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A B S T R A C T 

The C ande g o is a small lead-silver-zinc mine 

i n t h e n o r t h e r n pa r t o f t h e i n te r i or o f Ga s p é • T h e o r e 

bodies are narrow hi ç h grade shoots p lun gi ng at low 

anqles to th e we st in ea st-west strikin g , ste ep ly-

dipping lon g itudinal strike-slip faults. These faults 

eut a str o ngly contorted zone in the Lower !?) Ordoviclan 

sedimentary rocks. 

Th e minerais in the ore are quartz, carbonates, 

pyrite, galena, sph a lerite, and smaller a moun ts of 

chalcopyrite, p yrrhotite, go ld, tetrahe dr ite, arsenopyrite, 

b o u r n o n i t e , a n d a n q 1 e s ite • 
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Figure 2 Gaspé Peninsula. The Candego Mine 

0 ~:::·: p('rl)tl' ' ' 

D Str"""'t•ne 

D 
[ZJ 

Sl'l ,_,1'1('(- H'' •rs O l'lt ltCI~t OICOI"'tC$ Ofld 
Sf!llfte sK~~I(Ir,•s 

:'·o:-ost 

LAV REIIIf •AN - TYP[ ERqu .:S 

l ~~· Ql"e•U R tlAl'"I'IC:'S ·~ :-: ·~~~ ... , 9 •01.1 11' 

0 ... ~ AXWO'o·~·~ o'T' "l Of fC~I!'P\ <C~ CG> 

.: .:.\â~OI • 'ft(l'- '• "' • IS Of 
•1' :- =- ~101\Q · U~r 'f'O•• U COP 

, -.r;on . (..ho~ 

.'.' <f\ ._,:,.<' .... ~ 

': ~. '!~· <:.lO t 

.. 

s a t t h e c r o s s , s ou t h o f ivi a r s o u i • 
From McGerrigle, 1952 • 

\ 

~~ / 

~ 
( 

' __..-
l' \ '.· 

~\ 
' [ v 

-lt .. ---- ~ 

\ f..r:: 

1 ~ 

~ ~ ~· 
\ ~ 

\ ''J 

--· 
' 
~. 

\ 

Ouj/r-1' }Î./}Jrmqœ 

... lll<li("lll t~( 

·~·u 

PlEISTOCENE GLACIATION 
,OF 

CASPE PENINSU~ 

-· 

l~· · ~e~.,·• 
- . /Jo;,! d 11.s ('/wlt!tll:~ . .. (" . .. :-- . --. .. -~ ..:.. :--.;, ... $< ....... .. ... "' .., ...... 'llN ORur~~,wrc~ ·. -. t ~- ... 

~ 



- 5 -

,·_;EOLOSY OF THE CANDEGO M 11'\JE, 

GASPE NORTH ·:OUNTY, ·.JUEBEC. 

1 NT RC0UC T 1 ON 

L OCr\ T 1 G-J AND ACC ES S 

The property of Consolidated Candego Mines 

Limited is in Boisbuisson and _;hristie Townships in the 

County of Gasp~ North. {fi:.J. ~) 1 t is about 13 mi les 

sou th of t he v i 1 1 a ÇJ e of Ma r sou i , wh i ch i s on the nor th 

coast of the Gaspé Peninsula, about 80 miles east of 

t he en d o f the ra i 1 w a y 1 i n e , a t Ma ta n e • •'-'•a ta n e i s t he 

eastern terminus of the Canadian and Gulf Terminal 

Rai lway, a short 1 ine connecting wi th the Canadian 

National Railway at ~·,ont joli. Provincial Highway 

f\1 o. 6 f o 1 1 o w s the co a s t of the pen i n su 1 a fr om iv·\ a ta ne t o 

,\.ia rsoui and b eyond. ;_._, o rav e l road l e ads from th e mine, 

down the valley of the ,v,arsoui River, to the coast. 

Gas pé Copper Mines Limited 1 s large copper 

deposit is about 25 miles east of th e Cande go Min e , and 

the Federal Metals area is about 20mile s south. 

The Candego Mine was th e first producin p mine 

in th e C.~aspé pe nin s ula. Th e Company produces lead-

s i lv e r conce ntra tes and z in c concentra t e s, beth of 

excellent grade, in a flotation mi Il of about 65 tons 

dai 1 y ca p ac i tv. 
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\Y/ORKINGS 

The Mine is worked through adi ts driven west-

ward into the valley slope. (fiG• 3) There are six 

adi ts.- Four of them, nos. 1, 2, 3, and 4 are located 

i n one ver t 1 ca 1 z on e • The y a re na rn ed i n t he or der of 

de cre a s i n g e 1 ev a t i on • N um be r 5 ad i t i s a p p r o x i ma te 1 y 

8 00 fee t s ou t h of t h i s z on e , a t a n e 1 ev a t i on i n t er me d i a te 

between numbers 3 and 4 adits. Number 6 adit is a t 

a b o-u t t h e s ame e 1 e v a t i on a s n o • 1 , a n d 7 00 f e e t s ou t h 

of it. Each of the adits contains one main drift, 

numbered 101, 201, 301, etc., which was driven on a 

vein. Drifts on other veins in the 3 and 4 adits are 

numbered 302 and 402. A smal 1 amount of exploration 

has been done by cross-cutting and diamond drillin g , 

and s topes are present in a Il the a dl ts except No. 6. 

A large number of trenches were made by 

bulldozers for prospectin g purposes. Many of these 

contain bedrock exposures. 

Severa 1 open pi ts have been mined durin g the 

fife of the Mine. The first and lowest was beside the 

river, at an elevation of about 1600 feet. (fig. 3) 

Others were at the present portais of nos 1 and 2 adits. 

A sma Il open eut was mined above no. 5 adi t. 
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The author 1 s persona! observations have been 

made in numbers 3, 4, 5, and 6 adits, parts of the old 

pits, and the surface trenches. 

Ad i t no. 

2 

3 

4 

5 

6 

HISTORY 

Table 1, Summary of Adits. (Compare fig. 3) 

Elevation 
ft. a.s.l. 

2320 

1920 

1860 

1760 

1833 

2330 

Remarks 

Abandoned, inaccessible at present. 

Abandoned, inaccessible at present. 

Main production adit. 

Main haulage, some stoping and 
exploration. 

Inactive at present. Accessible. 

Short drift, ex p loration. 

110 i s c o v e r i e s of 1 e a d a n d z i n c s u 1 p h i de s w e r e 

made at this locality as far back as 1916. 11 (jones, 

1933a, p. 32) The earlv work does not a ppear to have 

been extensive, but by the time of jones' visit in 

1933 severa! trenches had been opened and a pit 22 feet 

deep had been du g . Most of this work was close to the 

river. The small exposures of mineralization found in 

this earlv work have not been mined. By 1944 the 

property had chan ged hands severa! times, and pros pecting 
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had extended farther from the rfver. ln that year an 

impressive showing of galena and sphalerite was 

uncovered at Henley Creek (Stewart Troop, persona! 

communication), a west-flowing stream that enters the 

Marsoul River about 1500 feet south of the '"'ine. 

Cande q o Mines Limi ted was incorporated in 1945, and in 

1946 a high-grade ore body was found by trenching on the 

east bank of the river. ·The pit shawn in figure 3 

marks the location of this ore body. Trenching and 

pitting were continued intermittently. ln 1948 a small 

sampling mill was installed, with an initial daily 

capacity of about 10 or ·15 tons, and an open eut was 

started on the river ore body_. 1 t was fel t that a 

mining operation was the best means of gaining 

information on the milling characteristics and geological 

nature of the ore. From February, 1948, to February, 

1949, over 5000 tons of ore were mi lied, but mining was 

discontinued in this pit because of its proximtty to 

the river, and the consequent problem of handling the 

water which entered the pit. ln the summer of 1949 

new ore was discovered high on the slope of the west 

mountain, and an open pit was started. Trenching was 

continued by bulldozer. This work traced a 1 ine of ore 
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outcrcps eastward down fhe slope of the mountain, and 

adits were started on the upper find (no. 1 adit, fig. 3) 

and on another at a lower elevation (no. 2 adit, fig. 3). 

These pits and adits showed the ore to be steeply 

d i p p i n ~ , a n d n o • 3 a d i t w a s s t a r t e d a bou t 60 . f e e t b e 1 o w 

no. 2 to allow mining of this ore from a lower horizon. 

Numbers 1 and 2 adits in August and September, 1949, 

sup::>l ied the mi Il wi th over 1000 tons of ore averaging 

about 20% Pb, 15% Zn, and 18 oz. Ag per ton. (Stewart 

Troop, persona! communication). 

ln October, 1949, the Compa n y's power plant 

burned down and mi 11 ing had to be suspended. Underground 

and surface exploration continued intermittently during 

1950 and 1951. l'lum b er 3 adit was driven toward the 

west, and i t intersected the downward continuation of 

the ore shoots (which ha ci been p rojected from no. 2 adit) 

w h e r e t h e y w e r e e x p e c te d • :, i t h i n c r e a s e d c o n f i d e n c e , 

another adi t was start e d lOO feet below no. 3. This was 

no. 4 adit. lt was o riginally thou g ht that ali these 

adits were al 1 on the same v e in, but later work sh ow e d 

that severa! minerdlized v e ins, a nd ma ny fa ults havin g 

a t t i tu .:! e s s i m i 1 a r t o t h o s e o·f t he v e i n s , ma k e u p a n or e 

z one o n which th e adits were driven. 
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Prospecting was extended over a wider region 

durino the period of inactivity of the mill. A showing 

about 800 feet south of the main vein zone was opened 

by a small pit. This later became number 5 adit. 

( f i :ure 3 l 

ln February, 1952, the mi Il began operating 

again, and shrinkage stopes were opened in the ore in 

no. 3 adit. No. 4 adit workings were pushed to the 

west. No. 5 adi t was started, a nd a small stope opened. 

However, the ore here is mostly sphaleri te, and the 

priee of zinc did not encoumge further exploration 

after this shoot was exhausted. Operations in no. 5 

adi t were sUspended la te in 1952. ;v·,eanwhi le, the search 

for continuations of the showing in the no 5 adit area 

led to the discovery of high grade ore on the hi 11-

side above this adit. No. 6 adit was driv e n below one 

of these showin c s, but nothin g of economie interest has 

yet been found in i t. 

Durinq 1953, explora ti on in no. 3 adit uncovered 

a second ore-bearin p vein. This is th e 302 vein (fi g . 3 

and 4 ) which ls approximately parallel to the 301, on 

which th e earlier stopes had been driven. lt is not now 

known whether this wi 11 prove to be a branch of the 3UI 
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or a parai lei structure. At the west end of no. 4 adi t, 

the 4 02 v e i n 1 f i g . 3 ) w a s d i sc ove red • Th i s i s a d i f fere n t 

type of structure. lt is a thick, low angle vein 1 as 

op p osed to those me ntioned above, al 1 of wh ich have 

steep dips. 

As ofOctober 1,1953, the mill had treated 

48,570 tons of ore. Smelter returns show a total of 

.5,954,049 pounds of lead, 4,840,109 pounds of zinc, 

245,922 ounces of si lver, and 950 ounc e s of gold 

contained in the concentrates sold up to that time. 

S i n ce th a t da te , a t 1 e a s t 1 0, 000 ton s ha s bee n mi 1 1 e d • 

(St e wart Troop, persona! communication). 

ln 1952 the Company was reorganized and its 

name was chan g ed to Consol idated Cande go 1\Aines Limi ted. 

GEOL OG ICAL \'1/0 RK 

By others. 

... 

The peninsula has received sporadic attention 

for many years. Intensiv e work di d not start until 

1917, seven y e ars after th e discov e ry o f bas e metals 

depos i ts in th e Federa 1 a rea. Much of th e area in the 

vicinity of th e Cand ego Min e was ma ppe d by 1. ':::./ . jones, 

for the Quebec Departme nt of Mines, from 1929 to 1933. 

ln recent years McGe rri g le, also of the Quebec Department 

of Mines, has work e d in adjac e nt a re as and visit e d the 

many pros p ects. 
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H. ,v,. Kingsbury served as consulting geologist 

to the Company for severa! years. 

By the author. 

The writer did geolor:ical wo rk at the Candego 

iV1ine for about five months in 1953. His work included 

detailed geolocical mappin<~ of most of numbers 3, 4, and 6 

adits and examination of no. 5 adit, in addition to 

supervising diamond drillin<~, relog o ing some of the old 

drill core, and, in c:eneral, p~rforminr,; the duties of the 

mine qeolopist. Neither surface nor underground mapping 

has been completed. The Company is planning a geological 

ma pp i n (1 pro gram for t he s umm er of 1 9 54 • labo r a tor y w or k 

was done in the Oepartment of Geolo ~ ical ~ciences at 

,\kGill University, and consisted of optical examinatlon 

of polished sections, thin sections, and powders, and 

qualitative chemical lespecially microchemicall tests 

of certain specimens. 

ACKNO~/ l EDGV1 ENT S 
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Ottawa, under the direction of M. H. Haycock, provided 

fifty-two polished sections of specimens from Candego. 

These were made for the purposes of the Division's 

investigation of the mineralogical and chemical properties 

of the Candego ore. Al 1 the mineral identifications, 

except that of pyrrhotite, were originally made by 

personel of the Mineragraphic and Spectrographie Section. 
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The laboratory work was made possible by a 

scholarship provided by the Quebec Oepartment of Mines 

which permitted the author to spend the 1953-54 term at 

the Universi tv. 

The panoramic photograph (fig. 1 l of the Mine 

area was taken by H. M. Kingsbury, and is used here by 

p er rn i s s i on of Con s o 1 i da te d Cande go Mi ne s L i rn i te d • The 

print was made byMr. L. Dille, Montreal. Ali ether 

photographs were made by the author. 

TOPOGRAPHY AND GLACIATION. 

The fv'\ine is situated on the west slope of the 

v a 1 1 e y of the Mars ou i R 1 ver • ( fi g s • 1 and 3 l The r ive r 

he re 1 i e s a t an e 1 ev a t i on of abou t 1 600 fee t ab ove se a 

level and roughly 1500 feet below the levet of the 

adjacent uoland. The general aspect of the region is 

that of an elevated partial pen.eplane, dissect~d by 

vallevs with moderately steep sides. The panoramic 

photograph (fig. Il shows a general view of the Marsoui 

River valley in the Mine Area. 

There is no evidence of strong glacial erosion 

here. However, a few transported boulders have been 

seen at elevations as hi 9h as 2550 feet on th e west 

s 1 ope of the v a 1 1 e y. A 1 1 the err a ti cs are of rock types 

which occur at, or south, of the Mine. No laurentian 

types were seen. 
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This would indicate that the region has been glaciated, 

and that the predominant direction of lee movement was 

from south to north. 

,·v1o s t of t he s o i 1 1 n the Mi ne are a i s re s i du a 1 

in origin. Extensive trenching has provided excellent 

profiles, in many of which the structures and quartz 

veinlets can be traced upward through partially-disintegrated 

material to the bottom of the root mat. ln some places 

the to p fe w i n c he s of the prof i 1 e i s compose d of f i ne 

silty material with irregular bedding at various angles. 

This is apparently fluviatile in origin. A few lenses 

of grave! of g lacial or fluvioglacial ori g in were also 

seen. ln al 1 cases these lenses of transported material 

are at or near the top of the soi 1 profile, indicating 

that the soit itself is preglacial. Since this 

unconsolidated material was not removed, the glaciation 

must have been relatively light. 

The problem of glaciation in Gaspé has been 

considered by many authors. ln particular, Dresser and 

Denis (pp. 498-504, and fig. 38, p. 508. Also pp. 

518-520, and References, pp. 525-527), Coleman, and 
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Flint et al. have written extensively on the subject. 

The most recent discussion is by 1\kGerrigle (1952). 

lt contains a review of the previous literature, an 

extensive bibl iography, and sorne stimula ting ideas on 

the subject. ,v'1cGerrigle arrived at the conclusion 

'that there were at least five stages of glaciation in 

the Gasp~·Peninsula. These were (p. 49) 

Il Cirque or valley glaciation 

2) local ice cap 

3) laurentide ("continental") ice sheet 

4) local ice cap 

5) Cirque or valley 

~ McGerrigle's map is reproduced as 

figure 2 to which the location of the Candego Mine has 

been added. 1 t wi Il be seen that the area described 

in the present paper was covered by his local ice cap 

of stage 4 1 which left the evidence of northward

moving lee. 
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GEOLOGY 

GEGLOGIC SETTING 

The Candego deposi ts occur in sedimentary 

rocks classified by jones (1933a, p. 21) on fossil 

evidence as lower (?l Ordovician. There is a possibility 

that some of the rocks so u th and east of Marsoui may be 

as old as Cambrian. The series as a whole inc l udes 

1 imestones, sha les, and sandstones, mi ldly metamorphosed 

in places. 1 t forms a strip about 15 mi l es wide alon g 

the north coast of the Gaspé Peninsula. 

T h r e e rn i 1 e s s o u t h o f t h e iV\ i n e i s t h e n o r t h 

c ontact of an intrusive mass of igneous rocks which 

underlie the highest mountains in the reg i on, th e Tabletop 

group. The intrusive mass is a bout ten miles long, in 

a north-south direction, by 4 mi les wide. The rocles 

range from diori te porphyry to granite. They are 

generally classified as iv1iddle Devonian in age (jon e s, 

1933b, p. 45!. Another group of intrus ive rocks outcrops 

at Mt. Albert, about 6 mi les west of the Tabl e top 

intrus ive. These rocks are. amphibo l i te and ser p entin .ized 

peri . doti te. They are thought to have be e n intruded at 

th e close of the Ordovician (j o ne s, 1933b, p. 4 7). 
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The only rock in the :'v•ine area which is younger than the 

Lower Ordovician is felsite or por p hyritic aplite, which 

occurs as a dyke or possibly two dykes cutting the 

sedimentary rocks. 

Accordinq to Jones (19J3a p. 30) the major 

structure of the Ordovician rocks is "of the nature of 

an anticlinorium," whose axis passes about lt mi les 

south of the mine, with an east-west strike. The north 

limb of this fold, including the region of the mine, is 

a complex of simpler folds, some of which are of considerable 

dimensions. Jones observed some faults, but was unable 

to estimate their displacements. 

The strike of bedding lies between N.65°E. and 

E. over a large area, except where the beds swin SJ around 

the noses of plunging folds. Jones ( 193Ja, p. 31) 

describes these folds as plunging gently toward the 

east in the eastern section of the Marsoui map area, and 

plunging gently west in the western section of the area. 

He suggests that this may result from doming of the 

region as a result of "upheaval along a north-south 

belt continuous with the similarly trending belt of intrusive 

rocks forming the Tabletop mountains, and this upheaval 

may have taken place at the time of the intrusion of 
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the Tabletop mass", The aspect of this area would 

thus suggest a culmination !Bi llings, p. 49). 

GEOLCGY OF THE CANDEGO MINE 

General statement. 

The Candego ore occurs as narrow high grade 

shoots following steeply-dipping stril:.e-slip faults 

cutting folded Ordovician slates and sandstcnes. The 

faul ts and veins occur in a strongly contorted zone in 

the se sediments. 

The ore is composed of pyrite, sphalerit~, 

and galena, with miner amounts of chalcopyrite, pyrrhotite, 

tetrahedrite, bournonite, arsenopyrite, and gold. The 

gangue consists of quartz and carbonates. 

Sedimentary rocks. 

Slates are far more abundant than any of the 

ether rock t ';pes in the mine. They are black or dark 

gray, and moderately hard• Their cleavage is generally 

difficult to detect in underground exposures, although 

i t can be seen in weathered surfaces and diamond dri Il 

cores. 
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The microscope shows that most of the slate 

contains quartz, sericite, graphite (?),and carbonate. 

C 1 a y m i n e r a 1 s m a y b e p r e s e n t i n s om e s e c t i o n s • P y r i te 

cubes are abundant in certain beds (figs. 5 and 61 and 

rare in ethers. 

A relatively rare type is illustrated in figures 

5 and 6, which are photographs of thin ~ections made 

from diamcnd dri Il core from the western part of the 

Mine. The two thin sections together represent a 

cross-section of the dri 11 core, and ar e perpendicular 

to the bedding. Parts of seven different beds are re-

presented. Their descriptions follow. The beds are 

numbered from the bottom of figure 6 to the top of fi g u re 

5'. 

No. 1. This bed is composed most lv of very fine clay 

minerais or sericite, with abundant fine pyrite, a 

little brown iron oxide and fine opaque material, probably 

carbonaceous. A faint internat banding is visible, 

parallel to the bedding. This is slightly offset along 

cleava qes. Cleava ge is due to slight conc e ntrations of 

the fine o paque material. The trace of the cleavage 

makes an angle of about 45° with the bedding. No. 2 

is 2mm thick. 1 t c o nsists mostly of very fine grains of 

a mineral or minerais with a m icaceous habit, probably 
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sericite. A few small -quartz grains and a little iron 

oxide and pyrite are present. As oriented in t he f i gure, 

the b o t tom 1 /3 of t he be d i s mu c h da r k e r i n co 1 ou r 

than the remainder. This is due to an abundance o f black, 

opaque carbonaceous material in this part of the bed. 

This material is concentrated in zones which are 

thicker n e ar the bottom of the bed. They ar e at an 

anqle of about 10° to the main bedding direction. Some 

of the bands are sli r, htlv curved in the vicinity of 

pyrite grains. 

Be d n um ber 3 • Th i s be d i s 0. 5 mm th i c k , and i s s i rn i 1 ar 

i n c om po s i t i on t o no • 1 • Ho w eve r , i t con ta i n s rn u c h 1 es s 

pyrite and is more strongly cleaved than no. 1. This 

cleava pe is visible in figure 6. lts trace is at 45°· 

to the tra c e of th e bedding. There has been a small 

amount of slip on the cleava ge, in the same sense as that 

observed in bed 1. 

i'! o • 4 i s 8 mm t h i c k • E x c e p t f o r i t s t h i c k n e s s , i t i s 

very simi lar to bed no. 2. The bands of dark material 

ar e at about 5° to th e b e ddin g , and are sli g htlv irregular 

in trend. lar ge p yrite grains are present in the top 

2.5 mm of this bed. 

No • 5 i s 3 • 5 mm t h i c 1:. • 1 t i s dari:. coloured becaus e of 

the p resence of abundant carbonaceous material. The 

rest of the rock is carbonate, quartz and a small amount 
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of brown iron oxide. A few flakes, large enough to be 

identified as muscovite, are present. This bed is a 

carbonaceous and arenaceous 1 imestone. 1 t has no secondary 

cleavage, but displays a falnt compositional banding. 

Be d no • 6 ( f i g. 5 ) i s 3 • 3 mm th i c k • 1 t i s som e wh a t 

similar to beds 2 and 4, but contains abundant coarse 

pyrite in its lower half, whereas the pyrite in beds 

2 and 4 was concentrated ln the upper portions. Sorne of 

the pyrite grains are bordered by clear areas of fine 

chert. Baodin g is pronounced, slightly irregular, and 

almost parallel to bèdding. 

Bed no. 7 occupies the remainder of the section. 1 t i s 

a silty slate containing quartz, fine micas (or clay 

minerais ?), and a relatively smal 1 amount of opaque 

carbonaceous material. Faint regular bedding is apparent 

in the lower part of the bed. The cleava ge in this bed 

is very evident. lt is due to concentrations of the 

carbonaceous material, sorne of which is recognizeably 

micaceous (probably graphite). The beds are not offset 

alon g this cleava ge, but sorne of the black 1 in es enter a 

short distance into the adjacent bed. A si milar feature 

is illustrated in figure 7. 

The mode of origin of the bandin g in beds 2, 4 

and 6 is p robl e mati ca l. If it is du e to ori g inal composi

tional bandinq, then the attitude is due to c ross-bedding. 
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If it is a secondary feature, as it appears to be, it 

probably was formed by segregation or introduction of 

carbonaceous matter along shear planes complementary 

to the cleava@e in the other beds. 

Another unusual type is a spotted slate which 

occurs in large thicknesses in a few places. lt is 

i llustrated in figure 8. The structure is that of the 

normal slate, except for the occurrence of small (up to 

3 mm , a v e r a g e 1 mm d i ame te r ) s po t s w h i c h a p p e a r gr a y or 

brown to black on the surface of diamond dri Il core. 

The mineral co,nposition of these rocks is that of the 

typical slate, about 20% quartz and the remainder a 

fine arained agqregate of carbon~ceous matter, clay

minerais and/or sericitic muscovite, and carbonat e . 

The spots ap pear to c o nsist primarily of very f in e 

arained carbonate, in parallel optical orientation within 

any one spot. The materi a l in the s pots seems simi l ar 

to the rest of the . rock except for the fact that the 

space around and between the larger quartz an d seri ci te 

qrains is o c cu p ied by microcrystal 1 ine carbonate. The 

rock cleava ~ e is sliçhtly disturbed by th e presence of 

th z se spots, and the rock tends to break around them, 

rather than through them. They are thou g ht to represent 

the earliest sta ges of metamorphism. (Harker, pp. 15, 48) 
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Harker does not mention carbonates specifically, but 

ascribes the spotted texture to the early stages of 

thermal metomorphism. 

Very 1 ittle true 1 imestone has been reco?nized 

in the immediate vicinity of the mine. However, many of 

the slate and impure quartzite beds are more or less 

calcareous. 

Thin beds of quartzite and ~raywacke are abundant, 

especially in the western section of the mine workings. 

~ost of the beds are between one and three inches thick, 

\ 

but beds as thick as five feet have been seen. The 

thicker beds contain shaly partings. 

These arenaceous rocks are gray, hard, and 

brittle. They consist of quartz with more or less cd'rbonate, 

sericite, arqillaceous material, and secondary silica. 

ivîost of the sand 9 ra i ns are l e ss thant mm in diameter. 

However, a few thin b e ds of fine greywacke c on ~ lomerate 

a r e p r e s e n t , c on t a i n i n g r o c k f r a gm e n t s ( i n c 1 u d i n g 

chert, a 1 tered fine g ra i ned i gne o us rocks and a 1 tered 

fe 1 d s pa r -mu s co v i te f r a gm en t s l u p t o i i n ch i n d i ame te r • 

F i gure 7 shows the bedding-c leav a g e r e lati o ns in this 

type of material. One rock thin section of an individual 

quart z ite bed dis p lays a grain-size gradation which may 
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indicate the oriélinal top direction. Although 

no t me Jô sc op i ca 1 1 y v i s i b 1 e , t h i s fe a ture ma y be 

of use in deciphering the structure and stratigraphy 

of the wall rocks. 

A peculiar type of spotted material is present 

in severa! areas. lt is believed to be due to the defor-

mation of inter-bedded unconsolidated sa nds and rnuds. 

Fia. 9 i 1 lustrates the arpearance of these rocks. 

Rounded fragments of sandy materia 1 are enclosed in a 

matrix of slate. The contacts between the fragments and 

the matrix are very sharp in sorne places and gradational 

in others. ln the rock illustrated !fig. 9} the matrix 

is hiqhly calcareous. Al 1 the fragments observed are of 

greywacke or sands tone composition, us ua lly w 1 th sorne 

carbonate. The~ are up to several inch e s in diameter. 

ln many places they a :: pear lenticular and flattened in 

t h e p 1 a n e o f t h e b e d d i n g • '.'.' h e r e t h ~ f r a gm e n t s a r e n o t 

noticeably elongated o r flattened, th e cleavage may 

either deviate fr om its general attitude to flow around 

them, or may eut partlv throu g h them, but in pl aces 

where the fragments are flattened in the bed d ing 

direction, the cleavage flows arcund them, and the rock 

does not e a s i ly br e ak thr c ugh the fragm e nts. Fo r this 

reason this ty p e of material is very difficult to 
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r eco g n i z e u nd e r gr ou n d • Ho w ev e r , i t ca n e a s i 1 y be s e en 

in diamond dri Il core. 

Porphyri tic aplite. 

The dyke exposed in no. 6 adit is the only 

iqneous rock in the l11 . ine workinqs. A similar rock, 

probai ly the same dyke, was eut by a dr i Il ho le near 

no. 5 adit. The dyke is about one foot wide, and consists 

of two outer, chi lied zones, each about one inch wide, 

and an innèr zone. Both are porphyritic. 

The rock is . primari ly ' lassy and cryptocry

stalline material, th ~ glassy type pred c:minatino in 

the chilled border. Phenocrysts ar e small. They 

a r pear to have been feldspars which have been completely 

altered to a fine dusty aggregate. Phenocrysts in the 

centrz zone are larger than those in the border zone. 

The relationship of this dyke to the fault in 

no. 6 adit is an inter e stin q one. The adit was driven on 

a fault which strikes N.4~0E. and dips about 40° to the 

southeast. The f<Jult has been slightly mineralized 

with white quartz, pyrite, and a very small amount of 

sphalerite and galena. Gn a proaching the dyke . from 

th e east the character of the vein mat e rial changes, and 

a t a d i s t a n c e o f 2 5 f e e t f r om t h e d y k e t h e q u a r t z 1 e a v e s 
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the fault and passes as veins into the walls, where it 

rapidly die s out. The fault itself can be traced a s hort 

distance further, but it seems to disappear within 5 

fe e t of the dyke, where the slat e wal 1 rocks bec ome 

harder and more massive, probably because of ther~al 

m e t a m o r p h i s m • 1'~/ e s t o f t h e d y k e e x p 1 o r a t i o n i s i n s u f f i c i e n t 

to show if the fa•Jit continues. The dyke itself appears 

to have been offset at a break a lmos t in 1 ine wi th the 

projecti o n of the fault, but closer examination shows 

t ha t t he c h i 1 1 e d bor de r of the dy k <: r oc k e x te nd s c om p 1 e te 1 y 

around the "offset" ends. ln other words, the dyke 

was probably introdu ce d alon c: a fracture which had been 

offs e t bv the faul t. The a pparent disa ppearance of the 

fa u l ton a ~proac hi n q the dyk e would th e n be due to t he 

fact that the dyke me tamor rc hosed its walls sufficiently 

t o h e al the fault break. The q u artz was introduced later, 

as is shown by th e pr e senc e o f thin ve inlets of quartz, 

carbonate, and pyrite in the dyke 

Ore b o dies. 

The o r e bo d i e s a r e v e i n-f i 1 l i n g s wh i ch o c cv r 

as shoots alon ;1 ste e p ly-dip p ing faults cuttin g the folded 

sedime ntary rocks. Detailed discussions of the faulting 
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and of the minerology of the ore follow, in later 

sections. At this point the location, attitude, and size 

of the ore bodies wi 11 be described. 

LOCATI CN: 

Bv far the larges+ portion of the Mine 1 s past 

producti o n has c ~me fr om ore bodies above the no. 3 

adit. The adit, driven as a drift along the vein, 

entered ore a few hundred fee+ west of the portal and 

intersected a series of ore shoots which have s ince been 

mined out at this level. Further exploration to the 

west disclosed severa! parallel or branch veins in 302 

drift (fiqs. 3 and 4). At least two of these veins 

contain ore bodies, starting 40 feet above the level, 

which are now being stoped. 

Higher up th e hill, in nos. 1 and 2 adits 

which are in the same vertical zone of fractures as no. 

3, stopes were driven on high grade ore shoots. The ore 

encountered in no. 3 adit extends below that level at 

least at the east end of the mineralized section. This 

is mined in a stope driven up from no. 4 adit. 

One ore body was encountered in no. 5 adit, 

800 feet south of this zone. The o ld open pit beside the 

riv e r (fi a . 3) was also in ore. 
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AT T 1 TUDES: 

Al 1 thes e shoots are steeply dipping. The dips 

range from about 85° south to 70° north. The strikes 

of the ore shoots are parallel to the strikes of the 

veins in which they occur, which ranqe from about 

N.65° to 75°W. The plunges of the bottoms of the ore 

shoots in the no. 3 adit are ali at low angles. ln the 

old stopes near the portal of no. 3 adit this plunge is 

about 20° toward the N.700W., while in the 301 vein, 

farther west, the bott c ms of the shoots appear to be 

horizontal. 

SIZES: 

The largest sinale ore shoot so far encountered 

is in the JOI vein above the JOI drift. As of January 1, 

1954, the stope in this ore body had attained an east-west 

1 en g th of 200 fee t, and a ver t i ca 1 he i o h t of 90 fee t i n 

places, wi th the 1 imi ts of the ore body not yet reached. 

A representative section of the breast of the stope 

contained ore in widths between 6 inches and 4 feet, 

wi th an averaoe width of one foot. The avera qe grade over 

this width, as determined by channel sampling at 5 foot 

i n t e r v a 1 s , w a s 3 9% P b a n d 1 2% Z n • 
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VIAL L ROCK AL TE RAT 1 0\l: 

ln general, there appears to have been very 

little alteration of the wall rocks at the time of ore 

formation. There is, however, a small amount of secondary 

si 1 ica along the borders of sorne quartz veinlets where 

these eut calcareous beds, and in certain areas in the 

lv'i ine a moderate amount of graphite is present. Although 

graphite is present in considerablz amounts ln the vicinity 

of certain veins, it is not known whether the graphite 

i s ge ne t i ca 1 1 v re 1 a te d t o t he v e i n s • 

Small amounts of epigenetic pyrite, locally 

associated wi th galena and sphaleri te formed by replacement 

of the sedimentary rocks, are present in a few places 

in the ;nine. ln sorne places this material appears to 

preserve the original bedding (fig. IOl, while in 

other places i t is massive and structureless. Although 

the ore bodies are in veins, apparentlv emplaced mostly 

by fracture-fi Il i ng, th ; presence of the se sma Il amoun ts 

of replaczment sulphides shows that replacement of the 

wall rocks at least locally was possible under the 

c o nditions of formation of the ore. 
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STRUCTURAL GEOLCGY 

The mine is located in stronqlv contorted 

sedimentarv rocks. The deposlts occur as shoots in 

steeply dipping longitudinal faults, on which the last 

movement has been almost wholly strike-slip. The faults 

forma sheeted zone up to 200 feet wide, and possibly 

over 800 feet wide. An exceptional structure is the 4U2 

vein, a thick, law-angle vein wi th evidence of many 

repeated movements, which is on lv sparsely mineral ized 

in the section so far explored, but which appears to have 

played an important part in the geological historv of 

the deposit. 

There have been severa! movements on these 

faults. Evidence of pre-, intra-, and perhaps of 

post-mineral faultlng is present. 

Complete analysis of the larger local structure 

is impossible at this time, but detailed structural 

i n forma t i on i s n o w a v a i 1 ab 1 e from se v e r a 1 s e c t i on s of 

the mine workin gs, and the structure of the smal 1 area 

covered by these workin g s can be discussed. 

FOLDS: 

The main workings have been driven in a strongly 

c ontorted zone, strikin q about N.70°W., which is bounded 
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on the nor th b y 1 es s i n te n se 1 y f o 1 de d be d s , who se genera 1 

strike is east-west. They have a moderate nor th er l y 

to vertical dip. 

The contorted zone consists o f many smal 1 

folds and wrinkles, most of whic h have almost 

horizontal axial planes, and axial lines strik i ng 

east-west. Where th e folds plunge, the an g les range 

from 30°E to 30ÛIYJ., the commonest plun ges being between 

0 to 10'\Y/. 

These plun r.:~ es are rou g hly para llel to the 

bottoms of ore shoots in the adjacent veins. The reason 

for this is not known. ln the 302 stope area, at the 

west end of no. 3 adit, the ore control may be a 

chemical-stratigraphic one. Where the ore shoot occurs, 

the vein is i n ' calcareous slate, and the ore ends near 

the bottom of this horizon. Because t he p l ane of t he 

vein is an essentially vertical lon q itudinal section of 

t he f 1 a t - 1 y i n g f o 1 d s i n t h i s a r e a , t h e b o t tom o f t h e 

ore is horizontal and parallel t o the fold axial lines. 

ln other cases, such as the 301 stopes f arther east in 

the 3 adit, the nearest observed fold plun ges west at 

2 5° a n d i s pa r a 1 1 e 1 t o t he b o t tom of t he or e s ho o t • 
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There is no obvious lithologie control here. 

Analysis of the fault pattern in the mine suggests 

th.at the direction of the faults is partially controlled 

by beddinq. 1 t is therefore probable that folds may have 

localized changes in the attitudes of the veins. If 

the ore shoots are confined to sections of the veins 

which have a particularly favourable attitude, then 

they mi<Jht be expected to plunge parallel to the 

trace of veins on bedding, and in most cases, parallel to 

the folds. Detailed surveying of the stopes is planned, 

in order to test this possibil ity. 

FAULTS: 

There are three main sets of faul ts at Candego. 

Except for certain of the cross-faults, ali appear to be 

pre-ore structures, but there have been both pre- and 

intra-minera 1 movements on most of them. The main faul ts 

are: 

Il The ore-bearing vein-faults, striking 

about N.70o.Yil., with dips from steep 

southerly to modera te norther ly. 

2) A less important group of cross-faults, 

striking in the northeast quadrant and 

dipping at moderate angles toward the 

northwest. 
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31 The 402 vein-fault, which strikes between 

S.70°W. and due north, an d dips at very 

low an g les toward the sou t h and west. 

Representatives of the first two types are 

shown on the map (fi q . 4) in the pocket. 

Set no. 

From the economie point o f view the N.70°W. 

fau 1 ts are the most imper tant, because th e y hav e con tai ned 

a 1 1 the ore m i ne d i n the 1 a s t s e ver a 1 ye ars • 1 n s t r 1 k e, 

they are parai lei to th e fold axia 1 1 ines in t he zone of 

stron 9 contortion of the country rock, an d their di ps 

range from about 45° north to about 60° south. Th e 

productive sections are al 1 vertical or very steeply 

inclined, generally toward the north. The faults meet 

and branch in both strik e and dip, but are roughly 

parallel and torm a sheeted zone of c ons iderable width. 

At least one set of stro n g ly marked grooves ls 

common 1 y present on the s e f au 1 ts, and in many cas e s two 

or more surfaces wit h in the vein an d on i ts borders show 

simi lar evidence of movement. These pronounced groov e s 

invariably have rath e r flat 1=lunges, gene ra l ly to the 

east at an g l e s as steep as thirty d eg rees. Westerly 
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plunging groov e s are not steeper than 10°, and are rare. 

The most common plunge of the grooves is between 0 a nd 10° 

east. Early q uartz and pyrit e in these faults have 

been grooved by the mov e ment. ln addition to this 

post-pyrite movement, there is evidence, bot h microscopie 

and me gascopic, of post- galena mov ement as weil. The 

megascopic evidence is found in places wher e a surface 

of moveme nt, showin q well-developed gr o oves, cros s es a 

v, e 1 n from one w a 1 1 t o the o the r • Som e of the se 

1 crossovers 1 clearly eut the massive galena o f the ore, 

a nd c 1 e a v a ge s of t he ga 1 en a a r e som e t i me s pa r a 1 1 e 1 t o 

the fault sur f ace. This feature wi 11 be discussed further 

i n t he de s cr i p t i on de v o te d t o ga 1 en a • 

Thin seams of faul t gouge are present in many 

places alon ' on e or both walls of the veins. 

Set no. 2 

This set of fa u lts consists of those which 

str i ke between N. 35° E. and N . 60° E. a n d di p toward 

th e northwest at variovs an g l e s c etween 35° a n d 55°. 

T hey are exposed in bo t h th e no. 3 and no. 4 adits, but 

only o n e has been dri f ted on, an d this o ne is not a 

ty p ical r e presentative. The typ ical members of this 



- 36 -

s e t c r o s s t h e rn i n e r a 1 i z e d v e i n - f a u 1 t s o f t h e N • 7 0 °W • 

set, a nd offset them from a few inches to a few feet, 

th e offsets bein G always in the same sense, west side 

south. C1 n the other hand, the cross faul ts are them

selves mineralized with quartz and pyrite in part. 

IV·,ovemen t on the cross-fau! ts has probabl y been 

of small ma Jnitude. This is indicated by . the small offsets 

and by the nature of the faults themselves. They consist 

of a f inch seam of gouge in most places. ln one of the 

faul ts a seam of breccia, of open structure, reaches a 

width of 6 inches. 

The cross-fault on which sorne drifting was done 

is at the west end of the no. 3 adit workin q s. (fig. 4) 

lt is exceptional in two ways it is sparsely mineralized 

with qu a rtz, pyrite, ~alena, and sphalerite, and it is 

itself eut and o f fset at its intersection with the 301 

vein, a member of the N.700W. set of faults. The 

separation is about 6 inches, south side west. Bath of 

these observations indicate that this cross-fault is older 

than the ore-bearin g faults, the ore, and the ether 

cross-fau 1 ts. 

The cross-fault under consideration shows 

grooves indicating three different directions of movement. 
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The strike of the fault at the ooint where the grooves 

are best observed is N.35°E., and the dip is 35° 

northwest. The grooves are as follows: one set, the most 

regular, plunges at 32° westerly. The deepest grooves 

plun qe at 30° northerly. A very fain+ set of horizontal 

grooves is also present. 

402 vein-fault 

This structure was discovered by diamond drilling 

d u r i n g t he s umm e r o f 1 9 5 3 • 1 t i s f r om t w o i n c he s t o 

six feet wide, about three feet being a typical figure. 

The vein is banded and crustified in part, with grooved 

surfaces formin ~ the partings between bands. There are 

t w o a ge s of qua r t z pre sen t i n t h i s v e i n • The bu 1 k of 

the vein is white quartz of the later generation. 

The attitude of the vein is variable. Because 

of the very low dip, sli c ht fl e xures may change the strike 

markedly. ln the section of the vein explored up to 

January, 1954, the strike was between S.70°W. and due 

north, and th e dip between 25°5 and 70W. The northerly 

strike and flatter dips are in the western part of the 

workings on this vein. 
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As many as nine grooved surfaces are present. 

Al 1 the observed grooves on surfaces within the vein 

s t r i k e c 1 ose t o N. 7 0°\Y/. S i n ce t he a t t i tude of the v e i n 

varies, the plunge of these q rooves is also variable, with 

0 
a variation from 10 E. to 10°W. Faint sets of grooves 

were seen in two places on the slate hanging wall of the 

vein. 0ne of these plunges at 10° towar d the southwest. 

The other i s horizon ta 1, N. 75°E. E i ther or both of these 

faint sets of grooves may be due to blasting during mining. 

Exploration on this vein, to january, 1954, consists of 

one drift, 350 feet Jonq, a 50-foot flat raise, and a 

few short dri 11 holes. This work has discovered one 

mineable section which measured about 50 feet along the 

strike direction, by 15 to 20 fee+ wide. This occured 

at the top (flattestl portion of a slight roll in the 

vein. 

Severa! intersections between structures of the 

N.70CW. set and th e 402 vein have been observ e d. un 

approachin o downward toward the 402, the steep-diP>ping 

vein-faults suddenly flatten toward the north and roll 

into the flat vein in some places cuttin g throu g h one or 

more bands of quartz and uni tin g wi th a surface of move-

ment within the vein. 
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ln other words, the steep vein-faults appear 

to branch from the flat one. Smal 1 patches of ore minerais 

are present in the flat 402 vein near most of these 

intersections. 

So far no work, aside from a few short dri Il 

heles, has been done on the footwal 1 side of the 402 

vein. Indications so far obtained are that the 

individual steep vein-faults do not penetrate below 

the 402. Other steeply dippin~ veins, wi th the 

same qeneral attitude, appear to branch downward from 

the 40~, but these are not as numerous as the veins 

above that level, in the section so far explored. 

The importance of the 402 vein-faul t may be 

four-fold. lt may itself be sufficiently metallized 

in places to be mineable, in which case it would be the 

first · flat-lying ore body found during the writer's 

acquaintance with the property. Secondly, it has a 

dip of low anple, and is walled by seams of fault 

sou ge, which suggests that structural traps may be present 

wi th the possibi 1 i tv that ore may have been emplaced 

under the vein. Thirdly, the 402 fault a rpears to have 

exercised a certain control over the formation of 

the steeply-dippin o N.70°\Y/. set of ore-bearin g faults, 
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s i n ce thes e a pp e a r t o br a n c h from i t, a nd do no t pa s s 

through it as individuals. Fourthly, the 402 vein-

fault may have served as a channel of entrv for the 

mineralizin n solutions rising toward the ore shoots above. 

M 1 NOR S TRUC T' iRES: 

A great many fractures and sets of fractures 

are present. Figure 4, the map of fractures, shows 

only the more persistant ones. Some of them 

contain metallic or gangue minerais in various 

combinations. Onlv the most wides pread sets are 

men t i one d he re • The re a re the r oc k c 1 e a v a ge s , the mor e 

pronounced joint sets, and the many smal 1 quartz- or 

metal-bearinq fractures which may be of economie importance 

in future and are of interest now because of their 

impl ica ti ons regardin g the larger structure of the ore 

zone. 

C leavage. 

Some me ntion has be e n made of rock cleava ge 

under the headin g of sedimentary rocks. As was 

mentioned in that descripti o n, th e cleava ge is difficult 

to detect under ground. 

ln most parts of the Min e , two sets of cleavage 

are pr es ent. One o f these is sub-parallel to bedding, 
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even around ~he noses of smal 1 folds. 1 n s om e p 1 a c e s 

minor structures, such as small quartz veinlets, are 

offset alon~ these cleavages and at bedding planes, 

indicatinq that the cleavage served as a surface of slip 

between beds durinp folding. A second set of cleavages, 

not as weil developed, has a very variable attitude which 

a pp e a r s t o de pen d , i n s om e w a y no t a s y e t un cl e r s t o o d , on 

the lithology of the bed in which it occurs. Figures 

5, 6, and 7 i 1 lustrate these features. A third set, 

generally visible in surface exposures but rarelv in the 

underçround workin : s, strikes about east-west, and is 

steep to vertical. This is approximately parallel to 

the ore-bearing faults and probably indicates that this 

cleavage direction is related to th e same forces as those 

which caused those faults. 

joints. 

One direction of jointin g is worthy of s pecial 

mention. This is in the northwest quadrant, granerally 

N 300111 . \·~ . ' a n d t h e s e j o i n t s h a v e v e r t i c a 1 t o s t e e p d i p 's • 

The y a r e e s p e c i a 1 1 y p r om i n en t i n t he 3 0 1 d r i f t , j u s t w e s t 

of the end of the vein, where the j oints run into the 

n o r t h w a 1 1 o f t h e d r i f t • 1 f i :' • 4 ) T h e y a r e a 1 s o s t r o n g 1 y 

d eveloped in part of th e J02 drift. The attitude 
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is about the same as that of certain small mineralized 

fractures, which wi 11 be mentioned below. 

Minor Veins 

A great many of these are present. There are 

concentrations of veinlets of quartz, carbonates, pyrite, 

calcopyrite, galena, and sphalerlte in severa! areas in 

the mine. Noteable among these are the zone north of 

the 302 d r l f t ( f i g • 4 ) , wh e r e e x p 1 or a t i on i s s t i 1 1 i n 

progress (january, 19541 and the veinlets in the walls 

of the old 301 stope area. Seme of these structures 

are parallel to the joint set described above, and seme 

are parallel to the I'J.70°W. vein-faults. 

STRUCTURAL ANALYSIS: 

Information so far available on the structure 

and stratigraphy of the wall rocks is not sufficient to 

allow detailed discussion. However, it appears that 

the fold structure in the immediate mine area is mu ch 

more complex than the previous description (jo ne s, 1933a) 

would indicate. 

Parts of th e fracture pattern have been mapped 

in sufficlent detai 1 to warrant sem e tentative conclusions. 
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Much of the above descriptive in f ormation is 

su~marized on figure 4, the enclose d ma p of a representative 

section of the Mine, which shows the principa l frac t ures 

and patterns in part of no. 3 adit. lt i s tho ught t hat 

three sets of fractures, the N.70°~ . set, the cross

faults, and the main joints, may have be e n formed 

penecontem poran e ously by one set o f forc e s which ca n be 

resolved into a compression acting in aline striking 

about I'J.30Û\X: . and olunging sli g htly to the south-east. 

The low-anqle 402 vein-fault may also be re lated to this 

compression. 

Severa! lines of argument indicate this general 

direction for the maximum compressive stress. Firstly, 

the gtneral trend of the Appalachian regi o n as a wholc 

se e ms to re q uire a westw J rd and northward thrusting force. 

Sec o ndly, the dir ec ti o n o f movement o n the fa u lts, as 

indicated by the grooves on the N.70°\v. set a nd the 

h o rizon~! offs e ts at vein int e rse c ti o ns (sout h sid e 

w e s t o n t he N. 70 °'Y./ . s e t and w e s t s i de sou th on the cros s-

fault co u l d both be c a used by a for c e a ct in g i n t hi s 

ge n e ral dir e cti o n. 1 t sh ou ld b e poi n t e d ou t he re t ha t 

on ly o ne o f th e cross-faut ts shows well-marked g rooves, 

an d that of th e thr e e d irections of g roovin g he re, 
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the two stronoest sets r.lunge almost in the dip line. 

This would indicate dip-slip movement, rather than the 

s t r i k e - s 1 i p w · i c h p r e dom i n a t e d a t 1 e a s t d u r i n a t he 1 a s t 

:~1ovement on the main vein-faults. f-lowever, the cross-

f a IJ 1 t w h i c h s h o w s t h e s e g r o o v e s a 1 s o c o n t a i .î s a v e r y 

faint set of horizontal grooves, and is the one cross

fau! t which appears to be aider than the movement on the 

1\i • 7 0 o.,:u • v e i n w h i c h c r o s s e s i t • T h e r e f o r e , i t i s p o s s i b 1 e 

that the main movement on this fault was strike-slip. 

':~: h e n t h i s f a u 1 t w a s c u t a n d o f f s e t b y t h e 3 0 1 v e i n - f a u 1 t , 

the south side of th e cross-fault was moved to the west, 

which means that it must have been subjected to an east-

west d irected compression, at Jeast local ly. The clip-

slip move:nent may have occured at this time, with the 

result that this younser, local movement alrnost obliterated 

the traces of the earl ier movement. 

If ali the faults with · the general attitude of 

t he cros s -fa 'J 1 t s a r e a s s ume d t o have bee n cause d b y the 

same forces, then the fact that one i s older than, and 

the others younqer than the ore-bearinq veins (and the 

lzad and zinc rnineralization in the veinsl suggests that 

ali of these faul ts, both ore-bearing and cross-faul ts, 

m •.1 s t ha v e bee n for rn e d du r i n g a r e 1 a t i v e 1 y s ho r t p e r i o d of 

t i m e b y t h e s a me f o r c e s • 1 f t h e s e tw o s e t s o f f a u 1 t s 

are shear fractures, then the prominent joint set and the 
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mineral ized fractures parai lei to it would represent 

tension fractures. If ali three sets were caused by 

t he s a rne f or ce s , t he i r ge om e t r y s hou 1 d be s u c h t ha t t he 

tension fracture direction contains the lin e of intersecti o n 

of the two shear directions. The attitudes of al 1 the 

fr ac ture s a r e ver y v a r i ::1 b 1 e, s o th a t a r i g i d g e om e t r i c 

solution is impossible without unwarranted assumptions of 

avera ge attitudes. However, tt a ppe ars possible that 

this c ondition is fulfilled. 

An objecti o n to the above analysis relates to 

the geometrie relations of the fractures to the supposed 

direction of compression, which 1 ies in the obtuse angle 

between the shear fractures, rather than in the acute 

a n g 1 e a s i s t h e c a s e w i t h h om o ge n e o u s , e 1 a s t i c t e s t 

pieces in laboratory ex periments. However, the Candego 

r oc k s a r e n o t homo g e n e ou s o r i s o t r op i c w i t h r ~ e c t t o 

stren g th, since they are f olded and bedded sedimentary 

ro ck s. The fact that the main direction of faultin g is 

a pp roximat e ly parallel in strike to th e general strike 

of the local beddin q su g ge sts t hat the dire c tion of 

bedding may have c ontrolled the dir e ction of f irst 

failure. This would partly account for the obtuse angle 

facin g the supposed direction of maximum compression. 
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Neither are these rocks complztely elastic. Failure by 

flow is 1 ikely to have occurred before fracture. ln 

addition, the movement continued after fracture, as is 

shawn by the fact that there are measurable displacements, 

and the fractures may have been rotated to a certain 

extent. The effect of rotation of the faults is probably 

small, because the amount of movement on the faults 

apç:.~ars to have been small, and the forces probably acted 

for a short time only, after fai lure by fracture occurred. 

lt is believed that the sum of these three effects is 

sufficient to account for the observed relations. 

A more serious objection is based on the relative 

ages of the various features. The deduction as to the 

probable direction of the maximum compressive stress is 

based on the assumption of penecontem poranei tv of the 

N. 70°W. and cross-fau 1 t s, wh i ch i s base d on the as s ump ti on 

that ali the cross-faults were formed as a result of the 

same forces, since they have similar attitudes. Gne of 

the cros s- fau 1 t s i s o 1 der , and the o the r s are yo un ger , 

than the last movement on the ore-bearin 9 veins they meet. 

ln addition, one of them must be older than the ore, sinte 

it contains small amounts of galena and sphalerite, while 

the ethers are probablv younger than the ore, since they 

have eut the ore-bearing vein and formed smal 1 amounts 
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of drag ore at the intersections. These cross-faut ts 

c c ntain only small amounts of white {tate) quartz and 

pyrite. This suggests a considerable difference in age, 

unless the ore was introduced whi le the movements were 

still in p rogress. ln the discussion of the mineralogy 

·o f t he o r e b o d i e s , i t w i 1 1 b e s ho w n th a t mo v e me n t 

occurred on the vein-faults at at least two periods 

durin q th e deposition of the ore. lt is therefore possible, 

but by no means certain, that the ore was introduced 

penecontemporaneously with the faultin g . If this is so, 

the ore and fa u lts are probably post Lower Devonian in 

a qe, as i s the ver y s i mi 1 ar ore a t the Federa 1 l'vie ta 1 s 

m i ne, twenty miles away. 

Wi th regard tot he low-an t] le fault (; n which the 

402 vein is locallized, only speculations are possible 

at this time. The directi o n of the last movement was 

essentially strike-slip. Possiblv ali the rnovements had 

this direction, since many grooved surfaces are present 

within and on the borders of the vein, and only two p laces 

s ho w a n orna 1 ou s d i r e c t i on s of a r o o v i n g , b o t h on t he s of t 

slate of the hanÇJin g wall where they may have been caused 

by disturbances in blasting. However, the sense of the 

movemen ts i s unknown. 1 f they were due to the same forces 
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as those which caused the other faults, the move rne nt shou ld 

hav 2 be~n south side (hanging wall) west. A ~ein-fault 

similar to this o ne was described by jones (1933a, p. 36). 

1 t occurs in the bed of th e Marsoui ~< iver, but has never 

been traced to the present mine workings. 1 t may be on 

strike with the 402 vein, althou q h the varia b le attitude 

of the 402 ve i n makes projection unsafe, jones considered 

the fault to b e of the normal type ( 11 a fault with a 

downthrow, a p parentlv of only a few feet displac ement, 

on the han o in g-wall side. 11 l The general attitude of the 

faul t suggests a thrust-faul t, especiallv in view of the 

fact that its strike is approximately pa rall e l to t he 

fr o n t o f t he A pp a 1 a di i a.n r a n ge s i n t h i s a r e a , b u t t he 

arooves in the slip-surfaces indicate strike-slip 

movement. 

MI NERALOGY Of THE VEINS 

The metal-bearin g minerais ar e p yrite, arseno

p yrit e , qold, sphalerite, galena, c h a lco p yrite, tetra-

hed rite, pyrrhotite, bournonite, and an g l e site. Gan g ue 

consists of quartz, carbonates, dnd slaty inclusi c ns of 

wall r oc ks. Between the ore-shoots, th e veins have a 

ma ximum width of about o ne foot, and consist of quartz 
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wi th sma lier amoun ts of carbonates and pyrite and 

scattered patches of the ether sulphides. 

TABLE 2 PARAGENESIS 

Quartz--- M 

Carbonates-- 0 

P yr i te v 

Arsenopyrite E 

Gold M- M 

Sphalerite E 0 

Ga lena N v 

Cha 1 copyr i te T E 

Tetrahedri te M 

Bournd>mite E 

Pyrrhoti te N 

An g 1 es i te T 
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PARAGENESIS: 

A b r i e f s umm a r y , i n d i a gr am f o r m , o f t he or d e r 

of introduction of the minerais is presented here (Table 2> 

in arder to assis+ in clarifying the mineral relations 

mentioned later, in the descriptions of the severa! 

minerais. 1v 1any of the points at which depositicn began 

and ended are conjectur~. So also is the presence of 

the generation of quartz shown between the two periods 

of movement. 

::;tUARTZ 

There appear to be two types and ages of veln 

q u a r t z p r e s e n t • On e i s t r a n s p a r e n t a n d c o 1 o u r 1 e s s o r 

slightly gray in colour. lt occurs in euhedral crystals 

lininq openings alonq the fault planes, and in masses 

of anhedral g rains. ·lt is euhedral against carbonates, 

pyrite, and later sulqhides, and appears to be the first 

mineral of the paragenetic sequence. The second type of 

qua r t z i s wh i te or mi 1 1:. y a nd i s c omm on as rn a s ses of 

a n he d r a 1 gr a i n s • 1 t v e i n s a n d re p 1 a c e s som e ca rb on .a t e , 

pyrite (fiq. Ill, and sphalerite (fig. 12). ln certain 

places the two t ypes of quartz occur to get her. ln the 
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402 vein, for example, bands of gray transparent quartz 

intergown with pyrite have been fractured and cemented 

by white quartz. 

CARBCNATES 

Both calcite and siderite have been identified 

( f'-1 i c k 1 e , p er son a 1 commun i ca t i on l • The s i der i te i s pa 1 e 

brown to r:;ink in colour, and the calcite is almost white. 

The indices of refraction indicate that both probably 

conta in smal 1 amounts of magnesium. The carbonates 

occur separately or intergrown. Sometimes calcite 

a - parently veins siderite. Carbonate veinlets were seen 

to eut quartz, pyrite (fig. 131 and sphalerite (fig. 131, 

and in one polished section a carbonate is present in 

the fcrm of replacement veinlets in galena. However, 

most of the carbonate appears to be pre-ore in age. 1 t 

is vein e d and ~eplaced by al 1 the ore minerais (se e , 

for example, fis. 141 and by the late white quartz. 

PYRITE 

T h i s tn ·i n e r a 1 o c c u r s i n g r a i n s o f a 1 1 s i z e s f r om 

one-inch cubes dawn tc the 1 imi t of microscopie 

resolution. Tarnished striated crystals p roject into 

vu g-1 i ke open i n g s, and appear to have been formed by the 
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partial filling of open spaces, while finer grained 

p y r i t e h a s b e e n f o r me d b y pa r t i a 1 o r c om p 1 e t e r e p 1 a c e me n t 

of the wall rocks. (fig. 151. 

An unusua 1 fea ture of much of th e pyrite i s 

its anisctropism, which is distinct and easily detected 

in severa! of the poli-shed sections and faint in many 

of them. The more strongly anisotropie pyrite shows 

~ ink to bluish-green polarizaticn colours, while the 

sections with weaker a n isotropism give ton e s of gray. 

There is a tendency for large grains to be more strongly 

anisotropie than small ones, and there is also a signiflcant 

difference in the strength of the anisotropism of pyrite 

in pol ished sections made at different times. The 

sections were made by the Mines Branch, and received by 

the author, in two lots. ln one lot of fourteen sections, 

ali contain pyrite which is weakly to moderately aniso-

tropie. ln the ether lot, of thirty-eight sections, one 

contains moderately anisotrop ie pyrite, nine contain 

weakly anisotropie pyrite, and in the ethers the pyrite 

is sensibly isotropie. lt is therefore possible t hat the 

conditions of polishing or mountin g may be res ponsible 

for the difference in the optical properties, as the 

s a rn ,-: 1 e s f r om w h i c h b o t h 1 o t s w e r e made came from a 1 1 pa r t s 

of the mine. 
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Smith ( 1940, p.91, and 1942, p. 12) and 

Schneiderhohn (reported in Schneiderhohn and Ramdohr, 

p. 159) have des cr ibed ani sotropi c pyrites. Smith 

(1942) studied the chemical, physical and optical 

prcperties of pyrite from many sources. About half of 

his samples were anisotropie, and almost al 1 were 

s 1 i q h t 1 y de f i c i en t i n su 1 phu r • He be 1 ·i eve d the 

anisotropism to be due to the ordered substitution of Fe 

in certain of theS positions of the crystal lattice. 

On heating, the anisotropism disappeared, presumably 

because the arrangement of th~ excess Fe became 

disordered • . Smith found (1942, p. 12) that small 

fr a gm e n t s 1 o s t t he i r a n i s o t r o p 1 sm mo r e q u i c k 1 y on h e a t i n g 

than did larger crystals. His experiments led him to 

the tentative conclusions that the heating involved in 

curing the bakelite of polished section mounts may 

destroy the anisotropism, and that anisotropie pyrites 

are probably formed only at relatively low temperatures 

(be 1 ow 1 3 5 °C. ) At the Mi nes Bran ch , wh er e the Cande go 

sections were made, the temperature at the beginnin g of 

curing the bakelite is 120°C. IP. 0 1 Donovan, persona! 

communication), but the upper 1 imi t of tellplerature 

attained during the process is not closely controlled. 
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lt is therefore quite possible that different lots 

of polished sections may be heated to different 

temperatures. If these contained anisotropie pyrite 

before sectioning, the resulting conditions would be 

simi lar to those observed in· the present examination. 

Schneiderhohn 1 s specimens contained arsenic, 

b u t Sm i t h ( 1 9 4 2 , p • 1 2 ) s h o w e d t h a t t h i s i s n o t n e c e s s a r i 1 y 

a 1 w a ys t he ca se • Te s t s of Ca nd e go p y r i te have bee n 

made. Chemical tests for nickel !Short, p.92J and 

arsenic !Short, pp.209-210J gave negative results.· A 

spectro~raphic analysis !Graham, p. SJ of a sample 

des c ribed as "pyrite, etc." contained strong traces of 

l e ad, si 1 icon, and copper, traces of antimony, ma gnesium, 

and manganese, and faint traces of arsenic, aluminum, 

silver, and zinc. Arsenic and sulphur aresaid to be 

insensitive under the conditions of analysis. 

Pyrite appears to have been deposi ted throughout 

most of the period of mineralization at Cande go. Pyrite 

orains ha ve been veined or partially r ep laced by quartz, 

carbonate, and ali the metal-bearing minerais (figs. Il, 

13, 16, 17, 18, 19, 20, 21, 2 2 , 231 and pyrite in turn 

veined or re p laced quartz, carbonate, s p halerite, galena, 

chalcopyrite blebs in sphalerite, and p roba b ly 
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tetrahedrite (figs. 13, 24, 251. 

Pyrite plays a part in severa! interesting 

types of textures. Severa! of these are illustrated in 

the fi g ures listed above, of pyrite veined or replaced 

by other minerais. Rese~blances can be seen to types 

described (Schwartz, pp. 586, 587, 589,1 as brecciated, 

caries, core or atol 1, ice-cake, and veined textures, 

a n d ( b y 3 a s t i n , 1 9 50, p • 90A, P 1 • 1 1 1 a s a t o 1 1 te x t u r e • 

ln severa! places pyrite has been crushed or fractured 

and the fractur e s contain carbonates, quartz, and galena. 

This is visible both microsco r:: ically and megascopically. 

ARSEf\JOPYRITE 

A smal 1 amount of this mineral ts .present. 

1 t occurs in sma 11 crystals, most of which are euhedral. 

1 t is associated wi th the quartz and pyrite introduced 

earlv in the parapenetic sequence. 

Arsenopyrite rims pyrite and projects into 

v u g- 1 i k e open i n g s ( f i g s • 2 6, 2 7 ) , som e of wh i ch a re 

filled with quartz. Sorne grains ar::pear to be suspended 

in quartz. ln another place, a veinlet of tetrahedrite, 

cuttinq pyrite, encloses crystals of arsenopyrite (fig. 181. 
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Veinlets of arsenopyrite traverse pyrite grains. A few 

smal 1 rounded and a pparently corroded gra i ns of arsenopyrite 

a re en c 1 ose d i n s ~ ha 1 er i te and ga 1 en a , and o t he r s a pp e a r 

to have been partially r ep laced by pyrrhoti te and 

tetrahedrite. Later introducti o n is suggested by the 

occur~nce of a few grains enclosed in carbonate which is 

youn ge r than a p yrite veinl e t i n s :: halerite (fig. 13). 

To summarize, the bulk of the arsenopyrite was in!roduced 

early in the mineralization period, but de position may 

have persisted until tetrahedrite was de posited. 

GOLD. 

Gold values in Cand ego ore are s mall. Exce p tional 

samples, rich in fractured, fine-grained p yrite, contain 

as much as 0.35 ounces of gold pe r ton, b ut the run-of-mine 

ore avera ges only about 0.02 ounces. Only a fe~ gold 

par ti c les wer e seen in pol ish ed s ec tion. T he l a rgest 

(fi g . 2 8 ) is about 4 0 microns lon g . A li are enclosed in 

p yrite, and mo st d p!) ed r ta b e alon g cra c ks or fr a ctures 

i n t he p y r i te • 1 n t he m i 1 1 a t t he Ca nd e go iVi i ne , no 

special ef f ort is made to recov e r gold, a n d the or e is 

not g ro u n d fin e ly en ou g h to r e l e a s e parti c l e s of this 

size. l n s p ite of this, most of th e gol d is recov e r e d 
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w 1 ;· h t h e 1 e a d - s i 1 v e r c o n c e n t r a t e , a n d t h e p r op o r t i on a 1 

concentration of gold is about the same as that of lead. 

This may be acco unted for by the c resence of a second 

t:cld-bearinc mineral, but none has been found. lt seems 

more 1 ikely that the fractured nature of the gold-bearing 

pyrite mi q ht allow it to be ground preferrentially, thus 

releasin q the ~old in spite of the relative coarseness 

of grind of the bulk of the ore. 

The t i me of i n t r o duc t ion of the go 1 d i s no t 

known with certaintv. 1 t ali a:pears to be assoctated 

w i t h f r a c t u r e d e a r 1 y p y r i t e , a n d s om e w i t h s p h a 1 e r i t e 

( f i q. 2 8 l • P rob ab 1 y i t w as i n t r od u ce d a ft er the e ar 1 y 

C'Yr i te had been f ractured by renewed fau 1 t movemen t, but 

before the bulk of the sulphides was introduced. 

SPHALERITE 

Spha fer i te forrns a large part of the Candego 

ore bodies, but it is not as important as galena, either 

in quantity or in value. (ln the 1952-53 fiscal year, 

the ratio . of lead-si lver to zinc concentrates produced 

was about 1.-38 to 1, and this ratio has probably risen 

since that time becaus e of sele c tive mining and differences 

in the or e bodies bein g min e d.l ,. ·ost of th e sphalerite 
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is rn edium chocolate-brown in calo r, an d co a rs e grained. 

A ty p ical sam p le had the followin c:. co:nposition (j.j.Br ummer, 

p e r s o n a 1 c o ;11m un i ca t i on • An a 1 ys e d b y t he a na 1 y s t s of t he 

..: .uebec De f=: arh.;ent of i·Aine s la boratcries. Ce rtificate 

no. Vg-J647l. 

5 ••••••••••• 32.34%' 

Zn •..•...... 65.75% 

l'v', n • • • • • • • • • • 0. 02%' 

Cd •••••••••• 0.19% 

F e • • • • • • • • • • 2 • 4 6% ( T o t a 1 i r o n a s F e ) 

Total •••••• 100.76 

A semi-quantitative spectrogra p hie a nalysis 

(Florian East, analvst. Informat ion from th e same 

s ou rce) of th e sam e sam p l e Çl dve the followi ng res u l ts: 

Over 10% ••••••••••••••• Zn 

1 t o 1 O% ••••••••••••••• Fe 

0.1 to l% •••••••••••••• c a, S i, Cd 

0.01 to O.I ;L •••••••••• Al, Cu, Mg, Mn 

0. 00 1 t o 0. 1 ~ •••••••••• Ga , l i , Pb , Ti , V 

Another s r- ectrogra ph ic analysis of a samp le 

of brown sphaleri t e has been mad e by the Min es Bra n«h 

!Graham). Th e resul ts include Fe as a stron g trace, 
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Cd as a trace, and Si, ,\\n, Mg, Cu, and Ag as faint 

trac ~ s. This samrle was pr~sumably cleaner than t hat used 

for the ->Uebec Oeparhnent of Mines analysis, as no Ca, 

Al, or Li are sh o wn. 

Beth dark and li~ht coloured sphalerites are 

present in · the mine, but the cxtr~ rnes are rare. Pale 

amber-yellow sphalerite is r·ound in a few veins whi ch 

trend in a northerly direction, across the general strike 

of the ore. ~ualitative microchemical tests (Short, p.l98) 

indicate a mere trace of iron to none at ali. /v1arrnatite 

of a r:~ u re black colour is present in a few localities. 

lt is relatively rich in iron. 

Some of th e s r halerite contains abundant small 

~ 1 e b s o f c h ,:; 1 c o p y r i t e , w h i c h w i 1 1 b e d i s c u s s e d i n a 1 a t e r 

sec t i on • S ph a 1 e r i te i n som e o f t he po 1 i s he d sec t i on s 

examined can be etched in concentrated n i tric aci d . 

Such etchin q b riq o s out twin n in g striations an d grain 

boundaries. These features can also be seen megascop ically 

in sorne ha n d speci11 e ns, in which the reflections frcm 

c 1 e a v a ge p 1 an e s a re v i s i b 1 e • The 1 arne 1 1 ar t w i n n i n g of 

s p halerite can be ta~ ·z n to be an indication of strain, 

and probably of move;.,ent on the ore-bearing fault after 

the Formation of the sphalerite. A similar feature can 

be caused by 11 rnild internai stresses such a s those in c ident 
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to the unmixinc of solid soiJtions" (8astin, 1950, p.74l, 

but the twinninq is present in ::andego ore even in sections 

which con tain few chalcopyrite t,lebs in th e s p haleri te, 

and in which unmixin g has t herefore not oc c urred. 

Decreri ta t ion tests have been under ta k en by 

the ,,.,inera r. raphic and Spe ctroqraphi c Secti o n of the 

Jivision of ;'vi in ·~ ral 0ress i n ~ and ? rocess ivietallurgy 

of the ,.i,ines Branch, Ottawa, but fe w results are avai l abie 

a t th i s t i me , and the i r s i gn i f ica n ce i s not fu 1 1 v 

understood. The main peaks of d e cr ep itation are at 102, 

92 and 86°C. respectivelv for three samples of li g ht 

sphalerite, and at 217°C. for one d e scribed as dark 

s;..halerite (h;~ . H. Havcock, p e rsona! communi c ation). 

If these temperatures are in any way related to th e 

temperatures at which the mineral forrned, t hey wo u ld 

seem to indicate eit her a long-continu e d d eposition 

of sphalerite, durin g a p eriod of chan c inq +etnperature, 

or two generations of s p halerite. The sphalerite in ali 

the polished sections exa rnined is of the chocolate-brown 

vari e ty which is the type described as 11 li g ht 11 in the 

above tests, and there is no indicatiQn of more than one 

. eriod of deoosition. 

Al 1 the comments below refer to the medium-

brown sphalerite. lt ar:. p ears to have been deposited 

during a relatively short period, contemporaneously 
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with sorne of the pyrite, but after most of the arseno-

pyrite. The yellow sphalerite and the black variety are 

not of economie imoortance at present, because very 

little of either has been found. ~phalerite is seen 

rnolded on crystal faces of quartz and rer-lacii •9 quartz 

a n d c a r b o n a t e s , p a r t i a 1 1 y r e p 1 a c i n c p y r i t e , ( '' i t h w e 1 1 

developed caries (8astin et al, p. 602 and fis. 16) 

texture (fi , . 1711, and rrobably rerlacin g arsenopyrite. 

The sphalerite has been veined or rer::· laced by ali the 

metallic minerais, with the possible exception of arseno-

ryrite. Figures 10, 13, 24, 29, 30, 31, show sphalerite 

which is olcier than gangue, pyrite, galena, chalcopyrite, 

tetrahedrite, and bournonite. 

An unusual relationship exists between sorne of 

the pyrite and sr-halerite. Veinlets of pyrite are abundant 

in s r; halerite in certain of the polished sections, but 

i n s om e th e p y r i te v e : n 1 e t s a r e c ono po s e d of gr a i n s wh i c h 

a~pear to have been rounded and corroded bv partial 

reolacem~nt by sphalerite. An extreme case is shown in 

figure 32, where the pyrite has been reduced to a series 

of disconnected g rains. :.iuch a structure might arise 

trrough complete replacement by sphalerite of a preexistant 

mineral which was veined by pyrite. A second possibi li ty is 

that the pyrite is younger than the sphalerite, and was 

deposited in its ~· resent form by replacement of the 

s p ha 1 e r i te • Ho w ev e r , i t a pp e a r s i n d i f fe r e n t t o the 

crystal structure and grain boundaries of the sphalerite, 

and the contacts between the two minerais suç;gests that 
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the pyrite was partly replaced by sphalerite. A third 

possible ex r lanati o n relat e s to th e tectonic history of 

the ore. 1 t wi Il be shown that th e ore was subjected 

to at least one period of fault movement after the 

sphalerite was deposited. ft is possiblz that this 

movement may have produced sufficient heat to upset the 

equilibrium between previously formed sphalerite an d 

the pyrite veinlets in it. Then, for a short period 

of time, the sphalerite might have dissolved or replaced 

som e of the p y r i te • Suc h an e f fe c t cou 1 d be de te c te d 

only in situations lik e those described above, because 

ali ether pyrite-sphalerite contacts would show only 

the features due to re p lacement of pyrite by sphalerite. 

GA LENA 

Galena is the most abundant mineral in the ore 

bodies, and a Iso occurs as disseminations in th e otherwise 

barren quartz an d carbonat e s of the veins be tween sho o ts. 

iv\uch of this low-grade material conta i ns coarse crystals 

o f ga 1 e n a w 1 t h v; e 1 1 d e v e 1 ope d c 1 e a v a ge • 1 n a fe w p 1 a ce s , 

the mineral occurs as a partial fi Il in g in vu g s, and good 

crystal faces have developed. ln th e main or e bodi e s, 
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however, much of the galena is relatively fine grained 

and is arranged in sub-parallel bands which appear to be 

corn pose d of p 1 a t y c 1 e a v a ge fr a gm en t s • T he se bands a re 

p a r a 1 1 e 1 t o t he w a 1 1 s o f t h e v e i n s , e x ce ç; t i n t he i mm e d i a te 

vicinity of cross-faults or places at which the vein-

f a u 1 t cros s 2 s from one border of t he v e i n t o t he o t he r • 

At such ploces the galena banding is approximately 

parai lei to the nearest surface of movem e nt. The bands 

are sliqhtlv curved, especially around enclosed lumps 

of pyrite. The cleavages of seme of the ga l ena are 

curved (fig. 25). Ali these features suggest that the 

ga lena has been subjected to stress in the sol id state, 

and has yielded to this stress. This probably corresponds 

to renewed movement alonq the faults. lt will be shawn 

later that the chalcopyrite probably has not been 

subjected to this condition, and that the movement 

therefore must have occurred before the chalcopyrite 

was deposited. 

Mi croc hem i ca 1 tes t s reve a 1 the presence of 

moderate amounts of silver in the galena. Sr.ectrographic 

analysis (Graham, p.Sl confirms this. Faint traces of 

antimony, silicon, copper, and iron are also p resent. 

The time of introduction cf the galena, in 
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relation to that of the otner minerais, is fairly weil 

defined by the microscopie relations. lt completed its 

solidification later than most of the quartz, carbonate 

(fig. 14), pyrite (fi :-: . 16), sphalerite (fi c: . 10) and 

arsenopyrite. ln one case a veinlet of galena 

traverses carbonate which is younger than the sphalerite 

in the s ection. Small amounts of pyrite, carbonate, 

and perhaps of s~halerite, are younger than sorne of the 

ga lena. Ali of the tetrahedrite and pyrrhoti te appear 

to be younqer than ~alena (fig. 33), and a little 

anglesite has rer:laced galena in areas controlled by the 

galena cleava ges (fig. 34). 

The galena-pyrite relations are in sorne p laces 

simifar to those described for spha f erite and pyrite. 

Fioure 34 shows a disconnected series of grains of pyrite, 

w h i c h g i v e t he i m p r e s s i oh of be i n q a v e i n ( i n s om e c a s e s 

a n z twork of veins), althouph the individual pyrite 

grains appear to have been corroded and partially re p laced 

by the galena. Some of the r yrite grains contain sphalerite 

i n c 1 u s i on s i n rou n de d s h a p e s , wh e re a s no s ph a 1 e r i te oc c ur s 

i n t he ~a 1 en a i n t he v i c i n i t y of t he s e for ms • Som e o f 

the sphalerite inclusions in pyrite c o ntain small chalco

pyrite blebs, and other round e d bl e bs, lar ge r than these, 

are present in the galena. The ex p lanation of these 
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features is probably amonq the three possibilities 

suggested to explain similar forms in sphalerite. 

There are some significant differences, however, such 

as the presence of the chalcopyrite blebs, and of 

sphalerite inclusions in t~e pyrite. These suggest to 

the writer that the probable explanation is that galena 

ha s c om p 1 e te 1 y re p 1 a ce d s ph a 1 er i te w h i c h con ta i ne d ch a 1 co

pyrite blebs and veinlets of pyrite. 

CHALCGPYRITE 

This mineral occurs as blebs in sphalerite 

and in larger masses. r-..ieither type is much twinned. 

8oth are sli~htly anisotropie in part. lt is sug ge sted 

that the two forms were not introduced at the same time. 

T he b 1 e b s a r e o f a 1 1 s i z e s u p t o a b o u t 0 • 2 5 mm • 

and down to the 1 imi t of resolution of the microscope 

used. Their shapes are predominantly rounded and 

subcircular or spindle-shaped, as seen in polished 

section, but many areas con tain abundant blebs wi th a 

definite g rometric shape. Subr ecta n g ul a r blebs are 

c omm on , w i t h 1 e n g t h t o br e a d t h r a t i o s f r om 1 : 1 t o 5 

or 6:1. ····any areas contain triangular blebs. These 

facts s u o ges t th a t th e chalcop yrit e c ry s tal structur e 

determined the shape of these blebs. How e ver, in many 
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places the blebs are oriented with their lon g axes 

p arallel to s p halerite cleava ges. (fi g . 30 ) There 

also a p pears to be a relationship between the grain 

boundari e s of the s p haleri te and the abundance of 

chalco p yritz blebs, but th e r e lationshi p differs in 

different polished s e ctions. ln sorne a zone of abundant 

chalcopyrite rims th e g rain, while in ethers a similar 

zone lies a short distance in from, but parallel to, 

the gr a i n bou nd a r y • 1 n som e t he pre sen ce of a p y r i te 

or tetrahedrite veinlet in the sphalerite seems to have 

inhibi ted th e fo r mation of the blebs, whi le in eth e r 

cases they are p resent only in the vicinitv of such 

veinlets (fig. JI). ln one case th e blebs are present 

in ali parts of the sphalerite, except adjacent to 

quartz ( f i ÇJ . 36). 

Small areas of chalcopyrite, simi lar to these 

bl e bs but of lar ger size and without re gvlar angular 

sha r es, are present on seme galena-sphalerite contacts 

and in galena near th e se contacts. They are probably 

due to se g r e gation of the chalcopyrite c o ntent of 

s ph a 1 e r .i te re p 1 a c e d b y q a 1 e n a • T he y a r e a s s oc i a te d 

with tetrahedrite and pyrrhotite. 

Th e remainder of the chalcopyrite is in megas-

coo ically visible grains and veinlets. lt occurs in 

small quantities in most of th e stopes, but has never 
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yet been sufficientlv abundant to be worth recoverins. 

l t was introducecl late in the sequence, and appears to 

be younger than ù ll of the sphalerite, pyrite, and 

galena lfigs. 37, 23). ln a few places it is veined 

by a soft, non-carbonate gangue mineral !fi G• 221. 

lt appears to be partly contemporan~ous with 

tetrahedrite, since it has veined (fig. 21) and been 

veined by (figs. 23, 29) this mineral. The time 

relaticn between chalcopyrite and pyrrhotite has not 

been established. However, the pyrrhotite is younçer 

than tetrahedrite (see below) and therefore is probably 

younger than chalcopyrite. 

These aqe relations are different from those 

of the chalcopyrite which occurs as blebs in sphalerite. 

Tetrahedrite (fig. 30) and pyrite veinlets have eut, 

and in sorne cases selectively replaced, these blebs, 

and many .of them are spacially related to pyrite-sphalerite 

contacts. This suggests a sharp difference in age 

bety;een the two. 

The writer would suggest that the distribution 

of chalcopyrite blebs in sohalerite can most easily be 

accounted for by exsolution from sphaletite wi th a zoned 

copper content. The absence of pure copper sulphide 

suggests that there is sufficient iron in solutiqn in 
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most of the sohalerite to permit formation of chalco-

P y r i te from th e sm a 1 1 amou n t of co pp er i n the s ph a 1 er i te • 

Selective micro-sam p ling or s ;-:; ecial etching methods of 

the sphalerite rni g ht determin e whether or not the 

sphalerite is zoned with res p ect to copper content. 

The wri ter diu not attempt to determine t h is. Th e apparent 

re 1 a t i on t o som e p y r i te v e i n 1 e t s i n s ph a 1 e r i te ma y be 

due to the iron contributed by the p yrite, or perhaps 

to hi g her temperature of the soluti o ns which introduc e d 

the pyrite. A sli a ht rise in temp e rature in a very 

1 i m i te d a r e a m i s; h t p e r rn i t i n cr e a se d mo b i 1 i t y o f t he 

copper and iron in soluticn in the s p halerite, permitting 

them to form the chalcopyrite blebs which occur near 

sorne of the pyrite veinlets. 

Because the twinning in chalcop yrite is often 

considered (Bastin, 1950, pp. 73-741 to be due to stress, 

the absence of conspicuous t winnin q in the Candego 

chalcopyrite probably means t hat th e mineral has not 

been subjected to external stress, and therefore that 

th e last movem e nt on th e ore-bearin g fa u lts t oo k pl ace 

beio r e the chalco p yrit e was deposited • 

• 
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TETRAHEDRITE 

Th i s m in e r a 1 i s rare in the Cande go ore • 1 t 

has been megascopically reco qnized in only two places, 

on e i n t he 1,1 o. 3 ad i t , t he o the r i n the 4 02 v e i n , 

on ~he 4 ad i t 1 e v e 1 • 1 t i s fa i r 1 y c omm on i n m i c r o-

scopic quanti ties. iv~icrochemical sampl in (~. and testing 

reveal a rrace of iron and. a small amount of arsenic, 

as weil as si gnificant amounts o f silver. Spe ctro-

graphie analvsis ( Gr a hœm, p. 51 of a sample of tetra

hedri te and bournoni te gave As, Sb, Pb, and Cu as 

major constituents in a bout equal amounts, Ca as a 

stron g trace, Si, Mg, Fe, Al, and A g as traces, and 

V and Ti as faint traces. 

iviuch of th e tetrahedrite is in the form of 

small rounded to vein-like areas in galena, near and on 

the contacts b e tween galena and s p hal e rite (fi g . 331. 

1 t h a s also veined pyrite (fi g s. 19-211 and s p halerite 

(fi gs. 29, 30) and eut the chalcopyrite bl e bs contain e d 

in s p ha l e rit e . lt was p roba b ly de p osited pe n e cont e mpo

raneously with chalcop yrite, as indicat z d by the cutting 

relationships. P yrr ho tite has vcin e d th e t e trahedrite 

in sev e ra! plac es (fi g . 381. 
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BOURNONITE 

Bournon i te was observed in on 1 y one of the 

polished sections, where it occurs as a narrow veinlet 

in sohalerite (fiÇJ. 241. ;.... previous examination 

(Graham, p. 41 of a specimen which contained larger 

amounts of this mineral indicated that it replaced 

chalcoryrite, galena, and pyrite, and was probably 

penecontem;;oraneous with tetrahedrite. The result of 

spectrooraphic analysis of a sample consistinq of a 

mixture of tetrahedrite and bournonite is given in the 

o r e vio u s s e c t i on • 

?YP.~HOTITE 

Very littl ·z of lhis mineral is present. Ali 

is in small veinlets or particles associated with 

tetrahedrite or chalcopyrite. Because oF the small size 

of the oyrrhotite bodies, pure material for 

rnicrochemical testing was not obtained, and the identifi

cation of the mineral rests on optical properties 

(general appearance and anisotro p ism), hardness, and 

etching characteristics in the standard reas;ents 

( S ho r t, p. 99) , and i n ch rom i c ac id s ta i n i n g s o 1 u ti on 

!Short, p. 1721. 
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Pyrrhotite occurs in narrow veinlets in 

pyrite, tetrahedrite (fiq. 38), galena, and sphalerite. 

1 t is also present as small blebs along the contact 

between qalena and sphalerîte grains. Like the ch<~lcopyrite 

w h i c h o c c u r s i n s i m i 1 a r si t u a t i o n s , i t s p r e s e n c e h e r e 

may be related to replacement of sohalerite by gafena. 

If the solutions which effected this re ~ lacement were 

Jess able to transport copper and ir o n than zinc in 

solution, the copper and iron from the replaced s ph alerite 

ma y h a v e s e g r e ga te d a t t he ad v a n c i n q ga 1 en a f r on t s • 

AJ\IGL E. S 1 TE 

A small arnount of this mineral has replaced 

qalena in a few of the sections examined. lt occurs in 

sm a 1 1 a r e a s , som e of wh i c h a r e r e 1 a te d t o c 1 e a v a ge 

directi o ns in the qalena (fig. 341. The sul r:: hate was 

identified bv x-ray methods (~ickel, persona! communication!. 

1 t is placed at the end of the mineral sequence because 

i t i s u n 1 i k e 1 y t h a t e xc e s s o x y ge n ( P b S / 2 02 • P b S 0 4 ) 

was pres e nt at any time during the deposition of the 

sulphide minerais. 1 t is possibl e , however, that the 

anglesite may have formed during the period of faul t 

movement which succeeded the formation of galena and 



- 71 -

preceded the formation of chalcopyrite. The distribution 

of anglesi te with respect to the present erosion surface 

is not known. 

DISTRIBUTICN OF SILVER 

Silver values are remarkably e venly distributed 

throughout the lead ore bodies. The silver content of 

the ore is closely related to the lead content. lt 

averages about 0.8 oz. of silver per unit (twenty pounds) 

of lead, an d the a mount seldom falls below 0.50 o z . or 

ri ses above 1.25 oz. There has been a s 1 i g ht drop in 

th e silver-lead ratio in the concentrates durin g the 

oe rio d of minin g (St e wart Troop, persona! communication). 

The relative constancy of the silver-lead ratio led to 

the conclusion that the silver is in solid solution in 

th e qa lena. How e ver, in the millin g c irc u it there is a 

sli ght dif f erentiai c oncentration of th e two met a ls 

when a ji g is inserted into the circuit. The ji ç feed 

is coarser material than th e f lotation fee d , and it is 

found that th e ji g con c entr a te, whil e e x c e edin ÇJ iy 

rich in lead, contains less silver than the flotation 

c oncentrate. The scatter d i ag ram (fi g . 39) illustrates 

t h is. This su gge sts th a t silver is pr e sent in a mineral 

which is ei th e r fine grained, or has a tendency to si ime, 

or is of lower density than the galena. 
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None of the minerais found in the Candego ore 

is very rich in si lver. however, appreciable amounts 

of silver are present in qalena and in tetrahedrite. 

{ S i 1 v e r ma y a 1 s o b e e x p e c t e d i n b ou r n o n i t e a n d 90 1 d , 

eut these were not tested.) Since the grain size of 

the tetrahedrite is much smaller than that of most of the 

ca lena, and its density is considerably lower {4.4 to 5 . . 

as oppose d to 7.5~, Dana, pp. 453, 416), a differentiai 

separation may be expected in the jig. The si lver 

content of the concentrate wou Id then be roughly related 

to the antimony content, but would not fall below a 

certain level corresponding to the amount of silver in 

solution in galena. 

CCMPARI SCNS \•:: ITH OTHER MINES IN GASPE 

Cande go, at th ~ time of writin g , remains the 

only prcducinq mine in the Gaspe Peninsula. However, 

other mines are being explored and develop ed. Of these, 

the Federal .~~etals Corporation 1 s mine, about 2U miles 

sou t h of Ca nd e go , i n l e m i e u x Town s h i p , i s v e r y s i m i 1 a r 

to the Candego. Gaspé Copper lvdnes Ltd. are developing 

the very large low-grade c opp e r ore bodies in Holland 

Township, about 25 mi les e ast of Candego. This area 
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has very different structural candi tians, and much of the 

ore was emplaced by a different mechanism, but there 

are certain similarities in the ore min e ralogy of the 

two places. 

FEDERAL METALS CORPOPi\TICN 

The deposits have been described (Gil 1 and 

Auger, p. 9101 as 11 sharp-walled quartz-carbonate veins 

and breccia fi Il in g s carrying locally, and in varying 

amounts, srhalerite, galena, pyrite, marcasite, chalco-

pyrite, and specularite. 11 The mineralogy is thus 

genera Il y s imi 1 ar to tha t at Cande go, except for the 

absence of the arsenic and antimony-bearing minerais 

which are present in very small amount at Candego. 

The ore in the Federal area was in troduced 

along faults, pos s iblv normal faults of small to moderate 

movement, which strike general lv a little east and a 

1 ittle west of north and dip steeply (Gi 11 and Auger, 

p. 9131. The oriÇ)inal fractures may have been tension 

cracks due to 11 averaqe stress conditions ••••• rer: resented 

b y p 1 a c i n '"- t h e 1 e a s t s t r e s s a x i s i n a s 1 i Sl h t 1 y t i 1 t e d 

east-west position and the maximum stress axis (strongest 

compression) north-south." ( C i Il and Auger, p. 905). 
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This is approxi matelv the attitude deduced f o r th e forces 

which for me d th e or e -be a r in g a nd cr o ss-fa , 1 ts at ( andego, 

a 1 t h ou 9 h t he s e ar e a lon g shear, rat he r than t e n s ion 

dir e cti ons . 

The Feder d 1 vei n s eut se d i me nts of Low e r 

Devonian a 0e, which have been gently fol d e d, domed , and 

intr u d e d b y dyke s , sills, and small stock s of d ior ite 

and acidic p or p hyries. T he s e are ol ~er th an t he v ein s. 

A s umm a r y 1 G i 1 1 a n d Au g e r , p • 9 1 8 ) i nd i ca t e s t ha t t he y 

a r e a lso old e r than the faults alon g whic h the veins 

for m2 d. lt ·;: as s hown t-h a t at C an d e go th e o ne s mall 

dyk e is pr o ba b ly y o un ge r than the nearest adj a c e nt 

f a ult, a nd o l c:er t h an th e vein material. 

\>/ali-rock alteration is n e gligibl e in both 

areas. 

CASPE COPPE R ~~ ~ ES LIMITED 

Th es e d epos i ts a r e v e i n f i I l in e s an d diss e m ina t ed 

r ep l a c e me nts in h i q hlv me ta mo r r hos ed g ently f o l d e d 

s e di men t a ry r oc ks of th e ~ran d G r ~ v e f o r ma ti o n o f Lowe r 

..J e v o n i a n a g e • ( 8 e 1 1 , p • 2 4 1 ) • T h e r e i s t h u s n o s i ,-,1 i 1 a r i t y 

t o t h e c o n d iti o ns a t Cand e go. d ow e v e r, many o f the ore 

mi n e r a i s a r e s imil a r, a n d it i s poss i b l e th a t both o r e s 

may hav e c ome f rom t h e sa me s o urc e . lh e m in e ralo g y 

has be e n d e scrib e d ( Üou ~ l a s) in an unp ub li s n z.:l f t1 z ,; is 
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at tvkGill University. The "important hypogene" metallic 

and gangue minera 1 s found in c ne or the othzr of the two 

major ore bodies at Gaspé Copper include the following 

(Douglas, p. 20): molybdenih~, galena, pyrrhotite, 

sphalerite, chalcopyrite, magnetite, pyrite, quartz, 

and carbonates. Other less abundant minerais are 

covellite as an alteretion product of chalcopyrite, 

supergene collofor rn iron oxide, and small amounts of 

cubanite and bornite. (.;ubanih and bornite are associated 

with chalcopyrite. 

As at Candego, a pre-sulphide generation of 

quartz, in well-forme d crystals, and a later generation 

·:: i t h o u t c r y s t a 1 f o r rn , a r e p r e s e n t • C h a 1 c op y r i t e oc c u r s 

in both p ro;Je rties as quart z- vein fillin g s and as blebs 

i n s r: h a 1 e r i t e • , \f t h e \;a s p é C o p p € r , h o w e v e r , a 1 a r g e 

amount of c halcopyrite occurs disseminated in the country 

r oc ks. Pyrrho tite is clos e ly asso c i a t ed with ch r. l cop yrite 

in both ores, but neither cubanite nor bornite has been 

foun d at Cand ego. S p halzrite and qalena at Gas pé Copper 

a r e associated with pyrite a n d chal cop yrit e and a ppe ar 

to be younoer than these min e rais. T his is the reverse 

of th e r e lation observed in th e Ca nde go or e s. Ali 

ca rb on a t e i s y ou n q e r t h a n t he or e m i n e r a 1 s a t ;.:. a s p e . 
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SUMV\ARY. 

The sequence of events at ~andego was probably 

as follows: 

1 • ...; e o os i t i on a n d c orn ra c t i on of t he s e d i me n t s 

during Crdovician time. 

2. Foldin g during the Tacon]c revolution at 

the end of the Grdovician. 

3. Faulting caused by maximum compressive 

stress actin g in a sli ;1 htly inclined 

direction, about N.30°\)J'., probably during 

ivîiddle Devonian time. 

4. Soon after the beginnin~ of faulting, 

introduction of the por p hyri tic a p l i te 

d yke. 

S. Durin q oeriods of quiescence, between fault 

movem e nts, introduction of the or e and 

? an c ue minerais by soluti o n s from an 

unknown source. This source i s p robab 1 y 

similar to that wi-.ic h p rovided the me tals 

in th e Fede r a l a r e a a n d th e Gas p~ Co p p er ar e a. 

6. Up lift, probably s ev e ra! ti r-tz s, weathering, 

and production of surficial material. 

: . G laciati o n, in severa! sta ges. 

8. Oe~laciation and beginning of present cycle 

of stream erosion. 
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Figure 5 

Fi gure 6 

Figures 5 & 6- Bedded slate, described in text, p . 21. 
Ordinary 1 i ght, photo graphie enlar gements of thin sections. x4. 
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Fi gure 7 - Fine con q lomerate and 
horizontally in th e photo g ra p h. 
c on g 1 om e r a t e , i n c 1 i n e d a t 4 5° i n 
p hoto g ra ph ie e nlar geme nt of thin 

slate. Bed d in g runs 
Cleava g e is vertical in 
slate. Or d inary li g ht, 
section. x7. 

Fi gure 8- Spotted slat e , describ ed in te x t p. 23. 
Or d inary li g ht, p hoto g ra p hie e nl a r ç:J e me nt of thin s e ction. xS. 
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F i g u r e 9 - C a 1 c a r e ou s s a n d s t o n e f r a gm e n t s i n c a 1 c a r e ou s 
carbonaceous slate. E. quant black grains in sandstone are 
of pyrite . Ord i nar 1 li g ht, photo g raphie e nlar gement of 
thin secti o n. x7. 

Fi gure 10 - Band e d r e r lac eme nt or e . P yrite ( wh it e ), 
s p halerit e ( c ray), a n d ga l e na ( v:h itel. T he l a r ge ar e a of 
p yrit e a t l e ft is e ut b y many v e ry f in e gal e n a v e inl e ts. xso 
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Fi g ur e s 10 to 3 8 are photomicrograohs of pol ished sections. 

Ali e xce p t fi g ure 27 were taken wi th o r dinary 1 i g ht. 
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Fi g ure Il - J uartz (da r k gray) and sphalerite (li o ht gray) 
ve i ns in pyr i te (white) . xl40 . 

F i qu re 1 2 - Ou a r t z ( da r k gr a y l v e i n i n <) s ph a 1 e r i te 
(li o ht g ray) containin g chalcopyr i te blebs (white) . xl25 . 



- 87 -

Figure 13- Pyrite veinlet (li g ht gray) cutting s ph alerite 
(medium gray) . 8o th are eut by a veinlet of carbonate 
(dark g ray) containinn small arseno p yrite crystals. xiiS. 

Figure 14- P yrit e and qalena ( w ith chalcopyrite! in 
carbonate . l alena rer-laceme nt pa rtly controlled by 
cleavage of carbonate . x40 
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Fi g ure 15- P yrit e (w h ite) re p lacin ' g an g ue (dark g ray) xiOO. 

Fi g ure 16- '..? alena (medium g ray) v e inin g r) yrite (li g hter 
g r a y l x 100. 
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r j g ur e 17- S~ hal e rit e (dark g r a y) r ep l ac i ng p yrit e ( wh i te ) xl60. 

,· 

F i a ur e 18 - Te tr ahedr it e v e inl e t ( med ium g r a y) c o nt a inin g 
r h om b i c a r s e n o p y r i te c r y s t a 1 s , i n p y r i te ( 1 i g h t g r a y l x 3 1 0 . 
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FiÇJure 19- Tetrahe d rite ( da rk g ray) c o ntainin 1 and r ep lacin g 
a circle of irre q ular p yrite grains . Surrounded by 
chal copy rite . x300 . 

Fiaure 20 - Te trah ed ri te (d a rk g ray ) r ep lacin n p yrite 
!ll C1h .t q ray) .• . Ali s u rrounde d by chalcopyrite (me d ium g ray). 
Darkest gray is bakelite . x250 . 
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Figure 21 - Tetrahedrite containin q and r ep lacin g pyrite 
grains. Veinlet of chalcopyrite traverses tetrahedr.te. x250. 

Figure 22- Veinlet of gangue (dark gray) cro u es sphalerite 
{medium gray) and chalcop yrite (light g ray). A rounded 
q rain of p yrit e , centre, i s full of ra mifyin n veinl e ts 
of g an q ue • ..)phalerit z co ntains orlented chalcopyrite blehs . xiOO 
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Figure 23 - Tetrahedr i te (dark aray) re lacin s:~ a very 
f i n e gr a i n e d i n te r gr o w t h o f p y r i te a n d c h ak:o p y r i te ( ? ) 
oi 1 i'Tlmusion . x700 . 

F i oure 24 - " ournonite (med i um qray) and p yr i te (white) 
vei n in 2 s ph alerite (dark g ray) x30 0 . 
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Figure '25 - ~alena (white, with pitsl , with curved 
cleava C' e, surroundecl by p yrite ( ri a ht l , quartz(lower left) 
and Bakelite (top left and ri qh tl xSO . 

F i q u r e '2 6 - P y r i t e a n d f i n e r hom b i c a r s e n op y r i te s u r r o u n de d 
by qur1rr z . Red filter . xlJO. See also fi q . 27 . 
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F i gure 27- r' art of the fie l d of fi a ure 26. Photographed 
with crossed n icol s . Veinlet of arseno p yrite cuts p yrite. x1 8 5. 

F i gure 28 - Sma ll particle of ~w ld {li gh t g ray) i n i=JY rite 
(m ed ium g ra y) . Ja rk o ray bes i de ~., old is s pha l e rite. B lack 
li ne is a fracture i n the pyr it e . O il i mmer sion. x750. 
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Figure 29- Ve inl et of tetrahedrite (m edium gray) and 
chalcopy rite (white) in sphalerite (dark gray ). Tetrahedrite 
v e i n s ch a 1 co p y r i te • C i 1 i mme r s i on • x 8 50 • 

Figure 30- Tetrahedrite veinlet (medium gray) cuts 
through oriented chalcopyrite blebs !light gray) in 
sphaler it e (dark gray) . The veinlet narrows slightly 

w i t h i n s om e o f t h e c h a 1 c op y r i t e b 1 e b s • x 3 0 0 • 
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r i gure 31- Small chalcopyrite blebs ( w'1 itel in s p:·, alerite 
( gray), near a p yrite veinlet (white) . x400. 

~, . 

Figure 32 - Unconn ec t ed p yrite grai n s (white) in sp halzrite 
( gray ). Descr i bed on p . 61 . x120. 
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Figure 33- Tetrahedrite veinlets (medium Sl ray) in galena 
(. 1 i ::J h t g r a y l a n d s p h a 1 e r i t e ( da r k gr a y l x 55 0 • 

Fi g ure 34- An q lesite ldarkl re p lacin q g alena !li r htl 
alon g cleava g e dir ec ti o ns. x340 . 
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· i 9 ure 35 - P yrit e (whit e ) in gal e na ( g ray) with chal c opyrit e 
( ou t 1 i n e d ) • ù e s c r i b e d on p • 64 • x 1 1 0 • 

F i g ure 3 6 - Sp hal e rit e (li g ht g ray) c o nta in in g ch a l c o p yrite 
bl e bs ( white!, e xc ep t n e ar its contacts with q uartz 
( d arker g ray) . xl20 . 
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Figure 37- Veinlet of pyrite, chalcopyrite, s rha l er ite, 
tetrahedrite, and qa n a ue in qalena. xl30. 

F i g u r e 3 8 - V e i n 1 e t s o f p y r r h o t i t e (a n d c h a 1 c o p y r i t e ? l 
( wh it e ) in t e trahe d rite (medium gra y) and sphalerite 
(black). O il imm zr sion. xiOOO. 
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