude the mines operated by the 
Kootcna~' Belle, Rhccp Creek , Gold B elt, and R eno compa nies . 

The productive belt in the Sheep Creek camp t rends nort h-n ortheast across 
the upper par t of Sheep Creek , and is about 3{ m il es long and le:::,; than a mil e 
\r ide. It is underl a in, fo r the most par t, b>· brittle quartz i tcs of Vilindermere 
(Late Protcrnzoic) age that strik e about north and dip west. ~carby , these and 
other :;;trata of vVindcrmcre age arc cut bY graniti c storks of the Nelson 
batho li th. Aplitc dykes nrc numerous , and one fo lloll"s r loscl>· the strike of the 
quartzites and occupies a media l posit ion in the produrti,·c belt. Th e mineral 
dcpo"its arc bcliend to be genetica lly related to the X clson batholith ic rocks , 
but ,,·ere fo rm ed after these r ock s had solidified . 

The go ld occu rs in qumtz veins. Th ese occupy fa ult fi ssures striki ng north 
of cast diagonall>· ac ross the bedded rocks. T he fo;::ures a rc Ycr tical or dip 
stcepl>· southmtrcl. They a rc t igh t " ·here they cross :;;ofter rocks, such a s argillite 
and limc;;tone. but common ly contain qu artz Yei ns and ore shoots ,,·here they 
rut. the britt le qua r tzi tcs . Th e fissure~ Yary from a tight joint to a \\·idth of 
20 feet of vein matter and crnshcd r ock. Th e Ycins, as mined , r a rely exceed 5 
feet in \1·idth a nd awragc slightly less tha n 2 feet. Ore shoots range up to 
several hu ndred feet in length . In addition to quartz the veins contain 
pyrrhotite , pyrite, spha lcri tc, galena, chalcopy ri tc, bomitc, and tungsten minerals. 
Cold accompanies pyri te, sphalcri tc, a nd ga lena. Oxidation of the su lphide 
mi nera ls extends in one vein to a depth of 1,000 feet or m ore. 

85672- 19 
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Copper 

T he Cordill cran region, to the encl of 1945, had proclucccl 1,197,710 tons of 
copper. :\Iost of th is, wi th the exception of that reconred from the cupriferous 
gold ores of the R osslancl camp, ca me from the r elatin ly fc"· mines and clistric s 
clcscribccl below. All of these are in the ·w cs tern Corclill eran region of British 
Columbi a. Almost the entire prod uction in 1945, amounting to 12,876 tons, 
Ya luecl at $3,231 ,782, ca me from the Bri tannia and Copper Mountain min es in 
sou tlw.-cstern B ritish Columbia. 

Ore from the H idden Creelc min e (10) at Anyox, on Observatory Inlet, was 
mined and smelted from 1914 to 1935, inclusive. T ota l production \\"as a pproxi 
mately 320,150 tons of copper, 106.200 oun ces of gold, and 6,503,000 oun ces of 
silver, from 23,700,000 tons of ore treated. 

Th e deposits occurred \Yithin a remnant of metamorphosed argil li tes and 
amphibolitc ly ing \Yithin the granitic rocks of the Coast batholith (Figures 62 
and 63). T his remnant is about lO miles "·ide and 20 miles lonrr. It is closely 
fo lded, brok en by senral faults, and cu t by numerous basic and acidic post-ore 
dykes. Th e contact bct\\·een the amphiboli te a nd argilli tcs trends abou t north. 
T he a mphiboli tc., which und erlies the we~tcrn part of the area, is in trusivc into 
the argilli tcs . Senn oreboclies were fo und , six of which han been mined. Some 
Jay at the contact of the arnphibolitc and argillitc, and others \Yithin the 
amphibolitc close to the contact. Th e surroumling rock has been extensively 
si li cified. T he orcbodies Yariecl considerably in size. The largest extended 1,200 
feet do\rn the clip: its greatest strik e length on any one level was 1,500 feet 
and its greatest 11·iclth 250 feet. It produced about 8.600,520 tons, carrying 1·85 
per cent copper. The ore of the Hid den Creek mine consisted of solid su lphide, 
of arnphibolite ribboned \Yith sulphide, of highly silicifi ecl rock 11·ith sul phides. 
and of material exhibiting a.II gradations bct\\·een these types. The metallic 
min era ls 1Yerc chalcoVi·rite, pyrrhotite, pyrite, magnetite, a r cnopyritc, sphalcrite, 
and galena . :\1ost of the ore mined cont>i inecl bct\Ycen 1·2 >i ncl 2·3 per cent 
copper, and abou t 0·005 ounce of gold a nd 0·30 ounce of si lver a ton. 

Th e principal copper producer or western Canad a is the Britannia group 
of mines (25 ) on Ho\1·c Sound, abo ut 20 miles north of Vancouver. First ore 
11·as shipped in 1905, and production to the encl of 1934, in round figures, 
a mounted to 250,000 tons of copper, 15,650 tons of zinc, 225,000 ounces of gold, 
>incl 2,70(,,000 ounces of silnr. Production from 1935 to 1945, inclusive, \YaS 

15,454,267 tons of ore, proYicling 133,362 tons of copper, 154,313 ounces of gold, 
and l.291,834 oun ces of sih·er, >is 11·ell as some zinc and sulphur. About 5.800 
tons of ore 11·erc milled clail:-· in 1940, and the resulting concentrates for that 
Year contained about 19,750 tons of copper , 22,000 ounces of gold , and 210,000 
ounces or silver. 

The rocks in the immediate v icinity of the mi ne are in metamorphosed 
slaty t uffs overl ain by grecnstones (Figure 64). T hey arc part of a roof pendant, 
abo ut 7 miles long and 2 miles \Yide, that rests in younger granitoicl rock s of 
the Coast batholith. T he strata st rike abou t northn·e t, parallel to the long axis 
of the pendant, and dip about 70 degrees soutlrn·est. They are cut by ma ny 
sill s and dykes of feldspar porphyry. :\foyernents along the contact bet\\·ccn the 
slaty t uffs and relative!:-- competent grccnstones ha\"C resulted in a zone of 
shearing abou t 5 miles long accompan ied by a number of drag-folds that plunge 
nortlrn·est. Adjacent to these folds the green tones \Yere silicifi ccl, repeatedly 
brecciated and fissured, and partly replaced b,- pyrite, chalcopyrite, sphalerite. 
galena, tctraheclrite. barite, and anhydri te. The resultant oreboclies , 11·orked at 
the Bluff, East Bluff, Fain·iew, Empress, and Yi ctoria. mines, occur at interYals 
a long nearly l {- mi les of the grcenstone band. T he shortest hori zontal distance 
bet\\·een any kn on·n orebod:-- and the batholith i abou t 5,000 feet. Th e ore 
deposits extend to a depth of senral thousand feet. 
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Copper Mountain i:s 12 miles south of Princ eton and :-1 bou t 20 miles north 
of the In ternational B oundary. One of the large number of copper deposits on 
its sides a nd summi t has been dewlopecl in to the importan t producer widely 
kno\rn as the Copper 1lI ountain min e (27) , the ore from whi ch is co ncentrated 
nearby at Allenby. Disconrecl in 1892, the mine operated from 1926 to- late 
1930 and again from 1937 to the present. About 11 ,766,541 tons were milled 
from 1937 to 1945, inclusive, and the resu lting concentrates afforded 76,381 
ounces of gold , 1,651 ,941 ounces of silver , a nd 118,847 tons of copper. About 
4,800 tons of ore \Yerc treated daily during 1941 and 18,892 tons of copper 
recovered. Ore rcscrns in 1942 amounted to about 17,000,000 tons containing 
1 ·32 per cent copper. 
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J1 ,.iti sh Columbia. ( A fter P. Ebbu tt, 1!)38. ) 

The Copper ~foun tain sto('k. about 6 mil es long and 3 mil es \Yic.le , ranges 
in composit ion fro m basic gabbro at its outer margin to n copper-bearing 
pegrnalitc. at it s centre (Figure 65 ) : a ll phases arc characte rized b)· the absence 
of quartz. The components differentiated from a single magma and differentia 
tion took plncc l arge]~· in sit u. T he stock int rud ed Triass ic tuffs and breccias 
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after they had been steep!:» fo lded. Syeni tic pcgmatite dykes and n ms are 
abundant in and near the in trusion. 

The northeast edge of the stock trends abo ut nortlrn·cst and is nearly 
Ycrtical. Adjacent to th is edge li es a band of the fragmcntal Yolcanic rocks. 
These arc intcrlayercd, se\'Cra l hundred feet from the stoc k, by nortlrn·cs tcrly 
trend ing fi o1Ys or si ll s of rnassi1·c, non-fragmcntal r ock. T he orcbodie.s occur 
mai nly in the fragmcnta l Yolcanic roc ks bctll'ccn the non -fra 0 rncn tal material 
and the con tact of the Copper ::\fountain stock . T he host rocks are fo lia ted 
paralle l lo the edge of the in trnsion, arc broken by numero us, naiT011·, tra nsYcrse 
frac ture~, a nd 1Yerc repl aced by much biotite, pyroxene, plagioclasc, cpidote, and 
zoisitc. tilightly later , the pcgmatit ic min era ls, biotitc. orthoclase_, and a lbi tc, 
nnd t.hc metallic minera ls, born itc, chalcopyri tc, chalcocitc, and magnetite 11·cre 
introduced along fractures. The ore is highest in copper " ·here the fractures 
arc most numerous, and grades into lo wer grade min era li zed rock. On e body 
i:s at least 2,570 feet long on one le\'Cl. Th ese ores differ fro m other copper 
ores of British Columbia in th e large proportion of born itc , the near absence of 
P>·ritc and pyrrhotitc, th e large amoun t of sycnitic pcgmatitc, and the absence 
of q uar tz. 

The prin cipa l min e;:: of the B ounda ry district in so uthern Bri tish Columbia 
were at Phoenix and Deorlll'oocl (30 ) n ea r Grcc t11rn od. Great qua n tit ies of 
]011·-gradc copper ore 1l'crc min ed and smelted at these places from 1900 to 1919, 
and the aggregate production made up nea r!>· a ll of the 219,285 tons of copper 
deri Ycd from the B ound ary district durin g that period . T his copper a moun ts to 
nearly one-fifth of a ll copper reeo\'Crcd from the Cord ill eran region in Canada 
to the encl of 1945. 

The orcbodies of P hoenix and D cafllrnod lay in areas of highly altered 
li mestone having all the characteristi cs of zo nes of contact metamorphism . T he 
limestone is part of a sedi men ta ry seri es presumably of P a b.cozoic age. At 
Deadwood a comparatiYely small a rea of th ese strata is partly ~ ur rnu ndecl by 
granocl ioritc and, prcsumabl>·, underl ain at no great de pth by the same in t rusiYe 
rorks, which also penetrate the sed iments as dykes a nd other sma ll bodies. At 
Phoenix the granod ioritc does not occur in the immedia te Yici ni ty, but a ppears 
to be represented by a fe w small in trusions of sycnitc and sycni tc porphyry . 
The plutonic rock s ar c p robably of late ::\Icsozoic age. Th e orebodies "·ere 
con nected with them in origin and replaced the limestone, common ]>· at its 
contact wi th underlying sili cifiecl tuffs or argillaceous sed iments. Th e>· 11·ere 
irregular , lens-like bodies that lay at a ll atti tudes fro m Yertiral to horizontal, 
and 1·aricd from qui te small t o, in one instance . 2.500 feet long and as mu ch as 
12:5 feet thick. This body outc ropped a nd extended to a depth of about 675 
feet, and in genera l the ore deposit of these cam ps did not extend to much 
greate r depths. At D cachYood the ore consisted of chalcopyri tc, pyrite , and 
mngnctitc finely and uni formly cli ~semina ted through a gangue m ade up largely 
of actinolite , garn et. cpidote, calc ite. and qua r tz. At P hoenix, hematite (spccu
larite) predomin ated over magnetite, but the ore 11·as othcrn·i e simila r. In 
genera l the iron oxides and vari o u ~ sili cates fo rmed at a bou t the same time and 
in place part!» replaced th e gran itic rocks to 11·hich they 11·crc genetically 
re lated . Th e chalcopyri tc a nd pyri te 1Yere somc\1·hat later than the other ore 
ron ~ ti tuents . T he ores of Ph oen ix a nd D cad11·oocl 11·erc self-fluxing. Th e 
an~ragc ore mined during the fir st JO >·ca rs contained betll' ecn 1 and I t per cent 
copper and abo ut SI in gold and sil \'C r a to n. 

In add ition to the cam ps and mi nes men tioned, n host of sma ller ones are 
kno1Yn, some of 11· bich haYc prod uced important a moun ts of copper. ::\Iany of 
these arc fo und a long the coast and islands of British Columbia on the "·est side 
of the Coast batholi th or in the southern interior of the proYincc eastlrnrd from 
lower Fraser Ri Ycr to beyo nd E:oot enay Lake. In most cases they lie at or close 



284 

to th e border of the Coast batholith or other intrusions. P erhaps t he most 
common type is in Ycins, or r eplaces coun try r ock ::d ong fi ssure or shear zones 
in M esozoic sedimen tary and Yolcanic stra ta or in plu to ni c bodies . Th ey con tain 
chalcopyritc, pyrite , pyrrh otitc, magnetite , sphalcritc, bornitc, quar tz, and calcite., 
and , commonly, sma ll amounts of go ld and si lver. Another type on the i land s 
and mainland of the Pacific roast has been formed in highly altered limc::;tonc 
at or near the conta cts " ·i th the Coast batholith and bordering intrusions . 
Chara ctcri sticall,- , such clcpo;;:its C'onsist of irregular or lenticular bodies of 
magneti te, hematite , silicate minera ls, and remnan t::> of country rn ck, and ra rr>· 
chalcopyri tc, pyrite , bornitc, and other sulphides. Som e of t hese contain on l>
.:;mall amounts of sulphid es and might be. classed as iron-ore deposits. 

8il1·er, L ead, and Zinc 

In 1945 the Cordillcran regi on produced : silnr, 5,645,482 ounc es; lead. 
168,.548 tons ; and zinc, 147,396 ton s. E ssential ly all of this came from Briti::;li 
Columbia, and it amoun ted to mo::;t of the lea d, more than half of th e zinc , a nd 
nearly half of the silYcr r cco,·crccl in Canada in that year. The SulliYa n mine. 
at Kim berley, is by fa r the outstanding current contributor. Silnr is mainly a 
by-product of lead -zinc , copper, and gold mines. Silver-lead-zin c deposit; arc 
particul arly numerous in southeaste.rn Britd1 Colum bia in an area reaching from 
Arrow Lakes on the \Yest to the R ock>- ::\fountain s on the ca.st ancl extend ing 
nortlrn·cst\rn rcl from the International B oundary past the "Big B end" of 
Columbia Rinr. This area ineluclcs hundreds of deposits, domina nt ly sih·er
Jcncl, \Yith silver forming the more Yal uablc part. Other impor tant depos it::' 
occm at in tc n ·als to the nortlrn·c;;:t, east of t he Coast ba th olith , as fa r as the 
:\/[a.yo dist ri ct of Yukon. Importan t quan titi es of lend arc rccoYcr cd fro m the 
gold-sil\'Cr or es of th e Silbak Premier mine in the Portland Canal district. 

I\.eno and Galena Ifill.~ . The rich silYcr-lc ncl deposits of K eno and Galena 
Hills (4) , abou t 40 miles nor theast of ::\Iayo. comprise Yukon ' most produ c:t i,·c 
Ioel e ca mp. :\lining star ted there in 1913 . and shipm ents ha.Ye been mad e ncarJ,
C\'c ry year, though on a clrastira li>· reduced sca le sin ce 1941 \\·hen the lone 
concentrator \\'aS closed. Prnduct :; in clud ed hand-sorted crud e ore ancl romen
trates , and these \\·ere sh ipped nrninly to Bradley . Idaho, fo r smelt ing. T he 
main producer;; from l 920 to 1932 \\·e re K eno Hill , Limi ted , a nd Trcack cll 
Yukon Compnny . operatin g on K eno Hill. Principal producti on from 193-t to 
1941 ca me. from the Calumet. E J;;a, and Silnr King min es on Ga lena Hill. From 
l 913 to 1945, inelusi\'C. Yukon yicld ccl 43,344,737 ounres of si l\'cr and 47,537 ton:< 
of lead, most of \\·hirh came from K eno and Galena Hills . In the peak year of 
1937, Yukon produ ctio n, largely credited to Galena Hill , amounted to 3,956.50+ 
oun ce;:; of 8ilnr ancl 3,220 tons of lead 1\·ith an agg regate Yaluc of $2,104,826. 

T he hill s arc uncl crln in by a ncien t schi:::ts nnd quartz ites, in truded by dYkc". 
sill s. and other bodies of grccnstonc. Th e r es ultin g compl ex i:-: rut b>· ar id "ill" 
and dykes som e of \\·hich contain par ticles of pnitc, gn lcna, and tctrahcclr itc or 
freibergite. About 8 mile - nor th of Galena Hill is a granite stock belicYccl to 
be a cupola of a batholith extending un der much of the district. T he dykes . 
sill s, a nd stock a rc tl1o ught to be :;\Ic"ozoic or po::'si bl y in p ar t of T erti a ry age. 

Th e licposits at K eno Hill ar c YCins deposited in fnult fi ::'8 urcs . T he fault.: 
were of the norm al ty pe a nd of sma ll clisplarcrncnt. T he Yeins ha\'C been called 
longitudinal and transYcrsc, depending on \\·hcthcr they fo li o\\' the trend of the 
strata or r ut across the m. During the fir"t stage of mineralization quartz, 
[lrscnopyritc, and pyrite 1rcrc deposited in the longitudinal fisrnres. During a 
second stage of min eral izat ion side. ri te, frcibcrg;ite , galena, sphalcritc, and other 
mineral \Ycrc de.posited in the re -open ed longitudinal w ins and in the trans
·,·~rsr fis smcs. Secondary enri ch men t has not been imporbnt. In large sh ip-
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men ts of ore the silnr bas proYcd to be rcmarka bly uniformly distributed 
through galena \\·hen free of ganguc. Shipments made up to 1923 averaged close 
to 200 ounces of si l\"Cr to a ton, and this may approximate the average of clean 
galena on the bill. \\' here much frcibcrgite is present, th is content is greatly 
increased. The depos its arc younger than the grccnstonc. It is thought that 
the nins and the acid dykes and sills had their origi n in the granite lll<b:' that 
is bclicYcd to underlie much of the district. 

The nins on Galena Hill folio\\" fa u lt~, 11·hich gcncrnll,1· st rike about north
east and dip :;tccpl,1· southeast. One group of YCins is characterized by a high 
~ilvcr content and a filling of mnnganifcrous sidcritc, galena,. and frcibcrgitc. In 
another group the Ycin mat te r is either riuar tz or nnkcritc, and galena, ~phalcritc. 
and p,1·rilc. The silnr content i:o imporbn t in some case:'. The ;-;iJnr I\:ing 
depo,it. mined in the earlier year:' of the camp. 11·a, of n distincti1·c t,1·pc. It 
1rn:; a ri ch silnr-lcad deposit \\·ith a quartz g:rnguc, and contained in addition 
to olhcr mineral s mu ch rulff siln'!' and minor nrnount:' of rnm·r:-i,itc nnd chert. 
Thc:'c dcpo:;it" ha1·c the sa1i10 origin n;; tho"e of Ecno Hill. -± mile" to the c'n"t. 

Bea1·erdell Camp. This r:1 mp (29) on \Yc:'lkcttlc Rinr i:; notalilc for the 
high -grade sih·cr dcpo~its found on a number of prnpcrtie;; lying "·ithin an area 
Jc,.;:< than a mile long. The primipal prod uce r,; h:t\"C been the Bell nncl Highland 
La;::s properties. operated as the Highl:rnd Bell mine since 1936. It is no11· the 
onh· mine in Bri tish Columbia lhat relic~ almo"t cntircl,1· upon the sih·cr content 
of ilo.: ore and, 1Yith the Silbak-Prernier mine of the Portlnncl Cnnal di;::trict, 
Yic,; for "eeund place nmong the current :::ih·cr produrcr:'. The ore is !Janel sortccl 
and "hipped to Trnil fo r ~melting. From 1936 to 1945. inclu si 1·e. the mine 
nffordcd 1.583 ounces of gold , 6,02-±.732 ounce~ of silnr, and some lead and zinc 
from the 41.447 tons of ore ::;h ipped. 

The oldc;::t rock;:: of the camp nre mmh altered scdimcntar\· nncl nilcanic 
strnta of Pnl[Cozoic age. Thc~c hn\"C been intruded h)· :\Ic;::ozoic qunrtz dioritc 
of the \Ycstkcttlc batliolith . .-\stork of grnnitic rock , about l~ mile:=: in diameter, 
ll utcrnps 11·i thin the batholith at the to11·n of Bca1·crclcll and i;:: bclicncl to be of 
ca rl,1· Tc rt in r~- age. 

The deposits arc mineralized shear zones in the riuartz clioritc. These zones 
strike cast to northenst, dip south, nnd vary from about 1 foot to 10 feet in 
"·idth. TheY arc cornp:J;::cd of :;hcarccl :rncl brecciated roc·k nncl vein rnabter. The 
latter includes quartz. calr itc, fl uorite. ga lenn, sph:1leritc. p,1·ritc, grc,1· copper, 
rnb,1· ~ih·cr, polvbasitc. argentitc. and nati\"C sih·cr. Lead and zinc may each 
com prise ns much as 10 per cent of the ore shipped. Values hnn been princi
p:1ll,1· in ::; ih·cr, ancl for the dcpo:;its a:=: a 1rholc have f\Ycragccl 150 to 200 ounces 
a ton. The shear zone~ and orcboclics arc in tcrscrtccl by numc.rous post-mineral, 
normal faults of small displacement, and tlicsc, togeth er 11·i th the irregular 
disposition of the ore shoots,. ha\"C resulted in high mining cost,;. Although the 
deposit~ haYc onl\· been min ed to a depth of a fc11· hundred feet it has been 
suggested that nt greater depth s they may change in t,1·pc to quartz-p,1·1·itc
chalcopyritc ores with 1·alues prinripall,1· in gold, such as nrc found at Carmi. a 
fe w mile;; to the north. Latc:'t stuclic;:; suggest. but clo not pro1·c, that the 
\Ycstkcttlc batholith 1Yas the source of the mineral deposits. 

8locan D is trict. Thi s district (37) lies bct11·cen K ootcna,1· and Lo11cr A1To1,· 
Lnke::: , the larger part of the silnr, lead, and zinc production coming from an 
area 1Yithin a rad ius of 3 or 4 miles from the town of ~anclon. Altogether more 
than t11·0 hundred properties baYc at one ti me or another made ore shipments , 
and many others ha\"C been cxtcnsi\'Cly prospected . The year 1891 marked the 
start of the great mining boom in Slocn n. Peak production. not "incc approached , 
was reached in 1918 "·hen forty -four properties made shipments, baYing an 
.'lggregatc Yal uc of about $3,500,000 . Prod uction from the Slocan, Slocan City, 
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and Ain s1rnr th minin g diYisions from 1895 to 1945 , inclusiYc, as ginn in Annual 
Report~ of the ). Jinistcr of ).[i nes for Briti sh Columbia, amoun ted to 4 ,089,234 
ton~ of ore C'o n taini ng 60.338,798 oun ces of siln r , 221 ,751 tons of lead, and 
147,901 ton~ of zin r, as 1Ycll as a n ry little gold and copper. M ost of this came 
fro m the rc:;tricted area near Sandon. In 1945, 191 .181 oun ces of si!l·e r. 925 
tons of lend , and 7,915 tons of zi nc 11·cr e 11·on from 120,287 tons of ore , mainly 
at the \Yhitc1rntc r, LuckY .Jim. ::\1"ob lc Five, tanda rd, and ).1 ammoth mine". 
OutsUmcling past prncl uccrs include, in addition to these, t l1 c Galen a Farm, 
H c1Yi tt. P ayne, R nrnblcr Cnriboo, Ru th -Hope, Silnrsmith-Slocan Star, nnd 
Ya n R oi. 

Th e folio iring data apply rn:tinly to the highly productive area about Sand on: 
the deposits occur mainly in the Sloc·an series, but a fc1Y of importance ban been 
fo un d in the Xelson granite. Th e deposits in the intrusin rock s a re on thr 
"·hole smaller lhan those in the Sloca n series, but arc richer, carrying high silnr 
and sometimes gold Ya lues , but relatively small per centages of lead and zinc . 

T he ;::;Jocan series, of probable Tri as~ic age , comprises "!ates, argillitcs , lime
stones, quar tzites, conglomerates , a nd t uffaccous beds. , orn c beds arc massive 
and others arc fi ssile and laty. T he strata are highly deformed and t he structure 
is complicated b>· numerous faults, :::hear zones , oYcrturn ed fo lds , and, locall>-, 
in tense con tor ti on. 

LEGEND 
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Figure 6G. Plan of part of Lucky .Jim mine, Slocan di st ri ct. J3ri tish Columbia. (Afte r C. E. 
Cairnes, 1935.) (F or \'Cl'li cal section along Jillc .A-13, !:)ee F igure 67.) 

Th e great majoritr of the mineral deposits a rc either single or composite 
veins. The single Ycin fol101Y fa ul t fi ssu res. One win of th is t>·pe, the " R eco
Gooclenough", was tra ced for more than 1,000 feet and OYer a Yertica l range of 
more than 500 feet. It awragcd 7 in ches in 11·idth, and contributed nearly 4,000 
tons of ore anraging 226 ounces of ~ ilver a ton and 43 per cent lea d. Composite 
veins occur in zones of fract ured ground , kn o1Yn as com positc-Yein lod es, and 
haYe been formed b>· repeated deposition of win minerals. These lodes arc a 
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foot to 150 feet or more \Yiclc: they may be miles Jong and. in ~omc instances at 
lea t, 4,000 feet deep. The YCin matter occ upies only part or parts of the length 
and ,,·idth of a lode. In a number of composite -\'Cin lodes. explored for length 
of from 1.700 to 6,000 feet, the main Ycins in each lode \\'Cl'C bchYecn 500 and 
1,000 feet long. ;-\cYcra l such \'Cins han obscr\'Ccl depths of 500 to 1,300 feet. 
Th e most productiYe lodes strike bet11·ccn north and cast and dip southeasterly. 

_.\. fc\\' replacement deposits occur in limestone or notably limy strata. At 
the Lucky Jim mine a limestone belt fro m a few feet to more than 100 feet 
thick is i;1terscctcc\. nearly at right angles, by fractures striking about northeast 
and clipping steep!>- southeast. Replacement from groups of these fracture 
formed a succession of ch imn ey-shaped orcboc\ ics Yarying from abo ut 10 to 50 
feet in diameter and extending nrtically 150 to 200 feet. Some of the shoots 
,,·ere nearly sol id spbalcrite: others contained, in addition, a little galena, pyrite, 
calcite, q uartz, and unrcplaccc\ limestone (Figures 66 and 67). 

•50 

G .S.C. 

Figure 67. '\-ertirn l se<·tion. Luck.v Jim mine (See Figure 66). showing two of the principal ore 
shoots (paltern of dots) and boundaries of the limcHone belt (pattern of sloped ruling ) . 
(After C. E. Cairnes, l!J35.) 

Ore shoots range in length from Jess t han 100 feet to scYcral hundred feet; 
in t hickness fro m a fe \Y inches to 50 feet; and in depth from less than 50 feet to 
seYcra l hundred feet. The largest and most Yaluablc shoot was in the Standard 
mine, with a maximum length and depth of about 400 feet, and a maximum 
thick ness of about 50 feet, in cluding as much as 20 feet of clean galena ore. 
This ore had a gross Yalue of betlYccn $6,000,000 and $7,000,000. An ore shoot 
at the Silversmith min e y ielded ore baYing a gross value of nearly $4,000,000. 

T he most importan t min erals are argcntitc, ga lena, grey copper, pyrargyrite, 
silver, and sphalcrite, and arc commonly accompani ed by pyrite. Si lvcr-lead
zinc deposits arc m ost impor tant, and occur cha racte ri stically in the Slocan seri es. 
Galena and spha leritc are there abundant, and t he proportion of ore minerals 
may equal or exceed that of the ganguc minera ls, quartz, calcite, and side.rite. 
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In deposits of another type, moslly confined to the ::\clson granite , sil\"Cr is the 
meta l of ehicf importan ce. (2ua r tz is then the abundant ganguc mineral, and is 
greatJ.\· in excess of the m etall ic minerals . 

Th e sih·cr-lcacl -zinc clepo:; it s a ppea r to ha\"C. fo rm ed in an undulating zone 
1,000 to 2,000 feet thick, 11"hich , O\"Cl' <" onsidcrabl e a rcns, accidentally pa ra llcb 
the present surface. Th e upper par t of th i,; zone is characterized by sil\"Cr-lcacl 
orcbocl ies, some of \\·h ich grade do11·mrnrds in to pyritic zinc bod ies. 

Th e 0t. E ugene min e (35) :-it ::\fo.\·ie., 11011· abandoned, 11·as :-it one time the 
la rge,;t producer of lead in Can:-idn. Produ ction started about l 899 . declined in 
1910. and continued \\·ith interruption~ un t il 1923 . P rod uction to :-; ep ternber 30. 
1913, \\·n,; 1.017.106 tons of ore conL1i ni ng 5.365.232 oun ces of ,;ilnr and 114.653 
lon;: of le:-id. Zin c 11·as not rceo\"C rcd. In 1925 a 600- ton concentrator 11·a~ 
buil t to rcco\"Cr this zinc from the tailings and the plant operated until late 
in 1929. 

The su rrounding rock;: arc thin-bccldcd, argillaceou;: qu:nlzitC';: and sil ireous 
argi lli k:; of Proterozoic (Purcell) age. 

The depos it formed b.\· rcplaC"crncnt along a zone of fi,;,;uring in the quart
zite,; . Thi,; zone strikes abo ut C'a~t :-incl i n it arc tlrn important fi~,;urc;:. both of 
which strike cast and cl ip 70 deg rees sou th. On the 1 .000- foot lc\"Cl the t11·0 
fissures arc 600 feet apar t and co1wrrgc clo1rn11·arcl and to the wc"t. J oining 
these l1rn main fiss ures is a system of connecting n:;~ urcs that usu:dl:· meet the 
ma in fosures at a small angle. ::\fo ~t of the important orcbodiC's occ urred at or 
nC'ar such junctions . 

Th e ore consisted of galen:-i 11·ith min or amo unts of ,;plialcril c. pYritc. 
P.\-nhotite . m agnetite. and chalcopnite. T he ganguc maleri:1l 11·ns ;:m,1,ll in 
amount, and included garnet, act inol itc. and q uartz. T he,;c minC'rals 11·erc more 
abundant in the tramition zone bel11·ecn the ore :-incl ro unt 1T rock. ::.Iagnctitc 
1rns for med fir ;;:t, then the ganguc rnin crak :rnd the sulp hicl c.s last. 

The. ,'luUivan mine (36), nrar Kirnbcrl c.\·, is the largest sih·e r-lc ad -zinc min e 
in the Bri tish Empire . Th e ores a rc conrentratcd at Eirnberlc~· and Hncltccl 
at Trail. Produ cts rcco\"Crcd includ e ;;: i]Ycr . lead. zinc, tin. r:1clmium. a nd sulphur. 
Early d e\"Clopmcn t \ms delayed b.\· meta 11 urgi ca l clifficu I ti c,;, and the first uni t 
of the prc:::c nt concentrator 1Yas not in operation until 1923. P eak production 
\\·as atta in ed in 1942 \\"hen 2,697,434 tons of ore \\'Cl"C treated and 71 7,6-±6 tons 
of concentrates shipped: the latter contained 8.693.041 oun ces of silYcr . 25-±.-±34 
tons of lead, and 199,236 tons of zinc. In 1945, 2,435.877 tons of ore \Yere 
trc.ntcd, affo rdin g con centrates containing 5.103.027 ounc es of sih·cr . 172.-±73 tons 
of lead, and 146.389 ton::: of zinc. 

;-\ cd im cntar~· rocks at the mine nrc mainly early P roterozoic argillitc. silty 
argi lli te, and quartzite . Th c;:c arc cut by sills and other bodie.' of ga bbroic 
Purcell intrusions of p robable Precambri an age. One of these is 700 feet th ick . 
Th e tops of some of t he sill s grade into more acid m aterial, but lhc granophyric 
rocks fo und at or near the tops of some of the. sill s a rc bclicYcd to han rc:; ulted , 
at least in part, from the grnnitization of adjacent sedimcn ta r.\· strata. Graniti c 
rocb:. presumably of Cretaceous or early T ertiary age, outcrop 1Yithin JO or 12 
miles of the mine. 

The min e lies on the eastern limb of an open anticline, the axis of 1Y hich 
strikes abo ut north. Th e r egional trend is interrupted at the mine b)' a gentle 
fo ld that plunges about northea:::t. The curYaturc of th is st ru cture decreases at 
depth in the min e. and t here the beds ha\"C a fai rJy uni form nortl11Ycst st rike. 
T he sl ra ta a rc broi.::en b.\· maj or faults. · 

Th e deposit is a sulphide replacement of argillitc and silt, · argilli te beds 
that form a strat igraphic zone 200 to 300 feet thick. T he zone has an a\"Crage 
dip of about 30 degrees northeast. Only parts of i t ha\"C been replarcd b.\· 
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sulphides. Th e h:rnging-11·aJJ of the zone is qu:u·tzite , and the foot -1rnll, in mo~t 
places, an argi lli tc -pebbl e conglomerate. Th e ore is well banded, and the 
prin cipal metalli c mineral s arc galena, sph alcri te, pyrrhotitc, and pyrite: others 
include chalcopyrite nncl a rsenopy ri tc, magnetite, and rassitcri tc. ::\Ton-metallic 
minerals , \Yhich com mon ly make up onl y a ~mal l part of the ore, in cl ude quartz, 
scricitc, chlorite , rnusco,·ite, tremolite, clin ozoisite, t i tan itc, to urmaline, garnet, 
biotite, alb itc, and ealcite. IndiYidu al orcbodies have drift lengths of upwards 
of 1,000 feet, 11·i th a m aximu m thickness, at right angles to the walls , well in 
excess of 200 feet. Ore occurs oYcr a nrtical range of at least 1 ,300 feet. The 
contacts bctlYccn d1c ore and "·all-rock are commonly remark a bly sharp. Much 
to urmaline has been introduced into the foot-wa ll rncks and a lbi tc and ch lori tc 
into the hanging-1rnll strata. Purcell dyk es, 11·hcrc they cross the ore zone, a rc 
usually \Yell min cra li zccl . L arge fa ults near the deposits arc bcli c\'Cd to be 
pre-m ineral features, although monments along t hem ban extended in to the 
post-minera l period. 

Some differ ence of opinion exists as to 1Yhcthcr the ore is related to the 
Purcell intrusions or to the younger granite: pro bably most in vestigators belicn 
that the ore-bearin g solutions came from t he magma from which the. granitic 
rocks " ·ere derived, and that the ore deposits formed in Cretaceous or, possibly, 
earliest T ertiary time. 

Th e Jllonarch and E ickino liorse mines (38) at Field arc the only prnducfo·e 
meta lli fe r ous proper ties in the eastern Canad ian R ockies. T he M onarch dcposi-ts 
outcrop on lhc precipitous noi·th slope of :Moun t Stephen, on the south side of 
Kicking H orse Ri n r , and the Ki ckin g Horse deposits outcrop on the south side 
of 1\Ioun t F ield, on the north sid e of t he rinr. T he de pos its were probab ly 
connected at one time and later separated by the valley -cu tt in g of Ki cking Horse 
H.ivcr . Th e ::\fonarch deposit was stak ed in 1884. A little ore was mined a nd 
milled prior to 1929. A 300-ton concentrator commenced operati ons Jrt,tc in that 
yea r and continued intermittently un til late in 1935. It was re-opened early 
in 1940 and t reated ore from the ::\Ionarch and Kickin g H orse deposits until 
operatio ns we.re suspended in 1946. Produc t ion from 1910 fo 1945, inclusive, 
amoun ted to abo ut 599,000 ounces of si lver, 42,000 tons of lead, and 61 ,000 tons 
of zin r fro m 702,000 tons of or e milled. 

Th e mines li e on the cast fl ank of a northerly trending an ticline, \\·here the 
beds ha\'C a n a\'eragc clip of a bout 20 degrees cast. Minor fo lds trend parallel 
to the m ajor s tnwturc. T he rocks a rc ::\ l icldlc Cambri an dolomi tes and do lomi t ic 
limestones, and overli e Lo11·cr Cam brian quartzitcs. ::\1Iajor, steep, norma l faults 
st rike about north . . -\.gen t ly cli pping a lterat ion zone , 1Yi th a maximum thickness 
of 400 feet, cuts :1crnss the bedding of the ::\1Ii dd lc Cambri an rocks nit a sma ll 
angle. At its base is a brcccia . Th e brcccia is most pronounced above min or 
synclines developed in an und erlying , thin ly bccldccl, dolomitic limestone, a nd 
in such places is 15 to 80 feet th irk. It is m ade up of grey dolomite fragments 
in a 1rhite dolomi te matrix. Th e brcccia grades , on top , into struc tureless 
dolom ite of the upper pa r t of the alteration zone . T he whole zone is t raversed 
by vertical pre-ore crack s. 

All known ore lies \Yi thi n the a ltered zone close to i ts !011·c r edge. The 
two principa l orebodies at the M onarch mine occur in minor synclines and are 
long, narrow, fla.t bodies striking abou t nor th a nd lying abou t 660 feet apart 
(Figure 68 ). T he ore occurs m ainly within the brecciated rock a nd its edges arc 
commonly in sharp con tact \Yith the coun try rock. Th e most common minerals 
a re sphaleri tc, galena, pyrite, and dolomi te : minor constituents include chalco
pyritc, quartz , baritc , and sil\'Cr . Th e sul phides have replaced the brcccia 
fragments and the white dolomite ma trix. Th e rock adjacen t to the ore shows 
little change other than the gener a l dolomitization. One orcbocly was 1,400 feet 
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Jong, averaged 19 feet thick , and had a maximum \Yid th of 158 feet. ::\Iost of the 
ore from t.his body anraged 1·7 ounces si!Yer a ton, 10 ·5 per cent lead, and 
12 ·5 per cent zinc. 
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F ii:11re 68. ::\ fonarch mine, Field , Briti>h Columbia. (.\ ft01· E. A. Goranson. 1937.) 

Th e source of the mineralizing solutions may ha ,.e been an underlying 
igneous body of \\·hich a romplrx alkaline intrusion, 15 miles to the south, is the 
only visible part. Thi s intrusion is of post-Lo11·er Orclo,·ician age . 

M ercury 

Pinchi Lake J.lI ercury B elt . Although mercury deposits ha Ye been found in 
the K amloops and Bridge RiYer a rea and at Sechart on VancouYer I sland, the 
Cordilleran region did no t become a ignificant source of mercury until the 
Pinchi L ak e mercury mine entered production in 1940. T his was fou nd to be 
only one of a number of deposits in "·hat became kno\Yn as the Pin chi Lak e 
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mercury belt. In 19±3 the Bralomc Takl::t mercury mine, lying in the same belt 
but 90 mile to the north, commenced production . Due to special ,,.·artime 
conditions rather than to depletion of orcbodies, both mines "·ere closed during 
1944. From 1940 to 1944, inclusive, the a boYc m ines afforded 4,150,892 pounds 
of mercury from 702,874 ton of ore, nearly a ll of "·hich came from the Pinchi 
Lake mine. 

The mercury belt (Figure 69) lie along a major fa ul t zone extending from 
southeast of Fort St. James, 150 miles nortlnrcst to Omincca River and beyond. 
This is the liargcst faul t known in t he W es tern Cordill cran region. In most places 
the width of the fault zone docs not exceed 1,000 feet. In its rnu thcastern part, 
where it ha been examin ed in greatest detail. it marks the site of major thrust 
faulting from the 11·est , and has inYolvcd late Pall:cozoic and Mesozoic volcanic 
and sedimentary strata, "later Mesozoic pyroxenite intrusion , and still later 
::\1csozoic granodiorite of the Cassiar-Omineca batholith. Th e amount of 
displacement is not kno"·n. Intense faulting occurs in the Permian rocl- 11·ithin 
the zone. There the more important fa ults trend northwc tcrly, clip steeply 
southwest, and may join a major low-angle thrust fa ult at depth. In and near 
the fau lt zone limestones haYC 'been partly to completely changed to dolomites, 
ribbon cherts an d quartzitcs to quartz-carbonate rocks . grccnstoncs to chlorite
earbonatc rocks, an d serpenti nes to mixtures of cnrbonate, quartz, and mariposite. 

At the Pinchi Lak e mercury mine (13) tbc faults cut Permian sedimentary 
rocks that strike northwest and d ip northca~t. Cinnabar is th e principal ore 
mineral. and is concentrated in brecciated zones along the fault a ,,.-ell a::: in 
dolomitized limestone and in carbonatizcd quartzite . ribbon chert, and schist 
cut by the fault~ . )dost of the cinnabar fills pre-existing openings in tlic host 
rock;:, such as solution eaYitic;:. fi~surC$, and space;, he 1yecn hrcccia fragments. 
Associntecl minerals include ~tibnite, pyrite, quartz , calcite. dolomite, and alunite. 
The fault zone proYidecl the channckays for the min eralizing solutions, and in 
man~· places rclatiYcl:v impc1Tiou;: rock layers :incl fault gouge lrnYc trapped 
rising solution::: and rcrnltcd in ]oral concentrations of cinnabar. Orcbodies, 
except 11·hcrc thcY abut 'agninst fa11 \ t~, grade in to country rock. the ln rgcst being 
in lime~tonc OYcrlain by schist. The clcpo~it;; "·ere formcrl at low temperature 
nnd under low pressure, and nrc of post-Upper Cretaceous age. 

The widespread cinnabar deposits of Twrnghton Creek (19) and Yicinity, 
in Bridge Rinr area , haYC rccciYCcl rnmc attention from time to time during 
t he past 15 years. and have rontributecl a fc\\" flasb of mercur~·. l\Iost of the 
r innabar ha. been found in shenrecl, frarturccl. nnd partl>· dolomitizcd grcenstones 
of probable Permian age. The;;c rocks arc intcrlaYcrccl ,,.-ilh chcrty sedimentary 
members, and man>' of the more promising dcpo;:;it:< lie in shear zones in the 
grccnstonc along con tacts 1\·itl1 the chcrty strata. In rnnn~· deposit"" cinnabar 
is the abun clnnt and , in some ra;:;e_. the onlY sulphide mineral. In others shbnite 
i;:; common and mav be in exec";:; of lhc cinnabar . Glob11lcs of mcrcurY may be 
seen in som e of th~ richer parts of the deposits. Calcite, and, less commonly 
quartz , are associated ganguc mineral~. b11 t much of the cinnabar occurs without 
0ithcr. Th e origin of the cinnabar is un rertain, but the coincidence of the deposits 
1Yith an area riddl ed "" ith porphnY <l»kcs of probable T ertia r? age suggests 
that these arc in some way related to t h e source of the mercury. 

Tungsten 
Schcclitc occurs in p lacer deposits in the l\Iayo district in Yukon, and has 

been found in rnanv 'lode dcpo its in Bri tish Columbia. In general the proportion 
of scheelitc in the. latter is too low or t he oc rurrenccs are too small to permit 
profitable mining. a lthough a nu mber of schc.clite-bearing veins, as in the 
Bridge River and Cariboo districts, a rc min ed for thei r gold content. As a 
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\rnrtimc measure t li c R ed Hose mine 111), near H azelton, 1rns operated as a 
tungsten prnpcrt~· during 1942 a nd 1943 , and mill ed 25,896 tons of ore to rccowr 
597 ton,; of t un gsten concentrate;;:. ::::lchcclitc occurs there in a si li cificcl !'hear 
zone in a clioritc cill abou t 750 feet from a large mas~ of granodioritc. Adj acen t 
~cd inwn ta r>· roeks haYc been altered by t he granoclioritc and contain mmh 
hiotitc. Th e zone ranges in 11·i dth from 18 inch es to 8 feet, and contains vci nl ct~ 
and ll'n~c~ of milk>· 11·hit c riu a.rtz 11·ith chalcopyri tc, molybdeni te, orthocla.~c. 
npatitc. ~ C'hcc li tc, fc rbcri tc, bio·titc, and tourmaline. 

Schec li te orebodi cs of another type 11'Cl'e fou nd at the Emerald property 
(33), abo ut 25 mile:,; south of N elson, in 1942. After a period of intcnsin 
dcnlopmcnt, durin g 1Yhich a 300-ton mill ,,·as crcctccl ancl put into operation. 
the property \Ya closed late in 1943, on instructions from \Vartimc M eta ls 
Corpora ti on. 

Three stocks of X clrnn grani te in trud e a rgillitc with thin intcrbcds of 
limestone. Some of the 'limestone bands arc completely altered to a skarn of 
garnet, cliopsiclc, a littl e sch celi tc, a nd other m inera ls. 

Th e Emerald ore zone is t he most important of the scYcral schcclitc 
o<·cuncnccs fo und on the propcrt~-. It trends south a long the \Yest edge of one 
of the i:;tock s. Th e north ern sec tion has a surface area of abou t 9,000 sq uare 
feet and . arcording to preliminary exploration, a depth of about 15 feet. The 
ore is fine-grained. d issemin ated . chceli te anc1 various su lphides in silicifi cd 
grani te at its contact with a rgillitc. A t ransverse fault separates the north 
$Cction from the south sec-lion. T he latter is a :::ciuthcrl y trending band of 
caster] ~- dipping lim estone more t han 1,700 feet Jong with a m aximum width 
of about J40 feet at t he surface. It i:; 11·edgc-shaped in cross-section . li es bct,,·ccn 
the granite on the cast and argillitc on the 1vcst, and ends at a. depth of 75 to 
200 feet 11·hcrc the ca$tcrly clipping argillite meets ·t he granite . ::\Iuch of the ore 
oec urs a$ tabular bodies of pyrrhot itc, pyri te, a ugite, an d schceli tc, with minor 
amounts of art inoli tc . cpid otc, biotite, chalcopyritc, molybdenite, "·olfrarnitc, 
and other mineral~. Such boclies represen t preferenti ally r eplaced limestone 
hrds or grnups of beds of lim estone, dip to1rn rds t he granite, and y·ary in width 
from a fc1\· inrhcs to 12 feet or more. 

Iron 
Th<'rc has hccn no signifi cant prnclurtion of iron ore fro m t he Cordil lcran 

region . X cwrth c]c$$, ma n>· cl epo,; its of magnetite nncl a fe11· of hematite and 
limon itc arc kn mrn . and in recen t years serious consid eration has been given 
to the development of an iron and steel industry on the coast uRing t he m agnetite 
ores. In as much ns there is as yet n o im portant market for iron ores in western 
Ca.nacla, prospecting for such deposits has not been as active as it might othcnv i~~ 
haYe been, and the knO\rn deposits, fo r the most part, have received only casual 
dc,·e lopmcnt. 

Scdimentar:' iron deposits occur in Yukon in i:itrata of proha ble Precambri a n 
age, but on!:· rnc'agrc information is aYailablc as to their grade, size, and 
distribution . H emat ite a nd magnetite, and their weathered products, comprise 
a consid erabl e percentage of some beds of the Tindir group south of Cathedral 
Creek (1) on the Yukon-Alask a bo undary. In places, limited par ts of these 
clcpoi:;its, occuning in beds ranging from 2 to 10 feet thick, contain up to 40 per 
ren t meta ll ic iron. In the same region, on a tributary of T atonduk Rin r, limi ted 
parts of a hematite-bearing conglomera te conta in 5 to 25 per cent metallic iron. 
Sorne,,·hat simi lar occu rrences have been reported 120 miles to the east on Hart 
R iver (2). and a , much as 140 mil es south easterl y from H art Ri1·cr near the 
hcad,rntcrs of lT'ind, B onnet Plume, and tewart R ivers (5). Abund·an t fl.oat 
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from the latter region, seen on early exp] orator,· tra n rscs lw the Geological 
Survey, is fin e-grained. compact hematite, or hematite · and magnetite, 
intcrlayerccl wilh r eel j as pi Ii tc . 

Limonitc or bog iron deposits haYe been found at a number of localities in 
British Columbia. and some arc kno11·n to be of large size. They arc of Recent 
age, and have been produced by springs that clcrind the ir iron content from 
pyritifcrous rocks . Some arc of considerab le area l extent, but none is kno\Yn or 
expected to extend to any great depth. 

On Zymoetz River (12), 40 miles from Telk\rn. a sheet of bog iron ore of 
unknown thickness lies at the surface on the steep side of Limonitc Creek Valley. 
:\. rnilablc data indicate that this deposit contains at least 500,000 ton of easily 
mined. nearly pure limonitc. and that it may contain more than 1,000,000 tons. 
The ore is soft, earthy limonitc in layers 1 to 3 inch c:; th ick lying parallel "·ith 
the hillside. Th e underlying rock is a green porph:n>· co ntaining P>·ritc, and on 
the s lope aboYc t he deposit arc many pyritic quartz nin:-;. Smfacc \rntcr, charged 
with iron sulphates from the decomposition of the pni tc . is constant!>· flo11·ing 
rio1rn the hill side and has gradually built up the dcpoRit by the transfo rmation 
to limonitc of succcssin layer - of moss and other ngetation. D eposition is still 
m progress. 

Similar deposits at the head of T aseko R iver (18), 65 miles 1Yest-no rtlmcst 
of Li llooct, contain an aggregate of 670.000 tons of lirnonitic material \1·ith a 
probable iron content of nearly 50 per cent. Thc.1· con,;ist of sheets of bro1Yn 
limoni tc of YarYing shape. ~izc, and thickness, built up of thin layers of brown, 
cellular, and gcnerall>· loose- textured lirnonitc. lyin g paralle l 11·ith the surface 
of the ground on \Yh ich they rest. Iron sulphate solulion:;;, dcri\'Ccl frnm the 
oxidation and leaching of pyritic tuffs . triC"kled clo\\'n th e mountain slopes and 
deposited the limonite on th e more gent!>· in clined Yal lc.1· bottoms . Th e thickness 
nf lhc limonite sheets ranges from a fe"· inrh e~ to a prnbable maximum of 1 ;') feet. 

Iron deposits of igneous origin arc abundant in 11·cstern British Columbia and 
,ooulhcrn Yukon in the Yicinih· of the Coast batholith and its satcllitic bodies . 
T he>· arc also quite numcrou~ in southern Briti.;:h Columbia near the Yariou:o 
granitic intru sions that extend ea~tcrly from the Coast batholith to about 
E:ootcnay Lake. In most of the occurrences the principal ore mineral is magne
tite . hut in a very few it is hematite. 

On Chromium Creek (17). the main FOurce of E:linaklini Rinr, is a deposit 
of more than 100,000 tons of excep tion all~- pure hemati te. The hematite is in a 
bed of tuff JO to 30 feet thirk and. locally, has completely replaced the bed. Th e 
sedimentar>· and volcanic bed beb\'Ccn the depos it and the cast edge of the 
Coast batholith , about a mile to the south. arc t hornughly imprcgnatccl \Yith 
Jl>Tite. 

Other hematite deposits of ign eous origin lie on Iron Range Jfounta in (34) 
near Kitchener, in southeastern British Col umbia. A fau lt man>· miles long has 
resulted in a broad zone of fract urin g inrnlYing Lo\\'cr Purcell (Proterozoic) 
argillaccous quartzite and argilli tc and dioritc f'ills. H ematite-quartz lenses from 
2 to 20 feet wide and of unknown length occur a long this zone. The mineralized 
material vari es from nearl>' solid hematite to brccriatccl quartzite healed 1Yith 
qu artz and hematite. The quartz a nd hematite 11·erc deposited b>· hyclrntherrnal 
solutions pass in g a long the zone of fracturing. Th ese so lu tions probabl~
origin atcd from the same gran it ic magma as the X elson batholith. the nearest 
exposm cs of which lie about 8 miles 11·est of Iron R ange :.\fountain. 

Th e magnetite bodies arc contact metamorphic replacement deposits. They 
are most numerous a long the mainland P acific coast and on the bordering idands. 
that is. along the west side of the Coast batholith; other. li e near the cast edge of 
the hatholith in southern Yukon and in southern British Columbia . Jn general 
the phosphorus content is 1011-. so that the deposits a re of Bessemer quality, and 
none contains appreciable quantities of titanium. All conta in pyrite, but in some 
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the sulphur content is qui te 1011·. In certain occmrcnccs the copper content is 
appreciable, and in extreme cases such deposits may eYcn contain lo'>'·-grade 
copper ore. Silicates like garnet, cpidotc, pyroxene, and hornblende normally 
accompany the magnetite, but the proportion of these to magnetite varies "-idcly 
from deposit to deposit and 1Yithin individual deposits. The magnetite occurs 
within J\Icsozoic volcanic and sedimentary strata near or at their contact with 
the granitic rocks of the Coast batholith and its r elated intrusion . Limestone is 
by far the most common host rock. The orcbodics yary ·'>'·idely in size, shape, 
and attitude and, although their bodies are generally sharp, close exploration is 
required to determine their contain ed tonnage . Among the larger known 
occurrences arc those of Zeballos R iver (21 ), Iron H ill and Iron River (23), and 
Texada I sland (24). All these arc well situated " -ith respect to transportation, 
coal deposits, and important industrial centres, and the possible ore aYailab le at 
the latter t'>'·o localities has been estimated to exceed 3,600 ,000 tons. 

NoN-1\lETALLrc D EPOSITS 

Non-metallic deposits, including the fuels-coal, oil, and gas-are the prin
cipal mineral product- of the Eastern Ccirdilleran region , and are also of 
considerable importance in the 11·cstcrn region. Coal is present in large amounts 
along the ca tern margin of the Rocky Mountains. Canada's largest oil and gas 
field is located in the Foothills of Alberta, and the second large t field is along 
Mackenzie River in the easte rn part of the M ackenzie ::\fountain area. 

Coal 

Coal deposit::; arc 1Yidcly di stributed in the Cordilleran region (]:<"'igure 70 ), 
but the Iarged occurrences are along the 11·cstern and eastern borders. On the 
11·cst the principal deposits arc on VancouYcr and Queen Charlotte I slands, 
11·hereas on the cast the eastern R ocky ::\fountain ranges and adjacent Foothills 
bold the largest rcserns. ::\fost of the coal mined comes from beds of Lower 
Cretaceous or Upper Cretaceous ages; the remainder io:: obtained from Tertiary 
deposits. Production during 1945 amounted to 5.848,203 tons, of 1Yhich 5,122 .440 
ton - came from the Rocky ::\foun tain <;; and Foothills belt, and most!~· from 
Alberta. Coal production reached a high of 6.644.626 tons in 1920. after "·hich 
it declined to a 1011· of 3,662,909 tons in 1933. In 1942 production reached an all 
time high of 6,709,707 ton:;. 

In Lhc southern Rocky ::\foun tains the coal measure- are of LO\Ycr Cretaceous 
(Kootcnay) age and occur in basin s among the folded and faulted Palmozoic and 
::\lcsozoic strata. These basin areas extend from th In te rnationa l Boundary 
north to about midway between Bow and North Saskatchc1rnn RiYcrs. K ootcnay 
coal measmes are present along the 'IYC tern side of the Foothills area for the 
same distance. Farther north, both in the mountaim and in the foothills. the 
commercial coal seams arc in higher beds stratigraphicalh- . nam eh- the lm1·cr 
part of t.11c Blairrnon ' group (Lusrar formation) (Plates XL'VI a.ncl XLYTI). 
Coal in Peace River Valley i~ bcli cYecl to be of t he same age. The coal;; of 
Lower Cretaceous age arc of bituminous rank or. ao:: at one Iocalit~-. Eemi
anthracite . Along the eastern foot hills coal of Upper Cretaceous age occur;; 
in the Bellv Ri Ycr and Edmonton fo rma tions. Th ese coals arc of scm i
bituminous ;-ank. Coals of the same age ma~- Yar~- in rank, a;; a result of 
differences in intensitic of metamorphism brought abo ut bv mountain building 
stre ses. Recent studies lian in dicated that some of the coal thought to be 
Upper Crctarcou::; io:: probablv P aleocene in age. 

The maj or coal deposits from the Internat ional Bounclar~r north are as 
follo'>'·s. In Flatheacl Yall c~r the K ootcnay formation. more than 1,100 feet 
thick, contains five seams in the lo'>'·er 500 feet of strata. All of them exceed 
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I Fernre. K 
2 Crowsnest Pass. K 
3 Canmore. L 
4 Brazeau. L 
5 Mountain Park. L 

6 Coa lspur. P. 
7 Saunder s, P 
8 Brule. L . 
9 Smoky River. L . 
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10 Peace River C3nyon. L. 

11 Carmacks. K.(7) 
12 G1·oundhoA. K.(?) 
13 Telkwa. K (1 ) 

14 Graham Island.LC. 
15 Com ox. U C. 

SCALE OF FEET 
200 •1 00 

16 Nana1mo. UC. 
17 Merrill. T. 
18 Princeton. T. 
19 Hat Creek.T. 
20Dawson. T. 

·osc 

Fi gure 70. Coalfields of th<' Cordill eran 1·<'gion. K-Kootenn,·; L -Luscar; P-Palcocene; 
T,.C.- Lower Cretaceous; LI.C.- lTpper Cretaceous; T-Tertiary. 
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PLATE xr.YI 

Lw<ta1· Collic•ric·'· :\ llJL•r la. P holo IJ.1 I:. TI. ::\ fi1C' l\:a1·. Cc•nlog-il'al ~111·1·c>;- (G402i5). 

PuTE XL \~II 

::\founlnin Park C'olli<'1'ic>~. Allwrln. Photo b.1- H. H . ::\fac·'!';::n.--. Gc>ologiC'al S11nr.1· (GG Ol). 
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3 feet in thickness. and one measures about 25 feet. This area has not been 
dcnlopcd beyond the prospecting stage. The Cro\\·sncst ba~in lies immediately 
to the north, and as it is traYerscd by the Canadian Pacific Raikay coal mining 
ha~ been continuous there since about 1899. Product.ion from this basin in 1945 
\\·as 2,830,547 tons. The Kootcnay fonmition is more than 4,000 feet thick in 
thi~ area. It contains more than twenty ~earns in the lm\'Cl' part, with an 
aggregate th ickness of 170 t.o 216 feet of coal, of which 100 feet i mincablc. At 
Corbin the strata ban been folded and faulted, and a 60-foot scam has been 
sq ueezed to form pockets more than 100 feet thick. Open-pit mining has been in 
operation on this property intcrmiLlcntly since 1911. The coal is badly crushed 
and requires cleaning. Coal deposits of comparable importance arc present along 
the upper part of Elk Rinr. In the Alberta :::cction of the C'ro\Ysncst Pass coal 
i::: b('ing mined from the Kootenn~· form a ti on nt Coleman. :\ [r(;i l l inay Creek . 
Blnirmore. and Bcll en1c. :\line;; haYc also operated at IIillcrcst. Frank. and 
Bunni~. The Kootcnay formation clcncascs in thicknc~~ from 800 to 360 feet 
from \\·c~t to cast in this area . Of the three scams of importance , only brn arc 
mined at any one place . The main scam has an average thickness of about 
12 feet. On upper Higlrn·ood RiYcr, on the \\'CSt side of Higlrn·ood Range. the 
Kootenav for mation contain;; ~c,·cral coal ~cams more than 10 feet thick. These 
cont inue. nortlnrnrcl to Sheep RiYcr where one scam is 38 feet thick. DcYclop
ment work has not been carried past the prospecting stage in thi::: area. 

Along Bow RiYer, E:ootcnay con! has been mined continuous]\' since 1888 
in the \·icinity of Canrnorc. Th e roal measures arc about 1,100 feet thick and 
contain t\\·ch·c sea.ms. some of \\·hirh arc too small to mine. Small 
deposits of semi-anthracite occm "·here the coal has been more in tensely 
metamorphosed, but the bulk of the coal is of bituminou~ rank . Production 
from this area for 1945 was 318.036 tons. 

The commercial coal dcpo,,its on aml north of ::\orth a;; lrntchc\rnn RiYcr 
arc of Lo1Yer Cretaceous age, but occup~· a higher stratigraphical position tlrnn 
the southern deposits, as substantiated by the fossil plants. These higher coal 
measure.- occur in the Lus·car fo rm ation . near the base of the l3lairrnore group. 
Scnral coal scams arc present, but us11 all:· only bYo arc 1rnrk a blc. These range 
in thickness from 6 to 40 feet. The principal coal deposits in the Luscar forma
tion adjncent to the front range of the R ocky M ountains include the Bighorn, 
:\Jount-ain Park, Caclomin, and Luscar ba~ins, deposits at Brlile on Athabaska 
Rinr. and others nortlrn·cst to and bevond Smoky R iver. In the Peace River 
area the coal deposits arc in the Gcthing formation' of the Bullhead group. Scams 
Yar:' from a few inches to 8 feet thick, and the coal is of good bituminous grade. 

Coal scams of Upper Cretaceous and P aleocene age arc present along the 
outer Foothills belt from the In ternat ional Boundary north to and beyond 
Athnbaska River. The scams arc usually thin, but some attain a thickness of 
9 feet. The coal n 1rics in rank from bituminous to sub-bituminous . 

Along Liard Rin r at t he rnu th encl of Mackenzie :\fountains a rc scams of 
Upper Cretaceous coal several feet thick and of bituminous grade. Coal of 
Cretaceous or T ertiary age occurs on Moose Ri \'Cr north of AklaYik , adjacent 
to Richardson Mountains. 

On Yancouver I sland the coal-bearing strata belong to the ~anaimo group 
of pper Cretaceous age. and occup~· a narrO\\' lo1Yland along the southeastern 
coast and adjoining islands. The Nanaimo strata consist of conglomerate, shale, 
and sandstone. and hm·e a tot,al thickness of about 7,000 feet in the Nanaimo 
area. Th e different kind of sediment alternate \Yith one another and single 
heels seldom haYc any la teral extent, but the group is divisible into a number of 
lith ological unit·s, each maintaining its genera l character. The upper part of 
the succession is mainly non-marine, but several 101Yer horizons carry marine 
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fossils. The strata \rcrc deposited in a dom1\Yarped area on a deeply eroded, 
une-vcn surface of :Mesozoic ~cdirncntary, Yolcanic, and plutonic rocks. The 
floors of the coal scams arc frequently of san ds tone rather than sha le , and seldom 
or ncnr contain remains of roots of the Ycgctation from which the coal originated. 
It has been sugge,,ted that the coal has resulted from deposits analogous to peat 
bog~. Ind ivid ual coal scams are absent locally, partly ·as a result of erosion , 
1Yhich took place as the.\· accumulated , and partly because of the presence of 
projection::; of the uncnn smfacc on which the strata rest. The \\·hole series 
has a cornparatinly low dip, but has suffered minor folding and considerable 
faulti ng. The productive fields arc in the Yicinit» of Nanaimo and Comox. In 
th e ::\anaimo field there arc th ree pcr;:istent ~earns. one about 700 feet a.bove 
the bnsc of the series, a second 800 to 1.000 feet aboYc the first, ancl a third 
2;) to JOO feet nbon the second. In the Comox fi eld to the north\\·cst, the coal 
RenmR arc also confined to the lmrcr part of the Nanaimo group. The coal is 
of hirrh Yolatilc bituminous rank. Producti on for Vancouver I sland for 1945 
\\·as 623 ,960 tons. 

C'oal deposits of the same age as those at ::\anairno occur farther north on 
'i'nncounr I sland. at Ru(l uash, and also on Graham I sland, the most northcrlv 
of the Queen Charlotte I slands. 

Coal scams of "Cppcr .Jurassic or L o\\"Cr Cretaceous age occur in the 
E=cd imentary diYision of the H azelton group at a. number of localities in Bulklc_\· 
Ri\·er Ya lJ e_\', a nd in t he E:ispiox area on Skccna RiYcr north of H azelton. Tb c 
strata in which the coal occ urs arc cut bY minor in t rusions and in places li e near 
You nger Yolcanic rocks . As a result, the. coa l ranges from 101Y-grade bituminous 
to lmY-gradc anthracite, depending on the proximi t>· of the igneous r ock s. Scams 
range up to 14 feet in thick ness. but han been fo ld ed and rrushed. The only 
recorded production comes from Lake K ath lyn ba~in near Smithers, and fr om 
Goat C reek and T elk1rn River Valle)·s close to Telkwa. Current production , 
amounting to 25,492 tons in 1945, comes from Goat Creek and Telk\\·a RiYcr. Th e 
strata of the remo te ly located Crounclhog coal fie ld at the head\\·aters of Skcena 
R inr belong presumahl.\· to the same diYision of the H azelton group. 

The principal coal m inin g area in Yukon 1rns at Carmacks, \Ybcrc coal \Yas 
mince! until 1938. During the peak year of 1913, 19.722 tons 1Ycre mined in Yukon. 
mainl y at Carmacks. The coal-bearin g rocks. extending for many miles to the 
southeast, are of early LO\Yer Cretaceous age and belong to the Tantalus 
forma tion of conglomerate, sandstone, and shale. The coal ranges from 
bituminous to anthracite. 

Coals of T ertiary age arc 'Yidely distribu ted oYcr th e interior Cordill era. 
northern Rocky Mountains, and :\Iackcnzic RiYCr Valle>·· The principal 
producing areas are near P rinceton and ::\ico!a in south ern British Columbia, 
1Yhcrc the production of coa l of ligni tic, sub-bi tumin ous, and high volati le 
bituminous rank amounted to 59,362 tons in 1945. Th e coal measures are 
sandstone , conglomerate, and shale, an d in places a rc t ightly folded. In the 
Princ eton a r ea, where they accumul ated in local basin s, pl ant and insect remains 
indicate a lo\\·er Tertiary age. P rod uction from H at Creek , 30 miles northn·cst 
from Ashcroft, amounted to 1,978 tons in 1942. In the Chu Ch ua area in North 
Thompson Valley the coa l occu rs in three scams and is of bi tuminous rank. 
Lignitic coal of T ertiary age is a lso found on Graham I s land. The coal in Tertiary 
beds on Coal Ri Ycr and l\Ia ckcnzie Rinr Yal lc»s is of lignitic rank. A little 
lign ite has been mined from t ime to time in Yukon abou t 40 miles north of 
DalYSOn. 

Petroleum and ;Vatural C:as 

The greatest part of Canada's oil production comes from two fields in the 
eastern Cordilleran region. Turn er Va ll ey in the south, and X orman ·w ells in the 
north close to th e Arctic Circle. 
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Turner Valley, Canada's largest oil field . li es clo~c to the uuter edge of t he 
F oothill s in sou the rn Alberta (.Figure 71 ). It is also Canada·s largest producing 
gas fie ld . In 1942, the peak year , i t produced 10,136,296 barrels of oil and 
47,260,390 M cubic feet of gas. The field 11·as first cli sco\·crecl in 1914, \\·hen 
production of naphtha. \Yas obtnined from sands in the LmYcr Cretaceous 
131a.irmorc group. Production continu ed from th ese san ds until 1924. A t tha t tim e 
the fir s t \Yell tapped the underlyin g limes tone re~e rYoir of the Rundl e formation 
of .:\fo;~ i ssippian age on t he gas cap, r esulting in larger 1Yell s of naph th a and gas. 
Tn 1936 the first \Yell r eached the crude oi l zone in the limestone r e::;c rYoir bclo11· 
t lt e gas cap . The oil is high grnYit>·· rangin g from rruclc at 38 to 42 deg ree,; A.P.l. 
Product ion sin ce 1936 has been m o,;t h· from the lcl\\·e r r rucl c oil zone . conscrYing 
tl 1c gn:; as rnur!i as possibl e for m ore e.ff-iri cn t recu1·cr>· of the oil. Total production 
to the encl of 1945 \\·as 81 ,130,000 IJanels . Turn er YalJey ltati n len gth uf 21 mil e,; 
and a 1Yidtl1 of as rnuch as 2~ mile;; in i t,; central part. T he extent of the fiel d ha,; 
liecn fa irlY \Yel l outlin ed , though the nor tl1 ern limi t Jia,; not been determined lo 
date (Plate :.\..LYJII 1. Production is obtained from tlrn porous horizons in the 
upper 350 feet of the Rundle formation. Th e \\·ells range in depth from aboul 
.t.000 feet on the top of th e structure or ga;; cap to more than 9.000 feet to the 
l<mcr parl of the cnicl c oi l zone . ::)tru ctm a ll.1· . Turner Yall c_\· i,; a \Yest cl ipp in g 
fa ul t block 1\·ith an antic lin e on i ts ca;;t edge. but in ffh icl1 the ea:-;t limb of the 
l'olcl i~ large!_\· 1· cpl ared b>- the major t hrn,;t fa ult that urnkrlie::< it t.Figurc 72 ) . On 
tlie 1Y e:<t flank the closure 11·i t hin the producing zonr,; i;; in the n eighhourhoml 01· 
;),000 feet. D ee p drilli ng on the \1·cst fla nk encoun tered the m a jor thru;;;t fa ul t 
henealli til e ;;tructurc in .:\Iiss i;;;sippian strata a boYe t he D enrnian. 

l\roo~c .:\ L()u nta in. a Pala;ozoic outlie r . i;; a dome-like ,.;tructurc l.\·i ng in the 
inne r .Footh ill ;;: \1·e . .:t of Calgar>·, and has prod uced a small amoun t of oil from a 
\Yel l in D ernnian lim c~to n e. .For a period of 4 years. from 1937 to 1940, the 
prncluction a mounter! to 6,144 barrels. The oil has a gravity of 47·7 degrees 
.-\ .P.I. , and en ters the \\'ell through fractures in tlic limestone abo ut 1 ,300 fe et 
be lcrn· t he top of the D evonian , which is about 200 feet belm\· the surface at this 
localit_\·. 

The F oothills b el t from th e Internat ion al B ound ary to Liard Ri w r fo rm ;; 
the \Yestrrn part of t he large petroleum proYince of 1Yestcrn Canada . In this bel t 
t her e arc num rrous folds , but faulting is gener a l a nd structures a rc complicated. 
Exploratory drillin g ou tside of Turner Va ll ey cliscoYer cd a. large gas and naphtha 
11·ell at .Jumpingpound, 21 miles 11·cst of Ca lgarv . in 1944. Th e to p of the Rundle 
limestone \ms encountered at a depth of 9 ,618 feet. and oil a nd gas \YCrc found 
in the upper 200 feet. The size and importance of tl1i,; fi r lcl 1Yill he determin ed by 
further clri ll ing. 

Canada's second largest oil field is at ::'\orman \\ "e ll ~ on .:\Ia ckenzie Riwr. 
90 mile;; so u th of t he Arct ic C ircle (Pla.tcs XLI X and L ) . Thi ;;: field 1rns 
discowrecl in 1920, ancl for many years suppli ed oil to a local refiner>· for the 
requ irements of the district. In 1942 dcnlopment of th is fi el d 1rn,; acce lera ted bY 
the Cano! Proj ect . This was an enterprise under taken h>- t he milita ry a u thoriti e,.; 
of the United States. It resulted from an agreem ent bct1\·ecn the Gonrnmcnts of 
the United States and Canada , and \rn::< designed to supp!Y m otor fue l to t he 
military forces defending the N orth Paci fic r egion clurin g the \\"al' 1Yith J apan. 
Th e Cano] Prnj cct had three main object,:;: (J) to cl eYelop the X orman \Ye ll s oil 
field and drill suffi cient 1\·cll s to m aintain a suppl_\- of 3.000 ba rrels of rrnde oil 
per cla:-·, OYCr and a boYc that r equired fo r local u,.;e ; (21 to build a 4-inch pipe- lin e 
from J'\orrnan \\ 'ells to \\ "hit cborsc, Yukon. about 600 mil e:::, 11·ith booste r pump,; 
~apabl c of dclinring at least 3.000 barrel,; a da1· to \ \ .hitehor5c (Pl ates L1 and 
LII) ; and (3) to build a r efiner>· at \Vhi tehor:;c to prnc c~$ t he crnclc oil. .-\.ll th ese 
obj ectiws were accomplished. Drilling commenc ed in 1942. and in 19-±5, 11·hcn 
the proj ec t \ms terminated . sixty procluct i \·p 11·el ls lrncl been drill ed. 
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Xorman \\·,.11, to11·n >ile at Sorm an \Yell>. Xorllrn·c>l T (•r1 itorie>. Photo hy J. R. Slt•11·art. 
(:(•olo~i<·nl Run·('.'"- 1043 (!J49GI). 

P L .I TE L 

D ock aL Xornrnn \Veil;; on ~fa ckcnzic Hi,·c1·. X orlh11·c,;i T cnitorie>. Photo b.,- J. R. Rtcwar t . 
Geological Run·cy. l!J43 ( !J3Gl2). 
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f':111nl pipc·linc road al T'11111p station ~o . 10. 78 miles caRt of .TohnRon. f'roRs,ing. Yukon. T'hoto by 
J . R. f.; lcll"art . Geological Ru1Tc,1·. HlH (!.JJ()89 ) . 

Alaska Higlnrny at Johnsons Cross ing. Tcslin RiYer, Yukon. Photo b,· United States Army. 
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T he strata in the K orman \Yells oil field (Figures 73 and 74) have a 
monoc lin al dip of a bout 5 degrees towa rd the south\Yest. T he oil occurs in a reef 
lim estone of Cpper D eYonian age that reaches a maximum thi ckness of 400 feet. 
Thi s true r eef has gro\Yn on a barren basal limestone about 100 feet th ick , and 
extends OYer a wide area beyond th e limits of t he productiYe oil fie ld. Closure on 
the oil saturated section is formed by a pinching out of the r ee f up-clip . Oil 
sa turation of the reef is irregular both horizontally and vertica lly. Th e depth of 
wells to th e top of the reef limcl' tone varies from 1,050 feet on the up-clip side on 
the northeast bank of the ri,·er to about 1,900 feet on Bear I sland on t he cl01rn
dip sid e. Latest estimates of the a rea covered by the proclu ctiYe sec tion of the 
reef giYe 4,010 acres, of 11·hich 1,870 acres underlie ::\Iackenzie Ri,·er. During the 
last 6 months of t he life of the Cano! P roject, th e fi eld produced at the rate of 
more than 4,000 barrels a cl ay, and on July 1, 1945, the fi eld had produced a 
[!rand tota l of 2,007,210 barrels of crud e petroleum. 

Th e possibilit ies of findin g other oil fi elds in the region appear to be 
promil' ing O\Ying to the \ridespread distribution of petroliferous shal es and oi l 
seepages. 

Fluorite 

T he R ock Candy deposit, the most exten siYe occmrencc of flu orspar known 
in Canada, lies about 15 miles north of Grand Forks, British Columbia. 
lt consists of one large ore shoot made up of a stock.work of closely spaced 
replacement \'Cins in syeni te . T he Yeins range from a few inches to 30 feet in 
width and make up much the greater proportion of the ore shoot. Th e outcrop of 
the minernl ized zone is about 500 feet in length and has a maximum \rid th of 45 
feet. Tt ha,; been explor ed o\'Cr a YCrtical distance in exce"s of 450 feet. Th e Yeins 
are cha racterized b~· num erous la rge open caYities, and contain fiuorspar , barite, 
chert. quartz, calcite, pyrite, and kaolin . They 11·erc deposited from so lution s t hat 
originated in the :::yenite as a resul t of differentiation processes that accompanied 
the coo li ng and consolidation of the magma . 

Gypsum 

::\Iassi,·e \\·hite to translucent gypsum has been quarried, smcc 1926, at 
Falkland, about 45 miles ~outheast of K amloops. The materi al is sh ipped to 
a calcinin g and board mil l near N ew l \Testminster on Fraser RiYcr. Th e deposits 
oec: ur in lens-shaped masses in a major nortlrn·esterl y trending faul t zone in 
greenish and greenish grey Ca rboni fero us rocks of, chiefly, yoJcanic origin. 
Sh ipments fro m the quarries during 1941 amounted to about 2.200 tons a month. 

D eposits of gypsum occm in the upper Trias~ i c beds north of J asper, 
Alberta, and in beds of Silurian age in Franklin ::\fountains east of ::\Iackenzie 
River. 

Magnesite 

L arge unexploited deposits of magn esite arc knmrn in th e ranbrook area in 
~outh eastern British Columbia. Th e most promising of these \ms found near 
Marysville by the Geological Survey in 1932. H erc, a thin member of the 
Cambrian Cranbrook formation is made up of magnesite-bearing sed iments. This 
member has been traced for a di stance of 41· miles bct\\·een terminating faul ts . It 
averages abou t 150 feet t hick, of 11·hich 30 to 50 feet is r emarkably pure 
magnesite. 

II ydromagnesite 

D eposits of hydrated magnesium carbonate, in place approximating 
hydromagnesite in composi tion. occur in the Cariboo, Atlin , and K amloops 
distri cts of Bri tish Columbia. T hey fo rm horizontal deposits in va lley bo ttoms 
or on flat s near th e base of ad jacent slopes. The surface of the purer deposits is 
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humrnoc·ky and rrackecl, and is ro rnmonly rai ~ccl slightly aboYe t he surrounding 
ground lcnl. In genera l a layer of white , m assive hydroma 0 ·nesite overlies loose, 
granula r , r reamy mate rial that in turn grade~ dmrn\\'arcl into soil. T he calcium 
conten t inrreatlcs progressiYely to\\'arcl s the Jrn,.;c. Tli cy are thought to have been 
deposited from rising underground watcr:-;. 

The must importan t depu~it~ arc at 1llearlo11• Lak e, near Cha ·m, on t he 
Pacific Great Eastern H a ihrny. Th e,\· occupy part of a shallow depression , 
~o n1 c l 5 m il es in length, \\·hich is dotted by sma ll la ke:; 11·ithout apparent out lets . 
The pmcr dcprnsit · arc flat sheet:; up to about 2,000 feet long, raised a few inchc · 
to 2 feet a boYc the ~urround i ng s1rnmpy ground. \\'i thin t hese, t he upper, purer, 
ll' hitc layers ar c a li ttle mo re than a foot thick, a lt hough the ca lcium content is 
fairly lo\\' to a de pth nf at least 3 feet. AYailablc materia l here has been estimated 
at 220,000 Lo ns, 11·iLh a lime con tent noL exceeding 3 per cent. 

Phosphate 
D eposits or phosph ate a rc wid espread in the Hock y l\fountain:;, occurring in 

format ion::: of diffe rent gcological age~. Beds everal feet thick have been found 
near the base of the Banff fo rma tion of Mississippi an age, near the top of t he 
Rocky Mountain formation of P ennsy J-rnnia n age, an d at the base and in the 
Fcrn ic fornmtion of .Ju ra :- ie age . Th e ph osph ate bed:; usually occur close to a 
contact or a n erosional surface. Th e deposits arc low grade, and their commer cia l 
rnluc is un certain. 

SaLine Deposils 

Sma ll , un drained lakes containing concentrated sol ution · or cr ystallin e 
deposits of od ium and magnesium rnlts arc fo und in the Clinton, Chilcotin, 
Ashcroft, K am loops , a nd Okanagan a rea;:; in the rather a.rid interior of British 
Co lumbia. A few have b een com merci a lly exp loi ted on a sma ll sca le. Th e sa lts 
include sodium carbonate, sodium su lph ate . ancl magnesium sulphate. 

Th e soda lakes contain on ly minor amo un ts of other sa lts ancl one, Last 
Chance Lake, abo ut 16 mil es nor th of C lin ton , con tains a permanent deposit 
of crystall ine material as bo11· l-shaped masses ·e paratecl by mud. Th ese 
rryRta l mas::es range fro m 4 to 70 feet in diameter and from 1 to 10 feet deep. 
Th e,v aggregate some 70,000 tons co ntaining a bout l 7,.500 tons of sodium 
carbonate. 

Th e su lphate lak es a ll con tain both sodium and magn c- o; iurn sulphate, but 
sodium sulph ate is the majo r const ituent in som e of those of the K amLoops area. 
One of thc:;e lak e· may lrnld 150,000 ton:; of impmc hyclrnus sodium sulphate 
a~ a permanently crystallin e deposit containin g some 60,000 tons of sodium 
sulph ate. 

L a kes containing mainly magne;;i um su lphate arc more 1riclcsp reacl. Th e 
l fo8rf7ie clcposits, 12 mi le'-' from A:> hcroft, occur in four mud-filled ponds 500 
tc 750 feet in length. Sodium and magnesium salt :; , prin cipa lly b locdi tc and 
cpso mi tc, form bowl-shaped mas. cs set in thc mud. Th ey range up to 60 feet in 
di a 111 ctcr a nd some exceed 10 feet in depth. Til e minimum content of crude sa lts 
i::; 75 ,500 tons, containing abou t 35,000 tern:; uf magnesium sulph ate. 

Lime and C ernent 

Limestone sui table for the production of high-rnlcium lim e is abu ndant. Lim e 
of a high degree of purity is ca lcinecl from limestone nea r J\ananas /,,is station 
in Bo11· Hiver Valley, Alberta . A cement p la nt at Ba111berton on t li c east 
coa:-;L of Y ancouY cr I sland uses, as ra11· mate ria l, cry~talli n c limestone of t he 
Vancou\'Cr group and n carb~· tuffaccous a rgi lli lc:;. :-\ nolhcr ccmcnt pl a nt at 
Exshciw, Albe r ta, uses lim estone mixed 11·ith shales from the 'Napiabi for mation. 

~5672-21 
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Building Stone 

Th e most importan t building and monumental stone is the granodioritc 
and related rock of the Coast batholith , as quarried at Jervis Inlet about 55 
miles nor thwes t of Vancouver. The somc1Yhat simil a r stone of the Nelso n 
batholith bas also been used, and other intrusive bodies have found local use in 
building and monumental work. Th e only sandstones of commercial impor tance 
arc those of the Upper Cretaceous, K anaimo seri es quar ri ed on southeastern 
rancouver Island and on various smaller islands bc t11·ccn Vi ctoria and Vancouver 
city . 1\Iarblc has been quarried at Jlarb lehead, north of K ootenay Lake, and 
on T exada I sland. 
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CH APTE R VIII 

THE ARCTIC ARCHIPELAGO 

( J . E. A rmstronp) 

INTRODUCTIO~ 

The Arctic I slands of Canada, together 1Yith Boothia and M elville 
Peninsulas, form a separate geograph ic unit extending from Hudson B ay, at 62 
degrees north latitude, to t he north ern t ip of E llesmere I sland, at 83 degrees 
north latitude, or about l ,500 miles . T heir greatest extent from east to west 
is about 1,000 miles. The land area in th is yast region exceeds 525,000 square 
miles (See F igure 75 ). 

L ittle is known of the hinterlands of t he Arctic I slands, expl oration having 
been confined main.Jy to their coasts, wi th a few inland trips. H owever, sufficient 
information has been gathered to provide a genera l picture of t he geography and 
geology, t hough t his no doub t will be greatly modified by subsequent more 
detailed explorations. 

The exposed format ions of the Arctic Arch ipelago arc successively younger 
from southeast to northwest. I n the southeast rocks of Precambrian age r ise, 
on Baffin Island, to a reported height of 10,000 feet above sea-level. Attempts 
have been made to classify these rocks as either Archreozoic or Proterozoic, but 
have been only partly successful. N o fur ther diYision is at present possible, 
although the various P recambrian formations iden tified on the main land are 
undoubtedly to be found. 

Along the northwest border of the main Precambrian area t he older rocks are 
o\·crlain, first by isolated r emnants of early P alreozoic strata, and , farther north, 
by an a lmost r,ontinuous succession rangin g in age fro m Cambrian to Triassic 
and possibly J urassic. In places Cambrian. elsc1Yhcrc Ordovician and Silur ian 
beds, directly overlie P recambrian rocks. T he P alreozoic section on E llesmere 
I sland is at least 10,000 feet thick. Th ese \' ambri an and youn ger strata are 
everywhere fiat-ly in g or only slightly disturbed , except in part of E llesmere 
I sland where they a re folded. This fo lded area is moun tainous, with peaks as 
much as 10,000 feet high. 

Small basins of T er tiary sedimen tary rocks with coal occur at numerous 
localities t hroughout t he Archipelago . 

Various minera l occurrences have been observed in t hat part of the 
Archipelago underlain by Precambrian rocks, bu t are mos tly of minor importance, 
and none has yet been developed . 

Coal of late P alreozoic and of T ertiary age is kn own at many pl aces in the 
Arctic. 

EXPLORATIO~ 

T he Arctic Archipelago is one of th e most inaccessible and least known 
regirns of the world, and the histor y of its discovery, especially in the earlier 
stage. i, is one of incredible hard hips and remarkable courage. 

Yorsemen had se t tled in Iceland at t he end of t he ninth century and soon 
a fterwards discovered Greenland , and some migra ted t here. From these 
settlements t hey are believed to have explored D avis Strait and part of Baffin 

85672-22 
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Bay. The greatest of the K ort;c adYCnturers was Leif Erikson, who, on his way 
from ~onrny to Greenland in JOOO A.D ., is hcli cYCd to haYc touched the coast 
of Labrador an d the south east shores of Baffin I s land. 

There is no further record of ex ploration in the Canadian Arctic un til 1576, 
when l\Iartin Frobisher set out from England to find a northwest passage to 
Tndia, thercb.'· initiating a seri es of expediti ons that in t he next 300 years were 
outfitted in England for t his purpo ·c. On his first journey Frobisher discovered 
the bay in sou thern Ballin I sland that now bears his nam e. Unfortunately, a false 
rnmour of gold arose on his r eturn , and t rips in th e succeedin g 2 years in search 
of wealth succeeded neither in finding gold nor in making new discoYeries. 

The next attempts to discoYer the nortlrn·est passage "·ere by John D avis, 
who made three Yo.'·ages to D aYis Slrait bebreen 1585 and 1587. In 1610 H enry 
Hudson enter eci Hudson Strait a nd discovered the great bay that bears his name. 
He was obliged to winter there, and on his \my home t he fo llowin g year his crew 
mutinied ctting him adrift in a boat to perish in the 1rntcrs of the strait . In 1612 
Thomas Bu tton sa iled to Hudson Bay and 11·intered at the mouth of ~elson R inr, 
and the next year he expl ored the coa t of Southampton I sland, R obert B ylot 
and '\Villiam B ::tffin sailed to Hudson Bay in 1615, trnYClling a long the F oxe 
Channel coast to Southampton I sland. In 1616 they sa iled up D avis Strait and 
around Baffin Bay, takin g note of Smi th, Jones, and Lancaster Sounds. T hese 
discoveries were doubted by map m ak ers, and it 1rns no t until 200 years later 
that another expedi tion entered these waters to prove the earlier observations 
substantially correct. 

In 1631 Luke F oxe and Thomas Jam es com manded sh ip~ sailing to Hudson 
Ray in search of a route to the Indies through this bay. Th eir fa ilure retarded 
the search for a nortb"·est passage un t il J 742 "·hen :\Iiddlcton sailed north from 
Church ill up the 1yest coast of Hudson Ba>· to R epulse B ay. 

It was not until 1818 that further attempts \Yerc made to discoYer a north
west passage, and in t hat year four ships sailed from England on which were 
serving J ohn R oss, Edward P arry, F. \\ ' . B ecchcy, George B ack , and .John 
Franklin. J ohn Ross and Edward P arry went to Baffin B ay, but did not attempt 
to proceed farth er west. P arry m ade Yoyages to the Arctic in 1819, 1821, and 
1824. On the first he entered Lancaster Round and proceeded west oo M elville 
Island; on t he second he sailed t hrough Hudson Strait and Foxe B asin to Fury 
and H ecla Strait; and on the third be passed t hrough Lancaster Sound and 
soulh into Prin ce R egent I nlet. In ] 829 .T ohn R oss entered Prince R egent 
Inlet and continued south to B oothia P cnimula "·here he wintered. J ames 
RosR, the commander's nephew, rn!lde winter sledge journ eys to the northerly 
point of King William I sland and to the si te of the North M agnetic P ole. 
George Back m ade an attem pt in 1836 to continue t he work of P arry and R oss, 
but his ship was caught in the ice in Foxe Channel. 

The Briti sh Admiralty made no further attempts at Arctic exploration 
until 1845, when Sir J ohn Franklin's ill-fated expedition disappeared sou th of 
Barrow Strait. During i:lhc succeeding J2 y ears thirty-five sh ips and five 
oYcrland expeditions carried a h ost of explorers to the Canad ian Arctic in 
Rrarch or Franklin. It is cstirn2tccl that 6,000 miles of new coastlin e were 
discovered . and when the search "·as completed only the most northern islands 
remained to hr explored. Of t he many famous expl orers engaged in this search 
Leopold M cClintoek was one of the most versatile and wiclel>· traYellccl, and 
it was he "·ho solved t he technique of Arctic sledging and who in 1859 discovered 
proof of the loss of Franklin's part>'· M cClin tock crossed M elville I sland and 
disconrecl Prince P at rick I sland. A northwest passage was completed in 1854 
for the first t ime \\·hen Robert McClure, a member of Ri chard Collinson 's 
expedition, succeeded in travelling partly by sh ip a nd partly on foot from 
Bering Sea to the At lantic Ocean. 

85()72-22} 
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In these and succeeding years much of our knO\dcdgc of the geology of 
the Arctic Archipelago is based on observations made by naturalists, in many 
instances medical doctors attached to various search parties. In 1853, Dr. 
Elisha K ane sailed from New York northward to K ane Basin in search of 
Franklin. K ane confined his explorations to the Greenland side of the sound, 
wh ereas Dr. H ayes, surgeon nttached to K ane's ship, crossed K ane Basin to 
Ellesmere I sland. Hayes returned to the Arctic in 1860 and continued his 
exploration of the eastern coast of Ellesmere I sland. 

1 he next big impetus in Arctic exploration resulted from competition to 
reach the North Pole. In 1871 , C. F . H all , \Yho had prcYious Arctic experience 
in the Frobisher Bay and Repulse Bay areas, \ms encouraged by the United 
States Government to reach t he P ole by sailing north bct\\Tcn Ellesmere I sland 
and Greenland. H e reached latitude 82 ° 11' . T he British GoYernment fitted 
out a P olar expedition in 1875 wi th George N ares in command and instruc ted 
him to proceed up Smith ound with the North P ole as his objectin. His 
sledge parties reached latitude 83° 20' in the direction of the P ole, and 
explored the entire northern coast of E llesmere I sland. H. IV. F eilden \\·as 
attached to the Kares expedition as naturalist, and \YO mu t credit him for 
much of our knowledge of the geology of northeastern Ellesmere I slan d. In 
1881 tJhe United States, r epresented by A. Y.l. Greely, established a base at 
Fort Conger on the eastern coast of Ellesmere I sland at about lat itude 81 ° 40' ; 
sledge journeys from Fort C'Onger included a trip to t he north of Greenland 
and a cro sing of Ellesmere Island to Greely Fiord. On e of t he greatest of 
Arct ic explorers was R obert P eary, \Yho commenced his investigation in 1886 
and who , after 23 years of cont inuous Arctic experience and after several umm c
cessful attempts, is crediterl wit h haYing reached the North P ole in 1909. 
Frederick A. Cook spent 2 years in the Arctic, 1907 to 1909, and claimed 
to have reached the Norbh P ole in 1908, but his claims have never been 
sub, tantiated. 

In 1899 Otto Sverdrup from Norway planned an Arctic Yoyage for the 
circumnavigation of Greenland , bu t was obliged to abandon his attempt to 
traverse Smith Sound, nnd inste::td proceeded westward into J ones Sound.. 
spending the ne;...'i; four winters in dfffcrcnt harbours in Ellesmere I sland. Axel 
H eiberg and other islands of the Sverdrup group , which li es west of Ellesmere 
I sland , were discovered and mapped . The Norwegian fl ag was rai sed in this 
area, and it \\·as not until 19'30 that Nonrny ackno\\·ledgcd Canadian sovereignty. 
P . chei. a geologist, \\·as attached to this expedit ion, and gained much i;aluable 
information. 

T he first member of the Canadian Geological un·cy to investigate the 
Arctic Archipelago was R obert Bell, who examin ed the south ern coast of Baffin 
I sland in 1884 and 1885. In 1903 A. P. Low commanded a wintering expedition 
to the Arctic, and from 1906 to 1912 three similar voyages under the command 
of Captian J. E. Bernier were sponsored by the Canadian Government. J. G. 
M acMillan , attached to the second expcrh ti on as geologist, studied the geology of 
M elvi lle I sland, and on the third voyage J. T. E. Lai;oic inveistigatcd the geology 
of Brodeur P enin sula , Baffin I sland. 

Roalcl Amundsen 'ms t he first to compl ete the N orthwest Passage from 
east to west in one ship , having sail ed fro m Christiania. Norway, in 1903 and 
reached Bering Strait in 1906. During the years 1913 to 19'17 D onald i\IacMillan 
explored the area to the north and west of J ones Sound, and confirm ed Si;crdrup's 
discoverie . During t he same period Vilhj almur Stefansson investigated the 
great bight north of Canada an d west of the P arry I slands. H e was t he ·commander 
of the Canadian Arctic Expediti on of 1913 to 1918, the main obj ective of which 
was the exploration of Beaufort Sea, the l a~t great unkno\\·n area in the Canadian 
Arctic. Th e .expedition was split into a southern party in charge of R. M. 
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Anderson and a northern party under Stcfansson. J. J. O'Neill of the Geological 
Survey "·as attached to the southern party as geologist, and as part of his work 
studied the format ions of the southern coast of Victoria L::land. G. S. Malloch 
of the Geological SurYcy, who was geologist for the northern party, died in the 
Arcti c \\·hen the expedition's ship sank and he was obliged to travel with the 
party to Wrangell Island in the depth of winter over incredibly rough ice. 

Within the last 30 years expeditions to the Arctic Archipelago have been 
interested more in scientific information than in pure exploration. Geological 
inwstigations during t hi:; period "·ere undertaken at various areas in the Arctic, 
and prominent workers in recent years have been T . M ath iassen (Southampton 
Island, j\folYille P eninsula, and Northwest Baffin I sland, 19211-1924), L . J. \Veeks 
(Cumberland Sound, 1926), I. H . Cox (Akpatok Island, 1931), R. Bentham 
(Bar he P eninsula, 1934, and southern Ellesmere I sland, 1936-1939), and A. L. 
\Yashburn (Victoria I sland and ad jacent regions, 1938-1941) . 

T' !..\ 'L'E LUI 

Hud son's Bay Company's ship Nascop·ie at anchor in Lake H arbour, Baffin I sland. 
P hoto br D. A. ~ichols, Geological Suney (82 081). 

In 1912, the H udson's Bay Company icebreaker N ascopie fi rst entered t he 
eastern Arctic, and since then has been used in yearly t ri ps to various Arctic 
settlements (P late LIII). In 1937 the trad ing post of Fort Ross, at the eastern 
end of B ellot Strait, was opened, and here the N ascopie met, and exchanged 
freight with , the small Hudson's Bay Company schooner Aklavik from King 
vVilliam Island, thus making B ellot Strait a meeting place between Eastern and 
Western Arctic on the N orthwest P assage. T he boat that has made recent history 
in the Arctic is the R. C.M .P. schooner St. R och (Plate LIV) under the command 
of H . A. Larsen. From 1940 to J942 she completed the Nor thwest P a sage from 
west to cast, the first sh ip to do so, but was forced to spend two winters frozen 
in the ice. Again in 1944 the St . Roch made the Nor thwest P assage from eas t 
to west in a single season, thereby creating a new record in arctic navigation . 
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l'1..1TE LI\' 

Royal Canadian J\fonntc<l P olice srhoonC'r St. Roell being clri·cen b.v ice into -Pasley Ba,·. Boothia 
Peninsula. Ph oto b 0• courtesy Royal Cannd ian l.Jounted Police. 

SOUTHAMPTON ISLAND, MELYILLE PENINSULA, AND 
ADJACENT ISLAXDS 

Southampton I s'land , about 20,000 sq ua re miles in area, may be diYided 
rough lv by a line running sou theast from Duke of York B ay. A Precambrian 
plateau lies northeast of this line and a Palrnozoic lime·stone lmYland to the 
soutlrn·est. Th e plateau is an area of gentl~· undulating hills ri sing gradually 
from the sea and the limestone lowland lo an average height of 1,000 feet, an 
oceasional rounded hill reaching 1,500 feet aboYe sea-kvel. It is underlain 
main·ly by granite and gneiss. Th e limestone lowland is formed of irregular 
ridges of limestone debris or of fl at -lying limestone outcrops separated by low, 
swampy, or lake- covered areas. It ri~es from the ~ca in a seri es of raised 
beaches to a maximum elevation of about 200 feet. l\ I idclle Silurim1 (Kiagaran) 
fossils have been collected from limestone at the most northern tip of 
Southampton I s'land; other fossils, from the southwestern part of the island , 
indicate strata of both Upper OrdO\·ician (Richm ond) and Niagaran ages. 

Coats I sland , about 2,000 square miles in area, lies directly south of 
Southampton I sland . Wi t.h the excepti on of a moderately high ridge of 
Precambrian rocks, which crosses the island diagonally at its eastern end, it is 
low and flat, with no elevation more than 100 fcrt, and consists of horizontally 
bedded Pal rnozoic limestone, probabl~· of Ordovician or Silurian age. 
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Mansel I sland, to the soutbe:ist of Coats I~land. is ewrywhere low and 
flat, with no elevations exceeding 100 feet. It is underlain \\·h ol ly by Paheozoic 
limestone. 

Akpatok I sland is included in thi.s division although it lies in the mouth of 
UngaYa Bay. It is 550 sq uare mil e~ in area, and is strong])· rliffed for the ,,·hole 
of it::: perimeter. Inl and from the rnast i ~ a plateau Yar.ving in height from 
600 to 850 feet. The island is underlain by at least 850 feet of alrnod horizontally 
bedded Ordovician limestones containing Ri chmond {upper OrdoYician) fossils. 

::vrelville Peninsul a con.s ists of rounded hills, up to 1,000 feet high, of 
Precambrian granite, gneiss, and sc hist, except for a lmY-lYing. limestone 11l ain in 
its northeast part. Foss1i ls of probable Hichrnoncl age ocrnr in the limestone. 
Hichmoncl fossi ls have been collectecl a,;: " ·ell from the lim estone of Iglulik 
Island in H ooper I nlet. 

PL.ITE T,\' 

View of Pangn irtung F io1:d, Cumb erland Sound . a nd mountains of Baffin I sland. Photo by 
D . A. ~ichol s . Geological S nn·ey (82086) . 

BAFFIN AND BYLOT ISLANDS 

Baffin I sland, the largest in the Arctic Archipelago, has an area of slightly 
more than 200,000 sq uare mi les. A hi gh mountain range extends along the 
northeast coast from Cumberland Sound to P one! Inlet (Plate LV). On this 
coast tl1e land r i6es rapidly to elevations .of 1,000 feet or more and then more 
gently to the axis of the range, 1Ybich has a general elevation of at least 5,000 
feet with occasional peaks pos sibly as high as 10,000 feet. The area soutlrn·est 
of Cumberland Soun d is a rolling plateau, about 2,000 feet aboYe sea- leYel, 
and a broad lo\dand area lies west of Am adj uak and Net tilling Lakes. Borden 
Peninsula is a plateau ri sing precipitously from the sea to perhaps a general 
elevation of 2,000 feet, and Brodeur P enin sula is a tableland about 1,000 feet 
above sea-level. Sou th of these peninsulas the land becomes gradually lmYer, 
and in the vicini ty of Fury an d H ecla Strait consists of a monotonous , low 
terra in of rounded hills. South of Eclipse Sound is an area of low, fl at country 
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or rolling hil ls a fe w hundreds of feet high sepa rated abruptly from the mountain 
to the rnu thca~t. Similar , flat. rolling country fo rms a na rro w border to the 
\r e~t ccast of Bylot I sland, the greate r part of 1rh ich is moun tai nous. 

T he cast and south coa ·t.• . the lO\Y lancl area nort h of Fury and H ecla Strait, 
and probabi ~' mu ch of the interior of Baffi n I~ lau cl nre u nderlain by crystal line 
rocks of Precambri an age. Granitic in trusions, gneiss, and schist eompri ;;c the 
greater part of the a~scrnblnge on the cas t coast. T he rocks of the scuth 
coast of B affin I sland in cl ude an abundance of crystallin e limestone, the general 
assemblage resem bling that of t he Ore tw illc sub-province of the Canadian Shield. 

T eichert has uggested that some of the rocks outcropping a long the 
coast of F ury and H ecla Strait, on both sides of Admira lty Inlet. and in the 
Yicinity of :i\I iln e In let arc of L ate P recambri an age , and he has compared them 
with the T hul e fo rmat ion of nortlnYc~t Greenl an d. Th cv consist rna inlv of 
~ancl~ tonc a nd quartzite . It is rp1 itc po~s i b l e that ~omc O'f t hese rocks a;·c of 
La te P reca mbrian age . hu t it i• m ore probabl e. e,;periall :v along Adm ira l t~' Tn lct, 
that the~' arc un fos:: ili fcro us. ear ly P a!a>ozoic st rata. 

B rodcm <lll d B orden Pc ni n~ ul as and the low lan d area \Yest of X ctt illing and 
Am adj uak Lakes are u nderl ain in large par t by fl at-l~' ing P ala>ozoic sedim entary 
beds. I n add it ion, a small exposure of Richmond li mestone knmrn aR "Silli man 
F ossil M oun tain" occurs near the hear! of F robi sher Bay. T he P a la>ozoic strata of 
Brodeur and Bvrden P cnin:::ulas rest on P recambria n rocks. T hey co nsist mainly 
of limestone, 11·ith some shale and sa ndstone. Y\ThcrcYcr good sections arc exposed 
the sandstone appears to be basa l. Th e P alrr:>ozoic beds on the north1,·est coast of 
Borden P eninsula . in t he Yicini ty of ::\auti lus ::\[oun ta in, attain a t hi ckn ess of 
at least 2,000 feet. In plac s the lim estones arc fossili fe rous. ::\fo,;t of t he 
P ala'ozoic rocks appear to be of Ordm·ician and Silurian age. although some of 
the basal ~an dston cs arc possibly older. Only in a fe" · locali ties can the Ordo
vician and Silurian strata be separated. F o:::sils of U pper OrdoYician (R ichmond) 
age occur at several horizo n.~ in the N autilu s ::\foun tain section, wherea those 
ob tain ed from th e lim es tone on th e ncr tlrn·es t coast of Brodeur P eninsula arc 
of Midd le Silurian (Niagaran ) age. 

Th e area of P alffiozoic rocks 'nst of N cttillin g and Am ad juak Lakes is 
underla in by horizonta l beds of Ordovician sh:J.lc and lime tone resting on 
Precambrian rock . Th c:v have a m aximum t hi ckness of 700 feet, of which 
about 600 feet is shale. In most place t he lim e tone occurs abon t he sha le, 
forming a cap rock 50 fee t th ick , bu t in some lora ltics limestone is in te rbcdded 
with t he sha le. F ossils of Richmond age have b een collected from the limes tone 
cap rock , and others of Mi dd le Ordovician (Utica) age from the :::hale. Yarious 
fo sil s col lected in dri f t from t he N et t illing Lake region indica te t he presence 
of a Silurian t errain either near this lake or nor th of i t . 

At Arctic Bay, on Adams Sound , an arm of Admiral ty Inlet , shales are 
overl ain by .~and stones and limestones, and the whol e is cut by basic dykes. 
Alt hou gh t hese strata are unfoss ili fcrous t hey are li thologically similar to t he 
P ah ozoic beds of Bord en P enin sula. Assa.y yi elding values in gold, silver, 
platinum , copper , nickel, and antim ony 11·ere obta ined fro m specimens collected 
in the Yicini ty of Arctic Bay, and almost all reports of min eral discoveries in 
the easte rn Arctic come from the Adrnira.J ty Inl et region . 

In tcrbeddcd sandstone, shale, a.nd li gni te of probable T ert iary age occur 
on the rn uth side of E clipse Soun d west of P ond Inl et, on both sides of N avy 
Board Inlet, and at the head of I sabell a Bay. Coal has been mined for local 
use fro m th ese rocks on Sal mon River abou t 3 miles south of i ts mouth on 
E clipse Sound . Two main scams, each 3~ feet t hick , are exposed. 

Occurrences of mica, graphite, and garn et, of possible economic importance, 
have been fo und in the Grenville type Precambrian rocks of southern B affin 
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Idancl. I n 1876 an American company made a shipment of mica from Cumber
land Sound, and in the early part of this century the Hudson's Bay Company 
mined graphite on Blacklcad hla.nd. During and imm ediately following the 
first "·orlcl \\'al' this cornp:rn ~· ~hipped a small tonnage of mica and garnet from 
Lake Harbour (See Plate LIII) to England. 

DEVO~ I LAKD AND PARRY I LANDS 

Dernn hland has an area of approx im ately 21 ,900 square miles. T he eastern 
part is an ice-capped tableland rising abrupt!~, from the sea to an average 
elcYation of about 3,000 feet. This tableland gradually lo cs height to the west, 
and tbc 1Yc:;tern part of the island docs not exceed 1,000 feet in elevation. Low 
coastal plains mark the soutlrn·cstcrn encl of the island. 

The ca.ste rn 11alf of D evon I sland is und erlain by Precambrian p;ranitc and 
gneiss. Near Dundas Harbour unfossiliferous limestone is found at elevations of 
about 1,000 feet capping cl iffs of grey gneiss. In the bay \Yest of Cape Bullen, 
Precambrian gnci::;Res arc overlain by 50 to 100 feet of flat-lying shale and 
sarnbtone succeeded by about J ,000 feet of limestone. ::\Iiddlc Silurian (Niagaran) 
fos~ il s liaYe been found near the base of the limestone beds. The western 
half of the island outh of Cape Vera, and most of Cornwallis I land, are 
fringed by cl iffs of similar 'ilurian limestone. F ossils coll ected from talus in 
several localities suggest that the top of the section is of Ycry late Silurian 
or early D evonian age. D evonian limestone outcrops along the north coast 
of DeYon I sland between Cape Vera and Grinnell P eninsula. 

The Parry I slands comprise Cormrnllis, 2,700 square miles; Bathurst, 7.000 
square miles; M elville, 16,200 sq uare mile ; Prince Patri ck, 7,100 square miles; 
and many smaller islands, in cluding Byam Martin and Eglington. Th ey possess 
the same physical characteristics, and a general description ans1YCrs for all. 
Their shorel ine are much broken, the la.nd rising in cliffs 400 to 700 feet high. 
General elevation inland arc less than 1,000 feet. 

Much of Bathurst, M elvi lle, and Prince Patrick Island~, Grinnell P enin sula 
on Devon Island , and Royle Point on Cornwallis I sland are underlain by sedi
mentary rocks of probable Carboniferous and P ermian age. These consist ma.inly 
of a series of 1Yhitc sandstones containing coal scams OYerlain by a series of lime
stones. The "sandstone series" outcrops on the south coast of ::\Ielvillc I sland, 
on Byam Martin I sland , and on all the coa ts of Bathurst I sland except the 
north. Its maximum o·bscrved t hickness, on the south ide of Melville Island 
near Bridgeport Inlet, is at lea.st 3,850 feet, consisting of 1,225 feet of shale with 
minor sandstone overlain by 2,625 feet of '\\·bite sandstone. The beds have an 
ayera.gc dip of 65 degrees south. Fossil plants suggestiYe of either Pcnns~'lvani an 
or Permian age have been collected from these rocks at several points on the 
~ou th coast of M elville I sland . F ossi l shells collected from coal -bearing beds 
on Byam Mar tin I sland were iden tified originally as Carboniferous, but a 
Permian age now seems more probable . The "limestone series" outcrops on 
Grinnell Peninsula , the north coast of Bathurst I sland, and at Hillock Point, 
on the north coast of M elYille I sland, where Permian fossils, probably loose, 
have been collected. The occurrence of fo.~sils of Carboniferous rather than of 
Permian age doe not appear to haYc been demonstrated in the Canadian Arctic. 
Volcanic rocks of probable P ermian a.ge occur at Bedford B ay on the southeastern 
tip of Bathurst I sland. 

The northwest tip of Bathurst I sland . and \Vilkie Point on t he southeast 
side of Prince Patrick I sland. a.re und erlain by Mesozoic sandstone and shale 
containing marine fossils of Triassic or Jurassic age, and deposits containing 
fosjl wood of probably Miocene age outcrop in the southwestern part of Prince 
Patrick I sland. 
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Although the arnilablc literature records many reports of coa l in the P arry 
I slands, espec ially l\Iclvillc, no reference is made to other than pieces of coal , a nd 
no seams arc described . Th is coal \\·as probably clc ri n d from seams in tbc 
Carboniferous or Permian sand stone series . 

Seepages of petroleum or bitumen ban been reported on northern J\Ieh·ille 
I sland. 

ELLES:.\ IERE n-lLAJ'\D A~D TIIE SYERDRuP ISLANDS 

Ellesmere I sland, \\ith an area of about 75,000 squa re miles, extends to 
1Yi th in 500 miles of the ::\orth P ole . It .~ genera l elcrntion probably exceeds 
2,500 fret. North of Baclic P cn imula the i~land is mountainous. " ·i th peaks 
in the Gni tcd Sta.tes and Briti sh .Empire Hangcs reaching elcrntions of 9.000 
feet or mo re. Bache P eninsu la. is an almost un cl i::scdccl plateau rising 1.200 
to 1.500 feet aboYC the sea. F rnm C raig H arbour to Bache Pcnin~ul a the cast 
coa.<t of Ell e~ rn cre Island i:: qui te rnountainou~ . C'!iff~ r i ~ in g steeply from the 
sea to heights of about 1.000 fee t. abO\·c 1Yh ich the ;;;urfnce continues to ri se 
inland to elevations of 2,500 to 3,000 feet. The so utlmcstern par t of the island 
is a rolling tableland , 1Y ith a n clcYat ion of abo ut 3.000 feet, and is bordered 
b:: high cliffs along the coast. T he \Hstern sidr of the island, from Bj ornc 
Peninsula to north of Bay Fiord , i::: a 10\Y rol li ng plain . 

T he SYCrdrup Islands lie ,,·est of E llesmere I sland and in clude Axel H eiberg, 
with a n area of a bout 13 ,200 square rniie:::; Ellcf Rin gnes I sland, about 3,200 
square miles; and Amund Ringn es I sland, about 1,750 square miles. Axel H cihrrg 
fal an cl is probably :oenrnl thousand feet high in the in terior , \Yith a 101Y, \Y icle 
forrshorc . The other i ~l and s are lo\\·er in genera l eleYnt ion. rLnrl are clrnrac
tcrized b_\· \Y irlc stretches of 10\l"land bcbYcen csra. and crumbling cliffs. Th e latter 
rise to a.n unenn interi or plateau that rnrclv exceeds 700 feet in eleYat ion . 

Precambrian granite, gneiss, a nd schist outcrop along the cast coast of 
Ellesmere I sland south of Buch anan Bay and along th e south coast eac;t of 
H arbour Fiord. On the west coast of the island P recambrian rock s haYe been 
obsernd on ly on Bay Fiord. Gra nitic rocks arc r eported to occur on the north 
coast bctinen Cape Columbia and Y eh-crton Bay. 

Along the south east coast of Ellrsmcrc I~ l a n cl unfossilifcro us beds of 
dolomite and sands.tone overli e t he Precam bri a n rocks at Yarying elevations. At 
Craig H arbour (Plate LVI) they arc 1.000 feet above sea -level, bu t 11·cst1rnrd 
th ey occur at lower elevations. Bentham bclicYes they arc of Cambrian age. 

T he 'best kno,Yn and probably the best dcYelopcd P al::eozoic section in the 
Arctic Archipelago occurs on Ell esmere I sland . It comprises at least 10,000 
feet of fl at-ly ing sedimentary rock s ranging in age from Lower Cambrian to 
P ermian. On Bache P eninsula (Plate LVII ) P recam brian rock s are overlain by 
a sand stone series about 500 feet thick, c; uccecclccl by at least 2 ,000 feet of 
lim estone, lim es tone conglomerate, shale, and sand stone from which foss ils of 
Lmn r and :.\!fiddle Cambrian and basa l Ord ovician ages have been collec ted. 
North along the east coast from B ache P eninsula su ccessively younger beds of 
Pal::.cozoic limestone \vi th minor shale and srLnclstone arc exposed. Fossils 
of Lo11·er Ordovician, :.\!fi ddle and upper Orclovi cia·n, L O\YCr Silurian, and 
late Sil urian or early D evoni an ages lrnYc been found in them. This belt 
of rocks apparently extend"' soutlrn·esterly, and beds of a similar charac ter 
outcrop at th e head of B ay Fiorcl on the 1Ycst coast of the island. 

Anothrr excellent P a l::.cozoic section is exposed in the southwest part of 
Ellesmere I sla nd. In the vicini tv of H arbour :Fi r. rel, Precambrian rocks are 
overlain by a basal sandstone abo~c 1Yhich is about 1,500 feet of limestone con
glomerate, lim estone , and shale fo l1 01Yed by about 2 ,000 feet of brownish lime
stone. Richm ond foss il s occur in the lower part of the bro,rnish limestone series 
and probable Niagaran foss ils in the upper part. As no fossils were obta ined 
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Ent1·a11C'P lo Cra i.~ ll arlw11r. Ji:lir>nw1·(• l ,;lanrl . . \ rc·ti (' Ocean . Photo b.'· D. A . ::\iC"hok 
f:polol!ical S111·,·<·.'· ( 70008). 

PL.\ TE LYU 

Flat-lying Pal rcozoic sedimentar y rocks at B ache P en insnla, Ellesmere I sland, Arctic Ocean . 
Photo by L . J . ' '\'eeks. Geological S ul'\'ey (60767) . 
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from the strata belO\Y the brcl\rnish limestone, there is no direct proof as to the 
age of t he basal beds, although , as previously ncted, the~' arc possibly Cambrian. 
In Coosc Fiord a bou t 1,000 feet of dark shales and limestone li e conforrnab ly 
a boYc the brmYn limestone . The fa un a from these beds is abundant, but contains 
fe\\· diagnostic fcss il s and has m ore of a ilurian than a D evonian aspect. About 
1,000 feet of unfossiliferous rnarly shales and arenaceous depos its overlie the 
dark shale and lim estone series. Still higher in the section is 1,600 feet of 
shal es and limestone, \Yith sandstone at the top. This series contains Lower, 
::\Ii clrll c, and Upper D cYonian fa una, and pa~~es transit ionally into a series of 
at least 2.000 feet of sandstone \\·hose essential fossils arc scanty fi sh and plant 
re mains of upper D cYon ian age . Succeeding beds outcrop in Goose Fiord , but have 
not been studied; they arc Fhalcs and sand-tones of possible L c:\YCr Carboniferous 
age. 

Carboni fero us or P ermi an strata ou tcrop on B jornc P cnin, ula on the 
sou thwest coast of El lesmere I sland. T he lower beds are un fossi li ferous, 
hrown i~h grey limestone, and the upper beds foss ili ferous, white, chcrty limc
tonc. The fossils indicate a late "Cppcr Carbonifero us age, according to the 

Hussian stratigraph ic system, or a P ermi an age according to the American 
ystern. Similar limestone has a lso been found on the north eastern tip of 

E llesmere I sland and on the north end of Axel H eiberg I sland, the latter 
intcrbcdded \Yith lavas and tuffs. 

As prcYiously stated, most of t he rocks of kn o\Yn Pah:cozoic age arc flat
ly ing, but in the vicinity of Vendome l<' iord , on the west coast of Ellesmere 
Lland, fo lded strata of Silurian and OrdoYician age haYc been observed . A 
seri es of northeast-t rending, sharp anticline occurs in th is region. T owards the 
south t he flcxurcs become less acu te, a lthough in many places , as a long the north 
coao;t of B aumann Fiord, the trata h ave a very steep cl ip. Folding also becomes 
less scnre tmrnrds t he cast a nd is barely r ecognizable 11 m i Jes from t he head 
of M akinson Inlet. Little is kno\rn of the extent of the fold ing in other directions. 
Xo fo lds can be seen on the south side of Baumann Fiord "·here the folded 
Silurian and Ordovician strata arc either buried beneath flat-l~· in g, youn ger 
D evonian and Carbonife rous s.trata or swin g to the west beneath the sea. If the 
fo rm er is t he case the fold ing is prc-D cYonian and probably of late Silu rian 
( Caleclonian) age. 

An other belt of folded rocks is cxpoo;ccl a long the northeaF't coast of 
Ellesmere Island north from Scoresby B ay to Cape Cresswell. Th e e folded rocks , 
ca lled Cape R awson beds, consist of un foss ili fcro us s lates. quartzi tcs, schists, 
gri ts, and lim estones . Th e beds are com monly nrtical and have a general south
west trend. Their age is not known. Bentham suggests t hey arc possibly the 
northeast con tinuation of the folded Silu rian strata on Vcnclome Fiord, and that 
the fold ing at both places is of Caleclonian age. K och, who has studied the Cape 
Rawson beds in northwest Greenl and, also believes the folding is of Caledonian 
age, though hi s reasons arc not conclu sive. Schei suggests t hat the folding is of 
post-T riassic and pre-1\Iioccne age, and that some of the Cape Hawson beds arc 
Triass ic. H e bases t his conclusion on the fact that he fo und li thologicall y similar 
fo lded Tri assic rock s on t he \rest side of E ll esmere I slan d. 

T riassic sand stones \Yith subordina te sch ists and limestone underlie most of 
the cast coast of Axel H eiberg I sland and the op pos ite coast of E llesmere I slan d. 
Th ese rocks have provid ed diagnostic fossils . Schei states that the clip of the 
Triassic strata is in many places 50 to 60 degrees, and that folds occur north of 
Greely Fiord. 

T ertiary deposits occur at several p laces along the northeast and west coasts 
of E ll esmere I sland. Th ey consist of sandstone, shale, a nd lign ite. and contain 
fossil plants. On e seam, on Stcnkul s Fiord, i 5 feet th ick. 
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The Triassic strata bordering Eureka Sound a rc i ntc rRcctccl by pre-Tertiary 
diabase dykes. Coarsely cry tallinc diabascs, probably of the same age, arc 
found in the basal part of the Palmozic section on Bache Penins ula and along 
the south coast of Ellesmere I sland. 

VICTORIA AND BA~KS ISL\.~DS 

Yictoria Island has an are::t of about 79.250 square miles, making it the 
second largest in the Canadian Arctic Archipelago. Banb Jsland is about 26,000 
square miles in area. The southern part of Victoria I land is low lying. except 
for a few isolated hills, such as fount Pelly (675 feet) near Cambridge Bay, and 
Colville Hills on Wollaston Peninsula, which reach a maximum altitude of about 
1,700 feet. :~forth of the height of land between the south erly and nortlrn·cstcrly 
drainage the country is more rugged and the hills higher, rising to a general 
elevation of about 2,000 feet cast of J\Iinto I sland. Banks Island is considerably 
higher than Victoria, the greater part of the interior being above 1,000 feet, and 
in the southern part elevations reach 3.000 feet. 

PLA'l'F: IXIH 

Trap rock of Coppermine Ri,·er series outcropping at group of three smalJ isiands about 
halfway across the mouth of Prince Albert Sound, Victoria I sland, Arctic Ocean. 
Photo by A. L. Wa~hburn (96()32). 

Sedimentary and trap rock , imilar to those of the Coppcrmine River series 
of late Proterozoic age, outcrop along the south coast of Victoria I land in the 
vicinities of Wellington Bay and Richardson I sland . At the former locality they 
consist of quartzite and quartzite conglomerate intruded by trap, and, at the 
latter locality, of dolomite, quartzite, sandstone, and trap. Most of the rocks 
referred to as trap are diabase; some, however, are ophitic gab bro, and others 
basalt. Another belt of simil ar sedimentary and igneous rock outcrops around 
Minto Inlet and south to Prince Albert Sound on the west coast of Victoria I sland 
(Plate LVIII). This belt is 90 mi les wide and is believed to extend easterly to 
Hadley Bay on the north coa_t of Victoria I sland. Limestone, dolomite, trap, 
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and minor shale comprise the rocks in t hi s northern belt. Flat-l .\· ing li mestone 
and dolomite beds containing foss ils of Ord ovi cian or Si lmi a n age outc rop a long 
the southwest coast of \Y ollaston P enin sula, Yictoria I sland, and on R ead I sland. 
Fossil s collected from dolomite on Liston and Sutton Islands, \Yliich li e in Dolphin 
and Union Strait, lrnYc been identified as Silurian. 

Limestone is reported from a large area around Prin ce Albert Sound, 
probably a northward extension of the OrdoYi cian or Silurian limestone on the 
south coast of \Vollaston P eninsula. 

Horizontally bedded limestone and dolomite, and to a lesser extent sha le, 
sandstone, siltstone, and conglomera te, arc exposed along the southeastern coast 
of Vi ctoria I sland. Some of these rock~ contain fossil s of P al[Cozoic age , <)Uite 
possibly Ordovician or Silurian. 

Sedimentary rocks containing coal haYe been repor ted from the northwest 
coast of Yictoria I sland. Th e presence of coal inclicat es a post-Si luri an age, 
probably Carboniferous or P ermi an, as strata of this age containin g coal are 
kno1Yn to occur on nearby Banks a nd J\lch·illc fal ancL;. Tli c st rata rn 1i>-, lt o1rcycr, 
be in part of T ertiary age. 

T he stra ti graphy of B anks I sland is n r>' littl e knO\rn , and most of the 
significant geological da ta recorded deal \Yith the north coast. Limestone has 
been noted at Poin t Colqu houn and eastward to t he sou th encl of M ercy Bay . 
East of th is bay the coast is underla in by sandstone contai nin g coa l. Fossils 
from senral localiti es suggest a P ermian age for both th e lirn eRtonc and 
sandstone . Lim estone has been recorded at the southern tip of Banks Tsland, 
"·here i t is repor ted to be overlain by a da rk bro\Yn, columnar fo rm ation. The 
latter , i f correctly iden tified, suggests Coppcrrnin c River seri es of Late 
Precambri an age. 

T er ti ary deposits of probable Miocene age occu r on the nort111rest coast of 
Banks I sland. Carboni zed fossil tree t runks haYc been fo und in them. 

PRIJ'\CE OF \VALES, SOMERSET, AXD ETKG WILLIA.l\I ISLAXDS 
AND BOOTHIA P ENINSULA 

Prince of \Vales I sland has an area of 14.000 square mil es, and nmYhere 
exc eeds 500 feet. in elcrnti on. Precambrian granite and gneiss outcrop on the east 
side of the island in t he Yicinity of Browne Bay and Cape Eyre, and the 
remainder of the islan d is underl ain by fl at-lying limestone. Silurian fossi ls have 
been collected fro m lim estone on t he east coast. 

Somerset I sland, with an area of about 9 . .500 square miles , is separated from 
Boothia P eni nsula . 13 .000 square mi les, by Bcllot Strait, which is only a mile 
1ride in places . L ittle infor mation is arnilabl e on t he topograph,v of Somerset 
I sland and B ooth ia Penin~ula except such as has reference to the shorelines. 
Limct:itonc cliffs ri se to 1,000 feet on the cast side of Somerset Island, and granite 
hills reach altitudes of 1,500 feet a long th e shores of Booth ia P eninsula. A belt 
of Precambrian granite and gneiss extend s northerly from the southeast part of 
Booth ia P eninsula to the northwest coast ancl crosses B ellot Strait to the \1·estcrn 
shore of Somer,e t h lnnd. A flat-l ying series of limestones, at least 1,000 feet 
th ick , occupies t he r emainder of Bootliia P eninsula and Somerset I s land. Fossils 
of upper Ordovician (Richmond) age lrnYc been co ll ected from senral points 
along the east coasts, and of Silurian age from the north coast of Somerset I sland 
and the no rtheast coast of Boothia P eninsula. 

King \Yilliam I sland has an area of about 5,000 square mil es. It is genera lly 
lo"- l)·ing and is characterized by an abundance of lakes. Flat-lying limestone 
and dolomite outcrop a1'ong all the coas ts, and fossils of Ri chmond and Niagaran 
ages have been collected from them. 
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CHAPTER IX 

PLEISTOCENE GLACIAL DEPOSITS 

(R. T. D. TT'ickenden) 

INTRODUCTIOK 

This chapter is concerned mainly \Yith the distribution and description of 
deposits a:;;sociatccl "·ith Pl ci:;toccnc glaciation in Canada. These are found in 
ncarl>· a ll parti:; of the Dominion (Figure 76), and arc related to many phases 
of economic and cultural development of t he country. 

::\Iany sources of information haYc been made use of in preparing this 
account, and to a fc11· of the more important of these the reader is referred for 
more exhau::;tiyc treatment of the Rubjcct. Among those 11·ho haw contributed 
exteminl~· to our kno11·Jcdgc of g laciation in Canada arc the late Pro fessor 
A. P. Coleman of the 1JniYcrsity of Toronto; Dr. Ernst AntcYs, and ::\[cssrs. 
IY. A. J ohn:;ton and J.B. Tyrrell , for merly of the Canadian Geo logical Survey; 
and the late F. B . Taylor. Publications by these authors not only proYidc more 
dcla ilcd in formation, but will be fo und in some in stance· to express opinions at 
Yariancc with those offered here. Geological reports of the British Columbia 
D epartment of Mines, the Research Council of Alberta , the Ontario and Quebec 
D epartments of Mines, and the Geological SurYcy generally contain some 
j n forma tion about glaciation and the glacial deposits of the particu lar area or 
region under discussion. and together constitute a 11·ealth of information of 1Yhich 
free use has been made in this report. In addition, the \Hiter 11·ishes to 
acknmdccl gc assistance freely ])l'OYided b? his colleagues on the staff of the 
C:cological Survey. 

Ac count8 of the history of the Pl eistocene ep.ich an d of r;cnrrn l feat ure:< of 
7lnciation appear in all standard textbooks on geology, and hence only a Ycry 
brief summary need be giYen here. 

Foc;:-;i l remains of plants and an im als fo und in prc-C:lacial, Tertiary 
formation - indicate that the climate in Canada, as indeed in other parts of the 
11·orld. 11·as becoming colder tmrnrd s the end of Tcrti ar>· time . B>· the cloRc of 
the Pliocene or latest Tertiary epoch, or soon afterwards, cold, moist conditions 
had deYclopcd that fayoured the accumulation of snow and ice in the north, with 
a maximum amount around Hudson Ba». These deposit. enn tu al ly con8olidated 
into great glaciers or ice-sheets that rornrnc1~ced to , pread out in all directions 
uncler their on·n weight, thereby initiat ing the great Glac ial age on this continent. 
!t iR general!>· [tgreed the process eornrnenccd about a million » cars ngo, and that 
it concluded n·ith the la~t retreat of the ice about 10.000 to 25,000 years since, 
depending on the latitude. 

During the Pleistocene or Glacial age there were in terYa] s \1·hcn the climate 
grew \\·armer and the ic e disappeared, as well as times when the glaciers 
readYanced to cover the land. Altogether four such adYanccs of the ice interrupted 
by three interglacial period" Jiaye been recognized. Th e succe siYe stages of 
glaciation are known as Nebra.:::kan, Kansan, Illinoian, and \ Visconsin , the last 
including a t ime when the ice retreated part way only to advance again. At leas t 
l\\'O of lhe interglacial pcriocL lasted a long time, as indicated by the great 
tbickne s of \Yeathc.rcd rock and soi l that formed during these intervals and was 
protected from later \\·cathering by younger glacia l deposits. 
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Interglacial deposits arc scarce in Canada, as the accumulated de11osits from 
earlier glaciations and those formed during in terglacia l periods "·ere mostl:v 
removed during the advance of the last or ·wisconsin ice-sheet. or buried beneath 
glacial debris of that stage. Relationships of glacial and in terglacial periods have, 
consequently, been determined mostlY from studi es in the region near the 
southern limits of glaciation in the United States (See Figure 76) . 
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Figure 76. Pleistocene glaciation in :'forth America 

The front of each successive ice-sheet was irregular, exposing broad lobes 
of ice and uncovered re-entrants. Thus, while some districts were under active 
glaciation others were free of ice. This has resulted in a discontinuity of deposits, 
and , together with the fact that equivalent phases in different parts of Canada 
are not always recognizable, has added to the difficulties ·encountered in the 
interpretation of glacial history. 
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Dming Pleistocene t ime an imals existed in Canada that have since become 
extinct, as the hairy mammoth, the mastodon, a species of bison \Yith a very large 
horn spread, and a native species of horse . On the other han d, ma n is known to 
Ji aye inhabited Europe throughout the glac ia l period. tho ugh some doubt exists 
a s to whether he had reached the Americas before the close of Pleistocene 
time . It has proved diffi cult to establish the relationship between deposits 
rontaining arti facts and glacial deposits, and the o n ! ~· extinct animals associated 
with the traces of early man in this continent belong to species that survived into 
late \\' isconsin time at least. 

The changes in the land.scape as a res ult of glaciation were many and \'aried. 
\\' eathered rock, soil , and some of the unde rl ying fresh rock were removed, mixed 
together, transported by the ice for variabl e distances, and r edeposited . Over 
" ·ide areas, particularly in the northern regions, the rock was left bare, and in 
other districts, ,,·herenr the ice-front remained relatively stationary for any 
length of t ime, great heaps of t ill, the heterogeneous mixture of materia ls carried 
by the glacier, a(· cumulated as moraines. Vall eys became block ed with debris or 
their streams dive rted, leaving lakes or new strea m courses. Lakes formed in front 
of the ice received deposits of sil t a nd clay in alternating light and dark bands, 
kno\\'n as yarved clays, the fine darker mate ri a l settl ing dmin g the win ter seasons 
of meagre preripitation, and the coarser , lighter coloured, thicke r bands during 
each summer season. Streams fiowing in t unnels in the ice formed long, serpent ine 
shaped deposits of grave l called eskers. El se where these streams built deltas into 
the glacia l lak es, and in some places left broad areas covered with sand a nd 
gravel termed outwash plain s. \\' here some of these deposi ts were ploughed up or 
partly destroyed by rcadvance of the ice, mounds or knolls of gravel were left 
that are cal led kames. 

The \\·eight of the yast sheets of ice appa rentl y depressed t he earth's surface 
a::; much as 1,000 feet or more \Yh ere the load \\'as hca\'icst, as in t he central or 
Hudson Bay region. Subseq uent ly, wh en the ice melted, the surface rose slowly 
and irregul arly, a nd may have only partly regained the elevation it lost. This lag 
permitted the sea to encroach fo r a tim e over some prc,·ious lowland areas, and 
clse\\'hcrc the irregular rise of the Janel sm face caused t il tin g that, in so me 
localities , prc\'ented norm al drai nage so that great lakes ,,·ere formed, much 
larger t han any now present (Fi gure 77 ) . Th ese remain ed un til fur ther 
adjustment of the surface renC\\'Cd the old er drainage and permi tted a near 
restoration of more normal conditions. Th e ti lt of the beaches, as observed along 
site::; of the former shores of these lakes, \ms in par t accomplished while the 
glaciers were retreating. 

The shapes and exten t of the presen t Great Lak es may be the resul t, in part 
of glacial action and post-Glacia l uplif t and til t ing. Not only were t hese lake~ 
the ,,ites of much more exten ~ i ,·e bod ies of water during late Glacial t im es, but 
the damming of some of t he former ou'llets may ha,·e resulted in the present lak es 
coYering a greater area than any bodY of wate r that existed there in pre-Glacia l 
times . It is, in fact, beli eved the area now occupi ed by the Great Lakes \\·as 
formerly a large. broad valley occ upi ed by im portan t streams bu t, perhaps, by no 
very consid erable lakes. The glaciers ma» also have deepened the lake basins by 
scourin g, as the bottoms of some of t he Great Lakes a rc nmy ,,·ell belm,· sea-leve l. 
On the other hand, there is no assurance that the present great dep ths of these 
lakes may not have been due to tectonic disturbances in pre-G lacial t ime. 

While great continental ice-sheets S\Ycpt southerly over the now populated 
areas of central and eastern Canada, and in part northward in to Hudson Bay 
and the Arctic Ocean, the Cordillcran area of \Vestern Canada was a lso being 
rxtcnsinly glaciated. In the mountain regions of Bri tish Columbia, Alber ta, and 
parts of Yukon , va lley glaciers form ed and grew unti l they coalesced across 
in ternning r idges and formed thick ice-cans onr much of t he mountain area. 
The present shapes of the valleys and peaks in mu ch of the Cordillera are t he 
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result of both scYcrc Yalley glaciation and regional rnonrnents of the capping 
ice-sheets. In the "·estern coastal area valleys debouching into the sea \\"ere 
gouged by the ice for as much as hundreds of feet belo1,· present ca-lcn l, forming 
the long narrow fiords so charac leristic of the Pacific coast. It is probable, 
ho1Yevcr, that the formation of these fiords 11·as facilitated by the lowering of 
sea-level, due to the removal of water to form the great ice-sheets. It has been 
estimated that the amount of water "·ithdrmrn from circulation \rnuld have 
lowered the sea to 250 feet below its present level. U nclcr t hese conditions 
mountain glaciers could have eroded valleys far below the level of those occupied 
by present day glaciers. 

In the discussion of glacial deposits that follo1Ys general regions arc rcvic\\·cd 
separately, partly to fac ili tate correlation of the deposits with the bedrock 
formations of the various r egions, and partly to emphasize the variations of the 
effects of glaciation in different parts of the Dominion. 

LEGEND 
Areas of post-glacial 
marine submergence 

LJ Late-glacial faHes 
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Figure 77. Glacial lakes and marine submergence. 

CONTINENTAL GLACIATIO~ 
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Continental glaciation was chiefly effective in the large area east of the 
Rocky Mountains and on all sides of Hudson Bay. Great accumulations of ice 
formed in these northern parts of the continent spread out in all directions , 
carrying material caught up in it for hundreds of miles. It has been usual to 
consider that the ice accumulated at th ree rather definite centres: the Keewatin 
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centre \1·cst of Hudson Bay; a P atrician centre south of Hudson Bay; and the 
Labrador centre east of Hu dson Bay (See Figure 76 ). More recent studies, 
howeYCr, indicate that the centres may have changed from time to time 
and Jiayc occupi<;)d various parts of t he Hudson Bay region. For example, the 
moraines of Manitoba and Saskatchewan haYe a trend that indicates movement 
from the northeast, whereas in part of we tern Saskatche\rnn and southeastern 
Alberta a northern source is indicated, and farthe r north in these same proYinccs 
the trend of moraines points to movement from the cast. At some stages, too, the 
entire Hudson Bay region. from the mountains of Labrador to the \Yestcrn part 
of the K orthwest T erritori es, was covered by a continuous ice-sheet. 

HEGIO:NS OF THE CANADIAN SHIELD 

The principal effect of glaciation in the Canadian Shield 1rns to s1,·ccp the 
bedrock clear of soil and weathered products, but it is doubtful if the erosion 
producccL great changes in the topography, and in a few protected valleys prc
glacial soils and weat hered rock were left relatively undi turbed. In other places 
valleys were filled with glacial debris, streams were diverted, and even some 
watershet.ls were changed. The effect varied with the type of rock. Wh ere soft 
formations or deeply weathered rocks occurred much more material was removed 
than where the formations were hard. 

The deposits over most of the Shield consist of recessiona l moraines, cskers, 
outwash plains, and varvcd clay . Ground moraine, deposited by the retreating 
ice, is not very noticeable in most places, except tha t some of the valley fi ll may 
have originated in this manner. Probably the ground moraine over much of the 
area was t hin , and post-glacial stream erosion has carried away all but a few 
scattered boulders and other coarse deposits . 

Th e till or boulder clay found in the Precambrian area is usuall y Ycry stony. 
The eskcrs, too, contain a high percentage of coarse materi al such as angular 
houldcr . Glacial lake deposits are scattered over many parts of the Shield , many 
of the lakes being small, and it is supposed t ha t many of the muskeg areas are 
underlain by clays that were deposited in glacial lakes. 

] nformation on the distribu tion of t he deposits is scattered; much of the 
area is unexplored; and in many parts that have been examined by the geologist 
no record was made of the glacial deposit . 

In the nor thwestern part of t he Canadian Shield the glaciers moved material 
from the east and possibly also in part from the southeast. Strim, and material in 
the dri ft in the vicini ty of Great Bear Lake show t hat the ice moved in from the 
cast. Bare rock is exposed on nearly all the high ground in that district, the 
valleys and lowland being covered with t ill, or in some parts with lake deposits. 
Boulder-strewn terraces in many parts of t he area arc t he remnants of beaches 
of a large body of water that covered much of t he area near the close of the 
Glacial period (Plate LIX). No evidence in dicating marine origin for these 
beach es has been found, and it seems probable that they mark the shores of a 
very large lake. High beaches show that the lake also included the area occupied 
h? Great Slave Lake and much of the adjoining lowland , and it is probable that 
ice dammed the outlets to the northwest. Jo eYidencc has been found to indicate 
that th e land ]eye ] has cha nged sin ce the existence of this late-Glacial Jake 
alth ough more detailed studies may provide such evidence. ' 

In the vicini ty of Great Slave Lake extensive sand and gravel deposits arc 
knmn1 and are considered to be part of a glac ial outwash plain. Associated with 
them arc cskers that extend to the nor thea t for several miles. Some eskcrs in the 
north ern part of t his area also run northwest, one of th em having been traced on 
the ground and by means of air photographs for more than 200 miles. 

Some moraines have also been observed in the Great Slave Lake r egion. The 
materia l in these is made up of many boulders and coarse rock fragm ents with 
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cornparatinly little sand, sil t, or clay. Th e long axis of t lt csc morain es trends 
northl'l·c tcrly , indicating ice movement from the northeast, a direction in agree
ment with that of most of the glac ial strim and the trend of the cskcr . 

About 40 miles north of Great Slan Lake, lw11·c1·cr, the c:;kcrs a nd strim 
indicate ice movement from cast to 1rcst or cnn a li tt le north of 11·cst, and farther 
northeast, near Thclon River , t he direction of movement , accord in g to t he cskcrs, 
seems to hav,e been toward the southwcot. It is probab le that the latter pa rt of 
the region 1rns depressed during Glacial times, and that the sea flood ed much of 
the area and modified the glac ial dcpo~its to a heigh t of "·hat is no1Y 500 feet 
abow sea-l evel. 

Farther cast, in the C ree Lake di~trict of northern Sa~k atchewan. an area 
underlain by soft rock.~ prnba bly of L ate Preca mbri an age, a 11·cll as by hard, 
older Precambria n forma tions, the glac ial deposits differ somewhat from those 
already described. The principal distinction is in the ocru1orcnce of numerous 
drumlins. These ar c confin ed to that part of the area und er la in b:> Athabask a 
sanrbtonc. Sand and sandstone make up most of the mate ri a l in the drum li ns, 
with earl>' Precambrian det ri tus uncommon and clay Ycry srarce. 

1n the C ree L ak e di stri ct there arc a l ~o some recessional moraines tha t trend 
nortlnwst, indicating tha·t t'he ice moncl from the northca"t. A peculiar type of 
moraine call ed " ice-crack " morain es (Plate LX) has also been desc ribed from 
tltis disl rict. Th ese arc st raight ridges 35 feet or Jes,; hi gh, usua ll v not more than 
100 >'arcls wide, and as much as 3 miles long. Th e>· li e mostl>· at ri ght angles to 
the moYcment of the ice, but a few occur at acute a:1g lcs to the oth er;;. 

:\lost of the deposits so far dcf'rribcd 11·erc maclr h1· ice 11·hose region of 
accumu lation was 1nst of Hudson Bay, a nd the indi cated Yariablr directions of 
mowmcnt suggest that the ire did not radiate out from a ~inglc c·c'nl rr . bu t came 
from different centres at different times. 

Xo ob. c rv~tion s indicate the presence of intcqdaria l n1atcrinl in this region, 
though lack of evidence may be in part due to in ;;uffi cicnt ;:;t ud>· of the a rea. It is 
also probable that t he succeeding advances of the ic e 1rnuld han hcrn suffi cient!>· 
strong to r cmoYc a lmost all such malc ri a l. Th e hard fu rm ations of the Shi eld did 
not suppl y enough debris to overload the carrying capacib· of the ice, as is 
evidenced from the fart t hat boulders of rock originating in this region were 
transported at least 500 miles south\\·cst across the prairies. 

In eastern Manitoba and western Ontario the re is fur the r cY id cnce of the 
advance of glacie r:; from di ffcrcn t di rcctions at different ti mes. Older striffi in 
many places show moHmcnt from the nortl11Yest and arc crossed by later striffi 
indirating moYemcnt from the north or northeast. Thi;; ron dit ion is pronounced 
in the more easter ly and northern pa rts of thi,.; district, hu t has abo been 
obscrwd as far sou th and cast as Por t Arthur. and ma,· ex ist st ill farthrr cast. 

Tn the R ai ny River district th ree tills ha1·c brc 1~ rccugnizcd . Th e oldest is 
a calcareous til l conta inin g bouldrr:; from the P ala;ozoic limestone formations to 
the nortlrn·cRt. Th e middle t ill is rcclcliRh , a nd contains only Precam bri an bould er s. 
The u ppr rmost or youngest till is again a ca lrnrcou,; till ;.;imilar to the ol dest and 
occurs as far cast as Fort Frances. 

Near the :::"11anitoba-On ta rio boundary , in the Yirinity of , tull and Sachigo 
Lakes, a long ridge. considered to be a morain e. extends a littl e south of \1·est for 
30 to 40 miles. Stria: on the cast .- id c of the rid ge ~ho11· an an'ragc direction of 
moYcmcnt of south 65 degrees 1rcst, 11·hcrcas those 0:1 thr 11·c~t ;.;i dc rndicatc a 
general direction of sou th 25 dcgrrc" ra;.;t. H i~ pos;;ihlr thnl this ridge is a 
moraine formed bcl\yccn bYo lobes of glaciers aclrnnc ing from different crntrc:-. 

The Patrician area of ice arrumu'ation 11·a~ south of Hu cl:::on Bay. Although a 
mas,; of ire ma >· haYc formed there. large enough to spread out into :-;ome parts 
of this diotrict, Lhe major features a lrrad>· mcntionrd indir11lr no ~i:1glc , drfinitc 
poi n l of origin , but suggest rather a belt of aC'rumulation 11· ith ;;0 111 e different 
parts more active than otbers at different t im e,;. 
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The results of glaciation \Yhcre the formations are soft, as compared with 
the predominantly hard rock of most of the Shield, are illu trated in glacial 
deposits found in the area underlain by rocks of Pal::cozoic and l~tcr n:ge .on tl~e 
soutlrn·est side of Hudson and James Bays. Th e covering of glacial dnft m this 
area is much more general and th icker than in most parts of the Shield. Towards 
the south, post-glacial marine sediments cover the glac ial deposits, and at many 
loraliti es two layers of till separated br in terglacial beds containing peat and 
other indications of plant li fe have been observed. 

Sediments of glacial lakes have covered much of the ground moraine a~d 
other deposits in the southeastern part of Manitoba and in southwestern Ontario. 
The lake deposits are fine-grained silts and cJar, and many of the mu kegs of 
the a rea are underlain by these sediments. Lake Agassiz, one of the very large 
lakes that exi tcd at the close of the glacial period, coYerccl part of the Canadian 
Shield near the Manitoba-Ontario boundary (See Figure 77). 

Farther east, in the southern part of the Shield, other large lakes formed in 
front of the continental glaciers. Probably the first was Lake Algonquin, which 
occupied the basins that at present hold Lakes Superior, Michi gan, and Huron. 
Gravel and sand beaches of Lake Algonquin now stand several hundred feet above 
the Great Lakes. At some places oubrnsh sand and gravel \\'ere deposited as 
deltas where streams flO\Ycd from the glaciers into the Jake. Th e line of the 
Canadian Pacific Railway is near the north ern limits of Lake Algonquin and 
fo ll ows the terraces developed by the lake. 

Probably the most extensive lake deposits associated 1Yith the continental 
glacier on the Canadian Shield in eastern Ontario are those of pro-glacial Lake 
13arlow-Ojibway. This lake occupied a large area extending north east from 
Cochrane in Ontario probably as far as Lake Mi tassini, Quebec. Its northern 
limits hnve not been determined, but it is probable that the entire area was not 
orc upi ccl by t he lake at one time, because the lake was related to the retreating 
gbcicr and the rising land -urface. This lake appears to have been formed by 
the damming by the glacier of the drainage into Hudson and James Bay . The 
ice retreated to the northeast, and variou sediment were 1laid clown in the lake 
although over most of the area clay and ilts are the most common. This region 
i:s now kno\\·n as the "clay belt." of northeastern Ontario and western Quebec. 

;\Iuch of the northeastern part of the area coYcrcd by the sediments of Lake 
Ba1·low-Ojibway contains numerou s, fairly narrow, parallel ridges of unsorted 
sand and boulders. These ridges are considered to be annular moraines, deposited 
when the ice front was stationary during the \\'inter seasons. Associated with the 
moraines, but trending at right angles to them, arc ver? large esker-likc ridges of 
sand and gravel, the size of which suggests that they \\·ere formed as deltas that 
migrated northward with the retreating ice front. 

Although the deposits of Lake Barl O\Y-Ojilrn·av sho,,· that the ice retreated 
~o the nor th east towards the mountains of Labrador, thi docs not necessarily 
1mply t hat the ice advanced from that direction. Actually, the last advance in 
this part of the Shield eYiclently took place from the northwc;::t, and a moraine 
that marks the limit of that advance, and may partly cover the lake deposits, 
extends northeast from Cochrnnc. 

The deposits in the eastern and north ern parts of Qu ebec have not been 
studied in detail. Apparently some a reas contain eskcrs and other ouL,rnsh 
deposits as "·clH aa moraines and other deposits of till. The strim radiate more or 
less from a centre in Labrador. In parts of the north shore of the Gulf of St. 
Lmuence U-shapecl valleys are reported, and it is possible that yalJey glaciers 
existed there. 

ARCTIC ISLA~DS 

The glacial deposits of the Arctic Islands are knO\rn in de tail only in a few 
places. Apparently the ice from the centres in the Shield spread out at times 
over many of the islands, but there \Yere a lso centres of glar.iat ion on the i>lands 
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t hemselYes. At present a fc 11· sma ll glaciers exist on some of th e eastern islands, 
a nd c\·id cncc has been found to indicate that mount a in glaciers existed in some 
of t he other is lands in post -Pl eistocene time. Thus the islands exh ibit a 
combi nation of both contin enta l a nd m oun ta in glac ia ti on. 

Th e origin a l deposits a r c difficul t to idcn tif~- in pl aces, for seasona l freez ing 
and tha,1·ing haYC led to fhJ\rngc in the so li d state, k no wn as so liflu ction, making 
eYcn water-lai n cleposi ts r e;;:emblc t i II ; th us mu d fi o1Ys ha ,.c mask ed the origin of 
the de posits O\'er ex ten sin areas. D oub t has been expressed t hat all th e eastern 
1s!a ncb were covered by glaciers . :Niost of t hem, however , sho11· emerged beaches 
(Pl ate LXI) and marine sediments simil ar to those of areas of the ma inla nd . in 
other par ts of Canada, where these features a rc sup posedly cl ue to upli ft foll o1,·ing 
the melting of the load of ice that had de pressed the la nd . As, ho11·cnr, the islan ds 
all sho11· signi" of emergenre from the sea in much t he same proportions, i t seems 
,iro ba ble t hat they \YCrc a ll subj ected t o t he same conditions. In t he more southern 
regions i t is obvious t hat t hi s emergence took p lace as the ice fro nt r et reated , 
and that t he :1 rc:is with the greatest load 11·cr c de pressed the mo::it. It seems 
prohabl c. therefore, that t he islands that slHl\Y raised bearhes ma>' ha1·e been 
depressed by a load of ice in the same 'rny as the main land to the south. 

G LAC I AL DEPOSl TS OF 'l' I-rn ST . JjAWREXCE L OWLAK DS AX D AP PALAC H L\:N" HloGTOXS 

Th e lmYla ncl a r eas of these r egions arc occ up ied moRtly bY sedimentary 
rocb. and the glacia l depos its Yar>· in eharartcr 11·ith the undc rl Ying fo rm at ions. 
An a rea in ::\oYa Scotia nor th1Yc:;t and 11·cst of Lu nenburg. is, fo r example. 
underl ain by hard quar tzite a nd granites a nd softer slates . In that par t occupied 
b>- the ha rd r oek · the gla ci a l d rif t is thin , \1·hereas the par t und er lain }J y slates 
has numero us d ru mlins (Pl ate LXU ), and these co nst i tute al most the only good 
soil in the region . A fc11· drum li ns extend fo r short distances into the area of 
harde r rock s, 11·here the glacier rnoYcd t he mate ri al from the softer s lates. 

Tn much of Nova Scotia and ::\e1Y Bruns11·ick the glae ial clcpo,;;its arc not 
th ick , and -the make-up of the dri ft is closely r elated to the un derly ing bedrock . 
It i;; probable that the hi gh mou ntain s o f Ciaspc a nd the clccp Ya ll c ~· of t he St. 
L a1n cncc obstru cted t he advance of the glac iers a nd p rntcrtcd mu ch of t he 
ma ritim e area. so that t he amoun t of fore ign mate ria l ca rri ed in by the ice 11·as 
greatly r ed uced . 

:.Ioraincs a rc uncommon in the i\Ia ritimcs, and do not for m extcnsiYc 
deposits . Till constitu tes mo ·t of t he gla ri a l materi a l, a nd occ m R most ly as 
ground moraine . Ou t1Yas h pl ains an d c:dcc r,; ocrur in many places, but glac ia l
lakc deposits a rc fe1y and n ot la rge. F a ir! >- th ick cl cpo:;i t>' of sand a nd gra1·c l 
occ ur a long the shores of some of t he ba>·s, such as the no rth shore of Cobcq uid 
Ba» in )l"oya Scotia, a nd arc probabl» par t of the oubrnsh from glacier::; . :.ra ri nc, 
dc lta ic depos its may haYc formed on th is shore 1rhcn the ,:;ca-l cYC l 11·as highe r, 
bu t the ab;;;cncc of marin e faun as a nd the co mplete laek of any evidence of such 
depo;.;i ts on the other side of Cobcq uicl B a>· rende r th is ;;uggcstiun of doubtful 
Ya lu e. 

::\o evidence of inte rglacial deposits has been fo und in the i\la ri timcs . :U 
:-enra. l places where t hick deposits of ti ll arc found . in Ya llcYs or 11·hcr c t he 
materi a l 1rns othcnrise protected, there a rc colour change:; th~t ma>· ind icate 
more t han one period of deposition. Such orru 1Tence~ ran be seen in the Yicini tv 
of .Joggins and along Shu bcnarncl ie Hi Hr nor th of the cro~sing of the Dominio~ 
and At lant ic R ::iilwa>» T he latter section slw11·,; more than 80 feet of till d01rn to 
high tide-lcYC I. and i t is probable that the glacia l drift i,; more than 100 feet 
th ick , which is Ycry unusual in this part of the country. 
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PLATE LXI 

Emerged strand lines on southwest sirle of nort\1\\·est nose of ~fount P elly, Yictoria Island, 
Arctic O~e·an. Photo by A. L \Yashburn C96933). 

PLATE LXII 

Drumlin in bar, Chester Harbour, Norn Scotia. Plwto br J. IV. Goldthwnit (31177 ). 

85672- 24 
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In Nova Scotia t he glacial strim indicate that the ice moved from the 
northeast, nor th, and northwest. Th ere arc a lso a few striw t ha t indicate a west
east or east-west movement. The r ela tive age of these various movements is not 
clear , but the distribution of certain rocks indicates t hat in 1Yestcrn Nova Scotia 
the principal movement was from t he northwest. 

Conditions in most of N ew Brunswick a re simil a r to those in Nova Scotia; 
glacial deposits, in regions underlain by sandstone or hard rocks, are very thin, 
and many areas underlain by swampy 11·oocll an ds haYc less than 10 feet of 
glacial till. In areas underlain by sof t shale the drift is t hicker and includes mor 
clay. Va ll eys of the principal streams no doubt at one time a lso contained t hi ck 
deposits of t ill and fluYioglacial material, bl1t the streams that occupied these 
val leys were fe el by t he melting ice and have succeeded in reworking these 
deposits inl.o fert ile river fl ats such as are fo und in the valley of St. J ohn River. 

Along t he shore at the west encl of Chaleur B ay t he glacial deposits near 
sea- level are hidden by marine deposits in many places up to elevations of 15(} 
feet. Beyond the edge of the marin e beds the glacial deposits arc generally fair ly 
th in, but exhibi t some indi cation of having been deposited from ice moving north 
from the higher ground to the sou th. Varvcd clays in some of th e valleys in this 
part of New Brunswick indicate that their streams ·were dammed either by older 
glacial deposits or by lobes of ice before t he last monment of the ice from the 
nor th . 

Th e glaciation of Gaspr P eninsul a has been a contronrsial subject. For 
many years it 1rns t hought that t he mountains in t he highest parts of this area 
had not been covered by the Labrador ice-sheet. i\Iorc ca refu l investigation in 
recent : ·ears has , however, p roved t hat erratics of Precambrian rocks that must 
ha 1·c been brought in by continental ice occur on or near the tor of ::\fount Albert , 
one of the highest moun tains of Gaspc. Although it is probable, therefore, that 
the ice-sheet did cover the r egion, the presen ce of th is highland adj acent to t he 
deep depression of St. Lawrence Valley must have seriously obstructed its 
sou thcrn advance, and it may be that so me ice first advanced into N c"· 
Brunswick from lobes in the lower country to the west, or even from across the 
Gulf of St. Lawrence to the east. It is also· probable that local glaciers existed 
on the high land s of Gaspe before and even after the cont in ental glaciers occupied 
the country. No moraines or similar deposits from such glaciers haYe been 
observed, but land forms identified as cirqu es occur near the top of l\Iount Albert. 

Th e glacial deposits in much of south ern Quebec west of Gaspc arc hidden 
by t he marine deposits of, or 1nrc modified by, the Champlain Sea to eleva tions 
of 450 to 500 feet above present sea- level. Above 500 feet the lowlands are 
occu pi ed hv a fa irly general covering of boulder cla:v, bu t on the scnral 
moun tai ns in the area glac ial deposits are much th in ner or absent. As t he slope 
of the country was, as at present, towards the nor th wh en t he glaciers retreated , 
the · drain age 1rn. blocked and glac ial lakes formed in the valleys. As a result 
th e larger Yall e~·s nearly all carry deposits of sand and clay or , in some places, 
gravel. Boul der clay spread over most of the higher ground, and in places a 
fc1y eskers have been observed. 

Th e movement of the ice in th is part of Quebec was mainly from one 01· 

other of several northerl y directions, accordin g to strim, hut in a few places 
bo-ulders have been fo und that came from the south, in dicating that glaciers had 
rn oYcd to t he north from mountains in south ern Quebec and the no rthern ifew 
England States. 

1\rn different types of t ill haYe been recogn ized in some par ts of t he Eastern 
T mrnships, but i t is uncertain \\"h cther an interglacial period intervened or 
11·hether they merely ind icate a re-advance of the ice front . 

F arth er up the St. La1uence and i ts tribdarics marine deposi ts haYe hidden 
the glac ia l dcr osits in most of th e lmY Jand areas. This condition exists at least 
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as far upstream as Brocb·illc. Above this point it is possible that the sea 
ex tended in to Lake Ontario, where , howeve r, great quantities of fr esh water 
prevented the existence of marine organisms. 

Before the ice had retreated far enough to permit the sea to come into the 
a rea, the Great Lakes region was the site of extensive glacia l Jakes. In the Lake 
Ontario basin glacial Lake Iroquois was formed, and its beach deposits occur at 
clcrntions higher than Lake Ontario and 2 to 10 miles from the present shore. 
Brac hcs formed at the eastern end of glacia l Lake Iroquois a rc now as much as 
460 feet high er than those at the western encl, and some of the beaches at the 
wrstcrn end arc subm erged , because differential uplift occ urred when the load 
of ice melted. 

The glacial deposits in that part of Ontario und erl ain by sedimentary rocks 
differ somewhat from those formed in the Precambri an r egions. Th e softer 
formations, such as shale, furni shed more ancl fi ne r material to the glacier, so that 
the cowring of glacial drift is more conti nuous and t he till is more clayey than 
in the region of ha rder rock ;.; , and clrnmlin R a rc more co mmon . 

Groups of drumlins occur south of Otta 11·a and north east of , mi ths F a lls 
and near the St. La1ncncc Vall ey cast of Cormrnll. An other belt of drumlins 
5 to 30 miles \Yicl c extends from west of Kingston to south of Lake Simcoe. I n 
Roullrn·cstcrn Onta rio two more areas of drumlins have been no ted, one near 
Guelph and ano ther a liltlc to the northwc t. The direction of ice movement, as 
indicated by the long axes of the dr nn li n , is ca~t- northcast in the easte rn part 
to north and even a little north\Ycst in the weste rn areas. Th e drnmlin a reas are 
a sociated with moraines in the central and 11·cstcr:1 par t of southern On ta rio, 
but no well-defined moraines haYe been not ed in th e easte rn parts. In many 
places the drumlins occur both in front of and behind the morain es. 

No well-defined areas of morain e have been obscrwcl in the eastern part of 
the Ontario lowlands, but several such occur farth er 11·cst and south. Th e deposits 
in these morain es consist in part of cla_1·cy till anrl in par t of sancl.1· and granlly 
kamcs. A morainal area a sociatcd "·ith a drum lin belt also extends from a li ttle 
"·est of Trenton to southwc t of Lake Rimroc about JO miles north of and 
approxim ately para llel " ·ith the shores of Lake Ontari o, and a horseshoe-shaped 
belt of morain es in the peninsula of soutl11Yestcrn Ont a ri o occupies an area that, 
apparently , was coYerecl by two Jobes of ice with a re-entrant between them. 
1orain cs of bould er clay and the kamc type both occur here, and a complex 

history of ch ange~ in the direction of ice moYcmcnts and the position of the ice 
front is indicated. Wi thin the district bord ered bY these mora in es a rc numerous 
deposits of sand and graYcl, probably glacial out1rnsh or deposits from streams 
that fl owed away from t he ice front. 

A fe w eskers also occur in south11·cstcrn Ontario, hut these do not form a 
prominent part of t he glacial deposits. 

Although all the smfacc deposits appear to belong to the \Yisconsin or last 
stage of glaciation, CYid encc of earlier glac ial deposits ha been found at several 
places. Such deposits may be fa irly extcnsi,·c . as 100 to 200 feet of uncon.·olid atecl 
material are common in many places in southwestern Ontario, and one "·ell north 
of T oronto was drilled through about 600 feet of such deposit before reaching 
bedrock. Tn many pl aces streams lrnYe not eroded through the glacia l deposits or 
are not on the same site as t he pre-glacial or interglacial streams, and many of 
th e pre-glacia l va lleys arc hidd en beneath a thick mantle of till. ::\car T oronto 
and a long the shores of Lake Ontario exposures of the earli er glacial deposits 
have been studied in detail. Th e oldest deposits th ere arc a fc1y feet of boulder 
r lay exposed at a few localiti es onh·. Abow this cla_1· arc heels of fo~Ri!iferous 
clay and sand in some local iti es and in others a younger till sheet. Th e inter
glacia l beds contain fossil::; that indicate a " ·arm climate, and "·ere probably 
deposited during a fair ly long in terglacial period. Above the. strat ifi ed, inter
glacial beds arc l1rn other t ill sheets separated in plnccs by strat ifi ed deposits. 

S!i 67 2-2.l ~ 
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It is possible that as many as four adYances of the ice front may be rep resented 
by the c various dcpo:::i t . ndoub tedly many of the beds a.re not continuous 
onr " ·id e areas, and correlations arc difficult. 

THE I NTERIOR PLAI~S 

Th e Interior Plains area we t and soutlrn·cst of the Canadian hicld is 
und erla in by sedimentary rock s. As in soutlnw"tcrn Ontario it is a lmost 
compl etely covered with glacial drift, a nd. as many of the und erlyin g formations 
a rc so ft and easil y eroded, the deposits on the 11·ho lc a rc thicker than in regions 
a lready described. ~ear R egin a a nd India n H ead, ~a"katchc11·an , for example, 
some " ·ell s ha1·c passed through 500 to 700 fee t of glac ial ancl interglac ia l deposits 
before r eaching bedrock. Th ese deposits gin a more compl ete rero rd of the retreat 
of the last ice-sheet tha n in any other region of Ca11»d1~. Tn nlar c" in tc rglari a. l 
deposi ts nre fai rly thick , and a fa ir idea of the ent ire glacial period i~, con
sequently, aYai la bl c. Apparent ly the several succ c;.;si1·c ic c - ~h ects Rll aclvanccd 
from 11·c~t and so utlnn8t of Huds1on Bay across Preca mbrian , P al::cozo ir. and 
M esozoic form ations, and, a a resul t, the deposits conta in a mixture of bould ers 
from a ll of them. Till or bould er cla_1-, in the fo rm of ground moraine or of 
te rmina l or r ecession al morain es, covers the greater par t of tltc a rea of t lt c Plains 
(Pl ate LXIII) . Glacial-Jak e dcposit::i of clay a ncl rn nd arc of nex t importance, 
an d glacial ou t11·ash is rare. 

Th e terminal a nd recessional morain es, those fo rm ed at the south ernmost 
margins of the ice-sheets or left by th e r et reat in g ice. a rc usua ll y higlt areas of 
knob a nd kettle topography. Th e morain es form the highland areas commonly 
because they coincide 11· ith the pre-glacial higltl a nds. and partly because of th e 
great a.m ount of material deposited by the glac iers . ::\lost of the morainic material 
occurs in Jong, a lmost continuous bel ts, Yarying in \\·iclth from -} mile to 50 
miles, and broken only where th ey haYc been erod ed a long major Ya llc_1·s or 
11·hcrc they arc covered by lake or other deposits of more recent origi n. About 
ten such belts of moraine are known on the (hca t Pl a ins, and all ha 1·c been 
a::;su mcd to be the resul ts of the latest or \\'i ~consin glac ia l stage, a lt hough some 
evidence is availab le to suggest an ea rli er ;;tagc for the deposits in southern 
Alberta. 

During the retreat of the ice, glac ia l lakes IH' rc formed a long the southern 
edge of the ice front, and th e deposits from them rm·cred ro ns iclerahl c areas. 
Lake Agass iz , one of th e best known , spread from nor thern Minnesota far north 
of Lake \\' innipcg (See Figure 77 a nd Pla te L>:"TY ). lt i;; probabl e that t it is area 
\YaS not compl etely occ upied at one t ime , bu t that the lake migrated nortlrn·arcl 
as the ice retreated a nd the la nd rose in the south. 

ln t he central par t of the area covered h.1· Lak e Agassiz thi ck cla.1· deposits 
\1·erc fo rmed , most of \\·hich shell\· Yarvcd heel,; . In frn nt of the :;\lanitoba 
escarpment and on the ca~tcrn side of the gla cial-l ak e basin , sand and gravel 
terraces and rid ges were formed as beach deposi t::; , some of 11·ltich arc co nt inuous 
for long distances. ·wh en the lak e 1ra::; in cxi ::;lcncc the drain age of much of the 
weste rn plams 11·as di,·crtcd through . .\ st<inihoin e Ynll c.1· "·ltc rc a 1Yidc a rea of 
dcltaic deposits 11·as laid dmrn. These deposits arc mostly sands, and have since 
been blown by the \rind into dunes. 

Two other glacial- Jak e areas of fai r ~ i zc a rc kn cm·n in :\Jani toba, one in 
the south n a med Lake Souri ::;, and another near the hcachrntcrs of the As:::i n i
boine. Lake Souris existed before the glacial-Lake Agass iz , a nd later part of its 
basin was flood ed by the waters of that lak e. Th e deposit n ear the surface 
arc mostly of sand . 
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Several lakes were fo rmed in Saskatche1Yan during the retreat of the last 
ice-sheet. Either these lakes did not persist long enough to develop sand and 
gravel beaches, or the material alon g the shores of t he lakes was not of a 
type to supply sand and gravel. At a very few places sand and gravel deposits 
indicate the positions of what must have been the shores of these lakes. 

Lake Regina once occupied the flat area south and southwest of Regina; 
Rosctown Lake extended from a little west of Rosetown east nearly to South 
Saskatchewan River; and on both sides of South Saskatchewan River, from 
Pennant to Leader and from White Bear to E ston, is an irregular area of 
ancient lake deposits. Th ese three main areas are covered with very heavy clay, 
varved in places. To the southwest th e last mentioned area of lake clays merges 
into an area of sand and silt a lso deposited when the drainage to the north 
was blocked. This area extends north of the Cypress Hills with various irregu
larities from Medicine H at to near Swift Current. These lakes apparently 
fo rmed as the glacier front retreated and while the drainage of South Saskat
chewan River and its tributaries was blocked. Farther north and east along the 
Saskatchewan more lakes or flood-plain deposits occur on both sides of the 
valley. Undoubtedly some of these extend for many miles, but the area has 
not been thoroughly mapped. The deposits are more sandy than those of 
the lakes previously mentioned. 

Some of the above lakes extended into Alberta, and simi lar deposits occur 
at places along the valleys of South Saskatchewan, R ed Deer, and Oldman 
Rivers. An area of heavy clay that originated in a glacial lake occurs near 
McG~·ath !n Alberta , and many simi lar lakes must have existed within the 
prairie reg10n. 

Lake clays, silts, and sands cover many valleys and adjacent areas in 
front of the Foothills, as so uth of Calgary and between Calgary and Reel: D eer, 
Alberta, and may have been formed between the Foothills and the r etreating 
cont inental glacier or have occupied valleys dammed by glacial deposits. 
These deposits have not been mapped in detai l, and their origin and extent 
are un certain . They do not occur at th e same maximum elevation, and it is 
doubtful if they represent deposits in a lake that occupied the entire region. 
In many places, too, where t he flatness of the terrain suggests a lake bottom 
origin, examination reveals that the underlying superficial deposits consist 
entirely of boulder clay. 

V cry few areas of glacial outwash sand or gravel are known in the southern 
parts of the prairies, and esk crs and kamcs are even rarer. A few of both 
types of deposits arc, however, found in the more northern parts. Near Leth
bridgc, Alber ta, a yellowish, fine-grained dcpo it covers some of the hills as well 
as valleys. It is possible that th is is loess, a fine, wind-deposited soil. Other 
areas of similar deposits may not yet have been recognized. 

Most of the exposed glacial deposits in the prairies are supposed to have 
been laid clown in the last glacial advance, the \"Vi sconsin. The land surface in 
southeastern Alberta , however, is more dissected than in central Saskatchewan 
or in eastern, nor thern , and central A1'berta, indicating that it was fr ee of ice 
for a much longer time than the other parts of t he prairies, and that either the 
Wisconsin glaciation did not extend into this area, and the deposits are of an 
earlier Glacial epoch , or th e ·wisconsin ice remain ed there for a short time only. 

Interglacial beds separating glacial deposits are known from several 
places in each of the Prairie Provinces. The greatest number of advances of the 
ice is indicated by a succession of such deposits exposed on Swift Current 
Creek in Saskatchewan. Th ere three layers of boulder clay arc separated by 
strat ified deposi ts that contain traces of organic material, and by their weather
ing indicate considerable interglacial intervals. At several other places along 
South Saskatchewan River sections show two tills separated by interglacial 
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beds, the youngest of which, in most of these localities, contains thin beds of 
ligni te. In southwest.cm Saskatchewan lignite seems to have formed in beds 
that are now expo cd, and, together wi th th e fa ct t hat only two ti lls ·cparatcd 
by in terglacial depo its have been found in sections along Oldman River in 
Alber ta, may indicate that this par t of th e co untry was not covered by ice in 
the last glacial advance. 

At ·cvera l other places beds containing fossils separate t wo ti ll s, and from 
their loca ti on and limited weathering seem to indicate t hat the overlying till is 
younger than any on Swif t Current Creek , and that t he beds may represent 
an oscillation of the ice fron t during Wisconsin tim e. Among the fos:; ils fo und 
in t hese beds are fr agments of whi te spruce, some of which came fro m trees 
more than a foot in diameter . Their discovery, near Lake J ohnson, Saska t
chewan, wh ere the present climate is much too dry to produce such t rees 
under natural conditions, indicates a former clima te more moist but no \\·armer 
than now. 

Though the preceding ~nform ation has been based mainly on studies in 
the sout hern par t of the P rairie Provin ces, i t is probable tha t simil ar conditions 
exist far ther north, although the direction of ice movement has vari ed. If th e 
long axis of the moraines ~ s assumed to be at right angles to ice movement, 
the ice in the eastern par.ts came from t he north and northeast. In Alber ta t he 
northern direction eems to have been dominant in the eastern part of the 
provinces, whereas ice moved from the northeast and east in t he more nor thern 
parts. The cont inental ice front extended almost to the F oothills in t he south, 
but far ther north reached only the west side of Mackenzie R iver Valley. 

Al though the ice fro nt seems to have reached all par ts of the Plain s, at 
least two areas within t hem were left driUlcss. One is a small a rea so uth of 
\¥ ood Mountain in Sa katchcwan near t he Intern ational Bound ary; t he other 
farther west, is the top of t he Cypress Hill near t he Al berita-Saskatchewan 
boundary . The reason for t hese driftlcss a rea~ is unknown ; height at least is 
not t he sole cause, as areas farther south and west were covered by glacial 
deposits to higher elevations. 

GLACIAL DEPOSITS OF THE CORDILLERA 

The deposits fo und in the Cordi llera arc th e re ul ts of bo th alpin e and, 
probably, ice-cap or regional glaciation , the latter imilar in effect to the co n
tinenta l glaciation already discussed. E vidence indicates that va lley glac iers 
fi rst formed, and that, eYentual ly, the accumulat ion of ice became great enough 
t o cover most, if not all , of t he peaks. Wh en clcglaciation set in the valley 
glaciers became ac,tiYc again, and the result of their erosion obliterated or 
covered the deposits left by the ice-sheet except in some of the outer low 
mountain s. Remn ants of the valle>· glaciers, rnch as the Columbi a I ce F ie ld, 
are still in exi tcncc in many part of t he Cordill eran region. Evidence of irc
cap glac iation, on the o.thcr hand. i ~ mostly fo un d in the occurrence of erratics 
at very high clcYations and in locali ties \\'here t he surface is fl at enough to 
r etain them (Plate LXY). Othern·i~c the ti ll and other deposits from the 
mounta in ice-raps arc not w ry different from those of the preceding and 
follO\Ying rn l·ley glac i er~. 

As a rcwlt of th i ~ rombinat ion of types of glaciers a fC\\' patches of t ill are 
left on the sides of vall eys or on iso la ted hills. Most of the deposits arc, how
ever, in va ll ey , and streams fo rmed by the melting ice have coYcrcd most of 
them wi th water-lain sedim ents . In many places where morain es or ice blocked 
the valleys, lakes \Yerc formed and fin e sil ts and sand were deposited in them. 



343 

Later when the barriers "·ere rcmoncl, cit.her by erosion or by melti ng of the 
obstructing ice , streams cut through the lake deposits and left the old lake beds 
as terrace - on the sides of the valley~. 

l\Iuch of the fine-grained glacial deposits in the va ll ey is composed of 
light grey rock flour; very little clay is present. 

The t hi ckn ess of the material left by the glaciers varies. In the higher 
region a few erratics occm on the mounta:ins , and sands, gravel, and till arc 
found in the valleys . As sea-level is app roached the covering is more genera l, 
and omc valleys have as much as 1,000 feet of fil l. Th ese valleys were over 
deepened by t he valley glaciers and later filled with sediments, chiefly sand 
and gravel. 

PL.\TIC LXY 

Glacial r rralic on ~ummit Carpenter M ountain ridge. elc,·at ion 6.300 feet . locan mining district, 
Brilish Columbia. Pli olo h,,- C. K Ca i mes, Geological Sur,·cy (67565). 

The only deposits recognized in most of the Cordillera region belong to 
the la te t glacial stage. In a few places in northern British Columbia and Yukon 
an older, hard, compacted till has been observed, but no occur rences of defin ite 
in tcrglacial beds arc known, a lthough in some places thi older ti 11 appear,; 
to ha\'e been reworked by streams below the younger till. Interglacial bed~ 
separating two tills, or underlying only one ti ll but containing material dcri\·ccl 
from glacial deposits, have been observed at severa l places in southwestern 
British Columbia. On VancouYcr hlancl the interglacial deposits co nsist of si I ts 
and clay overlain by sands an d gravels. The clays contain marine shells. 
but arc now 200 feet aboYc sea-level , indi cating post-glacial upl ift in this region. 
On the rnainlancl similar bcd..o contain ing plant fo~::; i b occur almost at sea-lenl. 
Occurrence at both localities arc presumed to be correlative "·ith the interglacial 
deposits overlain and underlain by ti ll in the Puget Sound region of the state of 
'Yashington, but correlation with interglacial deposits in the eastern part of 
Canada has not been establi shed. 

trim and other indications of movement found in the mountains arc mostlv 
associated \Yi th the valley glaciers (Plate LXVI ), but in a fc\Y places strim and 
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-erratics indicate a more general movement of the ice-cap across the present 
.s lope. Th ere i some indication, too, that in south and central British Columbia 
the ice-cap was first formed in the Coast Mountains, and tb&t this ice moved 
-eastward into the Rocky Mountain Trench. Whether or not an ice-cap formed 
fa rth er east in the Rocky Mountains or whether tlie entire Cordi ll cran region 
11·as at one time COYerccl by one ice-cap is unknown. 

T)"!Ji C"<'tl glaciated valley of Lecki e Creek on the eastern margi n of lhc Coast R a nge. Bridge 
Hi,·c r di st ri ct, Bri t ish Columb ia. Photo by C. E. Ca irnes, Geologic al Sun-cy (82!)64 ). 

It is probable that glaciers a lso covered Vancouver I sland and Queen 
Charlotte Islands. On the former the occurrence of marine shells in in tcr
_glacial deposits has been reported. If local ice-caps formed on these island 
they probably joined with the Cordilleran ice-sheets at the maximum stages of 
glacia tion. 

The fact that cold i not the only climatic factor that de te rmines the 
cxi:stcncc of glacie rs is demonstrated by the occurrence of a large, unglaciated 
a rea in the Yukon. This area is in western Yukon about 160 miles from the coast, 
and its boundaric are approximately west and north from Carmacks. The 
change there from completely glaciated to unglaciated terrain is gradual, t he 
i.1ppcr limit of glaciation varying, for example, from an elevation of about 6,500 
feet, at latitude 61 degrees, to 1,000 feet lower between latitudes 63 and 64 
-degrees. The limitation of the ice-cap in the Cordillera is also apparent in 
l\Iackcnzic and Franklin Mountains, where only results of alpine glaciation 
han been observed. In fact ome c\·idencc has been found to indicate that 
the ya]]cys on the cast "·ere fill ed to some extent with ice from the con
t in cn tal glaciers in the cast. 

MARINE DEPOSITS 

Although the marine deposits that covered the depressed parts of the 
glaciated areas (Figure 77 ) can in no way be considered glacial rl cposits , 
they arc so closely associated with the Glacial period that they require some 
brief mention here. 
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At the close of the Glacial period much lmdand of eastern Canada was 
inundated by the sea. Around Hudson Bay some localities at least 900 feet 
above present sea-level \YCrc at that t ime beneath the sea, as proved by t he 
presence at such elevations of bcachc with marine fossi ls. l\Iost of the deposits, 
however, occur at much lower elevations. Sand beaches with adjacent areas 
of clay make up most of the sediment in the mainland and island coasts of 
the Arctic. The c deposits have filled the old riYcr valleys for long distances 
back from shore. 

In southern Canada the sea flooded the St. Lawrence Lowlands, reworking 
the till and other glacial deposits. The highest extent of thi marine invasion is 
indicated by a trace of a beach at an elevation of about 690 feet in the vicinity 
of Ottawa. M ost of the beaches, however, in t he St. Lawrence basin are less 
than 450 feet above sea-level. 

The marin e depos it arc mostly blue-grey clay or silty clay with min or 
sand and graYcl. The clays and si lt extend throughout most of the lowlands, 
although in some places they arc missing, clue either to non-deposition or to 
erosion sin ce the region \YaS upli fted. The th ickness of the clay varies. In places 
it is nearly 200 feet thi ck, but generally appears to be less than 100 feet. 
l\/[arinc she lls arc fa irly common in these clays and in hard concretions in them, 
and at some localities bones of fish, whales, and seals have been fo und . 
Some of these arc thought to belong to extinct species, and bee a use of this , the 
g reat thickness of the deposits, and the occurrence of shells in till at ::.\Iontreal, 
it has been suggested that the Janel was depressed more than once, and that 
part of the marine deposits is of in terglacial age. Along the shores of the 
Gulf of St. La\ncncc and t he coasts of Nova cotia and New Brunswick raised 
marine clcposi ts occur at lower elevations or arc missing. Th is may in dicate that 
the load of ice was not as great in this part of Canada, or possibly, that the 
-cause of the subm ergence was not everywhere a load of ice. 

The maximum elevatio n of some doubtful beaches on the west end of 
Prince Edward I sland is about 75 feet, and deposits containing shells are only 
about 25 to 30 fe t aboYc sea-level. Along the north shore of Nova cotia no 
deposits showing changes in sca-lenl have been found, but farth er south, in 
the Bay of Fundy region, sand and gravel terraces, 75 to 100 feet abo,·c sca
lcvel, suggest that the sea was at a higher level when these were deposited by 
streams flowing off t he Cobcquid fountains during the latest advance of the ice 
in this region. These terraces may also be accoun ted for by the surplus of 
!material brought in as glacial oullrnsh. N o similar terraces arc found on the 
south shore of Cobequid Bay. Marine shells in clay a few feet above present 
sea-level have been found in Annapolis Vall ey on the south shore of Cobequid 
Bay, and represent the only authentic occurrence of raised marine deposits in 
Nova Scotia. 

Along the Atlantic coast of Kew Brunswick some interglacial or post
glacial marine deposits occur in the Yicinity of Saint John. These consist of 
gravel , sands , and clays with marine shells. The deposits of proved marine 
origin arc all less than 50 feet above sea-level. 

ECONOMIC IGNIFI CANCE OF GLACIAL D EPOSITS 

Much of our economic development, as related to agriculture, mmmg, 
transportation, and water suppl y has been affected by glaciation and glacial 
deposits . Although ice- hoots have rcrnond most of the soil from the Canadian 
Shield, some ·of the best soils in Canada are t he deposits of the various 
late-glacial lakes. The clay belts of northern Ontario and Quebec are such 
deposits, and t he former sites of glarial-Lakc Agassiz and Lake R egina now 
provide some of the riche t grain growing areas in the southern Interior Plains. 
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Similarly, in British Columbia, the silts and clay deposits of lakes formed in 
valleys towards the close of the glacia l period form the soils for much good 
agricultural land. 

The effect of glaciation on mineral deYelopment in Canada has varied in 
different districts. In areas where soil and weathered rocks have been removed 
prospecting has been facilitated, though the resul t is perhaps not an unmixed 
bl essing as, doubtless, quantities of valuable minerals have been eroded in 
the process. I n many areas, howeYcr, the potential mineral belts are covered 
or partly conrcd wi th glacial drift. In such areas it is important to knmY the 
mode of origin of the local glacial deposits, and the direction of ice movement. 
Where fragments of ore are fo und in the drift careful studies of th is sort have 
resulted in tracing material back to the original source, as has been demonstrated 
in the case of the iron ore deposits at Stecprock Lake, and in many placer 
deposits of tJhe Cordilleran region . Unglaciated areas in t he Cordillera have 
provided ri ch placer fields, and it is important to be able to distinguish such pre
glacial deposits from those of surrounding glaciated areas. 

Outwash gravel and beach gravels are principal sources of constructional 
materials and road metal, and occurrences of beach terrace deposits and eskers 
have in part determined the location of routes of transporta tion, such as roads 
and railways. In the north , eskcrs have enabled man and animals to cross areas 
of swamp and muskeg, and in this \Yay have determined travel and migration 
routes . The num erous lakes t hat occupy depressions gouged by the continental 
glaciers, or t hat were formed as t he result of the damming of valleys by 
glacial dri ft , have also proYCcl Ycry important in meeting transportation problems 
within the vast area of th e Canadian Shield. In the earlier clays these lakes 
afforded innumerable canoe route , but latterly are increasingly in use as 
readily available land ing fields for aircraft equipped 1Yith pontoons or skis, 
according to the season. 

A knowledge of glacial deposits has proYed very important in the search 
for underground water suppli es in many parts of Canada. Porous sands and 
gravels in the glacial drift form reservoirs for the storage of su bsm facc \Yater, 
and their occurrence has assisted industrial and agricul tm al developments. 
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