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Frontispiece 

Gaspe Copper Mines Ltd. seen looking north from top 
of Needle Mountain. Excavations in background are 
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CHAPTER 1 


GENERAL STA'mmNT 


Although attention has been focussed on the eastern portion of the 

Gaspe Peninsula for many years by numerous campanies prospecting for oil, 

it is only comparatively recently that economie base metal deposits of 

substantial size have been proved. This resulted from a prospector tracing 

a piece of mineralized neat to its source. The discovery led to the 

formation of Gaspe Copper Mines Ltd., a Noranda subsidiary. The mine, 

which is now taking shape, is transforming a section ot the Gaspe wilder

ness into a modern industrial enterprise and has been responsible for the 

birth of the new town of Murdochville. It is considered to be one of 

the largest of the mining enterprises at present being opened up in Canada. 

This discovery has naturally attracted many other interests and practically 

the whole of the northwest quarter of the Holland Township has been staked 

by mining companies and individual prospectors. 

The mineralization occurs in a zone of high-temperature alteration 

in Lower Devonian calcareous siltstones and limestones and is of two 

types: (a) bedded replacement deposits along favourable stratigraphic 

horizons, and (b) sulphides along a zone of closely spaced fractures. 

These sedimentary rocks have been intruded by quartz-felspar porphyry 

dykes and sills originating from a subjacent stock of granite which is 

also considered to be the source of the mineralizing fluids responsible 

for the formation of the ore bodies. The presence of an economic deposit 

of copper has been proved at Gaspe Copper Mines Ltd. Furthermore, traces. 

of lead, zinc, silver, tungsten and molybdenum have also been found in the 

area. 



The purpose of this investigation was to determine the factors 

that controlled the mineralization so that these might be applied in 

the search for similar ore bodies on the Gaspe Peninsula and elsewhere. 
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CHAPTER 2 

INTRODUCTION 

2.01 Location and Area 

The area described in this report corresponds to the northwest 

quarter of Holland Township, Gaspe North countY', situated in the eastern 

part of Gaspe Peninsula (Fig. 2). 

The northern and southern boundaries are formed bY' latitudes 480 

59 1/2' and 4SO 521, and the eastern and western boundaries bY' longitudes 

650 25 1 and 650 32'. The map area measures 6 miles from north to so~h 

and 5 miles from east to west - an area of 30 square miles. 

2.02 Field Work 

During the first field season, the summer of 1953, efforts were 

concentrated on mapping the area surrounding the propertY' of Gaspe Copper 

Mines in order to produce a general map of that part of the quarter 

township. The centre and eastern portions of the map area, representing 

approx:i.m.a.te1Y' two thirds of the area were completed. 

The remaining portions of the area were covered during the summer 

of 1954. This additional data resulted in a modification of the first 

season's work. 

During the summer of 1954 the area was re-photographed bY' Spartan 

Air Services Ltd. to an approximate scale of 1 m. • 1 mile. From the 

photographs, Canadian Aero Service Ltd. was engaged to compile a contour 

map of 25 ft. contour intervals. To obtain the elevations of vertical 

control points, members of the writer's partY' used as their base a series 

of bench marks established b.r Gaspe Copper Mines along the main road. 
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Aneroid barometers, reading correct to 20 ft. were used and readings were 

taken on three successive days using three different bases. From these 

results, and coordinates of horizontal control points supplied by Gaspe 

Copper Mines, the contour map was completed by Canadian Aero Service Ltd. 

On this new base map the results of two summers work have been plotted. 

The thick cover ot vegetation which obscured surface teatures in 

the area prevented control of traverses by photographs. Hence, all 

traverses, except thos~ along streams, were controlled either by roads, 

survey-ed claim lines, or picket lines. Full use was made ot picket lines 

already cut in the area by prospecting companies, particularly those on 

claims held by Miller Copper Mines Ltd., Buffalo-Canadian Gold Mines Ltd., 

Area Mines Ltd., Rio Canadian Exploration Ltd., and the Bennett Claim 

Group. Some 110,000 ft. (20.8 miles) of picket lines were cut in areas 

where no controls existed. These are located: (a) on the Horne Gaspe 

and Gaspe Metals claims immediately north of Gaspe Copper claims, and (b) 

in the south western quarter of the area. 

The region is characterized by a lack ot outcrops due to the cover 

of residual soil, surface debris and the thick growth of trees with an 

accompanying mantle of moss. Stream traverses on the whole yielded very 

few exposures due to the abundance of rubble. Pitting was resorted to 

where critical data were required. These pits were unsuccessful on the 

whole since bedrock was seldom intersected, except where the pits were 

located on the top of hills or on steep hill slopes. Some of the pits 

were up to 10 ft. deep and still had not penetrated the cover of drift. 

Most of the outcrops recorded were found along bulldozed lumber roads or 

on the crests of the hills. Rock fragments, particularly from the base 

of uprooted trees on hill slopes, have been used with success in deter
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mining the approximate location of formation contacts. 

Mapping in general was to a scale of 1000 ft. to 1 in. except in 

areas where abundant detail was available. These areas were mapped to 

scales of 100 ft. to 1 in., 200 ft. to 1 in. and 400 ft. to 1 ino 

The detailed data were reduced to be incorporated in the 1000 ft. to 

1 in. map. 

During the first summer efficient assistance in mapping was rendered 

by the following members of the partt: JoJo Plante, third year student 

from Laval University; Gilles Duquette, first year student from University 

of Montreal; John C. Jared, first year student from McGill University; 

and Ephraim English a Gaspe resident. 

During the second summer the writer was assisted by: E.R. Morrison, 

senior assistant and a graduate from the University of the Witwatersrand, 

Johannesburg, S. Africa; John C. Jared, second year student from McGill 

University; Jean Y. Fortier, first year student from Laval University and 

also the following: Godfrey Perrault, Godfrey Adams, George Bond, Gerald 

Bond, Lawrence Fournier, Earl Scott and Lawrence Doody all of Gaspe. 

Special reference must be made to Tommy C. Patterson, of Haldimand East, 

who kept the party well fed during the two summers spent in the area. 

2.03 Previous Work 

The following is the chronological sequence of previous geological 

work done in the map area. 

1922 T.C. Denis, of the Quebec Department of Mines, paid a visit to the 

Miller claims and spent 2 1/2 days in sampling trenches. 

1923 FoJo Alcock spent five days on the property and published a 

description of the area together with a map showing the topography 



and the location ot the various holdings at that time. 

1931 I" W. Jones made an extensive examination ot the claims in 

connection with his report on the Bonnecamp Map area" 

1940 F"F. Osborne spent two months studying the rocks in the 

immediate vicinity ot the claims and wrote a report tor the 

Quebec Department ot Mines (unpublished). 

1941 D. Hope Simpson wrote a report entitled "The Petrogenesis ot the 

Silicate Minerals Associated with Copper Ores, Gaspe, Que." 

J.M. Douglas wrote a report entitled "The Mineralography ot the 

contrasting Mineralization". 

Both the above reports were submitted as Masters' theses at McGill 

University (unpublished). 

1950 F.J. Scott studied the alteration ettects and presented his results, 

entitled "Wall Rock Alteration and Ore Deposition ot the Needle 

Mountain Copper Deposits, Gaspe, Quebec lt , as a Master's thesis 

submitted at the University ot New Brunswick (unpublished). 

1951 AoM. Bell read a paper on the ore occurrences entitled "Geology ot 

Ore Occurrences at the Property ot Gaspe Copper Mines", at a 

meeting ot the Canadian Institute ot Mining and Metallurgy and 

later published in the Transactions Vol. 54, 1951, ppol-6. 

1953 A.M" Bell and FoJ" Scott presented a paper on the alteration 

associated with the Needle Mountain ore body entitled "Alteration 

Associated with Ore at the Gaspe Copper Mines Ltd,,", at a joint 

meeting held by the G.S.C. and GoS"A. at Toronto during November 

1953. This paper has subsequently been published in Economic 

Geology Vol. 49, 1954, pp,,516-520. 
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1955 	 F.W. Benoit completed the "Investigation into the Chemical 

Composition of the Upper Part of the Cape Bon Ami Formation 

and the Lower Part of the Grande Greve Formation". 

EoR. Morrison made "A Study of Porphyry Mountain, Holland 

Township, Quebec ll • 

Both the above reports were submitted as Master's theses at McGill 

University (unpublished) .. 
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2005 The Autho~ts Claims to Originality 

The author claims to have contributed the following q,ctions to our 

knowledge of the area; 

1) Study of the glacial histor.Y, 

2) The first detailed map of the area to a scale of 1 in. = 1000 ft. 

showing the relation of the in~rusives, the aureoles of alteration to the 

regional structures. 
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3) Location and recognition of faults A, B, C &D. 

4) Established the relation of the local drainage pattern to the 

joint system.. 

5) Correlation of the mineralized horizons with their unaltered 

extensions outside the aureole. 

6) Classification of the fault system and relation to the 

mineralization. 

7) Recognition and classification of the different stages of 

mineralization. 

S) Recognition of a chemical control for the mineralization. 

9) Study of the metasomatic changes. 



CHAPTER .3 


GOOMORPHOLOGI OF THE AREA 


The northern half of the map area is very rugged and represents a 

dissected upland, while the southern half is dominated by a broad valle.y 

that cuts diagonally across the 'area in a northeast - southwest direction 

(Figs. .3 & 4) 0 The rugged northern section is drained by the tributaries 

of the York River, which have cut a series of parallel valleys, extending 

slightly west of north. From west to east these valle,ys are: Copper 

Brook Valley, Porphyry Brook Valley, Ownamin Brook Valle.y and York Lake 

Valle.y. 

These are mature valle.ys having been developed on a set of master 

joints which strike in the same directiono The,y are probably subsequent 

in nature, however this feature will be further discussed under "Regional 

structures" (section 4007.31). Many of the secondary tributary valleys 

are also subsequent in nature since they parallel the strike of the beds 

and are at right angles to the first mentioned set. 

The ha~er formations of the Grande Gr~ve and York Lake series cap 

the crests in the northern mountainous section but have been removed in 

the southern section, to expose the softer Cape Bon Ami shales and lime

stones which underlie the broad valley (Figo 4)0 

The highest peaks in the area are Needle Mountain (2972 fto):I 

Porphyry Mountain (2855 fto), Copper Mountain (2665 fto), York or 

Porcupine Mountain (2621 fto), Mount Bell (28.30 fto), Mount Miller 

(2775 ft.). This area of highland extends westward into the Bonnecamp 

Township as far as the Beland River, and represents the remnants of a 

former extensive upland. The valle,r bottoms have an elevation of 1550 

2000 fto with the tops of the hills at 2500 - 2850 ft. elevation. 

http:valle.ys
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South 	 North 

Fig. 4: 	 View of map area seen looking west along main road towards 
Murdochville from top of hill immediately east of York River 
Bridge. Note broad valley of low relief in foreground under
lain by soft Cape Bon Ami shales. Peaks forming skyline are 
capped by hard siltstones of the Gtande Greve formation and 
sandstones of the York Lake series. 
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The area has thus reached a mature stage in the development of land 

forms" Glaciation has modified the topography' and will be discussed in 

a later section. 

The region forms the headwaters to the York River and its tributaries. 

The direction of drainage is to the southeast. York River is the largest 

stream in the area and its tributary, Copper Brook, the second largest. 

Secondary tributaries of York River, or small streams, occupy youthful, 

sharply incised valleys. The primary tributaries, or m.ain streams 

(Miller, Copper, Ownamin, etcoh on the other hand occupy broad mature 

valleys. 

The northem boundary of the map area very roughly follows th e. 

watershed between the Madeleine River drainage basin to the north &I,Id 

the York River drainage basin to the south. 

There are several lakes in the area. York Lake is the large,t 

being 12,700 ft. (204 miles) long and 2,500 ft. (1/2 mile) wide at its 

widest part and has a maximum depth of 70 ft. (Alcock, 1924, po 9). 

The second largest is Porphyry Lake which is 1,300 ft" wide by 800 ft .. 

long. In addition there are several smaller lakes .. 



CHAPTER 4 

GENERAL GEOLOGY 

&001 General Statement 

The Gaspe Peninsula is part of the Appalachian province which 

extends from central Alabama in the southwest to NewfoUldland in the 

northeast. The for.mations range in age from possib~ Precambrian to 

Carboniferous. According to Dresser and Denis (1944, p. 305) they have 

been subjected to two periods of orogeny; the Taconic orogeny, which took 

place at the end of the Ordovician Period, and the Shickshockian (Acadian) 

orogeny, which occurred at the close of the Devonian Period before 

deposition of the flat-~ing Carboniferous stratao 

The peninsula can be divided into a central synclinorium of Devonian 

for.mations which strike in a northeast to southwest direction, flanked on 

the north by Ordovician formations and on the south by Precambrian (?) 

Ordovician, some Silurian and Carboniferous formations. 

The greenstone series of the Shickshock Mountains, the Silurian 

peridotites of Mount Albert, and the Devonian granite of the Tabletop 

Mountains are located in the north central part of the peninsula. 

The map area covers a part of the central synclinorium of Devonian 

strata and the exposures consist chiefly of limestones, calcareous 

siltstones, siltstones, shales, and sandstones of Lower and Middle 

Devonian age. These sediments have been folded into a series of open 

folds and have been intruded by dykes and sills of quartz-felspar 

porphyry and diabase dykes. Two areas situated in the west central 

and northwest portions of the region have been subjected to high temp

erature metamorphism and bleaching. This alteration is considered to 
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be genetically related to a shallow seated, unexposed cupola of granite, 

probably related to the Tabletop batholith, with which the porphyries are 

also associatedo In the altered aureole two types of economic copper 

deposits together with traces of tungsten and molybdenum have been found. 

These are bedded replacement deposits in calcareous siltstones and lime

stone horizons and mineralization along a series of closely spaced jointso 

Traces of lead and zinc mineralization have also been found along the 

peripheral area of the altered zone. The deposits may be classified as 

pyrometasamatic and high temperature replacement-filling types. 



4,02 Table of FQrmations 

Period Epoch Formation and Thickness Description 

I 	 Intrusive into Cape Bon Ami 
n Diabase dykes and Grande Gr~ve Fo:rma.tions. 
t 
r 
u 
s Biotite granite & quartz-felspar Intrusive into formations 
i porphyry stock, dykes & si~ls listed belowo MetamQrphism,·· 
v mineralization, folding & 
e faulting of the sediments 
s probably' contemporaneous 

with the intrusives 

-
Middle York River Green-grey felspathic sand

1600 ft. of stones & green;...grey:.shales 

Middle 	 Green-grey &white fels-
. 

or York Lake Series pathic sandstones, green & 
D Lower 1800 fto black shales and lenticular 
e dark-gre.ycaleareous silt-

stonesv 
0 

n 
ni Grande Gr~ve 	 Dark-grey, hard, calcareous 

a 1900 - 2200 fto 	 siltstones. Lower beds have 
n 	 uneven beddingo Very minor 

fragmental turfs. Contains 
Needle lit. ItA" ore body & 
Copper Mt. ore b~ 

Lower 

Cape Bon Ami Black, well bedded 	silt 
3000 - 4000 !to 	 stones, calcareous siltstonef , 

impure limestones, shales & 
minor fragmental turfs" 
Contains NeedleMto "B" & 
ItC" ore bodies. 

& Including the Sto Gl'!eenisb~greyand brown 

S D Alban Formation shales & siltstones,'dark
i e 6600 'ft .. of grey silty limestones & 

1 v light-grey calcareous 

u 0 siltstones 

r n 

i i 

a a 

n n 
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The above subdivisions are those proposed by HoWo McGerrig1e 

(1950, po 23)0 The thickness of formations were determined by the author 

in the map area 

40 031 Silurian-Devonian (including the St, Alban Formation) 

Silurian-Devonian beds do not outcrop but have been intersected at 

a depth of 1460 fto in drill hole PoOoC. Noo 1 at present being drilled 

in the south central section of the area (Figs 6). The thickness of the 

formation is in excess of 6680 fto as its base has not yet been exposedo 

The separation of the Silurian from the overlying Cape Bon Ami formation 

in this area is 

"based on a lithologic change - essentially colour - dark grey of 
Cape Bon Ami to greenish-grey of Si1urian fl (1). 

The following is a ver,y generalized section of the beds intersected 

in the above hole from the top of the formation at a depth of 1560 fto 

down to 8137 ft. reached on 6th Februar.y 1954. (2) 

Thickness 

350 ft~ Green-grey shale with interbeds of brownish shale 

940 ft: Dark-grey, more or less calcareous, siltstones with some dark 

shales 0 

870 ft: Light-grey, fine-grained calcareous siltstone 

2540 ft: Dark-grey, more or less calcareous siltstones with some dark 

shales and some grey silty limestone. 

840 ft: Greenish-grey with interbeds of brown siltstone, both sha1y and 

(1) HoW. MeGerrig1e - personal communieation. 

(2) Data from H.W. MeGerrigle's logs of P.O.C. No.1 Well. 
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Fig. 6: New Peninsular Oil Ltd. PoO.Co No.1 Well located in the 
south central part of the area. 



slightly calcareous. Occasional thin bands of gre.r,dense 

limestone towards the bottom. 

1140 ft: 	 Grey to dark-grey siltstones and shale with minor interbeds 

of fine to medium-grained calcareous sandstones 0 A slight 

show of oil and some gas was noted in this horizono 

Except for a few scattered brachiopod fragmep~s no fossils hav~ been 

identified in the core. 

The section of Silurian exposed in this hole is considerably thicker 

than normal. The maximum thickness of the formation on Sydenham River, 

Sydenham Township, was found to be 2350 fto (McGerrigle, 1950, po 53). 

At the edge of the basin in LefranCiois township to the north the estimated 

thickne.ss is only about .3000 ft. (1) Hence the figure of over 6600 fto 

indicates thickening down the dip. 

4.032 Cape Bon Ami Formation 

This formation consists chiefly of dark-grey, soft, calcareous 

shales and siltstones with argillaceous limestones, siliceous shales, 

and thin fragmental tuffs towards the top. Outcrops are very scarce 

as the beds are soft and weather readily. The large valle.y which cuts 

diagonally across the southeastern quarter of the area is underlain by 

these sediments (Fig. 4). The best exposures of the uppermost beds 

are located on the road to Gaspe immediately east of where it crosses 

the York River. Scattered exposures of the same beds als.o occur along 

the contact with the overlying Grande Greve siltstones, along the 

southern slope of Mt. I.W. Jones, extending from the main road to Ownamin 

(1) H. W. :McGerrigle - personal conmunication 
! 

http:thickne.ss
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Brooko Thickness of the Cape Bon Ami in the map area has been estimated 

to be 3000 to 4000 ft. 

The formation can be roughly subdivided into an upper third am a 

lower two thirds based on their relative hardness. 

The lower two thirds of the Cape Bon Ami formation is composed of 

soft beds which weather easily and do not crop outo There are, however, 

some scattered exposures from drill hole p" 00 Co No.1. .M dJerrigle (1) 

described the beds intersected from the well cuttings as 

"dark grey, calcareous siltstone to silty limestone and 
calcareous shale". 

Where these beds have been intersected elsewhere in diamond drill holes it 

was noted that the shaly manbers were massive am disintegrated on exposure 

to air .. 

Partial analyses of core samples give the following results: 

Composition in % 

Sample Location Descri;etion 8i02 A1~3 Fe203 MgC°3 CaC03 
NOR 

JB 12 DoH.. A.1 at 78 1 Massive, black, 45.72 9.01 8.. 6 12.5 2203 
calcareous shale 

13 442' Light-grey 3050 0.02 1.,06 4.01 90.. 0 
limestone 

14 DoHoA.2 at 531' Massive, black 460 89 7.97 80 0 140 6 21.2 
calcareous shale 

15 D.H.A.. ) at 162 1 Massive, black 480 69 6.70 6,,01 3076 3095 
calcareous shale 

16 303' Dark-grey oal
careous shale 

46,,61 3,,78 3.08 5025 38.8 

Analysts: Do Lamontagne) .
J" Plamondon )Dept. of Mines Laborator~es, Quebec. 

The upper third is composed of beds which are slightly more resistant 

to erosion and hence do crop out occasionally. They are even bedded ca1

(1) H.W. McGarrigle - personal communication 
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careous shales, calcareous siltstones and minor limestones. Thin crystal 

tuff beds (Williams, et a1., 1954, po 149) up to 6 inches thick have been 

intersected in drill holes and are exposed underground on Gaspe Copper 

Mines Ltdo While the beds of this upper third are harder than the under

lying shales they are themselves softer than the overlying Grande Greve 

siltstones 0 

The best exposure of the upper portion of the formation is in drill 

hole E 3, located east of Murdochvi11e. Here the top of the Cape Bon Ami 

has been intersected between depths of 150105 to 2282 ft. giving a section 

with a true thickness of 770 ft. In this hole it has been possible to 

correlate the various horizons in the aureole of alteration with their 

unaltered equivalents outside. Details of the correlation will be 

discussed in a later chapter (5005). The terminology currently used at 

Gaspe Copper Mines Ltdo to designate the different metamorphosed beds will 

be used in the description of their unaltered extensions outside the 

aureole. 

Samples of the different beds intersected have been partially analysed 

and the average values for the subdivisions are given below. Full details 

of the individual results are listed in the appendix (section 70 01)0 

The sample spacing varied from 1 to 22 ft. depending on the thickness of 

the horizon, but averaged from 5 to 10 fto 
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Equi- Thick- Average Composition in % 
valent ness 
beds at (1) (2)GoC..K.. SiOZ CaC03 KgC03 A1Z03 KiJ Fe~3 
Ltd.. 

Calcareous shale Tl 80 1 5Z o Z0 Z3 0 0 80 4 80 56 4,,71 7,,00 
Calcareous siltstones Pl+ 198' 50.. 66 41.6 4,,5 Z,,77 Zo 03 Z.. 33 

Wl 
sCalcareous siltstone Pz 34' 450Z5 31..7 6.. 5 8"ZO 60 08 4030 

Calcareous shale TZ 1801 62016 902 604 13050 8.. 6z 4080 
s P3Calcareous siltstone Z5' 54042 ZloZ 6.7 6.79 500Z 60 90 

Silty Limestones Ll 100 1 Z9 0 83 49"Z 6.. 5 5.. 70 3070 1..97 
Calcareous siltstone P4 15o' 480 48 250Z 10.. 5 11,,33 60 38 8040 

Studying the above it will be noted that SiOZ' CaC03' A1Z03' KZO 

and FeZ03 show considerable variation while MgC03 shows the least change. 

A study ofthin sections shows the beds to be composed of bioclastic 

calcareous siltstones, calcareous shales and silty limestones together 

with minor beds of tuffs and microcoquinas. 

Horizons P1 + Wl, PZ, P3, Ll and P4 are all very similar and 

represent recrystallized fragmental shell accumulations, containing clay 

material and abundant detrital quartz (Figs .. 7 & 8). The shell fragments 

have been recrystallized to calcite and are all under OoOZ rom.. in size.. 

Occasional~ fragments of valves can be recognized. ~ll euhedral 

grains of dolomite occur but are rare.. Host of the quartz is under 0001 

rom0 size though all sections contain numerous larger detrital grains which 

are angular to subrounded in shape, and varying in size from O"OZ to 0 0 04 

mm.. These larger grains are scattered throughout the fragmental shell 

material.. Sponge spicules are present in most sections but are not 

abundant except in the microcoquina layers. Flakes of muscovite occur 

in all sections. Disseminated specks of pyrite and pyrrhotite are 

(1) 	& (Z) The percentage CaO and KgO are here expressed as 
CaC03 & MgC°3 
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Fig. 7: 	 Ll beds. Bioclastic silty limestone. Composed of fragmental shell 
accumulations, detrital quartz and minor flakes of muscovite. 
Location: D.H. EJ at 2125 ft. Ordinary light, x80 

Fig. 8: 	 P4 beds. Bioclastic calcareous siltstone. Composed of detrital 
quartz, shell fragments, minor muscovite flakes and irregular 
masses of pyrrhotite.
Location: D.H. EJ at 2251 ft. Ordinary light, x80. 



fairly common. The pyrrhotite occasionally occurs as small rounded 

globules 0.04 mm. diameter replacing a micro-organism probably a radiolarian 

or diatom (Fig. 9). The grain size of the material constituting these 

rocks vary from 0~OO5 to 0.04 rom. and average 0.01 to 0.02 mm., which is 

within the range for silt (0.004 - 0.063 mm.). The,y may be classified as 

bioclastic calcareous siltstones or silty limestones depending on the 

amount of quartz or calcareous material present. 

Microc(!)quina layers are common .in the PI +- WI and P2 horizons and 

are up to 4 inches thick. Thin sections show them to be composed of 

masses of sponge spicules, shell fragments and detrital quartz grains 

(Fig. 10). A section cut through such a layer in P2 horizon was composed 

of a 

"mass of ostracod shells. This biologic group was indicated by 
the size, shape and lack of hinge structure of the shells and 
the occasional section through a reticulate structure that 
probably represents a. surface ornament. It (1) (Fig. 11). 

Horizons Tl and T2 both contain slightly highe~ amounts of 5i02, 

A1203, K2D and Fe2D3 and less CaO than most of the adjacent beds. Thin 

sections, show them to be very much finer grained than the adjacent 

siltstones and they can be classified as calcareous shales (Fig.. 12). 

Disseminated specks of pyrite and pyrrhotite are common. 

The horizons in which the "Bn and "C" ore bodies occur at Gaspe 

Copper are the metamorphosed extensions of PI + WI + P2 and ~ co The 

localization of the mineralization in these beds appears to be due to 

their higher lime content as compared with the adjacent rocks. 

A small inlier of Cape Bon Ami beds is exposed along the Needle 

Brook valle,y west of the Copper Brook aureole (Fig. 1).. The extent 

(1) L.M. Cumming - personal communication. 
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Fig. 9: P3 beds. Globules of pyrrhotite replacing micro-organisms. 
Location: D.H. E3 at 2018 fto Ordinary light, x BO. 

Figo 10: 	 WI beds, microcoquina. Composed of sponge spicules, shell 
fragments and minor subangular quartz grains. 
Location: D.H. E3 at 1763 ft. Ordinary light, xBO. 
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,.------:-------:-----::----------,:--.--,"-"--- =-=-"~....,"------, 

Fig. 11: 	 P2 beds, microcoquina. Composed of ostracod shells, sponge 
spicules and detrital quartz grains. 
From D.H. E3 at 2018 ft. Ordinar,v light, x80. 

Figo 12: 	 Tl beds, calcareous shale. Composed of a fine-grained aggregate 
of calcareous mud and clay minerals. Numerous large angular to 
subrounded detrital quartz grains are cammon together with minor 
amounts of pyrrhotite and occasional laths of muscovite. 
From DoH. E3 at 1519 ft. Ordinar,v light, x 80. 
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shown on the map is based on surface drill hole intersections. The 

presence of abundant faults and absence of outcrops makes it difficult 

to determine the limits of the exposure and hence the boundaries shown 

must be regarded as being very approximate" 

In the field, the contact of the Cape Bon Ami with the overlying 

Grande Gr~ve beds is sharp and easily recognizable over a width of 50 ft. 

Where intersected in drill holes the contact is gradational over a thickness 

of 5 ft. In the field where outcrops occur, especially' along the southern 

slope of Mt. Jones, the contact is marked b.r a change in the slope. There 

is often a definite Unick" in the slope where such outcrops occur. 

The chief features used in the field to distinguish between the Cape 

Bon Ami and Grande Gr~ve formations are as follows: (Figs. 13 &14) 

Feature Cape Bon Am~ Grande Grne 

Bedding Even bedding Uneven, small scale, 
lenticular bedding 

Fracture Even Conchoidal 

Hardness Soft, can be Very hard siliceous 
easily' scratched 

Lustre Dull Vitreous 

For descriptive purposes, the formations which do not show any 

natural sub-divisions, have been arbitrarily sub-divided into upper, 

middle and lower members. All the fossil localities are shown listed 

stratigraphically in Fig. 150 

Due to scarcity of outcrops not many fossils have been found. 

The writer is indebted to Dr. N.R. Schindler, of Rio Canadian Exploration 

Ltd., for drawing his attention to the fossils in cores from the holes 

drilled on the Area Mines Ltd .. block of claims. 
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Fig. 13: 	 Cape Bon Ami formation. Steeply dipping calcareous siltstones 
of the upper portion of the formation. Note even bedding. 
Location: on main road to Gaspe just east of Holland Lake. 

,------------------------------------._---- 

Fig. 14 : 	 Grande Greve formation. Calcareous siltstones showing uneven 
bedding due to the small scale lenticular nature of the beds. 
Location: Area Mines claims west of York Lake. 
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The following specimens were collected and have been identified as 

follows: 

Member 'a) (Upper third of the formation) 

Field No. GoSoC:Noo, 

JB 20 (b) 
80 (b) 

23311 
25463 

Diminutive brachiopods, not identifiable 
Cordania becrattensls Clarke 

118 (b) 25465 Schuchertella sp. 

Member ~b) (Middle third) 

21 (b) 23312 Orbiculoidea sp. 
Leptostrophia oriskania Clarke 

23 (b) 23314 Diminutive forms of ? Leptocoelia flabellites 

Member ~cl (Lower third) 

25 (b) 23316 Phacops glabellar fragment 
Strophonella sp. 

26 (b) 
27-31 (b) 

23317 
23317 
23318 
23319 

Strophonella cf. continens 
Stropheodonta cf. errAtica Winchell 
Stropbonella continen, 
Strophonella sp. 2 var. 

23320 Sp+rifer cf.. plicatus (Weller) 
23321 Chonetes billingsi Clarke 
23322 Trilobite fragments. 

Cummings (1954) states: 

"Fossiliferous drill cores (JB 20, 21, 23) from the intersections 
of the Cape Bon Ami. formation show several diminutive brachiopods 
similar to those of the same formation in the Forillon section••• " 

and again (1955) states: 

"Schuchertella from th e Cape Bon Ami formation is a Lower Devonian 
genus and Cordania becraftensis occurs in the Oriskany and Grande 
Greve formations. II 

49033 Grande Gr~ve Formation 

The base of this formation is taken at the first appearance of the 

hard, dark grey, dense, calcareous siltstone with a characteristic lenti

cular bedding and conchoidal fracture (Fig. 14). 
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The Grande Gr~ve forms the top of the hills exposed in the south 

central area and continues into the south~estern quarter.. 

The thickness of the formation varies from 1900 to 2200 ft. as 

determined in three widely spaced localities: 

a) Thickness of exposure in the southeastern comer of the map 

area IS 1900 fto 

b) Detailed traverse along the hills on the west side of York Lake 

• 1900 fto 

c) Section through drill hole E 3 located east of Murdochville • 

2200 fto 

The formation has been divided into an upper third and a lower two

thirds based on the nature of the beddipg surfaces .. 

The lower two-thirds of the Grande Gr~ve is characterized b,y the 

small scale, lenticular nature of the beds which result in an uneven 

bedding surface (Fig" 14). The beds consist of small lenses 1 to 3 

inches long which average under 1 inch in thickness. The bedding surfaces 

between them have an uneven or "wavy" appearance. Weathered. outcrops give 

the appearance of being thickly bedded due to the weathering of less 

siliceous interbeds spaced 4 to 8 inches apart, whereas th~ are actually 

thinly bedded. 

The upper third of the formation consists of regular or even bedded 

calcareous siltstones 1/2 to 2 inches thick (Fig" 16)0 These beds do not 

always show bedding fissility but often break across the bedding planes 

when fractured.. The even nature of the bedding readily serves to 

distinguish the upper horizons from the middle or lower horizons of the 

formation. The siltstones interbedded with the York Lake series are of 

this type. 
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Figo 16: Even bedded calcareous siltstones found in the upper portion of 
the Grande Greve formation. 

Figo 17 : 	 Fucoidal markings - Taonurus caudagalli (Vanuxem) from Grande 
Gr eve siltstones. These markings are very common in this 
format i on 0 



Partial chemical analyses of the Grande Gr~ve siltstones give the 

following results: 
Composi~ion in % 

Location of Samples Description Si02 A1203 Fe203 pa~01 Mg~01 KZO 

JB 	 3(d) DoR.B2 at aa t 67044 1.34 5040 2304 

4(d) 153' Dark-grey, 62072 1.92 5040 2500 


47(d) 	Outcrop at side lenticular 77. 1.1 30a 120 6 
of road at Raw bedded, cal
Water Dam. Careous 

57(d) 	Hills on west siltstones 6a. 1.1 304 200 a 
side of York 

54(d) Lake 61. 1.0 209 260 9 
23(d) Trench north of Altered, light 49082 a0 37 a02 2905 

Murdochvi11e &. grey, even 

at foot of bedded cal

Porphyry Mt.. careous ,i1t 


stones (Upper 
part of Grande 
Gr~ve)o 

Average value of 13 

samples spaced 100 ...150 Dark-grey, 

fto apart over lower lenticular 

1500 fto of the Grande bedded, cal

Gr~e intersected in careous 

DR E3 si1tstoneso 


Analysts: 	 Do Spence 
Jo Plamondon Dept. of Mines Laboratories, Quebec .. 
Mo Paiement 
FoWo Benoit McGill University, Montreal. 

The above values show the Grande Gr~ve to have an average silica 

content of 	66% compared with the range of 30 to 62% for the Cape Bon Ami. 

This high silica content is a characteristic feature of the formation 

which enables it to form relatively resistant outcrops as compared with 

the softer 	Cape Bon Ami sediments" 

Thin sections of Grande Gr~ve siltstone show it to be composed of a 

very fine aggregate of quartz and. calcite with minor amounts of pyrite, 

muscovite and sponge spicules. Most of the quartz grains vary in size 

(1) Percentage caO and MgO is represented as CaC03 and MgC03 



from 00 005 to 0001 mmo in diameter with occasional larger grains up to 0005 

mDlo in sizeo The larger grains are angular to subangular in shapeo The 

calcite grains, which represent recrystallized fragmental shell accumula

tions, vary in size from 0 0 005 to 100 mDlo and average about 00 02 mDlo 

Minor amounts of sponge spicules, muscovite flakes and pyrite cubes are also 

present 0 Euhedral crystals of dolomite occur but are not common. 

The rocks are composed of numerous small lenses of slightly coarser 

silica-rich material, aligned along the bedding. The lenses, which are 

1 to 2 inches long and under 1 in. in width, consist chiefly of quartz 

grains, and are set in a matrix of recrystallized bioclastic limestone. 

The lenses have stylolitic boundaries with concentration of a black opaque 

material along them (Figso 18 &19). The calcareous material forming the 

matrix, is considered by the writer to have been responsible for minerali

zation of these beds in the large Gaspe Copper Mines IfAIf ore body. This 

feature will be further discussed under IIChsical Control of the Minerali

zationn (section 5013)0 

From the grain size and chemical composition the material can be 

classified as a bioclastic calcareous siltstoneo 

The origin of the silica found in the Grande Gr~ve sediments has been 

debated in the pasta 

Parks (1930, po32) has suggested that it may have been leached from 

ash discharged from volcanoes "known to exist in Lower Devonian time to the 

westward" in Gaspe Peninsula. If this is so, as has been pointed out by 

McGerrigle (1950, ppo 65-66) it is strange that as the formation is traced 

westwards, even to places west of Bonaventure River where Lower Devonian 

limestones are actually interbedded with volcanic rocks, the siliceous and 

cherty nature of the formation progressively disappears, the rocks become 
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Figo 18: 	 Grande Gr~ve calcareous siltstone showing lenticular structure of 
the rock. 
Location: D.H. E3 at 200 ft. Ordinary light, ~5. 

Fig. 19: 	 As above showing sutured botuldaries of quartz-rich lenses and 
adjacent bioclastic limestone. Black grains are pyrite. 
Ordinary l ight, x80. 



arenaceous or silty and eventually are interbedded with shales and sand

stones. The suggestion that the silica may have been derived from Silurian 

volcanics is subject to much the same kind of objection - there is no 

appreciable increase in the quantity of silica in the formation as known 

possible sources are approached. Thin sections of Grande Gr~ve chert 

specimens collected by Brown north of Gaspe Bay yielded no evidence of 

siliceous organic remains. Likewise, Parks (1930, po 32) evidently found 

nothing of organic origin in the thin sections examined b,y him from the 

siliceous limestones of Mississippi Brook. Clarke (1908, ppo 220-221) 

however, found layers "several inches in thickness tf in the lIupper lime

stones" at both Grande Gr~ve and Ship Head which were "matted masses of 

sponge spiculeslio He stated that these layers represented "extensive 

plantations of siliceous sponges". 

From a study of the mode of occurrence of the calcareous siltstones 

in the map area, the writer agrees with the opinion expressed by McGerrigle 

"Whatever the source of the silica, it seems evident from its 
occurrence and distribution in the formation, as beds of chert· 
or of siliceous limestone interstratified with purer limestone, 
and as nodules of chert, that it was deposited with the lime 
muds rather than introduced after deposition and solidification 
of the limestone. That is, it was primary rather than 
secondaryll. (1950, pp. 65-66). 

A. study of thin sections indicates that most of the material, 

especially the coarser fractions, are of detrital origin. This confirms 

the previous statement that the silica is an original primary constituent 

of the rock and is mainly of detrital origin. 

The following fossils were collected from this formation: 
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Member (a) (Upper third) 

Field NO g G.SgCoNo, 

JB 12 (b) 23304 ? Phacops thorax fragment 
40 (b) 2333k Fucoid markings 

Fucoid markings of the type Taonurus caudagalli (Vanuxem)X (Fig. 17) 

are very common, and occur throughout the Grande Gr~ve formation and even 

extend into the overlying York Lake series. 

Member (b) (Middle third) 


18 (b) 23309 ? Orthothetes beoraftensis Clarke 

Fucoids 


19 (b) 23310 Leptocoelia flabellites 


With regard to the above, Cummings (1954) states: 

"The Grande Gr~ve specimens (JB 12, 18, 19, 40) do not provide 
evidenoe for stratigraphic placement of its fauna. The fucoid 
lithology (JB 40) may be developed in both the Grande Grh'e and 
the upper part of th e Cape Bon Ami formation at the Forillon 
peninsula" • 

4.. 0331 Concretions 

Lime-rich concretions occur sparingly throughout the Grande Gr~ve 

and Cape Bon Ami formations. They are commonlY spherical to ellipsoidal 

in shape, vary in size up to 8 ft. along their long axis, but average 

around 12 inches, and occur with their long axes parallel to the bedding 

(Figs. 20 & 21). Where they do occur, there are generally several 

along the same bed. The concretion represents a concentration of lime 

and a decrease in silica as compared with the adjacent host rock. The 

fresh, unaltered, fractured surface shows the concretions to be apparentlY 

structurelesso However, the metamorphosed concretions found in the 

Copper Brook aureole shows them to have a concentric structure (Fig. 124). 

x Identified by AoW. Byrne, McGill University. 
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Figo 20 ~ 	 Spheroidal concretions in Grande Greve calcareous siltstoneso 
Location: Area Mines claims west of York Lake. 

r---------------- -------_--_-_- -=-

Figo 21: 	 Ellipsoidal concretions in partly bleached Grande Greve cal
careous siltstoneso 
Location: Gaspe Mines Ltd mine plant area.o 



28. 

No nuclei have been observed. The stratification pl~es of the enclosing 

rocks usually terminate against the concretion with a slight upward curve 

or occasionally thin and pass around it prodUCing a sudden local thickening 

in the bed (Fig. 126). This displacement of bedding can be considered as 

evidence for the epigenetic origin of the concretion. 

Partial chemical analyses of three concretions and the adjacent country 

rock (Grande Gr~ve siltstone) indicate the following differences in 

composition: 



Composition in % 

Adjacent Bed - . 	 Concretion 
! 

Sample 	No .. Si02 A1203 FeZ03 CaO MgO Sample flo .. __S102 A1203 1'e203 CaO MgO 
i 

JB 	47 (d) 770 101 30B 701 loB JB 48 (d) _ 190 OoB 104 42.B 102 
57 6Bo 101 304 llo6 207 49 15.. 010\4 101 3703 106 
54 610 100 209 1500 209 55 90 0 0 5 0 .. 9 4702 102 

Average 69(5) 101(2) 3.. 4(3) 1103(1) 205(~_ Average 14(1) 006(1) 101(1) 42.. 4(4) 103(1) 
~-

Analyst: Do Lamontagne, Dept .. of Mines Laboratories, Quebec. 

Location of s~p1es are as follows: 

JB 47 (d) Grande Gr~ve siltstone on east side of main road at G.C.M. Raw Water Dam. 

4B Con~retion on east side of main road at G. G..M.. Raw Water Dam. 


57 GI"4nde Gr~ve siltstone on Area Mines claims (44-- + OOE/l9 + OON) 


49 Concretion on Area Mines claims (44 + OOE/l.9 + OON) 


54 Grande Greve siltstone on Area Mines claims (32 + OOE/52 + OON) 


55 Concretion on Area Mines claims (32 + OOE/52 + OON) 


~: 	The figure in brackets next to each average value represEIlts the proportional increase of 
that constituent.. 

l\) 

o 
....0 



Discussing these in turn: 

Silica: The concretions are very low in silica compared with the country rock 

Almnina: The concretions are low in alumina compared with the country rock 

Fe203: The concretions are low in Fe203 compared with the country rock 

~: The calcretions are very high in CaO compared with the country rock 

Magnesia :The concretions are low in MgO compared with the country rock. 

The most significant differences in composition seem to be the increase 

in lime and the decrease in silica. 

4,,034 York Lake Series 

The term "York Lake Series ll was introduced by' Jones, (1936, po 15) 

to designate a succession of rocks lying stratigraphically between the 

Gaspe Limestones and the Gaspe Sandstones. In subsequent mapping, the 

York Lake Series has been included with the York River formation" Except 

for differences in detail, and the presence of some siltstone beds in the 

York Lake strata, the two divisions are very similar lithological~, 

particularly the more arenaceous members. The term has been retained, 

for in some areas it marks the transition between the Grande Gr~ve and 

the York River formations. The type locality of the series is in the 

general vicinity of York Lakeo The Noranda geologists have used the 

term "Younger Series" to describe the arenaceous sediments which occur 

in the northeastern quarter of the Gaspe Copper Mines claims" These 

beds represent the westward extension of the York Lake Series" In this 

report, the term York'Lake Series has been retained and applied to the 

beds which represent the transition from the Grande Greve to the York 

River formation" 

The base of the York Lake Series has been taken at the appearance 
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of the first sandstone bed occurring in the Grande Greve type siltstones. 

The series consist of alternating beds of light-gre,y to greenish-grey 

sandstones with minor green-grey to bluish-black shale beds and dark-grey 

calcareous siltstones of the Grande Greve type. 

A detailed section across the type area, York Mountain, located west 

of the northern end of York Lake, shows the following succession from top 

to bottom. 

!i!9. Rock Type Thickness 

(a) Calcareous siltstone 140 it.. 

(b) Sandstone 120 ft .. 

(c) Calcareous siltstone 260 ito 

(d) Sandstone 60 ito 

(e) Calcareous siltstone 100 ft. 

(f) Sandstone 350 fto 

(g) Calcareous siltstone 270 ft. 

(h) Sandstone 540 fto 

Total 1840 fto 

The sandstones are light-grey to greenish-gre,y in colour and 

generally poorly bedded. The texture varies from medium to fine-

grained with a variable felspar content. The lower beds appear to be 

lighter coloured and more felspathic than the upper beds (Fig. 22). 

Interbedded layers of green-grey shale occur but are only rarely found 

to crop outo Intraformational conglomerages are common (Fig.. 24) and 

are of the same type found in the overlying York River sandstones and 

will be described in that sectiono 

The calcareous siltstones are highly siliceous, have even bedding 

and resemble the upper horizons of the Grande Greve for which they are 



Fig. 22: 	 Light-grey felspathic sandstone of the York Lake series. Note 
microcline grain surrounded by sub-angular quartz grains. 
Polarized light, x80 • 

.---------_.__ . ----- --.- - --.-- 

Fig. 23: 	 Green -grey felspathic sandstone of York River formation. Note 
angular shape of grains. 
Polarized light, xeo. 



often mistaken. The siltstones are the most fossiliferous of all the 

horizons found in th e map area and have yielded a rich crop of fossils, 

particularly from beds (a) and (g) .. 

The York Lake series is well developed in the area extending from 

York Lake to Porphyr.Y Mountain. Northwest of Porphyr.Y Mountain the two 

lower sandstone horizons thin out and become interbedded with siltstones. 

The basal sandstone member, in particular, thins out and is only a few 

inches thick where it crosses the main road just south of the National Park 

entrance on the northern township boundar,yo 

On t he north limb of the Champou syncline the sandstone members are 

poorly developed with resultant increase in thickness of the siltstone beds. 

Studying the distribution of the different beds in plan it will be 

noted that they are lenticular and lense out along the strike. 

In the west central section of the area there is a shallow syncline 

of greenish-black sandy shales and green-grey sandstones, considered to be 

the remnants of a down-faulted block of York River series. Not much is 

known about this basin as exposures are rare and contacts are based chiefly 

on fragments found along bull-dozed roads" 

In the extreme southeastern corner of th e area the Grande Greve is 

overlain by a sandstone formation. There are no outcrops of the beds in 

the map area and the contact is based on rock fragments only. This sand

stone has been correlated with its extension along the strike as York 

River of which there is an excellent exposure in a road cutting on 

Corduroy Hill east of the map area o 

It would thus appear that the York Lake Series is best developed in 

the area extending from York Lake to Porphyry Mountain and poorly developed 

or absent elsewhereo 



.3.30 

The following fossils were collected by the writer from this 

formation: 

Member (a2 	 (See Figo 15 for details of sub-diyisions) 

Field No. G.SoC.No .. 

JB 1-9 2.3292-2.3.300 	 Chonetes billingsi Clarke 
Spirifer murchisoni Castelnau 
Spirifer cyclopterus (Hall) Billings 
Strophonella sp. 
Protoleptostrophia Caster 
Bryozoa sp. indet. 
Fayosites spo 

(2.3292) 	 Monograptus ? sp. 
(2.329.3) Stricklandia 	? ap. 
(2.3299) 	 Strophonella continens yaro equalis Clarke 

Strophonema igeguiradiata Billings 
11 2.3.302 Dalmanites sp. cf. phacoptyx Hill & Clarke 
16 2.3.307 Leptaena ap. 

32, 33 2.3.323-24 Comminuted Plant fragments 

41 233.32 Spirifer cf. arenosus Conrad 

42 2.3333 Spirifer spo 


4.3, 44 2.3334-35 Chonetes ? sp. 

1.31, 104 25466,25464 Rensselaeria cf. parva Clarke 


84 Rensselaeria cf. stewarti Clarke 

132 25466 Rensselaeria ap. 

100 25464 Spirifer cf. aroostookensis Clarke 

;2 25454 Spirifer cf. arenosus (Conrad) 
69 254tiJ liPirifer cf. fimbriatus (Conrad) 


116 25464 Spirife~ cfo oycloptera Hall 

110 25464 Spirifer ofo 


Chonetes cf. melonicus Billings 
84,85,88, 25464 Orthothetes (Schuchertella) woolworthanus 

97(b) Hall mute gaspensis Clarke 

106 25464 Leptostrophia blainvillei Billings 

131 25464 Leptostrophia magnifica Hall 


60 25458 Strophonella sp. indet .. 

62 Strophonella ampla Hall 


25458 ptilodictya tarda Billings 

108, 109 25464 Chonetes billingsi Clarke 

89~ f.04 25464 Meristella champlaini Clarke 


91 25464 Megambonia cf. crenistriata Clarke 

940 	 107 25464 Megalanteria cf. thunei Clarke 


70 25460 Rhipidomella logani Clarke 

59 25458 Fenestella sp. 

61 25458 Pt110dictya cf. tarda Billings 

6.3 25459 Polypora ? psyche Billings 


104 25464 Zaphrent1s cingulose Billings 

III Za'Dhrent1s cf" incondita Billin~S
25~6~59,98,104 2545 , 5464 Phacops logani yare gfspensis C arke 
114 25464 Coronura ? spo 
11; 25464 Lepterditia ? 

http:G.SoC.No
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Member Cc} 

F~~ld No.. G.SoC"No. 

JB 14 (b) 23305 Fenestrate br,rozoan molds 

MjI!lber (f) 

54 25455 

56 25456 


10 23301 

15 23306 

17 23308 


Member (g) 

13 23304 

34 23325 


35-39 23326-30 

66 25459 
123 25465 
129 25465 
126 25465 
121 25465 
124 25465 
141 25468 
136 25468 
127,130 25468 

46 25452 
50 25453 

128 25465 

148 25468 
125,,119 25465 

126 25465 
120,48 25465,25453 
120 25465 
137 25468 
119 25465 

Stropheodontapatersoni Hall 
Spirifer murchisoni Castelnau 
Spirifer efo arenosus Conrad 
Pti10dictya tarda Billings 
DalJnanitet:! •sp.
Spirifer frimbriatus (Conrad) 
DalJnanites sp. indet. 

Molds of crinoid columns 
Orbiculoidea cf. mantis. 
Strophonella continens var. !piplicata Clarke 
Sandy lithology with brachiopod fragments 
(Strophomenoid?) and ? a fish spine fragment 
Leptostrophia cf. magnifica Hall 
Stropheodonta magniventra (Hall) 
Stropheodonta cf. hunti Clarke 
Spirifer murchisoni Castelnau 
Spirifer gaspensis Billings 
Spirifer arenOSU8 Conrad 
Spirifer cyc10pterua Hall 
Spirifer sp. indet. 
Strophonella ap. 
Delthyris cf. parlamel10aus Hall 
Megalanteris ? sp. 
Chonetes billingsi Clarke 
Czpricardinia distincta Billings 
Chonetes sp. 
Czpricardinia distincta Billings 
Dalmanite§ ap. (Barrande) 
Pti10dictya tarda Billings 
Fenestellina sp. 
Reteporina sp. 
Zaphrentis sp. 
DalJnanites spo indet. 

In addition to the above Jones lists the following fossils 

(1935" po 18) 

"Fossils were found in sandstone in the escarpment west of the upper 
part of York Lake. These are: 

Leptaena rhomboidalia 
Hipparionyx proximus ? 
Spirifer cf.. submucronatus" 
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and also from 

"an outcrop of hard, dark-grey, magnesian and slightly arenaceous 
limestone on the upper part of York River, about two and a qua.rter 
miles downstream from York Lake. This occurrence has been included 
in the York Lake series, but is not far from the c altact with the 
Gaspe limestone series and it may even belong to the latter••• 

Pholidops sp. 
Chonetes ? spo
Spirifer Sp,,11 

• Cummings, (1954) states: 

"the occurrence here of the typical Grande Grllve forms chonetes 
billingsi, spirifermurchisoni, spirifer cyclopterus, spirifer 
frimbriatus, strophonella continens, strophonema uleguiradiata, 
would tend to .confirm Carbonneau's 1953 conclusion that the 
York Lake series is of Oriskany age and that the York Lake 
series at least in part, is the lateral equivalent of the 
Grande Gr~ve formationo 

lithe possible occurrence of the Silurian genera Monograptus 
Strick1andica (JB 1-9) in the same block with the York Lake 
brachiopods is anomalous" ••• " 

(1955) 
"the lower fossiliferous horizon (g) contains Cypricardinia 
distincta which was not observed in collections from any of 
the other horizons throughout the section. The upper 
fossiliferous horizon (a) contains Rensselari~ speCies, which 
were not observed in any of the collections stratigraphically 
below this horizon. 

"Most of the specific identifications from the York Lake beds 
(horizons (a) and (g» are represented in the Grande Gr~ve 
formation of Forillon peninsula. These species are: 

Meristella champlaini 
Chonetes billingsi 
Strophonella ampla 
Orthothetes mut. gaspensis 
Polypora ? psyche 
Ptilodictya tarda 
Zaphrentis cingulosa 
Phacop§ logani gaspensis 

"The Leptostrophia and Spirifer species have a greater range 
occurring in both the Grande Gr~ve and York River formations. 
Thus it seems best to correlate these York Lake beds with the 
Grande Greve formation of the coastal section. Spirifer cf. 
aroostookensis and Rennselaeria cf. stewarti suggest general 
comparisons with the Chapman and Moose River sandstones of 
Maine." 



, , 

4,035 York River Formation 

This formation occurs in the north central section of the area along 

the centre of the Champou syncline. It has also been found to occur in the 

southeastern corner of the area where it rests direct~ on the Grande Gr~ve 

without the transition York Lake beds. 

The division between the York Lake series and the York River is 

arbitrarily taken at the top of the last major calcareous siltstone bed. 

On~ the lower 1600 ft. of the formation is exposed in the map area. 

These beds consist main~ of greenish-grey, medium to fine-grained fe1s

pathic sandstones with minor interbedded green-grey shales, sandy shales 

and calcareous siltstones. Overlying them and along the centre of the 

syncline, numerous fragments of black Grande Gr~ve-type siltstone have 

been exposed along bulldozed roads in the northeastern corner. This would 

indicate that the lower 1600 ft. conSisting predominantly of arenaceous 

members are overlain by an unknown thickness of siltstones. McGerrigle 

estimates the thickness of the York River formation, exposed in the York 

River synclines further to the east, as having a maximum of about 5000 ft. 

(1950, p. 78). Hence only the lower third of the formation is exposed in 

the map area. 

The sandstones consist of very angular grains of quartz (about 80%), 

minor amounts of felspars (microcline and albite), laths of mUSCOVite, 

biotite and very rare zircon and magnetite set in a chloritic matrix. 

From the very angular nature (Fig~ 23) of the grains it is obvious the,y have 

not been transported for any great distance but derived from a nearby source. 

Intraformational conglomerates, similar to those found in the York 

Lake series, are common and consist of thin layers seldom more than one inch 

thick, of flat, discoidal black shale pebbles and comminuted plant fragments 

(Figo 24). 
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Fig, 24: 	 Intraformational conglomerate of discoidal black shale fragments 
set in a green-grey sandstone matrix. 
From York Lake Series exposed on northwest slope of Mt. Miller, 

Fig,25 : 	 Fucoidal markings - Paleophycus tubularis Hall. From York River 
Formation.. 
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Fucoida1 markings of the type Pi1egpqycus tibyJiris Hall(l) (Fig., 25) 

and small curved, shale-filled worm trails are common. Loose slabs, not 

in situ, showing ripple markings have on two occasion~ been found. The 

ripples have been both of the symmetrical (Figo 26) and asymmetrical 

varieties as follows: 

Oscillation As::ymmetrica1 

Wave length 100 in.. 3 1/2 - 4 in. 

Amplitude 0,,075 - 00 125 in. 0.. 4 ino 

Ripple ind ex 13 - 8 9 - 10 

Cross bedding, of the tabular variety, is common and indicates consis

tently that the direction of currents during deposition was from east to 

west (Figo 27)0 

These features all indicate that the York River formation was laid 

down in shallow water. 

The following fossils were collected from this formation: 

Manber (a) 

Field No. G.S.CoNo. 

JB 81 (b) 25463 ? Rensse1aeria sp. 
79 25463 Rensse1aeria sp. 

Cummings (1955) states 

liThe Rensse1aeria sps. from the York River formation show that the 
highest fossiliferous horizon is also of Lower Devonian age .. 
Specimen JB 81, a compressed external cast of shell ornament, is 
distinctive because of the large size (3 x 2 in.)". 

(1) Identified by A.W. B,yrne, McGill University 
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Fige 26: 	 Slab of York River sandstone showing casts of oscillation ripple 
marks, 

West 	 East 

f.:i-ge 21: 	 Cross-bedding in York River sandstones. Direction of currents 
generally from east to west. Exposure located on northern 
Township boundary between Mile posts VII and VI. 



4004 Stratigraphic Relations 

The Cape Bon Ami, Grande Gr~ve, York Lake Series and York River 

Formation form an unbroken succession from the Lower Devonian up to 

possiblY Middle Devonian. 

Many of the earlier investigators of the area have understood or 

assumed that the change from Grande Greve si~tstones to the overlYing 

sandstones and shales represents a time break of some importanceo 

McGerrigle (1950, po 98) has pointed out that the correspondence in fauna 

between the two formations has grown increasinglY close with every new 

collection of fossilss He further concludes that 

"The faunal interpretations suggest that the Grande Greve may 
not be separated from the Gaspe Sandstones b.r a break of any 
importances The evidence of erosion that have been noted at 
a few localities would not refute this ccnclusion. They would 
indicate, however, a shallowing of the sea, and· even local 
emergence, between Grande Greve and later time - just such 
conditions as probably recurred again and again during the 
deposition of the Gaspe Sandstones. Furthermore, as pointing 
to complete gradation between the Grande Gr~ve and the Gaspe 
Sandstones, the York Lake series, in its type area, apparentlY 
grades downward into the Grande Greve and upward into the 
Gaspe Sandstones proper"o (McGerrigle, 1950, po 98) 

The succession of beds mapped in this area indicate a transition 

from the underlying Grande Greve siltstones to the overlying York River 

sandstones with the York Lake series representing the transition phaseo 

During deposition of the latter series there was recurrent deepening and 

shallowing of the seas resulting in the deposition of the Grande Greve 

type of siltstone interbedded with the sandstones. 

Cooper (1942, po 1750), tentatively assigns the Cape Bon Ami to the 

Becraft (Helderberg Stage) and correlates it with the Dalhouse formation. 

He places (po 1763) the Grande Greve in the Deerpark stage and the Gaspe 

sandstone (po 1761) in the Onondaga (Schoharie, Onewquethow stage) 0 
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McGerrigle (1950, po 23) has correlated the Cape Bon Ami, and Grande 

Greve with the Oriskany and considers that the York Lake Series can be 

correlated with either the Oriskany or Onondaga. This latter point, 

however, has not yet been settled. 

Carbonneau (1953, ppo 124-27) fram his study of the fossils in the 

Devonian sediments of the Big Berr,y Mountains, located about 40 miles 

southwest from the map area, concluded that the Grande Greve fonnation 

belongs to the Deerpark stage, the York Lake partly to the Deerpark and 

partly to the Onesquethow, and the York River to the Onesquethowo The 

Cape Bon Ami formation is unfossiliferous in that area. 

McGerrigle in his recent work (1954, pp. 40-45) in the Tourelle and 

Courcellette areas located 38 miles west of the map area, correlates the 

Cape Bon Ami and Grande Greve with the Oriskany and the York River formation 

probably with the Onondaga. 

From a study of the fossils collected by the writer, Cummings considers 

(1954, 1955) that the presence of typical Grande Greve forms in the York 

Lake Series: 

a) confirms Carbonneau's conclusion that the York Lake Series is in 

part the lateral equivalent of the Grande Greve formation, 

b) that the York Lake beds can be correlated with tn~ Grande Greve 

formation of the Forillon peninsula. On the basis of the above 

correlation it woUld seem best to correlate the York Lake series 

with the Oriskany. 

The following is a tentative correlation of the sediments from the 

different areas by the above mentioned authors: 



Cooper (1942) McGerrigle Carbonneau (1953)McGerrigle Cumming (1955) 
IGaspe (1950) 

Eo Gaspe 
Big Berr,y Mtso (1954) NoWo 

Tourelle & Twpo 
Courcellette 

Holland 

Gaspe Sandstone Onondaga Hamilton ? Onondaga 
(York River Formation) (Onesquethow stage) 

York Lake Series (? Onondaga (Deerpark stage Oriskany 
(? Oriskany (Onesquethow II 

Grande Gr~ve Formation Deerpark stage Oriskany Deerpark Oriskany Oriskany 

. BecraftCape Bon Ami Formation Oriskany Oriskany Oriskany 
(Helderberg stage) 

There is thus not much difference in the correlations by McGerrigle, Carbonneau and Cumming, 

except that the latter two confirm McGerrigle's suspicions that the York Lake Series can be 

correlated with the Oriskany_ 

b 
o 
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4,05 Description of the Igneous Formations 


Three types of intrusives have been found in the map area, 


1) Quartz-felspar porphyries 


2) Granite 


3) Diabase 


4.051 Quartz-felspar porphyries 

Numerous quartz-felspar porphyr.y sills and dykes are found in the 

northwest quarter of the map area. They intrude all the exposed formations 

and are considered to be related to the large Tabletop stock located further 

west. 

To consider the different occurrences, we have: 

4.0511 Porphyry Mountain: 

The largest of the porphyr,y intrusives is a small plug, about 650 ft. 

by 500 ft. in size, located almost at the top of Porphyr,y Mountain (See 

Figs. 5, 28, 29). Associated with it are numerous sills and at least one 

dyke. In plan, the intrusion is shaped like the letter IIC", of which the 

plug tonna the northern halt, while the southern halt is a sill offshoot. 

There is a steepening in dip of the surrounding sediments from an average 

of 150 to almost 800 in some areas adjacent to the plug. Surrounding the 

igneous mass is a small aureole ot metamorphism which merges with the large 

Copper Brook aureole on the west and south sides. 

The porphyr.y varies in colour from light to dark grey and occasionally 

pink varieties are tound. It consists of phenocr,ysts up to 1/2 in. in size 

of zoned plagioclase (core An40 to a rim of An5), orthoclase, rounded quartz 

showing resorption, and green biotite set in a fine grained matrix ot quartz, 

sericitized and kaolinized orthoclase and plagioclase. The accessory 

minerals are ilmenite, sulphides, titanite, apatite and magnetite (Fig. 30). 
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Figo 30: 	 Quartz-felspar porphyry from a plug on Porphyry Mountain. The 
quartz-felspar matrix contains a zoned plagioclase and a corroded 

quartz phenocryst. 

Polarized light, x26. 


fig. ~~: 	 Kaolinized porphyry from ore body on Copper Mountain. Highly 
kaolinized plagioclase phenocrysts in a quartz-felspar matrix. 
Cut by quartz vein. Note limonite pseudomorphs after pyrite 
in bottom right hand corner. 
Polarized light, x26. 
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A semi-quantitative spectrographic ana~sis of the porphyry is as 

follows: 
Sample No. 36 Cd) from Porphyry Mt. 

Major elements (+ 10%) : Si 
Secondary elements (1-10%): Al, Ca, Fe, K, Na. 
Minor elements (001-1%): 
Traces (O~Ol-O.l%): 
Weak traces (0.001-0.01%): 

Mg 
Ba, Sr, Ti, Va. 
B, Cr, Cu, Ga, Mn, Zr. 

Ana~st: F. East, Dept. of Mines Laboratories, Quebec. 

Surrounding the intrusion is an aureole of contact metamorphism 

varying in width from 150 fto on the north side to 500 ft. on the east side 

and which merges with the larger aureole on the west and south sides. The 

metamorphic changes in the zone of alteration will be ,discussed in a later 

chapter, (section 5.0421) 0 

Intrusion breccias have been observed at two localities on the 

mountain: (a) in tpe centre of the IIC" and on the east side there is a 

breccia zone along the contact of the plug and overlying a sill (Figs. 5, 

29 & 33), and (b) on the north side, in the southern curve of the "e", the 

breccia overlies a sill. 

The breccia consists of numerous angular fragments of country rock 

set in a porphyry matrix (Fig. 33). The fragments, which are up to 12 in. 

in size, consist of sandstone, hornfels, porcellanite and dark green diop

sidized sandstone. They show varying degrees of bleaching and alteration 

depending on their composition.· Cutt~~c~s the breccia fragments are 

thin aplite veins up to 2 in. thick. 

Both occurrences of breccia are in each case located above a sill 

(Fig. 29) and neither have any gre~t extension with depth. They appear 

to be essentially near-surface phepomena associated with the intrusive. 

Associated with the plug are numerous sills which have been inter
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Fig. 32: Porphyry ta 1 " '" c 21c.e of plug on Porphyry Mountain. 

Fig.!!.-.. ll: 	Intrusion Breccia. Numerous angular fragments of shale and silt 
stone in porphyry matrix. Note bleached rim around some fragments. 
Location : Pit 264 on west slope of Porphyry Mountain. 
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sected in drill holes and exposed in prospect pits located around the plug. 

Some of the sills have been mapped for a considerable distance but the 

majority appear to be short and discontinuous. 

The southern half of toe "C" is formed by a sill, 70 to 100 ft. in 

thickness, which can be traced for a distance of 13,500 ft. (2 1/2 miles) 

westwards until it is cut off by fault ItB" (Fig. 1). 

At the northern end of the plug there is a dyke cutting across the 

adjacent beds. This dyke, which is vertical, has been traced for 10,500 ft. 

(2 miles) in a northeasterly direction up to the northern township boundar.y. 

4.0512 Along the Western Township Boundarr 

Between mile posts X and XI a porphyry sill, about 40 ft. thick and 

covering an area of 160,000 sq. yds. on the east side of the township 

boundar.y, has been exposed by erosion. This mass extends westwards into 

the Bonnecamp Township. On the east side the sill disappears below a 

cover of siltstones with which it is interbedded. The edge of the sill, 

showing well developed horizontal sheeting, can be followed northwards, 

along the edge of a small cliff for a distance of 3000 ft. Jones 

described this sill and states: 

IfA feature of this intrusion is the almost complete absence of 
alteration of the adjacent limestone. This is the more surprising 
when the coarseness of grain, the development of phenocr.ysts, and 
thickness of porphyr.y are considered. Wherever observed, the 
limestone beneath the porphyry, even at the contact is unaltered. 
At the upper contact, the limestone for a zone of 18 inches thick 
has been made a lighter grey in colour, and slightly harder, but 
above that it has its usual dark grey, unaltered appearance. 
From a brief examination of the region, it might be inferred that 
the mineralization originated from these porphyries in a zone of 
contact metamorphism. But the absence of alteration at the 
contact casts doubt on such a theory.1I (1932A, po 63). 

Along the main road and also along the old main road north of the 

Mine and leading to the Park Gate, are numerous scattered exposures of 

http:theory.1I


porpbyrieso They are poorly exposed and cannot be traced for any distance. 

Their occurrence along the bottom of the valle.y would indicate that they 

are windows of a sill exposed by erosion. 

East of the main road two sills have been found located on opposite 

flanks of the northern extension of Porphyry Mountain and may represent the 

prolongation of the same sheet. 

In the extreme northwest corner of the map there are three parallel 

exposures of sills intruded along a horizon of interbedded sandstone and 

siltstone. In the same area there is a dyke striking north~south across 

Porphyry Lakeo These occurrences are poorly defined, their contacts being 

based chiefly on soil fragments. Their thicknesses are not known but 

probably do not exceed 10 fto 

40 0513 Copper Mountain 

On the northwest flank of Copper Mountain several porphyry sills and 

dykes have been exposed by surfaee trenehing and drilling. This area is of 

special interest as it contains the large low-grade Copper Mountain ore 

body 0 The intrusives here are characterized by an extensive alteration of 

the fe1spars not observed in the other porphyries of the area (Figo 31). 

This feature is discussed, together with the mineralization, in seetion 

50 064 under economic geology. 

40 0514 Needle East Ore Body 

In this area porphyry dykes have been intersected at depth in at least 

three drill holes, namely: 

DR 178 - between 875 to 881 ft; 

DR 202 - between 974 to 1043 ft. and again 1133 to 1152 ft; 

DH 207 - between 920 to 940 fto and 970 to 1053 ft. 



The intersections in holes 202 and 207 are mineralized. It is 

considered that the porphyries were not responsible for the mineralization 

but were themselves mineralized, together with the adjacent beds, b.1 fluids 

from another source. Thin section study of the porphyry from DH 207 

between 970 to 975 fto showed it to consist of phenocrysts of sericitized 

anorthoclase and perthite, orthoclase, quartz and muscovite set in a matrix 

of quartz and felspar with apatite and leuxocene as accessories. The 

sulphides (chalcopyrite and pyrrhotite) occur associated with introduced 

calcite. 

Semi-quantitative spectrographic analyses of the intersections in 

drill holes 202 and 207 are as follows: 

Sample No. JB 34..J.gl JB 32 (d2 

Major elements (+ 10%) : Si Si 
Secondary elements (1-10%): AI, Ca, Fe, K. Al, Ca, Cu, Fe, Ko 
Minor elements (001-1%): Ba, Mg, Na, Sr Ba, Mg, Na, Sr 
Traces (00 01-0 0 1%): Cu, Ti, Va Ti, Va, Zn 
Weak traces (00001-0001%): B, Cr, Ga, Mn, Ag, B, Bi, Cr, 

Pb, Zr Ga, Mn"Pb, Zr 

Analyst: F. East, Dept. of Mines Laboratories, Quebec. 

Sample locations are as follows: 

JB 34 (d) : Drill hole 202 between 1017 to 1019 fto Porphyry containing 

occasional disseminated specks of pyrite. 

JB 35 (d): Drill hole 207 between 970 to 975 fto Porphyry mineralized 

with chalcopyrite and pyrrhotite. 

400515 Miller Copper Mines Area 

Across the southern portion of the Copper Brook Aureole a thin 

porphyry dyke has been traced for 2500 ft. in a north-south direction. 

This dyke, which is vertical, has been cut orf at its north end by fault 

"A" and the displaced extension has not been located due to cover of 



talus and rubble. In Figa 5 the qyke is shown to have several bends 

along its strike which are probably due to displacement along faults which 

cut across it. Had more exposures been available the position of the 

faults and the strike separation due to them could have been determined. 

4.052 Granite 

Apart from the quartz-felspar porphyr,y dykes and sills already 

discussed there is one exposure of granite that is of interest. In drill 

hole 64, located on the north side of the Copper Mountain ore boqy, a 

granitic intrusive has been intersected between the 1419 to 1457 ft. and 

again between the 1485 to 1593 ft. depth with the bottom of the hole still 

in granite. It is a medium-grained, soda-rich biotite granite of semi-

porphyritic texture, containing large cr,ystals of anorthoclase and 

perthite and oligoclase (Ab 75) many of which are zoned, laths of biotite 

and muscovite together with the following accessories: apatite, sphene 

altering to leuxocene, calcite, pyrite and chalcopyrite (Fig. 34). 

Rosiwall analysis 

Anorthosite and perthite 4900% 
Oligoclase 15.2% 
Quartz 2200% 
Biotite 100 0% 
Muscovite 2.3% 
Apatite, sphene &leuxocene) 
calCite, pyrite, chalco- ) 1.5% 

pyrite ) 


The felspars all show slight deuteric alteration. 


Cutting across the granite are numerous thin quartz-fluorite-pyrite

chalcopyrite-molybdenite veins up to 1/4 ina in thickness. 
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Fig, 34: 	 Granite intersected in D.H. 64 on Copper Mountain. Zoned 
c~stals of oligoclase surrounded by smaller quartz and felspar 
grains. Note slight deuteric alteration of plagioclases. 
Polarized light, x26. 
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A semi-quantitative spectrographic analysis of the granite is as 

follows: 

Sample No. JB ;3(d) from DH 64 between 1439 
to 1442 ft. 

Major elements (+10%): Si 
Secondar,y elements (1-10%): Al, Ca, K, Fe, la 
Minor elements (00 1-1%): Ba, Cu, Mg, Sr 
Traces (0001-0.1%): Ti, Va 
Weak traces (00001-0 0 01%): B, Cr, Ga, Mn, Mo, Pb, Zr 

Analyst: F. East, Dept. of Mines Laboratories, Quebec 

This exposure has been considered by Bell (1951, po 2) to be 

"the top of a stock or batholith responsible for producing the 
local alteration of the rocks and for bringing in the ores". 

The writer does not fully agree with the above statement and eonsidens that 

the granite intersected is simply a finer grained variety of the quartz

felspar porphyries so abundant in the vicinity. He considers the source 

to be an acid igneous body located at depth about 3/4 mile farther to the 

north than that intersected in drill hole 64. The data used to arrive at 

this location will be discussed in section 5003, IfAureoles of Alteration". 

40521 Age of the Acid Intrusives 

The quartz-felspar porphyries and the biotite granite are considered 

to be related to the Tabletop batholith located 20 miles to the west. It 

is difficult to assess the age of the Tabletop intrusives beyond that they 

are post Lower Ordovician. In the map area the Porphyry Mountain plug 

cuts York Lake series and a dyke from the same plug cuts across York River 

sandstones 0 Hence it can be concluded that the acid intrusives in the 

area are at least post York River (Middle Devonian) in age and by extra

polation Tabletop is likewise post Middle Devonian. 

The absence of younger formations makes it difficult to definitely 

place an upper age limit to the intrusives. 
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40522 Source of the Acid Intrusives 

The concentration of acid intrusives in the northwest quarter of the 

map area suggests a n~rby source probably located at depth. 

hoOS3 Diabase Dykes 

Boulders of diabase are connnon in the area and were initially con

sidered to be glacial erratics~ During 1953, a magnetometer survey of the 

Area Mines claims located an elongated anomaly striking east-west with an 

intensity of 400 gammas greater than the regional value. This anomaly was , 

located along the western boundary of the block west of the main road (Fig.. 1). 

A pit sunk on the anomaly showed that it was caused by a diabase dyke 

covered by 4 ft. of drift. The eastern limit of the dyke was determined by 

the magnetometer survey, but not the western limit, which extends into the 

adjoining claims. 

The diabase is fine grained and dark grey in colour. The pyroxenes 

have been altered to chlorite, the felspars sausseritized, and contain 

abundant grains of magnetite. Its age is not accurately known except that 

it is post Lower Devonian since it cuts across the Cape Bon Ami formation. 

Abundant angular blocks of a coarser grained variety have been found 

in two other localities: (a) along the road leading to prospect trenches on 

a hill located south of the east-west township centre line between beacons 

VIIM and VIIIM, which is south of the map area, and (b) along the lumber 

roads west of the Mine Plant area, on the edge of the Copper Brook aureole. 

These blocks indicate the presence of similar intrusives., 

These basic intrusives are probably of the same age as those described 

by McGerrigle (1950, p. 102) as "Devonian or Carboniferous"" 
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. 4006 Glaciat~on 

40061 General 

Mapping of the area has revealed many features in support of 

glaciation, but before these are discussed a brief review of the current 

views on the subject will be presented. 

42 062 Current Views on the Pleistocene Glaciation 

The problem of glaciation in the Gaspe Peninsula has been considered 

by many authors. The chief workers in this field have been: Mailhiot 

(1919), Coleman (1922), Alcock (1926, 1935, 1944), Jones (1929, 1932, 1934, 

1937), Flint et al (1942, 1951), MacLean (1944), Osborne (1951). The 

latest writer on the subject has been H.W. McGerrigle (1952). He reviewed 

the previous literature and data on the Pleistocene glaCiation of the Gaspe 

Peninsula in a ver.y thorough manner and concludes: 

1) That Gaspesia has undergone Laurentide glaciation. This is based 

on the distribution of erratics of granite gneiSS, anorthosite, and a few 

other rock types all of which are characteristic of the Laurentian region 

north of the St4 Lawrence. 

2) Continental glaCiation was then followed by radial outflow of 

ice from highland areas. This outflow was in two stages: (a) local iee 

caps, and (b) ci~que or valley glaciation. 

He considers that the largest ice cap was centered over the eastern 

Shickshocks, with an apparent centre of dispersal over the Tabletops (see 

Figc 35). A second ice cap was centered over the Upper York-Beland hills 

which are situated 20 miles to the east of Tabletopso Other ice caps 

probably existed, but further work is needed to prove their presence. 
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Fig. ,25: Pleistocene glaciation of the Gaspe Peninsula. Reproduced with acknowledgements to 
H.W. McGerrigle (1952). 
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40062 The Mag Area 

The map area covers the eastern half of the Beland-Upper York high

lands (Figs. 3 &35). For the sake of completeness, the writer has 

extended the boundaries of Fig. 3 in order to include most of topography 

of the Beland-Upper York highlands so as to show the map area in its 

correct perspective. The data collected support the theory of a local ice 

cap over these highlands which was followed by cirque or valley glaciation. 

40 064 The Beland-Upper York Highlands 

These highlands are located west and southwest of York Lake and extend 

from the northwest quarter of Holland Township into the east central portion 

of the adjacent Bonnecamp Township (see Fig. 3). The valley floors have an 

elevation of from 1550 to 2000 ft. while the top of the mountains are at 

2500 to 3000 ft. elevation 0 

The more prominent hills over which this ice cap was centred are 

Mount Beland (3000 fto) in the western part of the highland; Mtso Needle 

(2972 fto), Copper (2665 fto) and Porphyry (2855 ft.) in the central part; 

and Mts. Miller (2775 fto), Be11 (2830 ft.) and York (2621 fto) in the 

eastern section. 

McGerrigle describes this ice cap as follows: 

"Judging from the erratics along the Park road in Bonnecamp Town
ship, it would seem. that ice from the above centre spread only 
two or three miles beyond the base of the highland. In fact, 
the suggestion is, trom the scattering of granite erratiCs to 
the west of the Beland river, that this ice cap was closely 
confined to the Beland hills by pressure of ice from the Table
tops. In other directions, however, the Beland-Upper York River 
ice was more free to expand. It reached to, or almost to, the 
St. Lawrence on the north (about 18 miles), and at least 10 
miles to the east and to the south. Possibly the ice extended 
a greater distance down the valley of the York River than in 
any other direction, but the actual extent here is not known. II 

(1952, pp. 45-46). 
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4.065 Evidence fQr GlaciatiQn 

Evidence supporting glaciatiQn in the map area will be discussed under 

the fQllQwing headings: 1) Striae 

2) Erratics 

3) Valley Glaciation 

4) Evidence from Morainic Material, Soils, etc. 

400651 Striae 

Glacial striae have been fQund Qn rocks in situ in several localities 

in the north central and nQrtheastern CQrner of the map area (Figs: 3, 36 & 

37). These all occur on sandstones Qr sandy shales Qf the York Lake and 

York River Formations and have been exposed along bulldozed lumber roads. 

Elsewhere moss, vegetal and residual soil very effectively obscure the out

crops. It is doubtful whether striae will be found in situ on the tQugh 

siltstones of the Grande Greve fQrmatiQn, which occur in the central and 

southwestern areas. This is due to their brittle nature. 

The localities where the striae occur are as follows: 

Locality No.. of Sets Qr S~riae Elevation strike of Striae 

1) Northern extension of Mt. Miller 4 2500 to. 2650 fto N7o--14oE. 

2) Northwest slopes of Mt. Bell ; 2360 ~o 2460 ft. N4OW--N64CE. o IAv. N7 Eo 

3) Northeast of York Lake 19 2050 to 2300 ft. Nl6--240E. 

Considering these in turn it will be noted that the first set occurs 

on the top of a mQuntain at an elevation of 2500 to 2650 ft. They CQuld 

only have been produced by an ice sheet as it moved over the mountain. 

The second locality is also on high grQund but of the five sets of 

striae the two lowest are halfway down the slQpe Qf the hill. The three 

upper sets were probably produced by an ice sheet while the two lowest 

sets came within the range of the glacier moving down along the valley.. 
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Fig. 36: 	 Glacial striae on sandy shales of the York Lake Series exposed on 
top of northern extension of Mt. Miller at an elevation of 2650 ft. 
Trend of movement is indicated by cord on lens - N140 E. 

Fig. 37: 	 Striae on sandstone of the York River formation located along 
the Township boundary northeast of York Lake. Trend of 
movement is N16°E. 



52. 

The third set located on the side of a hill are considered to have 

been produced b.Y movement of an ice sheet. 

Considering these striae as a whole, it is felt that those located at 

the higher elevations were produced b.Y the movement ot an ice sheet 

travelling fram high to low ground in a direction slightly east of north. 

Same of the striae located lower down on the east side of Ownamin Brook 

Valley may have been produced b.Y a valley glacier traVelling to the south. 

In addition to the above striations on bedrock, numerous striated 

boulders have been found. These boulders are of sandstone, siltstone and 

limestone both rounded and sub-angular in shape (Fig. 38). On the whole 

they have not been transported for any distance and can usually be matched 

with adjacent rock types. The striated boulders are found along stream. 

beds ana road excavations and are particularly numerous in the Gaspe Copper 

Mines tailings-area excavations west of P.O.C. No.1. Their distribution 

indicate the wide range of glacial action in the general area. 

~o0652 Erratics 

The common types of erratics found scattered throughout the area are: 

(i) Boulders of quartz-felspar porphyry 

(ii) Diabase boulders 

(iii) The altered calcareous siltstone boulders fran Mts.• Needle & Copper. 

1i1]20],19.e1:s_01: ~r!z=f~l§'P.2.r-P.Q.r.Rhzr;[ 

These occur in abundance but are not considered to be of any 

importance due to the numerous dykes and sills of the same material in 

the area. Hence it is not possible to t race direction of ice flow from 

their distribution. 

1ijJ_Dla:Qa!!.e_b2.uJA~r.§. 

Diabase boulders are frequently found and the writer originally 
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Figo 38: 	 Striated boulder of York River sandstone found at side of main 
road about 3 miles east of York River Bridge. 

Ea,st 	 I · West 

Fig,o.22,: View of Copper Brook Valley south of Murdochville. Note 
profile has been rounded but not deepened by glacial erosion. 

http:Fig,o.22
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considered them to be the only true erratics. However concealed diabase 

dykes have subsequently been detected by magnetometer surveys in the area 

and it is now assumed that all such boulders originate from similar yet 

undiscovered nearby sources. 

No erratics foreign to the region have been found in spite of the 

detailed traversing done in the area. 

1i,1i1 Al!eIeg s.alc§:r~0.!!:s_s1lisj(.oB.e_e.!:l"!!t,1c§. 

The white, altered calcareous siltstone of the Grande Gr~ve Formation 

from the Needle and Copper Mountain areas have a characteristic appearance 

which is easily recognized. Boulders of this material occur scattered 

throughout the map area but appear to be absent in the western and south

western portions of the area. The rough distribution of these erratics 

and their possible sources have already been shown (Fig. 3). It is 

considered that the large Copper Brook aureole of alteration was tbe major 

source of the erratics, though the smaller Porphyr,y Brook aureole also 

contributed but to a much lesser degree. This is primarily due to the 

lower elevation of the latter which shielded it from the action of the local 

ice cap as it moved over the mountains to lower elevations. It will be 

noted that erratics are abundant along most of the streams and roads. 

They are especially numerous along the southern portion of York Lake and 

the upper portion of York River. It was an erratic which had been carried 

downstrea~ for a distance of four miles to the junction with Copper Brook 

which A.E. Miller found during 1909 (Fig. 3). This boulder, a portion 

of which he still has in his possession, is well rounded, about 3 x 3 x 4 in. 

in size, composed of leached white calcareous siltstone containing 

scattered blebs and small stringers of chalcopyrite. It was the search 

for the source of that piece of float which eventually led him and his 
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brothers to discover its location during 1921 in the area which to-day 

forms Gaspe Copper Mines Ltd. Since then numerous other prospectors have 

thoroughly searched the area around York Lake with the hope of finding 

another source of the abundant drift around its southern end. All of the 

float along York Lake represents the secondar.y distribution of drift which 

had been carried from its source in the Copper Brook aureole by a local ice 

cap and deposited in the area around the upper end of the Lake. From there, 

a vall~ glacier transported the material southwards. There is still abundant 

drift on the hills northeast of the upper end of th e lake where it was 

deposited b,y the local ice cap moving in a northeasterly direction. 

The hi~nest elevation at which an erratic has been found is at 2800 ft. 

on Mt. Bell and there are many at elevations of over 2500 ft. 

The transportation of altered siltstone erratics to areas located 

northwest, north, northeast and east of the source, would require an agency 

other than water. Since there are intervening hills up to 2850 ft. in 

elevation which would have to be crossed, the logical means would be a local 

ice sheet. This sheet probably moved outwards from high ground in centre 

to lower ground located to the north, northeast and east. 

40 65) ~alley Glaciatiqq 

All the major vall~s, which strike slightly west of north in the area, 

have wide rounded profiles. These include York Lake Valley in the east, 

Ownamin, Porphyry and Copper Brook Valleys to the west. 

These valleys are considered to be subsequent in origin a,pd have been 

modified by the action of va1le.y glaciers. Studying their profiles (Fig. 40) 

it will be noted that all have wide rounded cross sections and it is evident 

that widening by glacial erosion was more active than deepening. The Copper 

Brook Valley, south of Murdochville (Fig. 39) is a particularly good example. 
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York Lake Valley- is conspicuous due to its length which is approxi

mate~ 3 miles. Its outlet has been blocked by drift and hence York Lake 

can be considered to be a Finger Lake. 

Cirque-like valley heads are common in the following valle.ys: (a) 

Miller Brook in the southwest Corner of the area, (b) Copper Brook in the 

west central area, (0) Ownamin Brook in the north central, and (d) York 

Lake in the northwestern corner. 

An attempt has been made in each case to outline the shape and 

possible size of the cirque in the valley head where the initial accumulation 

of snow started. From a study of the topography in these cirque areas it 

is obvious that the direction of glacier flow from each area may have been 

in more than one direction. The cirque located over Porphyry Lake in the 

northwest corner probably fed glaciers flowing to the northwest as well as 

to the south. Likewise the cirque located at the top of York Lake may have 

resulted in a glacier flowing to the northeast as well as to the south. 

The valley glaCiers in the map a:ftlf all flowed in- a ..south to south

south-easterly direction and modified the stream valleys whose development 

had been controlled by the regional joint pattern in the area. The 

glaciers also moved towards the northeast and northwest away from the areas 

of accumulation. 

The Copper Brook and Porphyry Valley glaCiers coalesced at the present 

site of Murdochvilleo The Copper Brook glacier deposited a lat~ral moraine 

which is over 40 ft. in thickness west of the town. This moraine is well 

exposed on the north side of the main road at the bridge over Copper Brook 

immediately west of Murdochville (Fig. 41). 

Below the junction, the glacier swung to the south, eroded the 

valley and continued until it emerged on the large relatively level area 

http:valle.ys
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Figo 41: Lateral moraine at bridge over Copper Brook west of Murdochville. 
Note 8 ft. range rod in centre of photograph. 

Figo &2: Stratified drift in gravel pit westaf Needle Brook. 



located in the southeastern corner of the area. Foundation excavations 
l 

in the southern section of Murdochvi11e have shown the presence of a ver,y 

fine blue-grey clay containing numerous angular rock fragments. This clay 

is probably "rock flour" produced by the passage of the glaciers. 

The area of low relief in the southeast corner of the map has a 

cover of drift fragments up to 10 ft. in thickness. These show abundant 

glacial scratches. Most of this material has been derived from the nearby 

formations and has hence not been transported for any distance. Erratics 

occur here but they are not abundant. There are good exposures through 

this drift cover in the excavations of Gaspe Copper Mines tailing-site 

located immediately west of P.O.C. No. 1 and also in prospect pits excavated 

by the writer alon~ the main road west of the York River Bridge. 

From a study of the topography it is doubtful that the Copper Brook 

glacier travelled further southwards out of the map area. The writer 

considers that once it entered the area of low relief, mentioned above, 

it stagnated and eventually disappeared. 

Studying the profile along the floor of the Copper Brook glacier 

(Figo 43) it will be seen that the gradient decreases fran 1 in 42 in the 

area of accumulation to 1 in 56 where the glacier was actively eroding to 

a mere 1 in 129 in the area of stagnation. It is also of interest to note 

the over-deepening of the valley just before the junction with the Porphyr,y 

Brook glacier.. 

The course of the Ownamin Brook and York Lake glaCiers is not clear 

after their emergence from the highland area. Probably the Ownamin Brook 

glacier stagnated in the low lyin~ area southwest of the bottom end of 

York Lake. The presence of abundant drift along the south end of York 

Lake suggests it probably represents a terminal moraine and that glaCier 

flow did not continue further to the south. 



r-- A,.o o~ A ttvm\,dQtio11 6 ' c.. c. ;.,. Od;"'"'1 t.:,.od:n~ T A",c,Q ot "*":i",,\-;on ( A\:. \o.hon) 

I ~; ~od~ 
ll$O' JUflc.t-tOn of c.oPPC5t BQoo,," '110."..., ~\Q.Ctc« 


W\~ Poa"",Vft'1' 


2000' St,,'l4"'1 I 
St1U,ff1 I J",nc.hon ""Ith PuRP"'''I4l'r &ROOK 

. fltfc.Qf't 

8 ~~I ov« I Ie. ,;d~.%WI/.~;I/. ~~ c.opp'" B""-Oo,," e,-( ,d Q: b.I..\1,)'" ;I ,~ ;1"'1'1 h/. "II' .. I Cj w. "/ 0;;:-~W\"e M \.)6,.. \..c.Q- "'l,,, I I
I Z • //"/1/, ,'/ - ~ f '1I:.~1"rI ~Nc.~M 

O"t:.he.~'I1~n9 "', ~f'-1CQ.1'W\ St ...a"l'\~ I 
v "/1'1'. -,,/,G'C'udic.nt: '/4t +-- G<...4Ient: 1(5, '/''''//////1',7 '//~, '///"//, 

'/ ///////1'///,;/, '" I 1500' ...:.,;y,. ,"'$0'"3 .. 
i... 6,.o.d'e.nt 'f IZ' .,• -"',,-., ." --, """"I 

~ 

1tOO' 
v 
~HOY;,3ontQ l Scale t" • 5000' . 

FIG. 43 . 

P RO FI LE ALOMG FLOOR 

OF 
COPPER B~OOK GLACIE.R 

http:6,.o.d'e.nt
http:G'C'udic.nt


57. 


400654 Evidence from Morainic Material. Soils. etc. 

A puzzling feature, initia~, was the apparent absence of morainic 

material in the area. However, as more openings were made through the 

cover of moss and vegetal debris, it became obvious that glacial drift was 

more common than originally suspected. As already mentioned, the low lying 

section in the southeast corner of the map has a cover of drift up to 10 ft. 

thicko 

The lateral moraine formed at th e coalescence of the Copper Brook and 

Porphyry Brook glaCiers just west of Murdochville is at least 40 ft. thick. 

The presence of "rock flour II with angular rock fragments found at the 

above junction of glaCiers has already been mentioned. 

A cover of drift, at least 20 ft. thick has been exposed in the gravel 

pit located in the apex between Needle Brook and a nameless tributary 

entering the area from the adjoining Bonnecamp Township (see Figs. :3 & 42). 

The upper portion of this deposit is stratified. 

In general all the valley floors are covered by a blanket of drift 

of variable thickness. 

The soils covering the hills are residual and probably post-glacial 

in agee 

The zone of oxidized are 35 ft .. thick over the top of the "A" are 

body, which occurs on the northern flank of Needle Mountain is probably 

pre-glacial in agee 

Very conspicuous talus slopes occur on the west slope of Copper 

Mountain (Figo 44) and to a very lesser extent on the top of Porphyry 

Mountain (Fig. 32). This talus is the result of mechanical weathering 

in post-glacial timeSe The preservation of the talus blocks in these areas 

forms a contrast to the residual soils found elsewhere, and is probably 
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Figo 44: Copper Mountain covered with talus slopes of altered Grande 
Greve siltstone. 

" 
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partly due to the absence of vegetation which in turn controls the presence 

or absence of chemical weathering. Osborne has suggested two factors which 

may have tended to slow down the advance of the plants into the talus area. 

(a) 	 liThe metamorphosed rocks are less subject to disintegration 
than umnetamorphosed ones, and consequently the plant mantle 
advances more slowly than across the more easily weathered 
rocks. II 

(b) 	 liThe other effect is the result of the sulphurous and sulphuric 
acid formed by the oxidation of sulphides of iron. These 
acids prevent plant growth••• " (1941, p. 9). 

Both these factors may to some extent have slowed down the growth of 

vegetation. The Copper Mountain talus contains traces of fonner sulphides 

and the acids produced from their oxidation may have effected the vegetation. 

The Porphyry Mountain talus, however, occurs over the main porphyry stock 

which contains mere traces of sulphides - certainly not sufficient, in the 

writer's opinion, to inhibit plant growth. 

Ho Wo McGerrigle (1) has suggested that talus slopes imply movement 

and that in itself is not conducive to plant grOwth•. 

The problem of preservation of these talus slopes therefore ranains 

an enigma, 

,+,066 Conclusions 

The features discussed may be summarized as follows: 

Local Ice Cap 

(1) 	 The radial distribution of erratics away from the central 

highlands and the presence of same at elevations of 2800 fi. 

support the theor,r of local ice cap. 

(2) 	 Glacial striae at elevations 2500 to 2650 ft. on top of the 

hills could only be produced by a large ice sheet moving from 

(1) 	 HoWo McGerrigle - personal communication 
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high to low ground in a direction north to northeast. 

Valley Glaciation 

(1) 	 The cirque-like heads at top of all the major valleys suggest 

valley glaciation. 

(2) 	 Glacial erosion of valley profiles supports the tbeor,y of ice 

flow along them. 

(3) 	 Presence of a lateral moraine and morainic drift supports 

valley glaciation. 

These facts all support the theories advocated by McGerrigle. 

4.07 Regional Structures 

The regional structures will be discussed under the headings of: 

1) Folds 

2) Faults 

3) Joints 

~ ..071 Folds 

The map area covers part of a broad synclinorium which extends through 

the east-west central belt of the Gaspe Peninsula from Gaspe village in the 

east, through the Matapedia valley and further westwards. This synclinorium 

is bounded on both sides by rocks of the Ordovician period. 

The region has undergone two periods of folding, the Taconian at the 

close of the Ordovician affecting the older sedim,ents, and the Shickshockian 

or Acadian late in Devonian time. This latter revolution has affected the 

sediments in the map area. 

The major structure in the area is the "nose" of the Champou syncline 

(McGerrigle, 1950, p. 107), which is located in the north central section 

(Fig.. 1).. This syncline which ex:tends almost due west for some 50 miles 
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from Gaspe harbour has its termination in the map area. The youngest 

formation, the York River formation, exposed in the map area is located 

in the centre of one fold and is underlain by York Lake, Grande Gr~ve and 

Cape Bon Ami formations. The beds on the south limb dip north at 25 to 

350 while those on the north limb dip southwards at the fair~ steep 

angle of 45 to 650 • 

On both sides of this major structure the formations have been folded 

into a series of minor open folds, which parallel the Champou syncline. 

In the south central section there is an anticline which can be traced 

eastwards for a distance of about 20 miles. This fold has been named the 

Holland anticline (Fig. 45). In the area immediately east of Miller Copper 

Mines Ltd. a cross fold striking N350W has been located. 

4.072 ,Faults 

A study of the aerial photographs of the area has shown the presence 

of t'l«:l well-marked linear features interpreted as faults and named "A" and 

"B" respectively (Fig. 46). 

Fault "A" cuts across the summit of Needle Mountain, strikes rough~ 

N650E, and extends along the southern boundary of Gaspe Copper Mines Ltd. 

It can be traced for a distance of 3 1/2 miles. The interpretation of this 

linear feature as a fault has been confirmed by drill data which indicates 

that the southern side of the fault has moved down with a vertical slip 

component of about 450 ft. (Figo 47). 

Fault "Btt, located along the southern portion of the Holland Gaspe 

claims, shows up as a persistent linear for a distance of 5 1/2 miles 

striking northeast to southwest, and cuts diagonally across the centre 

of the map area. A conspicuous scarp with a vertical face of 20 to 50 

fto high, is present west of the main road cutting across the southern 









section of Holland Gaspe claims. This scarp has been interpreted as a 

fault-line scarp. There does not appear to be anY' noticeable strike 

separation of the beds on either side of this fault. A horizontal 

displacement maY' be present, but has not been recognized as such, due to . 
scarcity of exposures. 

The porphyry sill extending across the north central area from 

PorphY'ry Mountain appears to be cut off bY' this fault. Its faulted 

extension may be one of the sills located either on th e north or on the 

south side of York Mountain. 

In addition to "A" and IIBII two other faults, ItC" and "D't,.located 

between them, have been inferred from the presence of a small downfaulted 

syncline of York Lake sandstones (Figs. 1 & 47). These two faults have 

no surface expression and their locations have been arbitrari~ selected. 

The interseetion of the Grande Greve - Cape Bon Ami contact in drill hole 

I2 on the north side of fault "c" and the presence of York Lake sandstones 

on the south side indicate the latter side to have moved down with a 

vertical slip component of about 600 ft. This displacement will account 

for the sandstones in juxtaposition with Grande Greve siltstones. 

From the data available it would appear that the 'area between "A" 

and liB" represents a downfaulted graben with a rotational slip which 

increases to the west, and an axis of rotation located somewhere along the 

eastern section of the graben. This rotational movement was probably 

responsible for the formation of the cross fold, located east of the main 

road, which strikes N35OW, normal to fault "A". 

In Gaspe Copper Mines a series of faults have been intersected in 

the underground workings. (See section 5.071-2). These may be classified 

according to their strike and relation to the mineralization as follows: 
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a) Pre~ineral faults (Type I) strike SSOoE and dip north at 40 to 

750 • These are cut by (b). 

b) Faults associated with the mineralization (Type II) which have the 

same strike as (a) above, SSOoE but dip south at 30 to 850 • 

c) Post-mineral faults (Type III). Not many of these have been found. 

They are low-angle reverse faults, with a displacement of a few 

feet, strike N47°E and dip northwest at 10 to 500 • 

Considering the strike of these different fault systems 

Strike Dip type 

Fault "A" N65°E South (1) Normal 

Fault liB" N450 E South (1) Normal 

Pre-mineral faults (Type I) S800E N Nonnal 

Mineralized faults (Type II) S800E S Nonnal 

Post ore faults (Type III) N47°E 5-500N\i Reverse 

From the above it would appear that faults "A" and "B" belong to a' 

different system than those which pre-date and those associated with the 

mineralization. They have the same strike as the post-ore faults but are 

considered to be normal whereas the latter are reverse faults. Notwith

standing this difference, there is evidence to suggest that they may be 

post-ore in age, Viz.: 

a) The apparent displacement of the porphyry sill on the west side 

of York Mountain by fault liB", 

b) A similar displacement of the northern end of a porphyry" dyke 

striking north-south in the graben area. 

c) The apparent displacement of the limit of alteration by fault "A". 

Studying Fig. 47 it will appear that the limit of alteration is 

displaced by fault "A". 

On the south side of IIA" the limit of bleaching is fairly well defined 
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from the intersection in drill holes I2 and 15 together with its surface 

location. On the north side it is very approximately ~ocated from drill 

data. This limit of alteration, which apparently transgresses the bedding, 

can only be very approximately located. From the data available on 

opposite sides of fault "A" it seems that the boundary of the alteration 

has been displaced downwards on the south side of the fault. From this 

displacement it would appear that fault "A" is post alteration, and probably 

post mineralization in age. 

In addition to faults "A", liB II , "C'I and "D" and those intersected in 

the mine workings the writer is sure that numerous others will be found as 

work progresses in the area. 

!±.07~ Joints 

Surface mapping has shown the presence of a well developed set of 

tension joints which strike N200W and dip steeply to the west at an angle 

varying f'rom 55 to 900 with an average of 750 (Figs. 48 & 49). The joints 

are perpendicular to the axis of the Champou syncline which plunges to the 

east at a shallow dip. 
1---  ----  ---1 ' 
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East West 

Figo 48: Joints in black Grande Gr~ve siltstone above entrance to 901 
drift. 

lj Well developed set dips to the west at 75° and strike N 14° W. 

2 Bedding joints dip north at 29° and strike W 160 s. 

3 Transverse joint dips east at 73° and strike N 100 E. 
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E. Sherbon Hills classifies this type of jointing as "transverse 

joints" and states: 

IIJoints that lie approximately at right angles to the crests and 
troughs of folds and cut across several beds may be term~ 
transverse joints. They are probably tension joints caused by 
the stretching of crests and troughs that are arched longi.! 
tudinally. In the field transverse joints are ueeful since they 
indicate the pitch (. plunge) of folds, to which they are norma!". 

(195.3, p. 10.3). . 

This description applies very well to the joints in the map area. 

The amount of the plunge of the fold from outcrops around the nose varies 

from 15 to :200 • Hence the amount determined by the dip of the joints, 

90-750 = 150 , is roughly correct. A possible cause of the upward arching 

of the folds may be the intrusion of magma which only rarely reached the 

4.07;1 Stryctural Control of Drainage Pattern 

This joint system has controlled the direction of the rectangulat

stream pattern found in the area as 

(Fig. 46): 

Name of stream 

York Lake 
York River 
Hamel Brook 
Ownamin Brook 
Porphyry Brook 
Copper Brook - upper section 

- lower section 
Nameless brook east of Miller Brook 
Miller Brook 

cancbe seen from the attached table 

Average Direction 

Nl7W' 
N14W 
N.35W 
N.30W 
N2.3W 
N27W 
N29W 
N26w 
N.31W 

) 
) 
) 
) Average strike 
) of joint 
) system. N200W 
) 

~ 
The late stage mineralization found on Needle and Copper Mountains 

is also controlled by this joint pattern and will be discussed in a later . 

section (5.075). 
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CHAPTER 5 


ECONOMIC GEOLOGY 

5.01 General Statement 

The search for mineral deposits in the Gaspe Peninsula has been in progress 

for many years. Early efforts were directed chiefly to the search for oil. 

The various companies have been encouraged by the presence of numerous petroleum. 

seepages in the east-central part of the peninsula and by the many favourable 

structures found in the area. Since 1860, when the first hole was drilled, to 

the end of 1954, same 75 wells representing a total footage of 188,555 ft. have 

been completed. Very few of these, especially the earlier holes, were 

favourably located in relation to the anticlines and at the same time of 

sufficient depth to test closed horizons. Hence the failure to find commercial 

oil pools until now cannot be considered proof of their absence. 

Occurrences of lead and zinc have been located at many widely spaced 

points over an extensive portion of the Peninsula. One of the earliest, and 

possibly the first of all mining ventures in Canada was an attempt to win lead 

and silver ore from narrow veins along the north shore of Gaspe Bay during 

1665, (Jones, 1933, p. 35). The majority of the occurrences, with two 

exceptions, are small uneconomic showings in zones of limestone breccia and 

calcite-filled joint planes both cutting across the bedding of Grande Gr~e 

limestones near the contact with the overlying Gaspe sandstone series. The 

two exceptions are the lead-zinc deposits of the Christie and Boisbusson 

Townships and those found in the Lemieux Township. 

The first producing mine in the peninsula was the Consolidated Candego 

Mines Ltd. in the Boisbusson and Christie Townships of Country Gaspe North. 

Production commenced during 1948 with a mill of 65 tons per day capacity. 
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The total production up to 30th September, 1954, when operations were 

suspended, were as follows: (1) 

Tons of ore milled - 68,497 

lbs. of lead concentrates 8,870,535 

lbs. of zinc concentrates 5,870,272 

Ounces of silver 	 355,526 

Ounces of gold 	 1,670 

In the Lemieux Township of Gaspe North county, lead and zinc deposits 

have been known since 1922 and prospected at irregular intervals. The 

present owners, Federal Metals Corp.,a subsidiar,y of East Sullivan Mines, 

have reserves estimated at 600,000 tons of ore averaging 3.95% Zn and 1.31% 

Pb indicated by drilling and underground development. (2) Operations have 

been suspended until market conditions ~prove. 

In addition to the above there are the copper~o~bdenum deposits of 

Holland Township which will be described in the following pages. 

All these deposits form part of the ver,y extensive lead-zinc-copper

silver-gold metallogenic province of the New England-Marit~e section of 

the Appalachian Highlands. Tha.y are considered to be genetical~ related 

to the Devonian granites which were intruded during the Acadian revolution. 

The major local representative of these granites is the Tabletop batholith 

of the north central section of the Peninsula. The three chief deposits 

so far found, are located around this stock. There is no doubt that more 

deposits will be found in the future when the ground which holds the best 

potentialities, namely, that surrounding the Tabletop, is opened to pros

pecting. 

(1) 	 Data from Stewart Troop, Managing Director, Cons. Candego :bolines 
Ltd. - personal communication. 

(2) Annual report of East Sullivan Mines, Can. Min. Jour. June 1954, 
p. 128. 
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5.02 History 

Credit tor the discovery of copper in this ar'ea is due to Alfred E • . 
Miller and his brothers. Copper-bearing float was first tound by Alt. 

Miller in 1909, who, with his brothers, traced it to its source twelve 

years later. 

Earlier authors, J.M. Clarke (l90aA), I.W. Jones (193~), and 

AoN. Bell (1951), considered these deposits to be the same as those 

mentioned by Marc Lescabot in tlHistoire de la Nouvelle France", and 

recorded by Clarke (190aA), who relates the adventures ot a man named 

Prevert of Champlain I s time. It is believed thatPrevert was shown this 

deposit by Indians in 1603. This deposit had, for a while, the distinction 

of being the first copper showing in Canada, and probab~ the first in North 

America known to Europeans. Recent research by H.W. McGerrigle (1954B) has 

shown that the mine considered to have been found by Pervert was located 

along the shore of Minas Basin, Nova Scotia, and not, as original~ supposed, 

250 miles turther north. 

During June 1909 A.E. Miller (Fig. 50) of Sunny Bank, while engaged 

as a guide to a party of timber cruisers, found copper-bearing float (1) 

on a gravel bar at the junction of Copper Brook and the York River, four 

miles below York Lake and seven miles below the area at present being 

opened up by Gaspe Copper Mines. A few years later Rupert Miller found 

similar float near the outlet of York Lake. In 1921 a prospecting party 

consisting of A.E. Miller, F. Miller and A. Miller was organized and a 

(1) A.E. Miller still has a portion of the original copper-bearing 
boulder found by him. It is a rounded boulder 3 x 4 in. in size, of pitted 
white calcareous siltstone (IILimey quartzite") containing scattered blebs 
and small stringers of chalcopyrite. Some of the sulphide grains are 
covered with a thin coating of malachite. 
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Fig. 50: Alfred E. Miller, the first to discover traces of mineralization 
in the area. 

! 

1

Fig. 51 : 	 Dr. A.H. Bell, exploration engineer for Noranda }lines Ltd., 
established the presence of an economic ore body. 
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search was made to find the source of this noat. The ground around York 

Lake was first investigated but with no success. Then the south branch of 

the river was ascended, and the mineral-bearing rock was found in a 'Place 

on what was later called Copper Mountain. Claims were staked then and 

during the following winter and summer by various individuals, (Fig. 52). 

The total area thus placed under lease had dimensions approximately two 

miles east and west and three miles north and south. 

It will be of interest to record the opinions expressed by the early 

investigators on the economic potentialities of the deposit. It should be 

remembered that these were formed on the basis of the very meagre data 

available at that time. T.C. Denis visited the deposit during 1922 and 

spent two and a half days examining the exposures. He states; 

"In conclusion, it may be said, from the short time spent on the 
claims, (2 1/2 days), that the geological conditions, as to the 
nature of the rocks which are porphyries and volcanic tuffs, are 
eminently favourable to the possibility of the presence of deposits 
of workable size. The small amount of trenching and stripping 
which has been done is entirely inad.equate to enable to' form an 
opinion other than conjectural. But the district is worthy of 
geological investigation and prospecting on a large scale. 
Large sums of money may have to be spent before finally deciding 
whether or not the present indications would turn into workable 
bodies ••••• 
••••• The absence of precious metals is also a feature which would 
militate against an early exploitation of the deposits, for 
judging from the analyses••••• copper would be the only metal to 
be recovered from the ore." (1923, pp. 36-37). 

During 1923, F.J. Alcock spent five days on the claims and reported 

as follows: 

"The deposits are contact metamorphic in origin, caused by the 
intrusion of quartz porphyry. The porphyry dykes are undoubtedly 
offshoots of a batholith which underlies the central part of the 
Gaspe Peninsula•••••With reference to the particular claims 
already staked little can be said at present. Copper ore is 
undoubtedly present, but developments have. not yet revealed any 
high-grade ore or any large body of low grade ore of sufficient 
size to mine. Future work may reveal more ore. Contact meta
morphic deposits, however, as a rule are irregular in character 
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Fig. 52: 	 The first geological map of the Copper Brook a.ureole showing the 
original claims staked by the Miller brothers. 
After F.J. Alcock (1924, p. 8 c II). 



lIand a great deal of work would be required to· demonstrate the value 
of even a promising looking deposit before mining operations could 
be reconmended in a region so far from transportation". 

(1924, pp. 11 011 - 12 011). 

I.W. Jones visited the area during 1931 while mapping the adjoining 

Bonnecamp township and issued the first detailed report on the discoveries. 

His conclusions are as follows: 

"It will be seen that surface showings indicate low-grade copper 
mineralization over quite a large area. Only surface work, and 
not a great deal·of that, has been done, and up to the present 
a coonnercial ore body has not been revealed. The indications, 
however, are distinctly promising, and the district is worthy of 
more intensive prospecting on a 'larger seale. In this type of 
deposit, concentrations of high grade ore may be found, or a 
suffiCiently large body of low-grade material may form a workable 
deposit. It (193~, p. 74). 

Due to lack of roads, trails, or navigable water, work in the area was 

carried on only under extreme difficulties and for years the ~llers failed 

to get much encouragement or 'financial assistance. Influenced by the report 

of Jones (1932A), Noranda Mines Ltd. examined the showing in 1937 and sub

sequently took an option from the Millers after the Quebec Department of 

Mines had encouraged the investigation by offering to provide a 20 mile 

road if the Oompany would undertake a thorough drill test. Exploration by 

the Noranda crews, under the direction of A.M. Bell (Fig. 51) then commenced. 

Drilling by the Continental Diamond Drill Oaapany started on Copper 

Mountain in 1938, under very difficult conditions. Very shortly after this 

work commenced, prospecting disclosed a new mineralized area a mile away, 

on Needle Mountain. 

"This find was made by tracing out the fan made by copper
bearing rock fragments in the soil." (Bell; 1951, p. 241). 

The drills were moved to Needle Mountain in the spring of 1939 and continued 
II; • 

there and at Copper Mountain until the war intervened in 1940. This 

drilling roughly outlined the Copper Mountain zone, the upper Needle 
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Mountain body # and some middle zone ore. The property at this stage had 

had considerable drilling ~d could only be rated as containing a low-grade 

deposit that had inadequate tonnage to support an appropriate operation. 

Exploration ceased in June, 1940, after havine: drilled a total of 36,755 ft. 

and proving probable reserves of 21,590,000 tons 	averaging 0.93% Cu. 

During the war years# the property remained idle. After the war, 

Noranda exercised the Miller Option with a view to holding the ground as a 

future reserve. In 1947 a magnometer survey was undertaken in an attempt 

to discover more ore bodies. Gaspe Copper Mines Ltd., was incorporated in 

1948 on the original Miller claims. In May, 1948, drilling was resumed to 

test a theor,y of ore in the Needle Mountain limestone bed. Three holes had 

earlier cut ore in this horizon at a depth of 800 ft. from surface but 

holes drilled on three sides of these had shown no ore. The first hole of 

the new programme encountrered ore at this depth, and from then on the Lower 

Needle Mountain ore body, as outlined by drilling, steacUly unfolded. It 

was then realised that the previous drilling at that horizon had cut a nearly 

isolated lobe of ore at the south end of the main body. The grade in this 

lower ore horizon turned the property into an attractive prospect for 

immediate development. 

Drilling continued from 1948 with the exception of one winter lay-off, 

up to 1952. 

Ore reserves indicated by drilling are 67,000,000 tons grading 1.3%. 

Total footage drilled to indicate this tonnage was 170,000 ft. (1952) (1). 

Present indications are that this centre will make a medium to low 

grade copper camp and one capable of a long life and substantial production. 

(1) 	 A~M. Bell# Exploration Engineer. Noranda Mines L~- personal 
communication. 



Credit for proving an ore body in what originally appeared to be a 

very poor showing is due to Dr. A.M. Bell, who was very abl,y supported by 

Fenton J. Scott and Ralph D. Baker. 

5.021 Status of Operations at the Time of the Writer's Vis~t 

At the time of the writer's visit to the area active development was 

in progress on Gaspe Copper Mines in preparation for mining the N~edle 

Mountain ore bodies. The "A" and "B" ore bodies had been opened up on the 

675 ft., 825 ft., 975 ft. and 1125 ft. levels. Stripping overburden over 

the top of the "A" ore body was in progress in preparation for open pit 

operations. The "C" ore body had just been exposed on the 1400 ft. level. 

Limited production was SCheduled for October, 1954. 

There were no eKposures of the Needle East ore bodies other than in 

drill holes. 

The position at the Copper Mountain ore body had remained unchanged 
i 

since the shut down in June, 1940. °ome additional holes had been drilled 

but the geological knowledge remained the same as outlined by Osborne (1941), 

Simpson (1941) and Douglas (1941). 
:0:, ,

During 1953 and 1954 gr,.~ pit 

excavations exposed the upper weathered part of the deposit which yie~ded 

interesting structural data. 

On the Miller Copper claims numerous pits had been excavated on 

Porphyry Mountain, the south side of Needle Mountain and around No. 2 Ore 

Cut. Nos. l:and 2 Ore Cuts had been completed, a 200 inclined shaft sunk 

down to the 75 ft. level, and 731 feet of cross-cutting and drifting 

completed on the 75 ft. level immediatel,y below No. 2 Ore Cut. The under

ground workings had been allowed to flood before the writer was able to 

inspect and map them. 

Most of the major claim holders had done some drilling on their 
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properties. All of the cores from the holes were available to the writer 

except at Gaspe Copper where only representative portions had been saved. 

5.03 Aureoles of Alteratiop 

There are two aureoles, or zoneS of alteration and bleaching in the 

area. The.y are conspicuous because the usual black calcareous siltstones 

have been bleached through vareous shades of grey to white, together with 

the formation of new calc-silicate minerals. These aureoles are located 

on the opposite flanks of the western termination of the Champou syncline 

(Fig. 1) and are as follows: 

a) the Porphyry Brook aureole, covering an area of 0.09 sq. miles, 

located on the east slope of Porphyry Brook valley; 

b) the Copper Brook aureole, covering an area of 2.66 sq. miles, 

located in the west central section of the area. 

The zones were produced by a magma which invaded the sediments without 

reaching the surface. Heat from this intrusive spread into the overlying 

sediments, bleaching them and resulting in the formation of new mineral 

assemblages. The calcareous siltstones of Grande Gr~ve and York Lake 

series were the formations most susceptible and consequently more highly 

altered than the adjacent sandstones. 

It is assumed that the intrusive is located at depth and close to 

the two aureoles. The most likely area, is along the western extension 

of the axis of the Champou syncline. This location is suggested by the 

following features: 

a) the presence of the two aureoles on opposi~e sides of the 

syncline; 

b) the local abundance of porphyry dykes and sills in that area. 
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5,031 The Porphyry Brook Aureole 

This is the smaller of the two zones of alteration and is located on 

the east side of Porp~1r,y Brook valle,y north of the two small lakes (Fig. 1). 

Not much is known about this zone as it is poorly exposed on surface and 

has been intersected only' in one shallow drill hole. 

The zone, which appears to be elongated in a northwest-southeast 

direction, has an approximate length of 2400 ft. and a width of 600 ft.oft 

The eastern limit is fairly well defined by pitting, while the western 

limit is obscured by drift and rubble along the valle,y bottom. 

The best exposure is on a small hillock about 160 ft. b.Y 130 ft. in 

size, which stands about 10 to 15 ft. above the general level, and is 

located around pit N8 on the east side of the valley. At this locality 

n~erous large blocks of light grey siltstone are exposed which show 

remnants of lenticular bedding similar to that found in the Ql horizon. 

No mineralization is visible at this exposure. About 500 ft. northwest of 

pit N8, is a group of three closely spaced pits, N41, 38 and 52. These 

pits have recently been bulldozed over and in the process some large blocks 

of bleached siltstone have been exposed, which contain ver,y finely dissemi

nated specks of pyrrhotite with occasional larger specks of chalcopyrite. 

Apart from these two exposures, fragments from different sections of 

the zone may be seen by examining the material on the dumps next to the 

various pits, most of which have caved, and also material along the bull 

dozed roads wpich cross the aureole. 

The adjacent holes d~lled outside the aureole, N2, 5 and 6, indicate 

brecciation and faulting of the surrounding sediments. Unfortunately, not 

sufficient data are available to indicate the position and to claSSify the 

faults. The factors controlling the location of the aureole are not known 
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but may be due to a deep-seated zone of weakness as suggested in section 

5.0321. The plunge of the zone of alteration is assumed to be vertical 

in the absence of data to the contrar,y (Fig. 133). It occurs at a higher 

stratigraphic hori~on (Fig. 134) than the Copper Brook aureole and at 

depth can be expected to widen particularlY where it cuts across suscep

tible beds or where it merges with the Copper Brook aureole. 

The intensity of alteration in this zone does not appear to have been 

as high as that found in the Copper Brook aureole. In all the exposures 

examined the materials have been bleached through varying degrees of grey 

from dark greyish-black to 1ight-gre,y. None have been observed to be 

bleached white, and no wollastonite, diopside or garnets have been seen. 

These features suggest a +ower intensity of metamorphism. 

Mineralization 

. Most of the exposed surface rocks showing signs of bleaching contain 

traces of mineralization. The most abundant sulphide is ver,y finelY 

disseminated specks of P.1rrhotite. Disseminated cubes of pyrite occur 

but are less abundant. The pyrite mineralization extends into the 

immediately adjacent unbleached formations. Chalcopyrite, in the form 

of small blebs, occurs, but is rare. 

Drill hole N1 was collared in approximatelY the centre of the zone 

and drilled to a depth of 400 ft. The mineralization intersected consists 

of pyrrhotite, pyrite and chalcopyrite in the form of minute disseminated 

specks and irregular masses along fractures and quartz veins up to 1/4 in. 

in width. The best core sample assayed 0.67% Cu over a 1.0 ft. length. 

The economic aspect of this aureole will be discussed in a later 

section (5.203). 
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2.032 The Copper Brook Aureole 

This aureole is the more important of the two as it contains the 

economic mineral deposits of the area. It is located south of the 

Porpqyry Brook aureole, and cover~ an area of 2.66 sq. miles (Figs. I & 5). 

The aureole is roughly oval in shape, aligned with its long axis due 

north-south and measures 10,000 ft. ~ 7,000 ft. There are four prominent 

peaks located in the area covered by it, Mts. Porphyry, Copper, Needle and 

Needle East. The limits of the zone of bleaching are irregular due to 

selective bleaching of more susceptible beds resulting in interfingering 

of bleached with unbleached material. This appears to be controlled by 

the composition of the beds, some being more sensitive to alteration than 

the others. While detailed limits of the zone are controlled by the 

bedding it appears that the alteration, in a broad sense, transgresses 

the beds (Fig. 53). Drill holes located on the southern fringe of the 

aureole pass at depth, from bleached to unbleached formations, indicating 

a plunge of the aureole to the north (Fig. 47). This, together with the 

northerly dip of the beds, suggests that the fluids responsible for the 

metamorphism travelled up the dip and probably across it. These facts seem 

to suggest that the source may be located at depth and to the north. 

The Copper Brook zone is a compound aureole. It represents the 

coalescence of two areas of alteration and bleaching. These are as follows: 

a) the major aureole produced by emanations from an unexposed 

source at depth; 

b) a small aureole surrounding the quartz-felspar porphyry plug 

located on Porphyry Mt. on the northern rim. 

A separate aureole around the Porphyry Mt. plug is suggested by the 

following: 
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Fig. 53: 	 Contact between bleached and unbleached beds which roughly 
conforms with the bedding. Beds dip to the left at a low angle. 
Note late stage fractures with calcite cores cutting across 
contact and dipping steeply to the west. 
Location: 1400 ft. level. 
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(i) The aureole, has roughly the same width around the plug on the 

north and east sides. 

(ii) Same of the mineral assemblages found around the plug are 

distinctive enough to suggest a slightly different source. 

The porphyry probably originates from the same unexposed mass of 

igneous material at depth that has been responsible for the major alteration 

in the aureole. 

2.oQ3~1_ la.s:.t,2~ .Qont .£011,!ng 1hJ! .2h!,p~ ,2f_t!!e_A..:gr~ole 

The apparent north-south elongation of the Copper Brook aureole, . 
•first noted by Osborne, has given rise to some speculation. He describes 

it as follows: 

"The peculiarity of longer axis in the outcrops (of the altered 
zone) trending across the regional structure requires explanation. 
Such a feature might be regarded as fortuitous if the outcrop 
of Tabletop granite batholith did not show the same pattern••• 
The reasons for the cross-cuttingrelationships are not clear, 
but they may be accepted as part of. the regional habit of the 
intrusives and the long axis conforms to joints striking at right 
angles to the trends of the fold axes ll (1941, p. 25)• 

In a later chapter the writer will show that the regional joint 

pattern was produced during the later stages of the folding, cut acroSs the 

porphyries and hence post-dates them. The north-south elongation is thus 

due to other factors which may be the same as those responsible for the 

elongation of the Tabletop batholith. 

The following two theories are suggested to explain this puzzling 

feature: 

a) A deep-seated fracture or zone of weakness may have resulted in 

the elongation of the aureole. This fracture would be located approxi

mately along the centre of the aureole and at depth, along which the fluids, 

responsible for the bleaching and alteration, travelled. The alteration 
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would effect the rocks for variable distances on either side giving rise to 

the shape at present exposed. This theory is to some extent supported" 

perhaps fortuitously" by the north-south arrangement of the following 

features: (Figs. 1 &87). 

(i) Porphyry Brook aureole 

(ii) Porphyry Mountain plug of porphyry 

(iii) Copper Brook aureole 

Apart from the linear arrangement of the above three features there 

are no surface indications in the area suggesting the existence of such a 

zone of weakness. Hence a deep-seated zone is postulated - one which did 

not reach the present surface. This theory is supported by a similar 

north-south elongation of the Tabletop batholith located some 20 miles 

further west. Jones describing the structure of this intrusive" states: 

"The Tabletop intrusive has its greater dimension in a north-south 
direotion, contrasting with the general east-west trend of other 
major intrusives and of the general foldtaa and faulting elsewhere 
in the peninsula. This feature may be due to a north-trending 
fracture-zone, up which the magma made its way." (19.32, p. 28). 

An examination of the published maps of the area on the north shore 

of the St. Lawrence opposite the map area, has indicated features which may 

have resulted in zones of weakness at depth. The Moisie area map sheet 

(Faessler, 1945), east of Sept IlesJshows a band of Grenville met~orphics 

striking north-south in granite gneiss. A feature of this nature may 

have acted as a deep-seated zone of weakness during a later orogenic 

revolution to result in the above mentioned north-south orientation 

obserYed to-day. 

b) The aureole is roughly cylindrical in shape and plunges to the 

north. A horizontal section across such an inclined cylinder would result 

in an oval shaped aureole on surface. 



While the answer to the north-south elongation is not definitely 

known, the writer feels that all the theories outlined above may have 

contributed in some way to produce the elongation. If a deep-seated zone 

of weakness, as postulated in (a), does exist, it is tantalizing to 

speculate on the possibility of finding additional aureoles further to the 

north or to the south of the known ones. 

2.04 Description 9f the Rock ±IPes in the Copper Brook Aureole 

5.041 General Statement 

The metamorphic changes in the aureole are due to an increase in 

temperature produced by the intrusion of an acid magma located at depth. 

Associated witb the rise in temperature was the emanation of fluids which 

were responsible for metasomatic changes. After the temperature had 

reached its maximum and the formation of high temperature minerals completed, 

sulphides were introduced, probably during the decline in temperature. 

The porphyry dykes and sills were emplaoed contemporaneously with the rise 

in temperature. By the time the sulphides were introduoed the dykes and 

sills had already solidified. Those present in the ore horizons, were 

then mineralized together with the adjacent susceptible wall rocks. The 

deposit can be classified as pyrometasomatic according to Lindgren's 

definition. 

The rocks exposed in the aureole have undergone thermal metamorphism 

and are very different in appearance when oompared with their unaltered 

extensions outside. The changes produced are controlled by the chemioal 

composition of the rock and the temperature to which it was subjected. 

The rocks involved are mainly calcareous siltstones, impure limestones, 

shales and sandstones. The most widespread alteration is bleaching or 
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decolouration of the dark-grey countr,Y rock through various shades of grey 

to white. The higher temperature alteration is marked by the formation of 

new calc-silicate mineral assemblages. The limit of the aureole is taken 

where bleaching is no longer visible. 

Simpson describing the bleaching states: 

lithe first sign of alteration borne 'by the calcareous siltstones 
is the loss of their dark colour. In rocks of this grade there 
is also some recrystallization of the carbonate, but there was 
no new minerals formed. The quartz still retains its clastic 
outlines ll 

• (1941, p. 25). 

The next stage in alteration is the development of a white or light-

c~loured rock which Osborne has named "porcellanite". This is a very 

suitable descriptive term for the rock in question which consists of a 

fine-grained mosaic of recrystallized quartz containing diopside and minor 

amounts of garnet, wollastonite, scapolite and calcite. The amount of 

lime present in the different beds controls the formation and amount of the 

different calc-silicate minerals, and that in turn controls the colour of 

the rock. Thus pale-green porcellanites are rich in diopside, brown indi

cates the presence of garnet. The term II skarn ll has been applied to rocks 

containing abundant garnet and diopside - generally sufficient to give it 

a distinct greenish-brown colour. Bedding is preserved as compOSitional 

banding. 

The metasomatic changes, involving the introduction of silica and 

loss in lime, associated with the mineralizing fluids will be discussed 

in a later section (5.14). 

The sulphide mineralization within the aureole took place during 

different stages. The "main stage" mineralization which produoed the 

bedded replacement chalcopyrite-p,yrrhotite deposits of Needle Mountain was 

followed 'by the "late stage ll fracture filling p,yrite-chalcop,yrite deposits 
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of Oopper Mountain and these were followed by minor "final stage ll minerali

zation. Each of these stages have different structural controls and 

contain different sulphide assemblages. 

The opening up of Gaspe Copper Mines has afforded exposures which, 

supplemented with drill data, has supplied the information for the following 

stratigraphic column. The nomenclature in use at present on the property 

is a modification of that originally used by Bell (1951, p. 241) and will 

be used by the writer in his description. He is particularly indebted to 

Mr. F.J. Scott, Chief Geologist of Gaspe Oopper Mines Ltd~ for the following 

details (Fig.. 54). 

The beds will be described from the younger to the older, as the data 

available decreases with depth. 

~!042 York Lake Series 

Also previously described as "Younger Series", (Osborne, 1941, p. 15; 

Bell, 1951, p.. 241). The metamorphosed members of this series occur in 

two areas (Fig. 5) in the aureole: 

1) The northern section capping Copper Mountain and Porphyry Mountain 

which covers the lower portion of the series. 

2) Along the southern fringe where the aureole overlaps on to the 

down-faulted synclinal basin of interbedded sandstones and siltstones. 

,2 .. 0421 The Northern Section 

The northern section covers the northern quarter of the aureole. 

The alteration surrounding the porphyry plug on Porphyry..Mountain is con

sidered to be a separate aureole associated with the.intrusion of the 

porphyry and merges with the main aureole on the west and south sides. 

The reasons for considering that this is a separate aureole and not part 

of the Copper Brook aureole have already been listed in section 5.0)2 and 
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will not be repeated. The changes in the two aureoles are generally the 

same and vary only in a minor way. 

Almost the entire thickness of the York Lake series have been exposed 

in pits and drill holes around the plug. The thickness of the sediments 

exposed is 1600 ft. and are chiefly interbedded calcareous s lltstones, sand

stones and minor shales, which have been altered to porcellanites, quartzites, 

hornfelses, etc. 

The aureole of bleaching and metamorphism which surrounds the plug 

varies lnwidth from 500 ft. on the east side to 150 fI. on the north side. 

On the south and west sides the aureole merges with the main Copper Brook 

~~eole (Fig. 5). Between the two aureoles there is a narrow zone exposed 

of metamorphosed but unbleached hornfels. 

Numerous prospect pits around the plug have yielded exposures which 

have allowed the different zones of alteration to be roughly mapped. They 

are as follows: 

1) . An inner zone, located around the northern half of the plug, of 

g~rneti~ed porcellanite up to 100 ft. in width. 

2) A middle zone, campletely surrounding the plug, of porcellanite 

up to 250 ft. in width. 

3) An outer zone of partially bleached sediments, about 200 ft. in 

width. This zone is absent on the north side of the plug. 

Th~ metamorphism of the sediments has been studied by E.R. Morrison 

(1955) ahd the writer has drawn freely from his work. BrieflY discussing 

the above zones: 

The inner zone consists chiefly of a light-green diopsidic porcella

nite, characterized by the development of a dark-green garnet along certain 

beds and as fracture fillings (Fig. 55). The ~rnet, which has a 



~------------------------ --------------~ 

Fig. 55 : 	 Porcellanite, garnetized (andradite) along joints and bedding. 
Location : Northeast side of porphyry plug on top of Porphyry 
Mountain. 
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refractive index (Morrison, 1955, p. 28) of 1.890 to 1.893 and an average 

specific gravity of 3.75, has been identified as andradite (Oa,3Fe25i3012). 

The garnets show pronounced zoning and are weak~ anisotropic. He further 

states: 

"The degree of garnetization, along the different beds adjacent to 
the garnetized joints is variable, and is controlled by the 
varying chemical composition of the sediments. Lime-rich beds 
are more heavily garnetized than the lime-poor layers; magnesia
rich sediments are converted to pale-green skarn beds, the green 
colour is due to the fonnation of diopside and minor garnetizationo II 

(1955, p • .30). 

On the east side of the plug one pit showed an exposure of diopside

garnet hornfels. 

Associated with the garnetized layers are minor amounts of chalcopy

rite and traces of pyrite, bornite, quartz and epidote. The sulphides 

replace the earlier formed garnets along grain boundaries and fractures. 

Morrison considers the garnetization and associated mineralization to 

be due to the action of fluids associated with the porphyry intrusion. 

These followed zones of weakness and mineralized the adjacent beds. 

The presence of the green andradite is characteristic of the zone and 

has not been observed elsewhere in the area. 

The middle zone consists of porcellanites with minor development of 

diopside and recrystallized quartzites with occasional formation of epidote. 

One exposure located on the northern side of the plug showed an abundant 

local development of antigorite. 

The outer zone consists of grey to dark grey, partially recrystallized 

siltstones. 

In general, sandstones have been recrystallized and show the develop

ment of diopside, brown garnet, sulphides and accessory apatite and epidote. 
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Along the southeastern fringe 9f the aureole of bleaching around the plug, 

and in the unbleached area on the west side between the two aureoles, there 

occurs a brown to black hornfels. It is fine grained, massive and has a 

sub-conchoidal fracture. 

tt<Microscopic examination shows 	 that the black hornfels is composed 
of quartz and plagioclase (oligoclase) with interstitial biotite". 

(Morrison, 1955, p. 41). 

This same horizon has been exposed on Copper Mountain. Here, the 

siltstones have been recrystallized and decolourized with the formation 

of diopside which increases in amount as the plug is approached. 

There are two occurences of intrusion breccias around the plug, one 

is located on the east central side and the other on the north southern side 

of the "Cf! shaped mass. These breccias have already been described in 

section 400511. 

5.0422 Southern Section 

The metamorphosed York Lake series exposed in the trenches south of 

Miller Copper Mines' ore cuts are composed of light-gre,y, bleached cal

careous sandstones with minor interbedded calcareous siltstones. The 

intensity of alteration is not very high. The exposures are poorly 

mineralized with disseminated specks of pyrrhotite and pyrite. 

5.043 Grande Gr~ve FOrmation 

Bleached and metamorphosed members of this formation cover about ao% 

of the surface outcrops in the aureole. 

Osborne (1941, po 20) sub-divided the Grande Gr~ve into the "Copper 

Mountain phase ll which contained the upper 1500 ft. of sed:iments, and the 

"Needle Mountain phase about 1000 ft. thick with base unexposed". On the 

basis of the present correlation this latter phase includes the upper 

600 fto of the Cape Bon Ami formation. 
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5,0431 Copper Mountain Phase 

Hope Simpson described this phase as follows: 

liThe Copper Mountain phase was originally rather more siliceous 
than the Needle Mountain, and there are, therefore almost no rocks 
containing wollastonite or scapolite, and c~stalline limestones 
are rare. Instead quartz-diopside, and quartz-garnet-diopside 
rocks are the rule. Quartz (with felspar (~» usually occupies 
50% or more of the rock, with diopside and garnet forming the 
rest. Garnet is important both as a rock forming and vein mineral. 
True epidote and allanite seem more usual than zoisite. Relict 
carbonate, if present at all, seldom exceeds 1-3%, and it appears 
in most cases that silication is complete, and that any carbonate 
present is laterll. (1941, p. 33). 

Concretions are common in these beds. Osborne (1941, p. 19) has 

described the decreasing intensity of metamorphism in the concretions as 

follows: 

"Southward, the garnetized concretions give way to partly diop
sidized and part calcite concretions in a siliceous matrix, and 
still further away from the garnet zone the concretions are wholly 
carbonate, and the matrix consists of fine sub-angular elastic 
grains of quartz with rec~stallized carbonate. No new silicates 
have been formed." (1941, p. 19). 

The Copper Mountain ore body is located in the upper portion of the 

formation immediately below the overlying York Lake Series and will be 

described in a later section. 

The analyses of composite samples taken from the upper 790 ft. of the 

formation immediately below th e contact of the overlying York Lake series 

in the Copper Mountain ore body are as follows: 

Sample No o Location %Fe %CaO '* 
A 3548 DH 241 160-198 ft. 0053 62.6 4.4 6.6 14.6 4.2 
A 3546 330-370 ft. 0.56 74.0 2.0 3.5 10.6 3.5 
A 3545 440-480 ft. 0.74 65.2 5.4 5.3 9.7 4.7 
A 3547 610-650 ft. 0.74 SS.S 5.3 6.4 13.2 4.2 
A 3543 750-790 ft. 0.59 74.4 4.4 6.6 14.6 4.2 

Analyses by: Noranda Mines Ltd. 
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5.0432 LimY Quartzite or Needle Mountain Phase 

The lower 400 ft. of the "Grande Greve represents the upper 400 ft. of 

Osborne's Needle Mountain phase, known also as the "Limy Quartzite" beds or 

Q 1 by the Noranda geologists, and form the conspicuous Needle Mountain and 

Needle East Mountain. 

The weathered surface of these beds has been bleached to a charact

eristic white colour and contains numerous leached cavities after carbonate. 

The fresh rock has a white to greenish-gre.y colour and represents a meta

morphosed, slightly calcareoU4 recrystallized siltstone. Traces of the 

original small scale lenticular bedding are generally preserved and assists 

in the recognition of this horizon (Figs. 56 & 57). Scott describes the 

beds as follows: 

liThe altered rock consists chiefly of fine-grained recrystallized 
quartz. There is some untwinned felspar present, which is 
difficult to distinguish from quartz, and any estimate as to its 
proportion must be made from the analyses given below, because 
felspar is the only aluminous mineral of any importance that has 
been recognized in thin sections of this horizon. Sane pyroxene 
was present in every section examiked, and has been identified 
as diopside, although pigeonite and rarely augite have also been 
found. This pyroxene generally constitutes 10 to 15 percent of 
any thin section, and is usually granular form•••••The only other 
mineral of any quantitative importance in this horizon is 
calCite, although rare occurrences of wollastonite, scapolite 
and garnet have been observed". (1950, p. 25). 

A aeries of 31 composite samples covering 963 ft. of core from the lower 

400 ft. of the formation were analysed by Noranda Mines Ltd.. to determine 

whether the rock would be suitable for wse as a smelter flux. The samples 

showed the following slight variations in composition. 

Range Weighted AJlrage 
'-" 

Si02 73.5 - 80.2% 75.. 97% 
Al~3 1.2 - 2.. 8% 1.86% 
Fe 20 8 - 50 0% 3.55% 
CaO 3.. 9  7.. 3% 6.75% 
MgO L8 - 3.. 6% 2 .. 41% 
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Figo 56: 	 Bleached, recrystallized siltstone (Grande Greve) with uneven · 
lenticular bedding still preserved. 
Location: No o 2 Ore Cut Miller Copper Mines Ltdo 

Fig 57: 	 Bleached, metamorphosed and recrystallized siltstone, showing 
higher intensity of metamorphism. Note traces of lenticular 
bedding are still preserved and only just recognizableo 
Sulphides occur along darker bandso 
Location: 802 No drift in flAfI are body. 



86. 


These results show that the overall composition of the beds 

covered,is relatively homogeneous. 

Underground exposures have shown that the lower 50 ft. of the 

horizon contains thin, interbedded, lenticular layers 1/2 to 1 1/2 inches 

thick of wollastonite-diopside rich bands (Fig. 58). When these occur 

the Ql often resembles the WI horizon. 

Lime rich concretions occur throughout the horizon and show var.ying 

intensities of metamorphism. 

The "A" or upper ore body of Needle Mountain occurs in this lower 

portion of the Grande Gr~ve formation. 

The contact with the underlying Tl horizon is sharp and well-defined. 

A few ver.y inconspicuous marker horizons occur in the Grande Greve. 

Due to their brittle n4ture the,r are common~ ground away during drilling 

~~ hence ver.y seldom recordedo Some of the horizons recorded are as 

follows : 

QS located 500 ft. below the contact with the over~ing York 

Lake Series 

QE located 920 ft. above the base of theQl 

QM2 located 598 ft. above the base of the Ql 

( QM 11 located 440 ft. above the Ql 
( 

QMl zone ( QM 12 located 20 ft. belowQM 11 
( 
( QM 13 located 20 ft. below QM 12 

Q 17 located 293 ft. above the base of the Q1 

Q 18 located 109 ft. above the base of the Ql 

Describing each of these brief~: 

~ has been exposed in a trench north of Murdochville and at the 
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Figo 58: 	 Lower portion of Ql beds containing thin lenses of wollastonite
diopside rich layers. Cut by late stage fractures with 
characteristic dark chloritic alteration. 
Exposed in 910 Drift. 

Figo 59: 	 Wl beds containing lenses of wollastonite-diopside up to 6 
inches thick which represent metamorphosed microcoquinas. 
Expos. ed....in 910 Drift. 
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base of Porphyry Mountain. It is a tuff band 1 to 1 1/2 inches thick and 

coarser g:arained than any of the other tuffs found. The fragments range 

from 1 to 6 nun. but average 2 to 4 nun.. in size, and can be classified as 

ash (Williams et al., 1954, po 149). The fragments are main~ fine-

grained lavas, difficult to identify, set in a sericitized glass matrix. 

Qi has been exposed only in drill hole E3 located east of Murdochville. 

A two .inch fragment of coarse" green-grey tuff was recovered from this hole. 

QM2has been exposed at, the west end of the lower bench in Miller 

CopperM1nes :;,No. 2 ore cut, and also in pit Nol97 located 450 ft. northwest 

of the ore cut.. It is a medium-grained sericitized crystal tuff (Williams 

et a10, 1954, p. 149) 3 1/2 inches thick and light greenish-grey in colour. 

It consists chiefly of fragments of andesine crystals, fine-grained lava 

fragments, and biotite laths, ranging in size from 0.3 to 1.0 nun., set in 

a seriticized glassy matrix. Its stratigraphic position ranges from 148 

to 174 ft. (av. 158 ft.) above the underlying QMll marker.. 

QMl zone is a group of three thin tuffaceous band~ spaced over a 

stratigraphic thickness of 40 to 45 ft., the top of which is located from 

430 to 449 ft. (avo 440 ft.) above the base of the Ql horizon. These beds 

have been intersected in drill holes M8, 9, 10, 11, 12 and 13, located 

near Miller Copper Mines' No.2 ore cut. Discussing each band in turn: 

QM lli8 the most conspicuous of the three bands and consists Qf a 

coar~e,greenish-grey tuff 6 inches thiok; It consists chiefly of fine

grained lava fragments and minor felspar fragments ranging in size from 

0.5 to 3.0 D1ID.., but averaging about 2mm" , set in a sericitized glassy 

matrix. 
'

~ is located 20 ft. below QM 11 and is also a fine-grained light 

greenish-grey tuff 1/2 to 3/4 inches thick with grain size ranging from 

0.2 to 0~6 rom. 



88. 

QM13 is located 18 to 20 ft. below QK 12 and consists of two fine

grained tuffs, 1 inch and 2 inches thick, spaced 6 inches apart and light 

,greenish-grey in colour. 

9L11 has only been exposed underground in Gaspe Copper Mines. It 

consists of a 4 inch thick band of thin bedded, fine-grained dark-grey tuff. 

~ has been exposed underground at Gaspe Copper Mines and in drill 

hole E3. It consists of two fine-grained dark green-grey tuff bands: an 

upper, 4 inches thick; and a lower, 1 inch thick, located 12 inches below 

the upper band. This marker horizon is located 109 ft. above the base of Qlo 

There are probably numerous other tuff bands present in this formation 

which have escaped unnoticed due to poor core recoveries during drilling. 

50 044 Cape Bon Ami FOfm!tion 

This formation does not outcrop within the aureole as it is generally 

overlain by a cover of at least 300 ft. of Grande Gr.ve. Unaltered frag

mentshave been found in the Needle Brook valley on the west side of the 

aureole~ These are derived from a small inlier exposed by erosion along 

the bottom of the valley and now obscured by rubble. 

The Cape Bon Ami is estimated to be 3000 to 3500 ft. thick. 

Unfortunately, not much is known about it. The "B" and "C" ore bodies 

occur in the upper 550 ft. of the formation. Underground development has 

resulted in some exposures down to 900 ft. -Thus, in general, only about 

the upper 550 ft. is known, and that in the small area drilled in the 

Needle and Needle East sections. 

The terminology used to describe the different beds is in current 

use on the mine and the writer is indebted to, FoJ. Scott, Chief Geologist, 

for the details. See Fig. 54 for a diagrammatic section. 



89" 


50 0441 Tl Upper "Tuff" 

Also known as the "Upper Needle Chert", these beds, which are very 

similar to the T2 , are 60 ft. thick and consist of well-bedded buff to 

dark-grey, very fine-grained, hard, flinty hornfels which break with a 

conchoidal fracture. They are unmineralized except for the occasional 

calcareous concretion which are invariab~ well mineralized. Interbedded 

with the hornfels are about nine thin tuff layers averaging about 1 inch 

in thickness of which the T18 alone is distinctive enough to be used as a 

marker horizon. It is a pink fine-grained tuff 1 1/2 inches thick and 

located 130 8 ft. above the base of the Tlo 

The Tl being non-calcareous has only been very slight~ bleached and 

does not show the same startling metamorphic changes found in the other 

horizons. The contact with the underlying Pl horizon is gradational over 

a thickness of five feet. 

5,,0443 Pl Porcellanite 

Porcellanite consists of white to light green-grey diopsidicPl 

porcellanite 35 ft. thick. Two ore bodies, the B2 and B6, are located 

in this horizon. The Pl -Wl contact is gradational over a vertical 

range varying from 2 to 20 feet. 

Partial analyses of samples from these beds are as follows: 

Sample No. Location %eu %siO? %AbO~ %Fe %caO %ligQ 

2486 1104 drift 0.85 62 ..4 40 6 5.. 4 1100 2.. 3 
2491 901 drift 0.17 67.8 5.. 6 2.8 8.4 1.9 

Average 65.1 5..1 4..1 9.. 7 2.1 

Analyses by: Noranda Mines Ltd" 

5,,0443 Wl Wollastonite 

The name of this horizon is self descriptive. It consists of a 

white to light-green wollastonite-diopside rich rock which varies in 
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thickness from 100 to 200 ft.. and averages about 135 ft. The W isl 

characterized by lenses richer in wollastonite-diopside which are up to 

6 inches thick and 50 ft. in length (Fig.. 59). These layers contrast 

sharply with the adjacent beds and represent metamorphosed lime-rich beds 

probably microcoquinas stmilar to those intersected in the unaltered 

extension of this horizon in drill hole E3. (Fig. 10) .. 

Part~al analyses of the metamorphosed microcoquina and the adjacent 

beds are as follows: 

Sample No o %8102 %CaO %MgO 

JB 110(<1) Metamorphosed micro- 50" 40.$ 1.7 
coquina 

lll(d) Adjacent beds 520 27 ..1 4.1 

Analysts: J. Gagnon ) Dept.. of Mines 
D. Lamontagne ) Laboratories, Quebec. 

The above results show the wollastonite-diopside lenses to be consi

derably riche~ in lime than the adjacent beds, as was to be expected. 

An interesting, but puzzling feature, is the fact that these lime 

rioh layers do not appear to have exerted the ohemical control in the depo

sition of abnormal amounts of sulphides as is evidenoed elsewhere in the 

sequence by the presence of lime concretions .. 

The Wl1 has been the host to several small rich ore bodies vizo ~he 

B3' B7' B9' Bll and B14 0 

One important marker bed, the W15, occurs in this horizon. This is 

a 3 inch thick porcellanite layer located 100 ft. above the base of the Wlo 

Partial analyses of samples from this horizon are as follows: 
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Sample No. Location %CU %8i02 %A1203 %Fe %CaD %MgO %K20 

2484 DH 111 390-410 ft. 0012 56.3 2.2 2.0 20.4 2.2 
2485 1102 drift 4.98 60.9 3.0 8.2 8.1 2.3 
2487 1102 drift 0.18 62.0 200 405 12.7 3.. 9 
A7839 1102 drift 0.. 4 59.0 14.5 - 7.. 7 4.0 4.4 
A7840 1102 drift 0,,0 57.0 3.. 9 - 26.9 2.5 2.. 3 
A7841 1102 drift 003 58.0 4.1 - 22.7 2.5 2.6 

Average - 58.86 4.95 4.9 16.41 2.9 3.1 

Analysts: Samples 2484, 2485 & 2487 by Noranda Mines Ltd .. 
Samples 7839 - 7841 J. Gagnon 

D. Lamontag
) 

ne) 
Dept. of Mines 
Laboratories, Que. 

The WI - P2 contact is sharp. 

50 0444 P2 Porcellanite 

P2 Porcellanite is 32.6 ft. thick and consists of interbedded layers 

of white porcellanite and garnet-diopside skarn varying inthickness from 1 

to 24 inches but average under 12 inches. The Bl ore body, the largest of 

the "Brt zone ore bodies, and the B5' occur in these beds. 

An important marker horizon, theP21' occurs near the top, 2.4 ft. below 

the Wl - P2 contact. The P2l is a 4 inch thick, medium-grained, pink 

crystal tuff" It contains numerous crystal fragments varying it) size from 

0 0 5 to 2.2 mm. (av" 0.75 mmo) of andesine, orthoclase, and also fragments 

of lava and minor quartz set in a sericitized glassy matrix (Fig.. 60). 

The P2 - T2 contact is sharp. 

200445 T2 Lower "Tuffl! 

Also known as the "Lower Needle Chert". The T2 varies in thickness 

from 120 to 200 ft. and averages about 135 ft.. It consists of dark-brown 

to dark-grey, very fine-grained, dense, flinty hornfels, with minor yellow-

grey hornfels appearing near the bottom of the horizon. It contains some 

minor beds of skarn up to 2 ft. thick which are generally well mineralized 



P2l crystal tuff. Composed of angular to sub- r ounded fragments 
of andesine and fine-grained lava set in a ser icitized glass 
matrixo 
Polarized light, x26. 



with disseminated chalcopyrite and pyrrhotite. Finely disseminated dust-

like specks of pyrrhotite are often found in these beds. Lime rich con

cretions shaped liketriaxialellipsoids are common in the lower half of th e 

Partial chemical analysis of the upper fifteen feyt of the T2 beds 

are as follows: 

Sample No. Location %5i 02 %A.l~3 %C"O tMgO %K20 %au 

A7836 Location of sample below 58 13.4 9.. 6 4.0 5.5 0.3 " 
P2 - T2 contact (0-5 ft.) " 

7837 Location of sample below 49 5.8 8.3 4.0 3.6 0.. 5 
- T2 contact (5-10 ft. )P2 

7838 Location of sample below I 59 14.8 8.0 4.2 4.2 0.2 
- T2 contact (10-15 ft .)P2 

Average. I55.5 11.33 9.3 5.4 4.5 

Analysts: J. Gagnon ) Dept. of Mines Laboratories, 
D. Lamontagne) Quebec. 

500446 P3 Porcellanite 

P3 Porcellanite is 20 ft. thick and is the same as the Pl. 

500447 L, Limestone 

This horizon represents a metamorphosed limestone and averages about 

117 ft. in thickness. It contains the flC" ore body, the largest and 

richest exposed to date. At the time of the writer's visit this horizon 

was only just being exposed and consequently the writer has taken the 

liberty of quoting e(tracts from F.J. Scottls detailed work on the sub

ject: 

"The rock type in this horizon that shows the least degree of 
alteration is a dark, somewhat quartzose, somewhat magnesian 
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"limestone" This limestone is interbedded with many highly 
siliceous layers, some of which, due to their fine grain, 
homogeneity and lack of crystallinity approach quite closely 
to a true chert in composition and texture. Microscope 
examination of this limestone discloses it to be composed of 
70 to 80% carbonate minerals •••••Scattered throughout the 
sections from this type with no apparent orientation are many 
aggregates of what appear to be incipient crystals of fibrous 
tremoliteo With approach to the more highly altered rock 
types, those aggregate groups increase markedly in number and 
become clearer with bettwe crystal outline, and finely attain 
the optical characteristics of a true tremolite. 

tfAnother mineral that appears at this stage is scapolite, usually 
approaching quite closely to meionite in composition. The rock 
also shows many fairly large, angular, clastic grains of quartz. 

liThe next stage in alteration of the original sediments consists 
only of an increase in the degree of alteration of the dark rock 
just mentioned, with no notable changes in megascopic character. 
The amount of scattered tremolite crystals increases markedly, 
and may now consitiute up to 20% of any thin section. 'There is 
also an increase in the amount of scapolite present, and usually 
a slight change in its composition shown by decreased birefringence. 
The disseminated carbonaceous matter that gives the rock its dark 
coiour is still retained. One feature noticeable at this stage is 
recrystallization of the carbonate minerals, many grains of which 
show the polysynthetic calcite twinning. 

"There is a fairly rapid change from this dark scapolitic and 
tremolitic impure marble to the strikingly altered silicate rock~ 
which are typical of this horizon. The only intermediate rock 
type found shows the same mineral proportions ,as the stage 
mentioned above with the added effects of complete recrystalli 
zation of the carbonate minerals, accompanied by a bleached 
effect due to the expulSion of the carbonaceous matter•••• 

ItThe silicate rocks, (sometimes called gametites, skarns, or 
tactites) show a sharp change from the carbonate rocks in 
mineralogy, bulk composition, grain size and colour. The earliest 
silicate to fonn is pyroxene, usually with the optical properties 
of diopside•••• There is a distinct greenish cast to a large 
part of this pyroxene in a hand specimen, suggesting an approach 
to hedenbergite in composition. Augite and pigeonite have also 
been identified among the pyroxene present, but usually in zones 
showing a very high degree of alteration. 

ItAnother mineral that is prominent in this and all succeeding 
higher stages of alteration is garnet. This garnet is of the 
grossularite type and makes up 20 to 70% of the area in the 
thin sections. Its presence may be considered a criterion 
of the highly altered silicate rocks of this horizon. This 
garnet also shows prominent zoning and is dominantly anisotropic, 
indicating a lower temperature of formation" 
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Fig. 61: 	 Ll skarn containing large crystals of zoned grossularite, diopside 
and minor amounts of calcite. 
Ordinary light, x80. 

Fig. 62: 	 Diopside (showing cleavage) being altered to chlorite around 
rim. Alteration is associated with the introduction of 
sulphides (black). 
From B7 ore body in Wl beds. Ordinary light, x80. 
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"Quartz occurs in practically every stage of alteration encountered 
showing some increase in its proportion with approach to the 
higher grades. 

"Scapolite is rarely found in intimate association with the coarse 
silicates, and where it may be shown to be present, it is always 
the soda-rich variety_ This soda-rich variety is anomalous in 
limey rocks, and therefore may be considered indicative ot the 
presence of added components. 

ItFelspar may be occasionally fOWld in intimate association with 
quartz, but it is a much rarer constituent than in the preceding 
number two horizon (liB" ore body). It appears that the alumina 
present in this zone has instead been used in the formation of 
garnet 0 The reason for this is not clear. 

l'Wollastonite appears only in those zones where there was only limited 
migration of rock constituents, possibly due to a shorter 'time
elevated temperature' interval. 

"Calcite is found in three generations. First it appears in the 
less altered zones as a relict of the original rock type. Secondly, 
it appears in both the higher and lower grades of alteration as 
porphyroblast, replacing lime silicates, due to a lowering of 
temperature coupled with a late introduction of carbon dioxide 
causing a form of retrograde metamorphism. Thirdly, it appears as 
an introduced constituent, in fractures and accompanying quartz and 
disseminated sulphides. 

liThe lime-silicate rock shows several stages of metamorphism. 
These stages are difficult to define due to the different effects 
of the added constituents. A rough approximation of the chief 
minerals and their proportions in the successive zones may be 
shown as: 

1) Calcite 25, Garnet 25, Pyroxene 25, Quartz 25 
2) Calcite 5, Garnet 40, Pyroxene 35, Quartz and 

feldspar 20 
3) Pyroxene 40, Garnet 60 
4) Pyroxene 25, Garnet 25, Wollastonite 50. 

11There are also many minerals preaent in minor proportions, such as 
chlorite, muscovite, epidote, clinozoisite, allanite and thomson
ite, but the presence or absence of these minerals has no part in 
defining the stage of alteration reached by any rock type. 

liThe presence or absence of scapolite would appear to have sane 
value as a criterion in classification, but it has not been 
recognized in enough slides or with definite mineral associations. 
It disappears with progress toward type (1) above and appears later 
in a different form, lacking its characteristic inclusions and 
with definite crystal outline. 
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liThe various stages of progress in metamorphism of this third 
horizon may be summarized as: 

Metamorphic change 

1) Tremo1ite formation, some cal Slight heating, localized 
cic scapo1ite appears. solution, some pneumatalysis. 

2) 	 Increase in amount of tremo1ite Higher temperature, greater 
and scapo1ite. Some recry degree of pneumatolysis. 
stallization.. 

3) 	Recrysta11ization 9 Expulsion Increased temperature. 
of carbonaceous matter. 

4) 	 Appearance of pyroxene and Increased temperature. 
garnet. Calcite completely Introduction of metasomatic 
recrystallized. Clastic solutions. 
quartz obliterated. 

5) 	 Increased content garnet and Increased temperature and 
pyroxeJllle.. Decrease in amomt metasomatism. 
of calcite.. 

6) 	 Increase in garnet content. Maximum metasomatism. 

7) Formation of wollastonite. 	 Maximum temperature. 

8) Formation of porphyrob1asts Retrograde metamorphism. 
of calcite.. 

9) Appearance of sulphides. 	 Introduction of ore-forming 
fluid, with sulphides rep1acihg 
earlier formed minerals. II 

(1950, pp. 33-38). 

Analyses of composite samples of skarn from the Ll beds are as 

follows: 

SamJ21e Noo Location 

2479 DH 	 197 830-840 ft. ) 
1.. 57 41,.7 5.0 9.. 7 24.1 2.6184 825-835 	fto ) 

2481 DH 	 128 850-860 fto ) 
125 700-790 ft" ) 2.23 40 .. 8 6.6 11.. 1 23.2 2.8 
122 740-750 ft. ) 

2482 DH 	 137 1170-1180 ft. ) 
139 1200-1210 ft" ) 0.91 44.1 7.9 10.3 22.. 5 3.1 
142 1300-1310 ft. ) 

2483 DH 92 840-850 fto ) 4.. 76 45.. 9 5.. 9 9.3 16.2 4.688 780-790 ft. ) 

Average 	 43.12 6.35 21.5 3.27 

Analyses by: Noranda Mines Ltd. 



Semi-quantitative spectrographic results ot a sam.ple of "e" ore body 

skarn ore from. 1402 drift gave the following results: 

Sample No. JB 106 Cd) 

Major elements 
Secondary elem.ents 

(+ 10%) : 
(1-10%) : 

ell, Si 
Al, Cu, Fe 

Minor elements (0,,1-1%) : Mg, Mn 
Traces 
Weak traces 

(0.01-0.1%) : 
(0.001-0.01%) : 

Ba, Na, Sr, '1'i, Va, Zn 
B, Bi, er, Ga, Ni, Zr. 

There were no marker horizons in the Ll beds in use at the time of 

the author's visit. 

The Ll - P4 catact 1s sharp. 

50 0447 P4 Porcellanite 

P4 Porcellanite is a porcellanite bed 180 ft. thick. It contains 

erratic pyrrhotite and chalcopyrite mineralization. 

L2 Limestone is a skarn bed 33 ft. thick and contains erratic 

mineralization. 

5.. 0449 Sl Siltstone 

Sl Siltstone is a bleached, banded siltstone or porcellanite 27 ft. 

thick. It contains the S15 marker bed 10.9 ft. above the base. The S15 

is a 2 ino thick coarse fragmental tuff bed. 

50 0450 L3 Limestone 

L3 Limestone is a skarn bed 84 ft. thick. The L30 marker is located 

at the Sl - L3 contact. The L30 1s a 5 in. thick fine-grained tuff bed 

containing large scattered ~rtz grains. 

50 0451 S2 Siltstone 

S2 Siltstone is a bleached, banded siltstone or porcellaniteo 82 fto~ 

in thicknesso The S23 marker is located 280 6 ft. below the L3 - S2 contact. 

The S23 is a 16 in. thick vitric ashbedo 
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5002 Correlation of the Metamorphosed Beds with their Ex&ens;ons 

Outside the Aureole. 

Geologists in this area have had considerable difficulty in corre

lating the altered rocks in the metamorphic aureole with the unaltered 

extensions outside. This is due to the marked changes brought about by 

thermal metamorphism of the lime-rich sediments. The lack of exposures 

have likewise made it difficult to trace the extensions of a particular 

horizon 0 These two features have jointly contributed to make correlation 

of the rock types and hence of the mineralized horizons extremely difficult, 

50 051 Views of the Early Workers in the Area 

The correlation and general description of the rock types by the 

early authors will be summarized in chronological sequence in the following 

pages Special reference will be made to the rock types found in the zone0 

of alteration. 

I~ should be noted that no difficulty was experienced in the corre

lation of the unaltered rocks with their extensions elsewhere on the 

Peninsula0 

1) Alcock first suggested that the rocks of the area may be Lower 

Devonian in age. 

"No fossils were found in the sediments, so their age is not known 
with certainty~ They occur, however, in the belt of rocks which 
have been map')ed as Devonian and since they show certain similari
ties to known Lower Devonian in other parts of the Peninsula., it 
is probable that they are to be correlated with them." 

(19249 po 10, CoIl). 

2) Jones (1932A) gave the first comprehensive description of the 

altered sediments and their probable unaltered equivalentso Describing 

the Copper Brook zone, he writee: 

"Light-coloured volcanics, with associated light-coloured meta
morphosed sedimeiltary rocks, form a central zone••••• surrounded 
by unaltered dark limestones that are the prevailing rocks of the 
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"general region. 

"Limestone - The prevailing rocks of the region for some miles 
around are hard, cherty, dark grey, Lower Devonian limestones 
that are sometimes do10miticg The chert occurs as small spots 
and lenses and in narrow bands. Associated with the limestones, 
are beds of argillaceous limestone and slate. Coarse, gritty 
sandstones are also found, usually grey and ~rtzitic •••• 

"Outcrops of these limestones in the vicinity of the mineralized 
zone map be best seen in cliffs on each side of the three small 
lakes at the head of the south branch of York River•••• 

ItAcid Volcanics - The copper appears to be confined to the central 
zone of light-coloured rocks that occupy an area of nearly 3 1/2 
sq. miles. These rocks are fine-grained, massive, and light 
yellow to light grey in colour, with sometimes greenish tints•••• 
A considerable area of these rocks is exposed on'the flanks of 
Copper Mt ••••• These rocks are believed to be of the same general 
age as the 'associated limestones, namely ~ower Devonian. 

IIMost of these light-coloured rocks are of volcanic origin, some 
being volcanic tuffs while others are fine-grained rhyolite flows. 

"Altered Sediments, - Some of the light coloured rocks seem to be of 
sedimentary origin, probably altered 1imestones••••• The alteration of 
the original limestones seems to have been caused by the siliceous 
solutions that brought in the ore-bearing minerals, but it may be 
also due, in part, to the siliceous content of the tuffaceous matter 
present in the rOCks." (1932A, pp.. 60-62). 

Jones as a result of mapping the Upper York River Area which is 

located immediately east of the zone of alteration established that the 

unaltered rocks are Lower Devonian in age, and correlated them with the 

Gaspe Limestone Series and further states that: 

~i1e it is possible to recognize the presence of the three 
divisions that have been made in the Gaspe Limestone Series in 
the eastern part of the peninsula - namely, the St. Alban, Cap 
Bon Ami and Grande Greve - it is impossible to draw the lines 
separating these diVisions, due to lack of sufficient information 
as well as to the lack of any sharp line of differentiation 
between the divisions. The change from one to the other, 
1igho10gica1ly, is gradational. 1f (1936, p. 15). 

He also introduces the term (po 15) uYork Lake Series ll to cover the 

interbedded sandstone and limestone which overlie the Gaspe Limestone and 

appear to grade into the Gaspe Sandstone Series. 



The Table of Formations proposed b.Y him is thus as follows (1936, 

p. 13): 

Table of Formations 

Middle (1) Devonian Sandstone, shale 

Lower (1) Devonian (Quartz-feldspar porphYry sill 
(York Lake Series: sandstone, shale, 
(limestone, quartzite, conglomerate 

Lower Devonian (Gaspe Limestone Series: limestone, 
(shale, chert. 

3) Osborne) who spent two months during 1940 studying the rocks in 

the innnediate vicinity of the Gaspe Copper Mines I area, was the first to 

attempt a sub-division for l.ocal use of the bleached and metamorphosed rocks 

of the area and to suggest what their unaltered equivalents may have beeno 

His subdivision is as follows: (1941, p. 22) 

Table of Formations 
Estimated Metamorphic 

Lithologz Thickness Product 

L 
0 
w 
e 
r 

York 

lake 
Younger 

Series 

(Granite & q~rtz 
{poPPhyries 
('1'hin bed.ded, tin, 
('andstones 
(Medium grain sand

700 ft. 

800 ft. 

Some recrystal
~ization.Hornfels, 
quartzites, 
minor skarns. 

Series (stone, shales and 
D (some limestoneso 
e 
v 
0 

Copper 
Mt.. 

(Calcareous silt
(stones, carbonate 1500 ft. 

Porce1lanites 
+ with garnet) 

n Phase (concretions ? diopside, 
i Grande sanidine, etc .. 
a 
n Gr~ve Needle Mt.. (cherts, impure 

Phase (limestone 
1000 ft. 

? 
+ Skarns, recry

stallized cherts. 

It is of interest ot note that he correlates the Copper and 

Needle Mountain Phases with the Grande Gr~ve. 

4) McGerrigle (1) further subdivided the Gaspe Limestone Series in 

the area under discussion into: 

(1) Map Noo 661 Upper York Sheet, 1950. 
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Lower Devonian (Grande Gr~ve Formation: Siliceous siltstones 
( 
(Cape Bon Ami Formation: Shal1 limestones, shales, 
( sandstones 
( 
(St. Alban Formation: 	 Shales, limestones, con

glomerates (Not present 
in map area). 

He considered the mineralization to be present in the Grande Gr~ve 

formation (1950, p. 114). 

5) F.J. Scott, who was resident geologist on the Gaspe Copper Mines 

during 1948 and 1949, made an extensive study of the alteration found in the 

Needle Mountain ore bodies and was later responsible for the present sub

division of the altered rocks. Scott (1950, p. 50) considered the deposits 

to be: 

"located in the lower part of the metamorphosed Grande Gr~ve 
formation •••• 11 

6) A.. Mo Bell (1951, p. 241) utilising Osborne'S and Scott's work 

extended Osborne's classification as follows: 

Table of Formations 

Formation Sub-Formation Thickness Unaltered Type Altered Derivative 

York Lake Porphyry Mt" 
Series or Group 
Grande Greve 

1000 ft" + Sandstone, 
chert, dark 
siltstone 

White quartzite, chert, 
porcellanite, skarn 

Grande 
Gr~ve 

(Copper Mt" 
( Group lE 
( 

1000 ft. • Siltstones, 
cherts, lime
stone lenses 

White porcellanite, 
skarn, chert .. 

(Needle Mt. 
( Group li 

600 ft. +- Siliceous 
siltstone? 
Sandstone ? 

White porcellanite, 
quartzite 

Grande 
Greve or 

(Upper Needle 
(Chert 

100 ft. ? White to grey chert-
like rock 

Cape Bon (Middle Needle 200 ft. Calcareous Wollastonite rock & 
Ami (Mt. Gr :§ 

(Lower Needle 
(Chert 

150 ft. 
siltstone 

? 
porcellanite 
White to grey chert-
like rock 

(Needle Mt. 
(Limestone li 

130 ft .. Dark limestone Marble, skarn, por
cellanite. 

(Lower Needle 600 fto +L~ siltstone 
(Mt. Gr. 
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11 Formations in which ore has been found to date. 

With regard to the regional correlation of the sub-formations he 

writes as follows: 

"At the property, we earlY distinguished a series of rocks that 
overlie the siltstone type and include sandstone members. 
These younger rocks may fit in with the York Lake series of 
Middle Devonian age as mapped to the east or may still be part 
of the Grande Greve. They overlie the main copper-bearing 
horizons known at present". 

Discussing the next group of rocks he states: 

"This section embraces a useful division in the Grande Greve rocks 
originally made by Osborne in separating a "Copper Mt. Phase II 

from a "Needle Mt. Phase"" 

IIDisconformities(l~re apparent at the base of the Upper Needle chert 
and to a lesser extent at the base of the Lower Needle chert. 
The rocks below the Upper chert mayor may not belong in the Grande 
Greve. The Needle Mt. limestone is the onlY true limestone 
encountered and it seems possible it could be Bon Ami formation. II 

(1951, p .. 241)", 

5,052 Correlation by the Author 

Bell's correlation had remained unchanged until the time of the 

author's visit. As the result of his work in the area the writer was able 

to establish that the correlation, which Bell had tentativelY proposed, 

was, in fact, correct, viz: (2) 
Thickness 

York Lake Series =Porphyry Mt. Group 1000 ft ... 
Grande Greve Formation =(Copper Mt" Group ~ 1600 ft. ..(Needle Mt. Group 

(Upper Needle Chert ) 
(Middle Needle Mt. Group ) 

Cape Bon Ami Formation =(Lower Needle Chert ) 1180 fto .. 
(Needle Mt. limestone ) 
(Lower Needle Mt. Group ) 

(2) 	 Thicknesses listed by A"Mo Bell (1951, p" 241). 

(1) 	 No disconformities have been found in the underground workings 
of Gaspe Copper Mines Ltd. The apparent disconformities are 
variations in thickness due to faulting. 
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This was due to recognition of several of the important marker horizons 

exposed on Gaspe Copper Mine in a drill hole, E3, which penetrated 2282 ft. 

of unaltered rocks immediately outside the aureole of bleaching. In this 

hole no difficulty was experienced in recognizing the unaltered Grande 

Greve and Cape Bon Ami rocks, but only careful search revealed the key marker 

beds and thus established a correlation with the various horizons exposed in 

the mine.. 

These results are shown on Fig. 62!. The main features of correlation 

are as follows: 

1) That the Grande Greve - Cape Bon Ami contact had been intersected 

in drill hole E3 at 1501 1/2 ft. Most of the geologists operating in the 

area agree with this statement. The beds above and below the contact exhibit 

the features already described in "General Geology", sections 4.032 &4.033. 

2) A careful search revealed the presence of crushed fragments of the 

lower band of the Q18 marker, the upper band spaced 12 inches above having 

been completely ground away. Its distance, no ft. above the base of the 

Grande Greve, checked ver,y well with the distance of 109 ft. of the marker 

above the base of the Ql as exposed on Gaspe Copper Mines Ltd .. 

3) The next two important markers, P2l and T24, were readily recog

nized, and, when the thi¥kness of the different beds checked out, correlation 

was established. 

4) The major features were thus as follows: 
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Feature G. C.Mo DoH. :&3 

Marker bed, Q18, located above base of Q1 109 ft. 110 ft .. 

Thickness of T1 bed 60 ft .. 80 ft. 

Thickness of P1 • WI beds 170 ft .. 198 ft. 

Marker bed, P21, located below top of P2 at 
distance of 2.4 ft. 1. 7 fto 

Thickness of P2 beds 32.6 ft. 34 ft. 

Marker bed, T24, located below top of T2 at 
distance of 49.. 7 ft .. 50 ft .. 

Thickness of T2 beds 120-200 ft. 180 ft .. 

Thickness of P3 beds 20 ft. 25 ft. 

Thickness of L1 beds 117 ft. 100 ft .. 

The variation in some of the thicknesses is due to the difficulty 

in separating the unaltered beds into groups. This separation is based 

chiefly on the field determination of the carbonate content and hardness 

of the different beds. (Variations in the chemical composition are shown 

in Fig. 122).. These variations in composition are emphasized when the 

rocks undergo thermal metamorphism but are not readily recognizable in 

the unaltered state, e.g. there did not appear to be any readily distin

guishable feature to use as a basis for separating the P1 and W1 beds in 

the unaltered state.. Yet these beds are readily differentiated in the 

,"ureo1e. 

Luckily no faults were intersected in the drill hole which might 

have given rise to confusion if some of the thicknesses had not checked 

within reasonable limits. 

Drill hole E3 can be considered as supplying the key data in esta

blishing the correlation of the altered with the unaltered beds .. 
62l$ 

The section in Fig.:xOrk shows the relation of the beds intersected in 

E3 with the mineralized horizons in the Needle Mountain ore body located 

1 1/2 miles to the southwp-~£ 
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2.06 	 Mineral Deposits 

;,061 General 

Mineralization occurs chiefly in the aureole of thermal metamorphism 

and consists of: (a) disseminated sulphide replacements 

(b) fracture fillings. 

Traces of sulphides, however, do occur in the sediments outside the aureole. 

Four main areas of mineralization have been found in those portions 

of the aureole that have been extensively prospected. However, these areas 

cover only a small portion of the aureole and the writer has no doubt that 

more will be found in the future. The areas are listed below and contain 

the following ore bodies; 

1) Needle Mountain Indicated Tonnage Av. Grade 

IfAIf or Upper Ore Body 13,200,000 00 85% Cu. 

uB" or Middle Ore Bodies: B 1 
B 2 
B 3 
B 6 
B 7 
Bll 
BU 
B14 

805,000 ) 
490,000 ) 
292,000 ) 
122,000 ) 
240,000 }' 
57,000 ) 
13,000 ) 
75,000 ) 

2,094,000 

1.29)
1.36)
2.25) 
1.27) 
2.82)1.65% 
2.94) 
3.13} 
2.49) 

"C" or Lower Ore Bodies: Needle Mt. 20,000,000 2.00% 

Needle Mt. North 1,800,000 1.21% 

2) Needle East Mt, 

"B" or Middle Ore Body 6,570,000 1.42% 


"C" or Lower Ore Body 3,000,000 1.71% 


3) Copper Mt. Ore Body 19,000,000 0.82% 


66, 570,OO()li 1,,3% Cu 

4) Miller Copper Mines 

Significant lead-zinc mineralization No tonnage calculated 

:IE Ore Reserves as at March 1952. Data supplied by F. J. Scott, Chief 
Geologist. 
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Describing each of the above areas: 

5.062 Needle Mountain Area 

This is the most important area of mineralization discovered to date. 

It is located on the north spur of Needle Mountain and extends down into 

the valley between Needle and Copper Mountains. The sulphides occur as 

disseminated replacement deposits in certain favourable horizons where the 

lime content appears to have been the controlling factor (Fig. 54). Faults 

have served as channelways allowing the solutions to gain access to higher 

horizons with the result that several ore bodies occur stacked above each 

other. The sulphides, mainly chalcopyrite with minor amounts of pyrrhotite, 

are found disseminated throughout the favourable beds as small specks or 

blebs. The introduced gangue, conSisting main~ of quartz and calcite, is 

small" There is no evidence that any of thefo:rma.tions acted as an 

impermeable barrier in the localization of the ore deposits. 

50 0621 itA tf or Upper Ore Body 

This is a large low grade ore body of 13,200,000 tons averaging 0.85% 

Cu, located in the lower 400 ft. of the Grande Gr~ve formation and extends 

up to surface" The depth of oxidation is estimated to be 35 ft. The ore 

body is located on the north spur on the mountain and at the t~e ot the 

writer's visit steps were being taken to strip ott the overburden in pre

paration for open pit mining (Fig" 64)e The size of the ore body as 

outlined by drilling on the 675 ft. level, is roughly 500 ft. wide by 600 

to 700 fto in length. The vertical extent of the ore is about 400 ft. 

above the top of the TI horizon. It is not known how much has been lost 

by erosion - probab~ several hundred feet at least. The grade is below 

1.0%Cu, although zones containing from 1 to 2% Cu occur. It is suspected 

that these higher grade bands may be due to the presence of faults, however 
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Figo 64: 	 View of north slope of Needle Mountain with roads leading to 
various adits and to top where stripping has commenced in pre
paration for the open pit mining of the "A" ore body. 
Photo. taken early June, 1954. 
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these faults are difficult to detect due to the absence of well defined 

marker beds. In cross-section, the limits of the ore body are ver.y irregu

lar, with branching tongues extending out into unmineralized beds (Fig. 64A). 

The sulphides present are Chalcopyrite containing traces of pyrrhotite. 

TheY" occur disseminated throughout the mineralized section and have a 

tendency to occur along the wavy bedding surfaces, traces of Which are still 

preserved. Examination of the unaltered Grande Grt3ve shows that the material 

which fonns the wavy surfaces is considerably richer in lime than the material 

fonning the lenses. This would suggest that the deposition of sulphides in 

this formation has been controlled by the lime content of the beds. Sulphides 

also occur as minute stringers up to 1/8 inch thick along numerous small 

fractures which do not show any preferred orientation. Quartz veins, 

generally carr.ying sulphides, are found cutting across the beds. Concretions 

are common and are always very much better mineralized than the adjacent 

beds (Fig. 123) .. 

500622 "BII or Middle Ore Bodies 

These are a series of s tacked ore bodies extending over a strati

graphic thickness of 200 ft. This zone contains the ~ighest grade ore 

exposed to d.te, though individually the ore bodies are small, ranging 

from 13,000 tons in the B12 to 805,000 tons in the Bl. They occur in lime

rich beds adjacent to faults and are cut by numerous min'eralized quartz 

veins. The ore bodies show a rough east-west orientation parallel to the 

faults, and there is considerable overlapping of the different deposits. 

(See Fig.. 66). The mineralization consists of chalcopyrite with traces 

of pyrrhotite disseminated along the bedding. 

The liB" ore bodies may be classified, according to the horizon in 

which they occur~ 
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Bed Ore Bodl Tonnage Grade 

Pl Porcellanite 490,000 1.36{~ 122,000 1.27 
Wl Wollastonite 292,000 2.25 

B7 240,000 2.32 
Bll 57,000 2.94 
B14 75,000 2.49 

P2 Porcellanite 805,000 1.29 
r 
{Bl 

Fault Ore {=tB12 13,000 3.13 
B15 

The mineralization in each of these beds, as the,y occur, is as 

follows :. 

!l_Pg.r£.ell!f1!t,! : 

The B2 and B6 ore bodies are located in this horizon and extend into 

the underlying Wl for 4 to 5 ft., where the richest ore general~ occurs. 

Thickness of ore is up to ~ft. (Fig. 67). 

!L-W.Q.lla§..t.Q.n!t,! : 

The B3, B7, Bll and B14 ore bodies are located in the Wl and are of 

the highest grade found to date. Each ore body averages over 2.25%Cu. 

(Fig.. 68).. Like the other"B"ore bodies they occur associated with 

mineralized quartz veins, usually on the up-dip side off'aults near the WI; 

marker horizon.. Thicknesses vary considerably and average about 20 to 30 ft. 

B4, B12 and B15 are small pods or lenses of ore which also occur in 

the WI along faults. The B12 is notable for its high grade of 3.l3%Cu 

and very small tonnage of 13,000 tons. 

f..G-P.2,r,2,e!,l!,Il,!t,!.: 

This horizon contains the largest of the IIB" zone ore bodies, the Bl 

with 805,000 tons averaging 1.22%Cu. The B-55 and 5N are too low grade to 

be included in ore reserves. The Bl is located just below the P2l tuff 
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Fig. 67: 	 B2 ore body - lower portion at contact of overlying PI and WI 
below. Contact is just above quartz vein. Dark area in centre 
of photograph represents richer ore in the Wl . Note unmineralized 
WI in bottom right hand corner. Mineralizatl0n is probably 
associated with interbedded quartz vein. 
Exposure at end of 909E. drift. 

Fig. 68: 	 Fringe of B7 ore body showing interfingering of dark mineralized 
rock with adjacent barren WI wollastonite rock. Note steeply 
dipping late stage fractures cutting across main stage 
mineralization. , 

Exposure in 910W drift near intersection with 902S. 
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marker and is 30.5 ft. thick. It consists of alternating, dense, white, 

ver,y poorly mineralized porcellanite and brownish-green skarn layers, 

which are well mineralized. This ore body is a gOod ~le of selective 

replacement of lime rich horizons (Fig. 69). 

5.0623 IIC" or Low:er Ore Body 

This is the largest ore body exposed and is located in the Ll beds. 

It is a gently dipping tabular ore body formed by the replacement of skarn 

layers and averages 110 ft. in thickness. In plan it is irregular in 

shape and located close to the western limit of the aureole. The width, 

at its highest occurrence on the south side, is 800 ft. The deposit dips 

down to the north with fingers of ore extending out along faults on either 

side. The extension down dip widens out to a maximum strike length of 

2200 ft. in the Copper Brook Valley where the deposit terminates abruptly, 

possibly along a fault. The Needle Mountain north ore body occurs· on the 

northern side of tpe fault, but with a considerably reduced strike length. 

This feature will be further discussed in the neKt section. 

The ore is confined to areas of high intensity alteration, where 

garnet-diopside skarns have been extensively developed. There appears to 

be some relation between grade and degree of alteration. This is indicated 

by the fact that as the intensity of alteration decreases the skarn gives 

way to a coarse marble, and the mineralization decreases. This is an 

interesting feature as it illustrates that lime content, an important factor 

to ore localization, is not, in itself, sufficient to control depositiOh. 

The intensity of alteration of the right horizon appears to be the 

controlling factor. However, not all skarn layers contain ore. Scott 

states: 

"the ore is confined to an area where a fairly high degree of 
alteration has taken place, with replacement of at least half 
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Fig. 69 : 	 Bl ore body in P2 Porcellanite just below P2l tuff marker. 
Alternating light coloured barren porcellanite bands and dark 
mineralized skarn bands. This illustrates the selective replace
ment of favourable lime-rich horizons. 
Location: at entrance to 73N2 Sub drift ex. 1106E drift. 
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"the carbonates by silicates. Furthermore, the rocks showing 
an exceptionally high degree of alteration such as those with 
an anomalously high conten~ of wollastonite, are host to a 
comparatively low amomlt of sUlphide mineralization. The rocks 
with only slight alteration also contain a low amount of ore
forming sulphides. The highest grades of ore are fOmld near 
the perimeter of th e altered uea where there is still about 
one-quarter of the original calcite retained in the rocks". 

(1950;p. 48). 

This observation is in keeping with a similar one formUlated by 

Umpleby (1916), that the ore tends to occur on the "limestone sidell of the 

contact zone, that is, between the 'silicate masses and the unreplaced 

limestone country rock. 

The sulphides present in this zone are as follows: Chalcop;rrite occurs 

EJV'erywhere and is the chief ore mineral. P;rrrhotite is the next most abundant 

and occurs in quantities ranging from a mere trace to amounts equalling the 

chalcopyrite content. Bornite occurs, but only in minor amounts. There are 

also traces of arsenopyrite, generally associated with the bornite. Micro

scopic examination has also revealed the presence of tetrahedrite, pyrite 

and sphalerite associated with the chalcopyrite. Mol;rbdenite is present in 

minor amounts and should yield an economic b;r-product. Scheelite is 

erratically distributed in this horizon and appears to follow certain beds 

although the cause for this localization is not clear. It is found only in 

the "C" ore zone in any appreciable amount and it is doubtful whether 

sufficient is present to warrant recovery. 

Isopach contours based on diamond drill results indicate an east-west 

control of ore deposition (Fig. 70). This control is probably due to faults 

similar to that found in the overlying ore bodies. 

5,063 Needle East Mountain Area 

Drilling has shown the existence of another two ore bodies located 

about 2000 fto east of the Needle Mountain ore bodies on the northeast spur 
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of the mountain. The upper is located in the beds between T1 and T2 chief~ 

in the W1 bed, the "B" ore horizon. The lower is in a skarn layer in the L1 

beds or the nc" ore horizon. 

The two ore bodies occur above each other and extend down the dip 

of the beds. In this case the "B" ore body is twice the size of the "C". 

While not much is known about these deposits it can safe~ be assumed that 

their looation is controlled by faults in the same way as at Needle 

Mountain. 

The "B" ore zone varies in width from 400 ft. at its southern limit 

to 1800 ft. at its northern limit. The "c" ore zone remains unifonn~ 

narrow, 250-450 ft. in width. Both these deposits tenninate abrupt~ along 

the Copper Brook Valley in the same manner as the northern extension of the 

Needle Mountain liCit ore body. It has been suggested that this tennination 

may be due to a fault (Valley Fault). There are two feature supporting 

this hypothesis: 

a) The straight line cut-off on the north side of the Needle 

Mountain and Needle East Mountain ore bodies. 

b) The location of the Copper Brook Valley between Copper and Needle 

Mountains which may be due to such a zone of weakness. 

The location of the Valley fault shown on Figs. 1 and 5 is an attempt 

to connect the apparent tennination of the ore at depth and the transverse 

valley on surface. However, these two features do not ever,ywhere line-up 

and hence some of the ore, particular~ the Needle East liB" ore body is 

shown to extend across the fault. This feature may be interpreted as due 

to a southern dip of the fault. 

The mineralogy is very similar to the Needle Mountain ore bodies 

except that bornite appears to be slight~ more abundant. 
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20 064 Copper Mountain Or~ Body 

This is a large, low grade ore body located on the northwest flank 

of Copper Mountain, the point originally discovered by A.E. Miller. The 

mineralization differs from the bedded replacement types found on Needle 

Mountain and Needle East Mountain in that it occurs as a series of fracture 

fillings cutting across the upper part of the Grande Gr~ve formation just 

below the overlYing York Lake series. These fractures have allowed 

weathering to penetrate to considerable depths with the result that core 

recovery from drilling was poor and unsatisfactory. 

The sulphides occur along a series of minute, steeply dipping quartz 

veins, generally under 1/4 inch in thickness, that cut across the porce1

1anites. The grade of any exposure is proportionate to the numer of veins 

intersected per foot of depth. The garnetiferous porcellanite does not 

appear to have influenced the mineralization to any extent. There is 

hardly any replacement of the rock adjacent to the vein1ets. Some of the 

fracture walls are covered with small quartz crystals indicative of minera

1ization at a shallow depth. 

Describing the minerals found in the veins, Hope Simpson (1941, p. 35) 

states: 

"The chief metallic minerals are chalcopyrite and pyrite, not 
pyrrhotite. Molybdenite - (rather abundant), - sphalerite, 
galena, bornite, magnetite, and possibly tetrahedrite have 
also been found in unimportant amounts. Magnetite is the 
only oxide, and that has very seldom been seen. It seems likely 
that iron oxides would have been silicated if they had occurred 
at high temperature. Garnet, diopside, pigeonite, sanidine, 
quartz, epidote, allanite and a little carbonate are found as 
rather early gangue minerals. At a later stage calcite, 
fluorite and amorphous chalcedonic silica, were introduced 
and are found lining vugs and in the centre of erustified veins." 

Porphyry dykes and sills are numerous in the mineralized area. They 

are earlier than the sulphides as the veins cut across them without any 

change in strike or dip. The porphyries are here conspicuous in that they 



show greater kaolinization than that encountered anywhere else in the 

map area (Fig. 31)0 

In an attempt to determine whether the kaolinization was due to the 

associated mineralization or to the action of surface waters penetrating 

along the numerous closely spaced fractures, some of the kaolin was 

separated for further study. The rock was crushed to 100-mesh, a sample 

of the crushed material shaken up with water and the solution allowed, to 

settle. The upper, fine portion 0 f the sediment which settled out was 

removed by means of a pipette and allowed to dry in air. This ver,r fine 

grained material was considered to represent the altered felspar. The 

material was identified as follows: 

Sample No. Method Results 

JB 143 (d) (1) X-Ray Diffraction Analysis Kaolinite, quartz, illite 

(2) 	Thermal Differential Analysis Kaolinite, illite. 

Analyst: Femand Olaisse, Dept. of Mines Laboratories, 
Quebec. 

Kaolinite is nonnally fonned during the weathering of pegmatites 

and graniteo It has also been reported to have fonned as the result of 

hydrothermal action on quartz porphyr,r dykes by Kerr et ale (1950, pp. 

275-347) and on quartz monzonites by Sales &Meyer (1948, po 11). 

From the above it woUld seem that the identification of the 

particular clay minerals produced, are by themselves not sufficient to 

determine whether the alteration was the result of supergene or hypogene 

agencies and hence the broader features of the occurrence must be used 

to decide the origin. If the alteration was due to hypogene action and 

associated with the mineralization, the alteration would be expected to 

continue to the same depth as the mineralization. On surface the 

kao1inized porphyries are IIflooded" with transported yellow-brown limonite 
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and malachite stains are common along fractures and joints. DH 64 located 

immediately north of the ore body, intersected a semi-porphyritic granite 

between 1419-1457 ft. and again between 1485-1592 ft. The granite was cut 

by numerous steeply dipping quartz-fluorite veinlets which were well 

mineralized with pyrite, molybdenite and traces of chalcopyrite. The 

granite showed no visible signs of kaolinization and thin section study 

showed traced of slight deuteric alteration of the felspars. If the 

kaolinization is due to hydrothermal action it is strange that only the 

porphyries were affected by this late stage alteration and not the adjacent 

calc-silicate rocks. These facts suggest that the extensive kaolinization 

of the porphyries associated with the Copper Mountain mineralization is the 

result of deep surface weathering due to acid sulphate waters circulating 

along the closely spaced fractures. 

The age of the Copper Mountain mineralization is younger than the 

Needle Mountain type. This is indicated by drill hole intersections which 

show veins carr,ying chalcopyrite and pyrite cutting across the disseminated 

chalcopyrite mineralization along skarn layers. 

Recent excavations for road material in the upper part of the ore body 

have resulted in gravel pits up to twenty feet deep which have yielded 

interesting structural information on the mineralized veins. The veins 

exposed in these pits range in thickness from 1/16 to 2 inches and are 

usually less than 1/4 inch thick. They have vuggy quartz fillings and 

contain limonite pseudomorphs after pyrite. Malachite and chr,ysocolla 

stains, a black oxide which is probably tenorite, are common. 

The dip and strike of several hundred of these veins were measured 

and plottedo These showed: 

a) a major joint system striking NSOW and dipping at 70 to 800W 

(Fig0 71) 0 
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Fig. 71: 	 Copper Mountain l'lineralization exposed in gravel pit. 
Note closely-spac ed mineralized fractures dipping sharply to 
the west. 



114. 

b) a minor system striking east-west and dipping south at 60 to 900 • 

These relations will be discussed under "Structural Relations of the 

Mineralization lt (section 5.07). 

The surface plan of the ore body shows an elongation in a northeast


southwest direction. This feature does not fit in with the known strike 


and dip of the mineralized veins mentioned above, and at this stage cannot 


be explained. 


5.065 Miller Copper Mines Ltd. 

In the southeastern corner of the aureole, Miller Copper Mines have 

exposed an interesting occurrence of marmatite. The mineralization occurs 

along a fault which strikes S74°E, the same strike as the mineralized faults 

in the Needle Mountain ore bodies. On surface the fault is vertical and 

diamond drilling has indicated that it dips to the north. Associated with 

. the fault are numerous tremolite-filled tension joints. The fault is exposed 

in the upper bench of No o 2 ore cut and has been traced by trenches for a 

distance of 750 ft. in a northwesterly direction from the ore cut. Further 

the fault has been exposed underground on the 75 ft. level and followed by 

a drift for 275 ft. The mineralization occurs in a vein along the fault 

which ranges in thickness from a few inches to a maximum of three feet. 

The vein is well mineralized with coarsely crystalline pyrite and mannatite 

with lesser amounts of galena and traces of chalcopyrite. The associated 

gangue is chiefly tremolite, calcite and quartz. The sulphides in the 

vein are banded parallel to the walls. Adjacent to the fault, the country 

rock has been fractured and mineralized for 3 to 4 ft. The mineralization 

is associated with minor chloritization of the adjacent wall rocks along 

fractures. T.he average values over the exposure are as follows: Length: 

271.0 ft.; average width: ~.30 ft.; Zn 4.72%; Cu 0.04%; Pb 2.58%; Au tracej 


Ag 1.96 ozs/tono 
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Fig. 72: View of Miller Copper Mines seen looking south. In foreground 
is hoist house at top of inclined shaft. Lower bench of No. 2 
Ore Cut can be seen in right hand corner. 

~--~ -------------------------~------~ 

Fig. 73: No.2 Ore Cut showing lower and upper benches. 
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This exposure is unique in that it is the largest occurrence of 

marmatite and galena so far exposed in the all'ea. In th e general vicinity 

of No. 2 Ore Cut trenches have exposed numerous small mineralized fractures 

up to 1 in. in thickness which contain the above listed sulphides. 

The interesting feature of this occurrence is that the mineralization, 

which is pyrite-sphalerite-galena,. oCcurs along a fault having the same 

strike as those responsible for the copper mineralization. The minor 

subsidiary veins, not associated with the fault, but also carrying lead

zinc mineralization, belong to the late stage system which carry the same 

mineralization as on Gaspe Copper Mines. These relations will be 

discussed in the next section. 

5.07 Structural-Relations of the Mineralization 

The control of the mine~alization by faults has already been mentioned 

in section 500622 describing the various uB" type ore bodies and also under 

regional structures (section 4.072). 

The faults exposed are all very "tight" and not readily recognized, 

even in tmderground exposures (Fig. 74) .. That is why their presenc'ewere 

not detected until the deposit was being opened up by development. At the 

time of the writer's visit to the property-, the faults were known to exist 

but their relation to the mineralization was not clear. A number of 

fracture systems were noted underground. Their strikes and dips were 

measured in an attempt to obtain a statistical picture of the different 

systems present in the area. The poles of the faults, joints and veins, 

were plotted on equal area projections and the resulting point diagrams 

contoured to show their distribution using the technique described by 

Billings 	(1942, pp. 116-122). (Fig. 76). 

The age relations of the different systems were determined by the 
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Fig. 74: 	 Normal fault - Type II, cutting across Tl beds. Note "tight" 
nature of fault contact. Strike NB50W, dip 5505. 
At intersection of 1110 and 110B drifts. 

Fig. 75: 	 Nonnal fault - Type II, fofiming contact between Bl ore body (P2 
porcellanite) on left and barren WI wollastonite on right sid~ 
(down-throw side). Fault i~ heavily mineralized and garnetized 
with minor mineralization extending along quartz veins into 
overlying WI beds. Strike NBOOW, dip 5405. At end of 1107 east 
drift. 
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sequence in their displacement. Thus younger structures cut across older 

structures and are listed as follows from oldest to youngest. 

5.071 Normal Faults 

Two sets of normal fault systems are fomd in the area and have been 

classified as (Fig. 76(a»: 
, 

Type I - Oldest system in the area. Average strike 880°1 dip 40-70oN. 

Type II - Younger than Type' I which it displaces. Average strike 
is the same as above, 880°1, but dips in opposite direction 
at 30-8508~ Faults of Type II ,are more abundant than the 
older variety. (Figs. 74 &75). ' 

5.072 Reverse Faults 

Not many of these have been recorded. They have a very slight 

displacement and can be considered to have a wry minor effect on the 

grosser structures. These faults are the youngest ot the three systems 

menti<rled above' (Figs. 76(b) & 77). Average strike N47°E and dip 5-500 W. 

5.073 Wollastonite Veins 

They are most cammon in the Wl horizon and consist of lenticular veins 

containing radiating masses of fibrous wollastonite. The veins occur along 

typical tension fractures which end abrupt~ against b,eds of differing 

competency~ They are interpreted as being originally calcite-filled tensi<rl 

fractures and pre-alteration in age (Fig. 78). The veins strike S770 E and 

the greater number dip 40-7008, with some dipping 70-800 N. Since the 

fractures are pre-alteration in age the faults producing them must likewise 

be of the same age. Therefore the only system likely to produce them (i.e. 

the strongly developed set that dips 40-70(8) are the Type I faults, which 

are known to be the oldest in the area. This dating, is, to a minor extent, 

supported by the su~phides found along the fault planes which indicates the 

faults to be pre-mineralization in age. The minor eet, which dips 70-SOoN, 
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L-_______________________________ _ ____ 

Fig. 78: 	 Wollastonite-filled tension fractures in Wl beds. Note abrupt 
termination against similar fracture located along bedding planes. 
Strike S74°E, sip 570S. 
Location: 902 S. drift near 11-8 raise. 

Fig. 79: 	 Tremolite-filled tension fractures in Ql Leds. The white margins 
adjacent to fractures are due to the introductiqn of calcite 
into the green-grey Ql beds. 
Location: No. 2 Ore ~ut Miller Copper Hines Ltd. 
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were probably produced by the Type II faults. However, the greater number 

of tension fractures produ9ed by the younger fault system are filled with 

quartz and sulphides and willbe discussed in the next section. 

In the No. 2 Ore Cut at Miller Copper Mines a series of similar 

tremolite-filled tension cracks have been exposed adjacent to a Type I 

fault, (Figs. 79 &86(a». They are regarded as being the lower tempera~ure 

equivalent of the above mentioned wollastonite-filled veins. 

5,074 Mineralized Quartz Veins (Main Stage) 

These veins are common in the two upper ore bodies. III the "Bf! ore 

zone, the mineralization is invariably associated with such veins. ! 

similar relations may exist with the "A" ore body
I 

but is not so readily 

apparent. Not sufficient exposures were available for the "ctt ore body to 

state whether the above relations holds good. The veins occupy clean cut 

fractures and are up to 10 inches in width, but average 1 to 3 inches. 

They are mineralized wherever they occur, even 1n the 1nert Tl and T2 

horizons (Figo SO). Where they cut across favourable beds small fingers 

of alteration and mineralization may be seen in the adjacent wall rocks 

(Fig. 81). The veins are commonly found along, or cutting across, the 

bedding at a low angle. The presence of the better grade ore adjacent 

to the veins particularly in the case of the "Bit ore bodies, indicates a 

relation between them (Fig. 67). The strike and dip of the veins are 

shown 1n Fig. 76 (d). The veins are obviously related to the faults along 

which the mineralizing fluids travelled. There is one set which would 

fit the structural picture, Type II normal faults. Faults of Type III 

post-date the veins and hence are not responsible for their formation. 

Since they are related to the ma1n bedded replacement type of minerali

zation, the veJins have been named "Main Stage Veins". The veins can thus 
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Fig. 80: A quartz-chalcopyrite vein (6 inches thick) cutting ac~ss Tl 

beds. Strike east-west, dip 48~. 

Location: 1102 south drift. 


L:::.__________.___________ ._____.. ______~ 

Fig. 81 : 	 Quartz-chalcopyrite vein cutting across Wl beds. Note irregular 
replacement of count~ rock. Strike N86°E, dip 530 N. 
Location: 1102 south drift. 
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be consider,d to fill tension fractures produced by Type II faults, and 

the,r in turn are considered to be the channelways along which the minerali

zing fluids travelled. The fault planes of both Types I and II have been 

thorough~ re-cemented by the fluids which makes their detection difficult 

(Figs. 74 &75). That they represent channelways is confirmed by the 

presence of garnet-diopside skarn and associated sulphides along them. 

Type II faults are con~idered to be the major feeder system for the sulphide 

mineralization with Type I a subsidiar,y channelway s~tem (Fig. 64 B). 

5.075 Late Stage Veins 

The commonest structural feature of these deposits are the late stage 

veins, which cut across the main stage veins and Type II faults. These 

veins, which occur along a series of closely spaced tension joints, have 

an average strike of N90W and dip steep~ 55-850 , to the west (Fig. 82 (a». 

Tbe.y are characterized by a narrow zone of dark coloured wall rock alteration 

on each side of the vein (Fig. 83). The separation of the joint walls 

seldom exceed 1 inch and averages 1/8 to 1/4 inch. The vein filling is 

quartz and calcite together with minor sulphides (Fig. 83). See Figs. 53, 

58, 59 and 68. 

The strike and dip of this joint system, as exposed in the Needle 

Mountain ore deposits (Fig. 82 (a», is the same as those which have been 

mineralized on Copper Mountain, Figs. 71 &82 (b», and also those found 

in the unaltered rocks outside the aureole (Figs. 48 & 82 (0». The 

joints in these three localities are thus of the same age. In the gravel 

pits on Copper Mountain the vein ~stem cuts across the altered porphyr,y 

dykes exposed indicating that the joint system is post-porphyry intrusion 

in age. The formation of this system and their relation to the major 

structures in the area has already been discussed (sections 4.073 & 4.0731). 
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Fig. 83: 	 Late stage veins cutting across S2 beds. Note characteristic 
dark chloritic wall rock alteration on each side of the vein, 
and calcite-quartz core. 
Location: 1802 drift. 
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This system has been called the "1ate-stagelt veins. 

5.076 Final Stage Veins 

Cutting across the "late-stage" system are a few veins of a minor 

system which have been termed "final-stage" veins (Fig. 84). Since they 

are so few in number, not much is known about them. In one instance a 

vein of this type, has been found along a low-angled reverse fault of Type 

III (Fig. 77). Studying the contour diagrams (Figs. 76 (b) & (e» it will 

be noted that both the veins and faults have the same general low dip, but 

correspond, though only in a ver,y general way, in their strikes. Veins of 

this system are considered to be post Type III faults in age and, in one 

instance, known to fill a fracture produced by them. They appear to be the 

final stages of the mineralization in the area. 

5.. 077 Miller Copper Mines Area 

In No. 2 Ore Cut and in the underground workings, a vein carr,ying 

pyrite~armatite-galena and minor traces of chalcopyrite has been exposed. 

The associated gangue minerals are tremolite, calcite and quartz. The 

vein occurs along a fault which diamond drilling has shown to dip north. 

The strike and dip of the fault is the same as the Type I faults which 

are pre-alteration in age. Adjacent to the fault are numerous tremolite

filled tension fractures which supports the above classification (Fig. 86 

(a». The unique feature of this exposure is the occurrence of zinc-lead 

mineralization along a fault of Type I which everywhere else has only been 

mineralized with chalcopyrite-pyrrhotite. In th~ immediate vicinity of 

the fault, apart from the traaolite-filled fractures, are mineralized 

calcite-quartz filled fractures which can be classified as late-stage from 

their strike of Nl70W (Fig. 86 (b». The mineralization is the same as 

that found in similar fractures on Gaspe Copper Mines, pyrite-chalcopyrite

sphalerite and galena. The similarity of the mineral assemblages along 



119A. 


Fig. 84: Final-stage zeolite-bearing veins, with strike E200S and dip 
30oN, cutting across steeply dipping late-stage calcite-quartz

veins. 

Location: 14-73 Raise ex. 1402 south drift. 


Fig. 85: Showing details of above final-stage vein. Note alternate 
banding of sulphide-rich layers and zeolite-rich layers. 
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the fault with those of the late stage type found in the adjacent veins 

indicates that here a pre-alteration fault has been mineralized during 

the late stage phase of the mineralization. 

5.078 Summary of the Structural Relations of the Mineralization 

The structural relations can be summarized (Fig. 87) as follows: 

Faults - TyPe I: 

These are pre-alteration in age, strike ElOoS, dip 40-750N, and are 

responsible for the formation of the wOllastonite-tremolite filled tension 

r~actures. The faults are mineralized and considered to have acted as secon

dary channelwaya for the mineralizing fluids. They are displaced by Type II 

faults .. 

Faults - Type II: 

These are the main through-going faults and displace the earlier 

Type I. They are responsible for the formation of the numerous mineralized 

quartz veins with which the main-stage mineralization (chalcopyrite

pyrrhotite) are associated. Hence they are considered to have been the 

main channelways along which mineralizing fluids travelled to produce the 

bedded replacement deposits of the Needle Mountain and Needle East Mountain 

areas 0 

Late Stage Veins: 

These were formed after the main stage mineralization as they .cut 

across Type II faults and associated mineralization. They were produced 

by the regional folding with a time interval separating them from Type II 

faults.. Their aSSOCiated mineralization, pyrite-chalcopyrite-sphalerite

galena, identifies then. The late stage mineralization produced the 

Copper Mountain ore body and the Miller Copper Mines' zinc-lead minerali 

zation. 
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Final Stage Veins: 

They cut across late stage veins, and appear to be associated with 

low angle reverse faults (Type III). Their mineralogy is canplex and so 

far have not peen proved to be of economic significance. 

Post Ore Faults: 

Two conspicuous faults, "A" and "B" appear from their strikes 

(N65~ and N45~) to be post mineralization and probably post final stage 

in age. There is some evidence to suggest that fault "A" may have a 

rotational movement associated with it. Data on these two faults are 

obscure .. 

The above features have all been recorded on Fig. 87. 

General: 

Jones in describing the general relations of veins and mineralization 

on the peninsula states: 

"Probably as much information on the structural relations of 
mineral deposits in Gaspe peninsula may be obtained from other 
innumerable small occurrences and even from veins not carrying 
ore minerals, that have been observed during the mapping of 
extensive regions in the peninsula. The veins not bearing ore 
minerals, although not of direct economic importance, often 
serve, nevertheless, to indicate structural relations that 
might be associated with ore-bearing veins, which may, some
time, be found in the same region or which are already known to 
occur in other parts of the peninsula. 

"A general feature that has been observed in Gaspe is the fact 
that in the central predominantly Devonian belt, while veins 
trend in various directions, the strongest veins (both in size 
and quantity of ore minerals) are those that trend north-south 
or nearly so." (1942, p. 186). 

From the structural relations worked out in the map area, it would 

appear that the above mentioned set corresponds to the "late-stage" system. 



5.079 Summary of the Structural History of the Area 

Sequence of events from oldest to youngest: 

1) Faulting of Type I together with production of calcite-filled tension 

fractures. Possibly contemporaneous with (2). 

2) Intrusion of granite at depth with formation of porphyry dykes and 

sills near surface. 

3) Folding of sediments contemporaneous with the intrusion. 

4) Emanation of high temperature fluids resulting in bleaching and pro

duction of calc-silicate minerals in original lime-rich beds. 

5) Faulting of Type II with production of open tension fractures~ 

6) Main stage mineralization and some metasomatic changes, after formation 

of contact metamorphic minerals, utilizing pre-existing channelways. 

7) Folding reaches maximum with production of extension joints. 

8) Late stage mineralization along joint system and in one local area 

(Copper Mountain) forms a low grade ore body. 

9) Compression in a northeasterly direction produces low angle reverse 

faults of Type III. 

10) Final stage mineralization along these fractures. 

11) Post mineralization faulting e.g. faults "AII and "B". 

50 08 Composition of Veins 

The veins found in the aureole have already been classified by age 

from the oldest to youngest as follows: 

1) Wollastonite Veins 

2) Main Stage Veins 

3) Late Stage Veins 

4) Final Stage Veins. 

Briefly discussing their composition in turn we have: 
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2.081 Wollastonite Veins 

These are lenticular veins considered to be originally calcite filled 

tension fractures and pre-alteration in age (Fig. 78). They are seldom more 

than two inches in thickness and average approximately one inch. The vein 

filling consists of about 95% radiating masses of acicular wollastonite, 

the remainder being minor amounts of calcite, quartz, diopside altering 

to chloriteand tra.ces of chalcopyrite. 

In No. 2 .Ore Cut of Miller Copper a similar set of veins occur 

containing fibrous masses of tremolite instead of wollastonite (Fig. 79). 

They are c<l1sidered to represent a lower temperature stage of the altera

tion than the wollastonite filled veins. This is supported by the darker 

colour of the adjacent recrystallized tremolitic siltstone. Adjacent to 

the veins, the siltstone has been calcified for a distance of 1 to 2 inches 

resulting in a white rim next to the vein. 

5.082 Main Stage Veins 

These are up to 10 inches in width, but are usual~ 1 to 3 inches. 

The vein filling consists main~ of quartz, chalcopyrite, minor pyrrhotite 

and very minor amounts of calcite, apophyllite and scheelite. The veins 

cutting across inert horizons such as the Tl and T2 are clean cut (Fig. 

80). In the more reactive beds, such as the Wl, small irregular fingers 

of chloritic alteration and sulphides extend out from the veins (Fig. 81). 

The main stage tabular deposits, particularly the "B" ore bodies, are 

related to these veins .. 

5.083 Late Stage Veins 

In the Needle Mountain area late stage veins occur in tension joints 

and average 1/8 to 1/4 inch in thickness. The,r are easily recognized by 

the conspicuous zone of dark wall-rock alteration on each side of the vein 
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and the characteristic vein minerals (Fig. 83). The width of the alteration 

on each side is up to twice the width of the vein. The vein filling 

consists mainly of calcite and lesser amounts of quartz and shows a rough 

banding parallel to the walls. Calcite and fine-grained chlorite have 

been introduced into the adjacent rock to give the dark colouration. 

The sulphides in order of abundance are: pyrite, marmatite, galena, 

chalcopyrite, lesser amounts of pyrrhotite and very minor amounts of 

arsenopyrite and wehrlite. The main sulphides, pyrite, marmatite, galena 

and chalcopyrite are characteristic of this vein system and occur only 

in the wider veins, i.e. those over 1/4 inch in width. In the Needle 

Mountain area the joints are spaced about 12 to 24 inches apart and 

sulphide mineralization is very poor and erratic. 

The same joint system has been mineralized in the Copper Mountain 

area to produce a large low grade ore body (Fig. 71). The vein filling is 

more complex and, according to Hope Simpson (1941, p. 36) consists of 

quartz, calcite, allanite, diopside, garnet, wollastonite and lesser 

amounts of albite, sanidine, fluorite and anhydrite. Some of the veins 

contain vugs and are crustified. The metallic minerals are: chalcopyrite, 

pyrite (not pyrrhotite), molybdenite, sphalerite, galena, minor bornite, 

very minor magnetite and tetrahedrite. WhEn elCposures of the Copper 

Mountain ore body are available from mining operations, the writer feels 

certain that several distinct vein systems with mineralization similar 

to those exposed in the Needle Mountain deposits will be found. 

It is of interest to note that the chief metallic minerals present 

in the late stag~ veins in both Needle and Copper Mountain areas are 

those which appear to be least common in the main stage deposits. These 

minerals are pyrite, marmatite and galena. Chalcopyrite and molybdenite 

are exceptions, as they are abundant in the main stage deposits. 
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In the peripheral area of the aureole the same steeply dipping veins 

have been intersected in numerous drill holes. They are invariably better 

mineralized than their counterparts exposed in the Needle Mountain work

ings. In the peripheral area, veins up to 1/2 inch thick may contain up 

to 50% sulphides. P,rrrhotite is also slightly more abundant. The veins 

are unfortunately not spaced close enough to produce an ore body. Pyrite, 

sphalerite and galena are more abundant in the peripheral sections of the 

aureole .. 

The c~picuous chloritic alterations which characterizes these veins 

in the Needle Mountain area is absent in the Copper Mountain area, and the 

peripheral portion of the aureole which includes the Miller Copper No o 2 

Ore Cut area. 

'0084 Fin§l Stage Veins 

These veins are not ver,y common and are considered to represent the 

final stage of mineralization in the area. Two types have been recognized 

on the basis of their mineralogical composition. Their age relation to 

each other is not known but are presumed to be of the same age. The two 

types are as follows: 

(1) Fluorite-bearing veins 

(2) Zeolite-bearing veins 

5.0841 Fluorite-Bearing Veins 

These are the more abundant of the two types listed and are well 

developed on the 1125 level in the western section of the mine. The,y var,y 

in width up to a maximum of 10 inches and usually range about 2 to 4 inches. 

The veins contain quartz, calcite, purple fluorite, rarely green fluorite, 

chalcopyrite, with minor amounts of pyrrhotite, and scheelite. A higher 

concentration of scheelite occurs in these veins than elsewhere. See 

section 5.0915 for assay values. 



The veins are often interbedded with the adjacent formations or 

cut across them at low angles. In one case a vein was found along a 

low angle, reverse fault of Type III. This would suggest a genetic 

relationship (Fig. 77). They fill clean cut fractures with no visible 

wall rock alteration. There is some evidence to suggest that the vein 

filling took place during more than one periodo Figo 88 shows a vein 

cutting across the P2 beds. The lower half of the vein consists of massive 

sulphides with a series of parallel fluorite veinlets making an acute 

angle with the lower vein wall. This feature is believed to be due to 

movement of the vein walls during vein formation thus producing a series of 

tension fractures which were subsequently filled with fluorite. Later 

movement created further open spaces which were filled with quartz-calcite

'chalcopyrite and scheelite to form the upper part of the vein. 

5.0842 Zeolite-Bearing Veins 

Only one vein of this type had been found up to the time of the 

writer's visit. It occurs in 1402 south drift at 14-73 raise cutting 

across the bedding at a low angle (Figo 84). The vein is 4 inches wide 

and its filling consists mainly of apophyllite with lesser amounts of 

caporcianite (a variety of laumonite, Winchell, 1951, p. 342; Woodford et 

al. 1941, po 371), calcite, sericitized fragments of countr.y rock and 

sulphides 0 The minerals are arranged in alternating coarse and fine

grained layers parallel to the walls resulting in a banded structure which 

is indicative of successive deposition (Fig. 85). 

The coarser grained layers contain cr.ystals of apophyllite and in 

one instance a vug lined with well formed crystals was found o The cr.ystals 

were the transparent, colourless variety and up to 1/2 inch square in 

size. They are tabular in shape and contain well developed pinacoids, 

first order tetragonal prisms and second order ditetragonal bipyramids 
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similar to those described by Dana (1932, p. 642, Fig. 968). 

The apophyllite was identified by the Geological Survey of Canada (1) 

using the X-ray powder diffraction method. The caporcianite occurs as 

short, white, friable radiating crystals and has been identified by optical 

methods .. 

The sulphides occur intimately associated with the above mentioned 

gangue in the finer grained layers and consist mainly of pyrite, chalcopy

rite, pyrrhotite with lesser amounts of galena and ~armatite. 

Adjacent to the vein the wall rock has been sericitized to a width 

of 5 inches. 

In regard to the sulphides found in the veins the presence of marma

tite indicates a high temperature of deposition (5750C as determined by 

Kullerud, to be discussed in section 5.173). 

Winchell in describing the optical properties of apophyllite, states: 

"Strikingly abnormal interference colours and interference figures 
are due to marked dispersion of the birefringence, which may be 
zero in any part of the spectrum, the corresponding colour then 
being absent in the interferenc~ints. The abnormal colours may 
disappear at about 2750 , which suggests an inversion at that 
temperature". (1951, p. 394)0 

The interference colours shown by the mineral found in the vein are 

normal first order white and yellow. This would suggest, as indicated 

above, that the apophyllite crystallized at a temperature above 2750 • 

This fact is supported by the presence of high temperature marmatite. 

Lindgren, discussing zeo1itic replacements in epithermal deposits 

(1933, po 451) states: 

(1) Dr. Ira Brown, G.S.C. - personal communication 
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"Zeolites are foreign to veins of the deeper zones; 

in the veins fo:nned near the surface they are 

occasional~ found, but they are rare. o •••• At 

Guanajuata, apophyllite, laumontite and stilbite 

are found in the filling of the veins, but here 

they always belong to the latest phases of vein 

fonnation.1/ 


The presence of apophyllite and associated zeolites occurring 

during the fjnal stages of mineralization is in accordance with similar 

features found in deposits elsewhere. 

5.09 Description of the Sulphide Minerals 

One hundred polished sections were made from sulphide-bearing 

material. Most of these came from the Copper Brook aureole and the 

balance from other occurrences in the area. The sulphides were studied 

under a metallographic microscope and will be described together with 

their mode of occurrence. Changes in the mineral associations from 

one type of deposit to the other will be indicated. 

Relative distribution and stages of mineralization of the various 

sulphides and introduced minerals are diagrammatical~ shown in Fig" 890 

Describing the different sulphides we have: 

5.0901 Pyrite 

Pyrite, together with pyrrhotite and chalcopyrite, is one of the 

main sulphides found in the Copper Brook aureole" It occurs chiefly in 

the late stage veins where it is the main sulphide present" Minor 

amounts, however, are also found in the main stage deposits of NAAnlA 
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Mountain and in the final stage veins. The locality where it is most 

abundant is along the closely spaced veins of the Copper Mountain ore 

body0 Late stage veins have been exposed in the mine workings at 

Gaspe Copper, intersected in drill holes around the periphery of the 

aureole and also outside the aureole, all of which contained pyrite as 

the main sulphide. 

The mineral occurs as relatively large cubes and irregular masses 

(Fig" 90), which show a pitted surface in polished section. In some 

sections from the late stage veins at least two generations of pyrite 

can be seen - an earlier pitted variety and a later smoother variety. 

Some sections also show the earlier pyrite to be brecciated with the 

breccia fragments recemented with younger pyrite (Fig. 91). It is 

always the first mineral to crystallize in both the main stage paragenetic 

sequence and in the late stage sequence. 

5.0902 Pyrrhotite 

Pyrrhotite is found mainly as small iITegularmasses which replace 

the silicates (Fig" 92) and interstitial carbonates with main stage bedded 

deposits. It is also found to a much lesser extent in late stage veins" 

It is younger than the pyrite which it generally surrounds, and occasion

ally replaces. In the main stage deposits pyrrhotite occurs associated 

with chalcopyrite" They show "mutual boundaryll textures (Fig" 93) 

indicative of simultaneous crystallization and also "caries rr textures 

of pyrrhotite embayments towards the chalcopyrite. These two textures 

would indicate simultaneous deposition with an overlap in deposition of 

pyrrhotite after chalcopyrite. 
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Fig. 90: 	 Pyrite in late stage vein from Copper Mountain ore body. 
From D.H. 241, 430-570 ft. 
Ordinary light, x26. 

Fig. 91: Brecciated pyrite cemented with later pyrite. From late stage
vein in drill hole M8 at 499 ft. 
Ordina~ light, x26. 
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Fig. 92: Irregular masses of pyrrhotite replacing silicates. 
Ordinar,y light, x 112. 

Fig. 93: 	 Pyrrhotite (light and with high relief, Pyr.) and chalcopyrite 
(slightly darker, Cp.) showing mutual boundar,y relations. 
Disseminated main stage mineralization in Ql beds intersected 
in D.H. M12 at 566 1/2 ft. 
Ordinar,y light, xl12. 
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It is also found in the late stage veins intersected in drill 

holes around the periphery of t he aureole where it again surrounds 

pyrite and appears to be of the same age or slightly later than chal

copyrite. 

In the final stage veins pyrrhotite replaces the chalcopyrite. 

During the recovery of scheelite from a scheelite-chalcopyrite

pyrrhotite concentrate from a ,final stage fluorite-bearing vein, using 

Frantz isodynamic separator, it was noted that the pyrrhotite was present 

in two varieties. A minor amount which was strongly magnetic, with the 

greater portion only weakly magnetic. The two varieties did not appear 

to be distinguishable in polished section. The distribution of the 

different types of pyrrhotite with relation to the temperature zones 

should form an interesting study. 

5.090.3 Chalcopyrite 

Chalcopyrite is the main ore mineral of the area and also one of 

the most abundant of the sulphides. In addition to occurring in the main 

stage mineralization it is found in all the later veins. In the main 

st.age deposits the chalcopyrite occurs as irregular masses replacing 

relict carbonate and the silicates (Fig. 94). It is found intimately 

associated with pyrrhotite in varying amounts. The two sulphides are 

probably of the same age with a slightly longer deposition of pyrrho

tite. A common associate of the chalcopyrite is sphalerite which 

occurs in very minor amounts as small blebs surrounded by chalcopyrite 

(Fig. 95). In all sections of the main stage mineralization examined 

it was found consistently in minor amounts. 
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Fig. 94: 	 Irregular masses of chalcopyrite replacing silicates and relict 
calcite. Typical main stage mineralization from IICII ore body. 
Ordinary light, x26. 

Fig. 95: 	 Blebs of sphalerite along grain boundaries in chalcopyrite. 
From "C" ore body. 
Ordinary light, xl12. 
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Chalcopyrite, the ore mineral on Cooper Mountain, occurs 

subordinate to pyrite which it rep1aces o 

5,,0904 Cubanite 

Cubanite has been identified in the main stage mineralization and 

also in the final stage fluorite veins (Figo 96) but is lacking in 

the late stage veins. 

In the main stage deposits it occurs as parallel sets of lamellae 

in chalcopyrite indicating ex-solution and also irregular masses 

associated with chalcopyrite having a common straight line boundar" 

(Fig" 97)" 

Schwartz (1927) has shown that such intergrowths are found only 

in high temperature deposits, and, if heated above 4500C, the cubanite 

enters into solid solution in chalcopyrite" The figure of 4500 is thus 

a minimum temperature of formation of th e sulphides in the main stage 

and final stage of the mineralization. 

5,0905 Bornite 

This is a minor ore mineral and does not have a wide distribution. 

It occurs in th", "C" ore bodies of Needle Mountain and Needle East ore 

bodies and has the same mode of occurrence as the chalcopyrite" It is 

earlier than the chalcopyrite by which it is replaced (Fig" 98). On the 

footwall side of the "C" ore body, on the 1400 ft. level, several bornite

filled fractures were found which also contain arsenopyrite, tetrahedrite 

as well as sphalerite and chalcop,yrite" The lack of underground 

exposures of the nC" ore body at the time of the writer's visit, make it 

difficult to assess the significance of these occurrences, as th6,f have 

not been recorded in drill logs it can probably be assumed that the 

amount of bornite, arsenopyrite and tetrahedrite occurrin~ in vp;n~ ~~6 
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Fig. 96: 	 Ex-solution lamellae of cubanite (dark and light grey) in 
chalcopyrite. From final stage vein cutting across Bl ore body. 
Polarized light, xl12. 

Fig. 97 g 	 Cubanite (dark) and chalcopyrite (light) from main stage 
disseminated mineralization in "C" ore body. 
Polarized light, xl.'2. 
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Fig. 98: Chalcopyrite (light) replacing bornite (dark). 
From "C" are body. Ordinary light~ x26. 

Fi g. 99 '; 	 "Emulsion" texture of ex-solution chalcopyrite (light) in 
sphalerit e (dark). Chalcopyrite blebs, in turn , contain ex
s I ved pyrrhotite (slight ly darker). 
From late stage vein in D.Ho Al at 38 ft. Ordinary light , x112. 



of a very minor nature only. 

Traces of bornite associated with chalcopyrit$ have also been inter

sected on Porphyry Mountain in drill hole M3 between 527 and 529 ft. in a 

skarn zone on the south side of the Porphyry plug. The mineralization is 

very poor and erratic. 

It is of interest to note that bornite and pyrrhotite do not occur 

in the same sections but are present in the same ore body. 

5.0906 Chalcocite 

Minor amounts of chalcocite occur associated with chalcopyrite in the 

upper part of the Copper Mountain ore body just below the oxidized zone. 

The calcareous nature of the formations as a whole, has very effectively 

fixed the oxidation products in the form of malachite, chrysocolla, etc. 

and so prevented the formation of any extensive zone of supergene enrichment. 

No primary chalcocite has been recorded in these deposits. 

5,0907 Marmatite 

Only one variety of sphalerite has been identified in these deposits 

and that is the black iron-rich variety, marmatite. Palache et ala (1944, 

po 212) defines marmatite as sphalerite containing from 10 to 26% Fe. 

Marmatite occurs in all stages of the mineralization. In the main 

stage it is a very minor constituent and occurs as rounded blebs in chalco

pyrite (Fig. 95). It is most abundant in the late stage veins associated 

with pyrite, galena and traces of chalcopyrite. The largest occurrence is 

in a vein along a fault best exposed on the 75 ft. level at Miller Copper 

Mines 0 Here the marmatite occurs associated with abundant coarse cubes of 

pyrite, lesser amounts of galena and trace. of chalcopyrite over widths up 

to a maximum of 3 ft. 
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In general~ marmatite does not occur in sufficient amounts to be 

classed as ore but has a very widespread occurrence particularly in the 

veins around the peripheral zone of the aureole~ Here it invariably 

contains small blebs of ex-solved chalcopyrite of varying sizeo The blebs 

are uniformly distributed through the sphalerite giving rise to the so 

called lI emulsion texture ll (Fig" 99) (Edwards, 1947, po 80)0 They also 

occasionally occur along straight lines suggesting a crystallographic 

control (Fig. 100). Edwards considers that th,ese textures, 

lIare best developed in high temperature deposits that have cooled 
rapidly (pyrometasomatic oopper oree). The.r tend to be poorly 
developed, or lacking in lower temperature deposits, or in large 
deposits that have cooled slowly, when segregation gives rise to 
a granular aggregate of chalcopyrite and sphalerite. The rate of 
diffusion slows as the concentration of the solute is reduced, 
and the temperature talls, and this results in the formation of 
more numerous, smaller blebs of chalcopyrite (or sphalerite), 
which often fail to diffuse to the grain boundaries." 

(1947, ppo 80-81). 

Borchert (1934) has shown experimentally that solutions of chalcopy

rite in sphalerite unmix at about 550oC. 

The occurrence and textures of the sphalerite and chalcopyrite in 

this deposit thus agrees with Edward's statement. The large main stage 

replacement deposits cooled slowly and resulted in the formation of blebs 

of sphalerite in chalcopyrite. The late stage veins, which were emplaced 

after the aureole had cooled of~ to some degree, cooled more rapidly and 

produced ex-solution textures when the temperature dropped to 550oCo 

The marmatite is younger than the pyrite which it replaces (Fig. 101)0 

Kullerud (1953) has recently shown that amount nf FeB dissolved in the 

sphalerite lattice is a function of the temperature of ore deposition" 

Hence from the determination of the amount of FeS dissolved in ZnS, the 

temperature of formation, disregarding pressure, can be determinedo 



Figp 100: 	 Minute blebs of ex-solved chalcopyrite (light) in sphalerite 
(dark) 0 

From late stage vein. Ordinar,y light, xl12. 

Figo 101: 	 Pyrite (light) replaced by sphalerite (da~k)o 
From late stage vein exposed in pit No194 near No. 2 Ore Cut, 
H.C.M. 

Ordinary light, xl120 
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The writer submitted a series of sphalerite samples from different 

localities to Dr. Kullerud who very kind~ agreed to do the necessary 

determinations for the temperature of ore-deposit~on. The results were as 

follows : 

Remarks 

JB 137 (d) 11.2 17.6 575°C. ) Specimens contain free FeS and thus 
138 11.2 1706 575OC. ) (Fe, Zn) S mix-crystals were formed 
139 209 4.6 1800 C. ) under equilibrium conditions. Temp
142 10.1 15.9 5300 C. ) eratures can be considered to be 

reliable. 
140 2,,3 3.. 6 approx.. ) No free FeS tperefore temperatures 

1300 C. ) should be regard ed as minmum temp
141 3.6 5.7 225OC. ) eratures. 

The MnS and CdS contents of the above samples are low and do not 

influence the solubilit~ of FeS in znS. 
Spectrographic ana~ses of the above were very kindly done by: 

Dr. Oiva Joensuu, Dept. of Geology, University of Chicago. 

The location and description of the above samples are as follows: 

JB 137 (d): Black sphalerite from No. 2 Ore Cut, Miller Copper Mines Ltd. 

Contains traces of pyrite (Late stage mineralization.) 

JB 138 (d): Black sphalerite from Gaspe Copper Mines Ltd. Contains galena 

and pyrite. (Late stage mineralization.) 

JB 139 (d): Dark yellow-brown sphalerite from Cons.. Candego Mines Ltd. 

Contains traces of pyrite. 

JB 142 (d): Brownish-black sphalerite from Keymet Mines Ltd., New Brunswick. 

Contains galena, chalcopyrite and pyrite. 

JB 140 (d): Dark-brown sphalerite ) 
) South Camp, Federal Metals Corp. 

141 (d): Light-yellow sphalerite) 

These results show a considerable variation in the temperature of 

deposition of the different deposits. In each case the temperature deter

mined is confirmed by the general geology of the deposit. Thus Gaspe 
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Copper Mines has all the features of a high-temperature pyrometasamatic 

deposit which is confirmed by the temperature of sphalerite deposition of 

5750 C. The Federal Metals deposit is a typical epithermal deposit, which 

is confirmed by its low temperature of deposition. 

The above listed temperatures are those determined at atmospheric 

pressures and are hence the minimum temperatures. The effect of pressure 

will be to increase the temperature. (See section 5017). 

5.0998 Molybdenite 

This mineral is present in small amounts and will probably constitute 

an economic by-product. The main occurrence is in the "C" ore body and so 

far has not been observed in the "B" or "Alf bodies. It also occurs in the 

late stage veins associated with pyrite and chalcopyrite which it replaces 

(Douglas, 1941, po )O)in the Copper Mountain ore body. Molybdenite has not 

been observed in similar veins elsewhere in the aureole. This restricted 

occurrence to the Copper Mountain area remains unexplained. No assay values 

were available for the Gaspe Copper Mines' occurrences. 

Traces of molybdenite have been intersected in drill hole M4 between 

924 3/4 to 964 ft. located on the east slope of Porphyry Mountain. Here 

it occurs associated with chalcopyrite, marmatite and pyrite filling 

fractures in a quartz-felspar porphyry. The assays for this intersection 

varied from 0.0) to 00 06% of Mo. ~ 

5.0909 Gal ena 

The occurrence of galena is restricted mainly to the late stage veins 

and to a very minor extent to the zeolite=bearing final stage veins. It is 

present in very minor amounts, occurs surrounding and replacing pyrite, 

~ Assays from Miller Copper Mines Ltd. 
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Fig. 102 : Rosettes and laths of molybdenite surrounded by chalcopyrite. 
From "C" ore body. Ordinary light, x26 0 

Fig. 103 : 	 Galena (light grey) replacin~ Dyrite (pitted surface). 
From l ate stage vein in D.H. M8 at 499 ft o 
Ordinary light, x26 0 



(Fig. 103) and is in turn replaced by sphalerite, (Fig. 104). 

The galena contains up to 54 ozs. silver in solid solution. It is of 

interest to compare this value with those from other mines in the vicinity. 

Ag recalculated in ozs/ 
Sample No. Mine Ag ozs/ton ore %~ ton PbS containing 86.6% 

Pb. 

JB 68(d) Miller Copper Mines 35.6 84.52 36.48 
I Miller Copper Mines 49.89 79.2 54.55 
66 
70 

Candego 
Federal 

58.150 
6.250 

83.79 
62.00 

60.10 
8.73 

78 Ke.ymet 8.550 42.73 17.33 

Analysts: Samples JB 68(d), 66, 70 & 78: 

J. Plamondon) 
D. Lamontagne) Dept. of Mines Laboratories, Quebec. 
F. East ) 

Sample I: JoT. Donald & Co. Ltd., Montreal. 
Report of analysis No. 3027. 

Studying the above it will be noted that Candego has a value of 60 

OZSo Ag/ton PbS concentrate. As pointed out by Wolofsky (1954, p. 73) this 

high value is due to associated silver-rich tetrahedrite. Both the Federal 

and Ke.ymet mines have a lower silver content than Miller Copper Mines Ltd. 

5.0910 Magnetite 

The writer has not observed any magnetite in the specimens studied. 

Douglas, however, has reported the presence of some on Copper Mountain and 

the writer has taken the liberty of quoting him on the subject: 

'~agnetite occurs in ver,r small amounts and always as isolated masses 
through the country rock on Copper Mountain. Magnetite polishes 
to a smooth, hard surface, grey in colour, with a pinkish tinge 
under reflected light. Although the colour of magnetite is close 
to that of sphalerite, it is much harder than sphalerite so that 
the two minerals can easily be distinguished•••• oCrystal boundaries, 
if originally present, have been rounded off, so that small masses 
with no crystal faces now appear in the country rock. Pyrite and 
chalcopyrite are the only metallic minerals with which magnetite 
is associated. Magnetite has been observed replacing cubes of 
pyrite, but it appears to be contemporaneous with chalcopyrite•••.• 
If magnetite is younger than pyrite, and it appears to be, the 



Fig. 104: 	 Galena (light) being replaced by sphalerite (dark)o 
From late stage vein in drill hole M2 at 922 fto 
Ordinary light, xl12. 



"sequence of metallic mineral deposition is not a normal one. 
Gallagher (1941) lists several deposits in which magnetite 
follows the deposition of ~rly sulphides. He reaches the 
conclusion that magnetite forms before sulphides except that, 
(1) it may appear in the middle of a complex sequence, although 
it is actually the first mineral to deposit during one episode 
in the sequence, and (2) a little early sulphide may be 
deposited by fore-runners of the main ore forming solutions 
in th~ case of some metasomatic deposits. This latter suggestion 
appears to explain the occurrence of magnetite later ,than pyrite 
on the Miller cla~s, (now Gaspe Copper Mines Ltd.), for pyrite 
was the first mineral to form during the mineralization period, 
and magnetite seems to follow directly after pyrite lt 

• 

(1941, pp. 24-26). 

The above description thus records the presence of traces of magnetite 

in the late stage veins of the Copper Mountain area. As already mentioned, 

the writer has not observed the occurrence of this mineral in the sections 

studied. 

520911 Arsenopyrite 

The occurrence of arsenopyrite is restricted to steeply dipping 

fractures cutting across the lower part of the "C" ore body, exposed on the 

1400 ft. level. Here it occurs surrounded by bornite, closely associated 

with tetrahedrite, and is itself replaced by sphalerite (Figs. 105 & 106). 

It has not been observed associated with chalcopyrite. 

The mineral has also been found in a few late stage veins notably 

along 1106 south drift. 

Arsenopyrite occurs as diamond shaped grains of high relief and strong 

polarization colours. 

5.0912 Tetrahedrite 

Like arsenopyrite, tetrahedrite has been observed in steeply dipping 

fractures cutting across the lower part of the "CII ore body exposed on the 

1400 ft. level. Similar occurrences have not been recorded in drill logs 

and hence the mineral is assumed to be present only in very minor amounts. 

Tetrahedrite and marmatite show mutual boundar.y relations (Fig. 106). 
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Fig. 105: 	Arsenopyrite (white with high relief, As.) replaced by marmatite 
(dark grey, Sph.) and tetrahedrite (lighter grey, Tet.), all 
surrounded by bornite (grey, En). Vein of chalcopyrite (Gp) 
cutting across bornite on left side of photo. 
From "G" ore body on 1400 level. Ordinary light, x1l2. 

Fig. 106: 	Arsenopyrite (white with high relief, As.) replaced by marmatite 
(dark grey, Sph.). Marmatite and tetrahedrite(light grey, Tet.) 
show mutual boundary relations. 
From "G" ore body on 1400 leveL Ordinary light, xl12. 



5.0913 W~hrlite (Bi2 + x Te3 _ x) 0 

This mineral has been found in trace amounts in only one locality. 

It occurs in a leached quartz vein 1-2 inches wide, exposed in the bottom 

of prospect pit No.228 on claim G2320-1 of Miller Copper Mines Ltdo, located 

on the south side of Needle peak (Figo 5). The vein strikes N400W and can 

hence be classed as representing 1I1ate stage mineralization" o The wehrlite 

occurs as small foliated masses, tin-white in colour, shows perfect basal 

cleavage and has a hardness of 2. From specimens submitted by the writer, 

R.M. Thompso~l)has identified the mineral to be wehrlite using X-ray powder 

methods. Thompson (1949, p. 369) writes as follows: 

IIWehrlite may best be considered as a variety of tellurbismuth. 
It is essentially a solid solution of Bi in Bi2Te3 with Bi 
approximately at the saturation limit (about 60 wt. per cent Bi) 
found in the artificial system (Peacock, 1945, p. 68), giving a 
composition near BiTe$1l 

The temperature of formation of wehrlite measured on the bismuth

tellurium system phase diagram (Warren & Peacock, 1945, p. 63) is 5650 C. 

The following sulphides were found in the same vein with the 

wehrlite: limonite cubes pseudomorphous after pyrite, chalcopyrite, and 

galena. 

A semi-quantitative spectrographic analysis of a concentrate of 

wehrlite gave the following results: 

Sample JB 84 g Major elements (..a.O%) 
Secondary elements (1-10%) 
Minor elements (0.1-1%) 
Traces (0001-0.1%) 
Weak traces (0.001-0.01%) 

Bi, Te 
Fe, Pb, Si 
Ag, Cu, Sb 
AI, Ca, Mg, 
Na, Ti, Zr. 

Zn 

Analyst: Florian East, Dept. of Mines Laboratories, Quebec. 

The secondary elements Fe, Pb, Si and the minor elements Ag, Cu, 

(1) 	 Dr. R.M. Tho.pson, Associate Professor, Division of Geology, 
University of Br. Columbia, Vancouver - personal communication. 



Sb are due probab~ to small amounts of the associated sulphides. 

Thompson (1949, p. 370) lists the following two localities in Quebec 

where this rare mineral has been positive~ identified: 

Canadian Malartic Gold Mines Ltd., Fourniere Township; and the 

Bevcourt Mine, Louvicourt Township. 

5.0914 Scheelite 

Scheelite is found in all stages of the mineralization (Fig. 82(e)) 

ranging from main stage to final stage, it is most abundant in the tiC" ore 

body with only trace amounts in the two upper ore bodies. In the "C" ore 

body it is found disseminated along certain beds with the more spectacular 

occurrences along joint planes. There appears to be a relation between the 

occurrence of scheelite and molybdenite in the "en ore body. This would 

lead a person to suspect that there may be some substitution by molybdenum 

in the scheelite lattice. X-ray fluorescent ana~ses, however, have shown 

the absence of molybdenum in pure scheelite concentrates. 

The scheelite is yellowish-white in colour and occurs as square or 

hexagonal shaped crystals up to 1/4 inch in size. Where euhedral crystals 

occur, as along joints, they show a zonal structure when viewed under 

ultra-violet light. 

The richest occurrence of scheelite is in the final stage fluorite

bearing veins, where it is found in disseminated grains aligned parallel 

to the walls of the veins. The scheelite occurs associated with the 

fluorite and is later than quartz in the paragenetic sequence. 

Unfortunately no tungsten assay results were available at the time 

of the author's visit. The richest occurrence, detected by using a 

IIMineralight", was in a final stage fluorite vein at the intersection of 

1106 west and 1112 south drifts which assayed as follows: 
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Sample No. %W03 

JB 144 (d) 1.59 over a width of 10 inches. 

AnalYst: J. Gagnon, Dept. of Mines Laboratories, Quebec. 

Schee1ite has also been found in Miller Copper Mines at the 75 ft. 

level, along small flat dipping quartz veins which vary in thickness from 

1/4 to 1/2 inch with values of 0.023 to 0.380% W03. 

2.0215 Paragenesis 

Fig. 107 is a composite diagram giving the general sequence of depo

sition for the sulphides in the different stages of mineralization. Briefly 

discuss mg the sequence in each stage we have: 

5.09151 Main Stage Mineralization 

The first sulphide to crystallize was pyrite. This mineral is rare 

but has occasionally been observed surrounded by pyrrhotite and chalcopyrite. 

Arsenopyrite and tetrahedrite occur surrounded by bornite (Fig. 105); and 

molybdenite by chalcopyrite (Fig. 102). Arsenopyrite is replaced by 

marmatite and tetrahedrite (Fig. 105). The age relations of molybdenite 

to bornite are not known. The chalcopyrite replaces bornite (Fig. 98). 

Hence pyrite, arsenopyrite, tetrahedrite, some marmatite, molybdenite and 

bornite pre-dates the chalcopyrite and pyrrhotite. The age relations of 

these minor early sulphides are not known except that the tetrahedrite and 

some early marmatite have mutual boundaries indicative of simultaneous 

depOsition (Fig. 106). The two most abundant sulphides, chalcopyrite and 

pyrrhotite, are of the same age with deposition of pyrrhotite continuing 

later than the chalcopyrite (Fig. 93). During slow cOQling marmatite 

segregated out as blebs showing mutual boundaries with chalcopyrite (Figo 

95) and finally cubanite exsolved when the temperature dropped below 4500 

(Schwartz, 1927) (Fig. 97). 
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5£09152 Late stage Mineralization, 

Pyrite is again the oldest mineral and is present as at least two 

generations (Fig. 91), both of which pre-dates the other sulphides. It is 

replaced by galena (Fig. 10.3), marmatite (Fig. 101), magnetite, and surrounded 

by chalcopyrite and pyrrhotite. Galena is replaced b.Y marmatite (Fig. 104) 

and surrounded by chalcopyrite. The relations of magnetite and galena are 

not known. Molybdenite replaces pyrite and chalcopyrite. Marmatite 

contains exsolved chalcopyrite (Figs. 99 & 100) and is also surrounded by it. 

Same of the exaolved chalcopyrite blebs, in turn, contain smaller exsolved 

blebs of pyrrhotite indicating a progressive decrease in temperature (Fig. 99). 

The pyrrhotite is of the same age and also younger than the chalcopyrite 

which it surrounds. Cubanite is not present. The relations of wehrlite to 

the rest of the sulphides are not known. 

5.0915.3 Final Stage Mineralization 

Only sections from the fluorite-bearing veins were studied. Chalco

pyrite containing exsolved cubanite (Fig. 96) is replaced by pyrrhotite. 

5.09154 Discussion 

Comparing the above sequence with the generalized order listed by 

Edwards (1947, p. 114) and Schwartz (1937, po 5.3) we have: 

In all stages of the mineralization pyrite, when it occurs, is always 

the first to form. It is post-dated by chalcopyrite and pyrrhotite. So 

far~ this is the normal sequence. The chalcopyrite and pyrrhotite are 

initially of the same age with a longer deposition of pyrrhotite. This 

sequence is unusual as the reverse generally bolds good. (Schwartz, 19.37, 

p. 53). The marmatite-chalcopyrite-cubanite relations are normal. 

Molybdenite pre-dates the chalcopyrite in the main stage deposits, which 

is normal, and according to Douglas (1941, p. 30) post-dates it in the 

late stage deposits, indicating a reversal of relations. 



In the late stage veins the galena replaces the pyrite and is in 

turn replaced by the marmatite. This latter relation being abnormal. 

Bornite and tetrahedrite pre-dat.s the chalcopyrite which is unusual. 

Arsenopyrite is present in the correct sequence. 

Thus, except for minor differences, the sequence of deposition in the 

main and late stages are the same. In the main stage the chief iron 

sulphide is pyrrhotite, and was deposited at the same time as the chalco

pyrite, whereas, in the late stage it was pyrite which was deposited before 

the chalcopyrite. 

The paragenetic sequence thus indicates the main stage mineralizing 

fluids contained, amongst other elements, abundant copper and iron but was 

relatively poor in sulphur. The late stage fluids, however, were richer 

in sulphur and hence the abundance of pyrite associated with the minerali

zation. 

500916 Contras~ing Occurrence of Pyrite and Pyrrhotite 

The restricted occurrence of pyrrhotite to the main stage and pyrite 

to the late stage deposits, raises the problem of the cause of the 

differences in mineralization. Several theories can be advanced to explain 

the occurrence, 

1) Osborne has suggested, that: 

liThe gangue and country rock on Copper Mountain are predominantly 
siliceous, and pyrite has a strong force of crystallization which 
would enable it to develop in competition with the silica. 
Pyrrhotite, on the other hand, has a low force of crystallization 
and replaces calcite. The are on Needle Mountain is disseminated 
and the result of replacement of calcite in the interstices of 
the skarns. This explanation would be more acceptable if it were 
not for the possibility of a reaction by which the disulphide, 
pyrite, is reduced to the monosulphide, pyrrhotite, by the action 
of C02 derived from limestone. The considerable time break 
between the formation of the skarns and the metallization reduces 
the probability of such a reactiono II (1941, po 41). 
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2) A study of the data for determining the temperature of sulphide 

formation have not indicated either of the two stages of mineralization 

to be appreciably higher than the other. The writer estimates that the 

main stage sulphides were emplaced around 6200 0 and the late stage at 

least around 596°c. Allen et al. (1912) have shown that pyrrhotite may 

be synthesized from pyrite by heating in H2S above 575°Co This would suggest 

that a temperature control has been responsible for the localization of the 

different sulphides to the two stages of mineralization. 

3) Schwartz (1937, p. 55) has suggested that the restriction of pyrrhotite 

instead of pyrite to high temperature deposits such as magmatic, pyrometa

somatic and hypothermal types is a function of the proper sulphur concen

tration, pressure and temperature • 

. While no clear cut explanation for the difference is obvious, the 


writer favours the composition-pressure-temperature control as suggested 


in (3) above" 


5010 The Effects of Oxidation 

Oxidation of the sulphides has produced the following minerals: 

llmonite, malachite, chrysocolla and tenorite. These are most conspicuous 

in the Copper Mountain deposit, where weathering along joints and veins 

has proceded to depths of 300 fto This depth of oxidation is unusual for 

the area since, in general, sulphides have been exposed in pits at depths 

of 3 to 6 ft. below surface" This has been the case in the area pitted 

around Porphyry Mountain, Noo 2 Ore Cut at Miller Copper, and on the 

southern side of Needle Mountaino Drilling has shown the presence of minor 

amounts of supergene chalcocite below the zone of oxidation on Copper 

Mountain" 


The depth of oxidation over the top of the Needle Mountain lIAII ore 
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body is approximately 35 fto Locally, however, minor oxidation has proceeded 

to depths of 600 ft. or more along open joints. 

There is no well defined zone of supergene enrichment in these 

deposits. This is primarily due to the calcareous nature of the sediments 

which very effectively fixed the oxidation products in the form of 

carbonates and silicates. 

The writer considers that the kaolinization of the porphyry dykes 

exposed on surface in the Copper Mountain ore body is due to deep weathering 

by acid surface waters which penetrated along the abundant joints and 

fractures present in that area. 

2011 Determination of Variety of Quartz Present 

The occurrence of a high temperature mineral such as marmatite, 

(595°C, corrected for pressure, section 5017), in the late stage veins 

would at once suggest the presence of the high-temperature variety of 

quartz. Thermal study of quartz shows that it exists in two modifications, 

known as..L. - and ~ - quartz, or low- and high-temperature quartz. J. -quartz 

is hexagonal, trapezohedral-tetartohedral and is formed at temperatures 

below 573°C while ~ -quartz is hexagonal, trapezohedral-hemihedral and forms 

at temperatures ranging from 5730 to 8700 C. Above 8700 C tridymite is 

formed (Dana, 1932, po 471). It quartz reveals evidence of having pre

viously existed as ~-quartz, it can be accepted as having formed at a 

temperature between 573°C and 870°C. If not, it must be assumed to have 

crystallized below 573°C. The difficulty lies in distinguishing between 

the two variations. X-ray methods can be used. If well-formed crystals 

exist the figures developed, by etching, on the different faces, will 

reveal the trapezohedral symmetry and the difference between a right

handed and left-handed crystal. Meen (1934) has developed a simple method 
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of distinguishing between low- and high-quartz by etching with 6.5% 

hydrofluoric acid solution: 

"The surface of the ot. -quartz appears pitted with triangular pits ~ 
and if the quartz is twinned l the twinning is regular (Figo lOB). 
~ -quartz appears pitted and the surface is ramified with frac
tures. The fractures originate from the abrupt change in the 
coefficients of expansion of quartz at the inversion temperature. 
There is some tendency for the crystals to crack and shatter 
along definite crystal directions ••••• The ~-quartz also shows 
prominent heterogeneous twinning, the boundaries of the twins 
often coinciding with the cracks ll • (1934, pp. 57-34). 

Of the 100 ore specimens collected for study by reflected light, 

nine were chosen for etching. Unfortunate~ these had not been specially 

collected for the purpose but were selected b.ecause they contained the best 

basal sections of quartz. The high and low varieties of quartz can only be 

detected by etching of basal sections. While the samples can be considered 

representative of the material available the writer feels that not sufficient 

have been tested for the results to be considered conclusive. 

The specimens were mounted in bakelite and etched for 4B hours in a 

6.5% hydrofluoric acid solution as recommended by Meen. 

The samples tested are listed on the accompanying table together 

with details of the associated SUlphides. 
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Fig. 108: Diagrams showing results of etching low- and high- quartzo 



Location and details of the samples etched with hyRrofluoric acid 

Specimen No. I Stage in Type of Location Associated Minerals 
Mineralization 

JB. 76 (A) Main Stage 

93 Main Stage 

88 Main Stage 

23 Late Stage 

16 Late Stage 

40 Late Stage 

44 Late Stage 

45 Late Stage 

89 Late Stage 

Occurrence 

"C" ore body skarn 

Concretion in T2 
beds 

Quartz vein in 
Bl ore body 

Vein in porcella
nite 

Vein in slightly 
altered siltstone 

Vein in altered 
siltstone 

DH 81 at 780
875 ft .. 

Conveyor 
Incline 

1107 drift 

DH M2 at 
922 ft. 

DH M4 at 
998 1/2 ft .. 

DH Me at 
582 fto 

Mineralization alonglMeM NO o 2 Ore 
T,ype I fault Cut dump 

as above as above 

Vein in T2 beds 105 So drift 

Chalcopyrite, cubanite, and 
traces of mannatite. 

Pyrrhotite, chalcopyrite 
and traces of mannatite. 

Chalcopyrite, cubanite, pyrrho
tite and traces of mannatite 

Pyrite, galena, mannatite with 
ex-solved chalcopyrite 

Pyrite, galena, chalcopyrite 
and mannatite with ex-solved 
chalcopyrite. 

Pyrite, pyrrhotite and galena 

Pyrite, chalcopyrite, galena & 
mannatite with ex-solved 
chalcopyrite" 

Massive marmatite with ex-solved 
chalcopyrite & traces of pyrite, 
galena and pyrrhotite .. 

Well shaped quartz crystals 
associated with arsenopyrite .. 

¥= 
o '" 
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Results of the Etching 

5,,111 	 Main Stage Mineralization 

JB 76(a): Results inconclusive" No recognizable features developed. 

JB 9.3(a): Etch figures and structure lines developed. The structure 

lines (Figo 109) show the hexagonal outline of a basal section of quartz. 

The grain contains several transverse cracks probably due to fracturing. 

No recognizable heterogeneous twinning indicative of high-quartz. Results 

indicate presence of low-quartz. 

JB BB(a)g Etch figures and structure lines developed. The sections 

showing structure lines (Fig. 110) and also contain cracks as mentioned 

above. The etch figures developed (Fig. Ill) cannot be related to the 

crystal symmetry. Positive results (structure lines) indicate presence of 

low-quartz. 

5.112 	 Late Stage Mineralization 

JB2.3(a) g Structure lines and etch figures developed indicative of 

low-quartz .. 

JB 16(a): Very slight development of structure lines. No definite 

results" 

JB 40(a) g One section (Fig" 112) showed curved fractures with etch 

figures that resemble Fig. lOBB and could possibly be interpreted as the 

heterogeneous twinning of high-quartz. 

JB 44(a) g Results inconclusive. No recognizable features. 

JB 45(a): This sample was specially selected for etching as it 

contained large areas of marmatite with ex-solved chalcopyrite. The results 

were as follows: 

Fig. 11.3: A cracked basal section of low-quartz spowing structure 

lineso The quartz is partly· surrounded by mannatite (light coloured) 
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Fig. 109: Fractured quartz crystal showing structure lines (etched with HF). 
From mineralized concretion. Ordinary light, xl12. 

Fig. 110: Quartz showing structure lines . Slightly fractured. 
From main stage vein. Ordinary light , x36. 
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Fig. Ill: 	 Quartz showing numerous closely spaced triangular etch figures. 
Adjacent sulphide is chalcopyrite. 
From main stage vein. Ordinary light, xl12. 

Fig. 112: 	 Basal section of quartz containing curved cracks and etch 
figures resembling heterogeneous twinning of high- quartz. 
Compare with Fig. 108 (b) . 
From late stage vein. Ordinary light, xl12. 
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Fig. 113: 	 Quartz showing structure lines and partly surrounded by 
marrnatite. 
From late stage mineralization. Ordinary lieht, xl12. 

Fig. 114: 	 Basal section of quartz showing curved cracks which may be 
due to inversion. 
From late stage mineralization. Ordinary light, xl12. 
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Fig. 114. A basal section of quartz showing slight~ curved cracks which 

may be interpreted as being due to shrinkage on inversion from high- to 

low-quartz 0 Results inconclusinve. 

Figs. 115 to 116: Similar to above. 

The results from etching of this section show definite presence of 

low-quartz and the possible presence of high-quartz. 

JB 89(a): This specimen contained the best basal sections of quartz 

available. It belongs to the late stage system of veins and contains 

arsenopyrite - a ver.y rare mineral in these deposits. Hence from the 

mineralogy it is not typical of the vein system. 

Figs. 117 and 118: Cracked basal sections showing structure lines 

indicative of low-quartz. 

Fig. 119: Basal section showing etch figures. 

Fig. 120: A cracked basal section showing structure lines and partly 

surrounding earlier cr,ystals showing etch figures. 

5.113 Discussion of the Results 

The features most commonly developed in basal sections are the 

structure or growth lines which are considered to be indicative of low

quartz. Many of these cr,ystals (Figs. 109, 110, 113, 117 & 118) contain 

cracks which may have been produced by fracturing during deposition or 

during sampling. There is evidence for fracturing during deposition as 

shown by the presence of brecciated pyrite (Fig. 91) and the banded 

nature of the veins. However, some of the curved fracture lines (Figs. 

114, 115 & 116) appear to be of a different type and may be due to 

shrinkage on inversion4 In most of these cr.ystals the confirmator,y etch 

figures necessar,y to indicate heterogeneous twinning of high-quartz is 

missing. One section, however, (Fig. 112) appears to fill both require

ments and may be high-quartz. 
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Fig. 115: Same as Fig. 114. 
Ordinary light, xl12. 

Fig. 116: 	 Basal section of quartz showing curveq cracks. Surrounded by 
marmatite (dark) containing exsolved chalcopyrite (light)o 
From late stage mineralizationo Ordinary light, xl120 
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Fig. 117: Etched quartz crystal showing structure lines. 
From late stage vein. Ordinary light, xl12. 

Fig. 118: Quartz crystals showing structure lines. 
From late stage vein. Ordina~J light, xl12. 
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Fig. 119: Basal section showing etch figures. 

From late stage vein. Ordinary light, xl120 


Fig. 120: 	 Two early crystals surrounded by large later crystal which 
shows structure lines and fractures. 
From late stage vein. Ordinary light, xl12. 



149 

Etch figures (Figs. 111, 119 & 120) are common features in the quartz 

grains, but where not accompanied by the characteristic fracturing due to 

inversion, are interpreted as indicative of low-quartz. 

The results achieved indicate the quartz present in the sections to 

be mainly low-quartz with a possibility that some high..quartz may also be 

present. The results are not conclusive as the sections available for 

etching were poor and did not have the required basal sections. 

The work by Wright and Larsen (1909) established that high-quartz 

inverts to low-quartz at 575°C :! 20 • This figure has long been accepted by 

many geologists as a reliable geological thermometer. Sosman (1927, po 116) 

gave the figure of 5730 ~lo, for the rising temperature inversion and 

recognized that the inversion point may not be constant for all kinds of 

quartz. Keith and Tuttle (1952) showed that approximately 70% of the 

samples studied by them showed an inversion-break within the range 572.50 

5730 60• The total range however varied by 380 from 5360 C to 573.80 C. 

"Variations in the inversion temperature are believed to be the 
re~ult of s~lid solution of small amounts of ions other than 
Si + and 0 -. That conjecture is supported by inversion studies 
on synthetic quartz. For example, synthetic quartz grown in the 
presence of germanium has an inversion-break 400C ~ the normal 
range for quartz, whereas quartz grown in the presence of lithium 
and aluminium has the inversion temperature lowered by as much as 
l200C••••• A general relationship between the inversion temperatures 
and the occurrence of natural quartz is derived from comparison of 
occurrence for which approximate formation temperatures can be 
inferred. For example, quartz from rhyolites, where the presence 
of glass indicates high temperature, inverts at lower temperatures 
than quartz from veins or from cavities in limestone where 
geologie evidence indicates a lower temperature of formation •••• 1t 

(1952, po 203). 

This recent work has indicated that the inversion temperature of 

quartz is not as rigidly fixed as formerly believed. 

The presence of low-quartz in veins containing marmatite would indi

cate that the quartz was deposited at a lower temperature than the 

sulphides. The results, however, are not conclusive. 
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5,12 Determination of the Temperature ot Formation ot Minerals 

by the Decrepitometric Method 

A set ot representative samples consisting ot sulphides, calc

silicates ana vein material trom the Copper Brook aureole were submitted 

to Dr, FoG. Smith ot the University ot Toronto,tor the determination ot 

temperature - pressure measurements utilizing the decrepitometr1c method 

and the pyrite geothermometer device. It the results ot these initial 

samples proved encouraging it was planned to continue the work on a larger 

scale, By taking samples down the dip of the ore deposit it was hoped that 

the results may indicate: 

a) temperature controls of the ore deposition 

b) temperature controls of mineral zoning 

c) direction ot flow of the mineralizing solutions and possibly predict 

extensions of ore o 

The theory and techniques of the methods used have been described by 

numerous authors and will not be repeated. The following, however, are a few 

very briet details outlining each method. 

5.121 Pyrite Geo-Thermometer 

Pyrite Geo-Thermometer is an instrument designed and constructed by 

F.Go Smith (1947) tor measuring the thermo-electric potential of pyrite in 

terms of temperature of formation. It is based on the relationship that 

crystals ot anyone electronically conducting mineral species deposited at 

a high temperature have a more positive thermo-electric potential than 

crystals deposited at a low temperature, and the thermo-electric potential 

varies continuously between any given limits of temperature of deposition. 

The most suitable material for testing is pyrite as it is free trom major 

solid solution effects and also because it occurs over such a wide temp

erature range" 



151. 

5,122 Decrepitometric Method 

Decrepitometr1c method was developed and discovered b,y Scott (1948), 

Smith (1948, 1950, 1951, 1952) and Peach (1949, 1951). It utilizes 

decrepitation features of minerals being heated, b,y recording the rate at 

which inclusions, both solid and liquid, are destroyed by bursting out 

explosively from their enclosure. The minerals are heated at a certain rate, 

and it is assumed that stress must develop in and around the inclusions in 

minerals if the temperature and pressure are changed from original conditions 

of growth of these minerals. The stresses created during heating produce 

a detectable decrepitation which is then recorded. Full details of the 

apparatus and techniques used are given by Blais (1954, pp. 170-191). The 

temperature at which filling of the inclusions takes place is considered 

to be the minimum temperature of deposition. 

From theoretical considerations and experimental results decrepitation 

of hydrothermal minerals gives a mea6~re of the temperature of filling of 

the inclusions these minerals contain. 

The validity of the use of filling temperatures of liquid inclusions 

in geologic thermometr,y and barometr,y is subject to debate. 

The theory of liquid inclusion thermometry involves several basic 

assumptions, which have been summarized and discussed b,y Bailey &Cameron 

(1951) and more recently by Cameron, Rowe and Wiess (1953). These authors 

agree that if the assumptions listed are satisfied then the method is valid 

and the temperature of bubble disappearance or decrepitation temperature 

will approximate the actual temperature of formation. For minerals formed 

under pressure a correction must be added to compensate for compression of 

the liquid at the time it was included. Pressure at the time of crystal 

formation is generally taken as equivalent to the weight of overlying rocks, 

(Ingerson, 1947; Peach, 1951) taking the statistical view of the problem. 



50123 Summaty of Results Obtained 

Drs Smith's full report together with a detailed location of the 

samples are listed in the appendix. Results obtained may be summarized 

as follows: 

1) Most of the specimens are too fine-grained (main stage deposit) 

for study of inclusions in polished thin-sections~ 

2) The temperature of formation of the silicates (main-stage) is 

near 3800 00 

3) From a microscopic study of the inclusions seen in a sample of 

vein quartz (late stage) Dr. Smith concludes that it indicatea 

"hydrothermal deposition at moderate temperature and pressure from a 
solution not very salines" 

4) The vein quartz gives a decrepitation temperature of near 2600 0 

(both main stage and late stage veins). 

5) Two sets of temperatures were determined for pyrite. 

a) 1900 to 41000 for late stage veins in the Needle Mountain 

area; b) 4500 to 6500 0 for late stage veins in the Copper Mountain 

area" 

6) The d3pth of formation of the deposit is. estimated to be 6 (:!2) 

kilometres 0 

7) The material submitted is mostly unsuitable for good determinations 

by the decrepitation methods 

50124 Discussion of the Results 

While the material submitted was unsuitable for determinations using 

those methods, the following are some brief notes comparing results obtained 

by Smith and those of the author. 

1) Temperature of formation of the silicates is estimated to be 

7000 to 10000 0 (section 5.16) as compared with 3800 0 (Smith)o 
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2) Main stage veins chiefly contain low-quartz as determined b,y 

etching (section 5.11) and hence crystallized below 573°C. Th~ contain 

chalcopyrite and pyrrhotite considered to have formed at an estimated 

620°C (section 5.17). Late stage veins contain marmatite which was 

deposited at 596oc (Kullerud) (corrected for pressure - section 5.17)0 

The low temperature variety of quartz found associated with the high 

temperature sulphide indicates that the quartz formed at a lower temperature 

than the sulphides. This is confirmed by the figure of 260°C measured by 

Smith. 

3) Pyrite from the late stage veins of Needle Mountain occur associ

ated with marmatite which was formed at 596°C (Kullerud). The same veins 

at Copper Mountain contain molybdenite which has not been found, to the 

writer's knowledge, in similar veins in the Ne~dle Mountain area. The 

temperature ranges of the two sets of pyrite ranges from 190° to 4looC 

for the Needle Mountain, and from 450 to 650°C for the Copper Mountain 

veins. These figures indicate a considerable variation in the temperature 

of pyrite deposition for the two localities which may explain the absence 

of molybdenite in the Needle Mountain veins. 

4) Smith estimates the depth of formation to be 6 kms. ( !2 kms.). 

The writer estimates it to be from 1.3 to 5.5 kms. (section 5.15). 

Notwithstanding the apparent unsuitability of the material tested the 

writer considers that the result. obtained by Smith agree in a general way 

with the conclusions reached by the writer. Further that the methods, 

particularly the pyrite geo-thermometer device, are useful tools for the 

study of mineral deposits. Obviously not sufficient work has been done 

in this deposit for the results to be of any real contribution. 
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5013 Chemical Control of the Mineralization 

The compositio~ of the countr,r rocks played an important role in 

localizing the mineralization to certain horizons. This feature was 

soon recognized, especially in the Needle Mountain deposits where the 

largest ore bodies are associated with skarn layers. These skarn layers 

represent original lime-rich beds which have been subjected to thermal 

metamorphism yielding diopside-garnet-wollastonite assemblages (Figo 121)0 

In addition to the changes due to rise in temperature there has also been 

the addition and removal of material due to metasomatic changes associated 

with the mineralization, In order to determine which components influenced 

the mineralization the unaltered beds outside the aureole were first 

studied to determine the variation in composition. 

5.131 Composition of Unaltered Beds 

The study of the unaltered rocks has been facilitated by drill hole 

E3 which could not have been drilled at a more ideal location for the 

purpose. It is located about 700 fto east of the eastern boundar,r of the 

aureole and drilled to a depth of 2282 ft. In it, the lower 1500 ft. of 

the Grande Gr~ve was intersected, as well as, the upper 782 ft. of the 

Cape Bon Ami formation, In this hole it was possible to correlate the 

unaltered beds with their alterer-equivalents at Gaspe Copper Mines (section 

5,05). The same terminology used at the Mine has been applied to the 

extensions intersected in E3, In order to obtain the average composition 

of the sediments, 88 partial chemical analyses were completed, of these 

60 were analysed by F.W. Benoit (1955, p. 39) and 18 by Quebec Department 

of Minese Individual core samples were used for analyses and the spacing 

between them determined by the thickness of the sub-divisions of the beds. 

Thus, in the Grande Greve the spacing averaged 100 to 150 ft., while in the 



Fig. 121: 	 Unreplaced band of dense white chert in "e" ore body skarn. 
Note small chert nodules underlying chert band. Beds above 
and below heavily mineralized. 
From 1400 leveL 
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P2 beds it was only 5 ft .. The detailed results are listed in the appendix 

and also shown graphically in Fig" 122" The average values for the different 

beds are as follows: 

AveraRe ComtOS~ ~on 
No. of 

Beds Analyses %5i02 %CaO ~ MgO %Alz03 %KzO %Fe20.1 

Ql 
Tl 

13 
6 

65 .. 94 
52.20 

11.. 41 
12.82 

2.39 
4.03 

2.. 38 
8.. 56 

L84 
4.71 

5.04 
7000 

PI .. WI 23 50.66 23.30 2.15 2.. 77 2.03 2 ..33 
P2 7 45,,25 17.80 3.10 8.20 6.08 4.. 30 
T2 12 62.16 5.24 3.05 13,,5 8.62 4.. 80 
P3 
Ll 

4 
13 -

54.. 42 
29 .. 83 

11.89 
27,,62 

3.. 20 
3010 

6079 
5.70 

5.02 
3.. 70 

6.90 
L97 

P4 10 48.48 14.13 4099 11.33 60 38 8,,4 

88 

studying Fig. 122 the following trends will be noted 

5i02 Highest in Ql, followed by T2, P3, Tl. 
caO Highest in Ll and PI .. Wt, followed by P4 
MgO Highest in P4 and Tl. Not much variation in other beds. 
A1203 Highest in T2, P4' and Tl 
K20 Highest in T2, P4, and To 
Fe203 Highest in P4, Tl, Ql. 

The more significant of these trends are as follows: 

1) The high silica content of the Grande Greve has already been mentioned 

in the description of the beds (section 4.033). 

2) The high lime content of the PI + WI and Ll beds, where t he best grade 

ore occurs, is significant. 

3) The magnesia, assumed to have been introduced into the sediments as the 

result of metasomatic replacement of the original fragmental shell accumu

lations, does not, as might be expected, var,v proportionally with the lime 

content. The reason for the divergence would be due to variation in the 

amount of replacement during deposition of the different beds .. 

4) The alumina and potash varies sympathetically. This is to be expected, 

as both are tied up in the clay minerals, especially in beds Tl and T2" 
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The high clay content and relatively high lime content of P4 is anomalous, 

since thin section study has showed this bed to be similar to Pl +Wl, and 

P2 and p)o 

5) The variation of iron content may be disregarded as the major amount 

present occurs as sulphides (pyrite and pyrrhotite) which have been 

introduced into the sediments from probably the same source as the minerali

zation in the adjacent Copper Brook aureole. 

The above listed average compositions give a standard with which 

analyses in the adjacent aureole may be compared in order to study the 

metasomatic changes. 

From the above it is obvious that the lime content has been one of the 

major factors in localizing ore particularly in the !fBII and IIC" ore bodieso 

An apparent anomaly is the large low grade "All ore body located in a lime

poor formation. The writer considers that the ore has been localized by the 

thin lime-rich partings, between the silica-rich lenses, which give rise to 

the uneven bedding so conspicuous in the unaltered Grande Gr~ve siltstone, 

(Figs. 14, 18 & 19). This theor,y is supported by the occurrence of sul

phides mainly along these partings in the "AII ore body (Fig. 57) 0 The lime 

content of the thin layers are not sufficient to raise the overall content 

to anywhere near that of the Pl + W or Ll beds, but individually wasl 

sufficient to effect deposition of the sulphides. 

From the previous chapters it is obvious that the chemical composition 

by itself is not sufficient to control ore deposition. It is but one factor 

which, supplemented with channelways and the right degree of alteration, will 

produce an ore body. There are numerous skarn layers which do not contain 

ore and likewise unaltered limestone layers which are unmineralized. 



2.132 Altered Concretions 

The lime control on mineralization is well illustrated by miniature 

examples in the form of concretions. These occur scattered throughout 

the Grande Gr~ve and Cape Bon Ami formations.. Wherever they are found in 

mineralized areas the concretion is invariab~ well mineralized even 

though the adjacent beds may only carry a mere trace of sulphides. When 

they occur in the ore horizons the concretion contains a higher percentage 

of sulphides than the adjacent ore beds. The higher lime content has 

resulted in the increased formation of such minerals as diopside and garnet 

and make the concretion quite conspicuous underground. 

The mineralization of the concretions is well illustrated in the 

following figures. 

a) Fig. 123 shows a concretion from the "A" ore body which contains 

S.15%Cu while the adjacent Ql beds carry O.35%Cu. 

b) 	 Fig. 124 shows a mineralized concretion from the T2 beds exposed in the 

Conveyor Incline. The concretion, which is well mineralized with pyrr

hotite and minor amounts of chalcopyrite, assays Oo55%Cu while the 

adjacent hornfels, which contains no visible sulphides, assays O.05%Cu. 

c) 	 Fig. 125 shows another concretion from the same beds and locality as 

(b) above and assays 4.01%Cu. The hornfels, 6 inches downdip, assays 

o.o6%Cu and 36 inches up dip contains Oo07%Cuo 

d) 	 Fig. 126 shows half of a concretion, S ft. in length from the Tl beds 

exposed in 1110 west drift. This exposure is of interest as the 

concretion is shaped like a triaxial ellipsoid with the stratification 

of the enclosing bed thinning out and curving around ito The writer 

considers that the concretion grew in situ during diagenesis and, 

during the process, pushed the adjacent layers aside as illustrated. 

Occurrences of this size are rare. Another feature of interest in the 
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Fig. 123: Mineralized skarn concretion in "A" ore body. 

Concretion assays: 8.15% Cu. Adjacent Ql assays: 0.35% Cu. 


Fig. 124: 	Mineralized skarn concretion in T2 beds exposed in Conveyor 
Incline. Concretion is well mineralized with pyrrhotite and 
minor amounts of chalcopyrite. Note concentric structure. 
Concretion assays: 0.55% Cu. Adjacent beds assay: 0.05% Cu o 
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exposure is the heavy concentration of sulphides at the end of the con

cration which is marked by a darker colour than the adjacent rock. 

This same feature occurs at the opposite end (not shown) of the con

cretion. Disseminated sulphides occur throughout it though in ver,y 

much lesser amounts than that present at its terminations. 

Centre of the concretion assays 1903% Cu 

End of the concretion assays 60 27% Cu 

Adjacent hornfels assays 0 0 1$% Cuo 

The apparent cause for this uneven distribution of sulphides will be 

discussed in a later paragraph of this section. 

Analyses of unaltered concretions and adjacent beds from locations 

outside the aureole (listed on p. 29) indicate a striking difference in 

composition. The average value of these analyses are repeated below for 

convenience. 
Average Composition 

% 8i02 %A1203 %Fe203 % CaO %M~ 

Concretions ~(D 006 (1) leI (1) 42.4(4) 1.3 (1) 

Adjacent beds ~9 (5) 1.1 (2) 304 (3) 1103(1) 205 (2) 

~: The figures in brackets next to each value represent the proportional 
increase of that component. 

These results confirm thOse derived from the study of the composition 

of the sediments exposed in drill hole E3. In each case the bed likely to 

be mineralized in the aureole and likewise the concretions, contain a higher 

lime content than the adjacent unmineralized beds. Hence it is obvious that 

this component is a controlling factor in locali~ing mineralization. 

The variation in composition of the altered concretions (shown on 

Figs 0 123-126) and adjacent countr,y rock are listed in the following partial 

analyses: 
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Chemical Composition 
Adjacent Bed Concretion 

Sample Si02 Al203 Fe203 CaO MgO Cu Sample Si02 A1203 Fe203 CaO MgO Cu 
No .. % % % % % % No .. % % % % % % 

JB 	86 (d) 80 0 1..6 3.. 6 5..0 1.8 0..35 JB 85 (d) 54. 1 .. 2 19..7 4.. 9 1.3 8.. 15 
87 73 .. 11.3 4.. 0 3.. 9 3 .. 2 0.05 88 47. 4.. 4 6.. 7 16.. 7 5.. 3 0.,55 
90 66" 1509 3.. 9 407 1.8 0.. 06 89 48. 5.9 15.3 8.8 2,,5 4001 
91 68" 15.8 3.. 9 506 1.9 0.07 
94 670 15,,8 3.. 7 3.6 2.. 0 0018 92 43. 5.. 8 16.. 0 10.2 309 6027 

93 41. 5,,3 10.3 2904 3.2 1..03 

Average 71 12,,1 3.8 406 2.. 1 0 .. 12 Averageli 48.. 4.3 14.. 6 1001 3..2 4.74 
(105) (1) 	 (1) (2 .. 2) 

L- __ .- ....-- '----- --- -_ ....-	 .. .... - _ .... _-- ....- L_._ -

Analysts: ~: ~~~~~~e ~ Dept. of Mines Laboratories, Quebec .. 

Copper Assays by Jas .. Dent, Assay Office, Gaspe Copper Mines Ltd.. 

Location of the samples are as follows: 

JB 	85 (d) Concretion in Q1 beds from S02 north drift 
86 Adjacent Q1 beds from S02 ~orth drift .. 
87 Concretion in T2 beds from Conveyor Incline 
88 Adjacent T2 beds from Conve.yor Incline. 
89 Concretion in T2 beds from Conveyor Incline. 
90) Adjacent T2 beds from Conve.yor Incline" (See Fig" 125)" 91 ) 

92 ) 
 Concretion in T1 beds from 1110 west drift (See Fig" 126) 93 ) 

94 Adjacent T1 beds from 1110 west drift .. 


..... 
Vl 

li Exluding the values of Sample Noo 93 with its abnormally high lime content.. 	 ...0. 



These results are expressed graphically in Fig. 1270 Briefly 

discussing the variations we have:

Copper: High values in the concretion and mere traces in the adjacent beds. 

Fe20a: High values in the concretion with lesser amounts in the adjacent 

beds 0 

Content of Si02 in the adjacent beds is higher than in the 

concretion. The ratio of Si02 between the concretion and the 

adjacent beds has decreased from 1 to 5 in the unaltered to 1 to 

1.5 in the altered, which indicates an addition of silica. 

Al2Q3: The coment of A120J of the TI and T2 beds increase considerably 

in samples 87, 90 and 91, which is to be expected from a sha1y 

bed. The content of the concretions do not show any startling 

variations. 

The trend of the alumina and silica graphs do not match the trend 

of the copper graph in any way_ Hence it can be assumed that although there 

have been changes in the composition of the concretions due to metasomatism, 

neither Si02 nor A120J are responsible for the localization of the heavy 

metals. 

Q!Q: The lime content is still higher in the concretion than the countr,y 

rock but the differential has decreased from 4 to 1 for the 

unaltered to 2.2 to 1 for the a1tered,which indicates a removal 

of lime. Studying the graphs that indicate the trends of copper 

and lime in the concretions, it will be noted that the,y are 

antipathetic towards each other. Or to express it in another 

way, the original high lime content has now been replaced by a 

high copper content. This feature is particularly well 

illustrated in samples 92 and 93 (see Fig. 126) from the same 

concretion. It would appear that mineralizing fluids travelling 
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along the bedding, mineralized the outer layer of the concretion more 

heavily than the interior. It is however, difficult to explain why the 

mineralization is largely concentrated at the terminations of the ellipsoid. 

A possible explanation can be that the terminal portions were richer in 

lime than the interior, a factor that has since been reversed. Whatever 

the cause, the terminal portions are now richer in copper and poorer in 

lime than the interior. 

MgQ: The magnesia trend is roughly the same as that for the above 

mentioned lime trendo The relations are not as clear cut, parti

cularly in samples 92 and 930 

5.133 Discussion of Results 

These samples have illustrated the principle that where lime-rich 

beds occur in mineralized areas, they are invariably well mineralized. 

This applies particularly to the concretions, which are miniature examples 

illustrating the principle which formed the large main stage type of ore 

bodies. These concretions are mineralized when they occur in areas to which 

the mineralizing fluids had access. Of the above examp~es, three out of 

four concretions studied are from the Tl ~nd T2 which are normally unminer

alized or very poorly 50. The beds are unmineralized due to their chemical 

inefficiency to precipitate the heavy metals. This theory is supported 

by their low lime content and where the deficiency is locally increased 

there sulphides occur. 

However, the lime content by itself is not sufficient to control 

ore deposition. The lime-rich bed has to undergo a certain amount of 

alteration in which, according to Scott (1950, po 48), at least one 

quarter of the original calcite remains unchanged. Beds which have 

undergone too high a degree of alteration, as shown by the presence of 
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abnormal amounts of wollastonite, or too low a degree of alteration, contain 

only small amounts of sulphides. 

52 14 Metasomatism 

The changes in chemical composition due to metasomatism may be 

studied by comparing the composition of the unaltered sediments with their 

altered extensions in the aureole. The study has been carried on the 

following: 

1) Concretions 

2) P2 Porcellanite Beds 

3) General Stratigraphy of the Mineralized Beds" 

20141 Concretions 

Concretions are miniature examples illustrating the chemical control 

which helped localize the mineralization. Wherever they occur in the 

aureole, whether in the ore horizons or not, they are invariably well 

mineralized, even though the adjacent bed may only carry mere traces of 

sulphides. Comparing the analyses of unaltered concretions with minera

lized concretions will yield data on chemical changes due to metasomatism. 

Unaltered concretions %au %5i02 %A1201 %Fe201 %CaO %l4ga 

JB 	48 (d) - 19. O"B 1.4 42"B 1.2 
49 (d) - 15" 0,,4 1.1 3703 1.6 
55 (d) - 9. 0.5 0,,9 47,,2 1.2 

Altered concretions 

85 	 (d) 8.15 54. 1.2 19.7 4.9 1.3 
88 (d) 0.55:Hi 47. 4.4 6,,7 16,,7 5.3 
89 (d) 4.01 48" 5,,9 15,,3 B.8 2,,5 
92 (d) 6027 43" 5.8 16.0 10.2 3.9 

:Hi Well mineralized with pyr.rhoti te and only traces of chalcopyrite. 

Analyst: D. Lamontagne, Dept. of Hines Laboratories. 
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For locations of samples JB 4S (d), 49 (d) and 55 (d) see po 29 and for 

JB 85 (d), 89 (d) and 92 (d) see p.159o 

The above results are expressed graphically in Fig. 128. Values for 

the altered and unaltered concretions have been arbitrarily plotted on 

graphs in which the same ordinates have been used for comparative purposes. 

Studying these it will be noted: 

1) Cu and Fe203: All the altered concretions are well mineralized, 

hence the high Cu and Fe (expressed as Fe203) values. 

2) Si02: Very much higher in the altered as compared with the 

unaltered. 

3) A120J! Very much higher in the altered than in the unaltered. 

4) £22: Very much lower in the altered than in the unaltered. 

5) MgQ: Very much higher in the altered than in the unaltered. 

Thus during metasomatism it would appear that there has been a marked 

increase in silica, alumina and magnesia and a decided loss of lime. 

5.142 P2 Porcellanite Beds 

The P2 consists of alternating layers of porcellanite and skarn. 

The Bl ore boqy is located in these beds with mineralization chiefly, but 

not entirely, confined to the skarn layers. These beds have been indivi

dually sampled, analysed and the weighted average composition compared with 

that of the unaltered P2 intersected in drill hole E3. The results are 

as follows: 
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Composition of the P2 Beds (1105 Drift) 

Sample No .. Width Description %eu %3i02 %Al;z03 %CaO %MgO %K20 

A79S7 loS fto Porcellanite 004 55 11,,3 11.. S 303 6.3 
A79SS 0,,2 P21 tuff-marker 0..0 52 22.2 S02 S02 loS 
A79S9 00 3 Skarn 2.. 3 47 11.,4 120S 200 4.. 9 
A7990 O.S Porcellanite 0,,1 5S 12.0 S"S 304 70S 
A7991 O.. S Skarn 3.1 46 S., 12.. 6 3.0 3.2 
ASOOO 105 Porcellanite 0.3 55 1106 1101 3,,5 601 
A7992 0.,9 Skarn 0,,2 47 9.3 17.9 30S 1.3 
A7993 0,,4 Porcellanite 0,,0 56 11,,5 11.0 403 6.. 5 
A7994 0.. 4 Skarn 0.,6 47 9.. 6 lS.7 3.3 103 
A7995 0,,3 Porcellanite 0.0 56 12..0 10.6 307 7.1 
A7996 0.6 Skarn" poreell. 

lenses 
0,,1 47 1002 19.7 3.6 1.5 

A7997 0.3 Porcellanite, 0.1 50 12.6 14"S 309 2.7 
with skarn 

lenses 
A799S 106 Skarn 0.. 6 4S 9.. 2 lS"l 400 106 
A7999 O.S Porcellanite 1 ..0 51 90 S 13 .. S 401 3.0 

with skarn 
concretions 

A7903 0 ..7 Skarn 005 45 S09 2203 206 20S 
A7904 0.9 Porcellanite 003 54 15 .. 9 1107 3.. 3 403 
A7905 1.0 Porcellanite 105 53 10,,2 11.0 3.S 6,,0 

mineralized 
A7906 2.. 4 Porcellanite 000 57 13.2 9.6 307 6.8 
A7907 0.. 7 Skarn 209 46 8.. , 15.0 2.9 3,,0 
A7908 00 7 Porcellanite 106 53 9,,4 11.0 3.1 504 

mineralized 
A7909 0.5 Tuff 0.3 53 1.7 SoS 203 307 
A7910 1.7 Porce11anite 005 5S 10.0 10.,1 30 S 6.. 4 

mineralized 
A7911 200 Tuff 0.. 7 54 130S 10.0 20S 5.9 
A7912 2.5 Porce11anite loS 54 9.. 6 10.. 2 4,,2 4.,9 

mineralized 
A7913 0.,7 Porcellanite 0.1 56 120S 10.5 3.. S 6.2 
A7914 0,,6 Porcellanite 400 50 10,,0 7.. 6 30 0 509 

mineralized 
A7915 loS Porcellanite 0.3 56 1203 909 3.6 6.. 4 
A7916 0.,4 Porcellanite 107 52 10.S 11.8 3,,6 3.7 

mineralized 
A7917 100 Porcellanite 0,,0 57 13,,7 9.. 7 3.6 6.3 
A791S 0.6 Porcellanite 2.. 3 52 9.9 11.3 3.5 4.. 5 

mineralized 
A7919 0.2 Tuff 0.. 4 50 18.. 8 13.. 3 2.. 5 107 
A7920 0.,5 Skarn 209 48 9.. 6 13,,6 3.. 6 2.5 
A7921 O.S Porcellanite 0,,1 5S 12,,7 9.. 1 3.5 7.1 
A7922 1,,0 Porcellanite 2.7 52 10.. 7 S.3 3.1 603 

Weighted average 0.90 53.15 11014 11.76 3,,53 5,,05 
(34) 

Analysts: Jo Gagnon, A. Dmitrieff-Kokline, Do Lamontagne, 

Dept .. of Mines Laboratories, Quebec. 
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The above values are expressed graphically in Fig.. ~ on which the 

composition of the unaltered P2 has also been superimposed.. Studying the 

graphs it will be noted: 

1) Cu: In the upper half of this exposure the skarn layers are 

better mineralized than the adjacent porcellanite layers. In the lower 

half of this exposure, where skarn layers are almost absent, the porcellanite 

is better mineralized. 

2) Si02: Beds containing sulphides have slightly less silica than 

the adjacent beds which are poorer in sulphides.. The altered P2 show an 

increase in silica compared with the unaltered P2. 

3) A1203: The porcellanite layers are richer in alumina than the 

skarn layers. The well mineralized porcellanites show a loss of alumina 

when compared with the adjacent poorer mineralized porcellanite. 

Unfortunately there is only one analysis of alumina available from the 

unaltered P2 and that shows a gain in alumina in the altered beds. 

4) caO: The mineralized skarn layers contain a higher lime content 

than the better mineralized porcellanite layers. This is probably due to 

higher original lime content of the skarn layers as c anpared with the 

porcellanite layers. As a whole, the altered P2 have had lime removed 

when compared with the unaltered layers. 

5) H.gQ: The variation in magnesia content is very slight compared 

with the other components and does not appear to be related with the 

mineralization. There is only one value available for the unaltered P2 

and that shows hardly any variation when compared with the altered P2. 

6) K20: Variation is sympathetic with that of the alumina" When 

compared with the unaltered P2 it is obvious that there has been a slight 

loss in K20 in the altered beds" 
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Again the changes due tq6etasomatism have been: addition of silica, 

alumina, no change in magnesia, slight loss in potash and a very decided 

loss in lime. 

5.143 General Stratigraphy of the Mineralized Beds 

In this section the changes in composition in the major portion of 

the sediments exposed, are studied to check whether the variations noted 

in the particular cases, 5.141 and 5.142 above, also apply. The data for 

comparison, are taken from all sources available, but are not as complete 

and fully representative as may be desired. However, the average values 

indicate certain noticeable trends. The mean values of the altered beds 

are those listed on pp. 85 to 95. In the following table, the composition 

of the altered and unaltered beds are listed together with the details of 

the number of analyses which have been averaged to arrive at the values 

used. This is done in order that the results may be weighted in proportion 

to their reliability. 

Description 

Altered Qlo 	 Weighted average of 
31 ana~ses covering 
lower 400 ft. of 
Grande Gr~ve. 

Unaltered Qlo 	 Arithmetic average 
of 13 analyses 
covering lower 
1500 ft. Grande 
Gr~ve. 

~Porcellanite.Av. of 2 samples 
Unaltered Pl.wt.Av. of 23 n 

Wl Wollastonite. II of 6 If 

Unaltered Pl"W1. It of 23 11 

JQ Porcellanite. It of 34 " 
Unaltered P2. " 9f 7 II 

T2 IfTuif". II of 3 " 
Unaltered T2. " of 12 If 

Ll Skarn . II of 4 II 

Unaltered L1, II of 13 II 

Average Composition 

%8i02 %A1203 

75.97 1.86 

65.94 2.38 

65.1 
50 .. 66 
58.. 86 
50.66 
53.15 
45 .. 25 
55 .. 5 
62 .. 16 
43.12 
29.83 

501 
2.. 77 
4.. 95 
2.77 

11014 
8,,20 

11033 
13.50 
6.35 
5070 

%Fe203 %CaO %MgO %K20 

10.4 6.. 75 2.. 41 

5.04 11041 2039 

9.7 2.1 
2.33 23.. 30 2.. 15 2.. 03 

16.. 41 2.9 3,,1 
2033 23.. 30 2.15 2.03 

11.76 3.. 53 5.. 05 
4.30 17.80 3.. 10 6.08 

9.3 5.. 4 4.5 
4.80 5.. 24 30 05 8.62 

2105 3.. 27 
27.62 3,,10 3.70 
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These values have been expressed graphieally in Figo 130 0 Studying the 

graphs the following will be notedg 

1) Si02: There has been a general increase of silica in the above 

listed beds except apparently in the T2 0 The writer believes that this 

anomalous value is due to the fact that the three samples analysed origi

nate from the lower fifteen feet of the T2 beds and may not be representa

tive of the bed o 

2) ~: There has been a general increase in alumina except in the 

Ql and P2. While the above argument may be applied to the unaltered P2 

values it certainly cannot be applied to the Qlo 

3) CaOg General decrease except in the T2 for reasons listed aboveo 

4) ~g A slight increase except in T2 which shows a considerable 

increaseo 

50144 Sun~ary of Metasomatic Changes 

Summarizing the changes observed in the above studies, we have 

Cu Fe203 Si02 A1203 CaO MgO K20 

Concretions 

... + = no change = 

Mineralized Beds + + ~ 

The following is a very approximate quantitative estimate of the 

changes in the various components involved. The data listed below apply 

to the sediments comprising the Ql (lower 400 fto), Pl, Wl, P2 and Ll beds o 
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Weighted composition 

Coml2Qnent Unaltered beds Altered beds Percentage change 

Silica 55041% 65,,76% + 180 67% 

Alumina 3028 3076 + 14063 

Lime 17.. 19 S.. 16 - 52,,53 

Magnesia 2.48 2,,68 + 80 06 

Potash 2.. 38 3.. 48 + 46 0 22 

Copper (JE) 103 

Iron (li) 2..0 

Sulphur (]i;) 108 

(li) Assuming ratio of chalcopyrite to iron sulphides of 2:1 

The major changes are thus an increase silica and a loss in lime.. 

5,15 Depth of Mineralization 

Data available for estimating the depth bf mineralization are as 

follows: 

5.151 Structure of the Veins 

The late and final stage veins show some crustification and occa

aional vugs occur. These features are considered to be evidence for 

mineralization at low temperature andshallow depths(Lindgren, 1933, p.170). 

5.152 Grain size of the Minerals 

Hope Simpson (1941, po 74) considers that the 

lIill-formed, idioblastic, granular rosettes of diopside and 
irregular mass es of garnet suggest rapid formation.. Under 
conditions of prolonged heating, idioblasticity would have 
been more perfect•••.•The fine granularity••••• suggest that 
rapid heating to a considerable temperature was followed b,y 
rapid cooling. II 

Neither of the above criteria give any positive data on the depth 

of formation" 



50153 Stratigraphic Evidence 

Hope Simpson (1941, po 74) considers that there is 

Ilstratigraphic evidence that the intrusion and mineralization 
occurred before any middle Devonian series was laid down on 
top of the younger seriese The stratigraphic thickness of 
the latter may have been about two to four thousand feet l1 

0 

Scott states that: 

"A calculation of hydrostatic pressure from a rough estimate 
of the weight of overlying sediments gives a figure of over 
200 atmospheres." (1950, p. 44). 

The writer considers that mineralization is associated with the 

Devonian granites: The quartz-felspar-porphy~ intrusives pre-date 

mineralization and both originate from the same source located at depth. 

The youngest beds in the area cut by the intrusives are the York River 

sandstones. Hence the age of intrusion is post York River or Middle 

Devoniano If it took place at the end of the Devonian period then the 

maximum thickness of sediments available for intrusion above the present 

land surface (= approximate elevation of mineralization) would be: 

(Upper or Middle Malbaie formation 2000 ft. li 

( 
(Middle (Batte~ Point formation 5-7000 ft. li 
( (York River formation 5000 ft. ~ 

Devonian ( 
(Middle or Lower York Lake series 1800 ft. 
( 
(Lower Grande Gr~ve formation 2000 ft" 

Total thickness 15 1 800 to 17,800 ft. 

say 16,000 to 18,000 ft. 

The above estimate is based on the following assumptions: 

1) That the upper beds, Malbaie, Battery Point and the upper part 

of the York River, which have been eroded in the area, were equal~ well 

developed and had the same thickness as in the type area. 

* Ho W. McGerrigle (1950). 



2) The base of the Grande Greve is taken as datum because the main 

mineralization occurs within 500 fto above and below the contacto 

3) Mineralization followed soon after the intrusion of the granites 

which took place at the end of the Devonian period. The purpose in giving 

the intrusives the youngest age possible is to determine the maximum 

thickness of covero 

4) That there has not been any extensive Pre-carboniferous erosion 

after intrusion of the graniteo 

The minimum depth of mineralization of the "C" ore body would be the 

thickness of sediments at present overlying ,it : 

York Lake series 1800 fto 

Grande Greve formation 2000 fto 

Upper portion of the Cape 500 fto 
Bon Ami 

4300 ft. 

Thus the depth range at which sulphides could have been introduced 

varies from 4300 to 18,000 ft. (1.3 to 50' kms.) 

There is still the problem of estimating the pressure. As pointed 

out by Ingerson (1947, po 386) and Kennedy (1950, po 542) we rarely can 

determine whether this should be taken as the hydrostatic pressure, which 

is, the pressure exerted by a column of water having the same height as 

the depth of burial, or as the 1ithostatic pressure due to the weight of 

the overlying rock, or to something, greater than 1ithostatic. The pressure 

might be more than 1ithostatic in the case where the deposits were formed 

close to their magma source and high pressures of volatiles had resulted 

from partial crystallization of the magma. This possibility is discussed 

at some length by Morey (1922 & 1924). For simplicity the 1ithostatic 

pressure is being accepted by the writer. Assuming a rock density of 2.7, 
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the pressure due toa cover of rock from 103 to 5.5 kmso thick may be 

determined from the diagram published by Smith (1953, po 32) to be 

300 to 1400 atmospheres. 

5016 Temperature of Alteration 

The changes in the aureole of alteration are due to contact meta

morphism produced by an unexposed acid intrusive. The temperature of 

cr,ystallization of a magma depends upon the composition and lies initially 

in the range of 1100 to 9000 0 (Barth 1952, po 152). At about 60000 most 

magmas will be completely solid except for hydrothermal residual solutionso 

The temperature to which the invaded country rock was raised can be inferred 

approximately from the presence of various minerals and mineral combinations 

produced. 

The stages of increasing alteration have been summarized by Scott 

(1950, p. 40) as follows: 

1) Formation of tremolite and scapolite 

2) Bleaching of the sediments due to recrystallization 

3) Appearance of pyroxene and garnet 

4) Formation of wollastonite 

5) Formation of sanidine (Hope Simpson, 1941). 

Of these, the most conspicuous is the bleaching of the dark to a 

light coloured rock due to ~ecrystallization of the detrital shell fragments 

and possibly accompanied, to a very minor extent, by the expulsion of 

carbonaceous matter. 

Bowen (1940, po 260) has listed the following minerals as products 

of the progressive metamorphism of siliceous limestone and dolomite and 

considers that they may be used with some confidence as temperature indiceso 



Utilizing the minimum and maximum pressures under which the deposit could 

have formed, an approximate estimate of the temperature of formation tor 

the different minerals may be determined from temperature-pressure curves 

(Bowen, 1940, po 256 and Danielsson, 1950, po 58)0 

Temperature of Formation 

Index mineral After Bowen (1940) After Danielsson (1950) 

0 atm. ]00 atmo 1400 atm. o atmo ]00 atm. 1400 atm" 

tremoute 2500 0 4800 0 5900 0 

forsterite 5500 

diopside 5700 7500 8800 

periclase 

wollastonite 7000 8900 10000 4000 5200 6500 

monticellite 

akermanite 7250 

spurrite 7900 

merwinite 

lamite 

rankinite 

Of the above list, the only minerals stable in the given environ

ment are tremolite, diopside and wollastonite. This is due to the excess 

silica present. 

Temperature of bleaching is known to be above 596)0 as late stage 

veins containing marmatite cut across unbleached sediments outside the 

aureole. The temperature of rec~stallization of calcite for the above 
-

range of pressures varies from 690° to 770°0, (Bowen, 1940~ po 256), 

which is above 59600 as already suggesteQo 

The temperature for the formation of wollastonite var,y from 8900 

to 10000C (after Bowen) to 520 to 65000 (after Danielsson), depending on 
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the authority quoted, as can be seen above. The two sets of values are 

conflicting and difficult to assess. 

There are no accurate data yet available on the temperature of 

formation of grossularite. Yoder states~ 

flA structural analysis of grossularite also suggests that its 
formation is favoured by high pressure and low temperature••• 
The experimental data show that grossularite was not produced 
under high pressure from a synthetic glass in a range of 
conditions most favourable for its formation. It was tentatively 
concluded that the application of some variable other than 
pressure is required for the formation of grossularite but 
that pressure would, theoretically, favour its formation.1t 

(1950, pp. 231/2). 

The occurrence of grossularite between diopside and wollastonite in 

the sequence suggests a temperature of formation between 750-8900 C or 

880-1ooooC depending on the pressure. 

Sanidine generally occurs in the sanidinite facies and is considered 

to have crystallized nat maximum temperatures and minimum pressures" 

(Turner et al., 1951, po 435). Except for sanidine, none of the other 

associated minerals of that facies such as larnite, merwinite, spurrite, 

monticellite or mililite have definitely been identified in the rocks 

under st,udy. The majority of the new minerals formed, diopside-grossu

larite-wollastonite, are all indicative of the pyroxene-hornfels facies 

which is 

"characteristically developed in the innermost zone of 
metamorphic aureoles surrounding plutonic intrusions 
in fold-mountain regions ll (Turner et alo, 1951, p. 441).• 

The transition temperature between the pyroxene-hornfels and the next 

lower temperature facies is estimated to be around 700 to 7500 C 

(Turner at al., 1951, p. 441). 

In conclusion, the maximum temperatures reached under the pressure 

conditions of 300 to 1400 atmospheres can be estimated from the above data 

to be in the vicinity of from 7000 to lOOOoC. These figures are roughly 

http:formation.1t
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of the same order as those estimated by Hope Simpson (1941, p. 77) of 

from 9000 to 12000 0. 

2017 Temperature of the Sulphide Mineralization 

In an earlier section it was stated that the formation of silicates 

preceded the introduction of sulphides. This feature is indicated by 

sulphides replacing and filling interstices between earlier formed 

silicates (Figs. 92 & 94). The gangue minerals which accompanied the 

various stages of sulphide mineralization are mainly quartz and calcite 

with very minor amounts of fluorite, apophyllite and zeolites. That the 

calcite occurs as such, and not as wollastonite (as in pre-alteration 

veins), indicates the prevailing temperature at that stage had already 

decreased by a considerable amount. 

The composition, texture and mineral associations of the sulphides 

have indicated some temperatures of formation. These are: 

Marmatite 

The temperature of formation, excluding pressure effects, has been 

determined by Kullerud on the basis of the amount of FeS dissolved in the 

sphalerite lattice to be 5750 0. (Section 5.0907). The increase in temp

erature due to pressure is ~50C for ~lOOO atmospheres, (Kullerud, 1953, 

p" 127). Hence in the case of pressures ranging from 300 to 1400 

atmospheres the increase will be 7.50 to 350 0 giving a temperature range 

of 5830 to 6100 C, or an average of 5960 0, for the formation of marmatite 

in this deposit" 

The marmatite samples analysed were introduced during the late

stage mineralization. Traces of marmatite also occur associated with 

sulphides of the main stage mineralization and hence the temperature of 

the main stage mineralization must also be around 59600. 
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Wehrlite 

This mineral is present in trace amounts and is found in the same 

vein system as the marmatite, namely the late stage. The temperature of 

formation measured on the bismuth-tellurium system phase diagram (Warren 

& Peacock, 1945, po 63) is 565°0, excluding pressure effects" This 

temperature confirms that given for the marmatiteformation (575°0.) 

Sphalerite-chalcopyrite 

Sphalerite-chalcopyrite unmixes at 550°0 (Borchert, 1934). Most of 

the occurrences of marmatite in the late stage veins contain exsolved 

chalcopyrite. This is an additional confirmation of the figure 575°0 for 

the formation of marmatite" 

Ohalcopyrite-cubanite 

Ohalcopyrite-cubanite unmixes at 450°0, as shown experimentallY by 

Schwartz (1927) and has been found in both main stage and final stage depositso 

ChalcopYrite-pyrrhotite 

Blebs of chalcopyrite in marmatite contain exsolved pyrrhotite. Thus 

at 550°0 chalcopyrite exsolves from marmatite and at 300°0 pyrrhotite 

exsolves from chalcopyrite, (Hewitt &Schwartz, 1937, p. 1070)0 

The presence of fluorite in the final stage veins indicates 

deposition below 500°0 (Edwards, 1947, po 127). 

Apophyllite 

Apophyllite which occurs in some final stage veins does not show 

abnormal inference colours which disappear at about 275°C (Winchell, 1951, 

po 394). This indicates deposition above 2750 Co 

Among the minerals listed by Edwards (1947, po 127) as diagnostic 

of high temperature (over 500°0) deposition, the following are found in 

these deposits: 

Molybdenite Magnetite Pyrrhotite 
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All of the above occur in the aureole of alterationo Pyrrhotite, 

however, has also been intersected in drill holes, especially E3, outside 

the aureoleo While it is possible that it coUld have been introduced into 

the adjacent unaltered rocks at temperatures of over 5000 0 and under 8000 0 

(temperatures necessary for bleaching) its presence gives rise to some doubt 

as to whether its occurrence alone is indicative of high temperatureo 

However, taken in conjunction with molybdenite a temperature over 50000 can 

be postulatedo 

The minimum temperatures of formation of the exsolution textures for 

the different sulphides listed above were determined experimentally. The 

results are open to criticism as the effects of pressure on the temperatures 

have not been investigated. Also the systems investigated were composed of 

simple components and the results may not be valid when applied to multiple 

component systems. Bearing the above limitations in mind the writer has 

estimated the following temperatures of sulphide formation. 

20171 Main Stage Mineralization 

The formation of exsolution textures appears to be a function of 

the rate of cooling (Edwards, 1947, pp. 00-$1 and Schwartz., 19.31, pp. 

1$6-201). This feature is well illustrated in the main stage minerali

zation by the .absence of exsolution textures of the following systems 

even though the individual components are all present. 

System (host mineral 
named first) 

Tempo below which Authority 
unmixing occurs 

pyrrhotite-chalcopyrite 6000 Hewitt-Schwartz (1937) 

sphalerite-chalcopyrite 5500 Borchert (1934) 

chalcopyrite-pyrrhotite 3000 Hewitt-Schwartz (1937) 

There is, however, one exception to the above and that is the 

occurrence of exsolved cubanite in chalcopyrite which takes place at 4500 0. 
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(Schwartz, 1927). 

Now since the diagnostic textures which are necessary to definitely 

establish a minimum temperature are absent, and since all the components 

are present, an estimate can only be made of the upper limit of sulphide 

mineralization of about 6000 0, excluding pressure effectso However, since 

the temperature of marmatite formation, corrected for pressures, ranges 

from 5S3° to 6100 0 (average 5960 0) the upper temperature limit can safely 

be assumed to be in excess of 6000 0, say 6200 0. 

5,172 Late stage Mineralization 

In the late stage veins, the highest temperature reached was probably 

very much the same as that of the main-stage as indicated by the following: 

Temperature of formation of mannatite =5960 0 (corrected for pressure) 

Temperature of formation of wehrlite =565O(not " " )" 
Temperature at which sphalerite-chalcop,yrite 

unmixes =5500 (not )" " " 
Temperature at which chalcopyrite-pyrrhotite 

unmixes =30QO(not )" " " 
The vein filling cooled rapidly giving rise to exsolution te~ures 

which are absent in the main mineralization stage. This feature adds 

support to the time lapse postulated between the formation of the main stage 

ore bodies and continued folding of the sediments to produce the extension 

joints which were subsequently filled by the late stage minera11zationo 

5.173 Final Stage Mineralization 

Final stage veins show signs of repeated fracturing and the intro

duction of lower temperature minerals. The presence of marmatite again 

places their maximum temperature at 5960 00 

In conclusion, it can be stated that the highest temperatures 

reached during sulphide deposition are estimated to be around 620000 



5018 Classification of the Deposit and 

Comparison with Other Deposits 

5.181 Classification 

There are two types of mineral deposits to be considered for 

classification: 

a) Bedded deposits, localized by faults, replaCing altered limestone 

beds in an aureole of alteration. The aureole occurs over a subjacent acid 

stock in the cryptobatholitic stage of erosion (Emmons, 1933, po 345)0 

These are the main stage deposits found on Needle Mountain and Needle Easto 

b) Separated from the above by a time interval, are the late stage, 

closely spaced fracture fillings, of the Copper Mountain deposit. 

Alcock (1924, p. II 011) was the first to classify the early 

mineralization exposed, the Copper Mountain deposit, as pyrometasomatic. 

Osborne (1941, po 47) was the first to realize that the Copper Mountain 

deposits did not fulfill the requirements for a pyrometasomatio deposit 

and suggested a similarity with the porphyry copper types. 

Knopf has summarized the current ideas on pyrometasomatic deposits 

as follows: 

IIPyrometasomatic deposits, as defined by Lindgren (1922), are 
those formed by the replacement of rocks, principally limestones, 
at or near the intrusive contacts, at high temperatures, probably 
between 4000 and 6000e, by emanations issuing from the intrusive 
mass. They thus by definition comprise mainly replacement 
deposits of high temperature origin, i.eo hypothermal deposits 
which were formed in a limestone environment. The typical 
deposits, the results of the replacement of carbonate rocks, 
are characterized by the prevalence of calcium, calcium
magnesium and magnesium silicates, among which andradite, and 
pyroxene are especially common. It (1942, p. 63)0 

From this description it is obvious that the main stage bedded 

replacement deposits of Needle Mountain and Needle East are typical 

examples of pyrometasomatic deposits. 
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Knopf has pointed out that it is difficult to draw the line between 

pyrometasomatic deposits and ore deposits presumably of lower temperature 

originQ Further shall the ore be named from the pyrometasomatic nature 

of the gangue minerals or from the hydrothermal origin of the metals that 

give it economic value? This makes it all the more difficult to c1assif.1 

the Copper Mountain type of deposito If the Needle Mto type had not been 

present then perhaps the Copper Mountain type could have equally well been 

classified as pyrometasomatic - as it fulfills most of the requirementso 

Osborne (1941, p. 47) has suggested that the late stage mineralization 

has many features in common with the porphyry copper types. The distin

guishing characteristic of these deposits (Parsons, 1933, ppo 338-354) is 

an igneous mass that mayor may not be surrounded by a contact metamorphic 

skarn zone. The copper minerals are peppered through the host rock in 

the form of specks, grains or blebs, generally accompanied by small vein1ets o 

At Copper Mountain the mineralization occurs in veins along fractures in 

the altered skarn rocks into which it was introduced after a time lapse 

following the high temperature bedded replacement pyrometasomatic minerali

zation. Since the sulphides of this later stage do not replace the calc

silicates, as is required by definition for a pyrometasomatic deposit, 

but occur in later veins, the writer feels that the deposit can best be 

classed as a high temperature replacement-filling deposit, (Bateman, 

1942, po 364) similar to Butte, Montana.. 

In conclusion, the writer considers that the Needle Mountain type 

of bedded deposits are typical examples of pyrometasomatic deposits, while 

the Copper Mountain type of fracture fillings can be classified as a high 

temperature replacement-filling deposit. 



50182 Comparison with Other Deposits 

Some of the features found at Gaspe Copper Mines have also been 

recorded in the following deposits: Aranzazu deposit at Concepci6n del 

Oro, Mexico, (Bergeat. 1909); Mackay District, Idaho, (Umpleby, 1914); 

Yerington, Nevada, (Knopf, 1918); Copper Mountain, Kasaan Peninsula, 

Alaska, (Wright, 1915). The features of similarity are briefly 

tabulated below: 



Gaspe Copper 
Mines Ltd" 

Igneous sourcelSubjacent granite 
cupola intrusive 
into Lower Dev
onian siltstones, 
limestone, etc. 

Aranzazu 
depositj Mexico 

Granodiorite 
intrusive into 
Mesozoic lime
stones. 

Metamorphic 
minerals found 

Metallic 
minerals 
introduced 

Introduced 
Gangue 

Controls of 
ore deposition 

Porcellanites~ IGarnet, quartz, 
diopsidej grossu- wollastonite" 
larite, wollasto
nite, sanidine 

Chalcopyrite & 
pyrrhotite. Cut 
by later veins 
containing 
pyrite, chalco
pyrite, marmatite 
and galena .. 

Quartz, calcite 

& very minor 

fluorite & 

zeolites .. 


/loLime content 
of the beds. 

2 .. Degree of 
alteration" 

30Fault chan
nelways" 

Chalcopyrite, 
sphalerite with 
lesser a'llounts 
of magnetite 
and pyrite .. 

At intersections 
of fissures & 
certain beds .. 

Mackay Disto j 
Idaho 

Limestone xeno
liths enclosed 
in a granite 
porphyry of 
Mesozoic age.. 

Andradite, 
wollastonite. 

Chalcopyrite 
with minor 
pyrite, pyrrho
tite and magne
tite.. 

Fluorite.. 

Related to 
fissures & 
joints.. 

Yerington, 

Nevada 


Triassic lime
stones intruded 
by Jurassic 
granodiorites & 
quartz monzonites 

Wollastonite, 
grossularite, 
andradit-e, pyro
xene, epidote. 

Chalcopyrite, 
pyrite" 

Brecciation 
adjacent to 
fault fis sures .. 
Ore tends to 
occur between 
the garnet rock 
& the limestone.. 

Copper Mountain, 

Alaska 


Carboniferous lime
stones and schists 
intruded by intru
sives ranging from 
granodiorite to 
diorite. 

Diopside, garnet, 
epidote, tremolite, 
marble. 

Chalcopyrite, pyrite, 
magnetite & pyrrho
tite. Later vein 
deposits of chalco
pyrite, pyrite & 
minor sphalerite .. 

Quartz, zeolite. 

Occurs in lime
stones in contact 
zone surrounding 
the intrusive. 

I-' 


I-'
.. 
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Gaspe Copper Aranzazu Mackay Dist()~ Yerington, Copper Mountain, 
Mines Ltd" depositj MexiCO Idaho Nevada Alaska 

Distance from Igneous source Within 100 Up to 1200 ft" Within 2500 ft .. Up to 250 ft. from 
igneous source estimated to be metres" from the contact from the con- contact .. 

located 2 miles tact .. 
down the dip of 
the beds" 

Shape & size 10 Bedded Bunches & pipes Pipes & arbore- Lodelike in Irregular masses 
of ore bodies replacement of ore" scent masses of form adjacent ranging in diameter 

20 Closely spaced ore in central to faults .. from 10 to 100 ft .. 
fractures .. portion of xeno- Maximum size 

Proved to extend liths" 800 ft .. in 
at least 3000 ft" length" 100 ft .. 
down the dip~ wide and extends 
800 to 2000 ft" to a vertical 
wide & 110 ft. depth of 678 ft" 
thick" 

From the comparison with other deposits it is obvious that the Gaspe Copper ore bodies are unique 

as far as size and continuity of mineralization is concerned" The great distance" estimated at two 

miles, at which the ore occurs from the igneous source is very unusual for deposits of this nature" 

The usual distance is several hundreds of feet and in some cases up to 2500 ft" In other respects, 

metamorphic minerals produced, sulphides introduced, controls for ore deposition, etc", it is a 

typical py~metasomatic deposito 

I-' 

R5 
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5,19 Regional Correlation with Other Deposits in the 

Appalachian Province 

5.191 Age of the Devonian Granites in 

Gaspe Peninsula and Northern New Brunswick 

In the Gaspe Peninsula and northern New Brunswick there are numerous 

Devonian acid intrusives which are considered to be associated with the 

Acadian revolution (Fig. 131). An accurate determination of the time of 

intrusion is rendered difficult due to the relative absence of younger 

formations. 

Alcock describing the geological history of the Appalachian region, 

states: 

lIAt the close of the Lower Devonian epoch, and continuing into 
Middle Devonian time, earth movements again affected much of 
the Canadian Appalachian region. This deformation, lmown as 
the Shickshockian disturbance, was accompanied by the intrusion 
of large masses of granite and associated rocks. These granites 
are exposed over much of the Southern Upland of Nova Scotia and 
the Central Highlands of New Brunswick...... During Middle Devonian 
time great thicknesses of clastic sediments accumulated in Gaspe 
Peninsula; towards the close of the epoch orogenic movements 
folded and faulted the beds, a renewal of the earlier Shick
shockian movements. In Upper Devonian time deposition occurred 
in local areas such as the Chaleur Bay and Bay of Fundy regions. 
By this time some of the granite masses that had been intruded 
earlier in the period had been unroofed and were undergoing 

erosion. " (1947" po 133) .. 


Examining the data available for dating the intrusives we have: 


In the Gaspe peninsula the largest is the Tabletop batholith which 


is located in the north central section and intrudes the Lower Ordovician 

formations. The numerous porphyry sills and dykes found on the penin

sula are all considered to be related to this main mass .. 

In the Lemieux Township, in the vicinity of the Federal Mine, 

intrusives 

"cut the Grande Greve formation (lower Devonian) but are not seen 





"anywhere cutting the volcanic rocks, nor the sandstones (Lower 
or Middle Devonian) which overlie the" II (Auger, 1954, po' 4). 

In the Holland Township near Gaspe Copper Mines, a porphyry plug 

and dyke cuts the York Lake series (Lower or Middle Devonian) and the 

York River formation (Middle Devonian). 

McGerrigle
li 

states 

I~y Tourelle and Courcelette areas map shows a porphyritic granite 
intrusive apparently cutting across both the York Lake and York 
River formations. No actual contacts were seen; however, there 
is some altered sandstone debris.1f 

Acid qykes and sills related to the Tabletop stock cut Silurian, 

Cape Bon Ami and Grande Greve formations to the south, southwest and 

southeast of mountain. 

Thus, from the data available in the Gaspe Peninsula it would 

appear that the granites are at least post Grande Greve (Lower Devonian), 

and some (Holland and Courcelette townships) post York River (Middle 

Devonian) in age. 

In northern New Brunswick the granites generally intrude Ordovician 

and Silurian sediments. In the Matapedia and Jacquet River areas (Alcock, 

1941) small scattered exposures cut Lower Devonian bedso The largest 

exposures are along the northeasterly trending belt of Ordovician rocks 

which extend across central New Brunswick. It is along the deep~ eroded 

belts that the batholiths have been unroofed. Elsewhere (Matapedia and 

Jacquet River areas) it appears that on~ the very tops of the batho

liths are now exposed. Exposures along the Nipisiquit River south of 

Bathurst (Skinner, 1953) show the granite to be pre-Pennsylvanian in ageo 

The absence of middle or upper Devonian sediments again makes it difficult 

li H.W. McGerrigle - personal communication. 
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to determine the upper age limit of the intrusives. 


In New England, Rodgers, using age determinations of radio-active 


minerals from pegmatites in Connecticut and New Hampshire concludes that: 


liThe bulk of the evidence associates the minerals, giving ages 

of 260 ~ 50 million years, with the Acadian orogeny which gripped 

eastern New England in the later Paleozoic~ This orogeny is 

usually supposed to have occurred at the end of the Devonian 

on the basis of evidence in New Brunswick and Gaspe but even 

there the evidence suggests rather several pulses scattered 

through Devonian, Mississippian and early Pennsylvanian time o " 


(1952, p. 416). 


Examining some of the data Rodgers used. In New Hampshire the late 


Paleozoic intrusives have been dated by the lead-uranium method (Shaub, 


1938) using uraninite from pegmatites mined at the Ruggles Mine at Grafton 


Centre. Two more recent determinations of the age of this pegmatite, 

using the lead-lead method are also available, 

Shaub (1938, p. 338) =310 x 106 years (lead-uranium 
method) 

Collins et al. (1954, po 10) =455 (~ 160) x 106 years (lead
lead method) 

Wilson (1955) =175 (~ 280) x 106 years (lead
lead method) 

Collins states (p. 16) that, 

"the sample from Ruggles lUne, New Hampshirel' had a rather large 
ordinary lead contamination. 1I 

Taking into account the large margin of error of the two later 

determinations and the limitations of the methods when applied to Paleo

zoic sediments, a person must conclude that the three sets of values 

roughly agree, and give an approximate age of 310 million years. 

5.192 Metallogenic Province 

Most mineral deposits are tormed in regions and during periods of 

igneous intrusion, and these in turn are generally associated with periods 

of crustal disturbance and orogeniC revolution. The lead-zinc-silver

gold-copper metallogenic province of the Maritimes is considered to be 
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genetical~ associated with the Devonian granites" The mineral deposits 

var,y considerably with respect to the controls and resultant mineralogy. 

Some of the more important deposits of the meta~logenic province are as 

follows: 

Gaspe Peninsula 


Gaspe Copper Mines Cu-Mo with traces Pb & Zn 


Consolidated Candego Mines Pb-Zn-Ag 


Federal Metals Corp. Zn-Pb with minor Cu 


Bathurst Area of New Brunswick 


Austin Brook ore body ~ Brunswick Pb, Zn, Cu 


Anacon-Leadridge ore body) M& 5 Coo Pb, Zn, Cu 


New Larder U. Pb, Zn, Ag, au 


Keymet Pb, Zn, Ag, Cu 


Numerous other deposits 


Nova Scotia 


Mindamar Metals Corp. Pb, Zn, Cu, Ag, Au 


Newfoundland 


Buchans Mining Co. Ltd. Fb, Zn, Cu, Ag, Au. 


5.193 Correlation of Deposits by Lead Isotope Abundances 

The above deposits range from low temperature epithermal (Federal), 

to pyrometasomatic (Gaspe Copper), and occur in rocks which vary in age 

from Lower Devonian to Ordovician. They all have one feature in common, 

they are considered to be associated with the Devonian granites. In an 

attempt to arrive at a closer correlation, the writer collected a series 

of galena samples for lead isotope determinations. 

At the time, it was pointed out by Dr. J.T. Wilson that the absolute 

ages of the samples could not be determined with any degree of accuracy 
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as the lead:lead method is not considered to be accurate for samples 

younger than 1000 x 106 years (Russell et al, 1954, po 309). The writer 

nevertheless decided to attempt a correlation on the basis of isotopic 

abundances rather than age determinations. This is based on the 

assumption that if the mineral deposits originated from the same source l 

they would all contain equal amounts of radiogenic lead (Pb206, 207 &208) 

in addition to common lead (Pb204). It was further considered tllat the 

area would be particularly suited to this type of stuqy, as both the Gaspe 

Peninsula and the Bathurst district do not appear to have been affected 

by the Appalachian revolution after the emplacement of the Devonian 

granites. This is indicated by the almost horizontal nature of the younger 

Pennsylvanian formations found along the southern shore of the Gaspe 

Peninsula and likewise along the Nipisiguit River south of Bathurst. 

The writer submitted a series of galena samples to Dr. J. T. Wilson, 

Department of Physics, University of Toronto, Toronto, for determination 

of the isotopic lead composition. These results are listed below 

together with the results from some Precambrian deposits for comparative 

purposes. (JE) 

(li) 	 J.T. Wilson - personal communication, March 1955. liThe ratios 
listed are considered to be generally accurate to 
t 1/2 percent of their value, although it is 
possible that some might be in error by a greater 
amount. II 



%Pb isotopes Pb isotopic ratios Mean Age " 

No .. 204 206 207 208 204 206 207 208 (rlrPyears) 

1.364 24.. 89 21.54 52.21 1.00 18,,26 15.. 79 38.28 355 ~ 260 
1.358 24.92 21.52 52.23 1.00 18.35 15.85 38.46 280 ~ 275 
1.364 24.87 21.52 52.. 27 1.00 18.23 15.78 38.32 340 :! ~65 
1.363 24.88 21.54 52.24 1.00 18.25 15.80 38.33 335 :!265 
1.355 24,,90 21.49 52.26 1.00 18.38 15.87 38.57 250 :f 200 
1.352 24.95 21.49 52.23 1.00 18.45 15.89 38.63 205 :! 280 
1.363 24.94 21.53 52.16 1.00 18.30 15.80 38.27 340 :! 265 
1.349 24.91 21.49 52.26 1.00 18.47 15.93 38.74 180 :! 280 

1.00 18.39 15.98 38.50 265 :! 250 
1.00 18.65 15.89 38.64 175 :! 280 

1.00 160 78 15.78 36.84 109Q:! 200 
1.00 14.37 15.02 33.99 2280.! 140 

1,,00 12.65 14.27 32.78 289Q! 100 
Barberton dist.,

J:
Q) (

( S. Africa 

Source: 
B-5~ J.J. Brummer 
D-4~ GoV. Douglas, Dept. of Geology, Dalhousie University, N.S. 
N-1~ LoT. Ne1, Geol. Survey of S. Africa, Pretoria, S. Africa. 
R-2 : W. T. Robson, Lake Shore ]lImes Ltd., Kirkland Lake, Onto 
S-l: G.G. Suffe1, Dept. of Geology, University of W. Ontario, London, Onto 
W-2: J.T. Wilson, Dept. of Physics, University of Toronto, Toronto, Onto 
W-3: Ward's Natural Science Establishment, Rochester, N.Y., U.S.A. 

Source 


W-2 

B-5 

B-5 

B-5 

D-4 

B-5 

B-5 

B"5 

S-l 

W-3 


S-l 

R-2 


N-1 


I-' 
I» 
();) 
o 



On the basis of the above isotopic compositions the samples contain 

"normal" leads as opposed to lIanomalous" leads (Russell et al., 1954, po 301). 

Studying the isotopic ratios, there does not appear to be any sig

nificant variation in the values of samples from Gaspe, Bathurst, Newfound

land or N. Hampshire (Fig. 132). The variations that do occur may be due 

to instrumental techniques rather than variations in isotope abundances. 

This is suggested by the slight variation in values from two sets of 

determinations made on material from the same deposit in two different 

localities, No. 505 and 804 for Miller Copper and No. 532 and 810 for 

Keymet. The material from Miller Copper came from the same vein even though 

collected by different individuals. The material from Keymet mayor may 

not have been derived from the same vein, but certainly does come from the 

same mine. As these two sets of results var,y for the same material it is 

perhaps safe to assume that the variation is probably due to instrumental 

techniques and not to variations in isotopic abundances. 

On this basis it seems that the isotopic abundances are practically 

the same for all these deposits which occur over a large area. further, 

it can be assUlIled that they are of the same age or very nearly SOo 

2.124 Age of the Mineralization 

The age of the galenas has been calculated and represents the average 

of two values calculated from the formulae (~) 

(~) J.T. Wilson - personal communication, March 1955. 
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9 ( 1$,80 - x 
It t206 = 6. 51 x 10 loge 1 + 11..02 ,) years 

~o 04 09 1 ( 12010 - z )and t 208 • ~. x loge \ 1 + 40.8 years 

where x : Pb206/pb204 and z : Pb206/pb204 It 

This is a modification of the method used in flDating ga1enas by 

means of their isotopic constitutions" by Russell at a1.. (1954, pQ 301)" 

It is of interest to note that the ages correspond very closely. 

They vary from 175 ! 280 M.Y. to 355 ! 260 M.Y. with the greater number in 

the range of from 200 to 355 MoY. Thes~ in turn, generally agree fairly 

well with usually accepted age for the Devonian period of from 265 to 320 

M.Y. 	 (Marble, 1950, p. 18). 

5.195 Temperature of Formation of the Deposits 

The temperature of formation of the deposits has not affected the 

isotope abundances to any n~ticeable extent.. The temperatures ranges 

range from epithermal to pyrometasomatic and are as follows: 

Federal Metals 
Cons. Candego 
Miller Copper 
Keymet Mines 

130°C and 225°C) 
180°C ) 
5750 C ) 
5300 C ) 

(1) , 

Buchans Mine 

Brunswick 
Anacon-Leadridge 

) 
) 

205°C 

Not determined 

Kullerud (1953, 
p. 128) 

Ruggles Mine 600-000° (2) 

(1) 	 Temperatures of formation, excluding pressure effects, determined 
by G. Ku11erud, Geophyso Labo, Washington. See section 5.. 0907. 

(2) 	 Temperature of formation of p~gmatite listed as 600-800oCo 
Turner &Verhoogen (1951, po 332) .. 
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50196 Conclusions 

From the data accumulated the following conclusions can be drawn: 

1) Deposits of Paleozoic age, containing galena of normal 

composition, can rough17 be correlated on the basis of their isotopic 

abundances. 

2) The ages determined by the Pb:Pb method appeared to be correct 

within 100 M.Y. 

3) The temperature of formation of the deposit does not appear to 

affect the composition of the isotope abundanceso 

5020 Future Exploration 

The search for new ore bodies should be directed towards the following 

areas: 

1) Copper Brook aureole. 

2) Extension of known faults outside the aureoleo 

3) Porphyry Brook aureole. 

4) Area between Copper and Porphyry Brook aureoles. 

5) Areas outside of the map area. 

5.201 Copper Brook Aureole 

On17 a fraction of the area covered by the aureole has been eKp10red 

by drilling to depths sufficient to investigate the favourable horizons. 

The future sections to be explored would logical17 lie along the eastern 

extension of the known mineralized faults, namely the area between the 

Needle Mountain and Needle East ore bodies, and that to the east of Needle 

East ore bodies. This latter phase can perhaps best be left until the 

Needle East deposits have been opened up' and the position of faults, which 

are probably the extension of the Needle Mountain faults, are more 



accurate~ known. All holes should be drilled at least down to below the 

Ll beds. Mineralization in beds above the Ll can be regarded as an 

indication of additional mineralization in deeper horizonso 

The bedded replacement type of pyrrhotite-chalcopyrite mineralization 

has been found in most of the beds exposed in the aureole. These range 

from the York Lake sandstones on Porphyry Mountain to the deepest horizons 

exposed by drilling located 1500 feet below the top of the Cape Bon Ami, 

i.e. over a stratigraphic thickness of 5000 feet. In general the minerali

zation is erratic and poor. Three local horizons, located over a thickness 

of 950 feet, have been found to contain ore. The majority of the surface 

holes were drilled to just below the base of the Ll beds which expose the 

upper 550 feet of the Cape Bon Ami. A few deep holes have been drilled 

at widely spaced points. The deepest are: DH 86, 1981 feet; DH 176, 1852 

feet; and DH 178, 1817 feet. The greatest stratigraphic intersection is 

that in DH 176, located in the Copper Brook valley, where the upper 1500 

feet of the Cape Bon Ami formation, which is the upper half of the formation, 

was penetrated. The beds below the 52 consists mainly of porcellanites 

with minor skarn and wollastonite layers. It is difficult to assess the 

economic potentialities of these exposed deeper horizons and even more 

difficult to assess the unexposed 1500 to 2000 feet which form the lower 

half of the Cape Bon Ami formation. However, the writer feels that, in 

the absence of information to the contrary, the deeper horizons hold out 

promise and should be investigated. 

In the northern half of the aureole, bedded replacement type ore 

bodies may exist, but only at considerable depth. Not sufficient is 

known about the controls for the Copper Mountain type to guide future 

exploration. 
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,.202 Extension of Known Faults Outside the Aureole 

The extensions of the faults controlling the main stage minerali

zation should be investigated outside the aureole. There is a poss1bility 

that in the cooler regions the mineralization may change to the lead-

zinc type. The area on the west side of the aureole should be suitable 

for such an investigation, as no geophysical surveys have been carried out 

on these claims. 

On the basis of our present knowledge, it is not considered that the 

post-ore faults A, B, C and D will be the loci of mineralizationo They may 

displace ore bodies but it is not definitely known whether the.y will or 

will not control the formation of new ore bodies. In the absence of more 
•

positive data these fault zones should be tested. The best area to commence 

investigation will be along fault A, in the southern section of the Copper 

Brook aureole. 

5,203 PorphyrY Brook Aureole 

Not much is known of this aureole. The presence of bleaching 

indicates that the sediments came in contact with the high temperature 

emanations associated with mineralization and the area can hence be 

regarded as having promise. The adjacent drill holes have intersected 

fault breccias but lack of additional data has prevented their classi

fication. The known favourable horizons are present, but at considerable 

depths. Whether the requisite intensity of metamorphism will be present 

in these beds obviously cannot be forecast at this stage. On theoretical 

grounds the conditions for ore formation are favourable though any such 

deposits will be located at considerable depths. Hence any exploration 

programme designed to test the favourable horizons should be prepared for 

deep drilling in the order of 5000 ft. or more. (Fig.I]]). 
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5,204 The Area Between Copper and PorphyrY Brook Aureoles 

Data suggest that the Copper Brook aureole plunges to the north, 
(Fig.I34). 

roughly along the dip of the sediments. There is no information available 

on the plunge of the Porphyry Brook aureole. Assuming that it is vertical 

it is conceivable that the two aureoles may join up at depth. Where they 

cut across the upper part of the Cape Bon Ami, favourable horizons for the 

localization of ore deposits exist. Hence the strip of ground between th e 

two aureoles may have deep level ore deposits. A factor against the 

exploration necessary to test this theory is the great depth at which the 

known favouraole beds will be intersected. The grade of ore to be expected 

will probably be the same as that at Gaspe Copper Mines, namely 1-2% Cuo 

On the basis of economics, it would be difficult to justify the cost of 

locating and mining a 1-2% ore body located at depths around 5000 ft. 

Nevertheless the area between the two aureoles holds out promise for the 

discovery of the deep level extensions of the Gaspe Copper Mines ore bodies. 

52 205 Outside the Map Area 

Alcock (1926, pp, 33 & 43), in describing the geology of the Mount 

Albert Map-Area, shows the presence of an aureole of contact metamorphism 

on the west and southwest sides of the Tabletop on his map, He describes 

the presence of .bleached lime-silicate rocks similar to those found in 

the map area. No mention is made of the presence of sulphides. 

Jones (1931, pp. 224-226) describing the Lesseps area south of . 

Tabletop and immediately to the east of Alcock's map area mentions the 

presence of small scattered showings of black sphalerite, chalcopyrite, 

pyrrhotite and pyrite. He also states (po 226) that the 

"lack of exposures is a handicap to prospecting in the regiono" 
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Hence the presence of the Tabletop batholith, the numerous associated 

intrusives in the area and the occurrence of bleached calc-silicate rocks 

and traces of mineralization, all suggest a highly favourable area for 

prospecting. The writer fully supports the views expressed by McGerrigle 

(1954 A, pp. 57-58): 
. , 

"it is strongly indicated that the area around the Tabletops 
and between the Tabletop and York Lake would warrant thorough 
prospecting. This area, in fact, on theoretical grounds, offers 
the best possibilities in Gaspe peninsula for new finds of 
economic mineral deposits." 

Unfortunately, however, the above area is located in the Gaspe 

National Park, which at present, is closed to prospecting. 
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CHAPTER 6 


SUMMARY OF THE MAIN RESULTS AND CONCLUSIONS 


The sed~ents in the area consist of Lower Devonian shales, silt 

stones and limestones of the Cape Bon Ami formation, calcareous siltstones 

of the Grande Gr~ve formation, siltstones, shales and sandstones of the 

York Lake series and York River formation. The York River is the youngest 

and is of Middle Devonian age. These beds have been intruded by a quartz

porphyry felspar plug with numerous associated dykes and sills, after 

deposition of the York River sandstones. Minor altered diabase dykes occur 

cutting across the Cape Bon Ami beds. 

The sediments have been folded into a series of open folds which 

strike slightly north of east and plunge to the east. The two major 

structures located in the map area are the Champou syncline in the northern 

section and the Holland anticline in the southern section. 

Associated with the folding was the intrusion of the porphyries which 

originate from an unexposed acid cupola located at depth in the northwestern 

quarter of the map area along the axis of the Champou syncline. The 

presence of the cupola at depth in this area is suggested by: (1) the 

concentration of porphyry dykes, sills and a plug to the immediate area, 

and (2) the occurrence of two aureoles of bleaching and high temperature 

metamorphism, located on opposit limbs of the syncline which indicates 

a nearby igneous source along the axis of the fold. 

Not much is known about the northern or Porphyry Brook aureole as 

it is small and poorly exposed. 

The larger Copper Brook aureole covers an area of 20 66 square miles, 

has a north-south elongation, cutting across the strike, and contains 

the economic mineralization of the area. The location of the Porphyry 
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Brook aureole, the Porphyr,y Mountain plug and the Copper Mountain aureole 

all along a north-south line suggests a deep-seated zone of weakness 

similar to that which aligned the Tabletop batholith in the same direction. 

Metamorphism of the calcareous sediments in the larger aureole has 

resulted in the formation of new calc-silicate mineral assemblages of which 

the main minerals are tremo1ite, diopside, grossularite and wollastonite. 

After the high temperature alteration, mineralizing fluids entered the 

beds along faults replacing certain beds to produce the Needle Mountain 

and Needle East main stage bedded deposits. The Needle Mountain deposits 

consist of the large nc" ore body which is overlain by a series of small 

liB" ore bodies and finally by the large low grade "All ore body. Two thousand 

feet east of the Needle Mountain deposit are the two Needle East ore bodies 

which are located in the liB" and "c" horizons. 

Correlation of the altered rocks in the aureole with their unaltered 

extensions outside has established that the "A II ore body is located in 

the lower portion of the Grande Greve fonnation, and the fiB" and flcn ore 

bodies are located in the upper portion of the Cape Bon Ami fonnation. 

The sulphide deposition is controlled by the lime content of the 

beds and the degree of alteration. 

The mineralizing fluids entered the beds via two fault systems: 

(1) pre-alteration faults which strike east-west and dip north, and (2) 

post-alteration faults, which displace the earlier faults, also strike 

east-west but dip south. There is some evidence to suggest that the main 

channe1way was a south-dipping fault located along a valley occupied by 

Copper Brook between Copper Mountain and Needle Mountain. In this valley 

there is a sharp drop in the grade of the Needle and Needle East ore 

bodies although no apparent displacement of the beds can Qe detected from 

drill data. These cut-offs occur along a straight line and suggest a 



fault having the same strike as the other mineralized faults - a fact 

further supported by a transverse valley at the right location. If the 

fault is present it probably served as one of the channelways along 

which mineralizing fluids had access to the Ll horizon. Up-dip from the 

"valley fault", as it may conveniently be called, there were probably more 

parallel faults along which mineralizing fluids travelled. This is 

supported by the east-west elongation of t~e "Gil ore body isopach contours. 

On reaching the "G" horizon, the fluids travelled up dip and mineralized 

the beds. In a few instances, when the nC;u was fully mineralized or no 

longer amenable to replacement due to decrease in the <legree of alteration, 

the fluids continued up the faults to mineralize the overlying reactive 

beds producing the tlB" and "A" ore bodies. So far that has only happened 

in a few local areas. The migration of fluids up the dip of the beds 

assumes that some folding had already taken placeo 

A feature still une~plained is the cause of the lateral termination 

of the Needle Mountain "G" ore body and the Needle East liB" and "Gil ore 

bodies. Scott has suggested that it may be due to faulting. Underground 

exposures will supply the· answel' in due course. 

Another set of data difficult to reconcile is the location of the 

igneous source to the northbf. the" aureole, the northerly plunge of the 

aureole and the general southerly dip of the mineralized faults which 

served as the main channelways. 

After formation of the main stage ore deposits, folding of the beds 

continued together with longitudinal arching of the trough of the fold. 

This upward movement may have been produced by the intrusion of magma at 

depth. The effect of this movement was to produce a series of tension 

cracks at right angles to the fold axiSo These joints dip steeply west
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wards and strike slightly west of north. Outside of the aureole the joints 

represent zones of weakness along which the major streams of the area cut 

their way. Inside the aureole the late stage mineralization was controlled 

by this joint system. In the Needle Mountain area the mineralization is 

characterized by a dark zone of chloritic alteration adjacent to the joints 

which have been filled with calcite, quartz, pyrite, chalcopyrite, 

marmatite, galena and rarely pyrrhotite, arsenopyrite and wehrlite. 

In the Copper Mountain area the joints are closely enough spaced to produce 

a large low grade ore body. In the Miller Copper area a pre-alteration 

fault has been mineralized during this late stage to give rise to an 

interesting occurrence of zinc and lead mineralization. 

The final stages of the mineralization consist of a minor series of 

veins which cut across all the earlier faults and veins. Two types have 

been recognized: (a) quartz-calcite-fluorite-chalcopyrite-pyrrhotite

scheelite. This type is the more abundant and in one case has been 

emplaced along a low angle reverse fault of very small displacement. 

(b) zeolite-bearing veins containing pyrite-pyrrhotite-chalcopyrite

marmatite-galena. This type is rare and its relations to the fluorite

bearing variety not known. Both types of final stage veins are banded 

indicative of repeated movement. 

Cutting diagonally across the map area in a northeast-southwest 

direction are two prominent linear features easily recognizable on 

aerial photographs. They have been interpreted as faults probably post 

mineralization in age. 

The main stage bedded deposits chiefly contain chalcopyrite and 

pyrrhotite, with minor molybdenite, marmatite and scheelite. The late 

stage veins and the Copper Mountain deposit contain pyrite, chalcopyrite 
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with minor molybdenite, marmatite and galena. The restriction of pyrrhotite 

to the main stage and pyrite to the late stage veins is considered to be 

due to variations in the composition, temperature and pressure of the 

mineralizing fluids. 

Etching of quartz samples showed the veins to contain 10w-quartzQ 

High-quartz may also be present, since the results were not conclusive. 

An attempt was made to determine the temperature of formation of the 

minerals by decrepitation methods. Unfortunately the material proved 

to be unsuitable for the method and the results were inconclusive o 

Chemical analyses of the unaltered beds outside the aureole showed 

that the ore-bearing horizons inside had a higher lime content than the 

adjacent unmineralized beds. 

A study of the metasomatic changes indicates a very slight increase 

in alumina, magnesia and potash, a marked increase in silica and a very 

marked decrease in lime. 

From stratigraphic evidence the limiting depths at which the deposit 

was formed vary from 4300 to 18000 ft., or 300 to 1400 atmospheres pressure. 

The temperature of alteration is estimated to be in the range of 

7000 to 1000oC. 

Temperature of sulphide formation is estimated to be about 6200 C. 

The main stage deposits are classified as pyrometasomatic and the 

late stage as high temperature replacement-filling deposits. 

The deposit is unique as far as size, continuity and distance from 

the source is concerned. It is the only one of its kind in the Maritime 

Pb-Zn~g-Au-Cu metallogenic province of the Appalachian highlands. 

An attempt has been made to establish a correlation of the mineral 

deposits of the Gaspe Peninsula with those of northern New BrunSwick and 

Newfoundland on the basis of lead isotope abundances. The results are 
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considered to be conclusive. 

New areas for prospecting in the aureole should be along the 

extensions of the known mineralized faults, along their extensions out

side of the aureole where lead-zinc minera[zation may be found, and the 

investigation of deeper horizons below the known mineralized beds. 

An area to be investigated is the extension of the Porphyry Brook aureole 

down its dip to where it crosses the known favourable horizonso Likewise 

the northern deep-level extension of the Copper Brook aureole holds out 

promise. Both of these possibilities will require very deep drilling in 

order to intersect the known favourable beds~ Finally the country around 

Tabletops, the parent batholith of the area, should be examinedo 
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CHAPTER 7 

APPENDIX 

7.01 Chemical Analyses of the Unaltered Fonnations Intersected in DoH. E3 

Sample 
No. Depth %5i02 %CaO %MgO %A1203 %1{20 %Fe %Fe203 

JB95(d) 
34-38 ft. 
200 

401-406 

62.75 13.96 
67. 11.5 
69.5 10.05 

204 109 
1,,084 

20288 
405 

5(d) 529 
595-615 

62.53 14.62 
61.2 13.96 

2.6 2.. 52 
2.. 048 

10 86 503 

795-803 
96(d) 950 

1049-1055 
6(d) 1209 

1297 

70.0 
69. 
58. 
69.40 
720 

14.61 
10.9 
3.26 

11078 
9.49 

2.. 3 

1.94 

2.2 

1.89 

0.964 

1.927 

0.. 964 
1.95 

3.3 

5.. 6 

1399-1403 55. 10.97 10566 
7(d) 

8(d) 

98(d) 

1469 
1499 
1509 
1519 
1530 
1560 
1577 

70.93 
7000 
52.5 
55 .. 68 
58.00 
58. 
43.00 

9.54 
6.. 98 

11.17 
7.12 
2.79 

13.6 
23.03 

2.. 25 

4.06 

4,,0 

3.. 42 

12.. 92 

4.2 

3.854 
6.986 

6,,323 

20891 

2.41 

4.. 09 

6.. 9 

1107 

2.. 3 

1582 46 .. 00 19.19 2.. 650 

97(d) 
1587 
1597 
1607 

32.5 
54.0 
55.5 

34.9 
18.6 
13.26 

2.. 4 3.. 0 
1.325 

2.529 
2.0 

JB 9(d) 
1671 
1676 
1682 
1692 
1702 
1712 
1723 
1743 

32.0 
44.60 
5300 
50,,3 
51.1 
54.0 
20.0 
62.0 

37.69 
23.82 
23.03 
21.64 
17.45 
20.24 
48.86 
13.26 

2,,75 2.95 
1.566 

1.505 
2.288 
.3.001 
20118 
00964 
2.529 

1.27 3.5 

99(d) 

1751 
1760 
1763 
1770 

57.. 2 
52.2 
31. 
42.. 5 

17.45 
19.19 
34.8 
28.. 27 

1.3 1.6 

1.686 
20 650 

2.. 168 
106 

1778 46 .. 0 20 .. 94 2.168 
1787 
1792 

53.5 
44.0 

9.. 07 
18.15 

60745 
6.143 

1797 
1802 
1808 
1814 

42.5 
50.0 
51.0 
48.. 0 

16.05 
9077 

18.15 
18.15 

6.. 504 
5078 
50420 
70468 
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Sample 
N.o. 

100 (d) 

101(d) 

JB 102(d) 

10(d) 

103(d) 

104(d) 

105(d) 

11(d) 

Analysts: 

Depth %Si02 %CaO %MgO %Al203 %K20 %Fe %Fe203 

1~17 
1818 

36 0 23,,4 
20.94 

3,,1 8,,2 
50179 

4.3 

1824 
1844 

64.4 
53 .. 2 

70p8 
7.33 

8.793 
80793 

1853 57.. 5.4 3.9 14.6 5.3 
1864 
1882 

58.8 
57.7 

5,,58 
5.23 

9,,877 
9.877 

1905 53.0 00 59 70287 
1926 81.8 0.00 5.. 902 
1947 73.0 2.09 9.997 
1957 67. 3.8 202 12.4 403 
1968 44.. 5 8,,38 60 745 
1989 63.9 6.98 60 745 
2005 
2010 

71.,16 
59.2 

9.77 
5.3 

13,,223 
5.179 

2018 44.99 18.. 75 3.20 6.79 2041 609 
2026 
2031 

50,,5 
63.1 

17.. 31 
6,,28 

3.613 
6.263 

2036 
2046 

35,,0 
3800 

22.34 
19.19 

3,,734 
4.577 

2047 35 .. 2502 3.3 5.6 207 
2057 3600 17045 40 216 
2067 33.25 19.54 3.734 
2078 
2083 
2088 

33,,0 
26. 
18.. 5 

27 .. 89 
30.7 
34.9 

3.4 602 
3.85 

3.011 
1.,6 

2102 25.75 32.8 3.854 
2113 
2123 
2125 
2126 

23 .. 25 
30.25 
300 
23.75 

33,,85 
32.. 10 
30.3 
32,,81 

206 503 

3.373 
3,,612 

3.. 011 
1.,6 

2131 39050 20.. 94 6.027 
2154 39.0 16.05 7.829 
2176 5200 9.. 07 5.841 
2196 53.0 13.. 26 6.504 
2216 48.7 1 ~,':l.f, 5v 661 
2237 48,,0 15.. 36 6.865 
2251 
2257 
2267 
2282 

53.. 05 
45 .. 5 
53.. 5 
53 .. 0 

9.77 
15.36 
13.. 26 
12.. 91 

4099 11033 
7.347 
5.420 
5.902 

2093 8.. 4 

Samples: JB 5-11 (d) & JB 95-105 (d) by~ D. Spence, J" Plamondon, 
M. Paiement, Department of Mines Laboratories, Quebec. 

Balance of samples by: FoW. Benoit (1955, p. 39). 
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70 02 Report 

Temperature-Pressure Measurements of Specimens from Gaspe Copper Mine 

Introduction 

A suite of 15 specimens of sulphide-silicate rock and vein minerals 

from the Gaspe Copper Mines were submitted for decrepitation and related 

tests by J.J.Brummer. The purpose was to test the major minerals for 

suitability of the methods. 


Microscopic Examination 

Most of the specimens are too fine-grained for study of inclusions 
in polished thin sections. Vein quartz of JB-3c was prepared and examined. 
Many fluid inclusions were seen. These are rather irregular, of relatively 
medium size (mean about 50 microns), with one liquid phase and one gas 
phase (moving or vibrating bubble) at room temperature. The bubble/ 
liquid ratio is such that if the two phases are water the inclusions would 
be filled near 2000C. A few may contain a small amount of transparent 
acicular crystals, but no salt crystals were found. Almost all of the 
inclusions appear to be primary, but a few planes of very small inclusions 
may be secondaryo 

The above characteristics indicate hydrothermal deposition at 
moderate temperature and pressure from a solution not very saline. 

Decrepitation Tests 

The vein minerals and sulphides give a low-temperature stage of 
decrepitation which can be interpreted as being due to filling of liquid 
inclusions. The strong anomalous decrepitation of these minerals also 
indicates hydrothermal deposition (and/or recrystallization). The liquid 
inclusion type of decrepitation starts near lSOoC. The silicates give no 
low-temperature decrepitation, but all give a small amount of anomalous 
decrepitation which indicates crystallization in the presence of some 
water, though not necessarily was the solution hydrothermal. All of the 
silicates give a substantial amount of decrepitation which has the 
characteristics of being due to solid mineral inclusionso However, the 
beginning of this curve is near the peak of the anomalous curve, and the 
temperature at which it begins is uncertain. The weighted average is 
near 3BOoC. When quartz is present with the silicates, an additional 
curve appears due to its inversion near 5750• Additional increases 
which may be due to decomposition of hydrous minerals appear in a few 
specimens. 

The beginning of both the liquid and solid inclusion decrepitation, 
in all specimens tested, is not sharp, indicating a range of temperature 
(less likely pressure) during crystallization and/or recrystallization. 
The values given above refer to the temperature of greatest change of 
rate of decrepitation, corresponding approximately to the mode of a 
distribution curveo 
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Summa~ of Oecreeitation Tests 

Spec. 
No. 

Mineral Dl 
Start 

03 
Max 

02 
start Max 

D5 
Ma.xoQuartz 

04 
Others 

JB 1 e Gamet etc. 50 3S50 C 240 40 Peak 730°C 
3 
4 

Quartz 
Quartz 

l85°C 
175 

vostrong 
v.strong 

260?? 
260?? 

--
strong 
strong 

4 Chalcopyrite 115? vostrong 
or 100 

5 Calcite vostrong 
6 Chalcopyrite 150 v.strong 
6 Heavy Silicates 100 400? 550 
7 
8 

Woll. .. Oiop .. 
Gamet 

30 
100 

3651 
4001 

490 
600 130 

9 Garnet 100 340?? 650 1 Peak 6000 

10 Garnet SO 3601 590 160 
11 GAro ofOiop. 20 365? 570 130 
12 Woll. of Oiopo 120 430?? 400 ? 

36511 
13 Silicates 190 34511 560 170 
13 Pyrite l60? 113 3201 Large 
14 Silicates 100 4201 470 150 
15 White Silicates 147 34511 575 300 

flrite Thermoelectric Potential 

The pyrite of specimens JB 3, 13, 14, 15 is coarse enough for testing 
with the pyrite geothermometer device.. The values found were plotted in a 
cumulative histogram. Fifty to one hundred readings of each were plotted 
before the distribution curves became clearl.y defined.. 

JB-3e" Readings extend from lSOo to 7000 C, with peaks at 4100 , 4900 , 
6000 1, 3400 1, and 2100 1?Co 

JB-13e.. Readings were grouped closer, from 440-6l00 C, with peaks 
at 5000 and 5900 0.. 

JB-14eo Similar grouping, with high peak at 5000 , low peak at 5000 1Co 
JB-15e.. Somewhat wider grouping, with strong peak at 520°, possible

peak near 6200 1C. ' 

High temperature readings 450-650°C seem to be characteristic of 
cont-act metasomatic and wall rock alteration pyrite from many deposits, 
some of which provide good data of other kinds for much lower temperatures 
of formation. The high readings po~sibly mean slow crystallization and 
more or less perfect (in the electrical sense) cr,ystals. Only JB-3e gives 
some readings characteristic of vein pyrite, but the scatter is too great 
to determine the peak of the low temperature readings, but .it lies between 
1900 and 4l00C. 



Pressure-Temperature Calculations 

The temperature data are not reliable enough for calculation pur
poses, but general results can be suggested. The temperature of formation 
of the silicates appears to be about 3800 C, and of the vein quartz, 
possibly near 2600C. Assuming a temperature of gradient of 500 per 
kilometer during orogeny, and formation of about 705 kilometers during 
cr.ystallization is obtained. Assuming liquid and solid inclusions 
decrepitation of the vein quartz at 1800 and 2600 respectively, a depth 
of about 5 kilometers is obtained. The former is probably more reliable, 
giving about 7 kilometers as a weighted mean o However, if the deposit 
was formed soon after an igneous intrusion, the gradient would be steeper, 
and the calculated depth would be less, say about 6 (j 2) kilometers, 

Recommendations 

The material submitted is mostly unsuitable for good determinations 
by the decrepitation method, although careful research might establish 
the best grain size and mineral for optimum .results which might refine the 
above data considerably. The vein quartz is suitable for study of 
variations of temperature of filling of fluid inclusions, provided the 
limit of variations is of the order of 50oCo 

study of a larger suite of specimens of the type submitted is not 
recommended. 

September 6, 1954 (signed) Fe G. Smith 
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Location 	of Decrepitation Samples (Fig. 1.35) 

No .. Location 

JB l(e) 	 NW. edge of porphyry 
plug on Porphyr,y 
Mountain top.. 

2(e) 	 N. edge of above 
plug. 

3(e) 	 South wall of 
Electrical Control 
room, 1800 level 
G.C.M. Ltd. 

4(e) 	 810 drift G.C.M. 

5(e) 	 Miller Copper Mine 
Ltd. - ore dump 

6(e) 	 G.C.Mo, DR 2.33 
between 558-593 fto 

7(e) 	 G"C.M, DR 116 
between 420-500 ft. 

8(e) 	 GoC.M., DR 1.34, 

525-550 fto 


9(e) 	 Go C.M., DH 81, 
780-875 It" 

Description Minerals 
tested 

Classification 

Andradite garnets 
with Chalcopyrite 
along fracture 

Garnet ? 

As above - but 
finer grained 
variety. 

? 

Quartz-calcite 
vein containing 
galena, marmatite 
and pyrite. 

Quartz Late stage 

Quartz veins 
containing 
chalcopyrite" 

Quartz, 
chalco
pyrite" 

Main stage 

Coarse crystalline Calcite 
calcite containing 
traces of pyrite 
and marmatite 

Late stage 

liB" ore zone" 
Wollastonite
diopside rock 
containing 
chalcopyrite & 
pyrrhotiteo 

Chalco
pyrite,
& heavy 
silicai(es 

Main stage 

IIBII ore zone. 
calc-silicates 
containing 
chalcopyrite & 
traces of 
pyrrhotite., 

Wollasto
nite & 
diopside. 

lvlain stage 

"B" ore zone., 
Garnet-diopside 
skarn containing 
chalcopyrite & 
traces of 
pyrrhotiteo 

Garnet Main stage 

"C" ore zone. 
Garnet=diopside 
skarn containing 
chalcopyrite & 
traces of 
pyrrhotite 0 

Garnet Main stage 
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No. Location 

10(e) G.C.Mo, D.Ho 120, 
690-800 ft .. 

ll(e) G.C.M., D.H. 139. 
1180-1230 ft. 

12(e) G.C,Mo, D.H. 199, 
840-970 ft. 

l3(e) G.C.M., D.H. 71, 
650-750 ft. I 

l4(e) G.C.M., D.H. 241, 
430-570 fto 

15(e) G.C.M., D.H. 5, 
680-840 ft. 

Description 

As above containing 
chalcopyrite with 
traces of molybdenite. 

IIC" ore zone. Garnet
dio.pside skarn con
taining ohaloopyrite 
with traces of 
molybdenite. 

"c" ore zone. Garnet
diopside skarn con
taining ohaloopyrite 
bornite &pyrrhotite 

Garnet-diop"ide skarn 
containing chalco
pyrite and pyrite. 

Garnet-diopside skarn 
contahing chalcopyrite, 
pyrite and traces of 
molybdenite. 

Fractures containing 
pyrite and chalco
nvriteo 

Minerals Classification 
tested 

Garnet Main stage 

Garnet & Main stage 
diopside 

Wollasto- Main stage 
nite and 
diopsideo 

Silicate Late stage 
&pyrite 

Silicates Late stage 

White Late stage 
silicates 
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Alcock, F.J. 
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