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INTRODUCTION 

Several hundred carbonated hosted zinc-lead deposits l1ere rece~tly 

discovered in northern Yukon and Cl.djacent 1Northwest Territories (between 

~atitudes 64° and 66° north). Activity is currently very low in this 

area. Fortunately, during 1975 and 1976 The University of British 

Columbia acquired samples from about one hundred of these showings through 

the efforts of graduate students and mining companies that had worked 

in the region. 

A summary report on this project in February 1977 (see cover"page) included: 

1) a cross-indexed catalogue of this collection prepared with the aid 

of the MINDEP system of the Department of Geological Sciences, U.B.C., 

2) a detailed description of fluid inclusion sample preparation procedures 

developed for this study. 

Currently well advanced are studies in: 1) geothermometry, and 2) 

trace element contents in sphalerite. In addition, samples have been 

prepared for lead isotope analysis in co-operation with Dr. W. Slawson, 

The Department of Geophysics, The University of British Columbia. 

GEOTHERNOMETRY 

Geothermcmetry studies were nainly carried out using a fluid inclusion 

stage and operating console (Chaixmeca Corp.), with an operating range 

0 0 from -180 C to +600 C. The stage is mounted on a Leitz Ortholux II 

binocular microscope loaned temporarily by the principal investigator. 

Almost all work with this equipment was done by technician, Mr. J. McLeod, 

M.Sc. Calibration of the stage, preparation of slabs for fluid inclusion 



study, reconnaissance of slabs for estimating their suitability, and 

freezing and heating runs on the best available slabs were done at various 

times in 1976 and 1977. Limited funds allowed Mr. McLeod to be hired 

on a part-time basis only. 

Appendix A contains a summary of all data obtained to date by F.I. 

studies. A total of 91 polished slabs from 45 depo§its were prepared 

. and examined for fluid inclusions. Brief descriptions of these slabs 

are given in Table A-1. Only about half of the slabs prepared, however, 

provided useful data. For example, Tables A-2 and A-3 represents data 

obtained from only 27 polished slabs from 14 deposits. Data could be 

obtained from about an additional ten slabs that have been examined on 

a reconnaissance basis only (Table A-1). Other suitable slabs could be 

obtained from the collection. 

Aside from the one histogtarnin Fig. A-3)which illustrates that 

temperatures range from about 125°c to 325°C but are most common in the 

0 0 
125 C to 225 C range, no attempt has been made to evaluate this data in 

this report. Study of this data will likely be incorporated into che 

sphalerite trace element study. 

SPRALERITE TRACE ELEMENT STUDY 

Masters candidate Mr. Graeme McLaren is well advanced in his study 

of trace element contents of sphalerite from these carbonate hosted 

zinc-lead deposits. Thesis completion is anticipated by spring 1978. 

The following describes his evaluation of analyses done to date. Analytical 

and statistical tabulations are in Appendix B. 

Sphalerite samples were taken either by propectors and geologists 



working in the field involved in reconnaissance exploration, or from more 

detailed mapping and developments (i.e. trenches, diamond drill cores, 

etc.) on the larger more promising showings. Therefore, there is a broad 

spectrum in actual sphalerite samples ranging from large boulders of 

essentially pure sphalerite, through coarsely crystalline and granular 

samples, to very fine disseminations through the host rock. In some 

cases, spha1erite is a minor sulphide component, being dominated by 

galena and/or pyrite. 



Other sulphides observed in some of the samples include chalcopyrite, 

tetrahedrite, and boulangerite. The host rocks are usually dolomite or 

limestone or breccias of these lithologies with sulphides in a matrix of 

sparry calcite, dolomite or coarselycrystalline quartz. Most specimens, 

particularly the coarser grained members, produce good clean unaltered 

sphalerite. However, often fine fractures through the sphalerite contain 

thin coatings of carbonate contaminants, and in a few cases, the sphalerite 

has undergone a moderate to extreme degree of oxidation, commonly producing 

s'inithsonite. 

The selection of samples destined for minor element analysis was 

essentially controlled by the ability to visibly separate any contaminants 

using a maximum 40X binocular microscope. In this manner, a total of 167 

samples from 49 locations were selected for analysis. 

Distribution of these samples is in the following Table: 

• 
YUKON 

N.W.T. 

TOTALS 

Number of 
Samples 

82 

85 

167 

Number of 
Locations 

25 

24 

49 

The number of samples per location is normally low (from 1 to 3), but may 

be as many as 20, with at least 9 deposit locations having a minimmn of 

5 samples. Table B-8 specifies general geological data on those deposits 

in which sphalerite was studied. 



SAMPLE PREPARATION 

Obtaining a pure sphalerite concentrate is one of the most time 

consuming and most important phases of a mineralogic minor element study. 

Due to the relatively simple mineralogy of the samples in general, visual 

separation of sphal~rite fro~ contaminants by 'needle and tweezers' picking 

under a binocular micrascope was thought to be the easiest and perhaps 

quickest method. Magnetic separation and heavy liquid concentration will 

effectively remove the carbonate and quartz gangue materials, however 

separation of all sulphide contaminants is ineffective due to contamination 

by middlings and examination under the binocular microscope is still re­

quired in the final stage (c.f. Price, 1972). 

Samples in this project were crushed and picked to apparentpurlty 

under 8 X to 40 X magnification. Finer grained samples, or those with fine 

grained contaminations, were normally cut to a thin slab, which was found 

to disaggregate into discrete mineral grains more readily, thereby facili­

tating further hand picking. At this stage a number of samples were 

rejected on the basis of excessive weathering and alteration to smithsonite, 

or overly fine grain size and intimate association with other sulphides 

of similar grain size. Fine grained carbonate contaminants were dissolved 

away after several days soaking in warr:i dilute acetic acid. After sufficient 

hand picking to insure a visual purity samples were ground to approximately -

200 mesh in an alumina-ceramic Spex ball mill, and were stored in clean 

plastic vials. 

Throughout the separation process, notes were maintained on the observed 

paragenetic associations, and, hence, on possible conta~inants, in all 



samples in order to aid in interpreting any anomalous values. A number 

of samples considered to have a higher probability of containing contaminants 

were exa1!1.lned to attempt to determine the degree of contamination due to 

pa_rticles smaller in size than practical visual resolution would permit. 

Initially an x-ray diffraction method was tested by comparing sphalerite 

sample diffractiorr-iharts with those of a presumably pure sphalerite sample, 

'spiked' with known quantities of pyrite, galena and chalcopyrite (i.e., 

those minerals suspected of providing a large quantity of a contaminating 

element, within a small volume of a mineral). This method was found to 

be insufficiently sensitive to defect the trace amounts of the foreign 

minerals which would be present. Therefore a number of polished grain 

mounts were made to be used in point counting studies and to provide a 

qualitative measure of the non-sphalerite material present in each sample. 

This test was impractical to use on every separated sample, but in choosing 

the samples most suspected to contain foreign inclusions it gave an estimate 

of the effectiveness of the visual separation technique. A discussion of 

these results is included in the section concerning sources of error. 

A total of 17 samples were independantly picked twice from the same hand 

specimen in order to investigate small scale sampling variances from a 

single specimen. These variances could then be compared to the within 

deposit variances, the regional between deposit variances, and to the 

overall analytical variances, in order to deterl!line their magnitudes, and, 

hence, also to determine the significance to be attached to the fact that 

most samples were not collected with the intent of forming a research 

collection. 



ANALYTICAL PROCEDURES 

Emission Arc Sp.ectroscopy 

Emission arc sp~ctroscopy was thought to be a relatively simple and 

expedient method to process a large number of samples in a qualitative 

{or perhaps semi-quantitative) manner, with the hopes of rapidly gaining 

information about the range of minor constituents to be found in these 

particular sphalerite samples, and possibly about the relative magnitude 

of these minor constituent concentrations, prior to the detailed atomic 

absorption analysis. To investigate this, arc spectroscopy was performed 

using a Hilger Watts E-74 2 automatic quartz spectrograph. 

100 mg. of the finely ground sphalerite was weighed out on a tension 

balance and stored in a plastic vial. A further 100 mg of carbon matrix 

material was added to provide a medium which ~ould insure a constant and 

even burn. These volumes provided sufficient sample for 3 spec runs if 

necessary. After these powders were mixed inthe vials for 1 minute in 

a 'Spex' mill shaker, 2 glass beads were added and shaking proceeded for 

a further two minutes, providing a homogeneous sample of sphalerite and 

graphite. Samples were then packed into cup-type carbon electrodes, and 

1-- drop of a sucrose solution was dropped on top of each to bind the 

sample to the electrode and to aid in maintaining an even burn. The 

electrode holder was placed on a hot plate for 1 hour. 

Samples were excited in a 12 amp. D.C. arc for 30 seconds, with the 

emitted spectra being recorded on Kodak SA #1 glass photographic plates. 

Each plate recorded 10 samples plus 1 known standard, plus 1 duplicated 

sample from another plate. These plates were then processed in pairs in 

a Jarrel-Ash photoprocessor. 



Concentrations were estimated from these plates by visual comparison 

to standard plates with spectra ranging from 1 to 10,000 ppm, increasing 

in logarithmic steps (i.e. 1, 2, 5, 10, 20, 50 ..••• 10,000). Iron is 

determined as an equivalent to weight percent FeO. It should be pointed 

out that the sample values determined are purely qualitative; even their 

relative magnitudes cannot be confirmed. This is because the standard 

plates, which are the basis of the numerical determinations, were prepared 

using a granitic rock as matrix with foreign elements 'spiked' into this 

matrix in varying amounts. The relative matrix effects of this material 

and sphalerite sulphide type material remains completely uninvestigated 

and renders the numerical results unreliable on a quantitative basis. 

Development of zinc-sulphide matrix standards is overly time consuming 

and beyond this project. Furthermore, the analytical technique described 

above is highly non-reproducible and hence, has not met with wide acceptance 

as a quantitative analytical tool. 

A total of 20 elements of potential interest could be determined 

using this method. 1 Four elements, Be, Bi, Mo, and Pt, were looked for 

but not found. The results for 16 other elements, Ag, As, Ba, Co, Cr, 

Cu, Fe, Ga, Mr, Ni, Pb, Sb, Sn, Sr, T, and V, are listed in Table B-9. 

complete with approximate detection limits for each element (Table B-1). 

1A 21st element of interest, In, could be determined using the standard 
plates, but this element was used as an internal standard in the graphite 
matrix material, hence, it could not be recorded as a sphalerite 
constituent. 



Atomic Absorption Spectroscopy 

Atomic absorption spectroscopy was performed on solutions obtained 

from each sample in order to provide quantitative analyses. Sphalerite 

is a relatively easy mineral to dissolve, thus a simple HC1-HN0 3 acid 

attack was used to digest the samples. Initially, this digestion pre­

sented problems in that, even though the mineral itself was dissovled, 

sulphur was liberated which coalesced into a yellow plastic ball and 

remained undigested. To combat this, strongly oxidizing conditions 

were required; this was obtained simply by adding an excess of HN03. 

Due to the range in overall sample sizes, some of which were as low as 

approximately 0.5 gm, an atomic absorption sample size of 200 mg was 

decided upon in order to maintain a standard sample size throughout, yet 

maintain an error margin allowing for the duplication of any sample if 

necessary. Also this size kept the problem of removal of "plastic sulphur" 

to a manageable level using HN03 as an oxidant. 

Procedur~ consisted of weighing out 200 mg. of sample on a tension 

balance into a clean beaker. To this was added 10 mls. of concentrated 

HCl and 25 mls. of HN0 3 . The covered beakers were left on a warm hotplate 

for 18-24 hours until samples slowly came to dryness. They were then 

removed from the hotplate, taken up in 3 mls. of concentrated HCl, washed 

into a 25 ml. volumetric flask and made up to volume. Final solutions 

were then at an acidity of 1.5 M HCl, the level at which all samples, 

standards and blanks were analyzed on the atomic absorption unit. These 

solutions were transferred to acid cleaned, rinsed poly bottles and 

stored for analysis. 



A complete set of 1:10 dilutions was made by pipeting 1 ml. of 

sample solution into a test tube and adding 9 mls. of 1.5 M HCl, immedi­

ately prior to the spectroscopy. Further dilutions of 1:100 of 

original sample concentration, were made as required. 

Blanks were made by duplicating the acid attack using empty beakers. 

Secondary standard solutions were prepared from 100 ppm stock solutions 

·in the lab and were aspirated before and after each group of samples run. 

Determinations were performed on a Varian Techtron A.A.-4 for Cu, 

Fe, and Mn, and on a Perkin Elmer model 303, with background correction 

instrumentation, for Ag, Cd, Co, Ni, and Pb, similar to procedures out­

lined by W.K. Fletcher (1970). Operating conditions and detection limits 

for these 8 elements are given in Table 2A. Samples were run in groups 

of 24, each group consisting of 21 samples, 2 duplicates from different 

groups, and 1 blank solution. The 17 duplicates isolateq in the separation 

procedures were treated as independent samples (i.e. as if the total 

sample population was 183). Furthermore, the initial sample out of each 

of these duplicates was analyzed twice; first as a normal sample, and 

second as an internal check on the analytical procedure. In this way 

information on variations due to combined analytical procedure and har.d 

specimen sampling and those due to analytical procedure alone, could be 

obtained and studied. 

Computer calculated calibration curves provided conversion of all 

sample data from absorbance to concentrations in ppm. 

Three other elements, Cr, Sb, and Ti, were attempted since their 

presence was indicated by the emission spectrographic analyses. Sb proved 



highly unstable in the region of standard solution concentrations, with 

instrumental interferences swamping both the standard and sample 

absorbance readings, and therefore could not be accurately determined. 

Cr and Ti were both sufficiently stable to determine at the lower 

detection levels of the standard solutions, however, sample solutions 

were insufficiently concentrated to reveal any results. Similar problems 

were encountered for the Ni and Co determinations. 

Analytical precision of this overall procedure is discussed in the 

following section. 

Interlaboratory standard materials of a pure sphalerite matrix are 

not readily available, making a true test of the accuracy of the analytical 

procedure difficult. 1 However, sphalerite ore concentrates, presently 

being established as internal laboratory standards at the Geological 

Survey of Canada geochemical labs in Ottawa, were made available through 

Dr. I.R. Jonasson for an interlaboratory standard check on the analytical 

procedure. When these powders were subjected to the HC1-HN0 3 attack, 

a fine white granular residue was left in each sampl~ making it necessary 

to filter all solutions prior to being made up to volume and aspirated 

on the A.A. Otherwise these standards were treated exactly as samples. 

All atomic absorption analyses are listed in Table B-10. Atomic 

absorption spectroscopy operating and detection limits are listed in Table B-2. 

!Flanagan (1974) indicates that 
synthesized in Germany, but the 
ability at present is unknown. 
be investigated. 

a sphalerite standard, SF-Y, has been 
nature of the sphalerite and the avail­
This source was discovered too late to 



Mercury Analysis 

160 samples, including 13 duplicates, were sent out for commerci~l 

analysis for mercury to Min-En Labs Ltd. of North Vancouver. The analytical 

procedure used by this firm digests 1.000 gram of sample with nitric and 

sulphuric acid. It is then further oxidized with 30% HzOz while heating; 

oxidizing steps are repeated as required. After cooling and diluting 

to suitable volume to refine the oxidation procedure, 5% KMn04 is added 

in the titrating manner until a pink colour is obtained. Mercury is 

realized by reducing the solution into the flameless atomic absorption 

chamber and measured by comparing samples with known standards (J.J. 

Barakso, pers.comm., 1977). Precision, based on the 12 duplicate 

samples, is discussed in the following section. Analytical results for 

mercury are included with the atomic absorption results in Table B-10. 



ANALYTICAL PRECISION 

Analytical precision was calculated for the atomic absorp~ion and 

commercial mercury analyses only. The atomic absorption method contained 

17 samples which were analyzed in triplicate. Each triplicate has been 

treated as 2 sets of paired analyses, with one set of pairs representing 

the precision of combined hand specimen sampling and analytical procedures, 

and the other set representing only analytical precision. The method 

used was based on that of Garrett (1969) for geochemical mineral 

exploratjon. Samples were initially grouped according to concentration 

levels to avoid unrealistically good precision values at lower concen-

tration levels due to including higher concentrations in the sample means. 

Precision was then calculated at the 95% confidence level for each group 

using the formula: 

where oA 
_l!_f_ 
1 2N i=l 

p = 1. 98 cr A 

x 
x 100% 

for duplicate samples and X is the 

replicate mean within the group. Replicate pairs and paired precision 

tests are shown in Table B-4. 

Overall analytical precision is considered reasonable for Ag, Cd, Fe, 

Mn, and Pb, but is poor for Cu and Hg. Co and Ni provided insufficient 

data for practical precision analysis. No definite conclusions can be 

drawn concerning the differences between precision of combined har.d 

specimen sampling and analytical procedure, and precision of analytical 

procedure alone. The differences are too small and appear random, thus 



any variations provided by the picking of two samples from the same hand 

specimen appear to be insignificant relative to the analytical variations. 

This suggests that each analysis is representative of the sphalerite of 

an entire hand specimen, i.e. the specimen is homogeneous within the 

limits of the analytical precision. 

A few cases do show the possibly anticipated result of significantly 

poorer precision for the pair including sampling variance (e.g. Cu and 

Pb at the lower concentration levels). If poor precision is partially 

due to the presence of fine mineral contaminants, then these contaminants 

will presumably have a greater relative effect on the lower concentration 

ranges and precision will be poorer there. 

In one case, a highly anomalous sample with poor reproducibility 

is responsible for the majority of the variance within that group (Cu -

group 1-B). Precision calculated for set 1 without that sample 

(20024-07) is reduced from ±93% to ±6%. This simply highlights the 

fact that sporadic highly anomalous samples do occur and may unrealisti­

cally bias the results. 

Further interpretations based on the data will now be limited by 

the precision of the results. For example, in attempting to contour 

data, the elements with the widest range in absolute val~s and with 

the best precision will exhibit any regional variations best (i.e. Cd, 

Fe and perhaps Pb will provide the most reliable information). In order 

to effectively determine significant differences between samples in terms 

of standard deviations, the precision variances must be accounted for. 

This leads to an investigation of the sources and nature of variances 



within the data in order that they may be defined and explained prior to 

proceeding to confidently relating the values and their variances to 

geological parameters. 



ANALYSIS OF VARIPu~CE 

An analysis of variance is a statistical technique whereby the overall 

variation within a set of data can be reduced and attributed to a number 

of component sources of variability. This can be achieved by treating 

each analytical result as an estimator of the expected mean value plus 

contributions from various other sources. If an experiment has a structure 

which can attempt to define the prime sources, then a measure of each 

contribution to the variation of the analytical result about the ex-

pected mean can be determined. Hence, a knowledge of the relative 

significance of each source will permit the confident utilization of 

the overall data set within any restricitons discovered during the 

analysis of variance. 

In this experiment, sources of variability to be considered are: 

1) analytical variance versus hand sampling variance (even though this 

has already been examined within the precision analysis, it may be 

briefly re-examined within the analysis of variance tables); 2) overall 

analytical variance between deposits versus overall analytical variance 

within deposits, and 3) the general data variability between deposits 

in the region versus> the variability of the data within each of those 

deposits. Determining the relative importance of the sources in 2) and 

3) is critical to utilizing the data further, in characterization of 

specific deposits within the entire study area as a whole. 

The analysis of variance treatment uses a sum of squares method 

whereby the total population variance can be expressed as a sum of the 

between population variance and the within population variance. 



Calculations in this analysis are displayed as a ratio of variance between 

these two sources, with the final result having an F-distrib~tion. The 

equations used and the resulting table (c.f. Walpole and Myers, 1972, 

p. 356) are shown below. 

I 

Source Sum of Squares Degrees of Mean Square 
~omputed F 1 

Freedom 

~ 2 s2 SSB 
between n L <Y"i - y) = SSB K-1 = 

i=l 1 K-1 
s2 

1 
F=-

K n - 2 s2 SSW 
sz 

L ) (yij K(n-1) 
2 

within - yi) = SSW = L-- 2 K(n-1) i=l j=l 

K n - 2 
Total L L (yij - y) = SST nK-1 

i=l j=l 

K = II deposits yi = deposit mean 

n = II samples y = total population mean 

yij =single sample result 

A comparison of the mean square values for the within sample pair 

variance of both analytical sets 1 and 2 provides a ratio which also foll0ws 

an F distribution and which yields information on variance due to hand 

sampling and analysis versus variance due to analysis alone. 

The basic assuoptions underlying these tests is that the samples are 

randomly chosen from a normal population, and hence the sample population 

is also a normal population. Trace element data usually conforms to a log-

normal distribution and the sample population used for these tests may not 



strictly reflect the same normal distribution, but will be sufficiently 

accurate to ensure a meaningful test. 

The analysis of variance results are displayed for each element in 

TableB-S. Each analytical set is tabulated and the computed F value is 

shown, along with the critical F value for a sample population of this 

design. Furthermore, for each element, the comparison F ratio of the 

t~ analytical sets is also shown, with its critical value as well. These 

results are discussed relative to the sources of variability considered. 

In all cases· the critical F values were determined using a one-sided test 

at the 95% confidence level. 

The comparison F ratio, recorded for each element in Table B-5, 

demonstrates that in most cases the variances due to hand sampling and 

analysis combined, versus hand sampling alone, are of the same order of 

magnitude and hence, are drawn from the same population. This would 

indicate that variability introduced through sampling the same specimen 

twice, is neglibible. However, as can be seen from the within sample pair, 

mean square values, and the resultant F values, for Cd and Cu, this is 

not necessarily the case. As discussed previously, the precision for 

Cu was noticeably poor, more so for analytical set 1, suggesting the 

fine particles of a copper bearing contaminant may have been commonly 

missed during the separation procedure. However, the cadmium variances 

remain unexplained. Greenockite a cadmium-bearing mineral, was tenta­

tively identified but was rarely seen. Another possible cause is 

inhomogeneity in the Cd distribution within the sphalerite crystal 

structure; however, this has not yet been documented here. This point 

will be investigated further. 



The second test that the variance tables provides is th~t of comparing 

.the analytical variance within a single deposit to the analytical and hand 

sampling variances between deposits. It is necessary to know, at this 

stage, if the data variances incurred during the analysis of the samples 

! 
are large enough to overwhelm and perhaps conceal regional sample 

variations between deposits, or if the regional variations will be 

able to be observed throughthe analytical variability. 

This method of variance analysis provides for the breakdown of total 

variance into these two component sources. The test has been performed 

on both analytical sets and in all cases shows that the within deposit 

analytical variances are negligible relative to the between deposit 

variances. The magnitude of the mean square value for the between and 

within factors demonstrates this, and the computed F ratio, when compared 

to the critical F(O.OS) (16,17) ratio, shows that the between deposit 

analytical and sample variances result from a different population than 

the within deposit variances at the 95% confidence level. Therefore, further 

statistical grouping of the overall data population may proceed in the 

confidence that the analytical results for each deposit can be characterized 

above the analytical error. 

One further test was performed to examine the variance of individual 

samples themselves, between and within deposits. Again, this is to test 

the hypothesis that the samples from a single deposit can characterize 

that deposit above the variations found in all samples across the region, 

that is, to det~rmine if within deposit sample variances are small r~lative 

to the regional between deposit saraple variances. 



LO this case, the 9 deposits having a minimum of 5 samples each were 

chosen, with the results tabulated for each element precisely as in the 

case of sample duplicates. From deposits containing more than 5 samples, 

a random selection of 5 representative sampleswas made. Table B-6 tabulates 
I 

the sample results used, the F-ratio calculations, and the critical F at 

the 95% confidence level. 

These results demonstrate that for each element the computed F value 

exceeds the critical F value, thereby suggesting that these two components 

of the total sample variance are drawn from two independant sources and, 

hence, data variances between deposits may be considered greater than 

data variances within deposits, at the 95% confidence level. Therefore 

further data manipulations characterizing regional geologic parameters 

to the individual deposits will be valid. 



EXPLANATION OF PRECISION AND VARIA.~CE TABLES 

Each sample has been split into two in the separation procedure, and 

following this, one of these splits has been analyzed in duplicate as an 

internal analytical check (schematic diagram). The results for each 

element from each of these analyses have been grouped into two sets of 

analytical results. The first analytical set compares the 'original' 

sample with the second separate of that sample (i.e. Ai versus B). 

The second analytical set compares the 'orginal' sample with the dupli-

cate analysis of that same sample (i.e. A1 versus Az). Table 3 displays 

the analytical results of each of the 17 triplicated sample analyses, 

grouped into analytical sets 1 and 2, and also tabulates the standard 

deviation and mean for each pair of sample analyses within each set. 

Calculated precision values are displayed in Table B-4. Analytical set 1 

represents precision affected by variability in hand specimen sampling 

and in analysis, while analytical set 2 is affected by variability in 

analysis alone. 

SAMPLE 

'origiJa1 1 anllytical 
sample check 

separation 
procedure 

r-:-1 analytical 
~ procedure 

se\aration 
check 

References for this section are available in Appendix B-7. 



GALENA LEAD ISOTOPE STUDY 

Thirty eight hand-picked galena samples from 35 of the carbonate 

hosted zinc-lead deposits have been prepared for lead isotope analyses 

(Table C-1). Analyses will be carried out in the Department of Geo-

physical Sciences, The University of British Columbia. Laboratory work 

will be supervised by Dr. W. Slawson. Funds for the analytical part of 

this work are available from the .National Research Council of Canada. 

SUMMARY 

The University of British Columbia collection of samples from 

carbonate hosted zinc-lead deposits in the Ogilvie and Mackenzie 

mountains, Y.T. and N.W.T. is a strong base for the three lines of re-

search outlined here. The potential of this collection is by no means 

exhausted yet! Additional fluid inclusion and suiphur isotope studies 

for geothermometric data appear to be warranted. 

A total of more than $20,000 has been spent on making this collection, 

on purchasing basic fluid inclusion equipment (excluding the microscop 

costs), and on analytical costs. Monies were received as follows: 

DSS/DIANA 04 SU.C7111-5-0142 
DSS/DIANA 06 SU.A7111-6-0138 
Arctic and Alpine Research Grant 
Industry (5 contributors) 

Total 

$7,405 
9,000 
2,000 
1,600 

$20,005 

Data in this report will form the basis for several masters theses 

and will be published, in part, as professional papers. Some thought 

might be given to concise presentation of data in the Yukon Territory 

"Mineral Industry Report". The material presented in this report, and 



the one which preceded it, will be made available to anyone interested on 

the basis that data contained in the reports will not be published without 

the written permission of Dr. C. Godwin. A copy will be available for 

viewing in the thesis collection of the reading room, Department of 

Geological Sciences, The University of British Columbia. Those companies 

that participated in this project by donation will be notified by letter 

of the availability of these documents (Appendix D is a list of partici­

pating companies). Copies of the two aforementioned reports will be 

made available to participating companies at cost if they wish them. 



APPENDIX A 

DATA FOR GEOTHERMOMETRY FROM 

CARBONATE HOSTED ZINC-LEAD 

DEPOSITS, Y.T. AND ADJACENT N.W.T. 



TABLE A-1 

Description of Polished Slabs and Fluid Inclusions From Carbonate Hosted 

Zinc-Lead Deposits1 , Y.T. 2 and N.W.T. 3 

S.AMPLE 10001-3, SPHALERITE; CARNE SHOWING 

1. Section is of very fine-grained botryoidal sphalerite associated 

with calcite gangue and minor pyrite. 

2. Sphalerite is optically poor and inclusions, 5 to 15µ in 

diameter contain only 1 phase. 

3. Sample is unsuitable for further fluid inclusion studies. 

SAMPLE 10002-1, BARITE; BILBO SHOWING 

1. Section is from coarse grained barite specimen. 

2. Pririary, pseudo-secondary and secondary inclusions are connnon 

but generally contain only 1 phase; locally negative crystal 

P inclusions contain 2 phases but necking down of these inclusions 

is apparent. 

3. Sample is unsuitable for further fluid inclusion studies. 

SAMPLE 10003-1 SPHALERITE; CIG SHOWING 

1. Section is from coarse grained sphalerite specimen. 

2. Secondary inclusions are small, optically cloudy 2nd contain 

only 1-phase. 

3. Sample is unsuitable for further fluid inclusion studies. 

1netailed location and general geology of deposits without fluid 
inclusion results are available in Summary Report-February 1976. 

2Y.T. samples have numbers within the range 10000 to 19999. 
3 N.W.T. samples have numbers within the range 20000 to 29999. 



Table A-1 (cont.) 

SAMPLE 10004-1, SPHALERITE, SIHOTA SHOWING 

1. Section is of a coarse sphalerite grain surrounded by carbonate 

spar. 

2. Good primary and/or pseudo-secondary negative crystal inclusions 

are abundant and contain 2-phases. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10005-3, CALCITE, KIWI SHOWING 

1. Section is from coarse grained calcite specimen. 

2. Calcite ls extensively fractured but orEsecondary 2-phase 

inclusion was noted. 

3. Further inclusion work has not been attempted at this time 

because of marginal potential. 

SAMPLE 10006-2, SPHALERITE, NEWT SHOWING 

1. Section is from a specimen of coarse, grained sphalerite. 

2. Zones of primary (negative crystal) inclusions are abundant 

but most are very dark in colour (filled with oils?); some 

large, prismatic, 2-phase inclusions occur but the volume of 

the vapour phase is variable. 

3. Further inclusion work has not been attempted yet, but potentially 

useful data might be forthcoming. 

SAMPLE 10006-3, SPHALERITE, NEWT SHOWING 

1. Section is from coarse grained orange-brown specimen of sphalerite 

with minor galena. 

2. Primary (negative crystals) and pseudo-secondary (flat, elongate 

and tabular) inclusions have 2-phase fillings but vapour phase 

is small; zones of abundant pseudo-secondary inclusions occur; 



Table A-1 (cont.) 

a.c-e 
individual inclusions,,commonly 5 to 10µ in diameter. 

Daughter crystals are common. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10006-5, SPHALERITE, NEWT SHOWING 

1. Section is of coarse grained sphalerite. 

2. Many large negative crystal fluid inclusions up to 25µ in 

diameter with a 15% vapour volume o~c~~. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10007-1, BARITE, CHAPMAN SHOWING 

1. Section is from coarse grained barite specimen. 

2. Primary (negative crystals) and secondary inclusions are very 

abundant; many inclusions are clearly necked down. 

3. Further inclusion data has not been obtained at this time 

because of "necking down". 

SAMPLE 10008-2, SPHALERITE, HOT SHOWING 

1. Reconnaissance study of a section of sphalerite did not 

identify suitable inclusions. 

SAMPLE 10009-1, BARITE, COOT SHOWING 

1. Section !s from coarse grained barite specimen. 

2. Primary, pseudo-secondary and secondary inclusions are generally 

1-phase; the few 2-phase inclusions are necked down. 

3. Sample is unsuitable for further inclusion studies because of 

"necking down" feature. 



corable A-1 (Cont.) 

SAMPLE 10010-1, SPHALERITE, ECONOMIC SHOWING 

1. Section is from specimen of yellow, coarse grained sphalerite 

cut by stringers of galena. 

2. Primary (negative crystals), pseudo-secondary and secondary 

2-phase inclusions are commonly 10 to 15µ in diameter; a few 

inclusions are necked down; inclusions, pseudo-secondary, 

occur in zones. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10012-2, SPHALERITE, GILLESPIE CK. SHOWING 

1. Section is from a 0.6 cm. wide calcite-sphalerite-quartz vein 

which cuts a brecciated host rock. 

2. Primary or pseudo-secondary, 2-phase inclusions, 10 to 15µ in 

diameter, are abundant in the sphalerite; secondary, 2-phase 

inclusions, up to 10µ in diameter, occur in quartz. 

3. Inclusion data for sphalerite and quartz are in Tables A-2 and 

A-3. 

SAMPLE 10013-1, SPHALERITE, UG SHOWING 

1. Section is from a brecciated dolomite cemented with sphalerite. 

2. Inclusions are rare and small. 

3. Further inclusion work has not been attempted yet but one area 

of the slide offers some potential. 

SAMPLE 10014-1, CALCITE, QUARTZ, QHY SHOWING 

1. Section is from specimen of coarse grained calcite and quartz. 

2. Inclusions are very small, and calcite is fractured. 

3. Further inclusion work is not recommended for this sample. 



Table A-1 (Cont.) 

SAMPLE 10016-2, SPHALERITE, GREMLIN SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10018-1, SPHALERITE, ALE SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10019-1, SPHALERITE, GEORDIE SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10020-1, SPHALERITE, TART SHOWING 

1. Section is from specimen of coarse grained sphalerite. 

2. Primary (negative crystal), 2-phase inclusions are present 

but section is cloudy so viewing is difficult. 

3. Further inclusion work has not been attempted but slide 

might provide some potential for further study. 

SAMPLE 10020-4, SPHALERITE, TART SHOWING 

1. Section is part of a sphalerite, pyrite, calcite vein which 

cuts black argillite. 

2. Inclusions appear to be filled with crystalline material. 

3. Further inclusion study is not recommended on this sample. 



Table A-1 (cont.) 

SAMPLE 10021-1, FLUORITE, MAGIC SHOWING 

1. Section is cut from coarse grained, purple fluorite and quartz 

specimen. 

2. Pseudo-secondary, 2-phase inclusions, up to 30µ in diameter, 

are common. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10022-4, SPHALERITE, WILL SHOWING 

1. Section i5 cut from view of fine-grained sphalerite and calcite. 

2. Inclusions usually are filled by crystalline daughter products. 

3. Further inclusion work is not recommended for this sample. 

SAMPLE 10024-1, SPHALERITE, COMINCO A SHOWING 

1. Section is cut from specimen of coarse grained yellow sphalerite 

with minor galena and siliceous fragments. 

2. A few pseudo-secondary, 2-phase inclusions with a very low 

vapour phase volume were observed but are very small. Most 

inclusions are very dark and all do not contain a vapour 

phase. 

3. Further inclusion work has not been attempted; the slide 

offers limited potential. 

SAMPLE 10025-4, QUARTZ AND SPHALERITE; COMINCO B AND C SHOWING 

1. Section consists of yellow sphalerite with banded rock fragments. 

2. Sphalerite contains abundant primary and pseudo-secondary, 

2-phase fluid inclusions which are 30 to 70µ in diameter; 

quartz crystals contain pseudo-secondary, 2-phase inclusions 

which are 15 to 40µ in diameter. 

3. Inclusion data are in Tables A-2 and A-3. 



Teble A-1 (cont.) 

SAMPLE 10025-6, SPHALERITE, COMINCO B AND C SHOWING 

1. Section is from very coarse grained sphalerite specimen. 

2. Primary, 2-phase inclusions are up to llOg in diameter; 

vapour phase occupies about 15% of the inclusion void. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10026-1, SPHALERITE, VUG SHOWING 

1. ·section is from fine-grained sphalerite specimen. 

2. Sphalerite is very dark; fluid inclusJons are very small. 

3. Specimen is too dark and fine grained for further inclusion 

studies. 

SAMPLE 10027-2, SPP.ALERITE, COMINCO 7 SHOWING 

1. Section is of coarse sphalerite. 

2. Inclusions are abundant but most are black or one phase. 

SAMPLE 10027-3, SPHALERITE, COMINCO 7 SHOWING 

1. Section contains coarse grained sphalerite with galena and 

calcite. 

2. Fluid inclusions are abundant, S, but commonly necked down; 

volume of the vapour phase is small when present. 

3. Further inclusion work has not been attempted; the slide 

offers limited potential for significant results. 

SAMPLE 10028-3, BARITE, COMINCO 1 SHOWING 

1. Section is from coarse grained barite specimen. 

2. Primary, 2-phase fluid inclusions are uptD 17µ in maxi~um 

dimension. 

3. Inclusion data are in Tables A-2 and A-3. 



Table A-1 (cont.) 

SAMPLE 10028-5, SPHALERITE, COMINCO 1 SHOH1NG 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10028-6, SPHALERITE, COMINCO 1 SHOWING 

1. Reconnaissance study on an additional section (see samples 10028-

6A and 6B below) did not identify suitable inclusions. 

SAMPLE 10028-6A, SPHALERITE, COMINCO 1 SHOWING 

1. Section cut from a coarse grained sphalerite and calcite vein. 

2. Most fluid inclusions are black, ragged and contain 1-phase. 

3. Further inclusion study is not recommended on this sample. 

SAMPLE 10028-6B, SPHALERITE, COMINCO 1 SHOWING 

1. Section contains coarse grained yellow-brown sphalerite with 

calcite. 

2. Primary (negative crystals) inclusions are necked down and 

contain 1-phase. 

3. Further inclusion study is not recommended on this sample. 

SAMPLE 10028-7, SPHALERITE, COMINCO 1 SHOWING 

1. Section is of coarse grained sphalerite and calcite with 

siliceous rock fragments. 

2. One area of the section contains several good, two-phase pseudo­

secondary fluid inclusions about 10µ in diameter. 

3. Suitable for further study; not yet done. 

SAMPLE 10029-2, SPHALERITE, TOPOROWSKI SHOWING 

1. Section consists of a coarse grained sphalerite and calcite 

network enclosing grey siliceous rock fragments. 

2. Fluid inclusions are small, up to 10µ in diameter, occur in 

zones, have a small vapour phase and are very dark. 

3. Further inclusion study might be warranted on a re-cut section; 

this one is too thick to see marginally useful inclusions. 



Table A-1 (cont.) 

SAMPLE 10029-2A, SPHALERITE, TOPOROHSKI SHOWING 

1. Reconnaissance of an additional section (as suggested above 

under description of Sample 10029-2) did not reveal suitable 

inclusions for this study. 

SAMPLE 10029-4, SPHALERTIE, TOPOROWSKI SHOWING 

1. Section is of layered, banded and generally very fine-grained ·. 
sphalerite. 

2. Fluid incJusions are small and poor. 

3. Further inclusion study is not recommended on this sample. 

SAMPLE 10029-5, SPHALERITE, TOPOROHSKI SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions but section is poorly polished and too thick. 

SAMPLE 10029-8, SPHALERITE, TOPOROWSKI SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions, but sample is poorly polished. 

SAMPLE 10030-1, "SPHALERITE AND CALCITE, COMINCO 3 SHOWING 

1. Section consists of alternate bands of sphalerite (with galena) 

and sphalerite. 

2. Fluid inclusions in sphalerite are very poor but calcite contains 

2-phase inclusions. 

3. Inclusion study on calcite might be warranted (note: 2 sections 

are available). 



Table A-1 (cont.) 

SAMPLE 10032-1, SPliALERITE AND CALCITE, CLOE SHOWING 

1. Section is of brecciated argillite cemented by sphalerite and 

calcite. 

2. One fluid inclusion in sphalerite was noted; section is generally 

too dark. 

3. Inclusion study might be warranted. 

SAMPLE 10033-1, SPHALERITE and GANGUE, GOZ SHOWING 

1. Sectio~ consists of a "sugary" mixture of gangue and sphalerite. 

2. No good fluid inclusions were noted; some inclusions are large 

but have a very small vapour phase. 

3. Section is not satisfactory for this study. 

SAMPLE 10033-5, SPHALERITE, GOZ SHOWING 

1. Section is of coarsely crystalline sphalerite. 

2. Inclusions are difficult to see but section is too thick for 

good viewing. Inclusions noted were either clear or black -­

i.e. all one phase. 

SAMPLE 10033-13, SPHALERITE, GOZ SHOWING 

1. Section is of coarsely crystalline sphalerite. 

2. Zones of tabular, negative crystal fluid inclusions are common. 

Vapour volume is from 10 to 20%. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10033-16, SPHALERITE AND GANGUE, GOZ SHOWING 

1. Section consists of "sugary" mixture of gangue and sphalerite. 

2. No good fluid inclusions were noted. 

3. Section is not satisfactory for this study. 



Table A-1 (cont.) 

SAMPLE 10033-21, SPHALERITE .A.ND GANGUE, GOZ SHOWING 

1. Section consists of "sugary" mixture of gangue and sphalerite. 

2. No good fluid inclusions were noted. 

3. Section is not satisfactory for this study. 

SAMPLE 10033-22, SPHALERITE, GOZ SF.OWING 

1. Section consists of coarse grained sphalerite. 

2. -Zones of negative crystal fluid inclusions 25µ in diameter 

are abundant. Vapour volume is about 10%. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10033-25, SPHALERITE, GOZ SHOWING 

1. Section is of coarsely crystalline sphalerite. 

2. Triangular, pseudo secondary inclusions with 5 to 10% vapour 

volume are common. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10034-2, SPHALERITE, BIRKELAND SHOWING 

1. Two sections of yellow sphalerite with minor galena and carbonate 

veining were prepared. 

2. Abundant negative crystals occur but they appear to be mainly 

one phase inclusions. 

3. Several areas are marked for possible work but section does 

not seem promising. 

SAMPLE 10034-2A, SPHALERITE, BIRKELAND SHOWING 

1. Reconnaissance study of a second section of sphalerite (see 

sample 10034-2) did not identify suitable inclusions. 



Table A-1 (cont.) 

SAMPLE 10035-1, SPll<\LERITE, COMINCO 8 SHOWING 

1. Section of sphalerite from this sample does not reveal satisfactory 

fluid inclusions but section is too thick and needs a better 

polish. 

SAMPLE 10035-2, SPHALERITE, COMINCO 8 SHOWING 

1. Section of sphalerite from this sample does not reveal useful 

inclusions but section is poorly polished and too thick. 

SAMPLE 10036-1, SPHALERITE, COMINCO 9 SHOWING 

1. The section of sphalerite from this showing does not have 

useful inclusions. 

SAMPLE 10037-3, SPll<\LERITE, OZ SHOWING 

1. Reconnaissance study on a section of sphalerite did not 

identify suitable inclusions. 

SAMPLE 10037-10, S"PHALERITE, OZ SHOWING 

1. Reconnaissance study on a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10037-20, SPHALERITE, OZ SHOWING 

1. Reconnaissance study on a section of sphalerite found inclusions 

that should be run on the heating and freezing stage. 



Table A-1 (cont.) 

SAMPLE 10037-30, SPHALERITE, OZ SHOWING 

1. Section is of reddish brown sphalerite with a rock fragment 

inclusion. 

2. Inclusions are very small and are probably not satisfactory 

for further work. 

SAMPLE 10037-30A, SPHALERITE, OZ SHOWING 

1. Reconnaissance study on a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10037-53, BARITE, OZ SHOWING 

1. Section is of whitish barite. 

2. Section is clouded with inclusions of two main types: 

(1) necked inclusions with no vapour phase, and 

(2) equant, negative crystal inclusions with about a 35% volume 

of vapour. 

3. Only homogenization temperatures were obtained (Tables A-2 and 

A-3). Upon heating many inclusions, near the surface or near 

cleavages, would decrepitate and leave an orange residue on the 

section surface. 

SAMPLE 10038-1, CALCITE, MONSTER SHOWING 

1. Section is of sparry calcite. 

2. Inclusions are small but primary with about a 10% vapour volume. 

3. Only homogenization temperatures were obtained (Tables A-2 and 

A-3). 



Table A-1 (cont.) 

SAMPLE 10042-1, SPHALERITE, PROFEIT SHOWING 

1. Section of coarse grained sphalerite. 

2. Two phase pseudo secondary fluid inclusions are 10 to 20µ in 

diameter and are 5 to 10% vapour by volume. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10042-3, SPHALERITE, PROFEIT SHOWING 

1. ·section is of coarse grained sphalerite. 

2. Large, primary, two-phase inclusions up to 75µ in diameter 

are common. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 10042-9, SPHALERITE, PROFEIT SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. Inclusions noted were dark, small and 

one phase. 

SAMPLE 10042-34, SPHALERITE, PROFEIT SHOWING 

1. Section is of coarse sphalerite. 

2. Fluid inclusions are either too small or too opaque for study. 

SAMPLE 10042-44, QUARTZ, PROFEIT SHOWING 

1. se:tion is of a quartz crystal. 

2. Poor polish precludes inclusion description. 

3. Repolishing this sample might provide useful inclusions. 



Table A-1 (cont.) 

SAMPLE 1001•3-2, SPHALERITE, FISHING BRANCH SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10043-4, SPHALERITE, FISHING BRANCH SHa°WING 

1. Reconnaissance study of a section of sphalerite indicates that some 

inclusions might be useful for study. 

SAMPLE 10043-5, SPHALERITE, FISHING BRANCH SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10044-1, SPHALERITE, WART SHOWING 

1. Reconnaissance study of a section of sphalerite indicates 

abundant inclusions, suitable for this study, are available" 

SAMPLE 10044-3, SPHALERITE, WART SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10045-1, SPHALERITE, AXE SHOWING 

• 
1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10046-1, SPHALERITE, 148/75 SHOWING 

1. Reconnaissance study of a section of sphalerite indicates abundant 

inclusions, suitable for this study, are available. 



Table A-1 (cont.) 

SAMPLE 10049-1, SPHALERITE, TF 134 SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. 

SAMPLE 10051-1, SPHALERITE, GJ7 SHOWING 

1. Reconnaissance study of a section of sphalerite indicates 

abundant inclusions, suitable for this study, are available. 

SAMPLE 10051-2, SPHAI.ERITE, GJ7 SHOWING 

1. Reconnaissance study of a section of sphalerite indicates 

abundant inclusions, suitable for this study, are available. 

SAMPLE 10051-2A, SPHALERITE, GJ7 SHOWING 

1. Reconnaissance study of a section of sphalerite indicates 

abundant inclusions, suitable for this study, are available. 

SAMPLE 10052-1, SPHALERITE, MEL SHOWING 

1. Recollllaissance study of a section of sphalerite indicates 

abundant inclusions, suitable for this study, are available. 

SAMPLE 10052-2, SPHALERITE, MEL SHOWING 

1. Reconnaissance study of a section of sphalerite indicates 

abundant inclusions, suitable for this study, are available. 
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SAMPLE 20005-4, SPHALERITE, SISCOE SHOWING 

1. Reconnaissance study of a section of sphalerite did not reveal 

any inclusions. 

SAMPLE 20012-4, SPHALERITE, TWITYA (BEAR) SHOWING 

1. Section is of large sphalerite grains. 

2. A cluster of five primary and or pseudo-secondary inclusions, 

·up to 20µ in maximum diameter, with 15% vapour volume were 

studied. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 20023-25, SPHALERITE AND QUARTZ, REV (MAIN) SHOWING 

1. 

2. 

IF - --- ..---------. Section of quartz and sphalerite,[s composed\ 

Inclusions in sphalerite are very difficult to see and are about 

15%. Quartz inclusions are 5 to 15µ in diameter and have constant 

vapour volumes of about 10%. 

3. Inclusion data on quartz are in Tables A-2 and A-3; heating data 

are not reliable because of problems in viewing and leaking of 

bubbles. 

SAMPLE 20023-61, SPHALERITE, REV (ESAU) SHOWING 

1. Section is composed of large sphalerite grains. 

2. Several primary and/or pseudo-secondary one and possibly 2-phase 

inclusions occur but they are very small and difficult to see. 

3. Runs have not yet been made on this material. 

SAMPLE 20023-62, CALCITE, REV (ESAU) SHOWING 

1. Section consists of a chip-slab of calcite. 

2. Inclusions are very small, 3.5µ diameter, and contain 1 phase; 

a very few 2-phase inclusions might exist but they are indistinct. 



Table A-1 (cont.) 

3. No runs have been attempted on this section. 

SAMPLE 20023-67, QUARTZ ANTJ SPHALERITE, REV (ESAU) SHOWING 

1. 

2. 

. 
15. • • 

Section~of a clear quartz crystal and large sphaler1te grains. 

Inclusions are up to 30µ in diameter and are 2-phase with vapour 

volumes consistently about 15%. Negative crystal habit to 

inclusions suggest they are primary or pseudo-secondary. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 20023-99, QUARTZ AND SPHALERITE, REV (WATER FALL) SHOWING 

1. Section consists of coarse quartz and sphalerite. 

2. Inclusions appear to be mainly 1-phase; one area of sphalerite 

and one area of quartz possibly contains some very small 2-phase 

inclusions. 

3. No runs have been attempted on this section. 

SAMPLE 20023-99A, QUARTZ (WATERFALL) SHOWING 

1. Sample is of a quartz crystal. 

2. Inclusions are up to 100µ long by 35µ wide and consist of 3-phases 

(2 immiscible liquids and a vapour phase occupying about 20% of 

the volume of the inclusion); several daughter products locally 

were noted--one is probably halite, the other is rectangular in 

form and otherwise unidentified. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 20023-134, SPHALERITE AND CALCITE, REV (WES'I' CIRQUE) SHOWING 

1. Section consists of coarse sphalerite and calcite. 

2. Inclusions in both sphalerite and calcite are of one phase (liquid 

or solid?). 

3. Section is not suitable for further study. 
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SAMPLE 20023-156A & B, SPHALERITE, REV (WEST CIRQUE) SHOWING 

1. Sections consist of coarse grained sphalerite. 

2. Inclusions are generally one phase. 

3. Section does not appear to be of use in further study. 

SAMPLE 20023-157, QUARTZ, REV (WEST CIRQUE) GROUP 

1. Sample is of a quartz crystal. 

2. 'Primary or pseudo-secondary negative crystals contain 3-phase 

liquids; vapour volume is about 20%. 

3. Inclusion dataore in Table A-2 but inclusions leaked or decrepitated 

on heating to homogenization. 

SAMPLE 20025-1, SPHALERITE, TEGART SHOWING 

1. Reconnaissance study of a section of sphalerite did not identify 

suitable inclusions. Inclusions are generally hard to see, dark 

and very small. However, occasionally a small bubble is seen 

in PS inclusion zones. 

SAMPLE 20025-12, SPHALERITE, TEGART SHOWING 

1. Reconnaissance study of a section of this sphalerite did not 

reveal suitable inclusions. The sphalerite is extremely fine 

grained. 



Table A-1 (cont.) 

SAMPLE 20027-1, SPHALERITE, CLIMAX SHOWING 

1. Section is composed of large sphalerite grains. 

2. Inclusions are large, primary and contain a 30% vapour volume. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 20027-2, SPHALERITE, CLIMAX SHOWING 

1. Section is of coarse sphalerite. 

2. ·Inclusions occur in zones (pseudo secondary) and contain about 

a 25% vapour volume. 

3. Inclusion data are in Tables A-2 and A-3. 

SAMPLE 20027-3, SPHALERITE, CLIMAX SHOWING 

1. Section is composed of large sphalerite grains. 

2. Inclusions are large, primary and contain a 40% vapour volume. 

3. Most inclusions decrepitate but homogenization was observed, 

in some instances prior to decrepitation; inclusion data are 

in Tables A-2 and A-3. 



NUMBER 

10004 Y.T. 

10006 Y. T. 

10010 Y. T. 

10012 Y.T. 

10021 Y.T. 

10025 Y.T. 

10028 Y.T. 

10033 Y.T. 

10037 Y.T. 

10038 Y.T. 

10042 Y.T. 

20012 N.W.T. 

20023 N.W.T. 

20027 N.W.T. 

DEPOSIT 

SIHOTA 

NEWT 

ECONOMIC 

GILLESPIE 

MAGIC 

COMINCO BC 

COMINCO 1 

GOZ 

oz 
M~NSTER 

PRO FEIT 

TWITYA 

REV 

CLIMAX 

Location and 

N.T.S. 

106014 

106Dll 

106B06 

106Cl2 

106E03 

l06Cl0 

106Cl0 

106C07 

116Bl2 

116Bl3 

106Cl4 

106A03 

106A03 

105P08 

TABLE A-2 

Geologic DescriEtio~s for Those DeEosits with 

Fluid 

LAT. 

64.83 

64.53 

64.33 

64. 70 

65.00 

64.70 

64.58 

64.43 

64.75 

64.82 

64.82 

64.03 

64 .13 

63.35 

Inclusion Data 

LONG .. 

135.01 

135. 4 7 

131. 22 

133. 83 

135.07 

132.95 

132.58 

132.55 

139. 75 

139.97 

133.55 

129.37 

129.33 

128.38 

HOST AGE 

HELIKIAN 

~RDl,l!VIC 

CAMBRIAN 

HADRYNI 

0RDl,l!VIC 

HADRYNI 

SIL-DEV 

L. CAME? 

HELIKIAN 

PRl,l!TERO 

HADRYNI 

(}RD-SIL 

(}RD-SIL 

CAM-HAD? 

HOST R~CK 

Dl,l!LM 

Dl,l!LM 

Dl,l!LM 

D0LM 

LIMS 

CARB 

D0LM 

D¢LM 

D0LM 

D0LM 

Dl,l!LM 

D(}LM 

DOLM 

DOLM 

C~MM~DlTY 

PB ZN cu 
ZN PB 

PB ZN 

ZN PB 

PB ZN FL BA 

PB ZN 

PB ZN 

ZN PB CD AG 

PB ZN 

ZN PB cu 
PB ZN AG 

ZN PB AG 

ZN PB 

ZN PB SB 

BA CU 



NUMBER 

100041 

10006 

10006 

10010 

10012 

10012 

10021 

10025 

10025 

10025 

10025 

10028 

10033 

10033 

10033 

10037 2 

100382 

10042 

10042 

20012 

20012 

20023 

TABLE A-3 

Fluid Inclusion and Last Melting Homogenization Data for Inclusions in Minerals Associated with 

Carbonate Hosted Zinc-Lead Deposits, Y.T. and N.W.T. 

SAMPLE MIN.4 and TYPES DEPOSIT6 

001 

003 

005 

001 

002 

002 

001 

004 

004 

004 

006 

003 

013 

022 

025 

053 

001 

001 

003 

SL 

SL 

SL 

SL 

SL 

QE 

FU 

SL 

QZ 

QZ 

SL 

BA 

SL 

SL 

SL 

BA 

p 

PS D 

PS OR S 

P OR PS 

P orr PS 

S OR PS 

PS 

P and PS 

PS 

s 
P and PS 

p 

PS 

PS 

PS 

p 

CA P 

SL PS 

SL P 

004A SL P OR PS 

004B SL P OR PS 

025 QZ PS 

SI HOT A 

NEWT 

NEWT 

ECONOMIC 

GILLESPIE 

GILLESPIE 

MAGIC 

COMINCO BC 

COMINCO BC 

COMINCO BC 

COMINCO BC 

COMINCO 1 

GOZ 

GOZ 

GOZ 

oz 
MONSTER 

PROFEIT 

PROFEIT 

TWITYA 

TWITYA 

REV (MAIN) 

LAST MELTING 0 c7 
LOW MEAN HIGH 

-5.7 -4.4 -2.1 

-28.0 -23.2 -18.0 

-13.5 -12.1 -9.4 

-5.5 -4.6 -4.1 

-14.5 -14.4 -14.3 

-14.6 -14.5 -14.4 

-4.5 -4.5 -4.4 

-6.1 -5.5 -4.9 

-3.4 -3.4 -3.4 

-1.4 

-4.9 -4.5 -4.0 

-3.9 -3.6 -3.2 

-6.8 -4.4 -4.5 

-12.3, -11. l -9.5 

-15.8 -15.7 -15.6 

Nar DONE 

NOT DONE 

-8.6 -7.3 -6.6 

-9.3 -9.3 -9.3 

-2.8 -2.4 -2.1 

-1. 4 -1. 3 -1. 3 

-7.0 -5.0 -3.0 

NO 

4 

4 

6 

3 

4 

2 

2 

2 

4 

1 

2 

2 

8 

4 

2 

0 

0 

3 

3 

2 

2 

4 

HOMOGENIZATION °c7 
LOW MEAN HIGH 

156.0 

120.0 

124.0 

143.3 

130.0 

165.0 

182.0 

240.0 

163.2 

159.9 

125.9 

131. 5 

152.0 

136.3 

176.2 

188.0 

243.9 

165.0 

LOWER THAN FOR PS 

230.0 238.2 

158.8 

146.0 

169.9 

345.0 

150.5 

171. 6 

130.9 

351. 0 

225.0 

201.8 209.6 

195.0 203.7 

307.2 308.1 

204.0 ? 

165.0 

133.0 

134.9 

160.7 

144.0 

189.5 

192.1 

250.8 

167.5 

250.8 

155.0 

173.3 

353.0 

217.2 

212.4 

309.0 

INCLUSIONS LEAKED 

NO 

4 

10 

4 

2 

3 

7 

5 

4 

7 

1 

5 

1 

4 

2 

1 

4 

1 

3 

2 

2 

1 

0 



Table A-3 (cont.) 

- ·----· -· 

NUMBER SAMPLE 4 5 MIN. and TYPE DEPOSIT6 LAST MELTING oc7 HOMOGENIZATION °c7 

20023 

20023 

20027 

20027 

20027 

067 3 SL p or PS REV (ESAU) 

099A3 QZ PS D REV (WATF) 

001 SL p CLU1A,'{ 

002 SL PS D CLIMAX 

003 SL p CLIMAX 

1All runs were by J. McLeod, unless noted. 
2Runs were by R. Carne. 

LOW MEAN HIGH NO LOW MEAN 

-15.7 -15.4 -15.1 2 180.0 187.3 

NOT DONE 0 165.0 210.7 

-8.7 -8.1 -7.5 4 200.5 246.3 

-9.0 -8.3 -7.b 2 265.5 267.9 

-8.0 -6.9 -6.2 3 278.0 

3Runs were by M. McArthur 
4Mineral host to fluid inclusion is coded as follows: SL • sphalerite, QZ • auartz, FU • fluorite, 

BA • barite, CA = Calr.lte. 
SType of fluid inclusion is coded as follows: P • primary, PS a pseudo-secondary, S • secondary, 

D "' daughter prcduct noted. 
6Deposit character, location, etc. is in Table A-2. 

HIGH 

190.0 

246.0 

279.0 

272.0 

7Tew.perature data are uncorrected for pressure or instrument deviation; calibration chart for instrument 
is in Figure A-1. 

NO 

9 

5 

4 

4 

1 



Table A-4 

Sulphur Isotope Anallsis 1 of Galena-Sphalerite Pairs from Carbonate 

Hosted Zinc-Lead Deposits, N.W.T. 

ISS34 0/00 M 34s 0/00 APPX. 
oc7 NUMBER NAME N.T.S. LAT. LONG. GALENA SPHALERITE SPHALERITE-GALENA TEMP. 

20012-1 TWITYA 106/A/03 64.03 129.37 +10.38
2 

+12.19
2 

1. 81 400 
(BEAR) 

20023-14 REV 106/A/03 64.13 129.33 +6.0
3 +9.4

3 
3.4 220 

(MAIN SHOW) 

20023-24 REV 106/A/03 64.13 129.33 +6.5
3 +10.03 

3.5 215 
(MAIN SHOW) 

20023-98 REV 106/A/03 64.13 129.33 +10. 93 +13.13•4 2.2 325 
(WATERFALL) 

20023-146 REV 106/A/03 64.13 129.33 11.43.5 12.35306 0.95 670 
(WEST CIRQUE) 

1 Analyses by Dr. C.E. Rees, Department of Physics, McMaster University, Hamilton, Ontario, LBS 4Kl. 
2Mass spectrometry on samples converted to SF6• 
3Mass spectrometry on samples converted to S02• 
4Two separate analyses both +13.1. 
5Two separate analyses both +11.4. 
6Two separate analyses, one +12.3, the other +12.4. 
7Temperature determined from graph by Kajiwara and Krouse, 1971 (Fig. 1). 
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Figure A-1: Calibration curve (April 1976) defininr, deviation in temperature between consol 
read out and stage temperature. Chaixmeca fluid inclusion heating and freezing 
stage, room 301, Department of Geological Sciences, U.B.C. 
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Figure A-2: Calibration curve (April 1976) defining the variac setting required to obtain an 
approximate stage temperature. Chaixmeca fluid inclusion heating and freezing 
stage, room 301, Department of Geological Sciences, U.R.C. 
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Figure A-3: Histogram of homogenization temperatures determined from 27 
polished slabs from 14 carbonate hosted zinc-lead deposits, 
Y.T., and N.W.T. Only mean values of each mineral for each 
deposit (from Table A-3) are plotted. SL = sphalerite, 
QZ = quartz, BA = barite, Fu = fluorite, CA= calcite. 



APPENDIX B 

SPHALERITE TRACE ELEMENT 

DATA FROM CARBONATE 

HOSTED ZINC-LEAD DEPOSITS, 

T.T. AND ADJACENT N.W.T. 



TABLE B-1 

EMISSION ARC SPECTROSCOPY DETECTION LIMITS 

Ag - 1 ppm Sr - 100 ppm 

Co - 2 ppm Ti - 1 ppm 

Cu - 1 ppm v - 1 ppm 

Mn - 1 ppm Ba - 200 ppm 

Ni - 2 ppm Ga - 1 ppm 

Pb - 1 ppm Sn - 1 ppm 

Sb - 100 ppm Mo - 2 ppm 

As - 200 ppm Be - 2 ppm 

Cr - 1 ppm Bi - 2 ppm 

Fe 0.1% wt FeO. 



TABLE B-2 

ATOMIC ABSORPTION SPECTROSCOPY 

OPERATING CONDITIONS AND DETECTION LIMITS 

Element Wave length Slit Width U-amps Current Hz lamp 
Detection 

Limits 

a Ag 3280.7 1000 6 + 1 ppm 

a Cd 2288 1000 6 + 50 

a Co 2407.3 300 20 + 1 

b Cu 3247.5 50 3 1 

b Fe 2483 50 5 30 

b Mn 2794 50 5 1 

:a Ni 2320 300 20 + 5 

a Pb 2170 1000 14 + 4 

a - Perkin Elmer b - Techtron 
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TABLE B-4: PRECISION CALCULATIONS 

ELEME~T 
GROUP MEAN VALUE NUMBER OF PRECISION (± %) 

u RANGE SAMPLES 
T IN GROUP ANALYTICAL ANALYTICAL 

SET Ill SET ft2 

Ag A 0-40 16 19% 23% 
B 300 1 3% 2% 

Cd A 700-2700 16 17% 13% 
B 5000 1 25% 1% 

Cu A 0-50 7 150% 90% 
B 100-370 8 (7)* 93% 3% 
c 400-800 2 (3)* 3% 1% 

-- -
Fe A 0-800 8 36% 44% 

B 1500-2400 4 15% 23% 
c 3300-5000 4 16% 10% 
D 13000 1 1% 8% 

Mn A 0-60 16 25% 22% 
B 100 1 2% 24% 

Pb A 15-130 8 51% 30% 
B 300-850 8 29% 31% 
c 3400 1 0.5% 1% 

Hg A 0-40 12 147% 
B 225 1 11% 

*Sample 20024-7 provided significantly different results for the two separated 
samples. The difference was great enough (105 ppm vs 525 ppm) to warrant a 
change from group B in Set 1 to group C in Set 2. The resultant improvement 
in Precision in Set 2 demonstrates that isolated cases of contamination in 
different parts of a single hand sample do occur. 
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TABLE B-7 

References for Text on Sphalerite Trace Elements 

Flanagan, F.J. 1974. 
et Cosmoch. Acta. 

Reference Samples for the earth sciences. 
vol. 38, p. 1731-1744. 

Geach. 

Garrett, Robert G. 1969. 
Errors in Exploration 
p. 568-569. 

The Determination of Sampling and Analytical 
Geochemistry: Economic Geology, vol. 14, 

Price, B.J. 1972. Minor Elements in Pyrites from the Smithers Map Area, 
B.C. and Exploration Applications of Minor Element Studies. Unpublished 
M.Sc. Thesis, Department of Geological Sciences, U.B.C. 270 p._ 

Walpole, Ronald E., and Raymond H. Myers, 1972. Probability and Statistics 
for Engineers and Scientists; Macmillan, 506 p. 



TABLE B-8 

Computer Print Out of Basic Data for those Carbonate Hosted Zinc­

Lead Deposits, Y.T. and Adjacent N.W.T., in which the Trace 

Elements in Sphalerite were studied. 
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TABLE B-9 

Computer Print Out of Emission Spectrometer Analyses of 

Sphalerite from Carbonate Hosted Zinc-Lead Deposits, Y.T. 

and Adjacent N.W.T. 
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Computer Print Out of Atomic Absorption Analyses of Sphalerite 

from Carbonate Hosted Zinc-Lead Deposits, Y.T. and Adjacent N.W.T. 
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APPENDIX C 

DATA FOR 

LEAD ISOTOPE STUDY 



TABLE C-1 
·~ ' 

DESCRIPTIONS OF CARBONATE HOSTRll Z TNC:-1.RAll lll~POSTTS FROH WllTC.11 GAi.RNA SAHl'LES HAVI BREN SUBMITTED FOR LEAD ISOTOPE ANALYSIS 

NUMBER NAHE N.T.S. LAT. UNG, H0ST AGE HOST ROCK COHHOD, 

10002-002 BILB0 116G07 65.25 138.67 L. PAL. D0LM. BA, PB 

10005-001 KIWI 116B10 64.75 138.75 HELIKIAN D0LM. PB, aN 

10006-001 NEWT 106011 64.53 ,135,47 0RD. D0LM. ZN, PB 

10007-001 CHAPMAN 116Bl6 65.00 138.28 P.C. & ¢RD, PHYL. & ooLM PB, ZN 

10008-002 110T 116Al3 64.98 137.77 0RD. D0LM. PB, ZN 

10010-017 EC0NOHIC l06B06 64.33 131. 22 L. CAHB. D0LM. PB, ZN 

10011-001 HICllELLE 116Al3 64.97 137.68 0RD.-SIL, D0LH. PB, ZN 

10030-001 .. C~MINC03 106005 64.50 133.83 SIL.-DEV. CARB. PB, ZN 

10031-003 C0MINC04 106Cl0 64.58 132.98 L. CAMB. D0LH, PB, ZN 

10033-009 c0a 106C07 64. 4 3 132.55 L. CAHB. D0LM. ZN, PB, CD 

10034-009 BIRKELAN 106B04 64.15 131. 92 lU{i\gYN I AN D0LH. ZN, PB 

100)4-010 BIRKELND 106B04 64.15 131. 92 11.f.i'R()YN IAN D0LM. ZN, PB 

10037-048 0a 116812 64.75 139. 75 llELIKIAN D0LM. PB, ZN 

10038-016 H0NSTER 116Bl3 64.82 139.97 PP$I'ER0Z D0LH ZN, PB 

10040-003 TUKU 106El4 65.58 135.42 L. CAHB. LIHS. PB, BA, aN 

10042-014 PR0FEIT 106Cl4 64.82 13 3. 55 PB, ZN, BA 

10050-001 0DD (Hc:In) 105013 63.55 132.00 HADRYNl~M OOLM. PB, ZN 

20003-002 PALM 106A05 64.40 129.80 L. CAMB. D0LM. ZN, PB 

20004-002 JUDE 106A05 64.37 129.87 0RD.-SIL. D0LH. ;rn, PB 

20006-001 PAM 105Pll 63.52 129.12 L. CAHB. D0LH. PB, ;rn 

20008-009 BACKB0NE 105Pl4 63.85 129.17 DEV. LIHS', i!l.N, PB, BA 

20009-002 WEATHER 105Pl4 63.97 129.28 DEV. D0LH. aN, PB 
00 

20010-002 EMILY 105Pll 63. 67 129.12 L. CAMB. OOLH. PB, i!l.N 00 

20011-001 LAN 105Pl4 63.85 129.35 L. CAMB. D0LM. PB, ;rn 
i, 
I 



20012-006 'NITTA 106A03 64.03 129.37 "RD.-SIL, t>;LM,---· - lllN, PB, MJ 

20012-015 TWITYA 106A03 64.03 129.37 "RD.-SIL, ~LM. i!IN, PB, AD 
\ 

20015-001 JIH 106808 64.48 130.45 DEV, ~LH. i!IN, PB 
' 

20022-001 GUILD 106809 64.63 130.10 .,RD,-DEV. CARB, ;rn, PB, AD 

20023-014 REV 106A03 64.13 129.33 ¢RD.-SIL. D0L.'I, i!IN, PB 

20023-098 REV 106A03 64.13 129.33 ¢RD.-SIL. D0LH. i!IN, PB 

20023-137 REV 106A03 64.13 129.33 ¢RD.-SIL, D0LH. i!IN, PB 

20024-005 GAYNA R. 106015 64.95 130.70 HELIKIAN LIMS. & ~LM i6N, CD. PB 

20025-008 TEGART 106809 64.53 130.17 ¢RD.-SIL. D¢LH, ~N, PB 

20026-008 106A03 64.05 129.30 ¢RD. SIL. D0LH. i!IN, PB 

20027-001 CLIMAX 105P08 63.35 128.38 CAM.-HAD.T D0LH. i6N, PB, SB 

20028-001 VIC 106A07 64.30 128.62 HELIKIAN D0LH. PB 

20030-001 i&IE 106814 62.87 131.48 L. CAMB. ~LH. i!IN, PB 

20034-007 KIND 106A08 64.38 129.73 ¢IW.-SIL. . D0LH. i!IN, PB 



APPENDIX D 

MINING COMPANY 
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PARTICIPANTS 



TABLE D-1 

Mining Companies that Participated in the Study of Carbonate Hosted 

Zinc-Lead Deposits, Y.T. and Adjacent, N.W.T. 

Mr. R. Hewton 
Rio Tinto Canadian Exploration Ltd. 
615 Two Bentall Centre 
555 Burrard Street 
Vancouver, B.C. V7X 1M8 
685-1295 

Mr. Tony Hitchins 
Amax Explorations, Inc. 
601-535 Thurlow Street 
Vancouver, B.C. V6E 3L6 
683-0474 

Dr. D. Craig 
Department of Indian Affaris 

and Northern Resources 
Federal Building 
Whitehorse, Y.T. 

Mr. D.L. McKelvie 
Mcintyre Mines Ltd. 
1003 - 409 Granville Street 
Vancouver, B.C. 
682-8977 

Dr. S. Blusson & K. Dawson 
Geological Survey of Canada 
100 West Pender Street 
Vancouver, B.C. 
666-1526 

llr. Mike Maclnnes 
Great Plains Development Co. of 

Canada Ltd. 
736 - 8th Avenue, S.W. 
Calgary, Alberta T2P 1H4 
(403) 264-0660 

Mr. Colin V. Dyson 
Senior Exploration Geologist 
UMEX 
Suite 200 - 4299 Canada ~fay 

Burnaby, B.C. VSG 1H4 
437-9491 

Mr. Gerry Delane 
Senior Geologist 
Getty Mines Ltd. 
Suite 622 - 510 West Hastings Street 
Vancouver, B.C. V6B 118 

Mr. P.M. McAndless 
Di.strict Geologist 
Noranda Exploration Co. Ltd. 
202 - 4133 Fourth Avenue 
Whitehorse, Y.T. YlA 1H8 
(403) 667-4805 

Mr. Alan Groome 
Hudson Bay Exploration and Development 

Co. Ltd. 
1695 - 555 Burrard Street 
Vancouver, B.C. V7X lG6 

Mr. Bob Gifford 
Texagulf Inc. 
701 - 1281 West Georgia Street 
Vancouver, B.C. 
688-5476 

Mr. John Brock 
Welcome North Mines Ltd. 
Suite B - 1161 Melville Street 
Vancouver, B.C. V6E 2X7 
687-1658 

Mr. Peter Tegart 
Serem Limited 
505 - 850 West Hastings Street 
Vancouver, B.C. 688-7521 

Dr. Hugh Morris 
Cominco Ltd. 
200 Granville Square 
Vancouver, B.C. 682-0611 

Mr. Bob Cathro 
Archer, Cathro and Assoc. Ltd. 
Whitehorse, Y.T. 



Mr. Bert Reeve 
Barrier Reef 
0904 - 675 West Hastings 
Vancouver, B.C. V6B 1N2 

Mr. R.E. Gordon Davis 
Cyprus Anvil Mining Corporation 
330 Marine Building 
355 Burrard Street 
Vancouver, B.C. 
685-4331 




