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INTRODUCTION 
The Silver Queen polymetallic win deposit is in the 

lntermontane Belt in central British Columbia (54”OS’N: 
126”44’W) about 100 kilometres southeast of Smithers and 
35 kilometres south of Houston (sw Hood rf ~1.. 1991. this 
volume; Figure 2-3-l). The study area lies in the central 
portion of the Nechako trough. just south of the Skeena 
arch. The deposit OCCUTS near the rim of the Buck Creek 
basin, interpreted as a resurgent caldere delineated by intru- 
sions and a semicircular alignment of IJpper Cretaceous to 
Eocene volcanic centres (Church and Barakso. 1990). 

Hydrothermal alteration in the mine area has not pre- 
viously been studied in detail. Church (1970) noted that 
wallrock alteration included kaoliniration of feldspar and 
replacement of ferromagnesian minerals by fine-grained 
carbonates, epidote and pyrite: altered rock cbaracteristic- 
ally is nonmagnetic. Church and Pettipas (1990) noted that 
the veins commonly have an argitlic envelope and a broad 
aureole of propylitic alteration. Fyles (1984) indicated that 
kaolinite with or without sericite is common. and that the 
principal carbonate is siderite. 

This study concentrates on alteration mineral 
assemblages and their spatial relationships to the No. 3 vein, 
the most explored mineralized zone in the study area. 
Results are based on petrographic examination and X-ray 
diffraction analysis of rock samples collected during under- 
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Plate 2-3-l. (a) Weakly altered microdioritc from the central xgment ufthc No. 3 vein; (b) weakly altered andesire from 
the northern segment of thy No. 3 vein. Phoromicropraphs a and b show that chlorite replaces au&c, kaolinite partially replaces 
plagioclase along its margms and cleavages and aphanitic matrix remains unaltered; (c) moderatcly altered microdiorite from 
the cenlral scgmrnt of the No. 3 vein: (d) moderarely altered andesitr from southern segment of the No. 3 vein. Photomicro- 
graphs c arid d show that illi1.e and kaolinitc almost completely rcplacc primary plapioclasc, and the recrystalliration and 
silictfication Of aphanitic mstr~x. (2) strongly altered microdioritc from the central segment of the No 3 vein with kaolinire 
replacing plagioclase. carbonete rrpl$ng mafic mineral and matrix intensely rccrystalircd and silicifird. Disseminated pyrite 
1s common. (fI strongly altered andcute from the,southem segment of Ihe No. 3 vein with simple altcrafion mineral assemblage 
of sericire-quertz-pyrite. (Q = quartz; PI = plag~oclasc; K 7 kaolinilr: Sid = siderite; I = illile: Scr = scricite; Py = pyrite.) 
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ground mapping and drill-core logging. The sample base 
consists of 60 thin sections and their corresponding hand 
specimens, and 3X whole-rock analyse\ by X-ray diffrac- 
tion. These samples rcprcscnt northcm. central, and south- 
ern cross-sections of the No. 3 vein on the 2600.f&l under- 
ground level (Figure 2-3-l). Due to thr fine grain six, the 
X-ray diffraction method has been used to distinguish dif- 
ferent specie\ among the phyllosilicates and carbonates 
including sericite, illite, kaolinite, chlorite, calcite and sidcr- 
itc. after methods suggested by Moore and Reynolds (1989). 

DEPOSIT GEOLOGY 
Rocks hosting the Silver Queen deposit are thought to be 

correlative with Upper Crctaceous Kasalku Croup (Leitch L’, 
ul., 1990). At Silver Queen they consist mainly of porphyri- 
tic andcsitc tlows, hypahyssal microdiorite and various 
pyroclastic units. The hypidiomorphic microdiorite tex- 
turally grudcs into the porphyritic andeshe ilows and they 
are interpreted to be two facies of the same volcanic cvcnt. 
Epithermal, polymetallic quart~~carbon;~te~harite veins with 
associated hydrothermal alteration cut thcw rocks on north- 
westerly and southea\tly trends. 

No. 3 vein ha\ a southeasterly strike (, 135”) and a steep to 
moderate northeast dip (SS”). Width yaries from a few 
centimetre\ to I metre in the sections studied in detail. hut is 
locally greater. Pinching and swelling, branching and con- 
verging of the veins are common. The vein mincrnl 
assemblages are different in the northern, central and \outh- 
em segments of the deposit. Sphalerite and rhodochrositc 
are the dominant vein minerals in the northern segment. 
Pyrite, sphalerite and hematite are the major components in 
the central segment. Quartz, calcite, haritc and missive 
sph;llerite-galena-pyrite are characteristic of the southern 
segment (Hood rr 01.. 199 I, this volume). Correspondingly, 
the wallrock alteration varies from north to south, as dis- 
cussed helow. 

WALLROCK ALTERATION 
Hydrothermal alteration of the ho:;t microdiorite and 

andesite has heen characterixd as weuk, moderate and 
wong. 

Weakly altcrcd rock is ubiquitous throughout the study 

area (Figure 2-3-l). The rock is black, hard, and magnetic. 
Primary plagioclasc phenocrysts have limited alteration to 
clay along crystal margins and cleawges. Most primary 
mafic phenocrysts arc! extensively altered to chlorite and/or 
iron carbonate. Aphanitic matrix is largely unaltered (Plate 
2-3-l. a and h). Based on petrographic similarities to rarely 
noted unaltered microdiorite and andesite, these weakly 
altered rocks are assumed. for the purpose of this study. to 
hc the “fresh” rock parent to the moderately and strongly 
altered rocks described below. 

Moderately altered rock occurs as broad envelopes 
around veins. It is buff coloured, softer than weakly altered 
rock, and nonmagnetic. Primary minerals have been altered 
almost completely. Generally, pl;lgioclase is delicately 
pseudomorphed to sericite, illitc or keolinite. Mafic min- 
erals are altered to chlorite or iron carbonate. Recrystallira- 

tion and silicification are obvious in the matrix (Plate 2-3 I, 
c and d). The contact between weakly altered and moder- 
ately altered rock is relatively sharp. commmly grading 
over less than 2 centimetres. 

Strongly altered rock occurs us an cnvclopc adjacent to 
the vein. It is commonly pale apple-green when freshly 
broken and orange-yellow on weathered surfaces: it is mod- 
cratcly hard and nonmagnetic. All primary mincrels have 
hccn complctcly altered to quan:r. scricitc or k~aolinite, car- 
bonates and pyrite. Pseudomorphs of plagioclase are not as 
well defined as in moderately altered rocks. Recrystallira- 
tion and silicification of the matrix are more intense than in 
moderately altered rock. Disseminated fine-graincd pyrite is 
ubiquitous (Plate 2-3-1, e an?: f). The conwt between 
moderately and strongly altered rocks is typically 
gradational. 

As there is variation in the alteration assemblage perpen- 
dicular to the vein, so too thcrc is variation in the 
assemblage parallel to the vein. These wriations are 
described for each of the ma.jor segmenrs. 

In the northern segment of the No. 3 vein (north of 
section 24700N on the mine grid; Figure 2-3-I 1. the altera- 
tion envelope is nermw (about .i metres wide). There is ,no 
significant difference between the alteration envelope at the 
hangingwall and the footwall. Consequently. only the 
alteration data from the hangingwall are presented in detail. 
The strongly altered cnvelopc is I metre wide, followed 
outward by a moderately altered envelope 3 metres wide. 
Figure 2.3-21 presenrs the typical X-ray diffraction pattern 
charts for strongly, moderately and weakly altered samples. 

The alteration envelope in the central segment of the 
No. 3 vein (between sections 24700N and 2RhOON on the 
mine grid) is wider than to the north. It extends about 
30 meres into the hangingwall. but up to I00 metres into 
the footwall whcrc dikes and fractures arc mc~re abundant. 
The hangingwall data are presented. The strongly alrercd 
rock envelope, I.2 mctrcs wide. is f<lllowcd by the moder- 
ately altered envelope that is 3Cl metres wide. The weakly, 
moderately and strongly altered assemblages are not unlike 
those of the northern segmenr, as illustrated in Figure 
2-.-2h. 

Samples from the southern segment of thr No. 3 vein 
(south of section 216OON on th,: mine grid) are limited to 

the hangingwall due to problems of access. The alteration 
intensity is stronger then in the northern and central seg- 
merits of the vein. and the alteration mineral assemblage 
differs (Figure 2-3-2~). Kaolinlte and siderite are absent 
from the strongly altered envelope (0 to I .6 mctres from the 
vein), which consists of quartr. mixed-layer xricite(?M,)/ 
illite(2M,) and pyrite. Kaolinite and siderite appear in the 
moderately altered envelope (1.h to 35 metres from the 
vein). The weakly altered andeiite samples are similar to 
those from the north and central segments of the vein, 
however, the proportions of alteration minerals are rela- 
tively higher in the southern segment. 

DISCUSSION 
The mineralogical data prexnted above is preliminary 

and does not allow for rigorous treatment. However, the 





lateral or cross-section mineral zonation of weakly to 
strongly altered rocks, and the north to south mineralogical 
variation in the strongly and moderately altered envelope is 
significant. 

The process related to the distribution of weakly altered 
rocks is unclear. This assemblage may represent either a 
low-temperature regional metamorphic effect resulting from 
loading, or the waning stages of the 7X Ma volcanic event 
(Leitch ef al.. IYYO). Thus it might predate the ore-forming 
hydrothermal activity. or represent incipient alteration 
related to it. More detailed petrography of regionally distal 
rocks will resolve this issue. Important. however, is the 
recognition that weakly altered rock represents the back- 
ground or parent assemblage tu the moderately and strongly 
altered rock. 

The distribution of strongly to weakly altered rocks 
around the No. 3 vein is interpreted to be a function of 
decreasing intensity of alteration. Two processes may 
account for this decrrase. Simple difi’usion resulting in a 
chemical gradient, and therefore, reaction-front bounduries, 
may explain the variation on a small scale (less than 
I metre), but does not account ftn the large-scale alteration 
envelope up to 100 metres wide noted in this study. The 
second possible process involves varying water to rock 
ratios due to decreased permeability with distance from the 
vein. Thomson and Sinclair (1991, this volume) show that 
with decreased proximity to the vein, the intensity of fract- 
urmf. also decreases. High water to rock ratios result in 
complete alteration of the hosting microdiorite and andesite 
as represented by the strongly altered rock assemblage, and 
low water to rock ratios result in the weakly altered rock. 
Moderately altered rock formed in intermediate conditions. 

The processes accounting for the difference in the 
assemblage of quartz-sericiteiillitc-pyrite of the strongly 
altered rock in the southern segment compared to quartz- 
clay(kaolinite)-carbonatr-p),rite in the northern and central 
segments may be twofold: presence of quartz~sericitr-pyrite 
suggests the southern segment assemblage represent a 
higher temperature relative to the northern and central seg- 
ment: and the activity of K+ in the fluid increases to the 
south and Ca’+ decreases to the south. Further speculation 
on the specifics is beyond the scope of these data. 

More questions are proposed from these data than are 
answered. Isotope and fluid inclusion analyses will facilitate 
the interpretation of the apparent \‘ariations. 
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