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INTRODUCTION

At the Fors property, argentiferous lead-zinc sulphide
mineralization consisting of pyrrhotite, sphalerite, galena,
arsenopyrite, pyrite, chalcopyrite and rare native bismuth
occurs in stratiforim, semimassive 1o massive lenses, dis-
seminations and veins at the top of a discordant zone of
pebble wacke or fragmental in middle Aldridge sandstone
and mudstone (Britton and Pighin, 1995). This preliminary
description of the petrography, geochemistry and fluid in-
clusions is based entirely on examination of drill-core speci-
mens collected by the writer, R.J.W. Turner of the
Geologica! Survey of Canada, J.M. Britton (formerly of the
B.C. Geological Survey Branch) and D.L. Pighin of Con-
solidated Ramrod Gold Corporation. This paper builds on
the geological description in Britton and Pighin (1995).

GEOLOGICAL SETTING

The Fors prospect (MINFILE 082GSW035) is located
near Moyie Lake, 17 kilometres southwest of Cranbrook
{Figure 1) and 8 kilometres southwest of the Vine prospect,
a Middle Proterozoic massive sulphide base and precious
metal vein deposit (Hoy and Pighin, 1995). Access to the
Fors and Vine properties is by paved and gravel roads from
Highway 3/95. The exploration history of the Fors property
is summarized by Britton and Pighin (1995).

Hostrocks to the Fors and Vine deposits are mainly
siliciclastic and lesser carbonate sedimentary rocks of the
Aldridge Formation of the Middle Proterozoic Purcell Su-
pergroup, exposed in a major northeasterly plunging anti-
clinorium cut by high-angle normal and reverse faults
(Figure 1; Hoy, 1993). The formation comprises in excess
of 4000 metres of turbidites probably deposited in an exten-
sional basin in an intracratonic setting (Winston er al.,
1984), and consists of three divisions. The lower Aldridge
(base not exposed) consists mainly of thin-bedded rusty ar-
gillaceous siltstone and is overlain by 3000 metres of thick
to thin-bedded turbidites of the middle Aldridge and 500
metres of massive to faintly laminated argillite of the upper
Aldridge (Hoy, 1993). At the Fors, the top of the lower
Aldridge is marked by a concordant pebble wacke or frag-
mental that is stratigraphically equivalent to the Sullivan
horizon (Figure 2; Britton and Pighin, 1995). A number of
thick gabbro sills (Moyie sills) intrude the upper part of the
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lower Aldridge and the middle of the middle Aldridge, wih
contact features indicating intrusion into vet, partly coi-
solidated sediments (Hoy, 1989). Uranium-iead dating of
zircons from these sills (144511 Ma, Hoy, . 989; 1467 Ma,
Anderson et al., in preparation) therefore co astrain the Pro-
terozoic age of the Purcell basin and its cortained miseral
deposits.

The Fors area is underlain by gently to moderztely
north to northeast-dipping strata that mo:tly show ony
gentle open folds and are cut by the major northeast-sixil-
ing Moyie fault and minor northwest-striking high-:ngle
faults (Figure 1). Metamorphic grade, attributed to buriel,
is middle greenschist facies (McMechan ard Price, 1982),
with estimates of temperature and pressure ror the Sullivan
mine area of 440250 °C and 3=1 kilobars (De Paol. ard
Pattison, 1993) or 375 °C and 4.5x1 kilobars (Lydon and
Reardon, 1993). Regional deformation and metamerphisn
occurred at about 1350 Ma based on lead-lead dating of
sphene from the Sullivan deposit and :djacent roclks
(Schandl et al., 1993). Compression and as much as 300
kilometres of eastward translation occurred during the
Jura-Cretaceous (Price, 1981). and the area has beeen sub-
jected to Eocene extensional faulting.

Most of the altered rocks described below belong o
the middle Aldridge Formation, and consist mainly cf dz-
trital quartz and lesser but significant feldspar {up to 209%:
Edmunds, 1977), with variable amounts of porphyroblastic
biotite, white mica (muscovite and sericite), chlorite, sul-

phides (pyrrhotite and pyrite), and accessor sphene, 2flan-
ite, apatite and zircon (Leitch et al., 1991).

HYDROTHERMAL ALTERATION

Several unusual alteration assemblage:. are associated
with the Fors deposit, either closely or loosely related o
the sulphide mineralization. Although the:e assemb. ages
are all now composed of metamorphic min zrals, they pre-
sumably developed after distinctive precur: or minerals, as
has been documented for the Sullivan depc sit (Leitch and
Turner, 1992; Shaw ez al., 1993a,b). The Fors deposit is
crudely mushroom shaped (Figure 2; Brition and Pighin,
19935), with the stem consisting of a tourmaline and plagio-
clase-altered zone within and around the fragmental pipe,
and the cap composed of plagioclase-biot te, calcsilicate
{actinolite-talc) and mica (biotite-muscovit:) alteraticn as-
semblages with disseminated to bedded suly hides. Both the
stem and the cap are cut by a late-stage, sulphide-rich vein.
Following the scheme adopted by and iliustrated in hand
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Figure 1. Regional geology and deposit location.

specimen in Britton and Pighin (1995), the alteration types
are grouped into five main associations: tourmaline; plagio-
clase-biotite-garnet; biotite-calcsilicate; sericite; and silica
(Figure 2). The petrographic descriptions in this paper are
intended to complement the field descriptions in Britton and
Pighin.
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DESCRIPTION OF SAMPLES AND
ANALYTICAL PROCEDURE

The samples selected for this study are mainly from
diamond-drill holes 92-1 and 92-2 (located in section on
Figure 2), and two from diamond-drill hole 93-10 to exam-
ine peripheral alteration. Thin and polished thin sections
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Figure 2. Schematic cross-section, Fors deposit, 1o show location.
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were cut from drill core and examined in transmitted and
reflecied light and by SEM-EDS (scanning electron micro-
scope - energy dispersive microanalysis). Photographs of
hand samples representative of the various alteration types
are in Britton and Pighin (1995).

Geochemical analyses on related samples (single
offcuts of drill core) were completed for 37 elements [Ag,
Al, As, An, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Hg, K,
La, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Sb, Sc, Sn, Sr, Th, Ti,
U, V, W, Y, Zn and Zr by HF digestion - ICP (inductively
coupled plasma)} at Acme Laboratories, for major oxides
S0z, AO3, TiO2, FeoO3, MnO, MgO, Ca0, Na20, K20,
loss on ignition, carbon, sulphur (8;) and barium by fused
disk XRF (x-ray fluorescence) and Leco induction furnace
at Cominco Exploration Research Laboratory, plus arsenic,
antimony and mercury by atomic absorption at Chemex
Labs Ltd., and boron by neutron activation by Activation
Laboratories Ltd., all under the direction of Ray Lett of the
British Columbia Geological Survey Branch.

Following initial petrographic studies, doubly polished
sections 50 to 100 microns thick were prepared by standard
methods (Holland et al., 1978) for those samples chosen for
fluid inclusion microthermometry. A USGS (United States
Geological Survey) gas-flow heating and freezing stage,
calibrated in accordance with the manufacturer’s recom-
mendations, was used to make microthermometric measure-
ments. The accuracy when so calibrated is better than
+0.4°C from -56.6 to +660.4°C (T.J. Reynolds, unpublished
manuscript, 1988). Precision was estimated by replicate
measurements to be +1% up to 200°C and £2% from 200 to
500°C.

PETROGRAPHY

Tourmalinization constists of very fine needles of tour-
maline replacing feldspar and mica interstitial to the detrital
quartz framework in the siltstones. This is characteristic of
tourmalinization whether it is of the dark black (bedded) or
light brown (discordant fragmental} type. The first type,
probably the oldest, is overprinted by most other types of
alteration; also, tourmalinized argillite occurs as contorted
rip-up clasts in siltstone, and rare dark tourmaline clasts are
present in the discordant fragmental (Britton and Pighin,
1995).

An example of the first type (F92-2 422 m) consists of
detrital quartz (< 60 um ) and 10-50% pale greenish brown
tourmaline (1-5 by 10-50 pm), with scattered large, euhedral
white, to pink garnets to several millimetres in diameter. In
contrast to similar fine hydrothermal tourmaline at the Sul-
livan deposit with Fe/(Fe+Mg), or F/M, ratios about 0.4 to
0.5, Fors tourmaline appears more iron rich (probably schor-
litic; Fe:Si peak height ratio of 0.72 sugesting F/M ratio of
perhaps 0.6 to 0.7). The garnets are anisotropic and strongly
sieved by inclusions of quartz, tourmaline and sphene (the
same minerals as in the matrix). The garnet is manganese
rich, particularly at the core (Mn:Fe peak height ratio of
1.37). Note that SEM study permits only qualitative analy-
sis, but the gamets from Fors are comparabie to garnets from
the Sullivan deposit analysed by microprobe which have
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manganese contents of up to 80 mol % spessartine (Leitch,
1992a). Accessories inlcude sphene (containing minor il-
menite and rutile) and traces of allanite with
Ce>Nd>La>Sm, as at Sullivan. The tourmalinite is cut by
bedding-parallel veins of quartz-zoisite+muscovite, pyr-
rhotite, calcite, sphene, arsenopyrite, minor sphalerite and
rare galena, and late bedding-perpendicular veins of quartz,
Ca-K zeolite, and minor hydrobiotite and pyrite around
pyrrhotite, sphalerite, galena and traces of native bismuth.
Examples of the second type are from 277.2 and 281.1
metres in the same hole, in which grey and brown tour-
malinite composed of 2x20 micron pale brown tourmaline
alternates with 2 to 5 millimetre thick layers of coarser
{possibly recrystallized, to 50 um) deeper brown tourma-
line-potassium feldspar-muscovite-garnet and rare 1 to 2-
millimetres laminae of reddish brown tourmalinite rich in
sphalerite (10 um, 15%) that also contain up to 15% apatite
(to 60 pm), 5% galena {10 pm) and traces of native bismuth
(2-5 um}. Detrital quartz is absent in these laminae. The
tourmaline appears to be slightly less iron rich (Fe:Si peak
height ratio of 0.63) than in the black tourmalinite; garnet
is isotropic but pink and similarly manganese rich (Mn:Fe
peak height ratio of 1.27). The potassium feldspar appears
to be microcline. Bedding-parallel veins consist of pyr-
rhotite (with minor pyrite in places), sphalerite, chalcopy-
rite, quartz, zoisite and muscovite and are crosscut by
bedding-perpendicular veinlets of green hydrobiotite and
calcium (plus minor K and Mg)-bearing zeolite.
Tourmaline also occurs in unusual stylolite-like
“veins” with white and pink or pale grey-green envelopes
at 155 to 156 metres in hole F92-1. The tourmaline is a pale
brown intermediate schorl-dravite with less iron than tour-
maline in the fine tourmalinite and lower, variable calcium
content compared to tourmalines analysed at Sullivan
(Leitch et al_, in preparation a). These relationships indicate
recrystallization of the tourmaline in the “veins”. The white
envelopes are composed of feldspar, mainly plagioclase,
probably of albite-oligoclase composition {(Ca:Na peak
heights of about 4:1 to 10:1), significant potassium feldspar
or in places secondary quartz, and minor zoisite-clino-
zoisite (in places containing minor enrichment in rare-earth
elements). The plagioclase forms subhedral crystals rang-
ing from fine (0.1 mm) to coarse (0.5-1.0 mm) replacing
the original detrital framework of the rock; potassium feld-
spar is similarly coarse and probably not detrital. Thus
white areas can be due to alteration by albite-oligoclase,
potassium feldspar or guartz (silicification). The pink col-
oration is due to fine shreddy biotite (0.1-0.2 mm) and un-
usually abundant sphene; grey-green colour is due to
sericite (50 pum muscovite) that appears to replace fine-
grained {(but not coarse) albite-oligoclase, with implica-
tions for the timing of sericitization (see below).
Plagioclase (+ biotite) alteration, well exposed in hole
F92-1 from 163 to 178 metres, forms a fine sugary white
to pink or pale brown rock with significant replacement of
the detrital framework by feldspar; the pink to brown col-
our is due to fine biotite and lesser sphene. Detrital guartz
appears to be recrystallized to 0.25-millimetre anhedra.
There is generally variable muscovite and minor zoisite
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present, and accessory pyrrhotite, apatite and zircon.
Coarser clots, layers and veins are composed of alkali feld-
spar (plagioclase and potassium feldspar in variable propor-
tions) and quartz to 1 millimetre diameter, plus minor
biotite, muscovite, chlorite, zoisite, pyrrhotite and sphene.
White alteration envelopes in these rocks are composed of
plagioclase, surrounding fractures filled with zoisite, pyr-
rhotite, minor muscovite, quartz, sphene with rutile cores,
chlorite and rare, pale coloured tourmaline. Carbonate,
zoisite and sericite outside the veinlet envelopes may be af-
ter former detrital feldspars. “Clots™ in the rock consist of
zoisite, chlorite, greenish brown tourmaline (probably inter-
mediate schorl-dravite), minor carbonate, sphene and pyr-
rhotite together with an unidentified bladed mineral with
high relief, moderate birefringence and chemistry interme-
diate between tremolite and zoisite.

These rocks are also cut by narrow, trregular, anasta-
mosing veinlets of sphene, up to 0.3 millimetre thick with
traces of allanite and borders of magnesium-rich chlorite
(chlorite in these rocks contains significant manganese and
has low F/M, about 0.25-0.4, based on optical charac-
teristics and SEM analysis: ¢f- type 0/1 chlorite described at
Sullivan by Leitch er al. (in preparation a). Sphene veinlets
have a dark stylolitic appearance in hand specimen, and are
cut by 0.2-millimetre veinlets of a bladed, low relief, low
birefringence mineral that is probably zeolite (identified as
Ca = Na, K Al-silicate by SEM).

The composition of plagioclase varies from albite to
oligoclase and lesser andesine or even labradorite, based on
optical tests (extinction angles where possible, comparison
of relief to quartz) supported by SEM analysis which shows
Ca:Na peak heights up to 50:1. A sample from the core of 2
plagioclase-rich zone, 50 metres thick (F92-1 166.5 m,
logged as “albitizad”), contains major potassium feldspar in
addition to plagioclase, with approximate composition
ranging from albite-oligoclase to andesine (Ca:Na peak
height ratios determined by SEM about 7:1 to 50:1). At the
borders of such plagioclase-rich zones, plagioclase in vein-
lets cutting calcite-rich samples (“skarn” or calcsilicate
rocks, e.g. F92-2 176.9 m) is very calcic, possibly anorthite
with Ca:Na peak height ratios of over 100:1. Above the pla-
gioclase-rich zone in F92-2, similar calcic plagioclase
(Ca:Na peak heights over 50:1} is also found in veinlets that
cut tremolitic amphibole, but are cut by fractures of zoisite-
sulphide-muscovite-calcite (at 70.7 and 98.9 m) or by coarse
white quartz (102.4 m).

Biotite alteration is distinctive at Fors (it is not known
at Sullivan), occurring as envelopes to sulphide-bearing
veins and larger zones, generally fringing calcsilicate (tre-
molite/actinolite-talc) alteration, especially in the cap zone
to the deposit (Britton and Pighin, 1995). Biotite forms
coarse euhedral flakes to 2 millimetres in diameter that con-
tain inclusions of magnesinm-rich {type 0) chlorite and are
slightly altered tc more iron-rich (type 1/2) chlenite {classi-
fications of chlorite developed at the Sullivan deposit:
Leitch ez al., in preparation a}. Semiguantitative SEM-EDS
analysis of the biotites from Fors suggests they are iron,
magnesium, and titanium rich. In contrast to macroscopic
relations noted by Britton and Pighin (1995}, in thin section,
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tremolite and actinolite appear to be replaced by biotite and
quartz, possibly because petrographic obse:vations focus
on the results of metamorphic reactions riuther than th:
original hydrothermal relationships. Sphene, zoisite and
garnet, and traces of allanite, are also commun in the veins
with sulphides, which include pyrrhotite, arsenopyrite,
sphalerite, galena, chalcopyrite and rare pyiite. As at Sul-
livan, minerals such as sphene, zoisite, garnzt and allanit:
{or their metamorphic precursors) appear to be closely as-
sociated with the hydrothermal mineralizing process.

* Garnetiferous rocks are mainly founil with plagio-
clase alteration and in sulphide-bearing veins. In the for-
mer, garnets form large, rounded to subhedral aggregates
or zoned crystals up to 7 millimetres in diam¢ ter, with cores
more densely sieved than the rims by minute (10-15 pum)
inclusions of the same silicates in the rock matnx arcund
them (quartz, plagioclase, sphene). Alternatively, garnet
occurs as subhedral skeletal 1 millimetre crystals with bi-
otite, carbonate, quartz, pyrrhotite, tremolite, zoisite,
sphene and allanite, in curious orbicular structures up 10 1
centimetre across. In veins, garnet occurs as subhedral 1o
euhedral crystals up to 1 millimetre in diarneter witk the
same minerals as in the orbicular structures. Garnet is als>
present in the major sulphide-rich quartz-calcite vein (Fig-
ure 2) and its calcite-rich envelopes (F92-2 221.4 m). The
garnet is probably spessartine nich, based on comparisci cf
SEM-EDS analyses {Mn:Fe peak height ratios generally 1
to 1.5) with SEM anlyses of similar garnets from Sullivan
subjected to microprobe analysis. Crystal riins are shightly
enriched in manganese in some samples. In places, geimet
is partly replaced by carbonate (mainly Min-calcite, but
Mn-siderite, found rarely, could be pseudc morphic after
garnet).

Tremolite/actinolite-talc alteration is concentrated in
a cap zone over the deposit that ranges from a core of aci-
inolite-rich rocks to a fringing calcsilicate alteraton :Zone
(biotite-muscovite-tremolite-actinolite-c ilcite-zoisite:,
with disseminated sulphides includin: pyrrhotite,
sphalerite, and galena) and an upper magresivm-rich a -
teration zone consisting of tremolite, talc and dolotnite
(Figure 2). Amphibole in these alteration zor es is generally
coarse grained, occurring as ragged subhedral crystals up
to 5 millimetres long. Compeosition varie; from a Jark
green actinolite (Mg:Fe peak height ratio atout 1.6) in the
core zone to pale green tremolite (Mg:Fe peak height ratio
about 2.8) in the fringing zones. Petrographicaily, amphi-
bole appears to be replaced by carbonate a1d biotite, and
iscut by calcic plagioclase and quartz; in places, it conair s
inclusions of biotite, sphene and pyrrhotite. HHowever. mac-
roscopically, amphibole is described as relacing biotile
{Britton and Pighin, 1995).

Sericitization occurs pervasively as a distal ameole
around the other alteration assemblages at di:pth and above
the bedded sulphide zone, where it is associs ted with stici-
fication (Britton and Pighin, 1995). It may b distinguished
in the field by its grey-green colour and softness (drill core
of sericitic alteration is mostly scratched by steel, unless it
occurs in quartz-rich units). In thin section sericite (fine-
grained muscovite) occurs as euhedral to stbhedral flakes



TABLE 1
GEOCHEMISTRY OF ALTERED ROCKS

Element Ca0 K0 PO S0y  AOy MgO Na0 Felh Tz MO LOI Towl Ba A Hy Sb B
Units % % % % % % % % % % % % pem  ppm  ppb  ppm  pom
Method XRF  KRF XRF XRF XRF XRF XRF  XRF XRF XRF FUS §SUM XRF HAA CAA EMA  INA
Laboratory coM COM COM COM COM  £OM COM COM COM COM COM COM COM CME CME GME ACT
Detection Limit o oo o 001 0.01 001 00% 001 001 001 003 0N 1 1 W 02 2
Lab.No Field No.
45444 F92-1 63 349 136 004 7553 879 172 02 411 031 043 232 983 197 T 20 28 4
49445 F92-1 722 184 357 008 6849 1279 366 11 S48 047 043 181 9914 1605 t 1 08 4%
49445 Fg2-1 760 135 03t 005 S023 277 43§62 838 4 088 38 91Ed 21 8 10 1405 9
49447 F92-1 141.1 533 319 008 888 1624 064 244 101 058 011 099 9951 680 296 10 14 35
49448 F92-1 166.4 619 022 007 6433 2101 01 636 024 072 BO2 044 9OT1 57 M0 10 16 18
49449 F82-1 173.3 23 In 004 8402 7.31 032 126 202 02r DO7 079 9951 289 B W 06 46
49450 F92-2105.2 175 254 003 8384 7.36 043 033 049 024 DO 085 9789 100 S0 10 44 255
45451 STD-FER 3 214 029 0.13 4984 1.55 126 04 4021 007 @19 37 9948 5 % 4 33 8
49452 FO3-10 392 167 3% 01 8606 1395 423 131 533 052 015 2 9928 869 1w 08 105
49453 F93-10 44.1 2363 021 0.05 706 482 2148 005 383 02 08 3681 933 4 2 4@ 14 3
49454 F93-10 493 1525 004 004 2083 588 2542 002 281 02 04 2841 984 2 t 2 1t <
49455 F33-10 567 344 0.3 005 3791 M6 2713 005 63 05 020 885 9979 2 1 10 94 <
49456 FO3-10 50.8 0B3 905 007 412 1483 2089 OO4 BB 054 027 388 0283 3\ 2 3 Q8 2
49457 FO3-1064.4 125 074 005 5366 152 853 063 532 045 046 1589 9926 55 1 10 08 5
49458 FO3-10 65.7 BO6 193 006 5845 17 419 248 346 062 022 197 9831 232 64 10 12 8
49458 F93-10 732 383 107 0o3 8139 6.41 223 063 224 02 047 104 9937 37 1020 20 28 K
Element Mo Cu ) 2n Ag Ni Co Mn Fe A5 U ™ s Cc S B Sc
Unis ppm ppm  ppm ppm PRt ppm ppm  ppm % PO PRM pPM PR pPM pEM ppm ppm
Method TP TP TKP O TICP TGP TICP TICP TICP TICP TICP TICP TICP TICP  TICP TICP TICP TP
Laboratory ACM ACM  ACM  ACM  ACM  ACM  ACM  ACM  ACM ACM ACM ACM  ACM  ACM ACM ACM  ACM
Detection Lirmit 2 2 5 2 03 2 2 5 001 5 10 2 2 a4 5 5 1
Lab.No Field No.
49444 F92.1 63 z 1S 1331 929 13 1 3 a5k 298 <« < 7 8 54 [ 4 9
43445 F§2-1 T2 2 =] s 204 0.3 B 5 915 365 <4 <10 7 %7 04 12
49446 F92-1 76.0 5 23 BIB 6215 9.1 10 6 s818 583 8 <0 ] 32 464 1 B8 2
43447 Fg2-1 141.1 <2 o8 222 Q.3 15 s 475 075 45 <10 12 264 1.9 <5 12
49448 F92-1 1664 2 < 26 t <03 4 3 8% 015 S0 <10 M1 317 06 <« 5 3
48448 FH2-1 1733 2 1B 21 4 <03 8 2 456 148 <4 <10 5 56 <4 <5 5
49450 F92-2 1052 < <2 39 13 0.3 ] 6 168 043 174 <10 6 48 D4 5 <5 5
45451 S -FER 3 14 a1 64 26 0.5 57 15 934 493 29 <10 12 400 12 1 6 14
49452 F93-10 38.2 2 3 64 184 <03 21 [ 976 3867 <4 <10 9 185 06 g < 12
49453 F93-10 44.1 < 6 66 148 <03 1M 4 544 2B 4 <10 s S De ¥ S 4
49454 F93-10 46.3 <2 4 15 128 0.3 18 4 /24 187 4 <10 5 718 05 1B < 5
43455 FO3-10 66.7 <2 4 13 254 0.3 20 8 1930 376 < <t0 3 12 @4 11 S 5
49456 F93-10 5.6 2 4 8 471 0.3 29 8 1765 53 <4 <10 1 5 07 11 <& N
49457 F93-10 64.4 12 ] 196 209 0$ 5 2 3007 374 <4 <10 1M1 W 04 S <S5 W0
49458 FO3-10 69.7 <2 <« 820 383 25 20 115711 252 34 <10 13 37 23 8 T 14
49458 F93-10 732 6 3 103 11§ 05 8 3 1032 488 102 <10 & 91 <04 8 4 4
Element v Ca P La cr My Ba T A N K w 2 sn Y N Be
Unts ppm % % ppm ppen % pom % % % % pet pPM  pPM  ppm  ppm  PPM
Method TGP TKP TGP TP MCP TIKP  TCP TP TGP TICP TP TGP TP TCP TR TR TRP
Laboratory ACM  AGM  ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM
Detection Limit 2 00 oM 2 3 0.0 1 001 001 001 oM 2 2 2 2 2 1
Lab.No Field No.
49444 F92+1 63 24 243 004 25 198 112 218 019 488 023 116 3 24 15 18 9 1
49445 F92-1 T2.2 % 123 003 23 101 221 1831 028 683 077 278 5 5 2% 1@ N 2
49446 F92-1 76.0 28 84 0005 7 13 2967 47 005 188 0N 02 < 13 0B 3 1«
49447 F2-1 1411 28 s oo 8 103 D46 581 034 911 152 188 < ® 2 27 N 2
49448 F92-1 166.4 8 an 002 7 45 0.06 3@ 039 1008 343 012 0 3 4 ¥ 19 2
49449 F9241 1733 18 159 0Do12 2 133 023 223 615 3se 019 078 2 » & 15 3 1
49450 F92-2 105.2 14 134 0009 15 181 018 1034 042 363 D22 138 2 % 24 15 5 <
49451 SK. -FER 3 75 276 0.I124 a2 76 206 530 036 885 103 151 17 ® @ n L] 4
49452 F93-10 39.2 4 113 0043 2 84 286 813 028 765 074 268 7 B8 1M1 3 N 2
40453 FO3.10 44.1 14 1484  0.007 1 13 4047 9 004 369 001 021 3 12 2 9 5 <
49454 F83-10 49.3 16 1058 0.01 13 15 4 5 001 426 001 0O 2 17 @ % 5 <t
49455 F93-10 56.7 37 273 0019 46 BN 12 005 786 004 019 8 28 2 118 8 <
49456 F93-10 59.3 47 038 0026 » 3% 2077 418 031 1025 003 56 3 =] B 12 1 <t
40457 F93-10 64.4 B 787 0.01 47 14.91 B4 027 8BS 032 048 2 ¥ 21 ] 2
AD458 FB3-10 69.7 52 529 0017 a2 01 356 230 032 ¢4 1 124 5 51 W 25 14 3
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NOTES:
XAF = Fused disc-X-ray fuomescence spectroscopy INA = Thermal neutron activation analysis
FUS = Fusion at 1050°C TICP = HCK4-HNQ-HCHHF-Digestion-Inductivety Coupled Plasima Emission Speciroscopy
SUM = Sum of oxides COM = Cominco Researeh Laboratory
HAA = Aqus fegia digestion - hydride generation atomic absamtion speciroscopy CME = Chemex Laboratories Lid.
CAA = Aqua regia digession-flameless atomic absorption spectroscopy ACM = ACME Analytical Laborataries 11d.
EAA = HCEKCIO, digestion - atomic absorpbon spectrasoopy ACT = Activation Laboratories k2.
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generally less than 50 microns in diameter, making up to
65% of argillaceous hostrocks but as little as 25% of quartz-
rich hostrocks such as siltstones (e.g., hole F93-10, periph-
eral to the main mineralized zone; not on Figure 2).
Sericite-altered layers also occur within the central deposit
area, interbedded with tourmalinite and albite-altered rocks.
In thin sections from these areas, sericite appears to replace
feldspars, including original detrital plagioclase and potas-
sium feldspar, sorne secondary plagioclase {albitic to calcic
in composition), and layers of possibly secondary potassium
feldspar.

Minor muscovite, as euhedral flakes up to 0.5 millime-
tre in diameter, i3 also found as a probable hydrothermal
mineral in many veins with sulphide, zoisite, biotite, tour-
maline and sphene, although in places it may possibly be the
product of alteration of biotite (with chlorite). Some of these
muscovite-bearing veins have plagioclase-biotite enve-
lopes; sericite does not appear to replace albitized rocks.
However, pale green sericitic envelopes around sulphide-
bearing veins do appear to cut potassium feldspar altered or
silicified rocks.

Silicification has been described by Britton and Pighin
(1995) as occurring in two ways: first, as irregular zones
apparently confired to strata overlying the calcsilicate al-
teration cap, up to the level of the Main showing (Maheux,
1990) or elsewhere in drill core (Klewchuck, 1993), and
secondly, as thin envelopes around chalcedonic (?late-
stage) quartz veins.

Silicification 1s difficult to discern reliably in both hand
specimen and thin section. Zones of white to pale grey rock,
either as envelopes to fractures or veins, or forming perva-
sive zones, variably identified as silicification or albitization
in hand specimen, can turn out on petrographic/SEM exami-
nation to be secondary albite, calcic plagioclase, potassium
feldspar, or quartz (silicification). In some cases both feld-
spathic and silicic alteration are present.

In the present study, pervasive secondary (possibly hy-
drothermal) quartz was identified mainly on the basis of its
recrystallized texture, which contrasts with the more
rounded outlines of the ubiguitous detrital quartz. This is
similar to the textures observed at Sallivan; in contrast to
earlier statements; (e.g. Leitch et al., 1991) that discounted
the introduction of quartz due to alteration, it now appears
likely that silicification is more widespread at both Fors and
Sullivan {Ieitch 2t al., in preparation a). Note that in most
of the Fors calcsilicate alteration, the detrital quartz frame-
work is entirely absent; minor quartz occurring with calesil-
cate alteration is clearly secondary, and largely appears to
replace amphibole.

White alteration envelopes around narrow tourmaline-
bearing veins in plagioclase-altered sediments (F92-1 be-
tween 150 and 170 m: loosely termed “albitized sediments”
in Figure 2) consist of either silicification (euhedral to sub-
hedral crystals of 0.1-0.2 mm diameter) or feldspar altera-
tion (subhedral 0.5-1.0 mm plagioclase mixed in places with
anhedral potassium feldspar to 0.5 mm). In thin sections
facking a polished surface (so that SEM studies are not pos-
sible), the lack of optical relief between quartz and secon-
dary albite-oligoclase (generally untwinned) makes it
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impossible to tell silicification and plagioc lase alteration
apart, even petrographically.

GEOCHEMISTRY

As part of a preliminary assessment of the geochem-
istry of alteration, various alteration types were charac-
terized by major oxides (5102, Fe203, Mn(), MgO, CaC,
Naz0, K20, H20, C, §t) and trace elements (Ag, As, B. Bz,
Bi, Cu, Hg, La, Pb, b, Sn, Zn), uncorrect:d for volcm:
changes, considered most likely to reflect a teration proc-
esses. Other oxides (Al203 and TiC2) and irace elements
(Nb, Y, Zr) are relatively immobile and may be used t2
estimate the amount of volume change during alteratior,
using the average chemistry of unaltered ho: t sediments as
a starting point. Geochemical data are in Tasle 1.

Actinolite-taic alteration is represent:d by samples
F92-1 76 (actinolite rich), F93-10 56.7 (tren olite rich) and
F93-10 64.4 (silicified, plagioclase altered). This alterztion
is characterized by high magnesia (to 27%, particular.y in
those richest in talc) and lime (to 14%). Si.ica values are
low, as low as 7% in rocks made up mainlh. of carbonate:,
to 50% in those made up mainly of amphit ole or 55% in
the silicified example. Alumina and titania vary from. ex-
tremely low (as low as 3% and 0.1%, respectively) in the
samples rich in amphibole and talc, to normal (15% and
0.5%, respectively: Leitch et al., in preparation b} ir the
samples that include significant muscovite ur biotite. This
probably indicates significant volume addit.on in the case
of the amphibole or talc-rich samples, and i: confirmed by
low contents of zirconium, aiobium and yttr um. There ar-
pears to be a correlation between iron and aciinolite condent
in the amphibole-rich saimples, although this is somewhat
obscured by the presence of iron and base metal sulph:des,
as indicated by elevated values for trace ele ments (S, Pb,
Zn, Sb, Ag, Bi, Cd and Sn} in the actinoiite rich sample.

Carbonate alteration is represented by samples “97-
10 44.1 (dolomite rich) and F93-10 49.3 (talc-sericitz-b. -
otite bearing), which are enriched in lime (10 24%) and
magnesia (to 25%), and are also distinguish::d by high loss
on ignition to 37%, and carbon up to 10%. As for amphi-
bole-talc-rich samples, low values for the in mobile o».des
alurnina and titania and the immobile elements (Zr, Y and
Nb) probably indicate significant volume a:ldition.

Plagioclase (* biotite) alteration is 1epresented by
samples F92-1 141.1 (with garnet), 166.4 (strong calcic
plagiociase), 173.3 {(weak. calcic plagioclase:), F92-2 105.2
(patchy), and F93-10 69.7 (veinlets). Where most strongly
developed, this alteration is characterized b high abunina
(up to 21%) and titania (up to 0.72%), probaly due to vol-
ume loss during the alteration, which at Sull: van is typified
by complete leaching of the original detrital quartz ancl re-
placement by plagioclase of albitic compos: tion (Leitch o
al., in preparation b). However, at Fors this alteration s
more calcic, as evidenced by the Jime values being roughly
equal or greater than the soda (Table 1). Silica values vary
from about 84% in the weakest plagioclase alteration cown
to 65% in the strongest alteration, correlating with the de-
struction of detrital quartz and replacement '»y plagicclas:.
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Magnesia values are low to very low (0.1% in massive pla-
gioclase alteration} due to the almost complete absence of
mafic minerals; potash is also lowest in the strongest pla-
giociase alteration due to the absence of mica (muscovite
and biotite). Manganese tends to be low (0.25%); scattered
anomalous values in arsenic {to 560 ppm) and tin (to 43
ppm) or tungsten (to 10 ppm) are not obviously explainable.
Both the tin and tungsten analyses are by JICP, and therefore
represent minimum values.

Biotite alteration is represented by samples F93-10
39.2 (with significant pyrrhotite) and 59.8 {(biotite domi-
nant). These sarnples are characterized by elevated potash
values compared to the other samples in the suite (4 0 9%),
relatively low soda (1.3 10 0.1%) and lime (1.7 to 0.8%) and
moderate to low silica (66 to 41%). Magnesia and iron are
elevated, up to 21% and 8%, respectively. Values for the
immobile oxides (alumina and titama) and elements (Zr, Y,
Nb) are about average for these sediments and thus indicate
little or no volume change, in agreement with findings for
biotite hornfelsed or granofels altered sediments at the Sul-
livan deposit (Leitch et al., in preparation b).

Sericitization is represented by one sample (F92-1 7.2,
rich in muscovite and biotite) which contains somewhat ele-
vated potash (3.6%), iron (5%) and magnesia (3.7%) with
normal to slightly depleted silica (68%), immobile oxides
alumina and titania, and immobile elements (Zr, Y and Nb).
Thus this type of alteration is probably characterized by
relatively little volume change, as indicated at Sullivan
(Leitch et al., in preparation b).

Silicification (samples F92-1 63 and F93-10 73.2) is
characterized by moderately high silica (76-81%) and low
values for alumina and titania (possibly due to either the
protolith being quartzite with low initial values for these
oxides, or to volume change during alteration: Leitch ez al.,
in preparation b). All other oxides are aiso low except CaQ
(3-4%), possibly due to calcic plagioclase, and Fe203 due
to variable sulphide (detected by S;upto 1.27% and elevated
Pb and Zn in the sample from F92-1). Elevated Mn(Q in this
sample, which is from massive, silicified quartzite immedi-
ately above the stratiform sulphides (Figure 2), is probably
due to manganiferous garnet, as noted petrographically
from 3 metres deeper in the hole. The other sample, from a
silicified zone below a plagioclase-altered zone in F93-10,
is not anomalous except for 1000 ppm arsenic.

FLUID INCLUSIONS

PETROGRAPHY

Although all samples were examined petrographically
for fluid inclusions, only two containing fluid inclusions in
veins were analysed microthermometrically. All samples
examined were from the footwall, below the stratiform
semimassive sulphide horizon, and thus could be expected
to contain a record of mineralizing solutions that formed the
stratiform body. As at the Sullivan deposit (Leitch, in prepa-
ration), fluid inclusions are restricted to vein quartz, carbon-
ate and rarely epidote; visible inclusions are not found in the
adjacent detrital quartz. This implies that the fluid inclusions
are related to the mineralizing episode, and not merely sam-
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ples of metamorphic fluids. Also as at Sullivan, no primary
fiuid inclusions were seen in the Fors samples. The major-
ity of inclusions are found along trails, or healed fractures,
that do not cross crystal boundaries and therefore are
pseudosecondary (i.e., they probably record fluids passing
through the rocks during the formation of the deposit).
Small (generally 1-2 pm) inclusions along through-going
fractures are probably secondary, and were not subjected
to further analysis.

The observed fluid inclusions are mostly type 2 (a and
b; possibly ¢) and less commonly type 1 (classification used
for the Sullivan deposit in Leitch, 1992b; Leitch, in prepa-
ration). The basic distinction between type 1 and 2 is that
the former are halite-saturated (over 26 weight % NaCl
equivalent, hereafter abbreviated as wt %) whereas the lat-
ter are undersaturated. However, both have similar major
cations, as indicated by eutectic temperatures.

In quartz veins cutting plagioclase-altered samples
(F92-1 166.5 and F92-2 176.9), pseudosecondary type 2a/b
inclusions up to 10 micrens in diameter, with rounded to
imregular outlines, are confined to trails in the quartz and
rarely calcite, and do not cross into adjacent plagioclase.
Massive carbonate from F92-1 79.5 does not contain vis-
ible fluid inclusions.

Laminated tourmalinite with scattered garnet from
F92-2 281.1 is cut by pyrrhotite-sphalerite-quartz-minor
plagioclase-zoisite-muscovite veins, but none of the sili-
cate minerals contains visible fluid inclusions. Clear to
white quartz-calcite-pyrite veins, both bedding parallel and
perpendicular, in fine, dark brown, laminated tourmalinite
from 422 metres in the same hole contain only very fine (2
pm) secondary fiuid inclusions. Black tourmalinite with
abundant laminated pyrrhotite from 525 metres in the same
hole is cut by quartz-clinozoisite veins. Quartz in these
veins contains pseudosecondary type 1 and 2 inclusions
with regular or negative crystal shapes up to 7 microns in
diameter. The type 1 inclusions contain halite daughter
crystals and vapour bubbles roughly equal in size, at 1.5 to
2 microns, indicating vapour to liquid, or V/L, ratios of
about 10% by volume and salinities of up to 35 wt%; many
also contain one or two other daughter minerals with relief
higher than halite, and variable birefringence. These refrin-
gent daughter minerals remain unidentified. The clino-
zZoisite crystals contain abundant highly irregular, possibly
one-phase (Jiquid or vapour) inclusions and less common,
regular shaped type 2 inclusions to 8 microns in diameter,
with vapour bubbles up to 1.5 microns indicating V/Lratios
of about 10%.

A quartz-pyrrhotite vein from a major network span-
ning 20 metres in F92-6 (sampled at 102.6 metres), hosted
in biotite-plagioclase-pyrrhotite alteration, contains
pseudosecondary type 2 inclusions up to 45 microns long
with vapour bubbles up to 8 microns in diameter (rarely to
27 um , probably indicating necking).

MICROTHERMOMETRY

Microthermometric measurements were only possible
on two samples, F92-2 525 and F92-6 102.6. In F92-2 525,
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most type 1 inclusions froze only with difficulty at about -70
to -90 °C, or froze on warming to about -80 to -90 °C. En-
tectic (first melting) temperatures ranged from -63 to -72
°C, indicating significant concentrations of CaCl in addi-
tion to NaCl (Davis ef al., 1990). Magnesium chloride may
also be present, but cannot be confirmed from the available
data. On further warming, complex melting events observed
over the range -45 to -23 °C, with modes near -32 and -24
°C (Tmj and Tmz2), may indicate melting of salt hydrates
(see below). Type 2a inclusions displayed similar freezing
and eutectic temperatures. In F92-6 102.6 and F92-1 525,
type 2b inclusions found along fractures apparently crossing
fractures containing type 1 and type 2a inclusions froze
around -40 to -47 °C and displayed eutectic temperatures in
the same range. In F92-6 102.6, type 2b inclusions froze at
about -40 to -47 °C, with eutectic temperatures in the range
-37 to -50 °C whereas type 2c inclusions found along sepa-
rate fractures displayed double freezing at -32 and -45°C,
characteristic of flzids containing minor CO2; eutectic tem-
peratures were in the same range as for type 2b. The higher
eutectic temperatures for type 2b and c inclusions suggest
that although magnesium may be present in these fluids,
calcium is not likely.

Salinities of the inclusion fluids were estimated by tem-
perature of dissolution of the halite cube (Ts) for type 1 in-
clusions, modified by temperature of melting events 1,2 and
final (Tmi1, Tm2, Tmy) in type 1 and 2a/b inclusions; for type
2c inclusions, by final melting temperatures modified by
clathrate melting {Tmc) where observed. For Ts values in
the 220 to 464°C range, salimities of 32-47 wt% NaCl
equivalent are indicated (Roedder, 1984). However, due to
the “salting out” =ffect caused by divalent saits, these values
may overestimat: the salinity (Roedder, 1984). These inclu-
sions can be best understood in the context of ternary NaCl-
CaCl2-H20 and MgCl2-CaClz-H20 diagrams (Crawford,
1981). Intermediate melting temperatures Tm) and Tm2
were difficult to observe in the presence of other solids (ice
and/or hydrohalite), but where measured were in the ranges
-35 to -45 °C and -24 to -29 °C respectively. The less com-
mon event at -35 to -45 °C is interpreted as the melting of a
phase such as CaCl2.6H20 or MgCl2.12H20 (Crawford et
al., 1979), and suggests a wide range of the magnesium to
calcium ratio in the fluid, possibly due to both elements be-
ing present in small amounts in these cases. Melting in the
range -24 to -2€ °C was much more common; in type 1
(halite-bearing) inclusions, this appeared to be final ice
melting, whereas in type 2a/b inclusions, this is interpreted
as hydrohalite melting in the presence of ice. In either case,
the temperature serves to fix the Na/Ca ratio of the fluid at
about 1:1 (or Xn:c1 0F 0.5; less commonly between 0.35 and
0.7).

Salinity estimates can best be made by comparing final
ice-melting temperatures to a ternary NaCl-CaCl2-Hz0 dia-
gram (Crawford, 1981; ¢f. Peter er al., 1954). Final melting
{emperatures are between -8.5 and -23 °C for type 2a/b in-
clusions, giving salinities from 15-20 wt% . For type 2c in-
clusions, final melting temperatures between -0.2 and
-10.6°C indicate relatively low salinities (3 to 13 wt%:; Pot-
ter ef al., 1978). However, these are probably overestimates

Geological Fieldwork 1995, Paper 1996-1

for the salinities, due to the withdrawal of water into
clathrates (Collins, 1979). Clathrate meltin is common in
type 2c¢ inclusions but rare in type 2a or b; it is not seen in
type 1 inclusions. Clathrate melting temptratures mainly
in the 6 to 7°C range indicate salinities less than 10 witb,
possibly slightly overestimated by the presznce of C-ls in
addition to CO2 (Roedder, 1934).

Homogenization temperatures (vapour to liquid} are
difficult to measure for these inclusions, die to stretching
and decreptitation, but in sample F92-2 5253, the range for
type 1 and type 2a inclusions js from 125 t¢. 285°C ard for
type 2b from 98 to 250°C. In sample F92-6 | 02.6, the range
for type 2b is from 260 1o 371°C and for 1ype 2c is from
202 10 290°C. As at the Sullivan deposit (Leitch, in prepa-
ration) interpretation of scawater depths of 2 00 to 2000} me-
tres leads to trapping temperatures for type 1 and a
inclusions of 150 to 300°C. However, type _'b inclusicins in
quartz-pyrrhotite veins at Fors appear to rec yrd higher tera-
peratures of up to 395°C, possibly reflec ing late rraia-
stage overprinting in the well developed vent 20ne,
correlative with the second pulse that procuced veins ea-
riched in arsenic, tungsten, silver and bismuth (Britton and
Pighin, 1995). Although not subjected to microther-
mometry, fluid inclusions associated with plagioclase z1-
teration at Fors (possibly similar to albit.c alteration at
Sullivan) may also record similar or lower temperatur:s
than the main-stage alteration (Leitch, in preparation).

DISCUSSION

One of the key questions at the Fors di:posit concems
the setting of the mineralization and whe her it diffzred
from that of the Sullivan deposit. Certain f:atures such as
the form and distribution of the tourmalinites (black bed-
ded and brown replacing fragmental rock:), and the ua-
usual calcsilicate cap rock, bear on this que stion.

On the basis of preliminary evidence, tourmalinz from
the Fors deposit appears to be generally slizhtly more iron
rich than tourmaline at the Sullivan depost, at least in the
black, commmonly laminated tourmalinite interbedded with
siltstone near the lJower to middle Aldridge :ontact (F:zure
2). It is also not clear from the limited anzlytical work of
this study that the tourmaline in brown tourmalinite, cori-
monly observed replacing fragmental rock, is richer n
magnesium (as suggested by Britton and Pighin, 1995 ard
Slack, 1993). Various authors have suguested that in-
creased magnesium content of the hydrot} ermal tourma-
line is favourable for mineralization (e.g., Taylor and Slack,
1984).

It is not clear whether the dark laminat::d tourmaiinite
at Fors formed syngenetically on the seafloor, or by r2-
placement of previously formed sediments; although Slack
(1993) generally favours the latter, either ca: e is permissive
of a brine-pool setting. The absence of detrital quartz, ard
the presence of anomalous apatite and nasive bismuth 'n
the sphalerite (xgalena)-rich laminae of th:s tourmal nite,
suggests that some of these layers are true chemical pr:-
cipitates, Although the sieve texture of the ;zamets in tour-
malinite implies that they grew during metamorphistn,
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their high manganese content suggests they grew from a
manganese-rich precursor such as carbonate or hydroxide,
as at the Suilivan deposit, where such manganese conient is
taken to indicate the presence of a brine pool.

The calcsilicate caprock is composed of layers rich in
amphibole {tremolite to actinolite), tale, carbonate, plagio-
clase and micas (biotite and muscovite). The magnesium-
rich nature of this alteration assembiage suggests it may
have formed in response to mixing with downward-welling,
magnesium-rich seawater in the footwall, as the system
cooled after deposition of the main stratabound sulphide ho-
rizon, possibly at the top of the feeder pipe now represented
by the tourmalinized fragmental. However, the shape of the
calcsilicate cap is suggestive of a mound that could have
formed over the top of a vent debouching on the seaficor. In
this scenario, stratiform semimassive sulphides would have
had to form after the calcsilicate mound.

Absence of the detrital quartz framework in calcsilicate
alteration zones suggests they are derived from a different
protolith than most of the host clastic sediments, possibly
from chemical sediments; alternatively, the original frame-
work may have been totally leached during alteration. Com-
piete leaching of the quartz framework of the hostrocks is
well documented at Sullivan, where both chloritized and
albitized rocks containing no guartz can be traced into sedi-
ments with abundant detrital quartz. At Fors, significant vol-
ume addition for samples rich in amphibole, talc and
carbonate may indicate swamping of the normal detrital
sediment input by a chemical precipitate, either in a hy-
drothermal mound or a brine-pooi setting.

The abundance of calcic plagioclase in the Fors altera-

tion is distinct from the albite so common at Sullivan, and

demands an explanation. Possibly there was so much cal-
cium, either derived from the calcsilicate chemical sediment
or alteration, floating around in the system that during meta-
morphism the calcic plagioclase had to form, much as in the
metamorphism of a calcsilicate. The timing of plagioclase
alteration is also uncertain, but it does not appear to be as
late as at the Sullivan, as plagioclase envelopes to tour-
malinite veins are seen. Possibly there was more overlap
between the tourmalinite and plagioclase alteration phases,
or a later pulse of tourmalinite (veining} is present.

As at the Sullivan deposit (Leitch et al. in preparation
a}, sericite alteration appears to form a general envelope to
the main mineralized zones at the Fors deposit. Timing of
this alteration is difficult to establish, particularly on the ba-
sis of petrographic relationships, as at Sullivan. Sericitiza-
tion of albite-oligoclase envelopes to tourmaline veins does
not necessarily snggest sericite is later than albite as only
fine (possibly detrital) feldspar is replaced.

Hydrothermal fluids associated with tourmalinite for-
mation, and possibly responsible for the Fors lead-zinc min-
eralization, appear to have been broadly similar to those at
the Sullivan deposit: highly saline (halite saturated to just
undersaturated) and containing significant calcium in addi-
tion to sodium. Similar fluids are found in the Iron Creek
copper-cobali-gold deposit in Idaho (Leitch and Hall, in
preparation) and similar or less saline fluids are found in the
Sheep Creek copper-cobalt deposit in Montana (Leitch er
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al., in preparation ¢; Zieg and Leitch, 1994). The mineral-
izing fluids may have been at about 150 to 300°C, similar
to temperatures for the Sullivan type 1 - type 2a fluids
{Leitch and Turner, 1992; Leitch. in preparation). However,
at Fors, there is asuggestion of hotter post-main stage fluids
trapped at up to 395 °C in type 2b inclusions in quartz-pyr-
rhotite veins associated with arsenopyrite, scheelite, and
silver-bismuth values. Eutectic temperatures suggest these
fluids may have contained magnesium rather than calcium
in addition to sodium, inviting the suggestion that they
were also associated with the magnesiem-rich calcsilicate
cap over the deposit. Possibly the magnesiom could have
been supplied by downward circulation of seawater that
mixed with the post-main stage fluids.

By comparison with studies at Sullivan and other lo-
calities elsewhere in the Aldridge Formation (Leitch, in
preparation), the more dilute fluids containing traces of car-
bonic fluid (type 2c inclusions) are probably related to
Mesozoic metamorphism,
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