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Abstract

The Candego and Madeleine mines are the richest-known portions of a 80 km?
vein system hosted by sedimentary rocks immediately northwest of the McGerrigle
Mountains granitic complex in Gaspésie, Quebec. Zones in which veins are rich in
quartz and/or Cu- and/or Fe-sulphides and/or Fe-oxides (Type 1, 2, 2B veins) or are
rich in quartz, Zn-sulphide and Pb-sulphide (Type 2A, 3A veins) occupy central
positions in vein-type zoning patterns; these central Type 1-2-2B-2A-3A vein
zones form elongate corridors which radiate out from the McGerrigle Mountains
contact. Veins rich in carbonates and one or more of Zn-, Pb-, Cu-Fe, or Fe-
sulphide (Type 3, 3B, 4, 4A, 4B veins) occur inside and outside of the central
Type 1-2-2B-2A-3A vein zones. The Type 3-3B-4-4A-4B vein zones probably
overlie the Type 1-2-2B-2A-3A vein zones.

Homogenization temperatures of aqueous fluid inclusions in vein quartz are
from 110° to 550°C; final melting temperatures in these inclusions are typically
-14° to -2°C and rarely as high as +6-7°C. Homogenization and final melting
temperatures of pure CO;, inclusions in vein quartz are 18° to 26°C and -55° to
-56°C respectively. Total homogenization or decrepitation temperatures of mixed
aqueous/carbonic  fluid inclusions in vein quartz are 160° to 500°C.
Homogenization and final melting temperatures of the CO;-rich portion of these
inclusions are -74°C to +31°C and < -70° to -55°C respectively. Final melting
points of clathrate hydrates in these inclusions range from 3° to 12°C. Total
homogenization or decrepitation temperatures of daughter-crystal-bearing

inclusions in vein quartz are 235° to 335°C.

Average sample-site homogenization temperatures and salinities are highest
in the parts of the central portions of the Type 1-2-2B-2A-3A vein zones nearest
to the McGerrigle Mountains. Spatial coincidence in the Candego/Madeleine mines
area of a zone in which the McGerrigle metamorphic aureole bulges out further
than usual from the McGerrigle Mountains contact, and hydrothermal centres of
vein mineralization which radiate outwards from the latter contact suggest that
formation of the metamorphic aureole and vein mineralization were essentially

contemporaneous.






RESUME

Selon les connaissances actuesllss. lss mines Candego st Madeleine sont
l2s portions les plus riches d'un systéme de veines de B0 ka2 développd
ies roches sedimentaires, imeédiatszment au nord-puest du complexe granitiguse
des Monts McbGerrigle, sn Saspésig, Budbsc. Les zpnes o4 les veines sont
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{les veines des Types 1-2-FH} s0it en oguartz, en sulfure de In, et en
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ces  zanes cenitralss  contenant les veines des Types 1-2-2B-34-3A forment les

Les temperatures d homogéndisation des inclusions fluides apuesuses
dans leg guariz des veipes soent de 110° & 550°C; les temperatures de  fonte
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des inclusions dans le guariz des veines ne contenant gue du COs pur, sont de
187 &  2&°C gt ~33°7 4 -B&°C, respectivement. Les  températures
d'homogéneisation totale, ou de décrépitation, des inclusions fluides dans le
guartz des veines contenant le He0 et L0z sont de 180° & 5S00°C. Les
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ces inclusions varient de 3% & 12°C. Les temperatures d homogéneisation
totale, ou de décrépitation, defs dnclusions dans le guart:z des veines
contenant les phases solides, sont de 235° &5 Z35°C.

Les tismpératures d homogénéisation et salinités MOYENnes des
inclusions fluides sont les plus élevées auy sites d échantillonage dans les
parties des portions asxiales des zonez de veines des Types 1-2-C2E-2A-34, gui

cette étude, 1 'zurécle métamorphique des Monts MoBerrigle s'étend pluszs  loin
ou'habituslisment du contact des Honts HMeBerrigle. Bans «c& rapport on

démonire gue les centres de m@ingralisation hydrothermale sont orisntés
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CHAPTER |

INTRODUCTION

i.d AIME OF THIE REPORT

rocks of the Cambro-Ordovician Gusbec Group, immediately northwest of  the
Bevonian HoBerrigle HMountains granitic complsex. Quartz-carbonate veins,
commonly cantaining base and/or precious metals, oocur st zbout 200 ssparate

mines. VWeins relatively near to the granite-sedimentary rock contact are
mainly Cu-Fe-bearing {e.g. the Hadeleing minae} whereas Fh-~in-4g

minsralization {e.g. the Candego deposits) ocours sainly in veins relatively

distal to this contact.

This communication is an interim report of an investigation in which
the principal aim is to examine the regional distribution of vein minsrals and
gf the homogenization tfemperatures  and compositions of fluid ipclusions in
vein crystals. It is hoped that thesse data will be useful in revealing
whether one or more hydrothermal cenires are present within the map area, and
will provide cluess a3 to the origins of the mineralizing fluids. Fart of the
mingral zening data and a2ll the samples of vein minerals for fluid inclusion
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ARER COVERED By
PRESEMT STUDY

Devenion Granific Racks — - Foull, observed
(McGesrigie Mountains) ) a‘s‘:u:n:&- ’
EI Silure- Devonian Limestones S Hedamorphic

aureole

Ordovicion Quebec Group: — Ceolog ¢ Contact
Piysch, Velecanic Recles e oregic

Cambro- Ovrolovician Chic~

Checs Geanp: Motavolcanic
rocks . .

FIG. 2 : Generalized geology of the McGerrigle Mountains
area (after Lachance and Duquette, 1977).




Additional mineral =zoning data were obtained from diamond drill hole logs
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from the Madeleine ains (Williams-Jopnes et al., 198&) and is used io
supplement the fluid inclusion data of the present study.

The second aim of this study is to use wmineral and fluid inclusion
paragenesis data {from  the Candego mine fo attempt to determine seguences of
formation of different ifypes of veins and flow of different fluid fypes at the
site nf the Cand 1 kv e = . i .
zite of the Candego mine and, by extension, in the enitire map aresa.

1.2 FREVIOUS WORE
The geology and sxploration/mining history of the Dandego/Hadeleine

was studied by Wplofsky (1954}, The Madeleine deposit was reported an by
Birard (1971} and is the obiect of ongoing investigations by h.E.



i

1.3 REGIONAL, LOCAL GEOLOBY
The following account of the geplpgy of the map arss  and surrounding
regions is condensed from Lachance and Duguette (1977},

The north-central part of the Baspsd gpninsula is underliain by
g ¥

Middie Ordovician Taconic and Bevonian  focadian orogeniesy the fold axes
parallel the sxis of the peninsula. In the Devonian period these rocks wers

MefBerrigle plutonic complex. Base and precious-mefal-bearing mineralization
is common in the fractured sedimentary rocks at  many localities  arocund  fhe
Mcherrigle opluton but is apparently relatively rare within the pluton itfself

the fandego and Madeleine deposits, situsted northwest of the pluton and
described below, and the Sullipek Cu-Ho deposit, situated south of the pluton.

On & local scale, the sedimentary rocks of the study area can  be
divided 1into a nwnorthesrn and a southern seguspce (Fige 3¥.  The northern
sequence is made up mainly of dark grey argillaceous and calcarsous  sandsiong
and =iltstone, silty shale and black slate, with some dark grey calcsiliite
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FIGURE 3: General geology of the Candego and Madeleine mines area (after

Lachance and Duquette, 1977).




and green sility shale interbedded with grev-black argillaceous-siliceous

caontains a southwest-striking lens of rocks which consists of basalt and
magnetite-rich grayuwacks in the northern and scuthern halves of the lens,
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deviations from fhis simple picture are common due to complex folding and,

near the contact of the McBerrigle Mountains, due fo disruption of prevailing
bedding attitudes by the pluton at the tise of its emplacement. Thres major
faults fraverse the map area {(Figs. 2, 3}: the sast-trending Forcupine Brook

northusst-trending Candege  fault, located just south of the Dechesne Brook
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Sedimentary rocks of rihern and spouthern sequence
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aptamorphosed  inside of 2 .3 tp 3.0 km-wide aureole which surround

HrlGerriole Mountains. Approximately the eastern fifth of the present map area
south of the Hineral Creek Vein area lies within this aureole. The
metamorphic rocks comprise pelitic and calc-silicate hornfelses. The
characteristic pelitic and calc-silicate mineral assemblages in the outer and
inner portions of thes aureole, respeciively, are guartz-biotite and
guartz-bhiotife-cordierite, and guartz-tremplite-calcite-epidote and

-4 THE CANDEGO AND MADELEINE
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The following information concerning the Landegon and Madeleine @i

is taken from Lachance and Dugustis {1977},
The Candegn lead-zinc-silver deposits are situated about & ka

northwuest of the MeGerrigle Mountains in a  HMM-trending ssriss of guariz-

carbonate fissure  veins. Betweesn 1948 and 19534, East MacDonald Mines Lid.
treated £7,332 tonnes of ore which had an average grade of &.35% Fb, 4.28% In,
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deleine copper @ine consisted of steeply-dipping chimney-tc
tazbular-shaped orebodies situated Jfrom O to 300 & from the HcoBerrigle
Flountains-sedimentary rock contact. Hadeleine Hines Litd. worked this deposit
from 1967 to 1982 and produced 7,876,030 tonnes of ors Cu  and
7.88 g/T Ag.
The CLromar and Hineral Cresk VYeins {(Fig. 3} are important mineralized
prospects which have been included eonp Fig. 2 for later refersnce  purposes.
Mingralization in the map area other than at the Candego and Hadeleine aine
is described in the following chapter.
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CHAFTER 2

DESCRIPTION OF VEINS

IMTRODUCTION

ins containing quarts and/or carbonate minerals
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minerals ococur  at  about 200 sites on the pressnt erosion
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many others in the subsurface. Veined sifes have
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m above sea level, a topographic interval that extends

nutcrops or vein debris of 1
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rarely it is grey and fransparent. The carbonates comprise valcite of various

colours {white, vellow and black are common, transparent is fairly rare, pink

1)

nd  hrown are rarel tan te aesdium brown dolomite and rare pinkish-broun

siderite. The following sulphides are common: sphalerite  {amber to blackl,
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galepa, chalcopyrite, pyrite, pyrrhofite and borni

native copper and hematite are fairly common: ftetratredrite  and arsenopyrits

are rare. Gold, bournonite and anglesite arg very rare at the Candego nine
diurleite, digenite, cavellite, breithauptite, linnagite, niccolite,
pararammelshsrgite, rammelsbergite, safflorite-inllingite, cobaltite and
cubanite are minor io rare minerals at the HMadeleine mine.

Buartz and the carbonate minerals rapnge from fine- to cearse-grained
and from euhedral to subbedral to anhedral to massive; vugs are fairly comamon
and growith banding is fairly rare. The ore wminerals/slements noted above
which are not particular fto only  the Candego or Hadeleine mines oocur as

tals; «crystals vrangs from fine- to  cparse-
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grained and from anhedral fo suhedral. Veins are not zoned across strike and

are too poorly suposesd to permiit recognition of possible along-strike  zoning.
fin 2 regiopal scale, there is no preferred assproiation between particular

At legast three guartz tvoes occur in more than one part of ihe map
arsa. White, anhedral, coarse-grained guariz with a slightly waxy lusire has

been encountered in the HMadeleine wmine area, in the region beitween tihe
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Hadeleine nmine property and the Cromar vein, in the Cromar and Candego areas,

and to the northwest of Dandsgo. Another distinctive guartz fype is white to
transparent, medium—grained, anhedral and commonly displays a fibrous,
drawn-out-lonking crystal texiure. This type of guartz occurs at  sites

between the Hadeleine wmine property and the Cromar area, in the Lromar and

fandego areas, and to the northwest of Candegn. A third distincltive guart:z
tyne iz grey to transparent, fine- to medium-grained and anhedral to euhedral.
it pccours between the Wadeleine mine property and the Cromar area, and in  the
Cromar and Candeqgo areas.

The widihs of most guartz and/or carbonate veins range from 1 oom to 2

m, although in the Cromar area there is a vein 11 m wide. Yeins containing

guartz and/or carbonates fill in some cases seis of parallel fracture planes,
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fissures. Veins which only contain sulphide and/or oxide minerals have wid

which range fraom a hairling’'s width to about 0.5 cm and +Fill planar tao
irregular fractures which «£an locally form stockworis. The ouicrops

mineralization which can follow schistosity or bedding planes or be associated
snatially with the veins. Such disseminated mineralization takss the form of
specks, clots, blebs, strezaks and lenses.

It t£an be generally stated that there is no preferred host rock fyps

discordant with bedding
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increased brittleness or compactness. A1l or only one of these fzatures can



CHAPTER 3

MINERAL ZONING 8TUDY

3.1 INTRODUCTION
The aimes of this chapter are i} to describe the spatial distributions

1.

m

vertical planes and Z) tp present a regional vein classification scheme base

Yein minerals present at 110 surface sites were recorded in the course

of field work. At most of these sites the data comes from outcrops or  debris
of local origin. VYein minerals in the Candego ore-veins were defermined by

data was also collecisd from 74 logs of holes drilled on and around the

fa od
o
34

4 properity, Y1000 Madelieine mineg logs;, 4 logs from

Mineral Creek area, angd from available geological reports {(Hingsbury, 1948;

o}

3
k]
i o}
=
iy}
|t
T
o=
j
=
T
e
En
|
[ ]
fos
=
b !
=
ey}

K

The lateral spatial distribution of vein guartz/carbonate proportions

at surface and drill hole data sitss is shown in Fig. 4. At sites indicated
by dpts, except those in the ismediate wicinity of the Candego mine, the



FIGURE 4:
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Lateral zonation of vein quartz/carbonates proportions at surface and

drillhole data sites.
5. Major faults and 1lithologic contacts from Fig.

" reference.

Vertical sections ABCD and EF shown in Figure

3 included for



relative proportions of gquart: and carbonate vein minerals were sstipated

visually from cutcrops or from vein-bearing debris of local origingy the vein

shown in Fig. 8. The dots clustered about the Candego mine symbol in Fig. 4

represent sites where vein debris piles occocur outside the main mine aditsy the

guartz/carbonate ratiocs of these debris piles Here assumed o be
rearesentative of the guartz/carbonate ratios of the mined veins. The
guartz/carbonate ratio asspciated with each drill hole site on Fig. 4 was
estimated from the frequencies with which vein guartz and vein carbonate are
reparted in the log of the hole and the reported thicknesses of these veins.

This method of determsining drill hele gquartz/carbonate ratios is not as

ratios but does not affect the conclusions which will ultimately be drawn fronm

the gangue mineral zoning data.

Fig. 4 shows that the distribution of data-site gquartsz/carbonate
ratios forms distinct zones. Veins typically contain guartz + 0-5% carbonates
in two major elongate Zones in the north and south parts of the map area,
respectively. Both of thess zones are widesi negar the Hoberrigle pluton and
narrow with increasing distance from the platon. The sputhern guartz-rich

zone is cenired roughly on the scuthwest-irending lens of hasalt and greywacke



frmta
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gangue matsrial in the HMadelsins mine as determined from inspection of 1000
logs is =similar to the guart:z/rcarbopate ratios of holes on Fig. 4 in  the

¥eins in areas betwesen and surrounding the quartz-rich corridars
typically contain carbonate + (-84% ouartz as  their ganguse. Exceptions o

corner of the map area (Fig.3} where the gangus is guariz at fwo vein-sites,
and guartz + &-15% carbonates at another site. Carbonate rich veins also fora
an inlier in the southern guartz + G-5% carbonates zone, to the south of  ihe

present  erosion level are  shown in Fig. 4. Burface vein data-siifes are
irdicated as points on these sections. The types of veins reported in drill
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slevations in each hole. Eesrause the guartz/carbonate ratios of individual
g

guartz/carbonate veins are not reported in the drill logs, it is not certain

whether these veins belong in the guartz + (-3% carbonates, guariz +  &-15%

vertical gangue mineral zoning as detsrmined from drill hele data is presented
in terms of guartz and guartz-rarbonate zones. The guarts zones of Fig. 3 and

ut
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of Fig. 4, in the portiens of the present surface cut by section

and elssuher

1w

2 in the map ares.

Evidence that oguartz-rich zones underlie rcarbonate-rich zones is
present in sections AB and EF of Fig.5. The portions of sections AE and EF
which contain this evidence represent small portions fo the fotal field area,

but the same vertical sequence of quaritz- and carbonates-rich zones is
sugpested by the data in each of these sesctions. This seguence is thus
tentatively opropossd as being the seguence of thess zones troughout the field
arega, and the boundaries betwesn mineral zones in sections BL and CD have besn




carbonate +  0-B4Y guartz zone. Heowever, it is plausikle that the gquartz +
£-13% carbonates zones might represent zones fransitional fo underlving guariz
+ 0-3% carbonates and pverliving carbonatss + (-B4% guariz zones.

Calcite is the carbonate gangue wmineral present in veinz at all

the northern guartz-vich zone

dolopite and less commonly sidsrite. Where the wvein carbonate sineral  is
identified in drill logs of holes in the southern part of the map area, it is
calcite. At the Hadeleine minz, Birard {1971) stated that microprobe analyses
of carbonate minerals indicate that only ralcite is presenty Hilliams-Jones et

al. (1984} report the occurrence of late-stage quariz-ankerife veins, but
thesze are of minor abundance. The nature of the gangue carbonate amingrals is

gk area

i

not specified in the logs of holes drilled in the Hineral Or

caloits is the only carbonate mineral contained at surface sites. The average
length of the Mineral Cresk holes is only about 5% metres; it is thus probable

surface, i.e. caleite. It iz concluded from the preceding ohservations that
calcite iz the sole or major pangue carbonate mineral in all parts of ths
map-area sycept in the guartz +  &-13%1 carbonate portion of the norithern
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.3 I0WIMG OF ORE MIHERALS

The aresas of comaspon ococurvence of sphalerite, galena, chaloopyrite,
pyrite, pyrrhotite and bornite are indicated in Fig. &. The distribuitisn of
the rarer vein sulphides, ozides and slements iz given below. The data points

gn Fig. & arg the sites at which the above-named minerals occur in  oulcrops,

debris of local origin, adit debrisz piles {in the case of data-sites in the
igmmediate vicinity of the Candego mins), or are reported in the logs of holes
drilled at thesg sites.

Chaloopyrite and pyrite are common throughout  the fisld  area.
Fyrrhotite is restricted to two elongate zones in the north and south parfs of
the map area, respectively. The northern pyrrhotite zone i3 abput faur
kilometres leng and eutends from Fetit Lac Bfte~fnne to the Cromar  area. The
southern pyrrhotite zone is roughly centred on the southwest-trending

res  westward fron

There are two main zones within which sphalerite znd/or galena are
common, in the north and south portipns of the field arpa, respectively. The
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FIGURE 6: Regional distribution of the most abundant vein sulphides, showing
1imits of occurrence of pyrrhotite and bornite and zones of most

common occurrence of sphalerite and galena.

ABCD and EF shown in Fig. 7.

sections
Major faults and lithologic contacts
from Fig. 3 included for reference.
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or which extends from the Cromar area to northwest and north  of

Y
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Candegn mine. The =zoutheastern half of the northern sphalerite-galena zons

omd

coincides spatially with the northwestern half of the pyrrhotite zone
described  above. Ephalerite and galena are common in the Mineral Creek area

but thers are no known sulphide smineral-bearing sites between the Mineral
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The sputhern sphalsrite-galena zone extends from shout 3.4 fe about
B.2 km away from the west edge of the McBerrigle plufon, strikes =mast-west and

narrows with dncreasing distance from the pluton. The eastern half of this

sphalerite-galena zone overlaps the western end of the scuthern pyrrhotite

Ione.
Sphalerite-galena-bearing veins occur at only a few localities outside
nf the two main zones described sbove. Two isclated sphalerite-galena-bearing
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of holes drilled in the bornite zone situated within the zone of overlap of
the southern sphalerits-galena and pyrrhotite ropes. Hematite is zlso present

in an outcropping vein in the Cromar area. Mative copper is also reported on
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MME~trending fault {Lachance and Dugustte, 1377}, foocording to Wolofshy
(1984} and confirmed in the present study, arsenopyrife and ietrahedrite are
rare minerals in the Cromar and Candegn arsas. Gold, bournonite and anglesite
are very rare in the Capdego ore-veins {(Molofsky, 1954). Djurleite, digeniteg,
covellits, hreithauntite, linnasite, niccolite, pararammelsbergite,
rammslsbergite, safflorite-iollingite, colbaltite and cubanite are ainor 1o
rare minerals in the Hadeleins mine {Birard, 1971},

Fig. 7 shows the spatisl distribution of sulphide/oxide minerals in the
vertical ssctions ABL, €0 and EF. The locations of the lines of vertical
sgrtion on  the present surface are shown on Fig. S The data contained in
section EF suggest strongly that in this part of the study area there iz a
iowermpst zone comprised of Fe-sulphides and -oxides {pyrite, pyrrhotite,
magnetite}, an intesrmediate :zone in which copper  and/or  iron sulphides
{hornite, chalcocite, chalcopyritel, iran sulphides or oxides fipyrite,
pyrrhotite, magnetite) and native copper are common, and a0 uppermost zons  in

which sphalerite galena, chalcopyrite, pyrrhotite and pyrite are common. This
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seguence is analogous fo that ohserved in the Lemisux  Dome region,

oy

km spouthwsst

f the present study area {(Stevens, 1986). At the

# wertical sulphide/oxide zonation is demonstrable for only a
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vein flassification scheme based on commonly-oocurring ghase
iz presented in Table i. The veins are classified according io
criterias 1) presence or absence of guartz and/or carbonates:; 23
srbonates are present, the guarizicarbonates propertiong 3}
absence of opanue mineral phases and 4) presence or absence aof
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Type 2 veins, but with magnetite replacing hematite, whersas Type 3A veins
contain the same sulphide minsrals as Type 28 veins. Type 4, 46 and 4B veins
contain carbonates + G~84% guartz: Tvype 4 veins contain the sanme
sulphide/ouide minerals as Type 3 veins whereas the sulphide minerals found in
Type 48 veins are the same as those in Type 34 veins.

In most drill logs, vrelative oproportions of gusriz and carbeonats
minerals are not specified in the veins which contain these mingrals. Ta

scheme, veins described as "guartz veins® {(f sulphides,
capper)  were assumed to be Type 2, Z& or ZB veins. Veins describsd as
*guartz-carbonate® (f ore mipneral ophases) veins, and Ycarbeonate” (& ore
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veins could conceivably conptain mors than 15% or lsss than &% carbonates {(the
upner and lewer limits, respectively, for Type 3, and  IB veins} it is
nossinle  that some  of the veins 3B pr IB veins are in
fart Type 2, 28 or 2B, or Type 4, 48 or 4B veins. However, as shown below,
sven if such errors werse commitied on a largs scale, they would not change ths
conclusions of this section.

The vein types present at surface sample sites and reported in drill

logs for drill hole data-sites are shown in Fig. 8. Fig. B shows that Type

ot
it

wegst and approvimately northwest away from the MoBerrigle HMountains contach,
respeciively, in the south and north parts of the map ares, respectivelys
ihesge zones arg hereafier referred to as Type 1-2-2F wvein zones. The Typs
1-2~-%8 wvein zones increass in widbh, and mav in fact amergs, with decreasing
distance from the Mcherrigle pluton. The largest Type 1-2-28 vein zons trends
naralisl to  the basalt-gravywacks lens in the sgutheast part of the map arss

1 : £
gast to follow the Porcupine Brook fault. fAnother Type 1-2-2B vein zone
pooupies ihe sxireme sputheast corner of the map area  and may be simply a2
branch of the larger zone immediately to fhe north., This southern most Type
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continus  outside of the pressnt map area. Type §, Type 2 and Type 28 veins



FIGURE 8:
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LEGEND |

28 Sueface dola-sife,
vein fypels) '

Deill hole dada-s.‘v}e,
vein $ype(s)

~ Maximum exfent of
Type L 2,28 vaing
v

-
S~ ot pnod pn s

- Maximum exterl "ot —~1
Type 2A,3A vains

Spatial distribution of vein types as described in text and Table
1. Solid line shows maximum limit of occurrence of veins rich in
quartz and/or Cu- and/or Fe-sulphides and/or Fe-oxides (Type 1, 2
or 2B veins). Dashed line shows limits of occurrence of veins
rich in quartz and (sphalerite and/or galena) (Type 2A, 3A veins).
Carbonate-rich veins, commonly bearing one or more of Zn-, Pb-,
Cu-Fe, or Fe-sulphide, occur inside and outside of the Type 1-2-

2B-2A-3A vein zones. Vertical section EF shown in Fig. 9. Major -
" faults and 1lithologic contacts from Fig. 3 included for referen-

ce.
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CHAFTER 4

FLUID INCLUBION BTUDY

4.1 INTRODUCTION

Bamples of guartz, sphalerite and calcite for use ip fluid inclusion
hesting/freezing studies were taken from veins throughout the map area. The
aim of these studies iz to determine whether regional zoning patterns exist in

mapping of fluid inclusion homogenization temperatures and meliing points.

romparing  the ranges of homogenization and melting temperatures ohserved in
thess minerals with the guartz homogenization/melting temperature data. in
this chapter +fluid dinclusion data from guartz crysitals are presented; the
sphalerite and ralcite data will be included in the final report of this

The oquartz samples used in the regional zoning studies represent a
variety of gquartz types ({e.g. milky, white, fIransparent}, grain sizes,
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5.2 EXPERTHMEMTAL PROCEDURES

work was performed on oa
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Chaiwmeca Heating-Freezing Stage MTH-BS which had been calibrated betuwesn

~54.4% and 398°C against the melting peints nof various pure standards.
Differsnces between "truse" and measured melting points are from -0.80° to
+3.24°C over the range -56.4°% to 100°0. From 100° to Z98°0 deviations of
meazured meliting points from “troe” valuss increase linearly from -0.32°C at
100°C tp ~-15.74°0 at  E98°L. Temperature measurements :100°C in this study
have besn correcied for instrumeni error. Homogenization temperatures  and

o~

Homogenization temperatures of two-phase inclusions {liguid + vapour

weres determined by gradually heating the dinclusions and observing the
temperature at which the wvapour bubbls in esach inclusion shrank to
disappearance or sxpanded ko Fill the inclusion cavity. Fartial and tfotal

room temperature {e.g. 2 immiscible liguids + & vapour phase or liguid +

vapour + solidis}) were determined from the temperaturss of dizappearance of



4.3 DESCRIPTION OF IMCLUSIONE
The shapes of inclusion cavities vrange from regular  {negstive
crystals, spheres, cylinders! fo irrsgular. Most  inclusion diameters or

lengths are from 10 to 100 me and average 30 to 40 mam,

Some inclusions are randomly distributed, isclated from other
inclusions znd ars far from or bear no obvious relation to fractures: these
inclusions are interpreted as  being primary. Host zamples are weakly to
heavily fractured: fractures  are commonly liped wiih or  serrounded by
aureales of inclusions which are interprefsd as being secondary oy
osseudosscondary. It is possible to distinguish between primary, secondary and
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data obiained from primary, secondary or pseudosecondary inclusions.
Yapnur:liouid ratios of agueous inclusions, and COp:He0 volume ratios

values in sach sample: this indirates that the teeperatures of fluids which
passed through each sample site and which deposited crystals or healed
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4.3.1 FLUID IMCLUSION TYPESR

[
b
)
{

Inclusions in the Candego/Hadeleine mines area can be divided inip
four types on the basis of fhe phases visible in them at various temperatures:
Type | fwo phases are visible in these inclusions  at
room tesperaturs:  liguid and a vapour bubble which occupies from 5 to almost

Type 1 inclusions from certain Type 2 inclusions, described below) range from
*1i4® fo .

Type 2 inclusions i{rarel: some of thess inclusions have two phases at
room temperature:  liguid and 3 vapour bubble which occupiss from 10 to BOX of
the inclusion cavity. fither Type 2 inclusions appear  “ampity” a2t roon
temperaturs but svolve 3 vapour bubble upon cooling. Type 2 inclusions
homogenize o the liguid phase at or below 24°C.

Type 3 inclusions {commond: some of these inclusions contain thres
phaszes at room temperature: an inner liguid globule which fleats immiscibly
within an outer liguid phase which bathes the inclusion walls, and & vapour
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"FIGURE 11: Type 3 inclusions, sample K85-84, X625. CO2 vapour bubble discer-
nable within CO2
of the photo. Photo field width is 0.3 mm.

liquid phase in the large inclusion at the centre
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inclusion i1 cooled. The vapour + inner liguid and *vapour® portions of Type
3 inclusions which contain three and two phases at room  fesperature
respectively, nccupy from 5 to  almost 100% of the inclusion volume. On
heating Typs 3 inclusions fo a maxisum temperature of about F31°C the vapour
bubble gradually shrinks to disapoearance or rarely supands until its diamster

matches that aof the inner liguid globule. At higher temperatures Type 3

m

inclusions homogenize sither by shinkage or sxpansion of  th inner liguid




FIGURE 12:

43,

Type 4 inclusions, sample K85-38, X625. Halite cube discernable in
large inclusion in lower centre part of photo. Photo field width
0.3 mm.
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FRESGENTATION, IMTERPRETATION OF HEATING/FREEZING DAT
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omogenization temperatures of Type 1 inclusions {(Fig.
S50°C, but 94% of these temperatures are L400°0.  Ther
£ and & secondary pesbk  at  aboutr  Z5ECC. The

ons homogenized in the liguid phass. #elting of Typ
begins at fsmperatures :~Fi°C. Final melting points

The homogenization/freezing behaviour of most Typ

that they contain a dilute agusous-salt solution in
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Initial melting points above “-21°C revesal

and/or EC1 {(Crawford, 19B1}. PRare Type 1| inclusien
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T!ﬂ | inclugions
30+ [0 homegenizedd 1o liguack

B hemogenized Yo vagour

28 - & decrepitaied
Type Y inclusions
20 - [\ keuo,eu'nd-
decrepitated
i5 -
n
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FIGURE 13: Homogenization or decrepitation temperatures of Type 1 and Type 4

inclusions.
Type 3 inclusions
20 0O heu\oses:zed te H30
o] homogeaized 4o (O
15 ] hcrepﬂa(c‘(
n
10+
r-
B
1 1

FIGURE 14: Homogenization or decrepitation temperatures of Type 3 inclusions.



46.

Tye 3 nclugions

ZOT 3 hemogenized do Riguie!
@ homogenized o vapewr
15 1 B Tye 2 inclusion, homogenized
" ‘o ligamiol
10~
5
il - !
_D_q.__.’ I ' — lJ'T : 3l : : "
o L3 10 IS 20 EXY 3o

<15 =70 ~bS 4o 35 =30 -5

FIGURE.IS: Temperatures of homogenization of Type 2 inclusions and the vapour
+ inner liquid portion of Type 3 inclusions.

m.p- COa

O Type 3 inclusions

4o - B Type 2 inclusions
»
385~ —
20 m.p-ice, Type |
] inclusions
15 - m.g. clathrate
n deu:s O Type 3 inclusions
o £~ B Typel indusions
54 / :
= :
T I O O
1 L) K T L 1 | 1
~4S =40 5§ -s0 ~If -0 -5 ° Y 10 1y
m.p., °C

FIGURE 16: Temperatures of final melting of C02 in Type 2 and 3 inclusions, of

ice in Type 1 inclusions and of clathrate hydrates in Type 1 and

inclusions.
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homopsnization temperatures of inclusions which homogenize by gichule

expansion are on average higher than the hosogenization temperatures of
inclusions which homogenize by globuls shrinkagse. Homogenization temperatures
A0G°C were ghtainsd enly  from inclusions which homogenized by globule

gxpansion.

The liguid phase which wets the walls of Type 3 inclusions melts  at
temperatures of 3% fo 12°0 {(Fig. 14&}). Melting of this liguid phass is
sxtremely difficult or impossible to detect berause the index of refraction of

the frozen rcrystals is similar or egual to  that of the liguid phase.
¥ g ] B

liguid in Type 3 inclusions vary froam -353° to £-70°C, with a pronounced peak

meiting points and vapour + inaner liguid hosmogenization temperatures  were

ohiained, there iz a positive correlation between progressively lower
homogenization temperatures bhelow about 20°C and inmer liguid melting points
increasingly less than about -54°0 (Fig. 17},

The homogenization and freezing behaviour of Type 3 inclusions can be

[N

gxnlained in terms of ophase eguilibria in the systems Hzl-Clz-salis

o
5§
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FIGURE 17: Plot of final melting temperature of inner liquid phase vs vapour +

inner liquid homogenization temperature in Type 3 inclusions.
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bubble + inner liguid portion of thess inclusions is cospossd of COe.  or
mixtures of 00z and CHa. Fure L., i3 indicated by a final ipner liguid
meliing peint of -55° to -54°C. Increasing degrees of depression of this

nt below about -54°0 reflects the presence of increasing amounts of
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about 20°C and decreasing inner liguid melting temperatures below shout  -535°C0
{Fig. 1i7}1. This suggests strongly that in the Candego/Hadeleine mines arsa

samples in general, homogenization temperatures increasingly less  than 29°0

reflect the presence of increasing amounts of dissclved DHa.  Vapour + inner
iiguid homogenization temperatures as low as -74°0 are below the miniaum

ciose fo the critical point of pure methans, -82°C. BSuch inclusians therefare
crobably contain mainly methane only slightly diluted by Cix.

The outer liguid in Type 3 inclusiaons comprises mainly HeD + salts and
pinor COz with or without CHa. fHse Fforms a clathrate hydrate that is

R Y
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For the balance of this report, the following abbreviations will be
used ip y the homogenization and meliing wwes described in is
spction:

TH 0 homogenization temperature of Type 1 inclusions
Figl T
T
[ EP
T, -
fipil + ng
Ta total homogenization femperature of Type 4 inclusions
Tiza average homogenization temperature of all Type 1, 3 and 4
inclusions homogenized in a sample
m.p.iCE final ices meiting point of Type 1 inclusiaons
m.p.Clathrats final clathrate melting point in Type 1 or Type 3
inclusions
m.p.Cla final inner liguid phase melting point in Type 3 inclusions



4.5 EFATIAL DISTRIBUTION OF AVERAGE BAMPLE-SITE FLUID THCLUSION
HOMOGEMIZATION AND MELTIME TEHFERATURES
fhe spatial distribution of average sample-site temperatures  of
homogenization and meliing, for the homogenization/meliing phenomena described

Data tor the opoint representing the Hadeleine w®ine are
Williams—Jdones et al. {1984}, The locations of the samples studied in this
investigation and From which the data of Figs. 19 to 25 were obtained ars
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reference purposes in esach of Figs. 19 to 25. Lack of a value at a particular
sample site on 3 particular figure {for Figs. 19-253) reflecis in csome  Cases
absence of the appropriate fluid inclusion tvpeis) at that sample site and in
nther «cases experimental difficuliies in chservation of
homogenizationd/freesing phenomens.

The average temperature of hosogenization or  decrepitation  of
inclusion Typss 1, 3 and 4 (Tyz4} at sach sample site is shown on Fig. 19. The
average Tyza values shown are based on the Ta values of an average of 11.32
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FIGURE 18: Locations of samples from which homogenization or freezing tempera-
ture data is reported on Figs. 19-25
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FIGURE 19: Average sample-site temperatures of homogenization in °C of inclu-
sion Types 1, 3 and 4. Upward- and downward-pointing arrows indi-
cate that true average homogenization temperatures are much higher
or lower respectively than the reported values, based on comparison
of v:1 and COZ:HZO volume ratios of homogenized and unhomogenized
Type 1 and Type 3 inclusions, respectively, in the samples concern-
ed. Vein types from which fluid inclusion samples were taken are
given in parentheses. Vein-type zones from Fig. 8 included for
reference.
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FIGURE 20: Average sample-site total homogenization or decrepitation tempera-

tures in °C of Type 3 inclusions.

inclusion samples were taken given in parentheses.

from Fig. 8 included for reference.

Vein types from which fluid
Vein-type zones



The northern Tuzo+cozs2B5°0 zone coincides with the northwest-trending belt of
Type 1, 2, 2B, 2A and 38 veins which extends from Petit Lac Ste-finne to the

average values shown. Most averags Tuzmo values 2i0°C gcpur in a corridor
which extends from the MHadelsins mine area to north of the Candesge mineg the

A small Tueei210°C zone is located towards the wesiern end of the southern
Type 1-2-2B vein zons. There is np obvious preferred spatial  association
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melting temperatures per site. There are tuwo main zones in which m.p.ice
vaiues are {-53°C and as low as -17.9°C. flutside these :zones most m.p.ice

values are dJrom -2.5° to ~4.7°C. One m.p.icei-5°C zone strikes southeast
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FIGURE 21: Average sample-site homogenization temperatures in °C for Type 1

inclusions.

Vein types from which fluid inclusion samples were

taken given in parentheses. Vein-type zones from Fig. 8 included

for reference.
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FIGURE 22: Average sample-site final melting temperatures in °C of Type 1
inclusions. Vein types from which fluid inclusion samples were
taken given in parentheses. Vein-type zones from Fig. 8 included
for reference. Circled numeral 4 indicates a site at which Type 4
inclusions occur.
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zane ofcurs mainly within the corridor of Type i, 2, ZB, 2A and 38 veins wh
strikes northward from Petit Lac Ste-Anne to the Candego mine. Hithin
zones in which veins have a guartz-rich gangue (the 8§ + 9-3% carb and #
&-13% carb zones of Fig 4y average m.p.ice values decrease towards

inclusions were noted are also indicated on Fig. 22. A1l five of these si
pocour in the central portions of Type 1-2-2B-28-38 vein zones, relatively n
to the Heberrigle Mountzins.

Average sample-site clathrate final melting temperatu

P
ion

m
n

2% was obtained from Type 3 inclusions: wm.p.clathrate values of a few Type |
inclusions were alsoc used. The averags values shown in Fig. 23 were

average m.p.clathrate values £7.0°C occur in a poorly-defined zone stretching
from  south of  Petit Lac Bte-Anne o the Candege mine. Guiside of this zone
most average m.p.clathrate values range from 7.7° to 11.6°C.

fverages sampls-site inner liguid final melting fempsratures in Type 3
inclusions {m.p.COz} are shown on Fig. 24; these average valuss wers
detsrmined from an average of 3.3 m.p.C0z values per sample site. fAverage
m.p. Lz values are -55° to -5&°0 relatively far from the HoBerrigle Mountains,
and decrease teo 2s low as 41 ~70°C with decreasing distance {from  ihe
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FIGURE 23: Average sample-site clathrate hydrate melting temperatures in °C in

Type 3 and Type 1 inclusions.

sion samples were taken given in parentheses.

Fig. 8 included for reference.

Vein types from which fluid inclu-
Vein-type zones from
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FIGURE 24: Average sample-site final melting temperatures. in °C of inner
Tiquid in Type 3 inclusions. Vein types from which fluid inclusion

samples were taken given in parentheses.
8 included for reference.

Vein-type zones from Fig.
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«30.5 (4A)

FIGURE 25: Average sample-site vapour + inner Tiquid homogenization tempera-
tures in °C in Type 3 inclusions. Vein types from which fluid
inclusion samples were taken given in parentheses. Vein-type zones
from Fig. 8 included for reference.
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CHAPTER S

DISCUSSION

Bince fluid inclusieon data collection and investigation of the
relations betwsen Ty, m.p. and mineral :zones will continue in the coming
months, only s brief analysis of some salient points of the data presentsd in

this report is given here.

.8
foote

REGIONAL HEAT SOURCES

oo

Hydrothermal centres defined by vein-type {Fig. B) and thermal {(Fig.

1%} zonations radiats cutward from the contact of the HeBerrigle Hountains.

responsible for vein-deposition lav in or below the region pressntly occupied

by the HeBerrigle Mountain

i

5.2 HYDROTHERMAL CEMTREE IH THE

P}

ANDEDO/HADELEINE HIMEER AREL

The ohservations that the Type 1-2-2B-2A-34 wvein zones occupy a
central position in the vein-type zoning patterns (Fig. B8}, 2and that the
T1322270°C zones of Fig. 19 occur in the parts of the axial portions of the
Type 1-2-ZB-26-34 vein zones nearest o the HeBerrigle Hountains sungest  that

zones wers mineralogical centres of
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CHAPTER &

CONCLUBIONS
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4y Homogenization and final melting temperatures of pure £0p inclusions  are
18¢ to 24°0 and —-55° tp -54°0 respectively.

3} Total homogenization or decrepitation temperatures of mixed
aguenus/carbonic incliusions are  180°% to  B00°C0. Hompogenization angd
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+31°0 and £-70° to -55°C, respectively. Clathrate final melting temperatures

in these inclusions range ta 12°0.
&1 Total homogenization ar decrepitation temperatures ot
daughter-crystal-bearing inclusions are 235° to C.

1-2-2B-24-38 vein zones were mineralogical centres of hydrothermal activity.
8y Fluid inclusion salinitiss are highest in the parts of the axial portions
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