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FOREWORD 

This paper presents the r es ults of an empirical study of the 
spatial relationships of major structural lineaments and trends in 
the Abitibi area of the Canadian Shield and the distribution of some 
of the go ld and copper deposits assoc iated with them. The coincidence 
in distribution of mineral deposits near major structural lineaments 
or deep-seated fracture systems is emphasized in the study but dif
ferent kinds of mineral occurrences of varied genetic affinity have 
not b een spec i fically distinguished o r classified. Plots of mineral 
distribution in relation to structural patte rns and statistical study 
of rnineral occurr e n ce data have ernphasi zed the importance of some 
of the metallogenic features prev i o usly r ecognized in the a r ea. 
Projecti ons of struc tural trends and postulation of favourab l e a reas 
for finding mineral deposits based on this empirical study a r e 
pres e nted as guidelines for furth e r mineral exploration. 

The authors of the paper present the r es ults of their special 
study ca rried out during the late r part of 1969 and early part o f 19 70 
while Professor Kutina was a visiting research scientist w ith the 
Mineral Deposits S ec tion of the Geological Survey of Canada. The 
senior author was formerly professo r of geochemistry at Charles 
University in Prague, Czechoslovakia and in rec ent years has been 
studying the distribution of mineral occurrences in relation to major 
structural lineaments in Europe, North America, the Caribbean and 
East Africa. He was invited to the G eological Survey of Canada to 
apply some of his global concepts on structural control of mineral 
deposit distribution in the complex geological fram ewo rk of the 
Canadian Shield. Mr, A,G, Fabb ri the junior author graduated from 
the Unive rsity of Balogna, Italy and did graduate study at the 
University of Ottawa. He is employed with the Geological Survey in 
the geomathematics program for developing methods for quantifica
tion and statistical analyses of geological data. The authors have 
attempted, in this study, to relate major structural lineaments in 
the Abitibi area in a systematic structural pattern and to use 
statistical methods to evaluate geological concepts on mineral 
distribution. 

G.A. Gross 
Head, Mineral Deposits Section, 
March 1, 1971 
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ABSTRACT 

The Abitibi and of the CanadianShi e ld, l oc ate d betw een 76° and 84 ° W 
and 47 ° 30' and 49• N in Ontario and b e tween 48 ° a nd 49 ° N in Ou e be c, was 
studie d in co ntext with the struc tural geol ogy o f a c onside rable pa rt of th e 

Canadian Shie ld. 
Comparison of line am e nts in v e r y dis t ant ar e as o f the Canadia n 

Shi e ld sugge sts that the Shie ld stru ctur e is str o n g ly influe n ce d by o n e pr ominent 
patte rn of d eep-s e ate d fractur e s . A sp ac in g o f 100 mile s b e twee n th e c as t
w e st line am e nts of the Canadian Ar c ti c is r0cognizable also in the drain a ge 
pa t t e rn e ast of Jame s Bay and is r c fl ecte cl in th e Abitibi a r e a. It is compat
ible w ith a s e t of e ast- we st tr end in g maj o r fra c tur e s by J. Kalli o k o ski a s 
boundin g c rustal blo cks with co r e s o f g rani t i c r ocks. The two s c h e m e s h ave 
b ee n cl c rived in diffe r e nt ways a nd fully inde p e nd e ntly of e a c h othe r. 

The spac ing b e twee n th e Huds on Bay Paleolin e ame nt - a signifi c an t 
ge ofrac ture of the Canadian Shie ld - and t h e M a ttagami Ri ve r Line am e n t w as 
us e d as the unit inte r v al in the n o rth-s ou t h s et of fra c tur e -trajec t o rie s o f t h e 
prospec ting n e t for the Supe rior Prov ince s outh o f Hudson Bay. The co rre 
spo ndin g unit int e rval in the e ast e rn part of this are a is smalle r .. Fiftee n 
c omparable inte rsections have bee n postulate d. Endoge n ous o r e d e posi t s a r e 
known t o o ccur a long s e v e n of the m a nd the r emaining e i ght ar e r ec omm e nde d 
for pr o spe cting. 

In t h e Abitibi ar e a in te rs ect in g fr actu r e s o f the s e s e ts a r e pre s e nt 
and th e distribution o f gold and copp e r cl c p o s it s co inc ide s w ith them . The o r e 
d e p o sits ar e cluste r e d at or n e ar th e in ter s ect io ns o f m a jor fra c tur e s 
(No randa, Kirk l and Lake , Matac h e w a n and Tim mins-Po r cupin e d e posit 
cluste rs). S eve ral r ecomm e ndatio ns for pro spect ing can b e d e du ced fr om 
the r e l a tio nship of th e fra c tur e patte rn and the distribution of a b o u t 1, 300 go ld 
and a bout 700 c oppe r o ccurr e n ce s o f the a r ea . S orn e r ec omm e nd at ions ar e 
pr e s e nte d in this pap e r. 

With r e spec t to the indiv idual o r e dis t ri c ts, th e r e lati onship o f o r e 
de posits to vo l c anic centres, as outline d in 19 6 7 by Wilson is e mphasize d . 
The large -s c a l e d eep-s e ate d fractur e s may cont ro l the gen~ ral dis t ribution 
of volcanic centre s and the ass oc iated o r e d e p osition and this possibilit y 
should be t e ste d. 

R É SUMÉ 

Dans l e c on texte d e la tec t o ni q u e d'une importante partie du B o u c lie r 
canadi e n, l' é tude a porté sur la r é gio n d'Abitibi limitée par l e s 76 ° e t 84 ° W 
d e longitude e t par l e s 47° 30' e t 49 ° N d e lat itud e e n Ontario , e t par l e s 4 8° 
et 49 ° N d e latitude au Qué b ec . 

La c omparais o n e ntr e l e s traits d e r ég ions tr'e s é loignée s située s 
dans l e Bouclie r canadie n am'e n e 'a p e ns e r qu e l a structur e du B oucli e r e st 
forte m e nt influe nc ée par un r é s e au pron o n cé de fr ac tur e s l o g ée s e n prodonde ur. 
Un é carte m e n t d e 100 mill e s e n t r e l e s liné ame nts e st- o u e st '1e l'Arctique 
canadi e n s e r e connait é gale m e nt dans l e r é s e au de drainage à l' e s t d e la baie 
Jame s e t s e r e flèt e dans la r é gio n d'Abitibi . L'allure d e ce r é s eau est 
c ompatible avec une s é rie de fr ac tur e s impo r tan te s diri gée s d' e st e n ou e s t 
don t J. Kalli okoski a p e nsé qu' e lle s limit ai e n t de s bloc s co rticaux à n o yaux 
d e roches granitique s. Les de ux r é s e aux s e s on t f o rmé s d e maniè r e diffé r e nte 
e t t out à fait indépe ndamment l'un d e l'autre . 
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L' éc arte m e nt e ntre l e paléolinéament d e la baie d'Hudson 
(géofractur e importante du Bouclie r canadien), e t ce lui de la rivi è r e 
Mattagami a s e rvi d'intervalle unitair e dans la s é rie de traj ec toir e s d e 
fra c ture du rés e au d e prospection, dans la prov inc e du lac Sup é rie ur, au sud 
d e la baie d'Hudson. L'int e r v all e unitair e correspondant dans la partie 
or i e ntale d e la région e st plus p e tit. On a proposé quinz e int e rs ec tions 
comparable s. On sait que s e pt d' e ntre e ll e s contienne nt des gis e m e nts d e 
minerai e ndogè n e e t l'on r ecommande de prospecter l e s huit autr e s. 

D e s fractur e s d'inte rs e ction d e ce s s é ries s e r e trouvent dans l a 
r ég ion d'Abitibi e t l a r é partition d e s gisements d'or et d e cuivre coin c ide 
a vec e ll e s. L e s gis e m e nts d e minerai s e r e trouve nt aux inte rs ec tions d e s 
principales fra cture s ou tout prè s (amas d e giseme nts de Noranda, Kirkland 
Lake, Matac h e wan e t Timmins-Por cupine ). Plusieurs r e commandations 
favorab l es à la pr o spection peuve nt s e d é duir e de la relation entre le rés eau 
d e fr ac tur e s e t la r é partition d'en v iron l, 300 venu es d'or e t d' e n v iron 
700 ve nu e s d e c uiv r e dans l a r ég ion. Que lqu e s r ecommandations sont 
p ré s e ntée s dans cette étud e . 

En ce qui conc e rn e l e s district s de min e rais pris indi v iduelle m e nt, 
o n m e t l'acce nt sur la relation e ntr e l e s g is e m e nts d e mine rai e t le s zon e s 
vo l c aniqu e s, t e ll e qu e l'a d éc rite Wilsonenl967. L e s grand e s fra c tur e s 
profondém e nt logé e s p e u ve n t contrôle r la r é partiti o n d e s ce ntr e s vo l c aniqu e s 
et l (' dépôt d e min e rai associé; ce tt e p o ssibilité dev rait être vé rifi ée . 



RELA TIONSHIP OF STRU C TURA L LINEA MEN TS 
AND MINERA L OC C URR ENC ES IN THE A BITIBI A REA 

OF THE CANADIA N SHIELD 

INTRO DUCTION 

H. D. B. Wils o n (19 67) outlin ed s om e of the main ge n e ti c c oncepts for 
o r e d e p o sits o f the Canadian Ar c h e an an d evaluate d s om e of the princ ipal 
c rit e ri?. us e d so far in expl o ratio n for o r e d e p osi t s. R e fe rrin g to t h e two 
vo lume s on "Struc tural Geol ogy of C anadian Ore D e p o sits" (194 8 , 1957) h e 
empha si zed that studie s o n s t ru c tur a l contr o l o f ore de p o siti on r e su l t e d inthe 
l ocatio n o f mu ch n ew o r e in exis t in g mine s, bu t a s s t r uc tur e s occurr e d eve r y 
w here in th e Canadian Shie l d they wc r e o nly of limi te d us e in l oc a t i ng new 
o r ebod i e s in the v olcan ic s e dimenta ry b e l ts. 

Usin g example s fr om his ea r l ie r s tudie s (Wils on, 1953, and Wils on , 
~al., 1965 ) and r e sults of o the r C anadian geo log ists, h e e mphasi zed that two 
cle ar r e l ati onsh ips b e tween o r e and r ock type s ex ist in th e Cana d ian Shie l d. 
One is the e mpirically de du ce d ass oc iatio n o f bas e m e tal d e posits with basic 
intrusive s. H. D. B. Wilson illustrate d itmainlyby c orr e latin g the distribution 
o f coppe r occurr e nc e s w ith the clus te rin g o f basi c and ultrabasi c intrusions 
in Que b ec . The s econd r o ck- o r e r e lationship i s that th e maj o ri t y o f the o r e 
b o di e s occur as r e placem e nts a nd di s s eminations in fra gm e nta l vo lcanic r ocks 
o f rhyo lite o r dacite compo sition. The Norand a are a in Que bec is c i te d as a 
good example , whe r e the main massi ve sul phi de d e p osits containin g p y r i t e , 
sphale rite, pyrrhotite , c halc opyrite a nd magn e ti te and hav ing appr ec iable 
conte nt o f silve r and go ld, are l oc ate d in the top parts o f str on gly fra c tur ed 
and alte r e d vo lcanic ro c ks whi c h a r e c appe d b y o ther r e lat ive ly younge r vo l
canic s. In th e c as e of the H o rne Min e o r e b o di e s a t N o randa th e unde rlyin g 
r ock is a str o n gly fragm e nte d rhyo lite and the ove r l yin g roc k is ande site . 
Irr egulariti e s of the contac t be t ween the latter two , su c h as humps o r d a m e s, 
play a r o l e in the emplace m e nt o f the o r e in the N o randa distri c t. 

The above s ee mingl y cont r adic t o ry r e lationship o f o r e d e posits to 
bath basic intrusions and rhyo lite s is exp l aine d by Wils on by classifying the 
Ar c h e an lav as of the Canadian Shie ld pre d ominantly as on e magma type , the 
basalt-ande si te - dac ite -rhyolite ass oc iation of contine ntal o r ogenic r eg ions a nd 
islands arcs. A c c o rding t o Wils o n this s e que n ce is d e rive d f rom a saturate d 
basaltic magma wh ich pr o bably o riginate d within the mantle w ith contamina ti o n 
and diffe r e ntiation pro du c in g the a c idic phas e s of the ass ociation. Wils o n is 
o f th e opinion th at both o r e s and rhyo lite may b e e nd pr odu c ts of the basi c 
magma and are ass o ciate d in a vol c ani c intrusive centr e . This e arly basalti c 
ma gmatism and the l at e r g ranitic magmatism of the K e noran Oroge ny of th e 
C anad i an Shi e ld ne e d n o t be , a cco rdin g to Wils on, c omple t e l y unre l ate d, as 
granitic magmatism g e n e rally foll ows and ove rlaps basalti c orogeni c magmatis m . 

If the above dedu c tions a r e co rr ec t, r ecognition of vol cani c centr e s 
a nd the ir l ocal st r u c tu r e s, suc h a s dam e s, m a y se rve a s a good guide in 
p r o spec ting for e n dog e nous ore s. It a lso l eads , to the que stion of w h a t c on
tr ols the distribution of volc a ni c centre s in the C anadia n Shield. If the magma 
w hi c h ac co rding to Wil son g a v e ris e t o the ba s a lt - a nde s i t e -dac ite -rhyoli te 
s e qu e n ce , c ame from the m a ntl e , a nd th e v olcani c centr e s a r e c onnec t e d w ith 
it, the n it may be expec ted that z o n e s o f we akness o r a n e t o f d eep-seat e d 

Origina l manuscript subm itt e d: N ov e mber 25, 1970. 
Fina l ve rs ion approved for publ ica ti o n: F e bruary 17, 1971. 
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fra c tur e zones exist in de e per parts of the Shield, along which magmatic 
activity took plac e , If the ores and rhyolites are as Wilson expects, end 
products of this magmatic a c ti v ity, the n their distribution may be a us e ful 
guide for recognizing the location of the zones of weakness and the se are 
referred to as deep-seated fractures. 

The aim of the present paper is to apply the method us ed by Kutina 
(1969) in the Cordilleran area of the United State s and in other parts of the 
work for studying the relationship of ore deposits and ore districts to patterns 
of d ee p-s eate d fractur e s. As in the prece ding papers the principle of equi 
distances is applied (Kutina, 1968, 1969). 

The Abitibi are a, which include s the mining districts of Val d'Or, 
Noranda, Kirkland Lake and Timmins-Porcupine was examined in som e 
detail in th is study. It is cons ider e d in the structural context of a consider 
able part o f the Canadian Shicld so that structural phenomena of a very dif
ferent scale can b e compare d. The authors were concerned that they would 
not overlook som e of the significant broad scale structural phenom e na which 
may have b ee n involved and which may not be recognizable on adeta iled scale. 
They do not think that they have examined all o f the e xisting structural rela
tionships in their investigation and are presenting the results as only a small 
contribution to th e unde rstanding of the structural control of ore d e position 
in a part of the Canadian Shi e ld. 

The work was initiate d by Dr. A. Gross, Head of the Min e ra! 
Depos its Section within the Economie Geology and Geochemistry Division of 
the Geo logical Survey of Canada and has been clone under his and 
Dr. S. C . Robinson's supe rvision, It is a contr ibution to the Surve y's studie s 
of o r e prospecting methods and is also linke d to studies on th e statistical 
ev aluati ons of th e mineral potential of Canada in that it gives a structural 
geological background for a statistical study of the same area be ing developed 
simultaneously by Dr. F. P. Agterberg and A, G. Fabbri. 
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INDICATIONS OF A SINGLE PATTERN OF DEEP-SEATED FRACTURES 

IN THE CANADIAN SHIELD 

The configuration and shape of the islands in the Arc tic Archipe lago 
suggest that they are controlled by s eve ral sets of significant, mutually inte r
secting fractures, 

The main east-west trending lineame nt of the Arctic Archipelago, 
which is known in its eastern part as the Parry Rift Valley, intersects n early 
the whole of the Arctic about latitude 74° N. The spacing of the east-west s et 
of lineaments to which the above structure and two others north of it belong, 
is 1 OO miles (Fig. 1, distances Ai and Az; Kutina, 1971 ). The same spacing 
is applicable to three east-west trending rive r lineaments east of Jame s Bay 
(Fig. 1, distances A! and A2_). 

The southern boundary of Hudson Bay Lowlands, which in its western 
part extends approximately east-west (X-X' in Fig. 1), with Phanerozoi c 
rocks on its northern side and Precarnbrian rocks on its southern side, sur
pris ingl y co rresponds to the lati tudinal position of the s traight no rth bound-
a ry of the St. Lawrence Rift Valley between longitude 60° and 67°W (Y-Y' in 
Fig. 1). In the latter case, Paleozoic rocks occur on the southern and 
Precambrian rocks on the northern side (see Geological Map of Canada, Geol. 
Surv. Can., Map 1250A, 1969). 

The drainage patterns around James Bay and Ungava Bay which ar e 
located in different parts of the Shield, with southern e nds nearly 700 miles 
apart (Fig. 1 ), show remarkable similarities. Symmetrical orientation of the 
main northeast- and northwest-trending river lineaments with distances M 
and M 1 and N and N', as well as the location of the main east-west river lin
eaments with distances A and A• suggest, that the drainage pattern in both 
cases is controlled by a comparabl e net of fractures (Fig. l ). The drainage 
pattern around James Bay and Ungava Bay is strongly influenced by four main 
sets of fractures in the Canadian Shie ld which strike northeast northwest 
west and north, The north-south set is particularly well repr~sented in the 
James Bay region, 

Cornparison of the drainage patterns of the above two reg ions, as 
well as the corresponding spacings in the east -west set of lineaments o f the 
Arctic Archipelago and the area east of Jam es Bay, gives an impression of a 
broad region having a single pattern of deep-seated fra ctures . A segmentation 
of the landmass rnay have taken place along them in the northernmost part, 
especially by a prominent breakup a l ong latitude 74 °N. Its straight course 

as well as criteria presented by Fortier et al. (1963) suggest that a long east
west fracture is responsible for the respective continental breakup. 

On the other hand the detection of su ch an east-west trending fractur e 
which may occur in the middle or in the southern part of the Canadian Shield 
is much more difficult where no segmentation has apparently taken place. 
The reason for this is that fractur e s need not manifest themselves in the 
uppermost portion of the earth' s crust in all parts of their course. 

Such a deep-seated major fracture may, for instance, run along the 
traces marked X - X' and Y-Y' in the southern part of the Canadian Shie ld, but 
no criter ia have been described as yet to trace its course between the above 
two segments (Fig. 1 ). 
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A sign ificant north-south tr e ndin g geofr actur e has bee n postulate d 
r ecen t ly in t h e Canadian Shi e ld. The nam e "Hu dson Bay Paleolin Pam e nt" 
wa s proposed for it a n d its c haracter is e xpr e ss e d ove r a conside rabl e 
distance (Kuntina, 1971). It is di spla ced by inl e rs ec ling faults at s evera l 
places . The Nare s Rift Valley and/or the 150-mile -long Phaneroz o ic 
Prec ambrian boundary o n Ellesm e r e Island ha ve bee n propo s e d as two 
po ssi ble extensions o f the Hudson Bay Pale o lin e ament in the Arctic.A r c hipe lego . 

CONCENTRA T ION OF METALS ALONG THE 
HUDSON BA Y P ALEOLINEAMENT 

Important accumu l ati o ns o f e nrlog e nous o r e d e posits occur at or n ea r 
th e in l c·rs ect ions of t h e Huds o n Bay Pa l eo line am e nt w ith fra c tur e s o f ot h e r 
s et s (Kunlina, 1971). T h e Va l d ' Or-T im mins area w ith clus te rs o f min e r a i 
d <' pnsits around Va l d ' Or, No r anda, K ir k l a nd Lake , and Timmins - P o r c upin P , 
is th P mo sl signifi ca nt (are a N o. 2 in Fig. 1 ). This minerai area, as a whol e , 
is e l ongated a l o ng int e rse c ting e ast - w e st faults, but fra cture s of th e n o rthwe st 
an d n orth ea st sets appea r to b e an important facto r in t h e l oc ati zat io n of o r e 
d e posits w ithin this ar e a. The Noranda o r e d e p o sits are clo s e st t o the Huds o n 
B ay Pal eoline ament i n the Val d ' Or-Timmin s mine rai ar e a. The Cobalt 
group o f o r e b odi e s and a group o f m in e rai occurr e n ce s s ou t h e ast of Vi ll e 
Mar ie, whi c h occur o n the west and o n th e e ast sid e o f Lake Timiskaming, 
r e spect ive ly, ar e an o the r important c onc e nt,rati o n of minerai d e posits along 

th e Huds o n Bay Paleo lin e ament. T h ey ar e b a th shown as ar e a N o. 1 in 
Figur e 1. In this c as e t h e o r e d e posits ar e l oc at e d in a broader area around 
th e inte rs ec tion o f th e Hudson Bay Paleoli n e am e nt w ith significant faults 
whi c h tr e n d n o rthw e st. 

Pre f e rential distributi on o f th e abov e two impo rtant g r oups of o r e 
d e posits around t h e int e rs ect ions o f the Hudson Bay Paleoline am e nt with 
oth e r s e ts o f fra c tur e s sugge sts t h at minera i d e p o sits may b e pr e s e nt al o ng 
this pr omin e nt north-s o uth-tr e nding geofra c ture in oth e r ar e as. In Fi gure 1, 
f our are as, Nos . 3, 4, 5 and 6 h ave b een marke d, where e a st- w e st trending 
lin e am e nts ar e expec t e d to int e rs ect the Hudson Bay Paleoline am e nt. The s e 

a re as are r e commende d for prospe ct ing. One (ar e a N o . 3) is s ou th of 
James Bay a nd the l ocat ion of its southe rn part approximate s the latitude o f 
the Chibougamau or e distr i ct (No. 7 in Fig. 1 ). The othe r thre e are as 
(No s . 4, 5 a nd 6 ) lie under Jame s Bay. Are a N o . 6 was marke d as an 
e longa te d ar e a to cave r the pr obabl e inte rs ec tion o f the Hudson Bay 
Pale o lin e am e nt with th e boundary of Prot e rozoi c s e diments. This boundary 
a c co rdin g to Bo sto c k (19 69 ) ext e nds s outhwe ste rly from the arcuate shape d 
e a ste rn side o f Huds on Bay. 

REGULARITIES IN DISTRIBUTION OF ORE OCCURRENCES 
IN THE ABITIBI AREA 

G eol ogy of t h e Abitibi Are a 

The Abitibi ar e a o f the Canadian Shi e ld bas been the subj ec t of int en s e 

studie s since th e b e ginning of the century as it is o n e of the most int e ns e l y 
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mineralized areas in the world, It is lo cated betwee n 76° and 84° W, and 
be t ween 47 ° 30' and 49° N in Ontario, and betwee n 48° and 49° N in Qu e bec. 
Four main mining areas a r e distin guished and the following refere nces have 
been s e l ected fr om the lite ratur e : F e rguson (1966, 1968), and Pyke and 
Middleton (1970) for th e Timmins-Porcupin e district, Thoms on (194 8), 
Savage (1964), and L ove ll (l 967a) for th e Kirkland Lake-Larder Lake district 
M. E. Wils on (1941, 1948, 1962), Dresser and Denis (1944, 1949), and 
Dugas (1966) for the Noranda distri c t, and Dresser and Denis (1944), and 
Latulipp e (1966) for the Val d'Or district. 

The geology of the Abitibi ar e a shown in Figure 2, was simplifie d 
from the following three geological maps: Map 211 6 (Carlson and Donovan, 
1965), Map2046(Ginn, etal., 1964), andMapl600 V (Dugas and Latulippe , 
l 967a). 

Archean basi c to acid volcanics with intercalated s e dim e nts ar e the 
o ldes t r ock s known in the area, The se are ove rlain un conformably by clasti c 
sedimentary and m e tas e dime ntary r ocks. Volcanic and s ed ime ntary rocks 
we r e intruded by mafic and ultramafi c intrusions ranging in type fromdiorit e 
to p e ridotite (or s e rpe ntinite). A c id intrusions o f various typ e s are y ounger 
than the mafic and ultramafic rocks and are refer red to collectiyely as 
"granitic r ocks" or simply "granite s". To the south the Arche an rocks ar c 
ove rlain by undeforme d Prote r ozo i c s e diments o f the Cobalt Group. T wo 
distinct g roups of diabas e dyke s in t rude the area, Matac hewan-typ e dyk e s 
striking north - south occur mainly in th e Timmins ar e a, The y are ove rlai n 
unconformably by the Cobalt Group s ediments, and the ir age was calculatecl 
to b e approximately 2,485 m. y. (Fahrig, e t al., 1965). Keewenawan-type 
dyke s striking northeaste rly eut the Cobalt Group s e dime nts and we r e cal
culated to be 1,285 m. y. o ld (Fahri g , ~al., 1965 ). The s e two types o f 
dykes ar e shown on Fi gur e 4. East and northeast o f Chapleau, and north
e ast of Foleye t, four alkaline syenite - carbonatite intrusions are r e porte d as 
late Prote r ozo ic or possibly younge r than Pre cambrian (Carlson and Dono va n, 
1965). Pale ozoic s edime nts of Ordov i c ian and Silurian age occ ur south of 
Kirkland Lake, and extend in a northwe ste rly direction. Ple istoce n e and 
Rec e nt s e dime nts often of consider able thickne ss cave r lar ge areas. They 
are shown in Figur e 2 as are as without patte rn, along with unmapp e d ar eas . 

The rocks of the Abitibi are a were d eformed by folding and faultin g 
of mor e than one age and type. Volcanic ro ck s were first folde d inte nsive ly 
during Arche an tim e . Progr e ssive folding and faultin g , with an ea st to 
southeast axial trend, affecte d various intrusions, and was accompani e d at 
late r stage s by intrusio n o f diabas e dykes. 

S e veral s e ts of fractur e s may b e obs e n re d in the Abitibi area. 
Kalliokoski (1968) concluded that the emplacemen t of batholiths and plutons 
of th e granitic rocks was controlled structurally by curve d major faults whi c h 
extend alon g e ast- we st-tr e nding narr ow synclinal b e lts of s e dim e ntary, 
m e tas ed ime ntary and m et a volcan ic rocks in this area. Ac co rding to 
Kalliokoski, thes e granites constitute co r e s o f ra th e r rigid blac ks b e twee n 
the major east-we st trending faults. Sorne of the s e faults have bee n know n 
for a l o ng time, e sp ec ially the Cadillac Fault and the Larder Lake Fault in 
its western e xtension, and the Mannevill e Fault and the D e stor -Po rcupin e 
Fault north o f th e m. The ex istence o f other faults hav e b ee n sugge ste d by 
Kallioko ski. Kalliokoski us e s a t e rm "massif" f o r the struc tural blacks, in 
th e cores of which are the granitic r ocks and conside rs three o f the m in 
particular: The Pontiac Massif, the Round Lake Massif and the Nighthawk 
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Massif (se e Fig. 15). Referring to a pape r in preparation (by E. Higgins 
and J. Kalliokoski), Kalliokoski sugge sts a major north-south faultwhi c h m ay 
s e parate the Pontiac and Round Lake Massifs. lt is possible that this fault 
c oincide s with a s e gme nt of the Hudson Bay Paleolineament. 

Fracture and Drainage Patte rns 

The complex fractur e pattern of the Abitibi are a, shown on Figure 2, 
has be e n compile d from s e v e ral maps: (!) Sh ee t N o . 5, accompanying the 
"Annotated Bibliography on Metallic Mineralization in the Regions ofNon•nda , 
Matagami, Val d'Or, Chibougamau" (Dugas and Latulippe, !967a); (2) Map 
2046, Timmins-Kirkland Lake Shee t (Ginn, et al., 1964), and Map 2116, 
Chapl eau -Foleyet Shee t (Carlson and Donov an, l965); (3) other geolog ical 
maps o f differe nt scale s (including pr e liminary maps of the individual town
ships) published by the Ontario D e partm e nt of Mine s, the Qu e bec Departm e nt 
of Natural R e sourc e s, and the Geological Surv e y o f Canada; and (4) an unpul> 
lished geo logical map of the Timmins input ar e a by Kirwan (1968). 

Name s of the faults in the Qu ebec part o f the Abitibi ar e a, shown o n 
Figure 4 of this pape r, have b een take n from Dugas and Latulippe (1961 ). 
The faults o f th e Lake Timiskaming Rift Valley were taken from Love ll and 
Caine (1970, Fig. 1 ). 

Several of the fractures r ec ogniz e d on geologica l maps of Ontario 
and Que b ec (Fig. 2) hav e topographie expression as shown by ri vers and lake s. 
The drainage pattern may provide valuable criteria for completing the patte 1n 
of fractur e s, as many ri ve r lineaments indicate the possible lo cation of fra c ·· 
tures. Drainage patte rn as a criterion for recognizing faults in the Canadiari 
Shield in the area south of James Bay, has be e n us e d previously by several 
authors, e spec ially by J. T. Wilson (1948, 1949). Anumber ofpape rs on linea
ments and land patterns in North Ame rica wer e published at the b eg inning of 
th e century, mainly by Hobbs (1901, 1904, l 905a, b, 1911 )and Hard e r (1906). 

The drainage patte rn, take n fromtopographicmaps (scale 1:250,000), 
is r e produc e d on Figure 4 and is compared with the fracture pattern o f Figur e?. . 

Many other line aments v isible in the drainage patte rn may mark thf' 
lo c ation of faults. Of the many possible c rit e ria which may b e us e d for d e fir1-
ing lin e am e nts the following have b een used: fitting of lin e am e nts with 
kn own s et s of faults, the e quidistanc e in their distribution, the ir ex t e nsion 
alo ng strike s of known faults and thei r continuity ove r long distan ce s. Many 
m o re line ame nts could be added if topog raphie f e atures of other kinds ar e 
conside r e d. The final picture for known and sugg e sted faults is obviously 
compli c ate d and furthe r detailed analysis is r e quired. A few faults have be r n 
adde d t o Figure 4 on the basis of observations from aerial mosaics. They 
are distinguished by the lette rs AM. 

Probably the most significant north-south striking geofra cture of th e 
Canadian Shie ld, the Hudson Bay Paleolineame nt, which is not readily obs e rv <'d 
on the map of the Abitibi are a, shows up mor e distinctly when a broader pari 
o f the Canadian Shie ld is analyzed (Kutina, 1 971 ). A minor segment of the 
Hudson Bay Paleoline am e nt, which c ross e s th e N o randa area southeast o f 
Abitibi Lake (Kutina, 1971, Fig. 1), is shift ed e astward from the ge n e ral 
cours e o f the long s egm e nt D which extends southward from Jame s Bay (s ee 
Fi g . 1 ). H oweve r, the central part o f Lake Timiskaming co inc ide s w ith the 
general cours e of s egm e nt D of the Hudson Bay Paleoline ame nt. Evid e ntly 
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the fracture-trajectory':' ±0 occ upi es different longitudinal positi ons in the 
northern a nd southern parts of Figure 4. Study of the aerial mosaic (Fig. 5) 
showed a probable extens i on of the Hudson Bay Paleolineament north of Lake 
Timiskaming which is exp r essed in Figure 4 as a north-southtrending b r oken 
lirie AM . This portion of the Huds o n Bay Paleolineament appears in the 
aer ial photograph ( Fig . 5) as a north-south trending belt of fa rm a nd c ulti
vated areas. Sim ilar l y several of the northwest striking fractures northwest 
of Lake Timiskaming are expressed as cultivated belts wh ich may fo ll ow 
zones of weakn ess in the ea rth 1s crust , and gu ide or influence the ground
wate r circulation. These lines are also distinguished by the l etters AM on 
Figure 4. 

Contours wh i c h show the dist ributi on of the underground wa ter sur
face north and northwest of Lake Timiskaming were illustrated by Hume 
(1925, p. 56). They are in good agreement w ith the strike of faults postulated 
by us from the aer ial mosaic. Hume correlates the trends of these contours 
w ith "clay belts" which li e in the depressions between the knobs and ridges 
of the o l d Precambrian surface. 

E xam ina ti on o f Figure 1 shows that the drainage pattern in the area 
sou th of J ames Bay appears to be strongly symmetrical with respect t o posi
tion and trend of the Hudson Bay P a leolineament. On Figure 1 rivers w ith 
the spacing M deviate southwestward from the Hudson Bay Paleolineament and 
rivers wi th spac ingN ge n e rall y deviate south eastwa r d. Tectonic control of the 
course of the Moose River wh i c h deviates southwestward is well known 

(Mac L aren, ~~·, 1968). 
A symmetr i cal pattern of distribution of rivers and l akes wi th 

respe c t to the Hudson Bay Paleolineament is a ls o se en in the Abitibi a r ea . In 
the southern part of Figure 4, the Montreal River Main Fault, the Cross Lake 
Fault, the Lake Timis kam ing West-shore Fault, the Blanche River Fault, 
and several others, strike n orth westerly , away from the Hudson Bay 
Paleol ineament, whil e in the south- central part of Figure 4, the area east of 
the Hudson Bay P a l eolineament i s charac t er ized by a repeated northeast 
tre nd in the drainage pattern. Su c h a pattern strongly r esembl es a schematic 
representation of the merging of two relief patterns as shown by Hobbs (1 9 11, 
Figs. 18 and 30 ). 

The dis tribution of fau l ts , dia base dykes, and the drainage pattern 
plotted on Fig ur e 4, give a complex picture in wh i c h the fo llowing sets of 
fractu r es and lineaments are parti c ularly apparent: a north-south set, an 
ea st-west set, a northwest-southeast set, and a northeast-southwest set. 

The n orth-south set of fr actures and lineamen ts 

A l ong the ±0 trajectory, in the northern part of the Ab itibi area (s ee 
F ig. 4 ) River Duparquet represents an important north-trending lineamen_t_ 
that connects the easternmost part of Lake Abit ibi with Lake Duparquet on the 
south. A n othe r n orth-s outh lineament at a longitudinal position very c l ose to 
River Duparquet, is represented by Lake Opasatica and a rather long diabase 
dyke between the t wo is known from geological maps whi c h curve northwest 
a nd southeas t on its northern and southern s icles respectively. 

Four o the r north-south lineaments subparallel to River Duparquet 
a re recognizable in the drainage pattern of the northern part of the Ab itibi 

':' Fracture-trajectory is the term appli ed in th is paper to the theoretical 
position of a fracture. 
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area. The ir spacing is similar so that they may be r e garded as a case o f 
equidistnat distribution of lineam e nts that follow a set of fractur e s. The 
inte rvals b etween the s e five north-south line am e nts have been distinguishe d 
as b4, b 5 , b6 and b 7 , andwiththeexce ptionofb7 areroughly28mile s (45 km). 

In the central part of the Abitibi ar e a the most strongly e xpressed 
n o rth-s outh lineame nts are r e pre sente d by north-striking groups of faults and 
swarms of diabase dykes (se e Timmins area and Matachewan ar e a in Fig. 4). 
The north- sou th fra ctures ar e r e pres e nte d by the promin e nt north-northwe st
striking fra c tures of the Mattagami Rive r Fault syste m. The unit intervals 
b2 and b3 have b een plotted o n the basis of the above a ccumulati on of n orth
south fractures. The Mattagami Rive r and the fault along it repr e sent on e of 
the m o st prominent structural lineame nts in th e ar e a s outh of Huds on Bay. 
It runs still farth e r southward into the northe rn part o f the Sudbury distri c t. 
The Mattag ami Rive r Fault is but one of a syste m of many faults be longing to 
the Mattagami Rive r Fault syste m r ecently described in detail by J. L. Kirwan 
(J 968, 1969). A dense swarm of diabas e dyk e s in the Timmins are a, the 
Mattagami River system was plo tted from Kirwan (1968, 1969). 

Plotting of the intervals b2 and b 3 farther westward gives the int e rval 
b1 with an e mpirical projection on its w e st e rn e nd, where fracturing s ee ms 
to b e mor e e xtensive. More data on the tectonics of this area are required 
before this plot can b e adequately substantiated. 

The unit intervals b1, b 2 , and b 3 correspond to a distanc e of 35-38 
mile s (56-61 km) and are thus larger than the unit intervals b4-b6 28 mile s 
(45 km). Although the c hange in the value of the unit interval b0 remains 
un e xplained, the fact that this change takes place not far from the Hudson Bay 
Paleolineament may be significant. The paleolineament represents a ver y old 
d eep seated fractur e , along which mov ements or tilting of big crustal blacks 
could have procee d e d from e arli e st times. 

Like many other ar e as in differe nt parts of the world some unit 
inte rvals within particular sets of fractures ar e more important than others. 
N e mec (1970) distinguishes up to 60 orders of unit intervals within sets of 
equidistantly repe ated structure s on the e arth. These geological structures 
are classifie d by N'émec according to a universal regularity of structural 
patte rn. 

Among the north-south trending lineaments where the inte rvals b1 - b7 
have been distinguishe d, the Hudson Bay Paleolineament and the Mattagami 
Rive r line ame nt are no doubt the most important structurally. ln Figure 4, 
the f orm e r is distinguished as the ±0 trajectory, the latter as -1 trajectory. 
An att e mpt was made to use this unit interval in the compilation of an e mpiri
c al pr os p ect ing net for a broad area in the Supe rior Province south of Hudson 
Bay. It appear s that an interval of this orde r B

0 
and a relatively smalle r 

int e r val east of Hudson Bay Paleolineam e nt, along with a corresponding A 0 
inte r val, r e pr e sents the appropriate spac ings between trajectories of de e p 
s eated fractures. The ir inte rs ec tions appe ar to control the distribution of the 
m a in clusters of ore d e posits in the Abitibi ar e a. Near the east-west 
trajectory ±0 in this area and in the area west of the Hudson Bay Paleolineament, 
th e unit inte r v al BQ b e tween north-south striking fractur e s is about 105-111 
mile s (170-180 km), and in the ar e a e ast of the paleoline ament about83miles 
(135 km). A cco rding to the classifi c ation by Ne m ec (1970) thes e two unit 
in te rvals Bo and A

0 
b e long to the equidistances of the hyperscale . B 0 is 

clo s c r to Nemec's 6th order of equ idistance s for whi c h h e giv e s a value of 
J 99. 281 km (about 123 mile s). 
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T h e distanc e s give n by the unit inte r v al bo in Figur e 4 be lon g t o a 
lowe r orde r o f e quidistanc e s, clo s e r to N 'é m ec 's 8th o rde r. Still smalle runi t 
in te r v al s i n the Abitibi ar e a may be <listin guishe d in the n o r th-s outh s et of 
fr ac tur e s. A good ex a m ple o f the n C'x t smalle r unit int e r vals in the n o rth 
sou th s et of fra c tur e s is t h e d ista n ce be twee n th e Huds o n B a y Paleo lin eamc n t 
a l th t• n o r t h-tre ndin g a rm of Lake T imiskamin g and t h e pa r alle l fra c ture to 
th C' w e st. T his inte r va l (bol is ve ry distin ct l y s een in the aC' ri a l pho t o mosa i c 
(Fi g . 5 ). l t s length is a b out 13 mile s (21 km) a n d is r efe rr ed t o the 9 th o r de r 
o f Ne m ec ' s e quidistan ce s for whi c h h e g i ves an inte rval o f 24. 910 km (a b out 
15 mile s). 

St ill small e r unit inte rvals are w o rth studying at a s c ale of 1:250, 000. 
G ood ex ample s are found in the Ma t ta gami River F ault syste m, w h e r e pr omi
n e nt unit int e rvals of 3-4 miles (5- 6 km) s eem s to b e typi c al. A ccordin g t o 
Nem ec ' s classification the y would be o f t h e 11 t h o r d e r (megas cal e ). In t e r val s 
compar a bl e w ith N'é m e c;s lOth o rd e r ar e al so d istinguishable . 

S e ve ra! n o rth-tr e ndin g structural lin e a ments have bee n r ecogni zed 
in the are a s outh of Huds o n Bay (s ee J. T . Wils on, 1948) and th e r e latio n o f 
maj o r minin g camps o f n o rthwe ste rn O ntari o to fault z on e s and e ast- we s t an rl 
n o rth-s outh fault inte rs ec tions we r C' cl isc uss ed by him (194 9). 

The east-we st s e t o f fra c tur e s and line ame nts 

In widely s e parate d parts of the Canadian Shie ld e ast-we s t line a 
m e nts occur with a c omparable spac in g of app r oximate ly 100 mile s (a bou t 
161 km) (s ee Fig . l ) . This uni t inte r v al was appli e d in d e v e loping the e m p ir
i c al pr o spec ting n e t (Fi g . 14). An exce lle nt example of a pr omine nt e ast
w e st tr e nding t e ctonic line in the Canadian Shie ld is th e n o rthe rn limitat ion o f 
the Gulf o f St. Lawr e n ce north of Anti co sti Island. It r e pr e s e nts a ve r y 
strai ght b oundary of a part of the St. Lawre n ce R ift syste m (Fig . l) a nd was 
r e c e ntly d e s c ribe d by Kumarape li and Saull (1966 ). Mu c h o f the s o u t h e r n 
b oundary o f the Hudson Bay L owland occupie s a l a titudinal p o sitio n ve r y clo s e 
to th e straight limitati on of the St. Law r e n ce Rift syste m distinguishe d b y th e 
l e tte rs Y- Y ' o n Figur e l. 

S outh of the southe rn limit o f the Huds on B a y Lowland, s eve ral s h o rt 
line ame nts in the drainage patte rn a re r ecogni z abl e . The y c an b e c o rr e l ate d 
alon g an east-we st line along whic h thr ee clus ter s o f o r e d e p osits in the 
Supe rior Prov ince are loc ate d. One o f the s e is t h e Chibou gamau mining are a . 
This empiri c al line was plotte d on Fi gur e 14 as traj e ctory +l and its cou r s e 
is exac tly e ast- we st. One of the c rit e ria for plotting it is a pro mine nt east
w est line ame nt of the drainage patte rn, as shown in Fi gur e 3, w h e r e the 
Turge on Ri ve r shows two abrupt ri ght-angle c han ge s in its course . Su r. h s harp 
change s are probably caused by t e c to ni c cont rol o f the rive r cours e . H o bbs 
(190 4 , Fig. 4) d e s c ribe d similar example s. 

The unit inte r v al Ao of 100 mile s (1 6 lkm) as shown on Fi gure 1, w a s 
pro j e c t e d southward fr om the e as t - we st tr e ndin g e mpiric al t r aj ec t o ry +l o f 
Figure 14. Its cours e c orre sponds w ith the p o sitions o f the m o st important 
cluste rs o f ore d e posits in the Val d'Or-Timmins ar e a. The same spac in g 
plo tt e d farth e r southward falls in the v ic ini t y o f t h e Sudbury o r e distri ct . T h e 
r e lati onship of signific ant ore distri c ts to this n e t of e quidistantly space d t ra
j e cto rie s su gg e sts that dee p s e a te d fra c ture s o f this trend exist e ithe r at o r 
clo s e t o th e p o sition of the postulate d e ast- we s t t raj e c t orie s de rive d. The 
traj e cto rie s of Figur e 14 hav e b ee n p o stulate d inde pende ntly o f a struc tural 
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Fi gure 1. Concentra ti ons of meta l s a l ong the Hudson Bay Pal eolineament. 
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Figure 3. An abrupt change in the cou rse of the Tur geon 
River a l ong an east-west trending structural 
lineament north o f the intersection of the +O 
traje c tory o f the North-South set, w ith the + 1 
trajectory of the East-Wes t set (s ee Fig . 14). 

analysis of this area clone b y Kalliokoski (1968 ). The e ast-we st s e t of traj ec 
t o rie s of Figure 14, e specially traj ec tory +l, cor responds surprisingly we ll 
with one of the east-we st boundarie s or possible faults postulated byKalliokoski. 
They are interpre t e d as s e parating struc tural b lo cks which have gr aniti c 
r ocks in their cor e s. 

One of the l ong 
thr ough the Abitibi are a a 
be lt of s ed ime ntary- volc anic rocks. Anothe r running north of the latte r splits 
into several branche s. Its main bran c h e s ar e known as the Mannev ille Fault, 
the D e stor Porcupine Fault, and the Pip e stone Fault. For much of its cours e 
it also follows a b e lt of s ed ime ntary- volcanic rocks. Many of the important 
mine r al d e posits, e spec ially gold (s ee Fig. l 0), appe ar to follow the cours e of 
these east-we st faults as well as b e lts o f s e dime ntary-volcani c rocks. 

and cur ved e ast-tr e nding structural line s running 
is known as the Cadillac-Bouzan Fault and follows 

Ridle r (1970) has r ecently sug ge sted a r e lati onship b e twee n con cen 
trations of go ld and geoch e mic al proce ss e s involve d in the e volutio n of the 
s e dimentary and vo lcanic ro c ks in the Kirkl and Lake -Larde r Lake ar e a. T h e 
simple plots o f gold d e pos its and occurrences on Figur e s 7 and 10 do not 



- 12 -

distinguish their possible genetic types, but the coincidence of their distribu
tion and size with the fracture pattern also plotted on Figure 10, suggests that 
several of the most important clusters of gold deposits are preferentially 
located at or near the intersection of different sets of deep seated fractures. 
A discussion of some of the clusters of ore deposits is given below. A clus
tering of many of the important deposits of gold near the intersections of 
major fractures in the Abitibi area does not of course lead to the conclusion 
that all of the gold deposits were necessarily formed by hydrothermal 
processes. 

The northwest-trending set of fractures and lineaments 

The most important northwest-striking fractures of the Abitibi area 
are the Montreal River Main Fault, the Cross Lake Fault, and other faults 
parallel to them which strike about N50 ° W. The first cuts across the Abitibi 
area and extends beyond its boundary. These fractures are followed by rivers 
and lakes along these fractures which form distinctive lineaments in the 
drainage and topography. Their significance as structural lineaments, 
especially the course of the Montreal River, was recognized very early by 
Miller (1905, 1913), Hobbs (1906, 1911), Todd (1925), and were later empha
sized by J.T. Wilson (1948, 1949). 

Recently Lovell and Caine (1970) recognized and described a rift 
vall<>y between two of the major faults in the Abitibi area 1 the Cross Lake 
Fault and the Quinze Dame Fault which they named the "Timiskaming Rift 
Valley". The interpretation of Lovell and Caine is reproduced in Figure 168. 
They suggest that the entire area of the Cobalt plain southwest of the 
Timiskaming Rift Valley may occupy a graben, an idea originally expressed 
by J.T. Wilson (1948, 1949) who referred toit as the "Cobalt Graben" (1949, 
Fig. 8). 

In the Lake Timiskaming area and to the northwest, we can distin
guish unit intervals within this set of northwest faults of different orders. 
The largest unit interval probably lies between the Cross Lake Fault and the 
Quinze Dam Fault which according to Lovell and Caine ( 1970) occur on opposite 
sicles of and are boundaries to the Lake Timiskaming Rift Valley. This unit 
interval, measured northwest of Lake Timiskaming, is about 25 miles (40 km). 
An important unit interval of a lower order occurs between the Montreal River 
Main Fault and the South Montreal River Fault. It corresponds Io the interval 
between the South Montreal River Fault and the Cross Lake Fault , and is 
about 4. 3 miles (7 km). The distance between the minor lineaments as deter
mined from the distribution of cultivated areas north of Lake Timiskaming 
and four lineaments on the aerial mosaic (Fig. 5), is about 2. 5 miles (4 km). 
These interval distances of 25 miles (40 km), 4.3 miles (7 km), and 2.5miles 
(4 km), may be relative to the 8th, l lth, and 12th orders of N~mec 1 s equi-
dis tances (N~mec, 1970) for which be gives values of 49. 8 km, 622 7. 5 m, 
and 3113.8 m, respectively. 

Lake Timiskaming is a good example of a lake form that is controlled 
by a fault pattern. Figure 5 clearly shows the shape of its most important 
part which consists of two segments that trend northwest, each being con
trolled by a northwest-striking fault. The northern segment of the Jake follows 
the Lake Timiskaming West-shore Fault, and the southern segment the South 
Montreal River Fault. The middle north-trending segment of Lake Timiskaming 
probably originated a long the Hudson Bay Paleolineament. Thus, in this 
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interpretation, the shape of Lake Timiskaming reflects the inters ection of 
the important north-south geofracture of the Canadian Shield with maj o r 
northwest-striking faults, and a cluster of endogenous ore deposits occur 
around the intersection of these faults. In the Lake Timiskam!ng area.(Eig.s. 5 
and 6) the most important ore deposits are those around Cobalt which have 
been studied recently by Thomson (1957, 1967), Petruck (1967, 1968), 
Halls!:..!:. al. (1967) and others. 

In the distribution pattern of ore deposits in the Cobalt area (see 
Figs. 5 and 6 ), we observe that, beside the northwest-trending lineaments, 
there are others which trend north, northeast, and perhaps east. A northeast 
trend in the distribution of ore deposits in the Cobalt area was suggested 
previously by Miller (1913) who mentioned also that few lakes and streams in 
the area have their lon ger axis lying in a north-south or in an east-west 
dir ec tion. A set ~f north- sou th, northeast-southwest and northwest- southeast 
"regional disturbances" recognized from the drainage pattern were illustrated 
by Todd (1 925) in the Matabichuan area, south of Cobalt. 

Besicles the set of faults which strike about N50° W mentioned above 
the re are other northwest -trending faults and lineaments in the Abitibi area 
which show a somewhat different strike. The longest is the Sm0ky Creek 
Fault which strikes about N40° W and crosses the Noranda area; Lake Flavrian 
lies along this feature. A northwestern extension of the Smoky Creek Fault 
may be partly responsible for the shape of Lake Abitibi in this area. On the 
opposite sicle, an extension of the Smoky Creek Fault may be traced far into 
the southeastern part of the area shown on Figur e 4. 

Another long line ament trending northwest or west -northwest in the 
southern part of Figure 4, west of the Hudson Bay Paleolineament, can be 
trac e d for a long distance but its coïncidence with a fault has not been proven. 
It coïncides with one sicle of a tectonically controlled hexagonal pattern, some 
parts of which have been mapped as faults. It is distinguished as S1 on 
Figure 4, and similar, h exagonal patterns which are not fully developed by Sz 
and s 3 . Such hexagonal drainage patterns were observed by Stur (1858) in 
Idria, Yugoslavia, and later reported by Hobbs (1905a). 

The northeast-trending set of fractures and lineaments 

Several northeast-striking lineaments a re present in the Abitibi area 
(Fig. 4). Sorne in the Noranda area have be e n recognized as faults. One of 
the most apparent in the Abitibi area in Quebec is the Hunter Creek Fault, 
which intersects the northwest-striking Smoky Creek Fault. Their intersection 
does not lie far from the postulated position of the Hudson Bay Paleolineament. 
Other faults of a similar strike paralle l to th e Hunter Creek Fault in the 
Noranda area are the Ouesabe Fault, the B eau c haste l Fault, and the Horne Fault. 

It is not always cle ar in the w e stern exten sion of the Cadillac - Bouzan 
Fault, which generally strikes east, whether one is dealing with an e ast
striking fault which is locally deflected s outhwe sterly, or with a s e parate 
northeast-striking fault. R ecognition of the possible intersection of an east
striking fault with a northeast-striking fault proved to be of economic importan c(' 
in the search for new orebodies (Gilmour, 1965) as it contributed to the dis
covery of the ore deposits of Vaute Mine s Limited (see Figs. 10 and 11). 

A s et of n orth east-trending lineame nts is d e veloped east of the 
Hudson Bay Paleolineament (Fig. 4). Many of these terminate abruptly at 
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the Smoky Creek Fault and its southe ast e rn extension and it appears that 
the Smoky Creek Fault here forms the boundary of a c rustal black. 

Many of the diabase dykes plotted on Figure 4 have a general north
e asterly strike but east-northeast and north-northeast strike directi ons are 
also present. They were r efe rred to by Fahrig et al. (1965) as the "Abitibi 
swarm" and are r e sponsible for many positive magnetic anomali es. According 
to paleomagnetic ev ide nc e (Laroche ll e, 1966) they were intrude d during 
several distinct periods of Prec ambrian time. In the opinion of Norman (1948) 
they may represent an extensio n of the northeast system of fractures which 
characterize the Chibougamau and Mistassini district northeast of the Abitibi 
are'!. 

Sorne more or less lin e ar f e atures of the drainage pattern compiled 
fr om geological maps are shown in th e east e rnmost parts of Figur e 4. It is 
not known whether these lineaments r e pr e sent fractures, however, they fit 
remarkably well into the surrounding general fracture pattern. 

Distribution of Gold and Copper Occurrences 

The data on gold and copper occurrences used in this paper were 
collecte d from a large amount of published and unpublished material. An 
attempt was made to locate all occurrences which have been described in the 
Val d'Or-Timmins min e ral area, and to estimate the size of producing and 
past - produ c ing mines by using production and reserve figures up to and 
including 1968. 

"Or e occurrence"* is a term which in general is not clearly define d. 
It is used h e re to represent any concentration of ore forming minerals from 
that in a large deposit to mineralizalization in outcrops, test pits or isolate d 
drillholes, where spot or grab sample s were collected, but for which the ton
nage o f ore may be unm e asurable (cf. Brisbin and Edige r, 1967 ). 

The select ion of gold and coppe r occurrences co rr e sponds closely to 
those compiled in Quebec Department o f Natural Resources Spec ial Paper 2, 
Annotated Bibliography on M e tallic Mineralization in the Regions of Noranda, 
Matagami, Val d'Or, Chibougamau, publishe d in 1967. This volume was 
used as the main source of information for the Quebec part of the 
Val d'Or-Timmins ore field. Various publications and open files of the 
Ontario Department of Mines, the Quebec Department of Natural Resources, 
and the Minerai Resources Branch of the D e partment of Energy, Mines and 
R e sourc e s were consulted, and a total of 1, 333 gold occurrences and 709 
copp e r occurrences were considered. Of these, 179 are mines with produc
tion or r e s erve figur e s for gold, and 55 are copper mines. They are listed in 
Tabl e s I and II, and plotted on Figures 10 and 11. 

Description of the contour method 

To e s timat e the are al distribution of the occurrences, dens ity contours 
were traced and compared to var ious types ofmappable geological information. 

-.~ F o r simplicity the term occurrence will be generally used throughout the 
text. The t erm ore as used here refers to accumulations of metallic miner
als and does not have connotations of favourable economic significance as 
normally implied in North America in the us e of the term "ore". 
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The con ce ntration of mine ral occurr ence s within a certain ar ea c an 
b e c xpr e ss c d quantitative ly as their d e nsity w ithin a unit ar e a. Differ e nt 
d e nsities, h owever c an only b e detected readily by trac ing the d ensity contour 

line s at prope r int e r vals. Su c h a m e thod has been used pr eviously by 
H. D. B. Wilson (1967), to compar e the distribution of coppe r d e oosits with 
the distribution o f mafic and ultramafic intrusions over a large area in Qu e b ec , 

The contour method used h e r e is the so-calle d "fre e -counter" 

m e thod (Turne r and Weiss, 1963). A contour ce ll, in our case a c ircle of 
g ive n ar e a, wa s m oved continuously through the are a in such a manne r that 
the numbe r of occurre n ces contain ed in it r emain e d equal to a give n constant 
va lue for e ach contour line . The contours join centr e s o f the contour ce lls 
with an e quiva l e nt number of mineral d e posits. 

Two diffe r e nt typ e s o f c ontours we r e made: unweighted and w e ight e d 
d e ns i ty cont ours. 

Unwe ighte d de nsity c ontour maps for gold and coppe r occurrences 

The contour ce ll chosen for the unweighted density contours is a 
ci rcl e of 4 squar e inches, corresponding to 64 square miles at the working 
s cal e o f l inch to 4 miles. For the s e contours, density intervals of 5 occur
r ence s were chosen, for densiti e s ranging from 1 to 45. 

The gold occurrence distribution pattern (Fig. 7) shows seve ral 
distinc t maxima, and a more or l e ss continuous distribution along curved 
line s w ith an e ast-west tr end . Individual p e aks s eem to be sharpe r in the 
Ontario area (see cluster around Timmins, and cluste rs near Kirkland Lake) 
than in the Que bec ar e a (se e clusters around N o randa and Val d'Or). Th e 
gold occurr e nc e pattern app e ars to b e far from random. Its distribution is 
influ e nc e d by mor e than one ge ological factor, but lithology and structur e s 
ar e the main ones. 

The coppe r occurr e n ce distribution patte rn (Fig. 8) also show s dis
tin c t maxima, h oweve r the cont inuous east- we st distribution observe d for 
gold is abs ent. D e nsities ar e somewhat lowe r in Ontario, as may b e exp ec t ed 
b ec ause the Ontario sicle of the Abitibi area produces l e ss copper, than the 
Quebec sicl e . Distinct trends observed for c ,opper distribution extend north
w e st and north-south, a north e ast trend is less distin ct iv e . The se trends 
sugge st that structural factors could be the_ most important control for the 
distribution pattern of coppe r occurr enc e s. ThTs aspect will b e considered in 
more d et ail b e low. 

W e ighte d d ens ity contour maps for gold and coppe r occu rrenc e s 

The following facts should b e conside r e d. Wh e n making an analysis 
o f th e distribution o f gold and c opper d eposits in the Abitibi ar e a: (1) a pro
du ce r cannot always b e expr e ss e d as a single point on a map, the r e for e some 
ge n e ralization cannot b e avoided; (2) the amount of ore produ ce d and that of 
the reserves (i. e ., the size of e very d e posit) must b e taken into ac count, 
b e c aus e the s e numbe rs are inte nded to expr e ss, at l e ast in a semiquantitative 
way, the concentration of m e tals in the e arth' s c rust; (3) sinc e a clear r e la
tionship b etw een conce ntration of deposits p e r unit area and amount of 

ext racte d o r extra c table ore c an be observed and statistically d e t e rmine d 
(A gte rberg and Cabilio, 1969 , P· 144), and occurre n ce s tend to be clustered 
ar ound large r d e posits, it is d e sirabl e and eve n n ece ssary t o consid e r b o th 
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factors together. Sizes of deposits and cluste ring of occurrences around 
them hav e been combined as follows. A s e miquantitative method of weighted 
density contouring also was applie d for the study of the d istribut ion of gold 
and copper occurrences in the Abitibi area. The contour cell used for this 
contouring method is a circle of l square inch co rresponding to 16 squar e 
miles at the working scale of 1 inch to 4 miles to r e pr e s e nt the size of a 
deposit. A value equal to the log10 (P+R) or the logarithm of produ ct ion, P, 
plus r e serves , R, in troy ounces for gold and in short tons for copper, was 
assigned to all producing mines. Producing properties were given va lue s 
ranging from 2 to 7 on the logarithmi c scale of 100 to 10, 000, 000 ounces or 
tons for gold and copper respec tively. A symbolic value of l was given to 
occurrences for which values of P and/or R cannot b e establishe d. This 
corresponds to a value o f 10 ounces or tons. It should b e rememb e r ed that 
lo garithmic value s have been rounded off on the logarithmic s c al e . For 
example, a value l can represent any v alue for the interval betwee n O. 5 and 
1. 5. In terms of ounces or tons this co rresponds to an inte rval ranging from 
3. 162 to 31. 62 ounces or tons. This explains why the class limits us e d in 
Figures 10 and 11 are e qual to 3.162 mu ltiplied by a powe r of 10. Contouring 
was clone on the basis of a semiquantitative assumption because weights for 
density of points and weights of (P+R) value s for single points were summed 
in a qualitative way. For example a de posit of log10 (P+R) = 6, was counted 
as 6 occurrences located at as ingle point; and a d e posit with log 10 (P+R) = 3, 
counted as 3 occurrences, e tc. when contouring a single density figure of say 
5, can b e obtained in mor e than one manner since various deposit sizes and 
numbers of single occurrences in combination give this density v alue. On 
Figures 10 and 11 weighted density c ontours are shown for go ld and copper 
occurrence s. Only contours 1, 5, and 10 wer e traced. Dots of differ e nt 
radii are shown on the maps, to r e pr e s e nt the diffe r ent sizes of deposits as 
d ete rmine d from log

10 
(P+R) (productions plus reserves obta ine d from avail

able published data up to and includin g 1968). In this way the r e lationships 
between c lustering of occurrence s and siz e s of pr oducers, was expre ssed and 
a different s e t of contour lin es was produced. 

Seve ral things should be kept in rnind when inspect ing th e se con tours: 
(1) they represent a compromis e betwe e n two different types of data, i.e., 
d e nsities of points, and values of log

10 
(P+R) expr e ssed as densities over 

nonmeasurable areas (points); (2) contour 1 will always be a closed line con 
taining points, contour 5 will be a clos e d line whi c h may not surround points 
with weights 1, 2, 3, or 4. Contour 10, whic h expr e sses fairlyhighdensities 
or sizes, may or may not surround one or m o r e producers, sin ce the latter 
all have v alue s les s than 10 and range in s ize from 1 to 7 for gold depos its 
and from 1 to 6 for copper deposits. 

In the weighted density contour maps, go ld and copp e r occurrence s 
t e nd to cluster more strongly around produce rs, and c lusters t e nd to b e of 
greater density whe n the size of the producers in c r eas e s. This is particularly 
evident for the main ar e a of go ld deposits in the vic inity of Timmins, 
Kirkland Lake, Noranda, and Val d'Or, and also for the main area of copper 
deposits around Noranda and Val d'Or. Thes e facts may b e explained in part 
because of an increas ed amount of exploration around major discoveries, and 
partly b ecaus e of an actual higher concentrat ion of mineral occurrences in 
particular areas. 

The weighted contour maps for gold and coppe r occurr e nces will b e 
used later to correlate the distribution of the mineral deposits with various 
types of geological information. 
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Cornparis on o f m e thods of classification of d e posits by siz e 

O r e d e posit of any type may vary great ly in size and value. In 
gPnP ral thP cla ssifi cations that are in us e now to express the size of d e posits 
do n o t mak t' us e o f a s c al c w i t h r egular int e rvals b e tween the c lass e s. 

A schem e for worldwide classification o f o r e d e posits was proposcd 
by La ffitt P and R ouv eyrol (1964) to express by m e ans of c ir cu lar dots o f 
appr opriatP ra<lii both t h e size s o f th e deposits and the ir r e l at ive worlrl p e r
cc ntage . Fo r th e M e tallogen e ti c Map of North An1e ri c a, L eech (pe rs . c ornm,) 
pr oposPd a simpl e di v isio n into threc class e s , small, m e dium, and lar ge. 
N Pith P r cl assifi ca ti o n s c h e m e s is appli c abl e for our purpose of contouring 
thP deposits ac co rding to t h e ir siz e : the form e r b ec ause of the more compli
c ated size r e lationships b etwee n class e s o f d e posits, and the latter bec ause 
the contours may b e too gene rali ze d with only thr ee classes. 

A common logarithmi c s c al e wa s the r e for e chosen, which b e sicl e s 
b e ing ve r y simpl e , keeps the v alue s o f the classes small and suitable for 
contouring. The classes fo r th e si zes o f gold and c opp e r deposits a ccording 
t o Laffitt P and Rou ve yrol (19 64) and L eech (pe rs. comm.) ar e compared in 
Figure 9 w ith t h e classes us e d in this r e p o rt fo r th e we i ghted contouring of 
go ld and coppc r d e p o sits. The o ri g inal data for pro du c tion and r e s erves ar c 
expn· ss e d as troy oun ce s of gold and short tons for copp e r. Th e c lass limits 
in mC'tri c t o ns o f th e two oth c r class ificatio ns ar e plotte d for comparis o n as 
numbers o f t r o y ounc e s and short tons. By comparing Figur e 9 w ith 
Figu r Ps 10 and 11, it is appar e nt that most o f the d e positsplotte dinthisstudy 
bdong in the l owe r class e s o f bath classifi cation sche m e s. 

G o ld 

Cor r e lation Of Gold and Copper Occurrence s With 
G e ology and Fracture Pattern 

By comparin g the unweighted density contours o f go ld occurr e n ce s 
of F i gur P 7, with th <' geo l ogy o f t h e Abitibi ar e a (Fi g . 2), it is appar e nt that 
th P go ld occurr ences a r e distributC'd in v o l c ani c -s e dim Pntary be lts. M o r cove r 
the distribution o f occurr ence s in SPVPra l ar e as s ee rns t o co in c ide w ith th e 
strik c lines o f kn own faults o r fra ctur e zon e s, and lin e am e nts whi c h ar e 
express e d in the drainage patte rn. The s e two f e atur e s may have paralle l or 
subparall e l tr end s, o r may inte rse c t athigh angl e s. The cont inuous dis tribution 
of narrow maxima of d e nsity of gold occurrences along the Cadillac-Bouzan 
Fault and the cluste ring along the Porcupine -Desto r Fault, north of 
Noranda (cf. Fi g s. 4 and 10) is r e markable . D e nsiti e s of points alone, 
sugg e st s eve ral distribution maxima in the Timmins-Kirkland Lake ar e a 
alo ng north-, northwest-, e aste rly-, east -north east-, and northea st 
tr e nding lines. 

These r e latio nships ar e even m o r e appare nt in Figure 10 whe r e th e 
wP i ght e d d e nsity con tours o f go ld d e p o sits are supe rimpo s " cl o n the fra c ture 
p attern compil Pd for the Abitibi ar e a. It is cv idPnt that a significant be l t o f 
go ld deposits co in c id e s in loc ation w ith the Ca clill ac - Bou z an Fau lt in th C' 
s outh e aste rn pa rt o f the ar e a. This fra ctur P zo n <' r ou gh l y fu lluw s a narruw 
be lt of S<'dimentary roc ks, lyin g in a c riti cal zo n L' b c lwl'en s e dim e ntar y and 
volcani c ro cks (Latulippe , I 966 ; s ee also Fig. 2) and the above b e lt of gold 
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Fi g ur e 9. C omparison of the cla ssifi ca tions of gold a nd copper d e posit s by 
siz e a s us e d by L a ffitte a nd R ouve yr o l (1 9 64) a nd L eech (p e r s . 
c o m m.) an d the c l ass ifi ca t ion u se d in the present p a p e r fo r the 
we i ghte d density c onto urs show n in Figur e s 10 a nd 11. 
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deposits g ive s at the same time an impression of lithological contra!. North 
of the e ast-striking Cadillac-Bouzan Fault, the strong con centration of gold 
d epos its in th e Noranda cluster of o r e de posits occ urs in vo lcani c rocks that 
a r e intruded by several mafic rocks and wh e r e fra ctur e s with v arious strike 
directions int e rs ec t, n orth e ast- and northwest-striking faults. The ore b ody 
o f Vauze Mines Ltd., as prev iously ènentioned was discovered at the inter
s ect ion o f th e se fracture s ets . Two remarkable clusters of gold deposits are 
lo cated west -s outh west of Noranda on the Larde r Lake Break, alongthewest
e rn exte nsion o f the Cadillac - Bouzan Fault (Thoms on, 1943), and on the 
northe ast-striking Kirkland Lake Break which ar e r e f e rre d ta as the Larde r 
Lake and Kirkland Lake areas, respec tive ly. 

Farther ta the southwe st around Matachewan clusters of ore d e posits 
occur at the intersection of at l east three s e ts of faults. One of them is the 
northwest-striking M o n t r eal River Main Fault which is intersected by a 
number of north-striking faults and diabase dyke s (Fi g. 14). A third s e t of 
fra ctur es in the Matache wan area is r e pres e nte d by east-no rthe ast-striking 
faults and line aments which may represent an extension of th e Larde r Lake 
Bre ak (s ee Figs. 10 and 11, and L ove ll, I 967b). 

The Timrr.ins -Por c upine cluster of go ld d e pos its is one o f the most 
significant in the Abitibi area and is shown in Figure 10, and in d etail in 
Figur e 12. lt is locat ed at th e int e rsection of t hree main s et s of fa .. 1ts: the 
e ast e r l y trending D e stor-Po r cupine Fault the north~tr endingMattagami Riv e r 
Fau l t system, and the northwe s t-t r e nding Montr e al River Fault system. 

A comparison b e tween Figures 4, 7, and 10 sugg e sts that the 
r egional strike of the e ast-northe ast-tr e nding Abitibi diabas e dykes, may 
r epresent a possible trend that co incides with the distribution of gold 
occurrences. 

Copp e r 

The unweighted d ensity contours of copper occurrences (Fig. 8), do 
not show as cont inuous a distribution alon g the cur ve d east -tre nding line s as 
that obs erved for gold (Fi g . 7), but a r e l oc ali ze d at particular places along 
the s e lines. Howe ve r, the distribution of occurr e nc e s and d e nsity max ima 
along particular directions, mainly th e north, northwest and northeast tr e nds 
observed in Figu r e 8, are even more evident for coppe r than for go ld . 

Moving from east to west in the Abitibi area (~ Fig. 11 ), the first 
main cluster of coppe r deposits occur s n ear Val d ' Or, close t a the Cadillac
Bouzan Fault. Farther west lies t h e Noranda cluster of coppe r d e posits, the 
most important in the Abitibi ar e a. It is lo cated in an area of volc ani c ro cks, 
intruded by several mafic intrusions, and inte rs ecte d by s eve ral s et s of fra c 
tures. Geol ogical features o f the area indi cat e the proximity of an ancie nt 
volcan i c centr e accord in g to Roscoe (1965). A few small d e posits of copper 
also occur to t h e s outh and east of Kirkland Lake . S orn e concentrations of 
copper occur in the Matachewan gold area whe r e fractures of three different 
sets intersect (~Fig. 13). 

Sorne large concentrat ions o f copp e r in the Timmins area appear ta 
be r e late d ta specifi c structural features in a broader stru c turally favourable 
area . For instanc e the fault patte rn north of Timmins (Kirwan, 196 9; 
Figs. 4, 11, and 12) shows s everal wedge -shaped bla ck s form e d by the inte r
s ection of north - northwest and northwest -s triking fra c ture s. The lar ge Kidd 
Cree k bas e metal deposit appears ta occur at one of these fault intersections. 
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A cco rding to Kirwan ( 1968) this d e pos it appe ars to b e re l ated to a centre of 
volcani sm n e arby. 

W e st of Timmins (Kamiskot i a area ) Pyke and Middleton (1970)re late 
four coppe r d e posits to a maj or centre of volcani c act iv ity . According to 
th e m a s our ce ro ck for the copp e r ore -bearing solutions might b e an intrusion 
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at the bas e of the v olcanic pile. An alternate source , consider e d to b e l e ss 
like ly by them, might be a phase of the gabbroic complex that intrudes the 
lower part o f the volcanic sequenc e . An associati o n of basic intrusions with 
bas e metal deposits was observed by H. D. B. Wilson (1953, 1967) in s eve ral 
ar e as o f the Canadian Shield, including the Timmins ar e a. According to 
Wilson (1967) the sugge sted relationship of ore to basic intrusions and to 
volcan ic rhyolite rocks, which may app ea r t o be a contradiction, can b e 
un de rs tood if all the s e f eature s are r e late d t o o n e d iff ere ntiation pro ces s in 
which both ore minerals and rhyolit e may b e end products of a basi c magma 
wh ich fe d mate rial to the volc ani c centr e . C lus ter s of basic intrusions and 
clust e rs o f the more massiv e rhyolit e dam e s may all be produ ce d around a 
vo l can ic ce ntr e . 

Finally, comparingFigures 7andl0andFigures8 and!!, weobserve 
th at som e trends appear to be common for both th e distribution patte rns of 
gold and copp e r occurr e nc e s. Gold occurr e nc e s, however, show some addi
tional trends in their distribution. For example in the Val d'Or district, gold 
orebodies occur in all rock types: volcanic, s e dime ntary and intrusive , but 
only in competent rnembers (Latulippe , 1966). These and other observations 
may sugge st more than one p e riod of mineralization for gold, which could be 
in part contemporaneous with and in part later than copper. Sorne evidence 
that the gold mineralization in s eve ral parts of the Abitibi area may b e later 
than copper mineralization, was pr e sente d by Price (1948), Dugas (1966), 
and Latulipp e (1966). Campbe ll and Charlesworth (1965) ascribe greater 
mobility to the gold-bearing hydrothermal s o lutions in the Canadian Shield 
with r e spec t to mor e vis cous ag e nts d epos iting the mass ive sulphide s. 

R e commendations for Prospecting in the Canadian Shield 

Corr e lation of some of the promine nt types of geological structur e 
which occur in Superior Prov inc e (Fig. 14) ar e r e p eated in other parts of the 
Canadian Shield (Fig. 1 ). The relationship of ore districts to the inte rs ect ion 
of east-striking deep-seated fracture systems which occur at intervals of 
about 100 miles is one of the main observations made in this study, and it is 
believed that oth e r fractures of this s e t may occur at the same interval in 
othe r parts of the Shield. The s e e ast-striking fractures are inters ected by 
se ve ral other important s e ts su c h as the north·and the northwest-trending 
sets of fra cture s in the Supe rior Provinc e , s ou th o f Hudson Bay. Clusters 
of ore bodies at Noranda and around Cobalt n e ar the Hudson Bay Paleolineament 
l ead to the prediction that the areas marke d 3, 4, 5, and 6, at other plac e s 
whe re the Hudson Bay Pale oline am e nt is b e li eve d to b e int e rsect e d by east
tr e nding fra ctur e s may b e favourabl e g round for prospecting. 

E ve n though there are good indications for the existence of east
tr e nding lineam e nts spaced at 100-mile intervals in the Arctic area, we can
not expect to find this spec ifi c inte r v al b e tween east-s.triking fractures in all 
the other parts of the Shield. Black movements and s eve ral other deforma
tional facto rs may have distorted the original fracture pattern even if it was 
mor e or l e ss r egular at the time whe n it originat e d. Th e segme ntation of the 
Hudson Bay Pale olin e am e nt as s een in Figure 1, shows that th e patte rn of 
d ee p-s e at e d fra ctur e s was disto rte d by lat e r d e formati on proc e ss e s. N e v e r
th e less, it would b e ve ry instruct ive t o ex t e nd t h e patte rn of d ee p-s c at e d 
fra c tures over the whole Canadian Shield, to study p o ssible distortion of it 
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caused by later d e formation and to try to relate the distribution of ore deposits 
to it in the whole Shie ld. Such a study may also contribute to a better unde r
standing of some of the basic problems of structural geology in the Shield , 
and e spec ially to the study of structural r e lationships between its province s. 

R ecomme ndatio ns for Prospecting in the Supe ri o r Prov ince 

Ev id e n ce has b een given to show that a n e t of mutually int e rs ect ing 
e ast- and n o rth-striking deep-seated fractures, und oubtedly com bine d with 
fra c tur e s of other sets, exists in the Supe rior Province south o f Hudson Bay 
(Fig. 14). The patte rn of east-trending trajectories (Fig . 14) coincide s in 
general with the position of e ast-tre ndin g fra c tur e s sugge sted by Kalliokoski 
(1968) and it is notewo rthy that thes e two inte rpretations of structure were 
d e rived through fully indepe ndent approache s. 

The distribution of e ndoge nous ore deposits is closely r e late d to this 
fra c ture pattern (Fig. 14). Important ore d e posits and or e districts o c cur 
in seve n out of fift een struc turally comparable areas. More int e ns e pros
pe c ting is there for e recomme nde d in th e seve n are as where d e posits are 
known and to ext e nd prospec ting to the other e i ght areas. Considering what 
has already bee n discovered along th e n o rth-tre ndin g trajectories, the following 
s ee m to b e most promising amo ng the other e ight areas m entione d. Firs t 
the ar ea around the inte rs ec tion of ±0 traj ec tory of the n or th - tr e nding s et and 
the +1 trajectory of the east-trending s et, bec aus e the Noranda and the Cobalt 
ore district occur along this north-tr e nding line ame nt. The s econd promisin g _ 
a rea is locate d around the inter section of -1 lineam e nt of the n o rth-tr e ndin g 
s e t and +1 trajecto ry of the e ast-tr e nding s et, because a part o f the Sudbury 
district and some part of the Timmins-Porcupine district ore d e posits occur 
along the projection of this north-tr ending -1 trajectory. 

R e commendations for Prospect ing in the Abitibi Ar e a 

The ore d e posits ar e generally grouped along major fra ctur es and 
their inte rsections (Figs.4, 10, and 11 ). The y showpreferential r e lationships 
to s om e o f the h ost rocks and the ir position in the s e qu e n ce of geo logi cal 
events. 

Gold 

Ridler' s study (1970) sugge sted that all the gold occurrences of the 
Abitibi area may not belong to the same genetic type and prospecting m e thods 
may the r e for e diffe r. Genetie groupings for all of the 1, 300 gold occurrences 
considered in the study cannot be made on the basis of data available. 
The refore all gold and c opp e r deposits o f the Abitibi area h a v e been g roupe d 
toge ther. The ir distribution as a whole is related to the fractur e patte rn 
(Fig . 10). The cluste ring of gold deposits at o r n e ar inte rsections of major 
faults l e ads to s evc·ral sugge stions for futur e pro spec ting and three example s 
ar e pres e nte d for consideration: 

(1) R egardl e ss of the explanation given for the genesis of the Kirkland L a k e 
gold cle pos its the y appe ar to be loc a te d a lon g the western ex te nsion of 

the Cadillac - Bouzan Fault(~ Fi g s. 4 and 10). Projecting the Larde r 
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Figure 13. The Matachewan cluster of gold and copper deposits, 
and significant fractures. 

(1) Lake Break to the southwest (Fig. 10) leads to the prominentMatachewan 
(cont.) cluster of ore deposits which are at the intersection of the north we st

striking Montreal River Main Fault with a set of north-striking faults 
and diabase dykes (Figs. 10, 4, and 13). Traces of west-southwest
striking faults are visible here which may represent a western extension 
of fracture systems related to the Larder Lake Break and the Cadillac
Bouzan Fault. The whole pattern of Figure 10 suggests that a similar 
intersection of the west-southwest fractures with the Cross Lake Fault 
can be expected. The well-known Cobalt Camp with important silver
cobalt ore is located along the Cross Lake Fault, and suggests that 
areas should be prospected at the intersections of the Cross Lake Fault 
with southwest- to west-southwest-striking faults which lie between 
Kirkland Lake and Matachewan. 



F
ig

u
re

 
1

4
. 

E
m

p
ir

ic
a
l 

p
ro

sp
e
c
ti

n
g

 n
e
t 

fo
r 

th
e
 S

u
p

e
ri

o
r 

P
ro

v
in

c
e
 s

o
u

th
 o

f 
H

u
d

so
n

 
B

a
y

. 
T

h
e
 l

o
c
a
ti

o
n

 a
n

d
 s

iz
e
 o

f 
e
n

d
o

g
e
n

o
u

s 
d

e
p

o
si

ts
, 

si
m

p
li

fi
e
d

 a
ft

e
r 

W
h

it
m

o
re

 e
t 

a
l.

 
(1

9
6

9
).

 

N
 
~
 



- 25 -

49° 

Fault • .•••••.. ...-<:: 
Granite ....... . .. .. 

Inferred boundary. . . ••• ••• 
480 

0 
I 

Miles 
I I 

Figure 15. Structural control by east-striking faults of granitic rocks and 
their preferential localization of the cores of structural blocks 
("massifs"), Superior Province, Canada. (Adapted from 
Kalliokoski, 1968). 

(2) Another interesting area for prospecting lies at the intersection of the 
Destor-Porcupine Fault, and northwest-striking faults that represent 
the northwestern extension of the Cross Lake Fault. 

(3) A belt of gold occurrences and mines extends northwestward from the 
Kirkland Lake area and runs parallel to the . Montreal River Main Fault 
and the Cross Lake Fault. Its distance from the C~oss Lake Fault is 
similar to the spacing between the Montreal River Main Fault and the 
Cross Lake Fault. It is possible that this belt of gold deposits defined 
by the density contours may follow another fault of the same strike that 
lies east of the Cross Lake Fault, More intensive prospecting is rec
ommended in the area where this belt intersects the Destor-Porcupine 
Fault. 

Several other guides for prospecting can be deduced from 
Figures 4 and 10. 

Copper 

Comparison of the distribution pattern of copper occurrences with 
the main fracture pattern (Fig. 11) gives further ideas about possible exten.
sions of the mineral distribution patterns. 

A study of the relationship between the distribution of volcanic 
centres and the fracture pattern may also help in prospecting for copper. The 
pattern of the distribution of volcanic centres may also be studied on different 
scales, for example, Figure 14 can assist on the scale of the Superior 
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Province and Figure 4 on the scale of the Abitibi area. It should be 
emphasized that some of the significant fractures, well expressed in the 
Abitibi area, extend beyond, and may be used in the neighbouring areas. As 
example is given by the northwest-trending faults which have been the subject 
of two recent studies (see Fig. 16). 

The results and prospecting predictions presented in this paper have 
been achieved by geological methods. The principle of equidistances was 
applied in th<· study of regularities in the distribution of fractures and mineral 
occurrences. The regularities have been studied on different scales which 
prev ented the authors from overlooking some regularity which would be well 
visible on one scale but hardly recognizable on another. Nevertheless, the 
essentially c>mpirical approach cannot eliminate the possibility that some 
regularity still c>xists, but its recognition is beyond the possibilities of the 
method. 

An attempt was made to study the same region by statistical methods. 
The 1, 333 occurrences of gold and 709 of copper sufficiently substantiated 
their treatment by harmonic analyses. A regularity in the distribution of the 
gold and copper occurrences was derived and will be the subject of a separate 
paper by F. P. Agterberg and A. Fabbri, in which the features of the equidis
tant distribution derived in the presentpaper will be compared with results 
obtained by harmonic analysis. 

The statistical study may also be applied to objects other than the 
location of mineral occurrences, for instance to the periodicities in the dis
tribution of fractures, to the drainage patterns, as well as to specific prob

lems likC' the preferential relation of some mineralization to specific sets 
of fractures. The results obtained to date are sufficiently encouraging to 
recommend the application of statistical analy!;!is to other areas of the 
Canadian Shield. as an extension of the geological method, 
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APPENDIX 

TABLE I 

PRESENT AND PAST GOLD PRODUCERS IN THE ABITIBI AREA 

Ontario 

1. Renabie Mines Ltd. 
2. Jerome Gold Mines Ltd. 

31. Broulan Porcupine Mine (Broulan 
Reef Mines Ltd.). 

3. Kam-Kotia Porcupine Mines Ltd. 32. 
4. Canadian Jamieson Mines Ltd. 33. 
5. New Hope Porcupine Mines (De 34. 

Santis Mine) Ltd. 35. 
6. Kenilworth Mines (Naybob 

Mine) Ltd. 36. 
7. Nakhodas Mining Co. (Faymar 

Mine) Ltd, 37. 
8. Vipond Mine (Hollinger 38. 

Consolidated Gold Mines Ltd.). 
9. Crown Mine (Hollinger 39. 

Consolidated Gold Mines Ltd.). 
10. Moneta Porcupine Mines Ltd. 40. 
11. Consolidated Gillies Lake 41. 

Mines Ltd. 
12. Hollinger Consolidated Gold 42. 

Mines Limited. 43. 
13. Mcintyre Porcupine Mines Ltd. 44. 
14. Schumacher Mine (Hollinger 45. 

Consolidated Gold Mines Ltd.). 

Pamour Porcupine Mines Ltd. 
Hoyle Mining Co. Ltd. 
Hugh-Pam Porcupine Mines Ltd. 
Bonwhit Mine (Broulan Reef 
Mines Ltd. ) . 

Boneta! Mine (Broulan Reef 
Mines Ltd.). 

Goldhawk Porcupine Mine. 
Porcupine Peninsular Mine (Hydra 

Explorations Ltd. ). 
M. & M. Porcupine Gold 

Mines Ltd, 
Ashley Gold Mining Corp. Ltd. 
Stairs Exploration &: Mining 

Co. Ltd. 
Ronda Gold Mines Ltd. 
Tyranite Mines Ltd. 
Young Davidson Mines Ltd. 
Matachewan Consolidated 

Mines Ltd. 
15, Coniarum Mine (Westfield 

Minerals Ltd.). 
46. Ryan Lake Mine (Min-Ore Mines 

Ltd.). 
16. 
17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 
26. 

27. 

28. 

29. 

30. 

Davidson Tisdale Mines Ltd. 47. 
Dome Mines Ltd. 48. 
Preston Mines Ltd. 49. 
Delnite Mines Ltd. 
Aunor Gold Mines Ltd. 
Buffalo Ankerite Gold 50. 

Mines Limited. 51, 
Fuller Property (Edwards Claim).52. 
Tisdale Ankerite Mines Ltd. 
Porcupine Pet Mine (Preston 53, 

Mines Ltd,). 54, 
Cincinnati-Porcupine Mines Ltd. 55. 
Paymaster Consolidated 96. 

Mines Ltd. 57, 
Gold City Porcupine Mines 58. 

(Porcupine Lake Mine) Ltd. 59. 
Banner Porcupine Mines (Scottish 

Ontario Mine) Ltd. 60. 
Broulan Reef Mines (Porcupine 

Reef Mine) Ltd. 61, 
Hallnor Mines Ltd. 62. 

Ethel Copper Mines Ltd. 
Hill Mine (Argyll Gold Mines Ltd.). 
Blue Quartz Gold Mine 

(Amalgamated Goldfields 
Corp. Ltd.). 

Aljo Mines Ltd. 
Munro Croesus Mines Ltd. 
Ross Mine (Hollinger Consolidated 

Gold Mines Ltd.). 
Buffonta Mines Ltd. 
Coin Lake Gold Mines Ltd. 
Harker Gold Mines Ltd. 
Bourkes Mine (Davidor Mines Ltd~ 
Golden Summit Mines Ltd. 
Baldwin Kirkland Gold Mines Ltd. 
Golden Gate Mine (Gateford 

Mines Ltd.). 
Trout Creek Mine (Sathram Gold 

Mines Ltd.). 
Tech-Hughes Gold Mines Ltd. 
Macassa Mines Ltd. 
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Table I (cont.) 

63. Kirkland Lake Gold Mine 93. Inmont Copper Mines Ltd. (Robb-
(Kirkland Minerals Corp. Ltd.) Mont bray Mines Ltd. ) . 

64, Wright-Hargreaves Mines Ltd. 94. Eldrich Mines Ltd. 
65. Lake Shore Mines Ltd. 95. Quesabe Mines Ltd, 
66. Sylvanite Gold Mines Ltd. 96. Halliwell Gold Mines Ltd. 
67, Toburn Mine (Associated Arcadia 97.. Wingait Gold Mines Ltd, 

Nickel Corp. Ltd.). 98. Lake Wasa Mining Corp. 
68. Kirkland Townsite Gold 79. Aldermac Copper Corp. 

Mines Ltd. 100. Arntfield Gold Mines. 
69. Ontario Kirkland Gold Mines Ltd.101. Francoeur Mines Ltd. (Shaft No,8). 

(Hudson Rand Gold Mines Ltd. ).102. Francoeur Mines Ltd, (Shafts 
70. Bidgood Mine (Bidcop Mines Ltd). Nos. 1 and 2). 
71, Moffat-Hall Gold Mines Ltd. 103. Francoeur Mines Ltd. (Shaft No.3). 
72. Morris Kirkland Gold Mines Ltd. 104, Vauze Mines Ltd. (Bl and B2). 
73. Upper Canada Mines Ltd. 105. Lake Dufault Mines Ltd. 
74, Queenston Gold Mines Ltd. 106, East Waite Mine (Waite Amulet 
75. Argonaut Mine (Lake Beaverhouse Mines Ltd. -Noranda Mines Ltd.). 

Mines Ltd,). 107. Old Waite Mine (Waite Amulet 
76. Omega Mine (Lomega Gold · Mines Ltd. -''foranda Mines Ltd.). 

Mines Ltd,). 108. Amulet F Mine (Waite Amulet 
77. Cheminis Mine (Amalgamated Mines Ltd. -Noranda Mines Ltd.). 

Larder Mines Ltd.). 109. N. W. Amulet Mine, Waite Dufault 
78. Barber Larder Mine (Amalgamated . Mines Ltd. (Bedford Hill Mines 

Larder Mines Ltd,). Ltd, -Waite Amulet Mines Ltd.). 
79. Fernland Mine (Amalgamated 110. Amulet C Mine (Waite Amulet 

Larder Mines Ltd,). Mines Ltd. -Noranda Mines Ltd.). 
80. Canadian Associated Goldfields 111. Amulet A and Lower A (A, Waite 

Mining Co. Ltd. Amulet Mines Ltd.; Lower A, 
81, Raven-River Mine (Can-Erin Lake Dufault Mines Ltd.). 

Mines Ltd.). 112. Elder Mines Ltd. 
82. Kerr-Addison Gold Mines (Kerr- 113, Anglo Rouyn Mines Ltd. (Pontiac 

Addison Mines) Ltd. Rouyn Mines Ltd,). 
83. Chesterville Mine (Kerr-Addison 114, New Marlon Gold Mines Ltd. 

Gold Mines Ltd,). 115. Powell Rouyn Gold Mines Ltd. 
84. Martin-Bird Gold Mines Ltd. 116, Chadbourne Mine (Noranda 
85. Cathroy-Larder Mine (Mirado Mines Ltd,). 

Nickel Mines Ltd.). 117. New Senator Rouyn Ltd. 
86. Gold Hill Mines Ltd. (Kordol 118, Stadacona Mines Ltd. 

Expl. Ltd.). 119. Granada Gold Mines Ltd. 
87. Barry-Hollinger Mines Ltd. 120, Donalda Mines Ltd. 

121. Quemont Mining Corp. Ltd. 
122. Horne Mine (Noranda Mines Ltd.). 

Quebec 123. West MacDonald Mines Ltd, 
124, Delbridge No. 2 Mine (Delbridge 

88. Normetal Mining Corp. Ltd. Mines Ltd. -D'Eldona Gold 
89. Beattie-Duquesne Mines Ltd. Mines Ltd,). 
90. Lyndhurst Mining Co. Ltd, 125. McWatters Gold Mines Ltd, 
91. Duquette Mining Co. Ltd, 126. New Rouyn Merger Mines Ltd. 
92. Mobrun Copper Ltd, 127. New Rouyn Merger Mines Ltd, 
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Table I (cont.) 

128. 
129. 
130. 
131. 
132. 
133. 

134. 
135. 

136. 

137. 
138. 
139. 
140. 

141. 
142. 
143. 
144. 

145. 
146. 

147. 
148. 

149. 

150. 

151. 

152. 

153. 
154. 
155. 

156. 

Heva Gold Mines Ltd, 
Hosco Gold Mines Ltd. 
Mooshla Gold Mines Ltd. 
New Mic-Mac Mines Ltd. 
Dumagami Mines Ltd. 
New Alger Mines Ltd. 

(Thompson Cadillac Mines). 
O'Brien Gold Mines Ltd. 
Kewagama Gold Mines 

(Que.) Ltd. 
Consolidated Central Cadillac 

Mines Ltd. 
Wood Cadillac Mines Ltd. 
Pandora Gold Ltd. 
Lapa Cadillac Gold Mines Ltd. 
Pan Canadian Gold Mines Ltd. 

(West Malartic Mines Ltd.). 
West Malartic Mines Ltd. 
West Malartic Mines Ltd. 
Barnat Mines Ltd. 
Canadian Malartic Gold 

Mines Ltd. 
East Malartic Mines Ltd. 
Malartic Hygrade Gold 

Mines Ltd. 
Camflo Mattagami Mines Ltd. 
Norlartic Mines Ltd. (Norbenite 

157. 

158. 
159. 
160. 
161. 
162. 
163. 

164. 
165. 
166. 

167. 

168. 

169. 

170. 
171. 

172. 

Malartic Mines Ltd.). 173. 
Marban Gold Mines Ltd. 174. 

(Marbenor Malartic Mines Ltd.). 
Malartic Gold Fields 175. 

-No. l Mine. 
Malartic Gold Fields 

-No. 2 Mine. 
Clarnor Property (Little Long 

Lac Gold Mines Ltd. ). 
Kiena Gold Mines Ltd. 
Shawkey Gold Mines Ltd. 
Provincial Mining School (Gale 

Gold Mines Ltd.). 
Siscoe Gold Mines Ltd. 

176. 

177. 

178. 

179. 

Sullivan Consolidated 
Mines Ltd. 

Greene Stabell Mines Ltd. 
Sigma Mines (Quebec) Ltd. 
Lamaque Gold Mines Ltd. 
Aumaque Gold Mines Ltd. 
East Sullivan Mines Ltd. 
Manitou- Barvue Mines Ltd. 

(Golden-Manitou Mines Ltd.). 
New Formaque Mines Ltd. 
Quebec Manitou Mines Ltd. 
Dunraine Mines Ltd. (Rainville 

Mines Ltd.). 
Dunraine Mines Ltd. (Rainville 

Copper Mines Ltd. ) . 
Simkar Claims (Louvicourt Gold 

Fields Ltd.). 
Akasaba Gold Mines Ltd. 

(Obaska Lake Mines Ltd. ). 
Vicour Gold Mines Ltd. 
Bevcon Gold Mines Ltd. 

(Bevcourt Gold Mines Ltd. 
-Jowsey-Wyeth Claims). 

Courvan Mining Co. Ltd. 
(Cournor Mining Co. Ltd. 
-Treadwell-Yukon Mines Ltd. 
-Bussi~res Mining Co. Ltd.). 

Perron Gold Mines Ltd. 
Courvan Mining Co. Ltd. 

(Beaufor Group). 
Chimo Gold Mines Ltd. 

(Quemartic Mines Ltd.). 
Tiblemont Cons. Gold Mines Ltd. 

(Tiblemont Island Mining Co. 
Ltd.). 

Cons. Magador (Vendome Mines 
Ltd. , Can. Shield Mining Corp.). 

Bargold Mines Ltd. (Bartee 
Mining Co. Ltd. -Groslouis 
Claims). 

Claverny Gold Mines Ltd. 
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TABLE II 

PRESENT AND PAST COPPER PRODUCERS IN THE ABITIBI AREA 

Ontario 

1. Kam-Kotia Mines Ltd. 28. Abitibi Copper Mines Ltd. 
(Abitibi Metals Mines Ltd.). 2. 

3. 
4. 

s. 

6. 
7. 
8. 

9. 
10. 
11. 

12. 
13. 
14. 
l S. 

16. 

17. 

18. 
19. 
20. 
21. 

22. 
23. 

24. 

2S. 

26. 

27. 

Jameland Mines Ltd. 
Canadian Jamieson Mines Ltd. 
United Oblaski Mining Company 

Ltd. (Genex, Mordey Prospect). 

29. Quebec Manitou Mines Ltd. 
30. 

Ecstall Mining Ltd,,' Kidd Creek ·31. 
Mine (Texas Gulf Sulphur 
Company). i32. 

Mcintyre Porcupine Mines Ltd. .33, 
Noranda Mines Ltd., Alexo Mine. 34. 
Munro Copper Mines Ltd., 3S. 

Centre Hill Mine. 36. 
Winnie Lake Mine, 37. 
Dane Copper Mine. 38. 
Lake Beaverhouse Mines Ltd. 

(Upper Beaver). 
Amity Mine. 
Patterson Mine . 

39. 
40. 

Trethewey-Ossian Mine. 41. 
Ryan Lake Mine (Min-Ore Mines 42. 

Ltd., Pax International Mines 43. 
Ltd. ). 44. 

Ethel Copper Prospect (Ethel 4S. 
Copper Mines Ltd.). 

Siscoe Metals of Ontario Ltd. 
-Miller Lake-0' Brien, 

Quebec 

Normetal Mining Corp. Ltd. 
Duvan Copper Co. Ltd. 
Lyndhurst Mining Co. Ltd. 
Hunter Mine (Beattie-Duquesne 

Mines Ltd.). 
New Formaque Mines Ltd. 
Trinity Chibougamau Mines Ltd. 
(North Trinity Mining 
Corp. Ltd.). 

Belfort Mines Ltd. (Roymont 
Mines Ltd.). 

46. 

47. 

48. 

49. 

so. 

Sl. 

S2. 
S3. 

Cons. Magador (Vendorne Mine s 
Ltd., Can. Shield Mining Corp.). S4. 

Barvallee Mines Ltd. · SS, 

Zulapa Mining Corp. Ltd. 

Dunraine Mines Ltd. (Rainville 
Copper Mines Ltd.). 

Manitou- Barvue Mines Ltd. 
(Golden-Manitou Mines Ltd.). 

East Sullivan Mines Ltd. 
Greene Stabell Mines Ltd. 
Dumagami Mines Ltd, 
New Mic-Mac Mines Ltd, 
Mobrun Copper Ltd. 

South Dufault Mines Ltd. 
Delbridge No. 2 Mine, Delbridge 

Mines Ltd. (D' Eldona Gold 
Mines Ltd.), 

Quemont Mining Corp. Ltd. 
Horne Mine, Noranda Mines Ltd. 
Joliet Que bee Mines Ltd. 
Norbec Copper Mines Ltd. 
Vauze Mines Ltd. (Bl and B2). 
Lake Dufault Mines Ltd. 
East Waite Mine (Waite Amulet 

Mines Ltd. -Noranda Mines Ltd,). 
Old Waite Mine (Waite Amulet 

Mines Ltd. -Noranda Mines Ltd,). 
Waite Dufault Mines Ltd., 

N. W. Amulet Mine (Bedford Hill 
Mines Ltd. - Waite Amulet 
Mines Ltd, ) • 

Amulet F Mine (Waite Amulet 
Mines Ltd. -Noranda Mines Ltd.). 

Amulet C Mine (Waite Amulet 
Mines Ltd. -Noranda Mines Ltd.). 

Amulet A and Lower A (A, Waite 
Amulet Mines Ltd.; Lower A, 
Lake Dufault Mines Ltd.). 

Inmont Copper Mines Ltd. (Robb-
Montbray Mines Ltd.). 

Halliwell Gold Mines Ltd. 
Aldermac Mine (Aldermac Copper 
Corp. Ltd. -WestWasa Mines Ltd). 
0 1 Leary-Malartic Mines Ltd. 

Valray Explorations Ltd. 
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