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SUMMARY REPORT, 1920, PART D 

TRUNDEH BAY DISTRICT, ONTARIO 

By 'l'. L. Tanton 

A con&idera.l:Jle rurnoun't of prospecting has been done in the mea immediately 
surrounding Thunder lbay, ,and a v1uriety of minerals have 1been dilS'covered, but the 
only discoveries that have wanianted mining· oper<1.1otions a/P'l)ear to have been cortJain 
sma11 but <rich deposits of silvier ore, of which the one on Silver is·let ,was the moot 
irnportarut. When the Geological Survey oommenced the ;prepara!tion of an areal 
geological :map of the !Port Arthur region, in 1919, it iwas noted tJhat aU the kt10w11 
Slilver depo81i1Js near 'Dhunder bay occurred in• faults. There wa.;; no ind!ica:tion that 
all the faults had been systerrnatica1ly prospected, especially where they c1'0Ss drift­
covered depressions. It was recognimd that there ma.v be man:v factJors determining 
the location of the silver deposits .of the district, •but, in the ex istiug ' tate of knowledge, 
it seemed thrut no better contribution co·uld be made by the .Ocolog·ic1a1 Survey than 
to indicate on a map the localities which appear to have ~cd'.ogical rela:tion&luip~ 

approxima<tely equivalent to those ,where ore has been found. The results of a pre­
limirnary examination of the area near Siilver islet1 were of sufficien.t interest to lead 
to the selecbion of this field for detuiled exaa:ninaJtion. 

Accordingly,' in 19'20, the writer commenced a detailed geological e:x;armin~tion of 
an are.a, approximately 2{) square miles, in thrut •part of Sibley tawn':> hip which embra-ces 
Thunder cape on lake Superior. A contoured map of this al'oa, scale 3,000 feet to the 
inch and contour interv<!\l 50 ;feet, was .prepared by .a party in charge of R. Bartlett 
of the Tlopographic 1Division. This map 1wilV 'be of value to prospectors and others 
interested in the <levcl-0pment of the district, for there .is a dist.inct inter-relation 
between the geological features and the topographic forms. 

The re&'Ults of 1Jhe work of 191:&0 indicate a groot number of drift-covered faults 
in the di~trict. In the su'bs·idiary faults, which are exposed on the ma.rg\ins of depres­
sions, veins have been found, and in a few of these small amoullJts of galena, zinc 
blende; and .other metallic minemls occur. Grafb samples .from ten of the veins were 
assayed for silver with negative results. Progress has boon made in determining the 
relative aige of various faults ·and in dlis<tinJgUishing differences i.n the ages of the 
numerous intrusions of diabase and reiated rocks. V.arious acidic ·differentiates of 
the driiaibase bodies have been recognized, cquiv1alent to those w1hich occur in the Oaw­
ganda and Ooba1lt areas, but, as :vet, no aiplite hod.y corn.para.Me in size to that in the 
Silver l let dyke has been seen. 

After having lain idle since lSS-1, work was re.s:umed at Silve~ islet in June 192D. 
The mine •workings· 1were pumped out to a depth of -aibout .100 feet and thorough 
sampling of ,the exposed depos·ilt carried on. An examin:a.tion of the dyke extension in 
the immiediate vicinity of the islet and of the suibmei-ged vein near the east headland 
of P ·erry bay was made; a _plan for winter devel..>pment wor], vms furmed and opel'a­
tions for the year ceased on ,August 2~. 

Among the additions to scientific knowledge oolledted in 1!)20 the following a.re 
0£ interest. On the east side pf "Dhunder mountain ·a locality was found where the 
Kreweeruawan sediment overlie the Anirnikie shaQes with perfect accordance, and the 
basal conglomerate of the younger sel'ies is ,absent. This is the only locality lmmvn 
to the wrilter where the evideruce ,of a time break between the two series i,s lach.-ing. A 

1 Bull. Can. Min. Inst., May, 1920, pp. 415-430. 
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fossil a.lgal growth was found .in a loose block of red-mottled, grey limestone of 
Keweenawan age, on the beach at T'ee harbour. A modified cone-in-cone structure 
wa'S found in a dark grey limes-tone &tra:tum whioh had evide111tly fialOen from the 
upper part of ,the .Animikie cliff on the west side of the Sleeping 'G\iant, 3-l miles 
from Thunder cape; this structure is of unknown origin and ha,s been found in similar 
rocks on W e}come island and at Fedeml mine, P1aipoonge tmvmhip. 

NlPIGON-SOHli-EIBER DISTRICT, ONTARIO 
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'Dhe fiel d work of the season of 1920 was a continuation of the geo1ogicr.l map­
ping of a ·sheet ·extending from Port A11bhur to S·chrei:beT and from la1titu•de 49°10' 
on the ll'Ollth to the shore of lalre Superior .and adjacent islands on the south. The 
principal contJribu:tion to the areal geological mapping was ,the examination of the 
shore of lr.ke Superior and the nurnerou<s islands off Nipigon bay. Trave1tses up to 4 
miles in length were mlade into t'he areas on the mainland lying hetween the pre­
viously exp1'ored water routes; .and a nurmber of land t rave1'ses were nm in various 
diredtions from near the headwaters of _Whitesand l'iver. 

?.iiap 964, pub1i·shed by the Geological Survey in 1911, scale 8 miles to the inch, 
shows the results of ,ea·rly ,geologioall inves•tigaitions in :this disitrict. No impcwtani 
con1t1,ibulbions have been made to geogriaphioal kmJwledge of the district sinoe tihe 
publicrution of this map, though the cha1vts issued by _the l-Iydrographic Survey, Obt.awa, 
show _the s•hore-lines of 1'ake Superior with more precision. 

The in1and parts of the area arc very d·itfcult of a:ccess since many ;p<rnlJages are 
necessary on the few known oanoe routes and them are ,no roads other than the sho:iit 
ones near settlements. , The win,ter roads whidh were cut from RoS>Stport .and Selim 
to the Zenith mine are now blocked by second .growith and :Ballen trees. The Cana­
dian P.a•cific r~ilway jollow•s ra.ther closely tbe shore-line of lal<e Superior and does 
nl:lt give easy access _to any consider21ble area that cannot :be rea·ched by a. small boat 
on the lake . 

The largest town in the di'Sltrict is Sichrci1ber, ·a divisional point on the Oanad:i.an 
P•a·cific r ai}way . . Nipigon, at the ' iruterooction of the Or.nadian P.acific and Oan1adian 
National railways, is the outfitting base for tourists and sportsmen vis~ting Nipigon 
lake and riv.er; a ra.pid growth in its POP'Ulation is taking rplace on account of hydr.o­
Eil.ectric power developments on Nipigon river, the s.e'tJtlmnen.t of local a:gricurtura.l 
lands, and t:he esta1blishment of a pulp rnlill. Rosspo1it is the headquarters of the com­
mercial fishing enterpri <e of t:he distrie1t. Small patches of 1and su~'lla:ble fur farming 
occur .at wide intervals along the s·bore of lake Superi'or; the largest of these occur 
n ear the settlements oa.t Nipigon and Pays Plat. 

Though the ~ntire district wias at one time forested, fires have des-troyed ~st of 
the timber on the mainland " 'hich .m~giht have been avai1able for coontrnerciaJ pur­
poses. The local pulpwood indusb:y now depends on the :£oresits on the islands near 
Ross.port . . Exl:!ept for the scarcity of jackpine, the forest is of ,the sam~ general 
character ·as that which prevails ov.er the greater part of northern Ontario, the 
predominant trees being black and white sprn ce, balsam, poplar, birch, and cedar. 
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:Mining claicm "·ere staked in the district as early as 1846, and many additiona1 
claims were sta.ked 'in succeeding years during periods of prdspecting aotiv:iity, result­
ing in the discovery of zinc, lead, copper; silver, and gold ores, and anrthra~ol~te . . The 
Zenith mine, worked lS~S-1900, was one of the earlies't producing zinc mines in 
Canada. I t is situated about 11 miles north of Selim, a statri.on on the Oanadia.n 'Pla.oific 
r.ailw&y. Other deposits of zinc blende have been found in the district, but none 
of these ;ri.as ibeen proved to lbe of lcom.merciaiJ. value. At present the chief interest 
in mining affairs is conneoted with the devdopment of the gold deposits near Big 
Duck lake, n'01•tJ1 of Schreiber, the search for niclrel ores in large pyr1•hotite bod.ies 
near Nickel lake in th-0 same general area, and in the l'edeveloprment of gold prospects· 
a short distan~c east of Schreiber. 

D. C. Maddox, F . J\L Mooney, and D. K. :lDacby aoted a8 assistants on the 
wr]ter's field party. 

GE~EilAL CJl.\Il.I CTE!l (ff TUE Dl>;THIC'l' 

Within the .area seveual different types of topog1•aphy are to be obsencd. On tfue 
main1and east of GraV'el riveT the no1imal Precambrian peneplain occm·s north of 
Big Duck lake; lbut to the south the Precambrian !basement rocks· are deeply dissected 
and the loc&l relief in this hilly set1tion becomes progressively greater a,pproaching 
1ake Superior; there reaclhing approxirmately 1,000 feet. Between Nipigon river and 
Gravel river erosion remnants of almost flat-lying diabase sills and Nipigon sedinieruts 
form high, .cliff-wallled mesas o:f irreglllar shape, and in the lowlands which lie between 
them the rocks of the 'basement complex gently rise to the nont:h witJ1 the genera.I 
su rface character of the normal peneplain. 

The islands in this area present a variety of topographic features, but since the 
rocks of the crystalline basement complex are not exposed, a pronounced difference is 
to be noted between their surfaces am1 the nearlby areas on the llllainland. The dissecteJ 
Keweenawan lava fields present the most minutely rugged surface in the district, the 
maximum local relief being 1,260 feet, whereas the adjacent areas of Keweenawan 
sediments have been more evenly eroded. Traversing both lavas and sediments, diabase 
dykes project as ·prominent ridges in many localities. In general the character of the 
land surface is markedly influenced by the various solid rocks of the district; the in· 
fluence of the unconsolidated deposits being in evidence only in small areas near the 
mouths of post-glacial streams. 

Nipigon river is the only large stream in the district. The boundary of the 
drainage basin of this great river system in its course from near the northern end of 
lake Helen to the height of land has an average di stance of only about 25 milee 
from the shore of lake Superior. The comparatively small area which lies between the 
headwaters of the Nipigon River system and lake Superior is dTained by a series of 
small, southward-flowing streams characterized by many falls and rapids. Many small 
lakes occur in the explored parts of the district. The progress of areal exploration in 
this hilly country is largely controlled by the di scovery of lakes which may be joined by 
portages to form a route ; and much time and labour are necessary to construct such 
routes, except where they follow the obvious course of the principal river systems. 

C:EXERAL GEOLOGY 

The solid rocks of the di,strict are of Precambrian age and may be classified in two 
main di.visions: the basement complex, and a younger division embracing the Animikie 
an<;l Keweenawan. The basement complex is made up of a schist complex and batho­
li thi c granitic intrusives which hitherto have been mapped as K eewati n and L auren­
tian, respectively. 

The rocks of the schist complex occur on the mainland in the eastern part of the 
district. They have been rna.pped over an area of about 60 square miles in the vicinity 
of Big Duck lake, and smalle r bands occur to the south near Schreiber. These areas 

24673-lt 
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~ippear to be 'the western extensions of larger areas occurring in the B1ack River basin. 
No considerable area appears to be underlain by these rocks between Pays Plat basin 
and Nipigon river, though included fragments of schist are frequently encountered in 
the widespread granite gneiss. Extrusive rocks of various compositions, their 
pyroclastic equivalents and their schistose derivatives, are the prevailing types in the 
schist complex, though the diorite which occupies a large part of the schist complex 
area in the vicinity of Zenith mine appears to be a plutonic intrusive. As the result 
of observations taken on traverses across the main area of the schist complex between 
Whitesand river <and ·Nickel lake, the writer tentative'Jy condudes that the /banded mica­
schist series which occurs to the north is in general older than the complex of altered 
extrusives which occur around Big Due)< lake, that the latter are in general older than 
the diorite stock which occurs near Zenith mine, and that all of these rocks are older 
than certain dykes of massive quartz-feldspar porphyry observed near Big Duck lake. 
A great deal of intensive study in the "field would be required in order to make a satis­
factory age subdivis ion of the schist complex, or to map separately the various rocks 
composing it. 

The batholithic intrusives underlie the greater part of the area on the mainland and 
are most continuously exposed between \Yhitesand river and' Gravel river. Many 
lithological types are found, such as granodiorite, syenite, hornblende and mica granite, 
and biotite gneiss, but it was impossible in field mapping to determine geological 
boundaries between any of these granitic rocks, though it is probable that all are not 
of the same age. 

A'nimikie sedi!l1lcnts occur on the slhor.e of the mainland near 1Schre.1ber ·and in the 
vicinity of Wiinston, also on Powder island in Pays Plat bay, and on the sma.11 is1ands 
near 1Rossport. The mapping o£ these isolated remnantJS of an imlportant series consti­
tutes one of the most interesting scientific res-ults of the season's work. Near Winston 
the base of the series is expooed; the ibasal conglomerate, 2 feet thick, lies on granite 
and 4 feet of iron formation, and 11'5 feet of thin.Jbedded, fissile, !black shalPs ar~ super­
imposed. On the shore of the bay southwest of Schreiber the basal conglomerate rests 
on lava of the schist-complex. On Powder island 35 feet of interbedded black shale.s 
and limy argillites are exposed. In general the series dips at a low angle toward the 
south. 

Keweenawan rocks occur on all the islands and on all the highlands in the district 
west of Gravel river. The lava series which is o\·er 1,000 feet thick on the outer 
islands becomes thinner toward the north and does not reach the mainland. Nipigon 
sediments as much as 400 feet thick are exposed around the shores of the western part 
of ipigon bay. Thick diabase sills cap the great mesas on the mainland west of 
Gravel river, and diabase dykes are of frequent occurrence throughout the district. 
A great number of diabase dykes form an almo t parallel series trending east and 
west through the i lands. The lava and sedimentary series have a low regional dip 
toward the south. Several faults have been recognized in these formations. The 
conclusions arrived at in 1919 regarding the local geological history during the 
Reweenawan epoch, which ,were published in the Summary Report for that year, are iu 
accord with the data collected in this district. The mineralization found in the 
Keweenawan rocks and in the dislocations which affected them is of the same 
character as that described in the Port Arthur-Nipigon section, but · in this district 
no ore-bodies of ilver, lead, or copper have been reported. 

ECOKO)ffC GEOLOG\ 

There are no producing mines in the district and the only mine which has shipped 
ore, Zenith zinc mine, ha lain idle since 1901. A comparatively small amount o-f 
systematic or intensive prospecting has been donC', since travelling in the greater part 
of the district can only be accomplished with difficulty . The va:uable minerals which 
have been obserYed on mining cfo.ims arP gold, silver, copper, chalcopyrite, zinc lblendc·. 
ga]l'na, haritc, and anthraxolite. 
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In 1920, the deYelopment of gol<l prospeds near Schreiber and Big Duck lake 
was the feature of chief interest to those concerned in mineral affair s, and a party 
in charge of Mr. P. E. Hopkins of the Ontario Department of Mines, made a detailed 
geological examination of the mineralized area. The following brief notes on local 
gold mineralization have been prepared from the writer's observations. 

Gold 

The mineralized deposits in the Big Duck Lake district are of two distinct types 
which are probably genetically related. Those of type one are quartz veins, locally 
feldspar-bea~·ing andi hence pegmatitic, carrying disiseminated !Pyrite and small 
quantities of chalcopyri te and yielding upon assay low gold values. Native copper 
occurs near the surface in veins carrying chalcopyrite. Commonly there is a thin 
gossan, less than a foot deep at the &urface of these deposits, ,but on one of the 
Longworth claims a highly pyritiferous vein has been weathered to a depth of 12 feet, 
and fine gold can be panned from the gos&an. This is locally known as ·the Mud vein 
though it does not occur in a fault plane. These veins range from less than a foot to 
about 15 feet in width and their walls are fairly distinct, though a narrower marginal 
zone of country rock is frequently found impregnated with quartz and pyrite. These 
deposits have the appearance of fissure fillings which have a minor amount of marginal 
rcp'lacements of country rock associated with them. Faults are very di.fficult to 
reoognize in the regio111ally deformed schist complex and insufficient informa1iion is 
at hand to permit of any generalizations regarding the cause of the vein distribution, 
though evidence of faulting can be seen locally in connexion with certain veins. A 
vein on the Estelle property has been traced for 60 chains and other veins of this ty,pe 
apparently show a considerable degree of continuity, though much stripping would 
be necessary to expose this feature. The veins trend in various directions. 

The second type of gold .deposit is in carbonate replacement bodies. Part of the 
carbonate is pale grey, fine-grained calcite; this locally carries finely disseminated 
galena, zinc blende, chalcopyrite, pyrite, molybd'enite, and gold. Enclosed in this 
material, lenticular masses of rusty weathering dolomite, from 6 inches to 2 yards in 
ma:x:imum diameter, occur, within which there are plicated streaks rich in bright 
green chlorite, mica, and serpentine. Barren quartz veinlets cut the assemblage. 
The shape and size of the carbonate bodies are irregular and variable in different 
localities. Lenticular masses having approximate diameters of 10 feet and 100 feet 
occur; and on the McOuaig property, where ore has been found, the carbonate body 
has been traced for 4 chains with widths varying from 3 feet to a few inches. The 
known carbonate bodies occur in a zone trending north 60 degrees east from the 
northern part of Little Duck lake to near the northwest part of Big Duck lake. In 
general these bodies have their longer dimensions parallel to the foliation of the 
sheared rocks and occur in sheared quartz porphyry, andesite, and along the contact 
between these rocks. 

Ne~r the top of a hill on the Estelle claim, T.B. 1911, a mineralized quartz vein 
and a marginal calcite replacement body are exposed. The intimate relationship of 
the t\vo typical deposits here indicates a close genetic relationship. 

The origin of the gold-bearing solutions is not known. The igneous rock which 
appears to be most closely related to the gold deposits in time and place is the massive, 
pale pink, quartz porphyry. This rock is thought to be younger than the sheared, 
grey, quartz porphyry in which some of the replacement bodies lie. 

Assays of gold' to the value of over $1,000 to the ton are reported to have been 
obtained by :Mr. W. S. Jackson from his claim, R 425, about 2 miles east of Schreiber. 
The minera'1ized veins in common with others d1eveloped farther east occur in the 
schist complex very close to the contact of the intrusive granitic batholith. The 
mineralized veins carry very little visible gold and average about one foot in width; 
they are well defined and occur as a nearly parallel -series with certain additional 
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cross veins. The extent of the high-grade ore m the deposits has not yet been 
determined. 

Copper 

No copper deposits of economic value are known m the district though copper 
minerals occur in deposits of at least three types: (1) chalcopyrite disseminated 
through quartz veins cutting the schist complex, the best known examples ibeing on 
claims T.B. 2'091 and T.B. 1911 and eastern extensions, in the Big Duck Lake dis­
trict; (Z) native copper in amygdules and veinlets in the Keweenawan lavas on thz 
outer islands; and (3) chalcopyrite associated with lead and zinc minerals in quartz 
calcite veins cementing fissures and fault planes which formed in Keweenawan or 
post-Keweenawan time. 

Veins Oa1-rying Oovper, L ead, Zinc, and Silv er Minemls 

.A. great series of such veins is now known to occur in a zone bordering the 
shore of la<ke Superior as far west as Pigeon river. In the opinion of the writer 
systematic prospecting should ibe carried on in the e..'i:posed veins of this type and an 
effort should be made, where feasible, to expose veins in fault zones of late Keween­
awan age. In the writer's summary report of 1'919· special mention was made of 
veins of this type and it was pointed out that new di scoveries of silver ores may 
possibly ibe found ana1ogous to those at Silver islet and along the north shore of 
Thunder bay. The mineral assemblage in veins of this type is remarkably similar 
over a large area, though the proportions of the constituents vary considerably even 
within short distances; the principal minerals are: galena, zinc :blende, chalcopyrite, 
PY'l'ite, and occa::.'iionally silver and !J.rgentite, together with quartz, •amethyst, calcite, 
:fluorite, and •bari te . 

.A. number of mining claims hav·e been staked with the apparent purpo::.e of 
taking up for development veins of this type, 'but no work was in progress at the 
time of the writer's visit and no deposits of commercial value were seen. It is 
reported that a small amount of native silver was found near the surface in a vein 
on claim R 570, H miles north of Pays :Plat village; the occurrence of silver has 
been reported from two other localities to residents of the district, but from the 
available data on the location of these deposits the reports could not be verified. .A. 
trace of silver was found in the analysis of a sample ·from a narrow galena-bearing 
vein on lot 9, con. rrv, 1Nipigon tp. Srum'piles .fr.om several of the veins elsewhere in 
the district show no silver content upon assay. The greater part of the silver 
found in neighbouring areas has occured as recognizable silver ore; not carried by 
the galena or other minerals in the veins. 

The recently staked claims to the north of Ozone siding embrace a granite area 
in which a number of smaU vefos occur trending approximately east and west. The 
veins are of the normal late Keweenawan type. Zinc blende is locally abundant in 
parts of the veins, but no ore deposit of economic importance has <been encountered, 
as yet. 

Anthraxolite 

.A. small amount of anthraxolite occurs along with quartz and other minerals as 
cement filling -rook fissures in the !basement comx>1ex near .A.nimikie roc'k.s. Thi3 
material was found on the Canadian Pacific railway one mile west of Rossport at 
the outlet of a small lalke half a mile northwest of Rossport and on the shore of lake 
Superior south of ;railwa.y Mileage 5.4 west of Schreiber. The mineral contains a 
high percentage of carbon and resembles anthracite; it is regarded as an altered 
liquid bitumen. The anthraxolite in the above-mentioned localities was probably 
derived from !bituminous shales in the overlying Animikie sediments. 
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Investigation of Rep/Jrted Deposit of Kaolin 

Wyatt Malcolm of the Geological Survey examined the Nipigon sediments on 
Cooke point, lake Nipigon, which had been staked for kaolin. He found no material 
of prospective commercial value as a source of kaolin. The stratified rocks at thi;; 
locality are pale grey with red and green streaks and are compooed of partly 
kaolinized feldspar, altered amphibole, and calcium-magnecium carbonates. 
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~'.[ap 11865. Moncrieff and !Hess to\\'nships, Sudbury district, Ontario.. . . . . . . . . . . 7 

INTRODUOTIO 

The greater part of the field sea.son of 1920 was spent ·by the writer in geologica'. 
exploration of the townships of Hess and Moncrieff, for the purpose of determining 
the geologic succession and identitJ· of the supposed Huronian sediments, which can be 
seen in places along the railway between Mile 2 and :Mile 7 west of Cartier. Recon­
naissance trips were made near the end of the season from Benny on the Canadian 
Pacific railway to Lower Onaping lake whereby the work was carried to the border 
of the Onaping map-area, and one trip was made southward from Cartier to Levack, 
in order to connect the work of the Geneva area with the geology of Sudbury nickel 
basin. During most of the season the writer had the assistance of W. F. James. 

GEOLOGY 

The rocks of Geneva area fall natur·ally into the following groups, listing the 
oldest first: (1) Keewatin, mainly stratified pyroclastics; (2) batholithic intrusions 
of granite; (3) Huronian, including both the Bruce and Cobalt series; ( 4) Keweena­
wan diabase and olivine diabase; (5) batholithic intrusives, chiefly ,porphyritic syen­
ites; (6) Pleistocene deposits. The chief result of the exploration was the discovery of 
another area, and one readily accessible, in which a young acid intrusive is seen invad­
ing the Huronian rocks. Another result of importance was the r ecognition of three 
different conglomerates ·any one of which without careful work might be mistaken 
for the Cobalt conglomerate- The exploration was valuable also because of the dis­
covery of an almost complete Bruce series many miles north and east of its previous 
locus of identification on the north shore of lake Huron. Incidentally, many inter­
ostinp; variations in both the Bruce and Cobalt series were made known. 

The geologic succession is expressed in the following table. 

Pleistocene depos its 
Unconformity 

Table of Formations 

Keweenawan } Younger batholithi c intrusions (syenite) 
Basic intrus ions (dia base and norite ) 

Intrusive contact 
Cobalt series 

Lorrain quartzite .. 
Gowganda formation. . . . . . . . . . . . . . . . 
Unconformity 

Bruce series 
Serpent formation .... 
Espanola formation. . . . 
Mississagi formation. . . . 
Unconformity 

Granite Intrusions (alaskite) 
Keewatin volcanic rocks and schists. 

. .1700 + !t. 

. .1200 ft. 

700 ft. 
12() ft . 
470 !t. 
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STRUCTURE 

The Huronian rocks of Geneva area lie in one of a series of nearly parallel 
synclines which run generally northeast and southwest across the main line of the 
Canadian P acific ·railway between Windy 1ake and Lower Onaping lake. Near Geneva 
lake, however, there is ·a syncline folded more deeply into the underlying rocks than 
its neighbours and, therefore, preserving a coru;idera-ble thickness, r.oughly 4,2-00 feet, 
of Huronian sediments. 

This syncline has been sliced by two great faults in a north-northeast, south-. 
southwest direction and is offset lateraHy, in the case of the eastern fault, about ~mile, 
and in the case of the western fault, about 2 miles. The vertical throw is unknown, 
but apparently not very great. The syncline is cut off at the southwestern end by one 
or more faults of a similar general trend. Further faulting has occurred along planes 
generally parallel to the axis of the syncline, so that, notably near the centre of H ess 
township, repetitions of formations and intei·rupted successions have resulted. 

The geologic structurn is rendered all the more confusing by the intrusion not 
only of the ubiquitous diabase, but of the younger acid · intrusive, which seems 
generally to have followed the zones of major faulting,. notabl.Y in the case of the 
great transverse fa ults which have sliced the main structure into three members. The 
two g.aps resulting are more or less plugged with intrusions of the younger acid por­
phyry. 

Otherwise the structure is apparently simple; the area south and east of the great 
syncline is granitic. the area north and west is mainly of stratified pyroclastics 
dipping generally nearly vertical and northwestward. 

PIIYSIOGRAPIIY 

Nearly all hills are ridges pa1•allel to the &trike of the sediments or pyroclastios; 
otherwise the hills have 1Jh.e irregular shape cham1oteristic of eroded, maissive igneous 
intrusions. The height of the hihls is generally proportiomd ,to the resista.nce of the 
constituent rocks, valleys commonly following the owtcrops .of Espanola formaition 
(larg-ely limestone) .and the lines of weakness along canffiaJot zones .and ,fault planes. 
In general the massive Goiwganda conglomerates form ridges, the greywacke !bands 
form valleys, and the Serpent forma't'ion underlies }owlan'ds. Here and there rather 
nota.ble hills of diabase rise above the general level, and large, l'ounded hills form the 
surface of the prc-Huronian gnanite. In the a.rea of Keewaitin .str.aitified pyroclasti:os 
ridge fohl<Jws ridge, jn suocessive hogbacks, parallel to the strike of the rocks. The 
outsltanding features of the airea are the grealt hills of Lor11aiin quartzite, which rise 
h~gh above the surrounding country, &tretJching ' northeast .and sou thweslt like a long, 
twice broken wall, bounded north and south by precipi'.tous sides unsoalable in ma..ny 
pl'aces. The gaps through this wall of resistant rock follow fault planes and igneous 
intru!sions, and eviiderutly are the result .of differentral stream erosion. These quartzite 
hills, structurally the remnant of a great syncline, indicate a former stage of erosion 
so advanced that the driainage had become adjusted to :the structure, a .stage in the 
erosion cyicle not less advaneed than I.ate maturity. The adjustment of tiliis ancient 
drainage system t<J the structmial conditions and to the distribution of the rocks of 
mrying resistance has nearly all been destroyed by the accident of gl1aciartion, whi.c:h 
has partly filled the v.alleys, dive1ited the streams, and generally thrawn back tihe 
drainage system to a pTesent condition of extreme youth. 

PRE-IIURONIAN ROCKS 

The oldest rocks in Geneva are .are stratified! py•roclastics composed mainly of 
fine tuff-like sehiS<ts and vdleanic b1·eccias. There are also some schists pf indefinri.te 
origin, whioh are either higihly metamorphosed felsiites or badly sheared quartzitic 
greywackes. In addition to these rocks of uncert.ain origin are certain interbedded 
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bands of w•aiter-1.a.id, fine-grained greyw~.ckes, probably derived in 1arge measure frOtlil 
volcanic tuff. It is repo11ted that bands of iron for<mation )lave been dismvered in 
the di&trid, but none was seen by the writer. These scliliists are cl&ssed with Kee­
watin rocks: they were folded and intr!l.1ded, previous' to 1Jhe deposition of the Huroniau 
formation, hy granite which is the so-called older intrusive of the area, oonsisting 
nearly everywhere of alaskite, changed in places into a gneiss 'but in many places 
apparerutly of massive te)l..!tuTe. I-fo,V'ever, un<leT the microscope .a di&tinctly cata­
<ibstic texture is seen. In distribution the Keewatin rocks outcrop in a band about 
3 miles wide north of Bannerman lake, bounded on the north side and _on the sou'lfu 
by intrusions of the older grani'te. Almo&t one-hiailf of the a.rea, roughly that pamt 
lying south of the lmicklae line of :Jfoncrieff and Hess townships, ,i,s• underlain by 
granite. 

IIURONIAN FORMATIONS 

The Hmonian formations are divided into two series, the upper being known as 
the Oobalt series, and the lower. :the Bruce series..1 In Geneva area the Bruce series 
is represented iby the Mississagi, Espanola, and !Serpent formations. No equivalent has 
been found in this area of the Bruoe conglomerate, and ,the formations differ in many 
respects from their equiv.alents found along· the north shore of lake Huron. 

The C10balt seriel> is represented 'b:v the Gowganda formation and the uneroded 
remmmt of the Lorrain quai:tzite. 

Briice Series 

Mississagi Formation. The Mississagi formation in mosrt places on the north 
shore of lake Huron is charact~r,ized lby :a rather thin, exceedingly arenaceous, lb-asal 
c~nglomerate which gr.ades in certain places into a simple arkose, and throughout the 
major part of the formation the m·kosio characteristic is predollllinant. In small 
fragmen'tary outer-ops .this formation has been identified _in the Geneva district. It is 
found in Hess- t!ownship in many p:Jaces', on the south side <Yf the limestone, lying 
unconformaibly upon granite. It is excellently exposed along the railway tracks at a 
little more than 2t miles from Oartier. So for as the writer has been a!ble to find, 
the conglomerate in Hess town'81hip _is ne-ver as wide as 500 feet. Nea.rly _everywhere 
it appears to be a thin remnant between a limestone formation .and the pre-Huronian 
granite, and in some such places it is lacking a·ltogether. In :Mioncrieff township, 
however, alm~st on the concession line H miles- west af Mile 4, on the Oanadtan 
Pacific railway there is a distinct basal conglomerate overlain lby 350 feet of fine­
grained, white-weathering quartzite underlyinig a gradational phase of greywacke, 
giving place to limestone. Thus it is clear that the ~vhole formation con&ists of a 
basal conglomerate followed by a quartzite. In one place the ba.sal cong1lomerate is 
1'70 feet thick, followed by 300 feet of _quartzite. This conglomerate is dark in colour, 
massive in structure, heterogeneous in composition, and lies 1m'conforma'bly upon the 
older graniite, having conformable rela.tions with the quartzite aboYe, and the quart2lite 
in turn grades through a greywackc band into li.mestone, with no appairent stratigraphic 
break. 

Korth of Benny station, near the tote road to Lower Onaping lake, various out­
crops of conglomerate, tentatively correl>ated with the Mississ-agi quartzite bas.al con­
glomerate, appear to be stratigraphically above the Keewatin stratified volcanic rock~, 
but as there are no other sedimentary rocks exposed it is not possilble to determine 
-0ther geological relations. Tlhe coll'gl-Omerate is very dm·k coloured, and is, apparently, 
derived from the basic pyroclastic rocks upon which it lies. Numerous· faults, how­
ever, have completely isoJiated many of the out:Jcrops from their stra.tigraiphic sequence, 
and make the relations of the scattered conglomerates difficult to deternnine. 

The lower surface of the Mississagi formation is very irregular. In fact, in one 
place the surface was apparently one of subaerial ;weathering. The ba.sal oonglo-

l Collins, W. H ., GeoL .Surv., Can., Mus. Bull. No. 8, pp. 19-21. 

.. 
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merate is nearly everywhere entirely unsorted, although it is overlain by a well­
bedded arkosic quartzite. In some plaees the old pre-Huronian surface weathered in 
5uch a way that the granite broke ·out along joint planes. .A!bout a. mile south of 
the northeast end of Genev.a lake the contact between the Mississagi quartzite and 
the pre-Huronian granite exposes the old granite blocks moved very slightly from 
the joint faces from which they fell, 1and also shows in the granite a ~ontinuation of 
that pre-Huronian joint system. It is concluded tha.t this basal conglomerate is a 
continental depOsit ,which was covered by water-Laid arkosic sandstone and that these 
conditions of elastic deposition gave place to precipitation of limestone, pres·uma!bly 
of bio-chemical origin. 

Espanola Formation. Outcropping throughout the area 'in elongatedi s-trips lb.ere 
and there may be found a silicified limestone which is correlated with the EspanoLa 
limestone. In certain places it is as mu'ch as 120 feet thick, in many places less, and 
in some places has an outcrop wider tha.n 120 d'eet, due to crumpling and folding. 
Nearly everywhere one side of the formation either abuts directly against massive 
granite or adjoins remnants of the Mississagi formation. It is overlain oonform!ably 
lby ·a C'Ul'ious mixture or alternation of conglomerate, greyiwacke, and quartzite. 

In most parts· of the country between Sudbury and Sault Ste. Marie there are 
two limestones, named by Collins\ Bruce limestone and Espanola limestone. Thes°" 
are really highly cal'Careous· phases of the Espanola forma.tion, a calcareous, indurated 
silt. The Espanola limestone occurs at the top of ·the ·Espanola formation; the Bruce 
limestone lies flt its base and directly upon the Bruce conglomerate. In no place in 
the Geneva area. were two limestones discovered, although in some places parallel 
bands of limestone can be recognized. Naturally, the question is, should this lime­
stone be called ;Espanola or Bruce? .Avparently there is no Bruce conglomerate in the 
Geneva area; certainly, where the relations are clear, the limestone lies upon the 
Mississagi formation. The Bruce conglomera.te being absent, it is possilble that the 
Bruce limestone also is wanting. The relations of the limestone at Geneva with the 
overlying greyw.a:cke and quartzite also correspond to the relations of the Espano1a 
limes'tone with the overlying Serpent g.reyw.acke' and quartzilte. Pebbly dykes were 
found cutting pants of the Espanola group and the Serpent quartzite in the other places2

, 

but they were not known elsewhere to out the Bruce limestone. 1Similar dykes were 
found cutting· the limestone on the northeast shore of Mud lake and on the southeast 
shore of Genevia lake. On the other hand the Espanola limestone as encountered on 
the north shore o£ lake Huron is much more variable than the Bruce limestone, V'ary­
ing in thickness from 0 to 75 feet, so its absence a.t Geneva would not be surprising. 

The licrnestone formation at Geneva may perhaps best be regarded as equivalent, 
not to the Bruice limestone nor to the Espanola limestone of the north shore of lake 
Huron, but to Bruce limestone, Es·panola ,calcareous silt, and Espanola limestone 
combined, just as the Kona. dolomite of Marquette district, Michigan, may be regarded 
as the equivalent of all three. , 

The original character of the Espano'la formation is unknown. Although called 
a limestone it really contains a very small proportion of carbonate. lt is highly 
silicified, the silica being distinguishable under the microscope as very small grains 
of quartz. The writer has never seen any structures within the limestone· which look 
like algal growths, nor any other suggestion of organic origin. However, it is 
probable that at the time of formation bacteria at least were in existence, and that 
the Espanola formation originated through some bio-chemical agencies. 

Sci·pent Formation. In most places where the relations are clear, the Bspanola 
• formation is overlain by a greywacke formation grading into a peculiar, characteristic, 

easily distinguished rock known as the Serpent quartzite. In the Geneva area there 
is a formation which is not merely quartzitic but markedly conglomeratic. However, 

l Collins, W. H., Geol. Surv., Can., Mus. Bull. No. 8, 1914, p. 19. 
2 Collins, W. H., Geol. Surf., Can., ·Mus. 'Bull. No. 22, p. 5, a nd Quirke, T. T., Geol. Surv., 

Can., M em. 102, .p. 39. 
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this is not a bouldery coarse conglomerate, being lenticular; not persistent either later­
ally or stratigraphically; giving way both to quartzite and to greywacke bands; 
generally siliceous and gritty; and composed of characteristically well-worn pebbles. 
The writer believes this formation to represent both )the greywacke (siilty) and quartzite 
phases of Serpent formation, and ordinarily an attempt would be made to subdivide 
the formation at Geneva into parts that could lbe correlated with the greywacke 
phase and the quartzite member of the Serpent formation. But that cannot be done. 
There are parts near the bottom of the formation at Geneva which look exactly like 
typical Serpent quartzite; there are parts well up in the formation lying above both 
quartzite and conglomerate, which could not be distinguished from typical Espanola 
greywacke in the Espanola area. These arc.followed again by conglomerate and by 
quartzite which seems to be precisely like typical Serpent quartzite. The conglomeratic 
phase of this formation is so unlike any of the !Serpent quartzite that the writer Jias 
seen elsewhere, except for a 6-inch band in the Espanola area, that he hesitates to give 
it the same name. However, it has the stratigraphic position of the Serpent forma­
tion, being conformable upon limestone and .unconformable beneath the Gowganda 
formation. It bears all the peculiarities of the Serpent formation, especially the 
sandy and' peblbly dykes, strikin'g and characteristic lining1

' greywacke members, anrl 
conglomerate streaks. But it has the unusual quality of great development of the 
conglomerate phase, far in excess of its development elsewhere so far as it has beeu 
recognized. A good idea of the character of the Serpent formation at Geneva may 
be gathered from sections, compiled in different parts of the area . In one place the 
formation includes much laminated greywacke, in another place the formation is 
almost solely of coarse, elastic materials, especially conglomerate. 'flhe formation is 
between 600 and 700 feet thick. 

The following detailed sections (pages 13-16) show the great v.ariation of this 
formation, stratigraphically and laterally, and should be studied to distinguish between 
the Serpent and Gowganda formations, for their characteristics must be recognized 
before attempting trntigraphic geology in this region. On page 13 various types 
of the Serpent formation are distinguished by the letters A to J: these variations, 
characteristic of the Serpent formation in the eastern part of Hess township, are 
not so well represented at Geneva station farther west, and are almost entirely 
displaced by different JPhases in ~foncrieff townsihip st1U farther west. rrhe lbasal 
part of the Serpent formation is a rubbly conglomerate in the west changing in 
texture to a fine-grained arko;;ic greywacke in the east. Between the coarse-textured 
material and the Espanola formation there is a sharply-defined erosional contact, 
whereas, under the finer material there is a gradation between these formations. The 
outstanding peculiarity of the formation, bearing .upon its origin, is extreme variability 
as shown by change from rock composed of granite and schist pebbles to other of pure 
quartzite and argillite; from coarse, angular conglomerate to very fine-grained grey­
wacke; from massive structure to finely laminated bedding; from regular bedding of 
wide spacing (characteristic of deep water deposits) to alternating quartzite and grey­
wacke containing rill-marks and ripple-marks, and exceedingly crossbed'ded lenses of 
sandstone and grit (characteristic of shallow water and of deposits exposed occasion­
ally to the air) . Some of the sandy beds and lenses are so eX'ceedingly crosebedded that 
a reasonable interpretation is that they were deposited by the action of the wind. 
Much of the material of this formation was not transported far nor weathered greatly 
previous to its deposition, and the whole formation is taken to represent a time of 
great variations in the extent and depth of the basin of deposition. Conditions on 
the land which would give rise to such a formation must have been extreme, res.ulting 
in rapid mechanical disintegration with a minimum of chemical decomposition. 

Cobalt Series 

Gowganda Formation . Lying upon 'the 1Serpent formation with relations which 
are incons·picuously unoonfurmalble, is the equivalent of the Gowgianda formation, 

1 Quirke, T. '1'., Joe. cit., p. 40. 
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known also, locally, as the Cobalt co11glo.merate. This is a bouldcry, partly stratified 
and partly massive formation, consisting for the most part of bands of impure quartz­
ite, separrated from one another by streaks of pebbly conglomerate and 'bands of 
greywacke, containing, however, two thick, ma.ssive bands of boulders which can be 
distinguished from the other conglomerates of the area and which constitute its 
distinguishing features. The bouklers are imperfectly rounded and bevelled as though 
by glacial action. The ba.nds of greywaeke contain numerous pebbles an<l boulders, 
scattered irregularly through the rock, in a ma.nner similar to those in the Dwyka, 
so-called "boulder mudstone ". The formation is about 1,200 feet thick and passes, 
after a long gradation of seveml hundred feet, into the overlying Lorrain quartzite 
without apparent stratigraphic break. The essentia.l characteri stics of the Gowganda 
formation at Geneva area are simila r to those elsewhere. The detailed sections, pages 
13-16, show that the formation is llil.ade up of a massive boul<lery conglomerate 
containing a slate-like greytwacke matrix; thinly laminated argillites; rwell../bed<led, 
slate-like r-0cks carry·in•g scattered p6\:fu.J•es and lbouil.ders; sulb-angular and /bevelled 
boulders, similar in shape to those found in glacial conglomerates. In the 'Geneva 
area no striated boulders have been found but they may be there. These peculiar 
and highly characteristic phases of the Gowganda formation are mixed in with grey­
wackes, arkoses., qu.artzites, and _conglomerates of inconspicuous and ordinary 
characteristics, so that, without detailed study, the significant peculiarities of the 
formation are likely to be overlooked. The common type oif the Gowganda formation 
is so similar to the comruon type of the Serpent formation, that a stratigraphic 
quantity of e.aeh formation must be e:immined before the outcrop can be identified. 
For this rea on detai1ed: sections of iboth the Serpent and Gowganda formations are 
here included. IThe dlistinguishing characteristics of the two fomnations may lbe con­
trasted as follows: the Serpent in certain pla.ces is cut by sandy dykes; the Gowgand<a 
is not. The Serpent is characterized by a quartzite containing fine parallel ).ini:ngs, 
due to the alternated deposition of quartz sand and feldspar sand and greywacke1; 
the Gowganda. lac.ks this ,type of quartzite. The matrix of the Serpent conglomerates 
is uniformly arkosic; the matrix of the Gowganda conglomerates is characteristically, 
but not uniformly, sliate-like. The grit-sized particles of the Serpent quartzite are 
pieces of disintegrated rock; many particles of the same size in the Gowgan<la forma­
tiion are discrete particles of granite. The Ser.penrt; contains a.ngular and sub-angular, 
but not bevelled, boulder.s, whereas the Gowganda includes all three types. The 
Serpent contains some thick layers of well laminated slate, ibut the Gowganda c.on­
tains well~bedded slate layers carrying irregul.arl.Y spaced pebbles and boulders. The 
Serpent quartzite is characterized by ripple-marks in certain layers; lacking ripple­
marks, the Gowganda formation contains layers which aruiear to have been con­
temporaneously distmbed as· though by .ice- hove. These distinctions ar in harmony 
with the supposition that the Go\\ganda formation, at least in_ '[)art, has a glacial 
origin, in which it differs from the Serpent forma.tion. 

Lorrain Quartzite. The Lorrain quartzite, of all <the formations in the Geneva 
area, is the .most easily recognized by .any one familiar with Huronia.n rocks. It is a 
most striking, uniform, pale green rock, ·Carrying, e&pecialJy near 1the upper part, 
characteristic streaks of white quartz and pink jasper pehbles. These pebbles, rarely 
more than one inch in diameter, and co=only less than half an inch, constitute an 
essential and persistent characteristic of the formation, having been recognized all 
the way from near Sault Ste. Marie to Onaping area and La Cloche mountains. 

Erosion in the Geneva area has removed the 'upper part of the Lorrain, leaving 
a maximum thickness of about 1,700 feet. The quartzite outcrops in high hills stretch­
ing from the northeast corner of the .area nearly to the middle of Moncrieff town­
ship. The outcrops form three masses in synclinal fold , each .having nearly the same 
strike, offset from one another b:v great fault along which have followed intrusions 

1 Quirke, T . T., Geol. Surv., Can., :III.em. 102, p. 40. 
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of porphyritic syenite. These high ridges of g>lea.ming .white Lorrain quartzite are a 
repetition, on a smaller scale, of the beautiful La Cloche mountains. 

Detailed S ection of Serpent Formation One-half Mile Southeast of the Northeast Arm 
of Geneva Lake, from the Base Upward 

i.;spanola Limestone: 

6 to 9 feet unexposed 
212 feet well-bedded, laminated, siliceous, dark grey arkose which weathers with pale lines 

or striped s urfaces (type A) 
11) feet of massive greywacke 
20 feet laminated, rather vaguely bedded, partly quartzitic greywaclce 

5 feet notaibly banded rock consisting of half-inch layers of pale coloured arkose and 
fine-grained, green greywacke (type B) 

15 feet massive greywacke (type ·C) 
5 feet alternately !banded arkose. and greywacke o! half-inch bands like type B 

10 feet less banded, massive, tine-grained arkose and greywacke like type C 
6 feet well laminated greywacke like type A 
6 feet 'banded greywacke like type B 

35 feet of banded greywacke and arkose, consisting of a foot of massive greywacke inter­
bedded w.ith 6 inch es of banded greywacke like type B; this is repeated until near the 
top the massive greywacke 'becomes coarser and quartzitic (type D) 

l!!Y feet crossbedded, coarse, arkosic grit consisting of grains J of an inch in <liameter 
(type E) 

19 feet like type D, only more quartz!tic and arko$iC 
22 feet laminated, fine-grained greywacke, not striped surface like type A, lbut massive­

looking, \becoming coarse a nd gritty near the top 
26 feet type D 

4 feet massive, siliceous greywaclce (type G) 
1 foot greywacke streaks 
S feet massive g reywa,cke, very si li ceous (tY'J)e G) 

10 feet well-lined, rather arkosic typica l Serpent quartzi~ e ( t ype H) 
6 inches of greywacke streaks 

LO feet coarse grit in a massive arkose with some lenses of greywacke anti cross bedding: 
near the top becomes very crossbedded like type E 

15 feet unexposed 
34 feet well-lined Serpent quartzit.~. type H with every ~ or 3 feet a well-marked bedding 

plane 
5 feet gritty arkose with crossbedding 

10 feet Serpent quartzite (type H) 
9 feet massive, siliceous, a rkosic greywacke (type 1) 
5 feet crossbedded grit (type E) 

10 fe et massive siliceous arkose (type I) 
5 feet siliceous, in tenbedded (type D) 
•6 !eet Uned quartzite (type H) 
3 feet crossbedded grit 
8 feet lined quartzite (type H) 
6 feet crosSbedded grit (type E) 
1 foot banded greywacke (type B) 

10 feet of exceedingly crossbedded arkose 
12 feet unexposed 
44 f eet interbedded si li ceous .greywacke and s late-like argillites 
30 feet arkosic quartzite, b edded ,by numerous greywacke partings every 3 inches to 20 

inches apart 
15 f eet massive greywacke separated into rbanks by streaks of greywacke 

1 foot gritty, crossbedded a rkose 
32 feet well-lined quartzite becoming distinctly arkos ic and gritty near the top 

4 feet massive arlcose 
9 feet very crossbedded arkose, so coarse in texture as to be a grit, or nearly al! grains 

of feldspar 
17 feet massive arkose with lenses of crossbedded material 2 feet in thickness 
57 feet well-lined arkose separated with •bands every 12 or 13 inches by a thin sheet of 

greywacke; in places it has a dense, porcelain-like appearance, containing fine colour 
•bands due to a lternation of quartz and feldspar, typical Serpent quartzite. 

6 inches streak ed greywacke 
2~ Jfeet crossbeddecl a rkose with streaks of greywacke and grit 
1 3 feet unexposed 

3 feet coarse arkose 
6 inches v ery fine-grained greywacke 

14 feet coarse, crossbeddecl arkose with some streaks of clear quartzite like type H 
16 feet unexposed · 

5 feet coarse arkose 
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Detailed Section of Gowganda Formation, I rnrnediately Oi•erlying the Foregoing Sec­
tion of the Serpent Formation 

16 feet bouldery conglomerate with a very siliceous pebbly matrix containing boulders 
as large as 20 inches in diameter and lenses of si liceous greywacke <becoming especially 
siliceous in the upper part 

6 inches slreak of grit 
8 feet arkose 

18 feet unexposed 
5 feet arkose 
8 feet conglomerate with 12-inch Q:ioulders having pebbly conglomerate above and below 

20 feet unexposed 
3 feet arkose 

55 feet unexposed 
10 feet quartzitic greywacke with scattered pebbles 

9 feet well-lined quartzite 
42 feet massive s laty groundmass carrying many small rock chips and scattered pebbles 
2•8 feet unexposed 

3 feet quartzite 
4 7 feet slaty greywacke carrying scattered pebbles. becoming siliceous towards the top 
21 feet unexposed· 

5 feet slaty greywacke with scattered peibbles 
3 feet lens of quartzite 

22 feet greywacke which weathers in a characteristic and peculiar manner with a chipped­
out surface looking something like the Q:ireeze-rippled surface of water; this grey­
wacke carries pel:>bles scattered throughout 

100 feet unexposed 
5:; feet of massive green greywacke which weathers with the chipped•-out wavy surface 

described above. This grows more siliceous and less green in colour towards the top 
165 feet unexposed 

20 feet of very finely laminated greywacke with wave-like s urface. 
15 feet quartzite with 6-inch bands of greywacke and· thin strealrn ever.Y 3 inches to 2 

inches apart 
6 feet banded, quartzitic greywacke 

10 feet ibands of quartzite 3 to 6 inches thick separated •by streaks of greywacke 
6 feet quartzite 
4 feet pebbly and rul>bly conglomerate . 

14 feet arkosic quartzite becoming fin er towards the top 
24 feet unexposed 

4 feet of arkose 
115 feet unexposed 

30 feet dense, massive, sugary quartzite with occasional streaks of greywacke showing 
the bedding 

60 feet unexposed 
10 feet massive quartzite 

110 feet unexposed 
24 feet d ark green greywacke with siliceous lining 
45 feet unexposed 

Lorrain quartzite 

Detailed Section of Parts of the Serpent and Gowganda Formations on a Line Pass­
ing Through Geneva Station, from the Base Upward 

200 feet grey, well-lined, c learly bedded, arkosic quartzite like the typical Serpent quartzite 
a long the north shore of lake Huron 

15 feet well-stratified pebbly conglomerate 
55 feet massive quartzite 

7 feet rul:>bly, gritty, p ebbly conglomerate 
2 feet crossbedded grit 
3 fee t finely ibanded greywacke 
2 feet crossbedded grit 

18 feet coarse pebbly grit 
2 feet thickly-set large pebbles 
8 feet pebbly grit 
1 foot w ell-'bedded greywacke 

13 feet well-bedded grit 
6 inches streak of col>bles 3 inches in diameter 

10 f eet p bbly grit 
15 feet of grit carrying len~es of pebbles and cobbles 
15 feet of bedded, coarse grit 
12 feet well-bedded quartziti c greywacke 

4 feet interbedded greywacke and crossbedded grit 
18 feet pebbly grit interbedded with streaks of greywacke 
11 feet banded greywacke .1 

2 feet of grit 
1 foot of greywacke 



10 feet of massive quartzitic greywacke 
14 feet of quartzitic grit 

1 foot of greywacke 
5 feet of grit 
9 inches of greywacke 
6 feet of coarse grit · 

15 ]J 

6 inches greywacke carrying ripple-marks 
6 or 7 feet of coarse, unstratified grit and tine conglomerate 
2 feet of quartzitic greywaclrn 

211 feet of well~bedded and crossbedded streaks or quartzite a nd greywacke 
19 feet of well·bedded quartzitic greywacke 

1 foot of quartzite 
31 feet of coarse, arkosic quartzite 

1 foot greywacke streaks 
8 feet arkose 
2 feet greywacke 
7 feet grit 
1 foot coarse, pebbly arkose 

14 feet grit 
3 feet pebbles 

38 feet arkosic grit 
10 feet of quartzite 
3() feet arkosic quartzite 

Unconformity 

Gowgcmcla Formation: 

4 feet of bouldery conglomerate, ·rounued and angular masses up to 14 inches in diameter 
8 feet massive pebbly grit 

10 feet coarse 'boulders c rowdoo together, as large as 2'6 inches· in diameter, including 
many s ubangular iJ.)ieces. In order of abundance the boulders are composed of i:-ranite, 
felsite, greenstones, quartz, and chert 

9 inches ibedded grit 
8 feet 6 inch cobbles scattered in grit 

10 feet pebbles and cobbles 
2 feet quartzite 

30• feet conglomerate carrying crowded pebbles and occasional large ·boulders (12 inches 
in diameter) with layers of grit 

5 feet quartzite 
1 foot pebbly conglomerate 

20 feet massive aTkose 
50 feet dense, massive quartzite grading into 
30 feet dense porcelain-like quartzite 
20 feet well-lined quartzite 
38 feet grit 
15 feet bouldery conglomerate crowded with iboulders and pebbles 
60 feet pebbly conglomerate b ecoming coarser at the top 
2'8 feet arlrnse 
32 feet crowded iboulders and pebbles 
50 feet unexposed 
10 feet •bouldery conglomerate 
10 feet pebbles 

4 feet quartzite 
23 feet quartzitic greywacl<e containing scattered tl)ebbles and cobbles 
7 8 feet unexposed 

9 feet massive arkose 
1'8 feet unexposed 

4 feet quartzitic a rkose 
183 feet quartzite 

3 f eet gritty quartzite with scattered pebbles 
100 feet quartzite 

40 fee t dense, impure quartzite carrying a few scattered pebbles 
100 feet massive, darl< coloured greywacke with pebbly conglomerate and layers of quartzite 

scattered throughout 
10 feet dark almost black greywacke carrying contorted layers of sandy material which 

look like contemporaneously disturbed deposits 
40 feet almost massive greywacke 

6 feet greywacke with scattered granite pebbles among rip.pie-marked greywacke and 
in gritty greywacke layers 

90 feet poorly bedded, dark coloured greywacke 
2 feet ripple-marks and rill-marks 

52 feet o.f ~Joorly-•bedded, dark greywacke 
15 fee t dark coloured greywacke, ,-Pry well-bedded. with sandy streaks and ripple-marks 

100 feet very dark poorly-bedded greywacke 
12 feet interbedded dark quartzite and greywacke 
75 feet unexposed 
20 feet dark quartzitic greywaeke which grades into whitish green quartzite with lenses 

of white pebbles up to 3 inches in diameter, typical Lorrain quartzite. 
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Detailed Section of Serpent and Gawganda Foi"lnations in Moncrieff Township Within 
,a Miltj SoiifJh pf the East End of Bannerman Lake, :Starting from .the Base ·, ! 

Upward 

60 feet Espanola limes tone 
15 feet well-bedded transition of greywacke and limestone 
10 feet interbedding of limestone, greywacke, and quartzite, chiefly limestone 
10 feet of quartzitic greywacke poorly bed'<led 

Unconformity 

Servent Ponnafion: 

141 feet of rubbly conglomenLte w ith an arkosic and not greywacke matrix including 
irregular pieces as well as pebbl es up to 8 inches in length, carrying a lso occasional 
streaks of coarse arkose. , 'Nearly all the inclusions are granite, ibut some consist of 
schist. 'Many pieces are not rounded, 'b eing actually block s haped 

8 feet pebbles and col>bles set as closely together as they can be 
12 feet conglomerate containing larger boulders up to 18 inch es in diameter 

200 feet more of heavy 'bouldery and a rkosic material 
200 feet ·chiefly unexposed, but where exposed is p ebbly, arkoslc conglomer ate 
60 feet unexposed 

150 fee t well-lined quarlzite, grey in colour but marked with typical lining 
80 f eet clean quartzite 
60 f ee t quartzitic greywacke 

5 feet banded greywacke 
20 feet banded greywacke and quartzite 

190 feet finely laminated greywacke. slaty in character, like typical Espanola greywacke 
of the Espanola area. Cut in o ne place 'by a sandy dyke 10 feet wide 
The greywacke is capped by " ser ies of a r kosic quartzite and ripple-ma rked greywacke 
<bands 

20 feet 111a8Si ve greywacke 
Unconformity 

Gowganda Formation: 
65 feet dark green, slaty conglomerate in massive bands between streaks of quartzltic 

greywacke; at the base there are large boulders 1~ feet in diameter scattered spar sely, 
most of the inclusions 'being pebbles and cobbles less than 3 inches in diameter. The 
pebbles are scattered throughout a greywaclrn matrix, irregularly spaced, and round 
in shape. 

220 feet dark green conglomerate, carrying scattered pebbles and iboulders; 150 feet up 
the boulders are thickly set and large boulders are n umerous. Thereafter the ground­
mass is gritty and pebbly, but for the most part is of very fine-grained,, c lay-like 
material. !Nearly a ll the ·boulders are of granite. 

~(} feet gradation through quartzitic greywaclrn free of pebbles, cobbles, and boulders 
Into Lorrain quartzite. 

K eweenawan Rocl•s 

There are numerous dykes nnd sill remnant& of diabase, similar to the diaibase 
found throughout northwestcrn Ontario, which is generally accepted as Keweenawan 
in age. In undetermined relations to these basic intrusions (of Keweenawan age) 
there are granitic intrusions ,appar~ntly to be oorrelated in age with the intrusions 
at Killarney and Outler1, known to ·be younger than the basic rocks. These acid 
intrusions were observed cutting the Bruce and Cobalt series in both Hess and Mon­
crieff townships. The relations are very clea.rly exposed along the tote road about 
a mile northea.st from lake Geneva, where recent fi res have exposed the rocks. On 
the accompanying map (No. 18{)5) this young intrusion, supposedly of Keweenawan 
age, has not always been separated from tlie old Laurentian gra.nite, :£or the 11wo 
rocks are very similar in appearance, and the distinction could not ibe made until 
most of the ,area. had been mapped. However, enough distinction has been made on 
the map clearly to indicate that certain parts are underlain by the younger intrusive; 
and other parts have been mapped as areas of the older acid intrusive. The unmis­
takaible intrusive relations a.re as follows : a very coarse-grained Byenite porphyry in 
apophyses cuts across an inte14bedded conglomerate and g reywacke series. The 
apophyses are both parallel to the 'bedding of the sediments and cut it transve1\Sely. 
The sediments show the effect of cxmtact metamorphism in the following ways: in 
some places the quartzitic la.yers of the greywacke have been converted into gneiss; 
slaty layers have been changed into mica schists; the boulders of conglomerate have 

1 Collins, W. H .. Geol. Surv., Can., Mus. Bull. 22. 
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been elong·ated until the girth is only 10 per cent of the lengt):i. Places were found 
in which a streaked gneiss intruded by syenite dykes was broken at right ang·les to 
the surface, so that the cross-section af the long gneissic streaks was ova.I, and the 
shape of the inclusions was pencil-shaped and not tabular, which, taken into con­
sideration with the less severely metamorphosed conglomerates farther from the con­
tact zone, showed that what appears to be a. basal complex is really a Hm-onian con­
g·lomerate affected by contact metamorphism. In such places the conglomerate and 
greywacke ~annot be traced directly into slightly metamorphosed Huronian forma­
tions, but underlie with synclinal structure a grea.t hill of Lorrain quartzite, on the 
other side of which, completing the syncline, C~balt conglomerate is identified. How­
ever, in the southeast c,'l:Jrner of lot 3, con. IV, Moncrieff tp., a syenite porphyry dyke 
intrudes the Serpent formation which immediately underlies the Cobalt conglomerate. 
The writer feels that there oan be no question as to either the identity of the con­
glomerate or the i'Tltrusive character of the contact. 

Pleistocene 

The genera.I geolog-y of the P.Jeistocene of Sudbury district is in striking con­
trast with the glacia.rted area.s to the south. In Geneva area no boulder clay ,was seen, 
and the drift is composed of bouldera, gravel, and sands . . In many places great masses 
of granite have been moved only a short distance from their native spot. Perched 
'boulders, ·regardless of topographic r.elations, are commo.n, even on the summits of 
high hills or in the middle of SWaIDJ)S· However, the greater part of the Pleistooene 
consista of sand-plains and sandy dr:i1t covering lowlands and gentle slopes. Ln certain 
places sandy deposits contain kettle-holes. In other places deposits have an irregular 
and abrupt ending without relation to running water, a clear indication that they owe 
their origin neither to post-glacial water sorting nor to glacial out-wash deposition, 
but that they represent the glacia.l drift contained in the ice-sheets at that particular 
place. Apparently some of these flat areas are plains of glacial deposition. The 
c."'Onstitution of these deposits indicates that near their source the ice--sheets contained 
chiefly sandy drift, but in their ·advance accumulated a ·higher proportion of clay. 
Geneva area, therefore, is an example of a glaciated area of crystalline rocks near the 
gathering ground of the continental ice-sheets. 

Gen eral Geological Relationships 

The Geneva area lies about midway between the northern edge of the nickel basin 
of Sudbury and the southern border of Onaping map-area and is almost due north 
of the western edge of the Sudbury norite. The rocks of this region have been mapped 
by A. P. Ooleunan1, who seems to have relied largely upon the map of R. Be112 • In 
neither of these preceding maps was any distinction made between the bedded volcani~ 
rocks and the sHdimentary formationa, nor between the acid intrusions of different ages. 
The rocks of the Geneva area serve to link the north shore surveys with the survey of 
the Onaping sheet3. 

In going north from Geneva to Lower Onaping lake and over to the southern 
borders of the Onaping map-area another syncline containing Huronian rocks was 
found to lie across part of Lower Onaping lake. This syncline is bounded on the 
south, east, and part of the northern sides by faults and on part of the northern side 
by acid intrusions. Th<! western end of the syncline was not mapped. The Huronian 
rocks in this area are so different from rocks in the Geneva area that definite corre­
lation was not successful, but the following observations were made: on the northern 
sh01·e of Lower Onaping lake is a high mass of Lonain quartzite, to the south side 
of which is a elastic formation not identified. No limestone formation was seen, thr: 

1 Coleman, A. P., 14th Ann. Rept., Ont. Bureau of Mines, 190>5, pt. 3. 
2 Geol. Surv., Can., Sheet No. 130, 1Sud>bury 1Sheet, 1891. 
3 Geol. Surv., Can .. Map 1'79A, 1917, W. H. Collins and assistants. 
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pre-Lorrain formatioi1s consisting of an alternation of greywacke, quartzite, and 
pebbly conglomerate are exposed for several miles along the shores. A characteristic. 
of the elastic materials is the bright pink colour due to the abundance of pink feldspar 
grains or pink granite pebbles. The Gowganda formation might, naturally, be looked 
for underlying the Lorrain quartzite here as elsewhere. However, there are certain 
typical rooks-such as slate conglomerate--characteristic of the Gowganda which do 
not seem to •be represented on Lower Onaping lake; nor does the formation contain 
ma.ny lenses of boulders. There is no phase consisting of well-ibed.ded greywacke con­
taining scattered pebbles and boulders as there is in the Gowganda formation. The 
writer, therefore, believes that the Gowganda formation is wanting at Lower Onaping 
lake, where greywacke lies many hundreds of feet beneath the Lorrain quartzite, a.nd 
where large bands of arkosic quartzite .are inter.bedded with pebbly conglomerate and 
thick !beds -0f welll laminated greyiwaoke. This group of greywacke, arkosic quartzite, 
and cong-lomera.te is thought to be part of the Serpent formation, but further explora­
tion may modify this view. 

Relation of the Geneva Area to the Sudbiiry Nickel Basin. The Canadian 
Pacific railway, running south of Geneva area and north of the Sudbury nickel basin, 
affords a convenient means of examining the country rock. There are apparently no 
recognizable sediments nor any recurrence of the younger acid intrusions, but 
remnants of gneisses in apparent synclines seem to represent highly metamorphosed 
sediments intruded by granite. If the granite is-as it appears to be-the older acid 
intrusive, the banded gneiss is of pre-Huronian age. The intrusive rock shows the 
effect of assimilation, being in places quartzitic, for instance near '.Mileage 106!, 
which is well within an area of intruded gneiss. Again the acid rock becomes pal~ 
coloured, yenitic, almost pure feldspar at Mileage 1~, also within an area of gneiss. 
At ~i'ileage 103·9 a halrf tmile -0f olivine diabase is S'Ucceeded by the ISudibury norite. 
A granite agglomerate which occurs in many places between Cartier and Windy Lake 
stations, and which may be mistaken for a conglomerate, is due, probably, to the 
intrusion of diabase along a fault zone of crush breccia through the granite. 

P.AtL2EOZOIC STRATJ:GRAPHY OF PAGWAOIIUAN, LOWER KE JOGAMI, 
AND LOWER ALBAJ\TY RIVERS 

By M. Y. Williams 
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Figure 1. Diagram showing the Palreozoic and Precambrian g eology along the lowe r 
Pagwachuan, Kenogami. and Albany rivers. Ont.. . . . . . . . . . . . . 20 

INTRODUCTION 

From July 25 until September 16, the writer was engaged in an examination 01 
the stratigraphy along the water route used by fur traders and prospectors, betweeu 
Pagwa on the National railway and Fort Albany on James bay. This is the only 
uninterrupted water route from rail to tidewater on the great inland sea, and is used 
during the high water in the spring to transport supplies by means of 15-ton scows 
down to the various trading posts of the Revillon Freres for trading company. Lately 
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the Hudson Bay ports on the Albany River system have also been supplied, in part, 
by this means. Revillon Freres have two large power boats on the river to assist i:i. 
handling their fleet of scows, which are built at Pagwa from British Columbia lumber, 
and broken up for building purposes down river. Two fleets are usually taken down 
stream, the power boats wintering either near the head of the Albany estuary or at 
English River post. During the summer of 1920 men were employed by Revillon 
Freres to blast boulders out .of the Pagwachuan and Kenogami rivers. As a result, 
there is no obstruction during high water for shallow draft boats, between Pagwa 
and Fort Albany. The route is practicable for canoes throughout the open season, 
although the Pagiw.achuan (meaning shallow) .has long stretches of bars l!nd :fl.a.t 
limestone which make transportation of loaded canoes very l&borious during low 
water. There are only two rapids o;f consequence on the route, both being on the 
lower A1bany, one about 5 miles below Upper Fishing creek, and the other known a.s 
the Upper IBill fal'l in the estuary on the north side of Big island near its head. The 
former rapid is easily run but Upper Big fall is dangerous at all heights of water 
unless properly understood. "°umerous riffies occur on various stretches of the river, 
but these are easily run by e..'i:perienced canoemen. 

The party consisted of a student assistant, a g.uide, and the writer. The assistant 
and guide travelled in an 18-foot canoe equipped with an Evinrude engine, and th:~ 
writer travelled in a 16-foot canoe, which was towed by the larger boat when the water 
was suitable. Two months' supplies of provisions and fuel were carried at the start, 
but the water in the Pagwachuan was so shallow that serious damage was done the 
canoes by hauling them with their heavy loads over bar8 and flat-lying limestone. As 
a result of the condition of the canoes and the very low rwater, the work planned for 
the side streams was given up, excepting that the Albany branch was explored for 25 
miles above the Forks. 

Supplies were cached at intervals from English River post (Ma=awemattawa) 
down, the small canoe and all surplus supplies being left on the north bank of the 
river opposite the foot of Fishing Creek island. 

Rock outcrops were located as closely as possible in relation to points identified 
along the river; fossils were collected and the attitude of the strata noted wherever 
there were appreciable departures in dip from the horizontal. 

W. J. Embury was a.n efficient assist.ant and canoeman, and Victor K. Stevens 
also assisted in geological work when required as well as acting as an efficient guide 
and eook. 

GENERAL CHARACTER OF DISTRICT 

The route followed leads across a plain of remarkable regularity, the slope of 
whose surface to the north averages less than 2 .feet vex mile. Tlie river has cut down 
through the surficial deposits to an average depth of ahoL1t 40 feet, although the 
incised trench is considerrubly deeper at some localities, for example at Pagwa, which 
is in the region o>.f greater diversity of surface, characteristic of areas underlain by 
Precambrian rock-s, and again on the .Albany above the Forks, where the glacial till, 
a~d outwash materials are thieker than the avera.ge for such deposits elsewhere. In 
general there is a river terrace from 10 to 30 feet above low-water level, this grading 
steeply u,pward to the main level of the plain. The river terrace is commonly covered 
with stands of white spruce, white birch, white or balsam popla.r, or with a mixture of 
these with some scattered cedar, tamarack, ash, and jackpine. The general surface 
of the country is muskeg covered with sphagnum :moss, laurel, and labrador tea, 
and spa.rsely studded with stunted black spruce. Isolated stands of ash and elm ocour 
at the junction of Kebinakagami and Kenogami rivers and below the mouth of Little 
Ourrent river, .as already described by Wilson1. . 

Rock outcrops, whether of Precambrian granite or Palreozoic limestone, rise in 
general hut little a.bove mean water level, and in many cases are exposed onJy at low 

1 Wilson, W. J., "Report on a portion of Algoma and Thunder Bay districts,'" 1909, p . 33. 
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water. It is noteworthy, ho<\vever, that the rocks n smg '.highest in the !banks of the 
rivers, are the soft, red and green shales. These beds are exposed in the banks of the 
Kenog.armi to an elevation of 30 feet and along the Albany above the Forks to 7-0 feet. 
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Figure 1. Dia gra m showing th~ Palreozoic and Precambrian g eology along the lowe r 
Pagwacht:an, Kenogami, and Albany rivers, Ontario. 
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The P.alooozoic rocks dip in genernl downstream at slightly higher degree than 
the fall of the river, and thus m travelling down to the bay the section is crossed in 
ascending order. 
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CEQJ,OGICAL Su:.\! )lAHY 

Table of Porniations 
Recent soils. 

Quaternary )i[arine silts, up lo 380 feet above sea-level at Mammawemattawa. 
Boulder clay, and fluviogl ac ial sands and gravels. 
Slits a nd lignites, probably interglacial. 
Covered interval, proba.bly ·boulder clay. 

Devon ian Onondaga buff and grey limestone. 

Silurian Salina Red shales and sandstones. 
Green shales and dolomites. 

G;ielph } Grey and buff dolomite. 
Niagara 

Covered interval. 
Frecambrian Grey hornblencl~ granite and gneiss. 

The geological formations of the region may lbe divided into three main divisions: 
the basal Precamlbrian crystaHine rocks; the Palreozoic limestones and shales; and the 
unconsolidated glacial and post-glacial boulder clay, sands, gravel, peat beds, and soil. 

The Precam1bria.n rocks outcro.p at two places down the Pagwachuan within 2 
miles of the railway, in the form of glaciated knobs of grey granite gneiss. 

The Palmozoic formations may first be divided into rocks of Silurian and iJ::>evonian 
age, the Silurian being represented by the outcrops along Pagwachuan and Kenogami 
rivers, a.nd along the Albany above the Forks. Below the Forks all outcrops are of 
Devonian age. 

Glacial clays and outwash sands and gr.avel-s occur throughout the l'egion south 
of James bay; the lignite ;beds occm at ;the Forks, ,and about 2-0 miles above the 
Forks on. t.A.lbany rive.r; and . the 1111.ar:ine silts occur a short di•stance from Mamm:i.­
wemattawa and northward to the bay. 

DETAILED GEOLOGY 

Silurian Formations 

The oldest sedimentary rocks seen on the trip are exposed in the bed of the Pag­
wachuan about miles below the lowest Precambrian outcrop. The rock is fla.t-lying, 
cream-coloured limestone. A fragment lying on the outcrop is c011.11posed of cOJn­
minuted shell fragments, including brachiopods and bryozoa. Rhynchonellid forms 
occur but all are too fragm entary for identification. A fragment', which probably 
came from this horizon, contained Orthis flab ellites. 

Flat-lying limestone occupies al.most the whole bed of the Pag·wachuan from a 
point about H miles above the mouth of a large stream from the south (which enters 
the river about 71- miles in a straight line from its mouth) to a sharp bend a:bout one­
half mile below the sma.11 rapid. This rock contains much chert, and from slabs lying 
')n the outcrop the fol·lowing fossils were collected: 

Ente!"olasnui calicttlttm (H<ill) t 
Pa!a:ocycltis praeacutus Edwards and Hai me? 
Chonetes edmmirlsi Williams. 
Canwrot.oechin r sp. nov. ; and a species of ostracocl. 

Li1nestone from the bed of the Pag·wachuan aibout H miles above the rapid 
contains the following pecies of fossils: 

Favosites favosiis (Goldfuss) ; 
Halysites cci(enttl.aria (Linnaeus) ; 
L eptaena rhomboi.dalis (Wilckens) ; 
Orthis fiabellil es Foerste ; 
Dai mane Ila elcgantttla (Dalman) ; 
Camci!"otoechia r n. sp. ; and a species of oslracod. 
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The faunas, a listed abo\·e, indicate :Niagara age, and sugge t tha.t the limestone 
be correlated approximately with the Lockport formation of New York state and 
southwestern Ontario. 

Near the lower extension of the rock outcrop as described, and j ust a.hove the 
small island in the river, the limestone contains a small variety of Pycnostylus guel­
phensis Whiteaves. This species is characteristic of the lower horizons of the Guelph 
formation in southwestern Ontario, but it also occurs sparingly in the ooral reefs at 
the top of the Lockport formation. It suggests late Nia.gara or early Guelph age. 

Salina 

Fine-grained, pea-green dolomite is generally exposed in the bed of the P.ag­
wachuan for about 3 miles .above its mouth. The dolomite is closely laminated and 
contains thin, tabular crystals of calcite. The genera.I attitude is nearly flat or gently 
dipping downstrean1. Loe.al dips occur up to 3 or 4 degrees, but the direction of these 
is commonly rernrsed within a few yards. Much of the rock is closely jointed. At one 
point the main vertical jointing strikes north and south and is spaced about 18 inches 
apart, but the main joints are divided in two or more parallel fractures a'bout 2 inche 
apart. Secondary jointing runs e.a.st and west. Similar pea-green dolomite occurs 
on .Albany river at the rapids opposite the mouth of Upper Sturgeon river. Here the 
lower beds are thick, the upper beds ibeing thinner and grading upward into calcareous 
shales. The dolomites are laminated and unfossiliferous, but contain remains of 
"salt hoppers" or pseudomorphs after salt cubes. The dololllite exposed is about 
20 feet thick. 

On both Pa.gwachuan and A1bany rivers the dolomite grades upward into pea­
green shale with inter'beds of dolomite. Salt hoppers occur in these ·beds as exposed 
a short distance belo"'· the mouth of the Pagwachu.an. The green shale is probably 
aibout 50 feet thick. 

.Above the green shale, are red, nodular shales, with calcareous interbeds. These 
red shales are exposed in a 30 to 40-foot section for ~bout 10 miles along the Keno­
gami midrway between the mouth of Pagwachu.an river and English River post, and 
also a.bout 2 miles above the mouth of Nagagami river. Small exposmes of these 
shales occur on Kenogami river opposite the mouth of Drowning river, and a.lso at 
the Forks. On Albany river, red shales are exposed almost continuously for from 5 
to 17 miles .above the Forks, and rise in banks 65 feet or more in height. The total 
thickness of red shales is praba'bly about 100 feet. .About 5 feet of green dolomitic 
shale oocurs approximately 4'0 feet atbove the base of the red shales, a.t their upper 
exiposures on Kenogami river. This probably is .a part of .a series of green shales and 
yellow limestones occurring in the cast bank of the river at the Forks, where the sec­
tion is in ascending order-firm red shale ·5 feet; green and yellowish shale about 
10 feet; yellow oolitic dolomite 4 feet; firm yellow dolomite '5 feet; red shale 3 to 4 
feet expo ed. The oolitic dolomite is full of spherules of calcite about one-tenth inch 
in diameter, which dissolve on weathering, the dolomite in consequence becoming 
perforated with more or le:;;s spherical openings1 . 

Exposures of yellow limestone, probably belonging near the horizon of the oolites, 
occur in the river bed at the mouth of the N agagami, at a bend in the Kenogarrni 
Dfuout 2 miles a:bove the mouth of the Nagag.ami, and in the west bank of the Kenogami 
just above the mouth of Little Current river. .At these localities, numerous lamelli­
branchs, and some corals and brachiopods occur in the limestone. These are generally 
poorly preserved, lbut include Favosites hisingeri, :Milne-Edwards and Haime, unde-
termined brachiopods, and Gypricardinia sp. nov. -

The red shalcs are the highest Siluria.n strata seen. 

l Bell, R., Geol. Surv., Can . 
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Devonian Formations 

Buff, unfossiliferous limestone occurs in a small bay on the cast shore of ALbany 
river opposite Old.man island, and again on a point .about one mile below this island 
on the west bank of the .river. In general chara.cters this limestone is very similar to 
the basal beds of tl1e Onondaga limestone overlying the gypsum deposits of Moose 
1·iver. On evidence of its occurrence and characters, it may :i)e considered: the oldest 
Devonian limestone of Alhany river, or of early Onondaga age. Down river other 
outcrops of Devonian limestone occur at intervals to a. point within sight of Fort 
Albany. In general .these may be considered as representing successively higher beds, 
and they will be described in order of occurrence. 

Limestone fragments litter the shore for one-half mile along the north side of 
the river below Snake island, and rock is in place near the lower extent of the 
debris. The following· fossils were collected from the upstream portion of the base 
rock: Ohonetes hemisphericiis Hall; Oentronella glansfagea Hall?; Dielasma calvini 
(Rall .and Whitfield.) ; and Spirif er arenosus 00onrad) . Fossils collected. one-qua.rter 
mile farther down river, partly from rock in •place and partly from debris, are as 
follows: Orth<Jthetes chemungensis (Conrad)?; Ohonetes hemisphericus H'all; Orthis? 
eryna Hlalll; Atrypa reticularis (Linnaeus); Spirifer arenosus (Conrad) ; S. andaculus 
(Conrad); and Nucleospira concinna Hall. 

About 5 miles below Snake island, on the north side of the river, about 4 feet of 
thin-bedded dolomite is exposed dipping toward the river at about 4~ degrees. Spirifer 
andaculus (Conrad) is the commonest fossil, and Stropheodonta patersoni Hall? was 
found in a loose slab. Chert occurs in these beds. 

Similar beds occur on the south side of the river about 8 miles below ,Snake island. 
The limestone contains some chert and striking with the river dips 3 or 4 degrees to 
the north. The following species of fossils were collected: Zaphrentis ampla 'Hall; 
Favosites hemispherica Y and.ell and Shumard?; Stropheodonta hemispherica Hall; 
S. perplana ·(Conrad); S . perplana nervosa Hall; S . dcmissa (Conrad); Amphigenia 
elongata Vanuxem; Diclasma cali•ini Hall a.nd Whitfield; ,Atrypa reticularis (Lin­
naeus); S'[Jirifer diwdenaria (Rafi); S. macrus Haill; R eticularia fimbriata (Conrad); 
Oonocardium cuneus ('Conxarl); Dalinanites anchiops (G r een); and Proetus macroce­
phalus Hiall? 

A rn-foot section of limestone, with a chert ·bed 10 feet up occurs on the south 
side of Albany river, just above the mouth of 'Tchakaskapug river. The dip is low 
but appears to be toward the river. The chert bed is 'highly fossiliferous and contains 
Atrypa reticularis (Linnaeus); Pterinea chemungenis (Conrad'); and LyriopecfJen 
priamus Hall? 

Flat-lying limestone occurs below water in the river bed about ~5 miles a:bove Fort 
Albany, and also along shore and in the water from the upper end of a3ig island to the 
island southwest of lFort Albany. At Upper Big fall the following fossils were observed: 
Atrypa reticularis (Linnaeus); L eptaena rhomboidalis (Wilckens); Oorwcardium cuneus 
(•Conrad); and large IPteri.nea-like forms. On the island east of Big island the 
folfowing were oboorved: Atrypa reticularis (Linnaeus); Leptaena rhomboidalis Wil­
ckens; casts of ~arge lamel'li'branchs suggesting Plethomytilus ponderosus Hall; also 
cup corals and poorly preserved casts of gastropods. 

A review of the fossil lists given above shows a predominating number of s;pecies 
characteristic of the Onondaga limestone of New York; so many of the species are also · 
found in the Upper Helderberg and Oriskany formations that an early Onondaga age 
is suggested. Other diagnostic species, however, such as Stropheodonta perplana 
nervosa; Orthothetes chemungensis; Dielasma calvini; and Spirifer andaculus suggeSlt 
Hamilton, Marcellus, or Portage-Chemung affinities. Such species as those last cited 
are in the minority, and probably developed earlier in this region than in New York 
state. 
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Quaternary Deposits 

The Glacial, inter~Glacial, and post~Glacial deposits may be •best illustrated by 
giving the following sections: A short di stance below Pag'Wa, on the Pagwachuan , 
the boulder clay sec tion is about 24 feet thick and is ca pped by <fine, sandy silt, the 
sand hills rising to a considerable eleva tion. Along the K enogami about 35 feet of 
glacial clay overlies the red Salina shale beds, with 2 or 3 feet of £ne sand and clay 
forming the soil at the top. The section at English River post is as follows, from low 
water up: sandy till containing boulders up to 1 foot in: diameter, 24 f eet; dark grey 
plastic day conta ining numer ous specimens -0f Saxicava rugosa Linnaeus\ 8 feet; 
crossbedded sand containing S. rugosa., 3 feet; argillaceous sand and gravel, 3 feet; 
sandy loam, 3 feet. 

The section of unconsolidated strata at the 1Forks of the Albany is as follows, from 
the underlying red shale (top 2'5 feet above low "ater) up: grey silt with boulders 
mostly covered, 20 feet; yellow water-laid sand, containing fragments of limestone and 
Precambrian rock , 12 feet; brown cm•bon aceous silt, 6 inches to H feet; reddish silt 
contnining lifya truncata Lirnrneus, Cardiurn ciliaturn Fabricus, Saxicava rugosa. 
Linnaeus, l.1acorna calcarea Gmeli n, Buccinurn f eniw Gray, 7 feet. 

A section seen on the south side of Albany rfrer, 'Zl or 22 mile above the ;porks 
is as follows : brown, shaly clay from water UJ1, 6 feet; 2-inch bed of compact lignite 
composed mostly of moss, H feet of blue cb ;y; 2-inch bed of lignite contain ing com­
pressed roo ts, about 2 inches in greatest di ameter and 15 inches long; a few feet of 
blue clay overlain by boulder day. 

Similar clay occur in a 90-foot section on the n orth ·bank of the Albany a short 
distance below the lignite exposure. The bedding is clrarly de£ned. Above this clay 
is 50 feet of boulder clay. 

Samples of the clay 2 and 5 feet below the lignite beds and from the section across 
the river were ,submitted to J. Keele, Department of Mines, who reports that they 
represent silts which "appear to he derived from glacial d1·ift by the ·washing of 
boulder clay and depooition as sedimen ts i11 still water. These s•ilts appear to have 
been leached, because they burn to a red colour, which indicates that their lime content 
is low. 

"Owing to their leached condition, and to the fact that they underlie a lignite or 
peat bed, I would be inclined to class these sediments as interglacial." 

It is possible that ghi.cial till may occur at the base of the silts, •but it was not 
visible. Should the lignite beds be the equivalent of the carbonaceous silt about 60 
feet up 'in the section at the Forks, boulder clay clearly underli es them. R. ffiell has 
reported lignite from the section at the F orks, and the writer found pieces of wea thered 
lignite on the shore, but did not find it in place. 

A section on the n orth side of Albany river, just east of Comb island, is as follows: 
glacial tiR extending 35 feet above water; bedded silt 3 feet, ;with l.1ya truncata 
Linnaeus and Saxicava rugosa Linnaeus in the lower layers. 

A water-lain silt occurs in the north bank of the river across from Chipie island, 
about 10 feet above low 'Water level. This contains: Mya truncata Linnaeu s, Ca·Jiiim 
ciliatum FaJbricus, Saxicava rugosa Linn·aeus, and Macoin-a calcarea Gmelin . 

White boulder clay forms the conspicuous landmark known as Wilson's Bank, on 
the north shore of the river just above Upper IFi.shing creek. This bank is probably 160 
feet high. A few feet of silt occurs at the top. 

ECONOMIC POSSIBlLITJES 

Coursing Stone 

Rough coursing stone is availrrble in the banks of the rivers where solid rock out­
crops occur. As quarries are opened, it is probable that stone suitable for dressing could 
also be obtained. 

1 All Pleis tocene fossils id'entified by E . J . Whittaker. 
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Briel,; 

Common red brick of good quality may he made from the clays associated with 
lignite deposits, 20 miles above the Forks on Albany river. Mr. Keele reports : "The 
Albany River clays would make very good common red brick, but would not be suitable 
for the manufacture of higher grades of ware, as they are easily fUJSible." When it is 
remembered that one 90-foot section of this clay is exposed, it is clear there is plenty of 
raw material for ·bricks in this section of the north country. 

Boulder clays could doubtless also be used locally for making brick, but they are in 
general too variable in character and contain too many boulders and stones. 

Petroleum 

In reporting upon the oil possibilities of virgin territory such as the James Bay 
basin, three main points must be considered. These are, indications of oil such as 
seepages or springs; the presence of sedimentary formations similar in character and 
age to those which bear oil elsewhere and the -presence of impervious cover and rock 
structure favourable for oil accumulation. 

In the region traversed, no oil seepages have been reported. However, as the 
outcrops are mostly in the river beds at or below water level, the seepages may easily 
have been overlooked or they may be obscured by gravel and sand. Of the formations 
observed, the lower Salina and upper Niagara or Guelph, and the Onondaga limeatonc 
contain oil elsewhere. The Onondaga limestone is, however, unpromising on the 
Albany, since it is everywhere exposed and eroded, the s.hale iWhich elsewhere retains 
accumulations of oil in rock of this age having been long since removed. The Trenton 
limeston~oil-ibearing in Ohio and elsmvhere-u11derlies the younger rocks to the 
northwest, but its presence in the A1:bany region, though probable, is not certain. 

Thus the dolomites of Guelph and Salina age are the most likely containers of 
petroleum pools. A sufficient cover is probably present to retain oil from the upper 
outcrops of red Salina shale on Kenogami, Albany, and the tributary rivers down to the 
bay, but conditions would appear more favourable both for cover and thickness of 
formations from the :Porks down. It is probable also that the Trenton limestone under­
lies this region. 

The general structure observed is too flat to favour the accumulations of large oil 
fields. There are, however, indications of fairly marked structure along Albany river, 
between Snake and Hat islands, where a syncline, with sides dipping at from 3 to 4 
degrees, is followed ·by the river. Accompanying anticlines may be looked for to the 
north and south. Outcrops are so scattered that it is not possible to draw definite con­
clusions as to structures, but where the shale beds are well exposed, little indication of 
other than slight undulations is present. 

Prospecting . Drilling- machinery and suppli es may ibe taken down river from the 
Canadian National railway at the crossing of the 1Pagwachuan near fPagwa station, by 
means of scows, provided that advantage be taken of high water in the spring. Should 
locations be made below the fForks, the scows could be used during the summer, except 
in very low water, for transporting the outfit to successiyely lower -points as wells were 
completed. Arrangements could probably be made with Revillon Freres for bringing 
out machinery and other equipment the following spring, provided work were abandoned. 

The first we11s should be drilled to the Precam'brian crystalline rocks, and samples 
of cuttings should ·be kept every 5 feet, ·and sent to the Geological Survey for examin­
ation. It is n ot probable that the total thickness of the sedimentary formations is more 
than 600 or 700 feet. 
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INTllODUCTION 

From June 5 until July 19, 1()20, the writer was engaged in studying the geo­
logical structure of the eastern half of iifanitoulin island, and in collecting other 
information bearing upon the possibilities of oil production. 

W. J. Embury a.nd P. S. Warren were capable assistants, taking charge of level­
ling work, .and assisting with geological traverses. 

Field operations consisted of locating points at the base of the Manitoulin dolo­
mite (the one definite horizon available over wide areas); obtaining the elevations of 
these points, and the tops of t est wells (where logs were available) by mea.ns of lines 
of leYels; and taking dips and strikes where pr.acticable. 

Among those to whom the writer is indebted for assistance and information, ths 
follmving deserve special mention: Messrs. Malone and !Smith of the Ky·oo Oil Company 
of Dayton, Ohio, H. 0. Gordon of Parkersburg, W. Va., R. McMullen and J. Young 
of Manitowaning. 

An oil spring was earily discovered on 'Smliith pay near the Indian village of 
Wekwemikong by the Jesuit missionaries, the pioneer among them being Father 
Poncet who spent the winter of 1G48-4J9 on some part of the isla.nd. 

In the earey sixties, following the .oil development at Titusvi1le, Pa., and in 
southwestern Ontario, a Montreal company drilled five wells on Manitoulin island, 
the location being near the Smith Bay oil spring as indicated by tradition and field 
evidence. 

This enterprise was aba.ndoned on account of trouble between the drillers and the 
Indians. 

"In 1905 the Northern Oil .and Gas Oompany drilled several holes about 2 miles 
southeast of Wekwemikong"1 and about 500 barrels of petroleum were produced. 
About the same time the Benedum-Trees Oil Oompa.ny of Pittsburgh, Pa., were drilling 
in the vicinity of Manitowaning, several wells west of the town star ting with oon­
siderable flows of oil. Drilling wa.s also carried on near Gore Bay, and one unfinished 
well was drilled at Providence hay. The hard times of 1907 caused a cessation of 
drilling and no new development was undertaken until 1912 when Senator Pascal 
Poirier leased pTopert.v south of Pike lake (about 3 miles southwest of Sheguiandah) 
and sta.rted to drill. Conditions arising from the Great War resulted in the closing 
down of these operations. The anxiety reg.arding oil supply at the close of the war 
once more focussed attention on Manitoulin island where several thousands of acres 
of oil leases were taken up in 1919 and 19'20. The Kyto Oil C'Ompany re-leased the 
Poirier and adjacent properties a.nd drilled three wells during the summer of 1920, 
and H. C. Gordon dri•lled two wells within the west margin af the property testeJ 

1 Malcolm, W., G eo l. Surv .. Can., l\fem. 81 , p. 85. 
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previously by Benedum-Trees. Resu1ts of the d1,illing during 1920 verified the pre­
vious reports from the same areas, viz., thaii; oil pcourred but not in commercial 
quantities. Valuable data were, however, .obtained from the well records. 

DESCRlPTlO~ m· OIL PHOSPECTS 

The oil spring which attracted the J esuits' v.ttention is located on the south side 
of Smith bay about 4 miles from v\T ekwemikong. It is at the level of the water of the 
bay .and is only about 10 feet from the shore, the waves washin,g into it in rough 
weather. A thick scum of oil covers the surface of the spring, :which shows no visible 
flow. 

Of the :five wells drilled by the }fontreal company in the early sixties1, two were 
located near the oil spTing mentioned, the caved-in pits !being still visible. According 
to Hunt, the g reatest depth reached was 524 feet, the fog !being as follows: 

Soil, 3·2 feet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Black shale, 100 feet . . . . . . . . . . . . . . • . . . . • . • . . . . 
Limestone, 34(} feet . . . . . . . . . . . . . . . . . . . . . . 
Red sandstone, 52 feet. . . . . . . . . . . . . . . . . . . . . . . . . . 

Depth. 
32 f eet 

132 .. 
472 .. 
51214 .. 

!Saline water was stTuck at 192, and oil at 193, 2-±8, and 270 feet, a'bout 120 !barrels 
of " excellent petroleum" being produced before the supply failed. A few barrels 
were obtained from another well, and two wells were not complete when the repoTt 
was made. · 

Of the 1905 operations, the only evidence seen by the writer is an aba.ndoned 
well located about H miles sout.h of W ekwemikong. The ground .around the well 
is saturated with oil for a radius of several yards, tbis evidence corroborating the 
statement of one of the I ndians that the oil gushed for some time-or, until the well 
was shot. This was probably the well that produced most of the 500 'ba.rrels of oil 
mentioned by Malcolm . 

.A IllUilllber of abandoned wens mark the area tested by 1Benedum-Trees and others 
in the vicinity of Manitowaning. 

iA'bout H miles west of Manitowaning, :five old wells are located on lot 45 and 
one on lot 46, con. II, Assiginadk tp . Of these three have oil in the casings at the 
present time and one was dipped for local use, !by means of a tripod and sand pum1> 
urrtil some time aifter 19•12 wihen the tripod was !blown do<wn. Gas is lbuil:Jbling up in 
three of these wells. Other wE:ills noted are located as follaws: one near the middle 
of the east side of lot 51, con. I, Assiginack; one in the northeast corner of the same 
lot; one near the middle of the east line of lot 20, con. I, .Sheguiandah; and one H 
miles south of ·Manitowaning at the top of the hill above the bay. A well flowed gas 
for some years on the Tucker farm, lot •35, con. II, Assiginack, and a show of oil is 
reported from a well on lot 30, con. II, of the same township. There were other wells 
of which no record is available drilled in this vicinity. 

The fohlowirrg ,logs were furnished by the Benedum-Trees ,Oil Company. 
Weill on James A. Watson farm, lot 46, con. I, A.ssigina0k tp. 

Richmond limes tone. . . . . . . . . . . . . . . . 
Lorrain and Utica shale. . . . . . . . . . . . . 
Trenton limestone. . . . . . . . . . . . . . . . . . 
Oil ............................ . . 

Top 
6 

1301 

45,5 
464 

On Lehman fa rm, lot 45, con . I, Aissiginack tp. Drilled in nl07. 

Top 
Richmond limestone.. . . . • . . . . . . . . . . . . . . . . 14 
Lorrain shale.. . . . . . . . . .. . . . . . . . . . . . . . 130 
Utica shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41.0 
Trenton limestone. . . . . . . . . . . . . . . . . . . . . . . . 430' 
Oil and gas.. . . .. . . . . . . . . . . . . . . . . . . . . 442' 

Note: This well is said to have produced 45 b arrels of oil in 15 minutes. 

1 Hunt, T. S., Geol. Surv., Can., 186·3-66, pp. 252-253 . 

Bottom 
130 
305 
566 
474 

Bottom 
130 
410 
430 

477 
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Several "·ells were drilled during this period in the vicinity oi Gore Bay, and 
seveml 'Produced some oil. A well located near the wharf (now covered by a sta.ble) 
at Providence .bay is .s·aid by •the driller, H. F. Slater of Toronto, to have struck the 
Trenton at albout 960 feet, and to have penetrated a!bout 100 feet when the toolls were 
lost. This is the only record of a well dri.lled on the south side of the island. 

The operabions started by Senator Poirier albout 1912 were principally centred 
about lots 3 and 4, cons. VIII and IX, Bidwell tp. At least .t;wenty wells were drilled 
at this locality, of which e'leven are said to have produced oil, and three to have had 
traces of oil. The drilling contractor stated that some oi these wells produced as 
much as 27 barrels a day for a short ~ime. Four ,are reporrted as "dry". Following 
is analysis of a sample O'f oil from Renny Byers' farm, lot 3, con. IX, Bidwell tp .. 
GTeen bay, Manitoulin island. 

Specific gravity at 15·5"1C.-0·864 
DisliZlation--continuous method. 

First drop. . . . 
Up to 1150°c. . . . . . . . . 
150°-200°.c. . . . . 
200°-250 °C. . . . . . . . . . . . . . . . . . . , . . . 
2•50°-300°C. . . . . . . . . 
300°-3<50°C. . . . . . . ' ' 
Residue (•by difference) .. 

Caloriji c vl!ltte: 
Calories per gram, gross 
B.T.U. per lb. gross .. , . 

Sidplwr: 
0·2% 

. 
100°C. 

10% 
7% 
8% 

11 % 
18 % 
46 % 

10600 
19080 

Poirier also driilled a well on the south end of lot 34, con. I, Howland tp., and 
another on the north end of lot 24, c;on. XI, Bidwell tp. Both of these wells arc reported 
b;v local olbservcrs to have stopped in the Utica :;hale. A well which flows salt water 
is located near the road on lot 25, con. XI, Bicllwell tp., ihut the data r egarding the 
well or the source of the water are not at hand. 

>During 1920, three wells were drilled on the old Pofrier leases, No. 1 being dr.Y, 
No. 2 producing some oil with a small amount of salty, sulphur water, and No. 3 
not being reported on. The top of the Trenton in No. 2 is 9 feet hi,,.her than in 
No. 1. The log of No. 1 as determined ·by the writer from samples is as follows: 

Well drilled lby Kyto Oi1l Oornipan~· , near southeast corner of lot 4, con. IX, 
Bidwell tp. 

Surface clay. , . . . . . . . . 
Buff limestone. . . . . . . . 
Grey shale ..... .. .... . 
B lack Utica •shale. . . . . . 
Light co loured , hard, semi-crystal-

Feet 
5 .. 

11 .. 
356.' 

28 .. 

Depth 
Feet 

5 
16 

an 
400 

line limestone ... , . . . . . . . . 9.. 409 
Show of oil at.. . . .. . . .. . . 418 

Of the two wel:ls drilled by H. C. Gord•on, west of Manitowaning, No. 1 is situ­
ated aibout 70 yards from the east line and 90 yards from the north line of lot 50, 
con. 11, Assiginack tp. The top of the well is a/bout 10 feet below the ba e of the 
~fanitoulin dolomite, of the Cataract formation, as exposed a few rods away, and 
the log, taken by the writer, from the samples, is as follows: 

Richmond Mtd Lorrain formations-
Surface ................................. . 
Hard, dar k grey limes tone and shale .... ..... . 
Grey shale.. . . . . . . . ............ . 

Utica-
Brown shale. . . . . . . . . . . . . . . . . . . . 
Black shale .........•........ 

Trenton-
Grey sem i-crystalline limestone ......... . 
Calcareous shale ................... . 
Grey semi-crystalline lim.estone ......... . 
'!'his w ell was dry except for a small show of gas. 

Depth 
Feet Feet 

5 5 
360 36~ 

20 38·5 

&5 450 
15 465 

15 480 
5 4'8'5 

65 550 
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No. 2 we11 is located on lot 45, con. II, Assiginack tp., a short distance north of 
the ma<in road and aJbout 130 yards from the west side of the lot. The Trenton is 
reported · to have been struck at aJbout 445 feet from the suuface. At albciut 17 feet 
in the Tirenton limestone, considerable gas and a little oil were obtained. A'fter 
$hooting with dynamite, there was little change, but consideraJble salt water was 
reported. Following is an analysis of oil from: A-l'ot 44, con. II, Assiginack tp.; 
B-M. yv. Brett's farm, lot 6, north side of Hall street, Gore Bay. 

Specific gravity-

At 15.5•C .... 
Distillation--continuous-

A 
0. S77 

B 
0.8 811 

First drop. . . . . . . . . . . . . . . . . . . . . . . . . . • . 21:i.o•c. 1so0 c. 
Up to 250 °c. . . . . . . . . . . • . . . . . . . . . . . . . 10 % 9% 
2150°-310,0°. . . . . . . . . . . . . . . . . . . . . . . . . • . . 203 193 
31011}0-3.510°.. . . . . . . . . . . . . . . . . . . . . 118% 18% 
Residue (1by difference).. . . . . . . . . . . . . . . . . . . 52% 54% 

\Note. The yield obtained between 300<°C. and 350 °C. is uncertain owing to the tube ot 
the condenser being clogged with the wax formed . This holcls for both samples. 

Calorific value-
Calories per gram. gross . . • . . . . . 
B. T. U. p e r pound gross ... . 
Sulphur ....... . ........... . 

10790 
194'30 
0·2% 

GEOLOGICAL STRUCTURE AND OIL OCCURRENCES 

10800 
19440 
0.2,% 

As seen on Bigure 3, the best oil wells. are loca:ted well within the syncline, the 
conditions being simihu to those prevailing in the Trenton oil :fields of Dover town­
ship, Kent county, Ont. Some water occurs in the wells of Manitoulin island but it is 
not a normal flo:w suich -as is found in the sha1low fields of southwestern Ontario. I t 
has not been defin~tely establi.shed, either, that the water and oil occur in the same 
beds, although that is probably the case. 

The oil appears to be confined to the upper 20 feet of the Trenton limestone, 
suggesting the Utica shale as its source. The water present may have entered the 
formation through the relatively nea'l1Jy outcropping of the limestone 'beneath the 
water of the N10rth channel. The saJt and sulphur content might read1ly be obtained 
from ·sulbstances in the limestone such as entrapped sea salt and the oxidation product3 
0£ iron pyrites. 

FUTURF. POSSIBILITIES 

Large areas of Manitoulin is.land have never been tested for oil, part1cularly in 
the southern half of the island. H'ere, the complications arising from bay and surface 
water are min1mized, and as water does not appear to have controlled oil accumula­
tion, the lower structuTal areas are proba,bly at least as prom~sing as the higher 
areas. In but few cases has drilling been continued deep into the Trenton formation, 
and it is possiible that oil may occur at lower horizons than those tested. 

'As structure is one of the controlling factors in oill oocum.'Ulation, and is the 
factor most easily determ~ned, prospectors should make every effort to unravel it. To 
do this, good log.s are required, and these can best be worked out from samples 0£ 
cuttings which the Geological Survey is always glad to receive. The depth to the 
top of the Trenton limestone (which is the SMile as the !base of the 'black Utica shale) 
is the most important measurement to take, altho'Ugh in drilling on the south side of 
the island, aM the changes of formations should be carefully recorded. A maximum 
of structUJral information may be olbtained by drilling wells in grOUIPS oif three, each 
well being at one of the angles of an equilateral triangle. In the writer's judgment 
the distance between the wells of a group on Manitoulin island should not be more 
than one mile. This distance is dependent upon the size of the folds, as only 
confusion results from thre~ wells drilled in a triangle covering more than one side 
of a fold. Having dbtained the surface elevation of three wells, and the depth in 
them to a known horl.zon, the dip and strike of the formation can be easily obtained, 
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Figure 3. Diagram showing geological structure of the eastern end of Manitoulin island, 
Ontario. 

A. Plan showing by means of sub-surface contour lines the supposed surface of 
Trenton limestone formation (the oil-bearing formation) as inferred from 
borings and other daita. E levations given for lakes, structure contours, 
and points at .which the Trenton limestone was reached in drill-holes, 
referred to sea-level. 

B. Vertical section of geological formation along line A-B. 
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provided the triangle covers 1lmt one slope or side of a fold. An extension of this 
method will give full stvuctura~ info11mation. Indi<:ations of gas, oil, or water should 
be considered in regaird to the position of the well on the structure. 

OIL-SHALE 

Consideraible areas of Utica shale have ;been mapped by Robt. Bell L as outcrop­
ping ·across the northern !part of H()!\vland township from Freer ·point south o'f Little 
Ourrent to Sheguiandah, and across the '\Vekwemikong penirisula north of W ckwemi· 
kong vii!lage. The area south of ·Little Current has for the mo t" part a very light 
covering of soil, the ditiches along the road to Sheguiandah lbeilllg· i!Ylastod out of the 
shale here and there for nearly 2 miles south of Little Current. 

·Near Little Current the Utica ·is very ithin, 'but to the •south near the contact 
wirth the overlying Lorrain shale it is !Probably about 30 feet thi~k. Two samples of 
s~rnle (A from Sbcguiandah and B, from 2 miles south of Little Current) taken 
from the cuttings along the road so1.ith of Little Current are found on analysis to 
be as follows: 

Proximate analysis-

Moisture ................... . 
Ash ... , ........ , .... . .. : . 
Volatile matter. . . . . . . . . . . . 

Nitrogen content. . . . . . . . . . . . . . 
Calorific value, cals. per gram. . . . . . . . . . 

B.T.U. per pound . . . . . . . . . . . . . . 
Slow distillation ( without s team) ­

Maximum temp. . . . . . . . . . . . . . . . . 
Oil yield, gals. per ton-

Imp., .... ...... . ....... . . . 
U.S .................... . ... . 

Gas yield, cubic foot per ton . . . . . . . . 
C.V . gas B.T.U., cubic foot.. . . . ...... . 

A 
0.1:r3 

6'3l'21% 
36.CI% 
0.115% 
960 

1730 

600 

4·8 
5·S 
620 
620 

Other e~posurcs of Utica shale may ibe seen at Sheguiandah. 

B 
0.5 3 

6'6:12 % 
313.0% 
0'.121(}3 
950 

1710 

580 

8 -1 
9.7 

S50 
460 

INVBSTIGiATIO~ OF PB.A 1' fBOGlS TN 0~1\A'RTO A1~D QUEJBBO 

By Aleph Anrep 

The table on page 3'4 briefly summarizes the results of investig·ations made dm'ing 
the summer of 1920 of peat 'bogs in the provinces of Ontario and Quebec. 

Bdtward :M. Casey acted as £eld assistant. 
The 'CalJCulation of the rontent of the Halton peat ibog was made principally 

on its compact nature, !but should the bog 'be swept lby fire, -it will produce Jes~ fuel 
and the quality '\Vihl lbe 'llnsuitaible for manufaicture on a commercial !basis. 

Reconnai san'Ce investigations ;were made also of tru·ee small lbogs located near 
Kossuth, a!bout 8 miles east of IGtchener, varyill'g from 2 to '8 tfeet in depth. The 
peat could !be used locally for dom estic fuel, lbut the lboig ·are too small to work 
commercially. 

The exten'Sive area of the southern 'Portion df the Point Pelee peat 1bog is flooded, 
nnd 'being a govern'lllent game reserve is not likely to !be used for tfuEll; however, in 
the event of a 1prono.un'Ced scar.city of fuel, this part of the !bog could ibc drained and 
worked. 

The northern section of the lbog, mostly dyked and drained, is used for agri­
cultural purposes; <mions are the prin'cipal crop and are ibecooning a large and pro£ t­
able industry. 

The Harrowsmith peat lbo:g is deep and very well lmmi£ed, can easily lbe drained, 
and is advantageously situated. 

1 Geol Surv., Can., Maps !Nos. 605 and ·570. 
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Several other small lbogs between Harrowsmith and Wilmer are too smalrl or too 
shallaw to warrant exploiting. The peat is v.ery well humiiied, and could ibe used for 
domestic purposes. North of Harrowsmith two small lbogs, one in concession VIII, 
and one in concession IX, Portland township, are also too mall or too shallow to 
justify <the erection of machinery. 

The Cameron bog, 11J'bout 1 mile south otf Verona, is lbetJween 8 and 9 mi[es long, 
and in certain ;places over 2 miles wide. This lbog should 'be thoroughly investigated, 
for it apparently rcontains a very well humiiied fuel of a high rcohesive nature, and 
the erection of machinery might be justified. 

24673-3 
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MESOZOLC LAYS A:..~D S.A:NDS IN NORlTIIERN 0 JTARIO 

By J. Keele 
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lower Missinaibi and iMattagami rivers, Ont.. . . . . . . . . . . . . . . 36 

IN'rRODUC'f!ON 

During the summer of 1919 an examination was made of certain deposits of clay 
and 'sand on ~fattagami river which proved to lbe of Lower Cretaceous age. Ai brief 
de cription of these deposits is given in Part G rnf the !Summary Report 1919. Similar 
clays on Missinaibi river were examined by the writer in the summer of 1920. 

The ibottom of the Cretaceous !beds has never lbeen seen in outcrops, and borings 
have never penetrated the underlying rocks, 'but it is assuaned that they rest OtD. the 
upper J)evonian ibecause black and green Portage shales are found outcrop'.Ping on 
the 'banks of ;Mattagami river in the neighbourhood of the Cretaceous !beds. The 
viow has hitherto ibeen ·held that no pre-glacial rocks later than upper IJ)evonian were 
ever laid dawn in noTthern Ontario, and although the existence of 'What now prove to 
'be !Cretaceous sediments has been known for a long time, they were erroneously 
classed lby earlier writers as interglacial. These days and sands are unquestiona'hly 
pre-glacial and fossil plants found in them indicate that they are probaibly of 
Kootenay age, low down in the Cretaceous. 

'This discovery adds an entirely new chapter to the geology of Ontario, in which 
there took place sulbmergeuce of the northern rportion of the province, prolonged 
clima.tic conditions suitable for the weathering and decay of the Precambrian rocks, 
the erosion and sorting of ·the products of weathering from the Precamibrian upland, 
a.nd the deposition of. these sedlirnen ts. 

CRETACEOUS DEPOSITS ON MJSSlNAIBI RIVER 

The most extensive remnant of Cretaceous deposits known in northern Ontario 
o·ccurs on the east !bank of the },fi anaibi, about 45 miles north of the Canadian 
J ational railway and about 4 miles above the mouth of W abi-lrngami river. The 

Precambrian rock escarpment is about G miles ·south of these depo its. 
The Cretaceous lbeds are exposed for hall a mile along the lower part of the 

river 'bank, and in places they rise 30 feet rubove low-water level. The greater part of 
the deposit is iillade up of quartz sand, the particles 0£ which are coated with white 
clay, 'but the sand is stained in places to a pink or yellow colour. The clay is of 
various colours, white, pink, grey, and yellow, but most of the exposed part is a 
mottled pink and white. 

The whole .deposit is overlain !by the late glacial stony clay, some of which is 
pressed into and intermixed with the •Cretaceous clay for a depth of several feet. 
Two small streams have cu.t through the overlying glacial drift and expose the lower 
clay. In one of the cuttings the drift rests direct.ly on the white sand. The glacial 
clay has a high content of lime, some of which, redeposited in the white sands, has 
cemented the upper 3 or 4 feet so that they form a protective capping. 

The arrangement of the Cretace us material is irregular and although the san<ls 
are stratified in places, they generally form lens-like masses. The clay likewise 

24673-3} . ..... ... .. .. ..... . 
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occurs in lenses although such lenses may be ibanded in different colours. This 
banding does not appear to be related to bedding exeept that it is due to the varying 
quantity of iron oxide that !l!Ccompanied the sediments during their deposition, and 

.8 

Legend 

e K Known outcrops of' Cretaceous da.ys a.nd sa.nds 

Sca.J~ of' miles 
,0 5 0 10 20 . 30 - ~o 

so· . M s N G so· 

Figure 4. Diagra m showing location of known outcrops of Cretaceous c lays and sands, lower 
Missinaibi and Mattagami rivers, Ontario. 

in that sense ililay be bedding. Jn the great masses of mottled day, hO'Wever, the 
diseoloured 'Portion an<l the white clay are mixed without any !banding. 

imilar outcrops on W a'biskagami river, a:bou t 2 miles to the west, were examined 
and described by J. M. B ell1. 
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Econornic N ates 

Sands. The quartz sall'd particles are of rather coarse texture with angular out­
lines, and coated with white clay. 

An average sample representing about rn feet in thickness of the deposit was 
submitted to a washing test and found to yield ·5 per cent of fine white clay. The 
analysis of grain size of the washed sand is as follows : 

R et a ined 

Through 

on 10 m esh screen. . . . . . . ..... . . ... . 
" 20 " • . . . . . . . . . . . 
" 35 " ... .. .... . ... . 
"100 " . . . . . . . . . . . . 
"200 " 

200 

Per cent 
8-27 

19 47 
38.04 
32.44 

1.33· 
0.10 

The chemi·cal analysis of the <washed sand made 'by A. .Sadler of the •11Iines 
Branch is as follows: 

Silica ... .... . 
Alumina . . . . 
Iron oxide .. 
Liine.. . . . . . . . .............. ... ......... . 
Magnesia ............. . . .. . . . 
Loss on ignition . . ....... • . . ... .. ....... . ... . 

P er cent 
97.72 

0·42 
0·3'2 
0·2•8 
0·2'1 
O·li 

99·07 

The iron content ·of the washed sand is rather high for the manufaoture of white 
glass, but would be suitable for green bottle glass. The alumina content also is higher 
than desirable, for a.:lumina has the effect of making <the glass !batch more difficult to 
melt. The grain size or texture of the sand is right for glass making, most of it being 
included between the 20 and ·100 mesh screens. 

The unwashed sand should be suitable for steel moulding foundry sand, for there 
is enough clay present to act as a ·binder, but not too much. The clay content is greater 
than 5 per cent in some parts of the sand deposit, and quite an a•ppreciable amount of 
fine white clay could be obtained by washing the sand. There are also lenses of pink 
and yellowish sand, but the colours can be washed out and a white sand obtained. 

It should be noted that there are no sands of this description either in the glacial 
or interglacial deposits of the region. 

Properties, Composition, and Uses of the Clay 

It would ·be difficult to mine any of the special parts of the deposit separately; 
the white clay, which is the most valuable part, merges into pink, yellow, or grey clay, 
and no great quantity of it could be extracted alone. 

The mottled pink and white clay which makes up the greater part of the clay 
portion of the deposit was sampled for testing purposes. This clay is fairly plastic 
but gritty, and has good working and drying qualities. It burns to a pink coloured 
dense /body at 1,100 degrees ·C. When iburned to 1,300 degrees 0.-the. temJJerature at 
which firebrick are generally burned-the body is steel hard and of a greyish-pink 
colour. The total shrinkage at this temperature is 10 per cent and the absorption 13 
per cent. This material does not begin to soften until subjected to a temperature of 
1,6'70 degrees 0., and would make a good commercial grade of lfirebrick or other 
refractory wares. If freed from coarse grit, it could be used for the manufacture of 
stoneware pottery. 

The white clay is more refractory than the mottled, and when washed would 
probably be suitable for white floor and wall tile or for sanitary ware. 
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The chemical analysis of the clay is given below: 

Silica ...... . 
Alumina ... . 
Ferric oxide . .. . .... . . . . . . 
Titanic oxide .. 
Lime .. ........ . . ... ... . 
Magnesia ... . . 
Manganese. 
Potash.... . .. . . . . .. . . 
Soda ..... . . . . .. .. ... . . . 
Water .. . . 

I 

58· 90 
26·63 

1·40 
1·25 
0·56 
0· 16 
0·01 
0·31 
0·42 

10·30 

II 

55· 17 
28·06 
5·36 

not determined 
0 ·25 
0· 16 

not determined 
0·26 
0·03 
9 · 13 

I. White clay, Missinaibi river. Analyst, M. F. Connor. 
II. Mottled clay, 111issinaibi river. Analyst, A. Sadler. 

III. Mottled clay, Wabiskagami river. Ontario Bureau of Mines 
IV. White clay; llfattagami river. Ontario Bureau of Mines. 

III 

53·78 
29·58 

5 ·09 
not determined 

0 ·44 
trace 

not determined 
trace 
trace 
11·0 

IV 

53· 10 
31·92 
1·52 

not determined 
0 ·51 

trace 
not detE>rmined 

0·28 
0·54 

12·35 

The almost complete absence of lime, magnesia, and alkalis in these clays shows 
that they are very different materials from the gla·cial or interglacial clays where the 
sum -0f these impurities ranges from 15 to 30 per cent, and as they are all active fluxes, 
they make the glacial clays easily fusible. 

No. IV is an exceptionally high-grade clay a.s regards refractoriness; it stands as 
high a temperature as English china-clay before deforming, and is the only example 
of a No. 1 dire-clay found in ·Canada. 

Extent of the Cretaceous Deposits 

.i\Iesozoic clays, sands, and lignites of CTetaceous age were probably widespread in 
northern OntaTio, but a long period of pre-,glacial erosion and two dis·tinct glaciati-0ns 
in Pleistocene times, as well as interglacial erosion, have well nigh obliterated them, and 
now only small remnants are found where the rivers have cut through the glacial debris 
deeply enough to expose them. Only five outcrops of these rocks are· known on 
frequently travelled river routes, but there may be others on less travelled streams. 
The outcrops are all situated from 1 to 8 miles north of the border of the Pre.cambrian 
rocks, and they probably overlie the upper J)evonian. 

The distance between the outcrops on Mattagami river and those on the Missinaibi 
is 4-0 miles. The most extensive deposit is that on the Missinaibi, near its tributary 
stream the W abiskagami. This deposit has a visible thickness of about 30 feet between 
the river level and the overburden of glacial drift, but Mr. iff. A. Calkins, an engineer 
who made several borings in the deposit, states that white clay was found 7-± feet above 
the level of the river. The •Oretaceous clay extends farther down than the lowest 
5u=er level af the river, and an unlrnown quantity must, therefore, lbe added to 
this thickness. 

The beds on W1abiskagamri river about 2 miles west of the Miissinaibi ·outorops 
were described by J . M. Bell, who states that "the deposit lies on the right or southern 
bank of the stream along which it was traceable for about 400 feet, rising above the 
summer level to a height of at least 10 feet. It is overlaid by a talus o'f soft boulder 
clay which in places entirely obscures the underlying material. The kaolinic clay 
is soft, plastic, and unctuous, generally almost white in colour, but sometimes stained 
deep hematite red or yellow by impregnation of iron oxide. Much of it is remarkably" 
free from sand, but other parts contain lenses and small pocket-like areas composed of 
clear glassy quartz sand mixed with pure white kaolin." 

In his report on the basin of Moose river, Toronto, 1890, 1'.fr. E. B. Borron gives 
an account of borings he i:nade on the banks of .Coal brook, a small stream which enters 
the Missinaibi about 5?s miles below the foot of Long portage. The borings revealed a 
thickness of 4'5 feet of lignite seams and clay beds,· 35 feet of which lay below water-
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level. All the clays are described as smooth and plastic, the colours being black, grey, 
white; reddish, and mottled. These clays were recognized by Mr. Borron as being 
quite different in -0olour and t€xture from, and a much higher grade of materia.l than, 
the ordiinary glacial clays of the region. This deposit was looked for by th€ writer in 
1920, but could not be found although its position was prPcisely dPJined by a sketch 
map in Mr. Borron's r eport. An examination of the locality revealed the fact that 
Coal brook had undercut the portion of its ibank composed of Cretaceous clay and 
caused the overlying glacial clay to slide int-0 the bed of the brook and disphi,ce it, so 
that poplar trees nearly a foot in diameter are now growing on the former site of the 
outcrops. 

It is difficult to estimate the dimensions of the remnants of Oretaceous clays 
exposed on the banks of the various rivers and streams, for only one dimension, the 
length of the outcrop along the stream bank, is available for measurement. The stony 
character of the glacial overburden renders it very difficult to bore through with the 
ordinary clay auger which can ·be carried in canoes and over portages, so that it is 
impossible to estimate the distance that the 'Cretaceous clays extend to at right angles 
to the outcrops on the river banks. 

Wherever the Cretaceous clays were seen, the overburden of glacial drift is too 
h eavy to remove, but there may be other occurrences where the ove1•burden is not sc 
heavy. 

Origin of the Sands and Clays 

The Cretaceous sands and clays in northern .Ontario were derived from the 
weathered produms of the Precambrian rocks lying to the southward of the deposits. 

The rocks exposed on the Missinaibi north of the railway belong principally to 
the Precambrian schist complex. The prevailing rock is a s tratiform biotite gneiss, 
not necessarily the exac t equivalent, but having a strong resemblance in appearance 
and geological r elations to the Mar hall Lake series. Well foliated hornlblende gneisses 
of igneous origin a.re also exposed at intervals. The bedrock exposed along the canyon 
walls at Long portage is a binary granite and probably represents an acid differentiate 
on a large scale from an igneous· maiss. It is exposed for -about a quarter of a mile 
along the canyon, and is' flanked -On the north and south by fohated hornblende gnci3ses. 
The granite is friable and appears to be softened by in-0ipient kaolinization, and repre­
sents, probably, the 1'ower part which lay beneath a mass of kaolinized rock, which has 
probably furnished the -clay and quartz sa·nd for the Cretaceous deposits farther north. 
On the /Mattagami a wide .band of highly kao1inized garnet gneiss occupies a similar 
position south of the Cretaceous deposits exposed on that river.1 

There may be other bands of kaolinized rock similar to the above in this region, 
but kaolinized rock surfaces are easily eroded, whereas the surrounding harder rock5 
~tand up as i~idges . The universal glacial drift cover is thickest over the softer 
rocks, and consequently these soft rocks are eldom exposed by the stream cutting, 
which brings the hard rocks into view. 

1MDOO DTISTRIOT, ON'DAJRJIO 

By 1'1. E. Wilson 

·The geological field work of previous years in the region lying along the southern 
border of the I,aurentian highlands of Quebec and southeastern Ontario was extended 
westward to the Madoc district, Ontario, in 19>20. This region has long been noted not 
only for the variety and number of its minera.l deposits but also for the presence of 
belts of conglomerate and other sediments belonging to what is generally known as 
the Hastings series, a group of rocks not known to be represented elsewhere in the 

1 Ont. Bureau of Mines, 1920 , vol. 29, pt. 2. p. 17 . 
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Grenville-Precambrian subprovince. Although this region w.as examined geologically 
long ago in a reconnaissance way by :NLacFa.1'1ane1 and Vennor2 ; and later in a local 
area including the villages of Madoc and Marmora by Costc3 and more recently in a 
number of scattered areas by Miller and Knight4 ; nevertheless no attempt has been 
ma.de, hithe1'to, to study the geology of this region continuously throughout .an area 
0overing sernral hundred square miles'. For this reason and because of m~ning 
activity in the district, it was decided that the writer prepare a geological map of an 
area of approximately 650 square miles extending from the townships of Kalada.r and 
Sheffield on the east to Belmont township on the west and from an ea.st-west line 
through the village of C~·ookston (situated near the centre of Huntingdon township) 
on the south, to an east-west line through the village of Bannockburn (at the north 
end of Madoo township) on the north. In 1920 attention was directed mainly to the 
fluorspar deposits of the district and on that account area.l mapping was carried on 
chiefly in those parts of the district where f!uorspar deposits were lu1own to be present. 

The writer wishes to express his indebtedness to the mine owners .and mine 
managers of the district, and especially to Mr. R. 0. Bryden, manager of the Noyes 
mine; to Mr. Chas. Brent, manager of the Eldorado Mining and ii\filling Company; to 
Mr. George II. Gillespie of George H. Gillespie and Company; to Mr. C. M. W.all­
bridge ; and to the late Stephen Wellington .and his associate Mr. Munro. 

The thanks of the Survey are also due to Mr. Donald Henderson, Mr. Chesley 
Pitt, Mr. J as. O'Rleilly, and other residents of the district for informa.tion given the 
writer regarding the various properties with which they were familiar. 

Rubert For<l accompanied the writer as field assistant during the season and per­
formed the duties assigned him in a satisfactory manner. 

1 MacFarlane, Thomas, " On the geology and economic minerals of the north riding of the 
county of Hasting'S. townships of Elzevir, IMadoc, MarmoTa, Lake, and Tudor," Geo l. Surv., 'Can .. 
R ept. of Prag., 1863-66, pp, 91-113. 

2 Vennor, H. G ., "On the geology and· economic rninerals or Hastings, Addington, and 
Peterborough counties, Ontario," Geol. Surv., Can., Rept. of Prag., 1866-69, pp. 143-171. 

s Coste, E., Geol. S'urv., Can., Ann., Rept., vol. I, 18815, pt. A . 
4 Miller, W. G., Knight, C. W. , "The Pre-Camhrian geology of southeastern Ontario," Ann. 

Rept. Ont. Bureau of Mines, vol. XXII, pt. 2, 191'4. 
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LWrHODUOTION 

The 'following description of the fluorspar deposits of llifadoc district, Ontario, is 
based on examinations of these deposits made 'by the writer. during the summer of 
1920 while -engaged in the geological investigation of the [Madoc and 'Marmora map­
areas. 

That :fluorspar~bearing veinR were present in 'Madoc district was known to some 
of the local inhalbitants more than thirty years ago, lbut these ,were not then regarded 
as commercially important. The dlrst attempt to mine the TIJ,ineral rwas made by the: 
late 1St~hen Wellington who in 190'5 put down a prospect pit 14 'feet deep on the 
Bailey property. iDuring the years foll01wing this operation a small amount of 
prospect work on the :fluorspar deposits of the distriict was performed, but little 
interest was taken in the mineral until the year 1916 when owing to the world war 
the price paid for :fluorspar rose to as much as $30 per ton. .fus a consequence of 
this increased demand the [Jroduction of :fluorspar from the !Ma•doc distr ict rose from 
no production in 1915 to 7,286 toms valued at $1153;190 in 1918. !Since 1918 the 
production has gradually declined. When the writer examined the :fluorspar proper­
ties in ·1S20 there were six deposits on w·hich mining operations were !being performed, 
but the greater part of the production of the mineral was !being derived from the two 
principal mines of the district, the Noyes and the Perry. N ryw, however, both of 
these properties are idle and active mining of :fluorspar in the Madoic district has 
almost ceased. 

PRODUCTION 

The production of :fluorspar from iMadoc district srnce the year 1905 ha·s been 
as follows: 

Y ear 
190-5 .. 
1907 . . 
19101 .. 
1916. 
19 17 .. 
1'918 .. 
191 9 .. 
19 20 .. 

T ons 
30 
15 . 
2. 

.. 1,283 .. 

.. 4,327 . 

. . 7,2'86 .. 

.. 3,425 .. 

.. 3,704 . . 
1 1910-1920, from reports of the Ont. Bureau of Mines. 

Value 
.. $ 150 

75 
15 

10.14 6 
66,474 

153,190 
60,389 
67.381 
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GEOGRAPHICAL POSITION AND DISTIUBUTION OF DEPOSITS 

The village of Madoc, near which the deposits occur, is situated in the central 
part of southeastern Ontario albout 25 miles north of the north shore of lake Ontario, 
and at the northern end of the Belleville-:Madoc 'branch of the Grand Trunk railway. 
It lies 7 miles north of Ivanhoe station on the main line of the Canadian Pacific 
railway 1between Toronto and Montreal via Peterborough. 

The deposits outcrop mainly in two localities : (1) the northern part of Hunt­
ingdon township; and (2) the southern part of concession I; fMadoc township. Since 
nearly all the deposits in the first locality occur either in the vicinity of lMoira lake 
or along the continuation of the T oyes-Perry fault which crosses :M'oira lake, they 
will lbe ;referred to collectively as the MJoira Lake group. The deposits occurring in 
the southern part od' concession I, Madoc township, on the other hand, 'Will be desig­
nated the Lee~Miller group. The descriptions of the various properties composing 
these groups (pa.ges 53-77) have been arranged in the order of their occurrence 
from south to north in the district and not in the order of their ·importance. 

GEOLOGICAL RF:LATIONSHIPS 

The geological formations with whi·ch the fluorspar deposits are associated !belong 
to two principal groups: (1) a 'Precamibrian •basal complex; and (2) flat -lying or 
nearly flat-lying Palmozoic sediments !belonging chiefly to the Black River formation, 
which rest unconformalbly on the irregular surface of the Precambrian.~ 

The Precaunfbi·ian 1basal complex consists of three subdivisions: (1) grey, banded, 
crystalline limestone, 1buff-'Weathering dolomite, and other sediments ·belonging to the 
Grenville or Grenville and Hastings series; (2) masses of gablbro, ·diorite, and related 
intrusives ; and (3) batholithic masses of r ed to pink ('Moira) granite or syenite 
intruding the rocks of subdivisions 1 and 2. 

The Palrnozoic sediments that overlie the Precmnlbrian complex consist in succes­
sion from the lbase upward of: ,(1) Ted and grey, caJ.careous arkose and sandstone 
alternating with thin, uniform 'beds of red to grey lithogrnphic limestone; and 
(2) massive 1beds of coarsely crystallized, grey limestone. The total th~dlrness of the 
formation is not less than 150 feet. 

The fluorspar.,!bearing veins of the Lee~Mi1ler group, with the exception of the 
outlying H errington deposit on lot 2, concession XTI, Huntingdon township, all 
occur in the Palreozoic. The veins o.f the Moira ·L ake group on the other ·hand inter­
sect the Palreozoic only at the southcast and northwest extremities of the zone, the 
most important deposits, those on the Noyes, t he Perry, the Rogers, and the Kane 
properties ibeing in the Precambrian. 

GENERAL CHARACTER OF DEPOSITS 

The fluorspar deposits of the M'adoc district are all veins occupying fault fissures 
of post-Ordovician age. They consist chiefly of fluorspar and barite, or fluorspar, baritc, 
and calcite intermingled or inte1'handed in varying proportions. The less common 
minerals present are celestite, quartz, pyrite, marcasite, chalcopyrite, tetrahedrite, 
malachite, and elaterite, but all of these-with the exception of the celestite are quanti­
tatively unimportant. 

The IIIlOSt characteristic features exhibited 1by these veins are the presence of two 
ore-zones separated by a zone of fractured or !brecciated wall-rook and of lenticular 
masses of ore usually situated where two such parallel ore zones unite. Where two 
ore zones are present, one is generally wide and the other r elatively narrow. The 
width of the zone of fractured country rock intervening between the ore zones ranges 
from a few inches to 10 feet or more in proportion to the average width of tl:ie main vein. 
The lenses of ore that occur on the veins range from a fow feet to 200 feet in length 
and from 2 feet to 17 feet in maximum width. The longer direction of the principal 
lenses that have so rfar been opened up on the Noyes-Perry vein all appear to extend 
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diagonally down the vein towards the southeast. The structural explanation of thi8 
fE!ature was not determined by the ·writer. 

·The material composing the fluorspar deposits occurs chiefly in two ways: (1) as 
alternating lbands; or (2) as an irregular network forming the partitions between 
caverns. In vein material of the first variety cavities are relatively unco=on, whereas 
in vein material of the second class cavities form a large part of the total vol·ume. 
On this a·ccount the two varieties of the ore may 1be appropriately designated for 
the purpose of description the "banded" and "cavernous" types respectively. 

CHEMICAL COMPOSITION m' ORE 

It has 'been previously noted that the material composing the fluorspar-lbearing 
veins consists chiefly of varying proportions of fluorspar, barite, and calcite. Further­
more, the relative abundance of these minerals varies so greatly, even in adjacent 
parts of the same vein, that the grade olf fluor par produced from different properties 
or from the same property at different times varies considera'bly. The analyses 
contained in the following taible indicate approximately, however, the grade of some 
of the material produced from the -Noyes mine, the most important property, from 
the standpoint of production at least, so far developed in the district. 

Analysis 

CaF2 (Fluorspar) ............ . 
aSO, (Baritc) ....... .... . .. B 

c 
R 

aCO, (Calcit~) ....... 
,o, (A lumina, ferric oxide, 

etc.) .... ..... . ..... 
s i02 (Silica) .... .. .. .. . ... . . 

Total ........ . . .. . . . . 

I 
I 

80·68 
5·10 

10·04 

2·00 
2·33 

100· 15 

II III IV v 

84·35 74·05 80·24 73·52 
5·34 9.34 7.54 11·88 
6 ·75 10·76 7·16 10·31 

2·10 3·00 1·20 1·20 
l ·37 3·60 3·07 2·40 

99·91 100·75 99·21 99·31 

N os. I to VI, typica l shipments; Nos. VII. average of 16 shipments. 
Analysis by A'gruna Steel Corporation. 

MINERAI,OG Y 

VI VII 

81·81 76·61 
5·30 8· 13 
7·85 9 · ll 

1 ·88 3·07 
2·97 2·74 

99·91 99·66 

The minerals comprising the fluorspar veins, named in the order of their abundance, 
are: :fluorspar, barite, calcite, celestite, quartz, marcasite, pyrite, chalcopyrite, t etrahe­
drite, malachite, and elaterite. 'The character and mode of occurrence of each of these 
are briefly described in the following paragraphs. 

F'luorspar (Cali\, Calciiim 51 ·1 P er Cent, Fluorine 49·9 Per Cent) 

This mineral occurs in the veins partly in the massive form and partly as crystals 
encrusting the walls of cavities. 

The most commoll! crystal forms of the fluorspar are the cube modified by the 
octahedron, but in some deposits the relative prominence of the two forms is reversed 
and the octahedron is modified by the cube. With the exception of the large, clear 
crystals that occur embedded in celestite in the Kane vein, the cubical crystals of 
the mineral generally have surfaces pitted with angular depressions owing to the 
presence within the larger crystal of numerous small culbes or cubes modified by the 
octa•hedron, intergrown in nearly parallel positions. In addition to the common fo1'm$ 
the cube, a (100) and the octahedron, 0 ,(111) assumed by the mineral, the £allowing 
have !been olbserved 'by Dr. T. L. Walker on crY'stals from the Kane property; rhomlbic 
dodecahedron, d {110), tetrahexahedron, f (310), trisoctahed.ron, p (441), and icosi­
tetrahedron, B (3~2).1 

The refractive index of the fluorspar according to a determination by 0. W. 
Greenland is 1·434{)!!. 

1 Fluorite from Madoc, Ontario; Am. Min., vol. IV, 1919, p. 95 . 
• 2 Am. Min., vol. V, 1 92 0, p. 211. 
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The colour is most commonly white, grey, or green, but honey-yellow, blue, purple, 
rose, and red varieties are also common. .Some of the large, brilliant, clear crystals 
embedded in celestite in the Kane vein and the transparent, pale green crystals obtained 
from the deposit on the Perry 'Property are exceptionally beautiful. 

Rarite (BaS04, Barium Oxide 65·7 Per Oen/, Sulphur Trioxirle, 34·3 Per Gent} 

Barite, the minCTal ne.,,.;:t. in abundance to fluor.spar, occurs chiefly in the massive 
form or in crystals, but columnar, nodular, fibrous, and ochreous varieties are also 
represented. The crystals are commonly tabular in form and range in size from plates 
an inch or more in diameter to minute tabulm. Most of them project edgewise from n 
so'lid mass of ibarite which may have the form of a dome, a column, or a fiat sheet. 
Where the mass is dome-shaped, the tabulre are distributed either concentrically around 
the dome or ,parallel one another across the dome; where the barite i col=ar the 
tabulre are diatributed radially around the column with their longer axis roughly parallel 
to the axis of the column'\ where they are developed on the surface of ,parallel sheets, 
the tabulre generally occur in groups of one to six crystals distributed heterogeneously. 
The faces observed on the barite crystals included the fonr/S, a '(100), c (OOli), m (110), 
c (011), and a series of rnacrodomes. The nodular tY'Pe of barite occurs in several o-f 
the fiuorspar deposits of the district and was especially common in the r oyes vein. 
It consists of nodular or concretionary-like masses of resinous material in which a 
concentric strueture can usually be observed. A specimen of this nodular barite was 
submitted to R. A. A. Johnston of the ;Mineralogical Division of the Geological 
Survey, who found that it contained a considerable proportion of bituminous material. 
The fibrous and ocbreous varieties of barite are evidently uncommon forms, for they 
were obseTVed in only one locality, the fibrous in an ore mass lying adjacent to the east 
vein on the Miller property and the ochreous in the dump adjacent to the tBailey shaft. 
The colour of the barite is most commonly white, but red to yellow 'Phases were 
observed in the vein on the Noyes property. The cryGtallized 1barite composing the 
deposit on the Bailey property ranges in colour from cream-white and snow-white to 
pale blue. A specimen of this bari te analysed by IDr. T. L. Walker was found to have 
the fol~owing corn.position : 

Bao ... . 
SiO? · .. . 
CaO ....... . 
MgO ......... ... . ... ·· ·· · · ·· ·· ·· ·· · · · · · · ·· 
Ali03 . . . . . . . . . . . . . . . . . . . . . . ... . 
Fe203 .. ......... . .. . ... . . ....... . 
SOa .. . . . . . . . . . . . ....•. . ..•. 
H 20.. .. . . . ...........•..... 

43•78 
1.a.95 

0·9 8 
1-()11 

1·92 
0·48 

36·94 
(J.26 

99·32' 

Calcite (Oa003, Lime 56·0 Per Cent, Carbon Di?xide 44 ·0 Per Oe.n.t) 

The calcite is generally white or grey in colour and occurs both in the massive 
form and in large, semi-translucent crystals up to ·6 inches in diameter. In some of 
the veins that intersect the Palreozoic, nodular masses of calcite coveTed by a multitude 
of amall projecting hexagonal pyramids were 'Present. 

Oelestite (SrS04, Strontia 56·4 Per Gent, Sulphur Trioxide 43·6 Per Gent} 

The celestite occurs partly as radial, fibrous aggregates up to . several feet in 
diameter and partly as pale blue, transparent cryatals projecting from the walls of 
cavities. The grey, rfibrous variety of celestite bas been found chiefly in the vein on the 
Kane property, where it contains numerous included crystals of brilliant transparent 
fiuorspar suitable for optical purposes. The pale blue crystals of transparent celestite 
were observed by the writer on the 2•50-foot level in the Noyes property. They are 

1 Wallrnr, T. L., Am. Min., vol. IV, 1919, ,p. 79 . 
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from ~ inch to 1 inch in diameter and like the barite are tabular in habit. The forms . 
observed on the cryGtals were: 

c(OOl), <l(102), 0(011), and m(llO). 

Quartz ( Si02, Silica) 

Quartz was observed in only three of the fluorspar deposits, in all of which it 
occurred as a zone adhering to the wall of the vein and was encrusted on its outer 
surface with small projecting crystals having the form of the hexagonal prism 
terminated /by the hexagonal pyramid. 

Pyrite (FeS2 , Iron 46·6 f er Gent, 811.lphur 53·11 Per Gent) 

The su1phide of iron, pyrite, is not an arbun<lant mineral in the fluorspar deposits 
but occurs here and there in most of the veins either in small aggregates enclosed 
in the fluorspar or as a thin encrustation on the fluorspar crystals. Examples of the 
latter mode of occurrence rwere especially abundant in the vein on the Noyes property. 
Well-formed crystals of the mineral are uncommon. 

Marcasite (Composition the same li8 that <0f Pyrite) 

rMarcasite occurs in the fluorspar deposits as small flattened and striated five­
sided crystals. It is not common in most of the veins and its presence is, therefore, 
merely of mineralogical interest. · 

Ohalcopyrite (OuFeS2, Copper 34·5 P er Gent, Iron 30·5 Per Gent, Sulphur 
35 P er Gent) 

Oopper pyrites or chalcopyrite rwas noted to be 'present in a few of the veins, 
generally as ·a small agi.,o-regate enclosed in fluor.spar. The !largest mass of the mineral 
seen in the whole district occurred in association with lbarite in a Sllilall vein exposed 
in a prospect pit situated near the northeast corner of the east half of lot 2, conces­
sion :r, :Madoc tmvnship. 

T etmhedrite (Ou
8
Sb 2S 1, Copper 52·1 Per Gent, Antimony 24·8 P e1· Oen'i, 

Sulphur 23·1 P er Gent) 

Tetrahedrite or g rey copper ore has ibeen found in only one of the fluorspar 
deposits, that on the 1Bailey property. It oocurs in small masses up to 3 inches or 
more in diameter enclosed in pale green fluorspar.1 

Ohalcocite (Ou
2
S, Copper 79·8 P er Gent, Sulphur 20 ·2 P er Oen/;) 

Ohrulcocite was not seen iby the writer in any of the fl.uorspar deposits, \but has 
been found on the <lump on the Bailey property by t:M:r. 'A. 1L. iParson.2 

Malachite (OuOOa Ou (OH)2, Cupric Oxide 71·9 P er Gent, Carbon Dioxide 
19-9 Per Gent, Water 8-2 Per Gent) 

Malachite was observed in only one locality, the northeast corner of lot 2, conces­
sion I, Madoc township, where it occurs as a bright green encrustation on chalcopyrite. 

Elaterite (Carbon 86 P er Gent, Ilydrogen 14 P er Gent) 

Elaterite or elastic !bitumen was found iby Mr. Bryden, in 1918, in small quanti­
ties in the underground workings on the Noyes property.3 It is a dark brown, soft 
material and occupies caverns in the interior portions of the vein. 

1 Johnston, R. A. A., Geol. Surv., Can .. Sum. Rept., 1909, p . 252. 
2 Personal communication. 
8 Knight, C. W., .Ann. Rept. Ont. Bureau of Mines, vol. XXVIII, 'Pt. 1, 1919, p.p. 90-93. 
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STRUCTURAL ~'EATURES 

Faiilting 

That the fissures occupied (by the :fluorspar-bearing veins are related to faultinq 
is indicated (1) by the abundance of fractured and !brecciated wall-rock associated 
with the fissures, ,(2) iby the sil.ickensidedl and striated character of the wall-rock 011 

either side of the vein, and (3) \by the displacement df contacts olbserved in under­
ground workings. The first and second of these features can :be oibserved almost 
anywhere in the workings along the veins, but the third feature was seen only m 
the underground workings on the Noyes and Perry properties. 

The displacement that has occurred ·along the Noyes-Perry vein is shown at 
the extreme southeast end of the underground workings on the N 'oyes property hy 
the manner in which the contact between the Pre.cambrian granite and the ovcr­
l:liug Palreozoic limestone has '.been dislocated (Figure 8). Here the contact was 
encountered on the Southwest side of the vein at a point approximately 40 feet lower 
than on the northrast side indicabing apparently that the southiwest side had been 
downthrown 40 feet with respect tc. the northea.st side. The strire on the walls of 
the vein, nowever, an: not ivertical 1but nearly horizontal and indicate, therf.'fon, that 
the faulting in reality was in a horizontal direction and consisted either 0£ a move­
ment of the rock ou the southwest side cxf the vein tOO¥ards the northweat or of the 
rock on the r..ortheast side towards the southeast. Since neither the slop·~ of foe 
Palrro:wic-Precamlbrian contact at the point of dislocation nor the direction of move­
ment ulong the fault plane is definitely known, the exact amo=t of displacement 
resulting from the fault movement cannot 1be determined, !but it prolbalbly was not less 
than 100 feet and may have been consideraJbly greater than this amount. 

The evidence of displacement on the Perry property is the dislocation of the 
contact of the grey :banded Precamlbnian limestone and an intruded mass of granite. 
The contact of this granite mass, which outcrops south of the vein and forms the wall­
rock in the workings adjacent to No. 3 shaft (Figure 10) should under normal condi­
tions cross the vein in a north-south direction so that in drifting along the vein 
to the southeast the limestone iwould !be met first on the northlwest side of the 'Vein. 
In reality, however, the relationships :were reversed ~t the end of the d1iift driven to 
the southeast from No. 3 shaft at the 140-foot level, for the wall-rock i0n · the south­
west was limestone, and on the northeast granite. Furthermore, since the strire on 
the walls of the vein in this locality also are approximately horizontal it is evident 
that at this ;point, as on the Noyes 'property, either the rock on the southwest side of 
the vein has moved tO'Wards the northwest or that on the northeast side of vein has 
moved tO'Wards the southeast. When the writer last visited the Perry property in 
September, 1920, the Iimestone-granite contact was situated about 20 feet from the 
end of the drift on the southwest waill of vein, but had not yet !been intersected on 
the northeast wall so that the amount of displacement along the vein was not 
determined, ibut it was at least greater than 20 feet. 

Regional Structural Relationships of Veins 

The :fluorspar veins almost without exception trend in a northwesterly direction. 
The veins !belonging to the Moira Lake group likewi e are distributed in a north­
westerly trending zone; the veins !belonging to the Lee~Miller group, on the other 
hand, although individually trending in a northwesterly direction, lie in .a zone 
trending only 15 degrees west of north (Figure 5). 

The most striking structural feature exhibited by the :fluorspar veins is the pre­
sence of horizontal or nearly horizontal strire on the wall-rock of the veins 'belonging 
to the llfoira Lake group. The well-developed character of these strire, their presence 
on the wall-rock of every vein belonging to the grou.p, and the aibsence of strire in 
any other direction seem to indicate that all the displacement along these fissures was 
in a horizontal direction. 
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Owing to the secondary alteration along the outcrops of the veins of the Lee­
Miller group and the shallow depth to which most of these veins have been follo<wed, 
strire were not seen on the wall-rock of many of these deposits, but wherever they were 
observed they had a vertical or nearly vertical attitude. 

The phenomena described in the preceding paragraphs indicate that the fissures 
in which the :fl.uorspar veins occur are very closely related in origin to the other 
fissures of the group to which they ibelong, but that the two groups in which the 
fissures occur are not only geographiea.lly separate from one another 'but have been 
formed by different movements of thr ear th's crust. 

SECONDARY ALTERATION 

The secondary alteration that ha.s occurred along the outcrops of the fluorspar 
veins has been relatively small. It oonsists chiefly in the leaching away of the calcite 
in the vein materia.l with the resultant breaking down of the ore into small fragments· 
constituting what is lmown to the miners of the district .as "gravel spar". In some 
properties this type of material has ibeen found to extend to a depth of 40 feet. 

It is confined almost entirely to the veins that intersect the Palreozoic and espe­
cially to those of the Lee-Miller group. It may be noted in this connexion that the 
pits and shafts on the veins in which the disintegrated fluorspar occurs, 1become dry 
in la.te summer. · It is probable, therefore, that the depth to which the "gravel spar" 
descends is oorntrollcd by the depth of the groundwater level during the su=er 
season. 

In the Bailey property, a cavern containing stalagmites and stalamites of 1barite 
and :fl.uorspar was met in a drift driven from the bottom of ,a shaft 35 feet in depth. 
Since this cavern also becomes dry in ·the la.te summer these forms are possibly not 
original but have 'been formed 'by the solution and redeposition of the vein material 
seco11dari.ly. 

With the exception of a small amount of malachite formed on the surface of 
chalcopyrite in a vein situated at the northeast corner of lot 2, concession I, Madoc 
township, no minera.ls formed by secondary alteration were seen in any of the deposits 
and any •change of this character that has occurred has ibeen unimportant. 

AGE 

The •age of the fluor'par~bearing veins cannot be definitely :fL""l:ed within wide 
limits. It is known, of course, since they inter ect Ordovician strata, that they have 
been formed since the Ordovician. It is probable a.lso that the fault fissures occupied 
by the veins were formed either during .the period of igneous activity that occurred 
during the late Devonian in oastcrn Onnach, or .at the time of the Appalachian reV'O­
lution that took place at the close o:f the Palmozoic era. The time at which the :iluor­
spa.r was deposited. however, whether immediately after the fissuring occurred, or 
more recently, cannot be determined without a knowledge of the way in which the 
deposits were formed. 

ORIGlN 

General Statement 

Fh1orspar occurs in so many different geological relationships as to indicate that 
iL can be formed under all or nearly all physical co.nditions and that it, therefore, 
belongs to the class of minerals known as "persistent ".1 It is a common constituent 
of igneous rocks,2 it has 1been olbserved in a numiber of pegmatite d:ykes !belonging to 
the basal PrecamJbrian complex of the Laurentian highlands of Ontario and Que'bec3, is 

1 Lindgren, W., "The relation of ore deposition to physical conditions,"" Econ. Geol., vol. II, 
1907, pp. 105-107. 

2 Clarke, F . W., "Data of geochemistry," U.S.G.S. Bull. No. 695 , p. 331. 
3 Barlow, A. E., Geol. ISurv., Can., Ann. Rept., vol. X, 1897, p. 159. 

DeSchmid, H. S., "Mica, its occurrence, exploitation, and use," Mines Branch, D ept. or 
Mines, Can .• pp. 197 and 1 99. 
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abundant in the molybdenite~bearing segregations that occur in quartz syenite in the 
Quyon district, Quebec, and is a comrrnon accessory mineral in the mica-apatite and 
molybdenite-bearing pyroxenites of -conitact metamorphic origin that occur throughout 
the GrenviUe-Preca.mbrian subprovinoe of southeastern Ontario and the adtiacenrt parts 
of Quelbec. It is al6o found in veins deposited in the deep vein· zone and near the 
surface1 and has been noted to be present .in numerous localities in sedimentary rocks.2 

The most important deposits of fluorspar from a commerical sta.ndpoint, however, 
are the veins that occur in Palreowic sedimentary rocks in Durham and Derbyshire 
in England3 and in southern Illinois and western Kentucky, in the United States; and 
it is to this class of deposit that the veins of the ::M:adoo district belong. 

Summary Statement of Theories 

The theories that have been suggested to explain the .origm ;0f the fl.uorspar 
deposits of the Jv[adoc type, although somewhat V'aried in deta.il all fall in.to four main 
classes according to the source from which the material c'omposing the deposits or the 
solutions depositing the material is assumed! to have lbeen derived. T.hese briefly stated 
are as follows : 

(1) That the vein mat€rial Jhas been concent•rated from the adjacent o;edJimentaTy Tocks 
and re<ieposited in fissures through the agency of the ordinary ground water cir<Julation. 

( 2) That the vein material has been derived from the adjacent sedimentary rocks through 
the solvent action of ascending heated waters. 

(3) That the lime contained in the fiuorspar has been derived from the limestone wall­
rock but that the fluorine and other elements composing the vein material have been brought 
up in solution from a magmatic ·sour<Je. 

( 4) That both the vein material and the solutions from which the vein material has been 
deposited are of magmatic origin. 

The fo'St of these theories is .that proposed by \Vhitney to acoourut for the 
origin of the lead and zinc deposits of Wisconsin4 and subsequently applied to the 
fluorspar-bearing veins of southern Illinois and western Kentucky by Norwood,' 
Shaler6 and ;Emmons.7 

The second was suggested by W. S. Tangibr Smith in his report on the lead, 
zinc, and fl.uorspar deposits of western Kentucky8

• In this publication the presence 
of mica peridotite dJrkes which have the same general trend as one of the systems 
of fissures and which have proba!bly been introduced at the time of the general 
faulting of the region, is cited as evidence that the waters 1by which the fluorspar 
was concentrated were proba!bly ascending and hot. 

The theory ,that the fluorspar ha.s been formed by the interaction of fluorine 
compounds contained in ascending magmatic waters with the limesto'ne composing 
the waN-rock of the veins has been advanced by :Fohs in a number of publfoations on 
the fluorspar depo~its of Kentucky.9 Fohs suggests, following Bain, that the fluorine 

1 FJinmons, W. H., "A genetic classification oi minerals," FJcon. Geol., vol. III, 19<018, pp. 
611"6127, ia.nd "Principles of economic geoloKy," l!H8. 

2 Andree, K .. Eeber einige Vorkommen von Fluszpat in Sedhl'nenten, Tsch. Min. und Pet. 
llfitt. Bd. XXVIII, 1909, <S. 5315-556. • 

3 Carruthers, R. G., Pocock, lR. '\V., and Wray, D. A., with contributions .by H. Dewey and 
C. E. N. Bromehead, "Special report on the mineral resources of Great Britain." Memoirs of 
the Geological Survey, vol. IV, Fluorspar, 1917. 

Egglestone, William Morley, '"Dhe occurren<Je and commercial uses of fluorspar," Trans. 
Inst. Min. Eng., vol. XXXV, 19017-08, pp. 236-208. 

•Whitney, J. D., Geol. ·Surv., Wis., vol. I, 1<8612, ,pp. 3.88 -40:6. 
G Nor<wood, C. J., "Report of a reconnaissance in the lMd region of Livingstone, Orittenden 

and .Caldwell counties," Geol. •Surv., Kentucky, ;pt. 'I, vol. I, 2nd ser .. '1876, •Ppl 461-64. 
o Shaler, N. S., "Orn the origin of the galena deposits o>f the Upper 1Cam1brian <rocks of 

Kentucky," Geol. .Surv. Kentucky, pt . 8., vol. II, 2\nd ser., 18'77, pp. 2'77-330. 
7 Emmons, S. F., Trans . .Arn. Inst., Min. Eng., vol. XXI, 189 .2~93, pp. 51 -53. 
s Ulrich, E. 0., and 1Smith, W. S'. Tangier, Prof., Paper, U.S.G.S ., No. 36, 1·905, pp. :1!50-54. 
9 Fohs, F. Julius, "Fluorspar 'deposits of Kentucky," Geol. 'Surv., Kentucky, 1907, pp. 61-63, 

Econ. Geol., vol. V, 1910, pp. 377-386. 
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was probably brought up in the form of fluosilicates of zinc, lead, copper, iron, barium, 
and calcium. 

According to the fourth theoTy the deposits are of magmatic m•igin arud. 
hence have 'been developed in a similar manner to that generally assumed to be the 
mode of origin of most other mineral deposits found in intimate association with 
igneous rocks. That the fluorspar veins of Kentucky might have originated in this 
manner was suggested as an alternative possibility by Tangier .Smith; it wa~ 
believed to 'be the most probable mode of origin for the flu orspar deposits of southern 
Illinois, by Bain,1 and has been adopted by vVedd and Drabble2 as on the whole most 
in accord with geological conditions in the case of the fluorspar deposits of Derby­
shire. 

Madoc District 

Since ,some of the largest deposii.rts of fluorspar in the ~fodoc district occur where 
the veins intersect batholithic masses o£ impermealble Precamlbrian granite or 
syenite, it is scarcely possible that the material composing the veins could have been 
concentrated from the adjacent waI.1-rock by ascending heated water or that the 
fluorspar could have ·been formed by the interaction of the lime in the wall-rock with 
fluorine in ascending ma:gmrutic waiters. There ,are, therefore, only two theories 
that need be considered in endeavouring to ascertain the praba!ble mode of origin of 
the Madoc fluorspar deposits, namely: that they have developed superficially by con­
centration foom the l'alreozoic limes-tone through the agency of the groundwater 
circulation or that they have been brought up from a deep-seated magmatic source 
by ascending heated waters. 

Deposits of Stiperficial Origin. Field evidence that might be cited in support 
of the theory ·that the Madoc fluorspar deposits are superfk,ial in origin, is ,3"> 
folloiws : 

Throughout the region lying along the southern border of the Laurentian high­
lands of southeastern Ontario and the adjacent. parts of Quebec, there are numerous 
veins consisting of varying proportions of galena, calcite, barite, sphalerite, and fluor­
spar that occur either in the !basal Palreozoic formations that lie along the Precam­
brian border, or in the Precambrian in close proximity to the Palreozoic.3 The occur­
rence of these deposits in these relationships and their apparent absence in the Pre­
cambrian remote from the Palreozoic >border, and in the upper Palreozoic formations 
even where these have been abundantly fractured and faulted supports the assump­
tion that the material composing the deposits has been derived from the P alreozoic 
sediments and has been deposited in fractures or other openings at their base through 
the agency -0£ meteoric wa•ters.4 

, 

The presence of numerous underground channels and caves in the Palreozoic 
limestone of the ~Iadoc district, and the chasm-like openings that occur along the 
numerous joint planes intersecting the limestone indicate that much of this rock 
has been dissolved away by the groundwater circulation and hence may have been 
the source from which the minerals composing the fluorspar-bearing veins have been 
concentrated. Furthermore, the enormous quantities of water pumped from the 
mines and the effect of this pumping on the neighbouring wells proves that the 

1 Bain, J. Foster, "Fluorspar deposits of southern Illinois," Bull. U.S.G.S., No. 255, 1905, 
pp. 66-67. 

2 Wedd, C. B ., and Drabble, G. Cooper, "The fluorspar d'eposits of De!'byshire," Trans. 
Inst. Of Min. Eng., 1907-8, pp. 521-52.5. 

8 Logan, W. E., Geology of Canada., 1'863, pp. 51'6, 687-89. 
B aker, M. B., "The geology of Kingston and vicinity," Ann. Rept. Ont. Bureau of Mines, 

vol. XXV, pt. 3, pp. 3'1.-34. 
Uglow. W. L., "Lead a nd zinc deposits in Ontario and eastern Canada," Ann. Rept. Ont. 

Bureau of >Mines, vol. XXV. pt. 2. 
•See Vennor, H. G., Geol. Surv., Can., Rept. of Prog., 1874-75, p. 163. 
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:fissures in which the fluorspar deposits occur form important channels for the ground­
water of the district. 

The occurrence of stalagmites and stalactites composed of barite or of barite 
the :fluorspar in a cave on the Bailey property indicates that at this point at least 
barite and fluorspar were probaibly deposited 'by meteoric water. 

Igneous rocks of post-Ordovician age with which the deposits might be genetic­
ally connected are entirely absent in the district and are not knO'WD. to occur within 
200 miles of the region. 

The banded (crusti:fied) and cavernous character of the vein material and the 
small amount of metallic minerals which it contains suggest that the deposits have 
been deposited by meteoric rather than by magmatic waters. 

The galena-calcite-barite-:fluorite veins that occur in the Paheozoic border zone 
of southeastern Ontario and Quebec are remarkably similar in their character and 
relationships to the galena-sphalerite deposits occurring in the Mississippi valley of 
the United States that are generally regarded as of meteoric origin. The Madoc 
deposits are similar in their character, structural and age relationships to the other 
veins occurring in southeastern Ontario, in which galena predominates, and are 
almost certainly of similar origin. 

The presence of ·a nodular 1bituminous variety of lbarite and the mineral elaterite, 
in the fluorspar veins, can ibest be explained 'by the assumption that this .material 
has 'been derived from the LPal::eozoic 1imestctne, for these sediments are known to 
contain aggregates of oil.1 

Deposits of D eep-seated Origin 

Among the data that might be cited in support of ,the theory that the depoS']ts 
are of magmatic origin are the follO'Wing: 

The ·principal deposits of the mineral occur on fault fissures showing that the 
deposition of the vein materia1l was preceded by crustal disturlbances which might 
be related to ma.,"11Ilatic movements at depth. Moreover, one of the faults at least is 
continuous for .many miles and no doubt descends to a consideralble depth. This 
would, therefore, afford a channel along which magmatic solutions might ascend.2 

Although fluorspar is present in geodal cavities in the P·aheozoic formations o-f 
later age at Niagara and elsewhere in southwestern Ontariio, so far as known to the 
writer, the mineral occurs only in fissures in the Pal::eozoic of southeastern Ontario, 
and it is scarcely conceivaible that such large quantities of :fluorspar could 'be concen­
trated from the LPaheozoic formations (Black River and Trenton) of this district, 
without some evidence of its presence in these rocks being found. 

The fluorspar-lbarite-calcite galena veins that occur along the Precam'brian !border 
in southeastern Ontario, and the adjacent parts of Quebec arc exceedingly varialble 
<in composition even in the same district. Thus the vein on the property of the 
Kingdon ·Mining, 1Smelting, and ~fanufacturing Company at Galetta, O.ntario, consists 
almost entirely 0£ galena and calcite, whereas the vein occurring in a fault fissure at 
Quyon, Quebec, jus t 6 miles away, consists entirely of lbarite and fluorspar . Since 
the composition of the successive beds composing the various Pal::eozoic formations 
is a.pp1"1():>."imately uniform, there is no appareI1Jt reason iwhy the mineral oomposition 
of the vein material should lbe so different in the same district if the veins have lbeen 
derived from Palreozoic sediments. On the other hand, this variability is not 
uncommon in mineral veins that are !believed to be derived from a common magmatic• 
source. 

Discussion. It is oibvious that in the sumrriary of evidence presented in the preced­
ing pages no data have been cited from which any one of the theories proposed 

1 Several gallons of oil are s a id to h ave been encountered in places 1in the limestone quarries 
at Crookston situated 6 miles south of Madoc. 

2 Pirsson, L. V., "Economic Geology," vo l. X, 1915, pp. 180-186. 
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to explain the mode of ongm of the fluorspar deposits of the Madoc district, 01· 

:>ther deposits of the M.adoc type, can be established. The principal ,objection to the 
meteoric origin is the inadequacy of the groundwater oirculation to perform the 
concentration involved. It has long been known that :l\uorine is a constituent of 
sea water, that it has ibeen noted to be ·present in both surface and underground 
waters, and that it is a constituent of calcareous corals and shells.1 It has also lbeen 
shown iby Tangier 1Smith from analyses made by Steiger that the una!ltered Palreozoic 
limestone of Kentucky contains small quantities (0.04 - 0·10 per cent) of fluorine. 
It is possible, therefore, that the Palreozoic limestone of the lMadoc di trict, especially 
since it contains an albundance of fossils, likewise contains a small proportion of 
fluorine. The olbjection to the concentration of the fluorspar lby meteoric waters has 
not !been 1based so much, therefore, on the inadequacy .of the supply of fluorine in 
the Palreozoic sediments, as on the assumption that the concentration of the fluorine 
made it necessary that the fluorine he leached out of the 1Palreowic in some way while 
the limestone in which the fluorine was present remained behind, ·an obviously impos­
sible hypothesis. It has been ·previously pointed out, however, that the presence of 
chasm-lilre openings along the outcrops of the numerous joints that intersect the 
Palreozoic limestone indioate that enormous quantities of limestone have been 
dissolved away by meteoric waters in the ifadoc district. Furthermore, since the 
fissures in which the fluorspar occurs were probably formed in late Palreozoic time, 
and s-ince southeasitern Ontario has been a. land area continuously or almost continu­
ously since the Palreozoic, huge ~hicknesses of limestone must haYe been oarried away 
in solution from this region during the loIJ1g interval that has elapsed since the 
fissures ~n which the fluorspar occurs were developed. Thus, if the Palreozoic lime­
$tone of the Madoc district contains the same proportion of fluorine as that present 
in the limestone of Kentucky (0·04 to 0·10 per cent) the fluorine tJhat would go into 
solution due to the dissolving away of a mass of limestone 1 foot thick, over an area 
100 feet square, would be sufficient to form at least one ton of fluors·par and the 
fluorine that would go into solution as a result of the dissolving away of a similar 
thickness of lim.estone over an area of one square mile would lbe sufficient to form 
at least 5,000 tons of fluorspar. As r egards the fluorspar deposits of the Madoc 
district it is evident, therefore, that the groundwater circulation would be quite 
capalble of effecting the concentration of the fluorspar from the Palroozoic limestone 
provided fluorine is present in the limestone in tbe same proportiom a that found 
to lbe present in the limestone of Kentucky. 

The principal object'ion to the theory that the M1adoc fluorspar veins are .of 
magmatic origin is the absence of contemporaneous igneous intrusion. 1t has been 
pointed out by Pirsson, in this connexion, however, that "magma in the pseudo-rigid, 
but potentially liquid form conceived by Iddings must everywhere underlie the outer 
rock zone," and any movement in the lithosphere such as the faulting that occurred 
in the Madoc district might be attended by the liberation of volatile constituents, and 
that in places no further action than this might happen. Ile suggests2 further tha.t 
in a large measure the peculiarities in the composition of many mineral springs and 
waters in otherwise apparently non-volcanic regions may be ascribed to activity of 
this type. 

It has also been suggested by Uglow in discussing the origin of the fluorite 
contained in the lead and zinc deposits of southeastern Ontario that calcite-galena­
baritc veins occur in eastern Quebec where the Ordovician is '(Jut by intrusives chron­

'ologically related to the Taconic revolution, and that it is possible that the presence 
of fluorine in the vein minerals has a genetic relation to the igneous activity of post­
Ordri>ieian age, which produced important results in the province of Qu8bec, but 
which as far as known did not affact Ontario. 

l Clarke, F. W., Data of geochemistry, U.S.G.S. Bull. 695, p. H8, 1920. 
Birschof, Gustav., Lehrbuch der Geologie, vol. II, pp. 78, 86-102, 1864. 
Andree, K., Ue.ber einige Vorlrnmmen von Fluszpat in Sedime nten. Tsch. Min . Pet. Mitt. 

vol. XXVIII, 1909, pp. 536-5156 . 
2 Economic geology, vol. X, 1'9115, p. l t84. 
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Conclusion. The mode of origin of the fluorspar-bearing veins of Madoc district is 
obviously of consideraible economic importance, because if the deposits are of meteoric 
origin it is prolba'ble that they will dis·appear at depth, wlhereas if they have !been derived 
from a magmatic source they will probably continue to great depth or even !become 
in.ore extensfre on their downwa.rd eoutinuation. In view, however, of the conflicting 
character of the evidence bearing on these different theories and of the fact that 
the most i!Ill]Jortant evidence related t<> the problem, namely the fluorine content 
of the Palreozoic limestone of the district, is unknown, the writer believes that a 
definite conclusion regarding the genesis of the fluorspar deposits of Madoc di strict 
is unwarranted at this stage of the investigation. 

DESCRTPTION OF' PROPERTIES 

Moira Lake Group 

Palmateer 

The fluorspar deposits situated farthest to the south in the district are those 
outcropping at the north end of lot 18, concession VIII, Huntingdon township, the 
property of ).[r. George Palmiateer .(1 in Figure 5) . In this locality the Palreozoic 
limestone, which underlies nearly the whole of the southern part of Madoc district, 
is cut by several &mall fluorspar-bearing veins the principal data regarding which are 
included in the following table.1 

No. of pit 
or 

trench 

2 

3 

4 

5 

Width of vein Trend of vein Excavation 

2 parallel veins 15 feet apnrL North vein 1 foot North 60 degrees Trench JG ft long 
wide. South vein t inch wide west (magnetic) 

6 inches to 2 feet. . ........ . .. North 40 degrees Pit 35 feet long, 4 

6 inches wide .. 

6 inches wide. 

west (magnetic) feet wide, and 3 
feet deep 

North 25 degrees Pit 15 feet long, 10 
west (magnetic) feet wide, and 5 

feet deep 
. . Nor th 35 degrees Pit 3 feet long, 8 feet 

west (magnetic) wide, and 5 feet 
deep 

2 parallel veins 9 feet apart; north vein to 2 North 70 degrees Pit 10 feet long, 10 
inches wide, south vein 6 inches wide west (magnetic) feet wide, and 8 

feet deep 

The material composi.ng these veins consists mainly of fluorspar, barile, and 
calcite. The fluorspar is chiefly a colourless, massive, white or green variety, but on 
the .ore pile near the No. 2 pit some crystallized red-looking fluorspar was observed 
which consists of colourless fluorspar in which red particles (probably hematite) were 
distributed in zones parallel to the crystal faces. 

Although these veins are relatively small their presenoe on this property is 
important ibecause they all trend in a northwe&terly direction and lie directly on the 
continuation of .the Noyes-Perry vein, thus indicating that the Moira Lake fracture 
system continues as far south at least as this locality (Figure 5). 

Wright 

Wellington and Munro of Madoc have excavated a series of ten prospect pits in 
the gravel which overlies the Pnlreozoic bedrock on this ·property, to discover the con­
tinuation of the vein exposed on the Howard property which ad joins this lot on the 
west. In one of these pits situated near the middle of the serie -an excavation about 
50 feet long, from 20 to 5'5 feet wide, and 10 feet deep----a vein of fluorspar wa dis­
covered. Wben the writer examined the pit the walls had caved in and the only 
e>iclcuce of the presence of fluorspar that could be observed was the fragments of vein 
material that had been piled nearby. 

1Pits and trenches numbered in the order of their occurrence from east to west. 
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Howard 

Several carloads of :fluorspar have been shipped from a deposit situated near the 
north end of lot 14, concession XI, Huntingdon township 1(3, 1Figure 5). The dis­
covery of :B.uorspar in this locality was made by .Stephen i\Vellington who, with Mr. 
Munro, worked the deposit during January and lFebruary 1918, and then sold the 
property along with the Noyes mine, which adjoins the Howard on the north west, to 
Canadian Industrial Minerals, Limited. The operations commenced by Wellington 
and Munro were not cominued by the new owners, however, and the property lay idle 
until August, 1~20, when lW ellington and Munro obtained an option on the lot from 
Canadian Industrial Minerals, Limited, and r esumed operations. 

A number of scattered prospect pits have been e.."cavated on this property, but 
the only openiings in which a vein has been found are ,two nor.thwcsterly-trending pits 
situated about 300 feet east of the Howard farmhouse. The northern of these pits is 
a1bout 70 feet lon:g, 10 to 15 feet wide, and 2 to 15 feet deep. The other pit which is 
situated about 50 feet to the south is about 100 fuet long, 10 to 20 feet wide, and 10 feet 
deep. tA. shaft no.w filled with water but said to be 25 feet deep has been sunk from 
the bottom of the north 'J)it close to its southeast end. In September, 1920, a new 
shaft was 'being sunk from the bottom of the south pit near its northwest end, and 
at that time was 25 feet deep. The walls of the pits consist of grey, :flat-bedded 
Palreozoic limestone overlain by gravel and boulder clay. The latter material bas 
slumped down from the pit faces covering the bottoms of the pits so that the vein was 
not seen by the writer except in the southeast face of the north pit and in the faces 
of the new shaft. At the ifirst of these points the vein was 2 feet wide, but was said 
to be 5 feet wide in the old shaft only a few feet away. In a new shaft it was from 5 
to 7 feet wide but included a considerable proportion of limestone fragments in places. 
The vein material is mainly white to grey, massive :B.uorspar, but includes some barite 
and calcite. 

A diamond-<lrill hole wa.s put down on this property at an angle of 61 degrees 
towards the northeast from a point a1bout 60 feet to the south of the old s·haft, the 
record of which follows : 

D epth of diamond-drill hole 

Feet 
O·O to 84·5 

84·5 to 85·0 

85 ·0 to 146·0 

146·0 to 150 ·0 

150·0 to 171·0 

Equivalent vertical depth 

Feet 
O·O to 73·9 

73·9 to 74.3 

74·3 to 127 ·7 

127·7 to 131·2 

131·2 to 149·5 

Material 
cut 

by drill 

Palreozoic lime­
stone 

Fluorspar 

Palreozoic lime­
stone 

R ed granite 

Palreozoic lime­
stone 

The mass of red: granite penetrated at a vertical depth of 131·2 feet was pre­
sumably a boulder and indicates that the drilling w_as discontinued close to the Pre­
cambrian-Palreozoic contact. The J?alreozoic in t11is locality is, therefore, about 150 
feet thick. The vein of fluorspar was cut in the drill hole about 10 feet to the south­
west of the outcrop of the vein at the surface and has, therefore, an average dip of 80 
degrees. 

Noyes 

Location and History. The Noyes mine, the property of Canadian Industrial 
Minerals, Limited, is situated on the top of the high area of granite that outcrops to 
the south of the eastern and lower part of Moira lake. It lies about one-half mile east 
of Moira .Lake station on the Madoc branch of the Grand Trunk railway, where a 
siding has been constructed by the company. 
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The discovery of :ftuorspar on this property was made by ·Donald Henderson of 
Madoc in 11!16. In that year Henderson, in company with 10hesley 1Pitt, purchaS€d an 
option on the mining rights of '20 acres in the southeast corner of lot 13, concession 
XII, Huntingdon township, and after sinking prospect pits along the outcrop of the 
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·Figure 6. Fluorspar-bearing vein, lot 13, con. XII, Huntingdon tp., Hastings co., Ont. 

vein they sold their option in the early part of 1917 to Wellington and Munro who bad 
previously acquired an option on the remainder of the property. Wellington and 
Munro then commenced mining operations and continued to work the property until 



56 D 

March, 1918, when they sold their options on lot 13 with the mining rights to some 
adjacent lots, to Canadian Industrial Minerals, Limited. This company continued 
mining operations until the autumn of 1920 when the mine was closed down. Over 
15,000 tons of fluorspar was produced from the mine during the period of its operation. 

Geology. 'The belt of Palmozoic limes tone that underlies the southern part of 
central Ontario is delimited on ~he north in place& by steep northward-facing escarp­
ments that rise abruptly to a height of 1-50 feet above the Precambrian complex 
exposed at their bases. An escarpment of this type lying along the south shore of 
Moira lake is interrupted directly east of the narrows where the Grand Trunk rail .vay 
crosses the lake by an embayrnent three-quarters of a mile in width, on either Ride of 
which the escarpment turns southward and gradually disappears on the slopa o{ a 
knob o{ Precambrian granite. The principal workings on the Noyes propE'rty are 
situated close to the eastern edge of this granite mass, but the vein from which th( 
ore has been mined has been traced almost continuously in a northwesterly direction 
to the shore of Moira lake and in a southeasterly direction into the Palreozoic lirne~tone. 

The granite is a pink to red variety which is intersected •by numerous joint planes 
but is not foliated. When examined under the microscope, it was found to consist of 
a fine, granular mosaic of quartz, microcline, and orthoclase, in which grains of 
microperthite up to 3 mm. in diameter are included. The less common constituents 
are biotite, apatite, magnetite, and hcmatite. The biotite is a brown to pale yell0w 
variety occurring only here and there throughout the rock. The hematite lies along the 
contacts of the quartz and feldspar grains in aggregates or zones. 

The Palmozoic limestone is a fine-grained, ,grey rock occurring in flat-lying or 
nearly flat-lying beds from a few inches to several feet in thickness and exhibiting a 
rubbly appearance on the surface of its exposures. It belongs to the formation lmown 
as the Black River. The contact of the limestone with the underlying granite so far 
as was observed, is not exposed at the surface on the property but was seen under­
ground at the extreme southeast end of the workings. 

General Character of D eposits . The fluorspar produced from the Noyes mine 
has been obtained chiefly from lenticular enlargements on a vertical or nearly 
vertical vein which extends in a northwesterly direction diagonally across the tpro­
perty. These lenses range from a few feet to over 2()0 feet in length and from a few 
inches to 17 feet in width. They consist mainly of fluorspar and barite in varying 
proportions, :f:luorspar being predominant in some lenses and barite in others. In 
practice only that part of the vein in which fluorspar predominates is taken as ore. 

For the purpose of detailed descrip tion the deposits may be divided into two 
grou·ps: (1) those exposed in openings at the surface; a·nd (2) those seen in the 
underground workings. 
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Deposits in Surface Openings. The openings along the outcrop of the vein to 
the southeast of the iN o. 2 s.h.a.ft (Figures· 7 and 8) are now either covered lby waste 
dumps or filled with de'bris, so that the vein cannot be seen at the surface in this 
:part of the property. Northwest of the No. 2 shaft a number of lenses are exposed 
in pits and trenches that have been excavated along the outcrop of the vein, but on 
the whole, the deposits so far discovered in this locality are small and relatively 
unimportant. The principal data regarding these occurrences are included in the 
following table: 

Distance northwest of No. 2 shaft Vein Excavation 

0 feet to 35 feet . . .... . ..... .. . . . Not exposed 
35 feet to 185 feet .. . . . Vein material 1 to 4! feet wide . ... No. 1 open-cut 2 to 8 feet wide, .5 

185 feet to 46.5 feet .. . Granite fractured, but little or no 
vein material present 

to 25 feet deep 

465 feet to 520 feet . .. . .......... Vein 6 inches to '.2 feet wide .. ... ... No. 2 open-cut, 2 to 5 feet wid e, to 

520 feet to 625 feet . . . . . . . . . . . . . Not exposed 
20 feet deep 

625 feet to 675 feet. . Vein 1 inch to 2 feet wide.... . . . . Trench 3 to 5 feet deep 
675 feet to 775 feet ..... . . . . . . . . . . Not exposed 
775 feet to 1,000 feet.. ... .. .... . Vein 3 to 10 inches wide ........... A series of 8 prospect pits in drift 
1,000 feet to 1,750 feet ......... . Not exposed 
1,750 feet to 1,815 feet ............. Vein 3 inches to 8 inch es wide ..... Three prospect pits in drift 
1,815 feet to 2,050 feet, Moira lake. Not exposed 

At the time the writer examined the openings 'in the north west part of the Noyes 
property, the >bottoms of the pits were hidden iby debris so that the vein could lbe 
seen only at the ends of the openings, or in the case of No. 1 open-cut, in the face:; 
of the mass that remains in the centre of the cut (Figure 8). Tn open-cut No. 1, the 
vein material occurs chiefly in two parallel banded zones separated partly iby horses 
of broken granite, and partly by vein material of the cavernous type. The !banded 
vein material consists of bands of pink to white barite from ~ to 4 inches wide, 
alternating ·with bands of honey-yellow fluorspar from ~ to s inch wide. The 
cavernous type of vein material has the same composition as the 'banded type except 
that it contains a small proportion of calcite. The zones of 'banded ore range from 
6 inches to H feet, and the cavernous masses up to 2z feet in width. The total 
maximum width of vein material observed was H feet. Some barite was shipped 
from this pit in 1918 iby Wellington and Munro. 

In open-cut No. 2, f!IBO, there are two parallel zones of ibanded vein material, 
but wherever these are e.'i':posed they are separated iby unbroken red granite. The 
zones range from 6 inches to 1 foot in width and have a total maximum width of 
2 feet. In places the vein material ·occurs in peculiar dome-like forms within which 
the barite and fluorspar bands e.xhiibit a concentric structure. The maximum 
diameter of the domes was 3 incheti. 

Deposits in Underground Workings. The principal data regarding these deposits 
are indicated in Figures 7 an<l 8. In Figure 8 the extent and grade of the vein 
material encoun,tered on the various levels are shown in the following ways. 

Parts of vein from which f/,iiorspar has been stoped away. In this sub<livis~on 
are included the parts of the vein in which the vein material was sufficiently exten­
sive and high enough in grade to be mined. Three separate lenses or groups of 
lenses belonging to this class were present, (a) a large lens lying mainly to the 
southeast of shaft "°-0. 1 from which about 10,000 tons of fluorspar was obtained: 
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(b) a group of :five small lenses situated on the 10(), 200, and 25Q•foot levels to the 
southeast of shaft No. 2; (c) a small lens situated at the southeast end of the 
100-foot level. 

Y ein mat.erial more than 1 foot wide, fl,iiorspar predominant. In this 'class are 
included all those parts of the vein in which a width of at leas t 1 foot of vein material 
of marketable grade is .present, 'but -which, either because it is too much intermingled 
with wall-rock, or too limited in extent was not mined. It may be olbserved that these 
parts of the vein all lie adjacent to the openings from which the ivein material has been 
stoped away. 

TT ein material over 1 foot wide, barite predominant. This subdivision inclJ.1.des 
the parts of the vein in which the vein material is over 1 foot in width but contains 
too great a proportion of lbarite to be mined for fluorspar . Vein material of this 
type is found chiefly in the lower workings and most extensively at the southeast 
encl of the 200-foot level. 

T' ein material less than 1 foot wide, gmnite wa,ll-1•ock grey. In this subdivision 
are indicated the parts of the >ein where the width of vein material is less than 1 foot, 
but where the circulation of the depositing solutions has 'been sufficient to alter the 
colour of the granite wall-rock from red to grey. 

Vein material a few inches wide or absent, granite wall-roclc red. In this sub­
division are shown the ·parts of the vein where the vein material is only a few inches 
wide or is absent, and where there has not been sufficient circulation of the solutions 
depositing the vein material to change the colour of the granite wall-rock. They 
occur mainly in the vicinity of shaft No. 2 and along workings to the north<west of 
shaft No. 2. 

Diamond Drilling. Two diamond-drill holes were put down on the Noyes pro­
perty by Canadian Industrial Minerals, Limited, the principal data regarding which 
are included in the following table: 

Equivalent 
vertical 

Position Direction Angle D epth in depth in Depth Total 
No. of of of Palreozoic Palreoz ic in 

drill hole dip dip feet feet granite depth 

1 250 feet cast of haft No. SW. 58 49 43 l17t 166t 
l , and 105 feet north-
cast of vein (Figure 8) 

2 632 feet north of south- SW. 55 134 110 9 145 
east corner and 57 feet 
west of east boundary 
of property 

Ilole No. 1 was drilled for the purpose of cuttino- the Noyes vein at depth, but 
was discontinued approximately 3·0 feet above the necessary depth. Drill hole No. 2 
was put down to intersect the continuation of the Howard vein on the Noyes property 
but was probably placed too far north for this pm·pose (Figure 5). 

Blakeley 

The Blakeley property is situated west of the Madoc-Belleville road (Figure 5), 
where it ascends the Palreozoic escarpment that adjoins the south shore of Moirn 
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lake. The discovery of the fluorspar on this lot was made by James O'Reilly in 
19'16, but most of the development worlk was performed by the late Stephen Well­
ington and his associates. Several carloads of flu orspar were shipped from pit No. 1 
and shaft No. 1 iby W ellington during the summer of 1920. 

Character of D eposits . There are at least three fluorspar deposits present in thi~ 
lot which for the purpose of description may be referred to as the north vein, the 
south vein, and vein in pit No. LI.. 

North Vein. The north vein as shown in Figure 9 trends approximately north 
40 degrees west (magnetic) and has been traced at intervals for over 500 feet. The 
principal data r egarding the character of the vein as exposed in the various openings 
that have lbeen excavated along the vein are included in the following talble: 

Excavation Width Dimensions 
Character of vein of of 

(Figure 9) vein material excavation 

Pit No. 2. ..... . . . . . . Well-defined, mainly honey-yellow fluor- 1 to 2! feet .. . .. . ... 15 feet by 15 feet 
spar 12 to 15 feet deep 

Shaft No . 1 ....... ... A well-defined vein along cast wall, 1 to 3 feet. ···· ··· ... 10 feet long, 8 feet 
remainder of wall-rock traversed by wid e, 25 feet deep 
numerous veinlcts 

Pit No. 3. ...... . Two veins separated by horse 2 feet wide 2 feet ...... .. . ...... 60 feet long, 10 feet 
on northwest face, vein material adher- wide, 10 feet deep. 
ing to sou thwest wall. 

Adit No. 1. .. .... .... Lenticular enlargement on v ein, 30 feet 6 inches to 2 feet ... . 30 feet long 
long 

Adit No. 2 . ... ..... Vein crossing end of ad it. ·· · · · · . .... . . 6 inche ··· · ···· .. . . 60 feet long 
Trenches along out- Not exposed . .. ....... ... . . ... . . . ...... 1 foot or less .. . .. .. I to 3 feet deep 

crop of vein north-
west of adit No. 1. 

South Vein. The south vein on ithe Blakeley property (Figure 9) trends north 
4 degrees west (magnetic). It can be observed in pit No. 4, in shaft No. 2, and in 
a trench situated about SO feet north of pit No. 4. Pit No . . 3 is an excavation 40 
feet long, 10 feet wide, and 6 feet deep, from the bottom of which, at a point about 
10 feet from its. south end, shaft No. 2' has been sunk to a depth of 25 feet. The 
vein material exposed in these openings consists mainly of alternating bands or 
.zones of white 1barite and colourless to honey-yellow fluorspar. The proportion of 
:barite and fluorspar varies greatly from point to point, but on the 'whole the barite 
predominates. The width of vein material exposed in shaft No. 2 ranges from 2 to 6 
feet. The vein material observed in the trench that has been excavated along th'! 
outcrop of the vein farther to the north r anges from 6 inches to 1 foot in width and 
is similar in character t o that seen in pit No. 4. 
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Vein in Pit No. 1. Pit :No. 1 is an excavation 50 feet long, 6 feet wide, and 30 
feet deep that was opened up by 'Stephen Wellington during the summer of 1912-0. 
The vein material exposed in the pit consists mainly of fluorspar and occurs in two 
zones separated by a much fractured mass of the limestone wall-rock. The total 
width of the vein material ranges from 1 to 3 feet. Since this vein trends north 35 
degrees west (magnetic) and is situated 30 feet to the southwest of the continuation 
of the north vein (Figure 9), it might be ·assumed that it is a separate parallel vein 
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Figure 9. Fluorspar-bearing veins, lot 10, con . XII, Huntingdon tp., 
Hastings co., Ont. 

having no connexion with the north vein, but the results from d'iamond-drill hole 
No. 1 have shown that the north vein dips to the southwest, so that at depth it lies 
almost directly on the co11tinuation of the vein in pit No. 1. It is possible, there­
fore, that this vein is a branch from the north vein. The walls of the pit are polished 
and striated, indicating that the fracture in which the vein occurs is also the locus 
of a fault. Since the strire trend almost horizontally the direction of movement 
along the fault was presumably nearly horizontal. 

Diamond Drilling. Trwo diamond-drill holes were iput down on the Blakeley 
property in 19·18 by Canadian Industrial Minerals, Limited. The positions, and the 
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directions and angles of dip of these are shown in Figure 9. The depths were 172 
and 235 feet respectively. In hole No. 2 no fluorspar was found, but in hole No. 1, 
7 feet of vein material was cut at a depth of 14!2 feet. From these data it can be 
calculated that the vein was crossed by the diamond drill at a vertical depth of 114 
feet and at a point situated a•bout 2i5 feet to the southwest of shaft No. 1. 

Perry 

The Perry mine is situated about 2 miles south of the village of Madoc and close 
to the north shore of the narrows that divides Moi:r<a lake into upper ~nd lower divi­
sions. The principal workings on the property lie ' only a few hundred feet to the 
west of the Belleville-Madoc branch of the Grand Trunk railway with which the 
mine is connected by a siding. 

History. The outcrop of the vein on the Perry property is said to have been 
laid bare at the time the Belleville-Madoc bra-nch of the Grand Trunk railway was 
l:>eing built, but no attention was paid to the discovery until the year 1912, when 
Messrs. Cross and Wellington purchased an option to prospect the property. Actual 
mining operations were first undertaken in the autumn of 1915 and except for an 
interval of a·bout 11 months between D ecember 1, 1917, and November 1, 1918, were 
carried on continuously from that time to the autumn of 19'20. 

Geology. The rooks occurring adjacent to the Perry mine, so far as observed, 
,are all of Precambrian age and fall into two principal groups: (1) a number of sedi-
1mentary types belonging to the Grenville series; and (2) masses of quartz syenits 
and granite similar in character to the Moira granite that outcrops in extensive 
areas south and east of Moira lake. 

T·he rocks of the first class are chiefly rusty-weathering, cream-coloured dolo­
mite and finely banded, light and dark grey, impure limes.tone. The rusty-weathering 
dolomite outcrops adjacent to No. 2 shaft and in the area adjoining the north shore 
of foira lake to the south west of the No. 2 shaft. The finely laminated grey lime­
stone is exposed near 'No. 1 shaft and in the northeastern part of the property. 
About 200 feet to the north of the No. 3 shaft a small outcrop of a dark brown, dense 
rock occurs which when exa=ined under the microscope was found to consist of dark 
,brown mica, sericite, and <fine, granular quartz and feldspar . Since this rock occurs 
in an outcrop only 20i feet in d'iameter and is not in contact with any of the other 
.rocks exposed in the area, it is not possible to determine definitely its age relation­
ships or origin. It resembles a banded argillite or tu.ff seen elsewhere in the region, 
however, and is probably either a metamorphosed argillaceous sediment or pyroclastic 
rock contemporaneous in age with the Grenville limestone and dolomite. 

The quartz syeniite and granite exposed Jiear the Perry mine occur in scattered, 
irregular masses, the largest of which forms the ridge that lies directly south of 
No. 1 and No. 3 shafts. Since this ridge, except where it adjoins No. 1 shaft, is 
surrounded by swamp or glacial drift, the extent of the granite-quartz syenite mas~ 
is not known, 'but at its west end it evidently extends for some distance to the north 
beneath the drift cover, for it furms the wall-rock in No. 3 shaft and in the adjacent 
underground workings. At these points, just as 'in the case of the Noyes mine, the 
colour of the granite changes from its normal red or pink to pale grey in the 'vicinity 
of the vein. A thin section of a specimen of thi grey phase of the rock taken from 
the dump adjoining shaft No. 3, when examined under the microscope, was found to 
consist of fine, granular orthoclase partly altered to sericite, plagioclase, quartz, 
muscovite, and scattered grains of pyrite, tourmaline, and calcite. 

Character of the Deposit. The fluorspar found on the Perry property occurs in 
a northweSJterly-trending vein that outcrops in two rock-areas that protrude through 
the swamp adjoining the north shore of Moira lake. Since this vein trends in thP 
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same direction as, and li et> directly on the continuation of, the vein on the Noye;, 
:property to the south of ~foira lake, it is evident that the veins on the two propertie3 
belong to the same fracture system and are probably parts of the same vein. One of 
the two rock areas in which the vein is exposed adjoins the north shore of :Moira 
lake, whereas the other area is situated across the swamp about 700 feet to the north­
west. 

The principal data regarding the superficial workings on the property are 
included in the following ta'ble. 

Excavation 
Character of vein 

(Figure 10) 

Sou theast area 

Width 
of 

vein material 

Dimensions 
of 

excavation 

Pit adjoining shaft Honey-yellow to pale green fluorspar ... . 5 feet ..... .. .. . .. . .. 25 feet long, 6 feet 
No. 2 on s:iutheast . wide, and 7 feet 

deep 
Shaft No. 2 ........ . . Vein not seen (shaft filled with water) .. Said to be 5 feet 35 feet deep 

Pit 60 feet northwest Vein not seen (p it filled with water and 
of shaft No. 2 debris) 

Northwest area 

wide to bottom of 
shaft 

. 20 feet long, 4 feet 
wide, and 6 feet 
deep 

Pit betwe~n shaft No. Vein well defined .... . . .. . ... .. .... .... . 1Cootto18 inches .. 25 feet long, 1 to 4 
1 and railway feet wide, 10 to 12 

Shaft No. I. .. ....... Not observed .. .. . ......... . ...... . ..... Not observed. 
Pit adjoining shaft Two veins 6 inches to 2~ feet wide enclos- 1 to 3 feet . .. 

No. 1 on the west ing a mass of broken limestone .... . .. . 

feet deep 
. 75 feet rleep 
. 30 feet long, 10 feet 

wide, 20 to 40 feet 
deep 

With the exception of a small stope said to 'be 20 feet long to the southeast of 
shaft No. 1, all the underground mining on the Perry property has 'been carried on 
from No. 3 shaft. This shaft, which is HO feet deep, has !been sunk close to the 
west end of a lenticular mass of granite 50 feet long and 10 feet wide that lies between 
northeast and southwest branches of the vein. Between the surface and the 90-foot 
level, to the southeast of the shaft the northeast !branch of the vein is only a few 
inches wide, whereas the outh branch widens at a depth of 50 feet to a lens having 
a maximum width of 4 feet; to the northwest of the shaft !both !branches of the vein 
unite forming a single lens 100 feet long and 6 feet wide. Between the 90-foot and 
the 140-foot levels, to the southeast of the shaft the southwest branch is only a few 
inches wide, whereas the north 1'hranch widens into a lens 80 feet long and 5 feet 
wide at its maximum point; to the northwest the lens terminates at a'bout 50 feet 
from the shaft. In reality, therefore, most of the fluorspar found in the vilCinity of 
No. 3 shaft occurs in a len having a horizontal Jength of 100i t<> 1'30 feet and extending 
diagonally down the vein to the southea t .at an angle of about 65 degrees. From 
this lens a 'branch lens extends southeast for a/bout 50 feet at the 50-foot level. Since 
the main lens has a width of 5 feet at the !40-foot level and no vein material has 
been r emoved below that depth the total length of this lens is not known, but its 
length from its northwest termination down to the 14(}-foot level is rt50 feet. The 
height of the lens measured parallel to the shaft is a/bout 200 feet, lbut meaS1Ured at 
right angles to its longer direction only 100 feet. Its maximum width is 6 feet. All 
the ore present in this lens has been removed down to the 140-foot level. During 
the latter part of the summer of 1920 a drlift was driven along the continuation of 
the vein for 75 feet from the southeast end of the 140-foot 1evel, that is, to a point 
160 feet from shaft No. 3 and hence almost directly beneath shaft No. 1. In this 
distance the vein had an average width of 2 feet. 
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The vein material on the Perry property i mainly the banded type and consist5 
chiefly of fluorspar, barite, and calcite. The fluorspar greatly predominates, however, 
and prnrtically all the vei.n material is sufficiently high grade to be mined. Tb.<: 
fluorspar is a honey-yellow, colourles to pale green variety and fo r the most part 
occurs in well develloped crys tals. The Iese; common constituents are fibrous celeatite 
and pyritP. 

Goe 

Two parallel northiwesterly-trending veins are exposed in some shallow pits that 
have •been excavated close to the north shore of Moira lalke on lot 10, concession XUI, 
Huntingdon township, the property of .Mrs. Arthur Ooe of Madoc. The principal 
data r egarding these ·deposits are included in the following ta1ble. 

Width Dimension 
Vein Character of vein or or Trend or vein Country rock 

vein material excavation 

E • ast vein ... Fluorspar and baritc, 6 to 18 inches .. . 90 feet long, 3 to North 40degrees Buff-coloured 
fluorspar predominant 5 feet wide, 1 west (magnet- dolomite Pre-

to 18 feet deep ic) cambrian 
~'est vein ... Fluorspar, calcite, and 4 to 18 inches . . . 40 feet long, 3 North40degrees Buff-coloured 

barite, calcite abund- feet wide, 5 west (magnet- dolomite Pre-
ant feet deep ic) carnbrian 

South Reynolds 

A fluorspar-ibearing vein trending north 45 degrees west (magnetic) occurs on 
the South Reynolds property, lot 7, concession XIII, Huntingdon township, directJly 
north of the outlet of MoiTa river into M<Jira lake. The vein can be seen at present 
along the !bottom and faces of ·an open-cut, 200 feet long, 2 to 6 feet wide, and! 20 
feet deep, that lrn.s been excavated at right angles to the slope of the ledge of 
Palreozoic limestone that parallels the west shore of Moira lake in this locality. 
Throughout a considerable part of the length of the open..cut the deposit con ists 
of two parailiel veins ranging from ·a few inches to 18 inches in width and separated 
by lenses of limestone up to a foot or more in width. In places along the northeast 
face of the pit SUJbsidiary veins !branch from the main vein, and fade out towards 
the north, a feature that was also observed along the north side of the Noyes-Perry 
rnin on the Noyes property. The materi·al composing the vein on the South Reynolds 
property, as in the case of most other deposits, consists chiefly of fluorspar with 
barite and calcite as less abundant constituents. The .walls of the open-cut are 
slickensided and striated in 'Places and as in the case of the other deposits of the 
Moira Lake grou'J), the strire are almost horizontal. 'Dwo carload$ of fluorspar were 
shipped from this property in 1917.1 

Rogers 

The occurrence of a northwesterly-trendiug fluorspar-bearing yein at the south 
end of fot 10, concession XIV, Huntingd<Jn tawnsh1p, is of consideraJble interest 
because the vein at this point lies directly on the continuation of the Noyes-Perry 
vein and hence affords evidence of the continuity of the Noyes-Perry vein from the 
Perry mine on the east across the Roger's property to the Kane mine on the west 
(Figure 5). The discovery of the vein at this point was made by Donald Henderson 
an·d 10hesley P ,itt of '.Madoc aibout the year 1909, but ructual mining ·was first under­
ta1rnn 1by 11\Jfessrs. Gillespie, Cross, and Wellington, in 1910. In the foll awing year 
Gillespie, Gr oss, and Wellington sold the property to l\fr. L . L. Battle from whom it 
was afterwards purchased by the present owner, Mr. 0. M. Bowman. lVfini.ng opera­
tions have !been attempted on the Rogers property at frequent intervals during the 

1 Ann. Rept., Ont. Bureau of Mines, vol. XXVII, 1918, p. 138. 
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twelve years that have elapsed since the vein was discovered, but the greater part of 
the work on the deposit was performed during 1910, 1911, and 1914. 

The principal excavation on the property, an open-cut about 100 feet long and 
from 5 to 10 feet wide, was partly £.liled with water art the time .the writer examined 
the property in the summ er of 1()20, so .that neither the depth of the pit nor the 
oharacter or e.."ternt of the vein present in the bottom of the pit could be determined. 
The form of the opening indicated, however, that the vein materia.l originally present 
occurred as a lens about 80 feet long and S feet wide at its middle. The only vein 
material seen on the property was a ma s that stood' above the S1Urface of the water 
at the northwest end of the pit. This had a width of about 5 !feet, and consisted 
main[y of green to honey-yeUow fluorspar. The strire on the walls of the pit are 
almost horizontal. At a point about >±0 feet north west of the pit a vertical shaft said 
to be 65 feet deep has been sunk, £1,om the bottom of which a cross-cut has been driven 
to intersect the vein. It was reported to the writer, however, that no fluorspar was 
mined by way of this cross-cut. The country rock exposed nea r the vein and the rock 
compo ing the dump from the shaft are mainly the buff-colouredPrecambrian dolomite 
that outcrop extensively elsewhere in the vicinity of the north shore of Moira lake. 

Kane 

The flu orspar deposits occurring on the Kane property, lot 9, concession XIV. 
Huntingdon township, are especially interesting because the principal vein con ta ins 
a considerable proportion of brilliant transparent crystal s of fluorspar up to 4 or 5 
inches in diameter.1 The di scovery of the main vein on the property was made by 
Mr. Kane, owner of the lot, in the latter part of the summer of 1917, when dee-pening 
the outlet of a spring. In the autumn of 19'17 ;fifr. Rinaldo M~Connell purchased a 
lease of the lot from Kane, and the following spring after sinking a pit 10 feet deep 
on the vein, sold his lease to a company known as Canadian Fluorite, Limited, that 
had been organi zed in Toronto for the purpose of purchasing and developing the 
property. The new company continued opera tions until April, 1919, when the mine 
was closed down, and all equipment with the exception of the haft hou e and ore 
shed was removed. 

Two occurrences of fluorspar are known to be present in the territory included in 
the Kane property: (1) the main vein which is situated near the north end of the lot, 
and lies directly on the continuation o-f the Noyes-iPerry-Rogers vein ('Figure 5); and 
(2) a group of veinlets e.."posed in a small prospect pit situated near the southwest 
corner of the lot. 

Main Vein. Since the main vein on the Kane property is not ex.posed at the 
surface .and .all the mrining operations performed on the vein were carried on under­
ground from a single vertical shaft, which is now inaccessible, the following 
description of the deposit is based for the most part on an examination of the 
material exposed on the dumps adjoining the shaft. The rock fragments observed on 
the dumps. indicate that the wall-rock of t.he vein con ists partly of dark grey /banded, 
impure Grenville limestone, an.d partly of a dark, fine-grained, metamorphosed, 
igneous intrusive, and is, therefore, of Precambrian age. The limestlone in places 
contains dark phenocryst-like inclusions which on microscopic examination were 
found to be crystals of microcline. The bands in the limestone range from i2 inch to 
11 inch in width. The igneous rock when examined under the micro cope was found 
to consist almost enti1-ely of blue green to pale ye11ow amphibole and plagioclJase 
having the optica.l properties of andesine, and has, therefore, t he mineralogical 
composition of a diorite. The vein material is said to have a width of 8 t :.. g feet in 
the shaft and as in the case of the other deposit.6 in the district consists chiefly of 
fluorspar, barite, and ~alcite, but unlike any other known deposit, contains on the 

I Walker , T. L., "Fluorspar from Madoc, Ontario," Am. !Min., vol. IV, 1•91'9, pp. 9<5-916. 

24672-5! 
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whole more calcite than fluorspar or barite. The :fluorspar is either white, pale green, 
honey-yellow, or rose-red in colour, and is commonly transparent. The brilliant 
crystals of transparent flrn)rspar suitable for optical purposes occm as inclusions 
in a grey, :fibrous celestite which is evidently present in the vein in masses of consid­
eraMe size, since the broken fragments of the mineral in the dumps were a foot or 
rriore in diameter. The barite oecurs partly in separate .tabular crystals and partly 
in dome-like aggregates of concentrically arranged tabulre. These domes generaBy 
range from ~-inch to 1 inch in diameter. The underground workings on the main 
vein consist of a vertical shaft aid to lbe 65 feet deep and drifts along the vein at a 
depth of 50 feet for 100 feet to the southeast, and for 1160 feet towards the northwest. 
At a point on the 50-foot level, 150 feet northwest of the shaft, a winze was started, 
and bad been siunk to a depth of 1'6 feet on .March '15, rnrn.1 No stoping was done on 
the vein hat several carloads of fluorspar obtained in the course of development work 
were shipped from the property in 1918. 

Southwest Vein. Near the south west corner of the Kane lot, there is a shalil:ow 
prospect ·pit about 12 feet long and from 2 to •6 feet wide and! 3 feet deep in which three 
:fluorspar-bearing veinlets 6 inches in width are exposed. Two of the vein~ets lie along 
the north wall of the pit and strike north SO degrees west (magnetic) parallel to the 
structural trend of th Precarobr~an ljmesrt:one wan-rock. The third veinlet which is 
possibly a. branch from the other two veinlets outcrops about 3 feet farther to the 
south and trends in a northeast-southwest direction. The material composing the 
veinlets consists mainly of ,zones of minute crystals of quartz overlain by paJ.e green 
crystals of fluorspar ranging from -&; inch to over 1 inch in drameter. The common 
crystal forms assumed by the fluorspar in thi.s locality, as el ew here in the district, 
a.re the cube and: the . octahed ron, but in this occurrence the ootahedron is the 
dominant form. 

North R eynolds 

Near the southeast corner of the north half of lot 8, conces ion XIV, Huntino·d'on 
township, and hence almost directly south of the shaft house on the adjacent lot to 
the east (l{:ane p roperty) an .area of impure, grey, banded Precambrran limestone is 
exposed, in which two small deposits of fluorspar have been found. The farger of the 
two deposits is exposed in an east-west trending pit 12 feet long, 2 to '6 feet wide, and 
2 to 12 feet deep, and is a mass of the cavernous type about 10 feet long and' ranging 
in width from 6 inches at its extremities to 5 feet at its middle. The solid parts of 
the mass consist of white, massive fluor spar and ca:lcite in which fragments of the 
grey limestone wall-rook are enclosed. The crystallized parts of .the mass occur as 
a lining on the walls of the cavities and consist of honey-yellow crystals of :fluorspar 
on which tabular crystals of barite projecting edgewise from the cavity-waJil. . are 
present in places. The crystalS' of fluorspar have the forffi. of the cube modi:fied by 
the octahedron, and have a maximum diameter of about tlll'ee-quarters of an inch. 

The smaller of the two deposits is e..'-"POsed in the bottom of a shallow trench 
situated about 75 feet to the northeast of the larger mass. It consists of a. vein or 
mass of material similar to that in the larger deposit, has a width of 1 to 2 feet, and 
an exposed length of 3 feet. At the time the writer visited the property a few tons of 
:fluorspar had been piled on a platform near the main pit. 

Bailey 

The discovery of :fluorspar on the Bailey property is sa id to have been made 
about thirty-:6.ve years ago by "icbolas Fleming, owner of the lot, while excavating 
the cellar for a house, but no attention was paid to the di scovery at that time, and 
it was not until 11'905, when tephen Wellington purchased an option on the pro­
perty, that mining operations were undertaken. In that year \Vellington sunk th1~ 
shaft to a depth of 14 feet, and took out a carload of fluorspar in the course of this 
operation, but the following year allowed the option to expire. In 1907 Wellington 

1 Ann. •Rept., Ont. Bureau or Mines, vol. XXVIII, 19•1'9, pt. I, p, 1'5•6 
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renewed the option from William Bailey, who meanwhile bad purchased the lot from 
Fleming,1 but after taking out a half carload of ore again dropped the option. During 
the years following the operations of 'Stephen Wellington, numerous options wero 
taken on the property ;but actual mining was not resumed until late in 191'6, when 
Mr. H. Hungerford .took ,an option on behalf 'Of the Hunger£ord Syndicate. This 
syndicate, after taking ou,t one carload of ore during the early part of 1917, in 19G.8 
purchased the mining rights to the lot outright. When the writer examined the 
property in the summer of 1920 there was a shaft on the deposit 45 feet deep from 
the bottom of which a drift had been driven 3'5 feet towards the southwest. A stop6 
bad also been excavated for about 2.0 feet to the northeast of the shaft. 

The only outcrop of rock occurring near the Bailey mine is a mass of fine, dense, 
green andesite oi: dacite '50 feet in diameter, situated about 100 feet east of the shaft, 
but the presence of fragments of grey Precam'brian limestone on the dump adjoining 
the shaft indicates that limestone occurs in the underground workings. The outcrop 
of andesite or dacite had ibeen fractured and ibroken along its southern margin and 
the fractures and the interspaces between the fragn;ients filled with quartz and barite. 
Fragments of the andesite or dacite were also observed in masses of breccia in the 
dump, but the matrix in this case included red fluorspar, calcite, and minute fl.akea 
of biotite, as well as barite and quartz. 

T'be fluorspar-beari·ng ore mass occurring on the Bailey property trends approxt­
mately north 5'5 degrees east (magnetic) and dips steeply to the south. The foot­
wa11 of the deposit is ;fairly well defined, but the -hanging.~wall is most irregular and 
poorly defined. The deposit as seen underground at present consists of a zone of 
banded fluorspar and barite from 6 inches to 2 feet in width, adjacent to the foot­
wall, and of caverns separated by fragments of wall-rock enclosed in barite, or 
fluorspar and barite elsewhere. The width of the mass ranges from 3 to 8 feet, but 
the maximum width of vein material actually present-owing to the presence of 
numerous caverns-is considera1bly less than 8 feet. In the drift sou tbwest of the 
shaft beneath the Bailey farmhouse, a large open cavern in which stalactites and 
stalagmites of barite and fluorspar are said to have !been present was met. The 
:fluorspar contained in the deposit is mainly a pale green, or honey-yellow variety, 
but a few specimens were observed o·n the dump which were red in colour; the prin­
cipal forms of the mineral are the cube and the octahedron, but unlike the fluorspar 
in most other deposits, the octahedron is generally dominant. The barite contained 
in the ore mass occurs partly in a white, massive form, partly as a yellow powder, 
but chiefly in well developed, white, or pale blue tabular crystals arranged either 
irregularly, or in the form of domes or columns. Other minerals composing thia 
deposit in addition to the barite and fl.u.orspar are calcite, quartz, and tetrahedrite. 

Hill 

A number of pits and trenches have been excavated along the outcrops of two 
small veins or vein-zones of fl.uorspar exposed on the north slope of a ridge of Pre­
camibrian limestone situated a few hundred feet south of the Grand Trunk Railwa.v 
station in Madoc village. The fluorspar occurs in the excavations on the south 
deposit as a zone of two or more parallel veinlets, which range from i inch to 12 inches 
in width, and lie from 1 to 2i feet apart. The trend of the veinlets is approximate1y 
north 3'5 degrees west (magnetic); the length of the zone exposed is about 7•5 feet. 

The other fluorspar ·deposit is exposed in a series of openings lying a-bout 75 feet 
to the northeast of the south group of pits and consists of one .principal vein having 
a maximum width of 2 feet and an average width of approximately 9 inches. The 
outcrop of this vein exbiibits a peculiar strnctural feature in that it consists of a 
number of sections from 2:Y to 5•0 feet in length having. an echelon distribution, 1but 
connected obliquely at their extremities. T'he echelon sections of the vein all trend 
7,5 degrees east of north {magnetic), and li e parallel to the -bedding of the grey, 

1 Ann. Rept. Ont. Bureau of Mines, vol. XIV, pt. I, 1905, p. 106. 
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banded Grenville limestone which forms the countr,Y rock and which in this locality 
stands nearly vertical. The parts of the Yein connecting the echelon sections 
obliquely trend in a southeasterl_y direetion, however, so that the average trend of 
the vein as a whole is approximately east-west (magnetic). The zigzag trend of this 
vein evidently owes its origin to the structure of the Grenville limestone, the bedding 
in which afford ed a plane of easy parting, making an angle of only a few degrees 
from that of the plane along which the fracture occupied by the vein would have 
developed had the structure of the country rock been uni form. 

The material composing the veins consists mainly .of fluorspar 'but includes ::t 

considerable proportion of ca lcite and some !barite. A few small aggregates of pyrite 
are also present. These occur partly included in the fluorspar and partly resting on 
the faces of the fluorspar crystals . The fluorspar is an opaque white to ho-ney-yellow 
variety, and occurs mainly in well-crystallized zones, encrusting the walls of cavities. 
The cr_ystals arc all similar in form, con isting of cu1bes modified by octahedra. The 
largest O'bserved had a diameter of about I i inches. ViThen the wTiter examined the 
property several tons of fluorspar had been placed in piles adjacent to the openings 
along the outcrop of the veins. Mo t of the fluorspar crystals in these piles wer':! 
covered with an encrustation of iron oxide, indicating that a certain amount of 
superficial oxidation had occurred in the veins. 

M clllroy 
The Mclllroy property comprises part of the west half of lot 2, concession IV, 

Madoc township. Mining opera ti011s were eommenced in this locality in 19·16 b~· 

Mr. C. R. Ross and were continued at int.ervals during 1917 and the early part of 
1918 by Mr. Ross as manager for a company known as Mineral Products, Limited, 
which, in the meantime, had been organized to take over the property. Since 1918 
the mine has been idle. Several hundred tons of fluorspar are said to have been 
shipped from the property during the period of its operation. 

The deposit from which the fluorspar produced from the Mcillroy property has 
been obtained consists of a northwes-teiily-trending vein that, ·as is shown in Figure 5, 
li es directly on the continuation of the Noyes-Perry-Kane vein. The vein is exposed 
almost continuously in pits and trenches across the southwest corner of the lot, but 
throughout the greater part of this distance the vein material is only a few inches 
wide so that the most of the flu or par has been obtained from a single lens approxi­
mately 70 feet in length. The fluorspar was removed from this lens partly by means 
of an open-cut and partly by mean of a Yertical shaft 60 feet deep. When the 
writer examined the property in July, 192-0, the shaft was inaccessi'ble, but the vein 
is said to have a width of 2; feet in its bottom. The principal data regarding the 
character of the deposit and the amount of development work performed along its 
outcrop are in<licated in the following table. 

Excavation Character of vein Width of vein 
Dimensions 

of 
cxravation 

Adit No. l. .......... Merely a fracture, no vein material ... 40 feet long 
observed 

200 to JOO feet south- Chiefly fluorite, some barite . .. . . 2 to 6 inches . . . 2 to 6 feet wide, 1 to 
east of shaft No. 1 8 feet deep 

100 to 80 feet south- All ore removed but apparently a short Not observed .... . .. 1 to 4 feet wide, and 
east of shaft No. 1 lens originally present 25 feet deep 

80 to 40 feet outheast West wall well defined, vein material 6 inches ..... .. ..... . Trench 4 feet deep 
of shaft fluorspar 

40 feet south east of Lens of fluorspar with horse of wall-rock Total width of vein 2 to 10 feet wide 
shaft No. 1 to 20 in centre material 3 feet 
feet north west of 
shaft No. 1 

20 to 215 feet north- A series of pits, west wall of vein well Nowhere more than Pits 2 to 25 feet deep 
6 inches wide and 1 to 6 feet 

wide 
east of shaft No. 1 defined 

Shaft No. 2 .... . ... . . Not observed ..... . .... , ....... Not observed . ...... 20 feet deep 
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L ee J ·unior 

Three fluorspar•bearing veins from one of whi9h three carloads of fluorspar are 
said t-0 have /been shipped by ll\l'ineral Products, Limited, in 1917, occur on lot 2, 
concession III, Madroc township, the property of }Ii, George Lee, jun. Ti-.0 principal 
d!!ta regarding these deposits ·are included in the followiTIJg t aible. 

No. 
of 

vein 1 

2 

3 

C haracter of vein 
Wid th 

of 
v ein materia l 

Trend of vein 

Barite and fiuorspar, 6 inch es . ..... .. . .. North 50 d egrees 
bari te predominant (magnetic) 

In terla minated barite 6 to 18 inches . . . .. .... . . Nor th 45 degrees 
and fluorite (magnetic) 

White to pale green, Not observed , said to be N orth 50 degrees 
ma·ssive fluorspar I to 2 feet wide (magnetic) 

McBeath 

Dimensions 
of 

excavation 

west 3 fee t long, 2 feet wide, 
2 feet d eep 

west 40 feet long, 1 to 3 feet 
wide, 1 to 3 feet deep 

west 155 feet long, 2 to 5 feet 
wide, 5 to 15 feet deep 

A northwestcrly trending vein of .fluorspar and barite about 1 foot in width is 
exposed in a t rernch near the south 'boundary of the eas·t half of lot 3, concession III, 
:lVLadoc township, the property of Mr. D. MJCBeath. No fluorspar has been mined from 
this deposi t, however, and it is of interes t chiefly •because it lies almost directly on 
the continuat:I.ion of the Mlc111:lroy vein and is the most northern known occurrence of 
fluorspar belonging to the MJOira Lake group. 

Lee-Miller G roup 

H errington (Lo t !2, Concession XII, H 1intingdon T ow111.Ship) 

A narrow vein having an average trend of north 30 degrees west (magnetic) is 
exposed on this ;property. The principal feature of interest with regard t-0 the 
deposit ci.s the manner in which the vein is offset at intervals towards the left so that 
the various parts have an echelon distrilbution. This peculiar feature appears to be 
related in its or~gin to the fact tha t the averag e trend of the vein is almost but no t 
qtiite at right angles to the str.ike of the grey banded, Precamlbrian Limes tone that 
forms the wall-rook of the deposit; and that this rock fractures more readily at righ t 
angles t-0, rather than obliquely t o, its strike; consequently, parts of the vein tren<l 
a t right angles to the strike of the limestone, whereas the iutervening par ts trend 
ob1iquely. The most important data regarding the deposit are includw in the 
following table. 

Excavations 
numbered 

from 
• north to 

south 

2 

3 

4 

Charac ter of vein 

Calcite chie fl y .... 

Calcite and fluori te, 
predominan t 

Calci te and fluori te , 
predominant 

Calcite and fluori te , 
predominant 

Wid th or vein Dimensions of excava tion 

. . . . . . 6 to 10 inches.. . . . .. 5 feet long, 3 feet wide, 3 feet 
deep 

calc ite l to 18 inch es .. ... ... .. ..... 100 fee t long, 2 to 4 feet wide, 
1 to 10 feet deep 

calcite l to 2 feet wide . 50 feet long, 3 to 6 feet wide, 
2 to 10 fee t deep 

ca lcite 6 inches to 2} feet . .. l20 feet long, 2 to 6 feet wide, 
l to 4 feet d eep 

L ee Senior 

A number of fluorspar-<bearing veins ha'"l'e iJ:>een discovered on the east half of 
lot 1, concession I, ::M"adoc township, by Mr. George Lee, sen., to whom the properly 

' Veins num bcred in order of their occurrence from east to " e,st. 
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belongs. The most important of these occurrences is th e No. 5 vein that outcrops 
close to the west !boundary of the property and extends dia.gonally across the half lot 
line into the territory belongi11g to the Wallbridge es tate. About 800 tons of fl.uor­
spar are said to have been mined from this deposit in 1918 lby H. L . Oslborne who 
worked the vein under lease during the greater part of that year. The deposit 
consisted of a Jen ticular mass of fragmental or "gravel" fl.uor spar, 90 fee t in length 
and 8 feet wide at its middle. The fluorspar was mined from the lens chiefly by way 
of a vertical shaft 60 f oot deep from the bottom of which drifts were driven along 
the vein for 30 feet towards the north and ·60 feet towards the south. rr·hese workin~ 
were inaccessibile when .the writer exoamined the property in 1920, lbut the vein i3 said 
to have a width ·of 2 feet in the bottom of the shaft. The principal da ta r egarding 
the various vi:-ins on the Lee Senior '.Property are included in the following table. 

No. Dimensions 
of Character of vein Width of vein material Trend of v ein of 

vein 1 excavation 

1 Massive fluorspar .. . .. 2 to 12 inches. ... Nor th 50 degrees west 80 feet long , 2 to 6 feet 
(magnetic ) wide, 2 to 10 feet deep 

2 Fluorite and barite . 3 to 12 inches. .. ..... ... Varia ble, north 40 to A series of pits extending 
chiefly fluorite. Two north 65 degrees west 250 feet along vein, 2 to 
parallel veins in (magnetic) 6 feet wide, 1 to 8 feet 
places deep 

3 Massive fluorspar ..... 6 inches to 2 feet . . . . North 35 degrees westl350 feet long, 6 inches to 
(magnetic) 10 feet wide, and 10 

feet deep 
4 Chiefly bari te and cal- 4 to 12 inches .. ........ North 30 d egrees west. 70 feet long, 3 to 8 feet 

cite (magnetic) wide, 20 to 25 feet d eep 
5 White to honey-yellow 2t to 8 feet . . ... ··· ··· . North 40 d egrees "'est Open pi t 50 feet long and 

fluorspar, barite , and (magnetic) 10 feet wide, shaft said 
calcite , chiefly gra- to be 60 feet deep near 
vel fluorspar south end; drifts 30 

feet to south and 60 
feet to north at bottom 
of shaft 

There are two fl.uorspar~bearing veins known to be .present on ·the W rullbridge 
property which for the purpose of description may be designated the north and south 
veins, r espectively. Of these, the south vein is the continuation of the No. 5 vein 
on the Lee property and the north vein the continuation of the vein on the adjacent 
(H errin.gton) lot to the north. These deposits were diS1CO'Vered 1by Mr. C. ::NL Wall­
bridge during the summers of 1918 and 1919 while :Prospecting for the continuabion 
of the Lee vein. Three 'hundTed and eighty ton.s of fl.uorspar were shipped from 
the property in 1918.2 The principal d ata r egarding the deposits are included in 
the following ta!ble. 

1 Veins numbered in order of the ir occul"rence from east to west. 
2 Ann. R ept., Ont. Bureau of Min es, vol. XXVl'l, pt. 1, 1918. 



Excavation Character of vein 

South Vein: 
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Width 
of 

vein material 
Trend of vein 

Dimensions 
of 

excavation 

Trench between No. F luorspar and barite 6 to 18 inch es .... . . . North 40 degrees 125 feet long, 2 to 6 
1 shaft and half lot west (magnetic) feet wide, 4 to 10 
line feet deep 

Prospect pit ad join- Fluorspar and baritc 2 v einlcts 6 inches 5 feet long, 4 fee 
ing half lot line to wide wide, 3 feet deep 
south of main vein. 

No. 1 shaft ..... . .... "Gravel" fluorspar 6 feet .............. North 40 degree! 55 feet deep 
forming matrix west (magnetic) 
around fragments 
of Palreozoic lime-
stone 

North Vein: 

Trench 40 feet south 2 veins: one on the Width of main v ein . 
of No. 2 shaft continuation of the not dcterruined, 

main vein and one width of vein to 
75 feet west of west of main vein 
main vein 6 inches 

.......... .. .. . 1 to 3 feet wide, 2 to 
5 feet deep 

No. 2 shaft .. .... . ... Fluorspar, barite, 5 to 6 feet of breccia North 30 degrees 25 feet deep 
and calcite on west, 1 to 2 feet west (magnetic) 

of ore on east. 
Total ·width 7 feet 

Opening on parallel Fluorspar, barite, 5 feet of breccia on .................... 12 feet deep 
vein 5 feet west of and calcite, form- west, 2 feet of cav-
No. 2 shaft ing matrix of brcc- ernous ore on east. 

cia in part Total width 7 feet 
Pit and trench 130 Gravel, fluorspar , 4t feet wide in pit, North 30 degrees Pit, 15 feet long, 4 

feet north of shaft and breccia veinlet 4 inches west (magnetic) feet wide, 15 feet 
No. 2 w ide in trench 30 deep. Trench 55 

feet from pit feet long 
Pit 240 feet north of Chiefly breccia ..... Veinlets 1 to 6 inches North 30 degrees 20 feet long, 2 feet 

shaft No. 2 wide, brcccia 5 west (magnetic) wide, 10 feet deep 
feet wide 

IIerrington (West Half Lot 2, Goncessi'm I, llfodoc 'Township) 

The fluorspar~bearting vein occurring in this locality is the northern continuation 
of the north vein on the Wallbridge property. The outcrop of the vein at the point 
·where a pit has been sunk was overlain by a solid mass of 1imestone 5 feet thick and 
at least 25 feet in <liameter, which appeared a.t the surface to be in place but which, 
on examination of the pit faces can. be seen to be underlain by 2 to 3 feet of glacial 
drift, and has, therefore, been transported into its present position by glacial action . 
When the writer last visited the property in September, 1920, a vein of "gravel" 
fluorspar 6 feet wide was exposed in the bottom of the pit which at that time was 12 
feet long, 8 feet wide, and 20 feet deep. 

Stewart 

.A. northwesterly trendiing vein of lbarite and :fluorspar 4 inches in width is 
exposed ~n a trench and prospect pit in Palrnozoic limestone near the northeast 
corner of 'lot 2, con•cession I, 'Mad'oc township, the mining rights to which lbelong to 
Mr. D. E. K. Stewart of Madoc. The principal point of interest with regard to 
thi deposit is the presence of a small •1.woportion of the minerals chalcopyrite and 
malachite in the vein. I 
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Ponton 

The discovery of fluorspar in this locality (Figure 13) was made 'by Mr. G. M. 
Ponton, in 1917. The deposit consists of a northwesterly trending vein from ·1 
inches to 2 feet in width whi:ch is exposed in the bottom of a pit 160 feet long iand 
from 2 to 15 feet deep. Four carload lots of fluorspar are said to have lbeen shipped 
from the !Property during the summer of 1919. , 

Miller 

The veins occurring on this property were discovered by :1fu. 0. M. W al]bridge 
in the spring of 1917 and were worked by him during the summer of 1917 and the 
winter of 1917-1918. In the spring of 1918 Wa!llbridge sold the property to Mr. H. L. 
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Osborne who continued operations during the following summer and for a short 
period during the spring of 1919. Since 1919 the property has beeri idle. 

There are two fluorspar veins on the property (Figure 13) which for the purpose 
of 'reference may be desiginated the east and west veins respecmvely. The principal 
data regarding these deposits is included in the following table. 

Width Dimensions 
Excavation Character of vein of Trend of vein of 

v ein material excavations 
-

East V ein: 
North 25 degrees 

Pit south of shaft. . . . Fluorspar, baritC', 10 inches to 3 feet .. west (magnetic) 300 feet long, 1 to 5 
and calcite feet wide, 3 to 10 

Shaft ..... . . ... . ..... Fluorspar, barite, 
feet deep 

3 feet at surface to 6 .. ... ... ..... . . . . . . . 75 feet deep 
and calcite inch es at bottom 

Pit north of shaft ... . F I uorspar, baritc, 18 inches to 4 feet.. - . . . . . . . . . . . . . ..... 130 feet long, 1 to 5 
and ca lcite (barite feet wide, 3 to 10 

Wrst V£in : 
fibrous in part ) feet deep 

Nor th 40 degrees 
Honey-yellow fluor- 2 parallel veins 1 to west (magnetic) 75 feet long, 1 to 5 

spar 2 feet apart. T otal feet wide, 2 to 20 
width 3 inch es to feet deep 
9 inches 

William R eynolds (Lot 5, Concession I , Mado c Township) 

IA northwesterly trend<ing vein consisting of grey to green fluorspar and calcite 
was discovered on this property iby Donald Henderson and J ames O'Reilly during the 
summer of 1920. .A. shaft 20 feet deep itnd two pits situated 70 and 140 feet respect­
ively t-0 the northwest of the shaft have lbeen excavated on the vein. The total 
width of vein material exposed in these openings ranges from 18 inches to 2 feet. 

Rooks 

The fluorspar-bea.ring vein occurring on this property was opened up by James 
O'Reillly during the summers of 1916 and' 19>17. Several carloads of ore were S'hipped 
from the property 1by O'R.eillly as a r esult of these operations. 

The vein outcrops close to a northward facing escarpment .and like the -Other 
fluorspar-'bearing veins of the Lee-Miller group trends in a northrwesterly direction 
(north 45 degrees west magnetic) . When the writer visited the property in August, 
1920, the vein had ibeen mined aw.ay to a depth of 2 'to 20 feet for over 300 feet along 
its outcrop. The bottom of the excavation was hidden by de'bris, :but judging from 
the width of the eX'Cavation from which the vein materi al had :been removed; tht 
vein had a width ranging from 6 inches to 21 feet. 

Plain 

Near the north end of Jarvis lake on lot 9, concession I, Madoc township, some 
prospect pits hrnve been sunk along the outcrop of a veinlet of fluorspar and barite 
that intersects the red granite exposed in this part of the Madoc district. This 
vein1et, so f.ar as· known, is the most northerly occurrence of fluorspar belonging 
to the L ee-<:M:iller group. 
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Other Occurrences of Fluorspar in Madoc District 

A number of other fluorspar deposits are present in the district, which either 
because they are relatively unimportant or because they have been discovered since 
the writer r eturned from the field, or because they do not 'belong to either the Moira 
Lake or L ee-Miller groups, have no t been separately descrilbed. The deposits: of this 
class are included in the foHowing talble. 

Locality C haracter and extent of deposit 

Lot 14, concession XI, Huntingdon township . . ... Vein said to be 5 feet wide 

Lot 11, concession XIV, Huntingdon township . . . Masses of calcite including some fluorspar , maximum 
diameter 5 feet 

West half lot 1, concession II, Madoc township ..... Veinlets of fluorspar and barite a few inches wide 

West half lot 3, concession II , Madoc township .. ... Veinlets said to be 5 inches wide 

West hail lot 14, concession IV, Madoc townsh ip ... . Massive, gra nu lar fluorspar, dimensions of d eposit 
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The writer, assisted '.by A. J Macintosh, spent the field season 1920 collecting 
dsta for the preparation of a deta iled geological map of the Mallorytown area and 
the southern ;part of the BrockviUe area. The topographic maps of these a reas 
prepared by the M1ilitia Department were used as a •base map. The area mapped is 
tri angular ·and lies along the St. Lawrence just west of Brockville. Alli the Canadian 
islands of the Thousand I slands group between Brockville and L ansdowne Dock, 
approximately 23 miles, were examined. '8hort visits were also made to some of 
the important localities in the . areas, to the south of the St. Lawrence, ·already 
mapped in detaiJ.1 At the end of the season three days were spen t examining the 
Deita hematite deposits and a description of these deposits is given here. 

GENERAL GEOLOGY 

General 8 tatenieiit 

The Frontenac axis, a low neck of Precambria n rocks, crosses the Mallorytown­
Brockville area and connects the elevaited Adirondack r egion of New York state with 
the great Laurenti.an plateau of Canada. This axis is underlain by r.ocks belonging 

1 Cushing, H. P., "Geology of the Thousand Islands region," New York State Mus. Bull. 
::-<o. 14 5, 1910 . 

Martin, J. C. , "The Precambrian rocks of the Canton quadrangle," New York State Mus. 
Bull. No. 1 85, 1916. 
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to the Grenville sedimentary series, which are intruded by alkali granitic and syenitic 
rock·s referred to in this report as the Gl'anite-syenite series. Except for a few minor 
intrusives, these two series represent the Precambrian rocks of the area. 

Table of Formations 

Quaternary ... _. . ...... Post-Glacial.. ............. Stratified clay and sand 

Palreozoic .. . .... . 

Glacial .. ............. . 
Unconformity. 

... Beekman town. 
Disconformity. 
Potsdam ..... 

Unconformity. 

. .... Boulder clay, gravel, and sand 

_ Sandy limestone 

Sandstone 

Precambrian. ..... . .. . .. Minor intrusives .. . . Gabbro and diorite bosses 
Diabase dykes 

Granite-syenite series .... . .. . . . .. . 

Intrusive contact. 

Grenville series .. 

Grenville Series 

. Granite, granite gneiss, syenite, and 
syenite gneiss 

Quartzite, biotite and garnet gneiss, and 
crystalline lim estone 

Quartzite. In this area the most abundant memlber of the Grenville series is 
quartzite which outcrops as long ridges or irreg.ularly shaped inclusions in the 
Granite-syenite series. The contact between igneous rock and quartzite is usually 
sharp, lbut in ploaces the quartzite is granitized. The -quartzite is a light grey, massive, 
fine-grained, very poorly-bedded ibut well-jointed rock, consisting of irregular grains 
of quartz with abundant alkali feldspars (microcline, orthoclase, and oligoclase albite). 
All sections contain tourmaline and many diopside and titanite. Some of the 
apatite and zircon grains are rounded and corroded but most of them show their 
crystal outline, and are fresh. These rocks are so thoroughly crystallized that it is 
difficult to decide whether the alkali feldspars are residual or have ·been introduced later 
by igneous solutions. 

Biotite and Garnet Gneiss. T'his group inC'ludes those d:ark-coloUTed foliated 
gneisses that are interbanded with the quartzite and crystalline limestone or outcrop 
as inclusions and bands in the Granite-syenite series. They consist of quartz with 
abundant brawn biotite, alkali feldspars, '<Ind in some section,s red garnets. In many 
cases the \field relations or the red garnets prove the sedimentary origin of these 
gneisses. !Many of the !bands and inclusions in the igineous rocks do not contain red 
garnets, but because of their similiar mineralogical composition and appearance to 
these ·known sedimentary gneisses are classed as Grenville sediments. 

Crystalline Limestone. The limestone member of the series is not as rubundant 
as in other areas of the Grenville subprovince. The limestone outcrops as impure, 
narrow bands in the quartzite and in masses on the islands in Charleston lake. The 
rock is a coarse white to bluis·h coloured variety and consists of (!}alcium c~rhonate 
with abundant diopside, albite, flakes of graphite, and other accessory minerals. 

Granite-syenite S eries 

Rocks belonging to the Granite-syenite series outcrop very extensively and 
represent different facies of a single great magma which penetrated the Grenville sedi­
ments and spread in various directions a·long planes of weakness. The rc,cks are 
medium to coarse grained, pink to greyish in colour, and massive or slightly foliated, 
but always showing cataclastic texture. In mineralogical composition they range 
from medium-grained, acidic microcline-granite to coarse-grai.ned syenite such as 
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hornblende, and containing also microperthite and oligoclase. The granitic members 
of the series are the most abundant; the syenitic members outcrop around the edge of 
the central granitic mass. In no place was one type seen to cut another, although in a 
number of places gradations occur between the different members of the series. 

Correlation. This Granite-syenite series is equivalent to that which, Oushing1 

mapped, directly south of this area on the islands and mainland! of northern New 
York, ·as Laurentian, or that which Baker2 mapped as Algom.an in the Kingston area 
15 miles to the west. No equivalents of Oushing's .Picton granite of the New York 
area or of Baker's· Laurentian granite of the iKJingston area were found. 

:Minor Intrusives 

A number of small, round outcrops of gabbro and diorite and the diabase dykes 
are placed in this group. The ga:bbros and dforites are massive, medium-g-rained, 
pyroxene-rich rocks which intrude the :Grenville series, ·but their relation ro the 
GranitEM>yenite series is unknO'Wil. The diabase dykes oubcrop throughout the area but 
are more albundant southwest of Mallorytown. These dykes strike a'bout northeast and -
vary from 10 to 200 feet in width, but cannot be traced continuously for any great 
distance. They vary but slightly in mineralogical composition and. consist of 
labradorite and augite with ophitic texture. In a large number o.f the dykes both the . 
labradorite and the augite are badly weathered. These dykes intn1de both the 
Grenville and the Granite-syenite series. 

Palreozoic Formations 

The Palreozoic formations have been divided into a non-fossiliferon~ sandstone 
and limy sandstone group called the Potsdam sandstone and a fossiliferous limestone 
group called Beekmantown. Over the whole area mapped the Potsdarn member out­
crops as outliers, but the IBeekmantown limestone outcrops only north, and a short 
distance west, of Brockville. The Potsdam varies from 5 t:) HiO feet in thickness 
and on the basis of the presence or absence of calcareous material can be divided into 
a. number of members which may correSJpond to the divisions Cushing8 made in the 
areas to the south where the Palreozoic formations are better developed. 

Quaternary Deposits 

The Quaternary or superficial deposits are largely Pleistocene in age. They 
include glacial deposits and deposits formed in bodies of standing water, and 
partly fill the depressions between the rock ridges, or form extensive flat areas such 
as that west of Mallorytown. 

The glacial deposits consist of boulder clay and :fluvioglacial drift in the form 
of eskers, kames, and outwash sheets. The 'finely laminated clay and sand were 
deposited in standing water closely associated with the retreating ice-front, er 
possrbly in the Champlain marine waters. The many cuts in these clays, made 
during the summer by the construction of the Montreal-Windsor highway, were 
examined in detail, but no marine shells were found. In these clays subangular 
boulders were occasionally seen in place. 

ECONOMIC GEOLOGY 

No metalliferous deposits are being worked in the area. At various periods 
from 11008 to 1884 the pyrite deposit, about 2 miles northwcst of Brockville, was 
mined, but the shafts have been filled and the dump used for road material. 

Mineralization is sca.rce in the area and pegmatite and aplite dykes are rarely 
associated with the Granite-syenite series. Solutions may not have accompanied 

1 Cushing, H. P., "Geology o>f the Thousand l'slands region," New York State Mus. Bull., 
No. 145, 19'10, p,p. 36-43. 

2 Baker, iM. B., "Geology of Kingston 'and vicinity," Ont. Bureau of Mines, vol. XXV, pt. 
III, 1916, pp. 10-1'5. 

s C•ishing, H. P., "Geology of the vicinity of Ogdensburg," New York !State Mus. Bull., No. 
191, 1916, pp. 23-52. 
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the magma or the intrusion of the magma may have fr.actured t,he. britLle quartzite, 
50 abundant in this area, and the magmat,ic solutions responsible for pegma tites may 
have escaped along these fractures and have been destroyed by erosion during the 
unroofing of the igneous mass. 

West of E'scott the medium-grained hornblende granite can be very easily 
trimmed into paving blocks and has been quarried for that purpose. P0tsdam sand­
stone and massive pink granite are being extensively quarried and crushed for road 
foundation. Some of the dia:base dykes are very accessible for road material, but no 
diabase quarries have yet been opened. 

Delta H ematite Deposits 

Locatiwi. The village of Delta iS' on the Brockville-W esrtport branch o{ the 
Canadian National ra.ilway about 6 miles sout,heast 0£ Forfar, the junction of the 
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Ottawa-Toran to Canadian National and the Brockvillc-·w est port branch. The deposits 
are on lot 23, oon. X, Bastard tp., Leeds co., and about one mile south of the village 
and a quarter of a mile east of the railway (:Figure 14). The transportation facilities 
are excellent. 

History. These depo.sits have lbeen known for over 110 years. The early settlers, 
in 1810, Dperated a primitive smelter, the ore being ground out by a water-wheel. 
Since that date the .Joc~l farmers or prospectors from time to time sunk pits, but little 
ore was obtained. In 1898 Ingall1 visited Lhesc deposits and dcsoribed them as similar 
to many other hematite deposits in this region. IIe reported the material, in places, 
to be of good quality, but, .in other places, to consist of sand tone impregnated with 
ochreous hematitio matter. 

From October 1918 Draincy Brothers of Toronto worked these deposits, except 
in winter, until November 1919. In August 1D19 the Consolidated Iron and Steel CoT­
poration took over the proper Ly. Three small sha f'ts and some prospect pi bs were sunk, 
and four carloads of ore were hipped, whic·h aecording· to the smelter records, averaged 
68 per cent iron. .About one carload of ore wri.s left on the dumps. 

Geology. Precambrian. Delta is only 6 miles west of Charlesrton, the northwest 
corner of the Brockville-Mallorytown area and the geology of the two areas is very 
similar. Tl1e oldest rocks are the Grenville crystalline limestones, intruded by a coarse 
white granite. This granite consists of microcline 35 per cent, quartz 25 per cent, 
oligoclase 2-0 per cent, and orthoclase 10 per cent. The acces ory minerals form .a1bout 
5 per cent and consist of magnetite, titaniferous magnetite, pyrite, tourmaline, allanite 
(orthite), apatite, and zireon. Calcite showing rhombohedral forms or occurring 
as grains along fraotures makes up the rcnmining 5 per cent2

• The calcite probably 
~ssimilatecl from the crysta.Jline limestone. Ferrornagnesian minerals are entirely 
absent. 

Early Palreozoic (Potsdam) Sand-tone. The hematite deposits occur in sandstone 
of early Palreozoic age which outcrop;;, as ou tlicrs and forms 50 per cent of the sur­
face rock. This sandstone is greyish to whit,e in colour, but some 1beds are slightly 
hematite-stained. A few angular quartzit,e pebbles are scattered through tlrn s.and­
stone and in a :few plaCJes a basal conglomerate about 2 feet in thiclmcss is exposed. 
The rock consist,s of angular to sligLlly rounded quartz grains aver.aging about 2 mm. 
in di~meter. The grains contain abundant rutile needles and dust inolusions. The 
cementing material is either calcite Ol' silica. Near the workings, however, hematite 
has partly or completely replaced thP. calcareous ccmcn t. 

At the workings the sandstone lies about horizontal. Along the railway trac1' 
about I.OOO :feet south of Delta siation a small outcrop of sandstone strikes north 5 
degrees west magnetic and clips 30 degrees cast. .All.most vcrtioal joints are well 
developed and fall in to two groups, one striking north 35 degrees west and tl1e other north 
50 degrees east. Along the northwest set considerable fracturing and movement have 
taken place. The la,rge outlier, around the south and east edges of which shafts No. 1 
and 2 were sunk, is 50 feet thick and represents the thickest outlier near the deposits. 

D escription of Important lV orl.;ings. Shaft ' o. 1 (16 feet). The san<lstone is 
massive, thick-lbedded, and well jointed. V\Tatcr in the shaft prevented the ore 'being 
seen in place. According to the mine foreman the ore occurs in irregularly shaped 
pockets. The ore on the clump is either hard, massive hemat,ite mixed with specular 
hematite, siderite, and oalcite or sandstone impregnated with hematite. 

Shaft No. 2 (20 feet). About 600 feet, north of No. 1. A vertical joint plane 
forms the nortl1east w.all and to the west of this is a fraciure zone along which 'the 
sandstone is impregnated with hematite, ~nd veins of hematite, from 1 inch to 2 inches 

1 lngall, E. D., "Iron ore deposits along the Kingston ancl Pembroke railway in eastern 
Ontario," Geol. Surv., Can., vol. XII, 1899, p. 79 I. 

2 Determination macle by planimeler methocl. A . .Johannsen, Jour. of Geol., vol. XX:Vill, 
1919, pp. 2176-285. 
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wide, :fill a numbu· 0£ the fractures. ~Iost of the ore from this pit was sandstone 
saturated with bematite. 

Shaft No. 3 (15 feet). Occupies a small outlier aibout 700 feet west of No. 1. 
The sandstone is jointed. The ore-body consists of two irregularly shaped veins of 
massive, bard bematite from 3 to 6 inches wide. 

Description of Ore. The ore is either a hard, mass1ve, red hematite V'ariety or 
a sandstone impregnated with hematite. The ore-bodies take the form of small veins 
and repla.cements along jointed or fractured zones in the sandstone. 

Polished sections of t1rn mrtssive hemalite variety show needles or plates of specular 
hema.tite in a groundmass of hem a tite in which is included small bits of calcite, sider­
ite, and probably ma.gnesite. 

These carbonate minerals were deposited contemporaneously with, or have been 
almost completely replaced by, the hernatite. A few small stringers of calcite and 
siderite cut the ore. 

Th€ following is a copy of a partial chemical analysis of this ore: 

Iron (calculated as metal) .. 
Phosphorus. . . . . '. . . . . . . . . . . . . • . . . . . . . . . 
'Sulphur ............................. . 
Silica.. . . . . . . • . . . . . . . . ........ . 
Alumina ... . ... . 
Calcium oxide. . . . 
Magnesium oxide1'. . . . . . . . . 
llfanganese. . . . . . . . . . . • • . . . 
Carbon dioxide ............... .' . . . . . . . . . . . . . . . 

63·95 
0·2621 
O'·O'l.1 
0·68 
0·0'5 
3·01 
0·26 

Trace 
2·70 

Thin sections and polished surfacC's of the impregnated sandstone show small, 
round quartz grains entirely · surrounded hy hematite. and in places the hematite 
penetrates the quartz grains in the form of short needles or embayments. Secondary 
enlargement of the quartz grains is common and the quartz added can easily be 
distinguished because it contain hernatite. This seconda.ry enlargement tended 
to make subangular grains TOund. Sections from the contact between impregnated 
sandstone and massive bematite show a very sharp line, although a few small quartz 
grains were noted an inch or so from the contact in the massive hematite. A section 
a foot from the contact -0f one of the veins showed a little calcite as cement along 
with the hematite. A. section 3 feet from a ycin contained very little hero.atite and 
the cement was almost all calcite. In no place was the proportion of hematite in the 
sandstone over 33 per cent. 

Origin of Ore. The iron minerals a'Ppear to lbe due to so[utions circulating along 
joint planes or fracture zones in the sandstone. The most likely source for the ore 
minerals is the weathering of oYerlsing· sedimentary formations containing iron, 
probably in the form of the carbonate. No remnants of later Palreozoic formations 
were found in this particular localit.v, but a study -0f nearby areas shows that the 
sandstone was deeply buried by later Pal('('{)zoic formations. The iron was probably 
carried down as ferrous carbonate and after or during precipitation was· oxidized to 
the ferric oxide hematite. The solutions filled all the ()pen spaces, spread into the 
sandstone, and replaced the calcareous cement but only slightly the quartz. Flake~ 
of specular hematite in the ore indicate that these de1)0sits have been ubjected tc 
moderately intense metamorphic forces. 

Extent of Deposits. 1Since the ore deposits a re mineralized fractmed zones in 
early Palreozoic sandstone their extent depends upon the extent of the sandstone, the 
continuation of the fracture zones in the sand"Stone, and the degree of mineralization 
or :filling along the fracture zones. The sandstone outliers form about 50 per cent 
of the surface outcrops, but in no place are much over 50 feet in thickness. Most 
of the outcrops are jointed, but not ,closely jointed, as the face of the iworkings shows . 
.All the other pits within a mile of the main workings show sandstone stained by 
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hematite. No large ore-body will ever be found but it may be possible to follow these 
narrow veins and by removing a lot 0£ sandstone obtain a small tonnage of hematite 
ore. 

ASBESTOS: WEIR TOWNSHIP, BON.A. VENTURE COUNTY, QUEBEC 

By Robert Harvie 

In view of the publicity given to the efforts to interest capital in the exploitation 
of the asbestos occurrences of Weir township, it was considered desirable to make 
an exa.mination to determine their probable commercial possibilities. The trip was 
made in company with Mr. John George :M:cGinnis of Port Daniel, who has been in 
charge of recent prospecting operations. 

The deposits are in ranges I and II, Weir township-which is only partly 
surveyed-occupying portions of lots 32 to 36. The principal exposures are on the 
southwest bank of East river about 12 miles from Port Daniel. Access is by a rough 
wagon road for 4 miles and the balance of the distance by a poor foot tr.ail. 

The asbestos occurs sparingly in ·serpentine which forms two or three narrow 
belts, striking approximately northe~st-southwest with a nearly vertical attitude, 
and a maximum thickness of less than 300 feet. Outcrops are sufficiently abundant 
and the belt may be readily examined since the forest covering has been removed 
by fire. • 

The conclusion that this occurrence has at present absolutely no co=ercial pos­
sibilities was arrived at for the following reasons. Any fibre seen was very short 
and hence would command a very low price. The proportion of fibre is extremely 
small. Access at present is very poor, and to build even a wagon road, on account 
of the deeply entrenched V-shaped valley of East river, will be both difficult and 
expensive. Lacking the essential features of quality, quantity, and location, it 
seems impossible that this occurrence can be worked profitably in competition with 
established operatiom1 in the Thetford district where many properties of much 
greater merit a1'0 perforce lying idle as being unprofitable. 
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