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INTRODUCTION 
Open File 1998-g presents new analytical data for 63 

different elements from a regional stream water 
geochemistry survey (Figure I) conducted by the British 
Columbia Geological Survey Branch in 1996 over an area 
underlain by Kootenay Terrace rocks. The stream water 
xrvey covers all or part of two 150 000 NTS map areas in 
the Adams Plateau (NTS 82M/4) and North Barriere Lake 
(NTS SZM/S) areas of south-central B.C. There is high 
potential for economic gold and polymetallic sulphide 
mineralization in the Cambrian to Mississippian rocks that 
form the Eagle Bay Assemblage witbin the Kootenay 
Terrace. These rocks host a number of gold-base metal 
sulphide deposits such as Homestake (MINFILE 82MO25) 
and Samatosum (MINFILE 82M244). Stream sediient 
and basal till geochemistry successfully detected the larger 
massive-sulphidc (Matysek ef al., 1991; Dixon-Warren 
1998) because anomalous dispersal plumes for copper, 
cobalt, gold, lead and zinc in the till and copper dispersion 
patterns in draiiage sediment are well developed. 

Stream water suveys offer the advantage of detecting 
subtle anomalies derived from groundwater. The source 
may be concealed or buried mineralization. To be 
effective, stream water geochemical surveys depend on an 
analytical method able to reach a low detection limit for 
the elements of interest. Inductively coupled plasma nmss 
spectrometry (ICP-MS) is a suffZently sensitive method 
to provide detection limits in the parts pa trillion (ppt) 
range for the most common ore indicator and pathfinder 
elements. Several regional stream and lake water 
geochemical surveys have been conducted in British 
Columbia by the Geological Survey Branch using ICP-MS 
including a regional stream water survey of the Gataga 
area (Lett et al., 1995) and lake water sun’eys in central 
BC (Cook&al., 1999). 

Open File 1998-g describes a stream water 
geochemical survey in which 218 sites were sampled over 
an area of approximately 1200 square. kilometres. The 
average sample density was 1 site per 5.5 square 
kilometres. Analytical data for pH, alkalinity, sulphate, 
fluoride and 59 trace elements determined in the stream 
water samples are reported in the Open File and the 
distribution of pH, sulphate, aluminum, fluoride, copper 
and zinc described. 

This Open File is a contribution to a Geological 
Survey Branch project of the Kootenay Terrane. Other 
components of this project are studies of mineral depositi 
(Hay 1997), mapping of surficial geology (Dixon Women 
d al., 1997a), a regional till geochemical survey 
(Bobrowsky at ul., 1997b), detailed geochemical smdies 
(Sibbick et a/., 1997; Lett et al., 1998). Previous mineral 
exploration of this area has focused cm exploration fa 
massive sulphides hosted by rocks of the Fennel Formation 
and Eagle Bay Assemblage. 

Figure 1. Location of the Stream Water Survey 

OPEN FILE FORMAT 

Open File 1998-9 consists of the following sections: 

. Introduction, survey methodology and quality control 

. A summary of results 
l Sample location, geology and selected element 

distribution maps (Appendix A) 
. Listings of tield variables, analytical and quality 

control data (Appendii B, C, D, E, F) 

Analytical and tield data are included as an ASCII tile 
on a 3.5-inch high density diskette located in the back 
pocket of tie Open File. The sample location map is in 
Appendix A (Figure A-l). Data for each sample are listed 
in comma-dcliiited tields over one data record. 
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SURVElY ARElA DESCRIPTION 

The Adams Plateau and North Barriere Lake area is 
located in south-central British Colmbia, approxi”tately 
eighty kikxnetres noti-northeast of Kmloops (Figtue 1). 
The s”rvey area lies within the Shuswap Highland, a 
region of moderate to high relief. Elevations range from 
4SO m above sea level along the shores of Ada”ts Lake in 
the south, to 2630 m above sea level at Du”” Peak i” the 
northwest. Several peaks which are over 600 metros above 
tree-line characterize the more rugged landscape i” the 
northwest whereas i” the south, the rolling, forested, 
topography reflects the Adanu Plateau, a high (1680 m), 
upland region. Throughout the area are several prominent 
southwest wending valleys trending, the largest being the 
Bar&e P.iver valley. 

Lakes are a conspicuous feamre of the landscape, the 
largest being Adms Lake in the southwest part of the area 
Other, moderately-sized water bodies include North, South 
and East Barriere lakes all located near the border of the 
two map sheets, Johnson Lake “ear the center of 82MI4 
and Sasku” Lake “ear the center of 82M/5. Sinmax Creek, 
and ““memu minor creeks, drain southeastward into 
Adruns Lake, whereas Harper, Fennel, Fadear and Haggard 
creeks drain into the Barriere River which flows westward 
into the Thompson River. 

Vegetation is wical of the Southern Columbia and 
Interior Subalpine forest regions (Rowe, 1972). Valley 
bonoms are vegetated with black cottonwood “r have been 
cleared for agric”lt”ra1 pup”%%. Hillsides and plateaus 
between at elevations of approximately 1220 metres 
s”pp”rt a dense growth of western hemlock, red cedar and 
Douglas fx. Upper valley slopes “p to tree-line support 
western white and Englema”” spruce, and alpine fu. 
Above tree-l&, slopes are either devoid of plant cover or 
sparsely vegetated with low-lying hardy shrubs. Alder and 
lodgepole pine are abundant in many disturbed areas. 

BEDROCKAm SURFICL4L GEOLOGY 

The Ada”u Plateau-North Bar&e Lake area is 
“nderlai” by Paleozoic rocks of the Eagle Bay Assemblage 
and Fennel1 Fo”nation. The western part of the area is 
dominated by the Fennel1 Formation, a Devonian to 
Pcnnia” seq”e”ce of oceanic bedded cherts, gabbro, 
diabase, pillow basalt, sandstone, quartz-porphyv rhyolite 
and co”glomerate. The Fe”“el1 For”x?tion forms part of 
the Slide Mcuntai” Terrane and has a thr”st contact with 
Cmbria” to Mississippian Eagle Bay Assemblage to the 
east. The Eagle Bay Assemblage is part of the Kootenay 
Terrane that was originally deposited along the a”cestra1 
margin of North America. Older Eagle Bay rocks include 
quart&es, quartz-rich schist and 1i”xst”ne. 

The older rocks are overlai” by grit, phyllite and 
quartz mica schist a”d coarse grained elastic 
metasediients i”terbedded with felsic volcanic rocks. 
Overlying the metasedi”x”tary rocks are ltiestone and 
calcareo”s phyllite, c&silicate schist and skar”, pillowed 
greenstone and chlorite-sericite-quartz schist of feisic 
origin. At the top of the sequence are slates and siltstone. 
‘Ilx Eagle Bay Assemblage has been i”tr”ded by q”artz 
monzonite of the Cretaceous Baldy and Raft batholiths , by 
sepentinite, diorite a”d quartz feldspar porphyry. The 
ycungest rocks are Miocene to Tertiary Plateau basalt 
(Schiarriza and Preto, 1987). 

The s”rticia1 deposits in the area comprise basal till, 
ablation till, glaciofluvial, glaciolacustrine, fluvial, 
organic, and colluvial deposits. Generally the plateaus and 
hills are mainly covered by combinations of till, colluviu”, 
and glaciofl”via1 deposits, whereas fluvial, glaciofluvial 
and glaciolacustrine sedknents are co”“““” in valley 
settings. Colluvial deposits predominate on steeper slopes, 
whereas till and glaciofluvial sedinxnts are more abundant 
on gentler slopes. 0rga”ic deposits “cc”r locally in all 
types of terrai” (Bobrowsky er ul, 1997a) 

Two mes of basal till have been identified, essentially 
reflecting the type of bedrock from which they were 
derived. I” the south, basal till deposits are prtiarily 
massive to poorly-stratified witi a sandy silt to silty clay 
texmre, and a tissile matrix. To the north, basal till in the 
vici”ity of the Baldy Batholith is characteristically sandier 
i” texture. In these areas, the till accuulations are highly 
consolidated, light to medim grey in c&xx, with a clayey 
sa”d matrix. All of these attributes are indicative of the 
granitic and granodioritic bedrock s”“rce. 

MINERAL DEPOSITS 

Each mineral deposit type has a distinct prtiary 
trace element signatue that, depending “n the degree of 
weathering, may be closely reflected in till, soil or strem 
sedi”xnt geochemistry. The signature or pathfmder 
elements can be particularly usetid in distinguishing 
between multiple sources of mineralized bedrock i” strem 
sedi”xnt and water. Minor and trace element associations 
ty$al of gold and base-metal sulphide deposits in the 
Kootenay terrane around Adzms Lake (Nelson et al., 1997; 
Hay, 1991, 1997; HOy and Ferri, 1998; Schiarizza and 
Preto, 1987) are: 
. Volcanogenic gold-copper-lead-zinc-sulphide and 

bxite deposits hosted predomi”ately by f&c volcanic 
rocks of the Eagle Bay Assemblage. Examples of this 
type are the Homestake (MINFILE 82MO25), Rea 
Gold (MINFILE 82Ml91), Sanmtosu” (MINFILE 
82M244), Harper (MINFILE 82MO60), and Scotch 
Creek (MINFILE 82LNWO46). Pathfmder elements 



for this types of deposit are arsenic, barium, memory, 
cadmiu”, seleniu, tin, bismuth and potassium. 

Massive, volcanogenic coppwzi”c sulphide deposits 
hosted predominamly by metasediients of the Eagle 
Bay Assemblage, The Mount A”no”r occumence 
(MINFILE 92PO50) is a” exaple of this QQ~ of 
deposit. Pathfmder elements for this types of deposit 
are sodium, mag”esiu, cobalt, nickel a”d arsenic. 

Massive, voIca”ogenic copper-zinc sulphide deposits 
i” matic volcanic rocks. The Ch” Chua deposit 
(MINFILE 92Pl40) hosted by matic flows and t”ffs of 
the Fennel1 Fomution is a” example of this deposit 
type. Pathfmder elements for this type of deposit are 
cobalt, chromium and nickel. 

Massive, lead-zinc-silver sulphide deposits hosted by 
metasediient~ rocks of the Eagle Bay Assemblage. 
An exa”~ple of this type is the Spar occ”rre”ce 
(MINFILE 82MO17). Pathfmder elements for this 
type of deposit are potassiu”, barium and ~“anganese. 

Dissemi”ated copper-molybdem”” sulphide deposits 
hosted by metavolcanic and metasediientary rocks of 
the Eagle Bay Assemblage adjacent to Devonia” 
orthogneiss. Exmples of this type of deposit are 
Harper Creek (MINFILE SZMOl7) and the EBL 
prospect (MINFILE SZMOl7). Pathfmder elements 
for this QQ~ of deposit are potassim, magnesium, 
arsenic, antimony, catiiw, fluorine, bismuth, 
molybdenum and tungsten. 

Gold mineralized quartz veins i” biotite quartz 
monzonite of the Cretaceous Baldy Batholith. A” 
example, discovered by follow-up of the 1996 
regional till geochemical s”rvey is the Cam-Gloria 
prospect (MINFILE M266). Pathtinder elements for 
this type of mi”eralization are bismuth, lead, 
molybdemxn, fl”ori”e and tongsten. 

The location of key mineral occurences a”d bedrock 
geology are show” in Appendix A (Figure A-2). 

SURVEY METHODOLOGY 

SAMPLE COLLECTION 

Sample collection was carried o”t 6om late-June to 
late A”g”st of 1996. A total of 257 strea”t water saples 
were systematically collected from 218 sites (Appendix 
Fig”re A-1). Considerable effort was taken to collect all 
smples “pstrem of know” anthropogenic dist”rba”ces 
such as bridges or culverts o” logging roads. Strea”x of 1 
to 2 kilometres i” length were the preferred target. 
However, i” so”x cases strea”~s of greater or lesser length 
were sapled. Field duplicate smples were routi”ely 
collected in each a”alytica1 block of twenty smples. 

Collected s”rface water samples were stored in hvo 
‘250 millilitre Nalgene polyethylene bottles. Each bottle 
was rinsed thoroughly with strea”~ water before saple 
collection. Precautions were taken to exclude suspended 
solids when possible. One bottle of each pair was 
inmediately refrigerated after collection to retard any 
chemical changes. Field observations regardiig sample 
media, smple site and local terrain were recorded. An 
al”mi”w tag inscribed with the saple identification 
number was tixed to a pernmnent object at each sa”~ple 
site. 

SAMPLE PRES,??RVATIONAND ANALYSIS 

At the tield cmp, a 100 ml portion of each 
refrigerated 250 ml s”rface water smple was filtered 
through a 0.45~micron cellulose nitrate tilter paper i”to a” 
I-Chem certifiedw high-density polyethylene sample 
bottle. The filtered smple was then acidified to pH 2 to 3 
with 50% ultra-pure nitric acid. The remaining 150 
millilitres was retai”ed for pH, sulphate and fluoride 
a”alysis. At the Mmistry’s Victoria laboratory, quality 
cone01 reference standards and analytical blanks were 
i”serted into each analytical block of 20 water samples. 

Filtered a”d acidified water sa”~ples were a”alysed for 
tract a”d major elements by inductively coupled plasma 
mass spectrometer (ICP-MS) for 66 elements by 
Activation Laboratories (Ancaster, Gmario) “sing a P&ii 
Eh”er Elan 6000 inductively coupled plasma mass 
spectrometer and a” Perkii Eh”er AS91 autosmpler. 
Reported detection limits for each element a”d meas”red 
paranxters are listed in Table I. 

Water saples were analysed for pH, sulphate and 
fluoride by Can Tech Laboratories, Calgary. Sulphate i” 
waters was detemi”ed by a t”rbidi”xtric method. A 20 ml 
aliquot of the sa”~ple was mixed with barium chloride and 
a” isopropyl alcohol - hydrochloric acid - sodium chloride 
reagent. The mrbidity of the resulting bariun sulphate 
suspension was meawed with a spectrophotometer at 420 
na”omeixs. The determination of fluoride i” waters 
involved mixing a” aliqwt of the sample with a” equal 
volume of total ionic strength adjustment buffer (TISAB II 
solution). The fluoride was measured “sing a Corning 101 
meter with a” Orion fluoride electrode. The pH was 
measured by a combination glass-reference electrode and a 
Fisher Accumet pH meter usi”g a” aliquot of sample in a 
clean, dry beaker. 

Water sa”~ples wre a”alysed for alkalinity by 
Chemex Laboratories, Vancouver “sing a titration method. 
After a” tiitial pH r”eas”reme”t, a suitable aliquot of 
““altered smple was titrated electrometrically “sing a 
standard sulfuic acid solution. For pH > 4.5, a 50~ml 
sa”~ple aliquot is titrated with standard s”lf”ric acid to 
electrometically determined end points of pH 4.5 and pH 
4.2 “sing a Metrohm Autotitration System. 

Open File 1998.9 3 
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DETECTION LIMITS TABLE 2. DETECTION LIMITS FOR MINOR AND 
TRACE ELEMF,NTS 

Instrumental detection limits for “major” elements 
(e.g. Ca), alkalinity and pH are listed in Table I and 
%ac& elements in Table 2. For most of the elements 
measured by ICP-MS, instrument detection limits typically 
range from 0.02 to 0.002 ppb. Hcweve~, the introduction 
of small amounts of contaminants during sample f&&m, 
handling, preservation and analysis limits the ability of the 
instrumentation to practically reach these low 
concentrations. Consequently a higher and more realistic 
method detection limit is used to recognize the effect of 
low level contamination during water sample preparation 
and analysis. The method detection liiit is calculated from 
element data for the distilled water blank samples using the 
relationship:- 

Mean blank + (3 x standard deviation of blanks) 
FOI elements commonly associated with 

mkxalization (e.g. copper, lead, zinc) the method 
detection limits can be as much as two orders of magnitode 
higher than the instrumental detection limit. Possible 
bromine contamination is revealed by the high (27 ppb) 
concentration in one blank (Sample 968241) and by values 
increasing to above 20 ppb from sample 968233 to 
968257. The bromine values have been replaced by “c” 
denoting probable contamination in Appendix B. 

TABLE 1. DETECTION LIMITS FOR MAJOR 
ELEMENTS, ALKALINITY AND pII 

OUALITY CONTROL 

Discrimination behwen real geochemial trends and 
those variations introduced by sampling and analysis is 
important for the reliable interpretation of geochemical 
data. Comrol reference standards and analytical duplicates 
are routinely inserted into sample suites to monitor and 
assess accuracy and precision of analytical results. For the 
stream water survey the standard National Geochemical 

Reconnaissance (NGR) and Regional Geochemical 



Suwy(RGS) quality control procedures were modified so 
that analytical precision, accuracy, possible sample 
contamination and method detection limits could be 
determined,Each block of 20 stream water samples 
contains : 

l Seventeen routine water samples, 

l One tield duplicate water sample collected adjacent to 
Ott?. of the routine samples, 

l One distilled, deionized water blank, 

. One control reference standard containiig water of 
known element concemrations. 

The locations of blank and control reference samples 
are selected prior to sampling, whereas field duplicate sites 
are chosen randomly during fieldwork. 

ANALYTICAL PRECISION AND ACCURACY 

Analytical (ICP-MS) accuracy and precision of the 
major elements and a number of the trace was calculated 
from element data for 13 replicate analyses of the 
CANMET river water standard, SLRS-3. 

TABLE 3. ANALYTICAL PRECISION FOR WATER 
STANDARD SLRS 3 

Ekrnen, hlem @TV % RSD sms kw 

Scatterplots of analytical results for 13 field duplicate 
pairs (Figure 2) shown for pH, sulphate, copper, zinc, lead 
and aluminium Good correlation between duplicate 

values for elements such as copper and lead confm the 
correlation coefficients listed in Table 5. 

Precision is shown in Table 3 as the percent relative 
standard deviation (%RSD) and accuracy shown by direct 
comparison of the mean element value calculated from the 
13 replicates with the SLRS 3 value. Of the major 
elements, Al, Ca, Fe, Mg and Na, the mean value is within 
95% of the accepted value for the standard and the 
precision is better than 6% RSD. Potassium, however, has 
a poorer accumcy and a 9% RSD. The acc”racy of the 
tnore cotnmon trace elements (e.g. As, Cu, Co, Cr, Mn, 
MO, Pb, 2t1) is good, but the analytical precision varies 
widely dependiig at how close the mean concentration 
approaches the instnxnent detection limit. For example, at 
I.35 ppb, Cu precision (detection limit 0.002 ppb) is 1 I% 
RSD whereas at 0.02 ppb Cd precision (detection limit 
0.01 ppb) is 98%. 

Good analytical precision and accuracy is of little 
relevance if the sample collection and preparation error is 
larger than the regional geochemical vzriaticm (Fletcher, 
1981). The combined sampling and analytical precision 
can be estimated f?om a comparison of data for iield 
duplicate samples visually using scatter diagrams and, 
more objectively, with correlation coefftcients. The 
correlation coeffXmts for major elements, trace elements, 
alkalktity and pH are shown in Tables 4 and 5. Estimates 
of analytical precision at different concentration levels are 
not given for the 13 blind duplicate pairs, as this is fewer 
than the minimum of 50 pairs recommended by Thompson 
and Howatb (1978). Field duplicate data for all elements 
are included within the data listings (as Rep I and Rep 2) 
in Appendix C, and analytical duplicate data are listed in 
Appendii D. 

TABLE 4. MAJOR ELEMENT, ALKALINITY 
AND pH CORRELATION COEFFICIENTS 

Open File 1998-9 5 
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TABLE 5. TRACE ELEMENT CORRELATION 
COEFFICIENTS FOR FIELD DUPLICATE 

SAMPLES 

ELEMENT CORRELATION 
COEFFICIENT 

Antimony Sb OS5 
Arsenic AS 0.92 
Barium Ba 0.99 
Bismuth Bi 0.52 
Br0mille Br 0.96 
Cadmium Cd 0.04 
CWilUIl Ce 0.99 
Cesium CS 0.95 
Chromium CI 0.59 
Cobalt CO 0.91 
copper CU 0.94 
Dysprosium DY 0.98 
Erbium Er 0.99 
Europium Er 0.82 
Fluoride F 0.98 
Gadolinium Gd 0.98 
Gallium Ga 0.96 
Gennmium Ge -0.5 
Gold AU 0.56 
Hafnium Hf 0.70 
Hohnium HO 0.99 
Iridium In 0.75 
Iodine I 0.02 
LZUlthaUm La 0.99 
Lead Pb 0.77 
Lutetium LU 0.80 

TABLE 5 (CONTINUED). TRACE ELEMENT 
CORRELATION COEFFICIENTS FOR FIELD 

DUPLICATE SAMFLES 
ELEMENT CORRELATION 

COEFFICIENT 
Mn 0.63 
MO 0.92 

MmgZleSe 
Molybdenum 
Neodymium 
Nickel 
Niobium 
Palladium 
Platinum 
Praeseodymium 
Rhenium 
Rubidium 
Ruthenium 
Samarium 
Selenium 
Silver 
Strontium 
Tantalum 
Terbium 
Thallium 
Thorium 
Thulium 
Tii 
Tungsten 
Uranium 
Vanadium 
Ytterbium 
Yttrium 
zinc 

Nd 0.99 
Ni 0.91 
Nb 0.89 
Pd 0. 99 
Pt -0.15 
PI 0.99 
R.? 0.99 
Rb 0.99 
RU 0.01 
SIXI 0.9s 
Se -0.16 
.‘k 0.85 
Sr 0.99 
Ta 0.33 
Tb 0.91 
Tl 0.71 
Th 0.97 
Tm 0.94 
SII 0.70 
W 0.86 
U 0.98 
V 0.98 

Yb 0.97 
Y 0.99 

Zll 0.34 



. . . I 

Figure 2. Duplicate Sample Data 
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SUMMARY OF RESULTS 

Open File 1998-g contains stream water geochemical 
data for pH, sulphate, alkalinity and 60 elements. Mean, 
median, standard deviation (SD), maximum (Max.) and 
95& percentile concermation (95Perct) for trace elements 
calculated from data for 218 water samples are given in 
Table 6. In Table 7 the sumna~~ statistics for Alkaliniq 
(ALK) and elements typically in the ppm range and pH 
from data for 218 samples are listed. Only selected 
elements typical of pathfmders for mineral deposits and 
useful for environmental baseline studies are described in 
more detail using box and symbol plots. Box and whisker 
plots are useful for displaying the characteristics of a 
population. The central vertical liie on a box and whisker 
plot marks the median value of the distribution; the vertical 
limits to the box represent the range of values within +I- 
1.5 of the median and the limits to the whisker extending 
from the box represent the range of values with +/- 3.0 of 
the median. Vabxs outside of the box and the whisker are 
identified by asterisks and open circles respectively. 
Symbol plots (Appendix A) show variations in element 
concenuations at each sample site using different sized 
symbols based on mean, 95* and 9gti percentiles. 

Low stream and spring water pH values can be a 
valuable exploration guide to the presence of oxidiziig 
pyrite associated with other, economic mineral sulphides. 
Very acid waters are also a conunon indicator for acid rock 
drainage pollution (Salomons, 1995). Acid waters will 
increase the mobility of potentially toxic elements such as 
cadmium and lead. The acceptable pH range for drinking 
water quality and for the protection of aquatic life is 6.5 to 
8.5 (Environment Canada, 1987). 

6 7 a 9 
Figw? 3 Box and Whisker Plot for Stream Waters pH 

A box and whisker plot for stream water pH is shown 
in Figure 3. The median value is 8.2 and values range 

TABLE 6. TRACE ELEMENT STATISTICS 
EhtlC”t Man bk*ian SD Max 95km 

0.02 
o.,* 

IS.39 
0.0, 

.5 
0.02 

!I.002 
0.02 
cl.35 
0.07 
0.4* 

O.cnl 
0.0, 

0.010 
0.028 
0.013 
0.009 
0.012 
0.004 
0.005 
,.993 
0.004 
0.2, 

0.004 
I.84 
0.3, 
0.16 
0.53 

0.033 
0.07 
0.02 

0.002 
0.049 
0.002 
0.75 

0.023 
0.054 
0.03, 
0.348 

,6,.49 
0.005 
0.006 
0.045 
0.046 
0.003 
0.042 
0.009 
0.087 
0.234 
0.0,2 
0.,53 
I.212 

0.0, 
0.1, 
9.,2 
0.0, 

6 
0.0, 
0.,4 
0.01 
0.30 
0.06 
0.39 

0.003 
o.oo* 
0.006 
0.004 
0.010 
0.005 
0.009 
0.002 
0.002 

,.7* 
0.002 

0.02 
0.002 

0.27 
0.19 
0.02 
0.36 

0.027 
0.05 
0.02 

0.002 
0.008 
0.002 
OS6 

0.020 
0.040 

0.180 
,0*.3* 
0.003 
0.002 
0.042 
0.020 
0.002 
0.036 
0.006 
0.017 
0.150 
0.003 
0.037 
0.*70 

0.03 0.175 0.056 
0.22 2.07 0.50 

16.06 89.266 47.573 
0.02 0.29 0.010 

4 2* ,3. 
0.04 0.32, 0.059 
0.36 2.567 0.553 
0.07 0.822 0.058 
0.29 2.,0 0.80 
0.04 0.267 0.,2, 
0.39 3.443 I.167 
0.04 0.230 0.096 

0.022 0.,37 0.047 
0.012 0.09 0.028 
0.052 0.351 0.115 
0.017 0.222 0.032 
0.009 0.056 0.027 
0.010 0.049 0.033 
0.004 0.025 0.0,2 
0.007 o.os3 0.0,7 
0.97, 7.7* 3.3, 
0.005 0.057 0.009 

0.44 3.616 0.914 
0.004 0.028 0.0, 1 

5.22 45.48 7.85 
0.38 2.7, 0.97 
0.33 2.363 0.698 
0.96 ,3.393 0.759 

0.0*9 0.323 0.132 
0.0s 0.41 0.015 
0.00 0.057 0.009 

0.00, 0.01, 0.004 
0.092 0.702 0.197 
0.001 O.Ol8 0.003 

0.49 2.664 1.28, 
0.0,5 0.2, 0.04 
0.066 02.9 0.*3 
0.057 0.39 0.132 
0.812 Il.18 0.5* 

,60.73 ,005.3* 460.07 
0.006 0.062 0.0,5 
om7 0.050 0.020 
0.018 0.152 0.077 
0.060 0.335 0.169 
0.003 0.023 0.008 
0.03* 0.419 0.0*5 
0.009 0.058 0.028 
0.2, I 2.435 0.423 
0.513 7.380 0.520 
0.02, 0.,60 0.046 
0.25, ,x47 0.580 

I.72 20.403 3.09* 
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TABLE 7. MAJOR ELEMENT STATISTICS 
Elenle”t rdean Median SD Max. 95Perct. 

ALK 89.6 78.0 65.,4 276.0 20*.0 

M WO 29.4 4.10 64.18 651.40 140.8 
Ca 31.77 27.35 24.61 96.07 73.05 

F @FW 57.5 46.0 43.73 340.00 140.80 

WwW 17.99 5.60 45.26 551.00 67.50 
K 8.47 6.77 6.88 ‘II.09 2, 

MS 6.51 3.50 *.I, 47.~7 23.13 

PH 7.99 8.20 0.5, 8.60 8.50 
7-b I.77 ,.,4* L87 IL.96 5.23 
Si 5.5, 5.13 2.19 211.56 129.80 

SO& 6.30 3.00 7.~6 49.00 20.00 

from 6.1 to 8.5. The most acid water (pH 6.1 to 7) is from 
streams draining granite and granodiorite forming the 
Baldy Batholith across the northern part of NTS 82M5 
(Figure A-3). The pattern suggests that the low pH reflects 
chemical changes during feldspar weathering rather than 
the presence of mineral sulphides. 

SULPHATE 

High stream and spring water sulphate levels are 
another useful exploration guide to the presence of 
oxidizing pyrite and other sulphides (L&t e?t al., 1995, 
CtiIll~KNl, 1977). As a general guide sulphate 
ccmcentmions below 28 ppm are typically derived from 
meteoric water; levels ranging f?om 28 to 160 ppm can 
reflect introduction of sulphate from oxidizing pyite or 
pynhotite and levels above 160 ppm indicate extensive 
bacterially mediated oxidation of sulphides (Haag and 
Webber, 1976). In addition to the oxidation of pyrite in 
association with other economic sulphides, high dissolved 
sulphate can also reflect the oxidation of disseminated 
pyrite in coal and shale and the solution of gypsum 
horizons (Rose ef a/., 1979). The maximum allowable 
sulphate level in drinking water is 400 ppm (Environment 
Canada, 1987). 

A box and whisker plot for sulphate (Figure 4) shows 
that the mediao stream water concentration is 3 ppxn 
whereas the range extends from 1 to 49 ppm. Figure A-4 
shows that the stream water with the highest sulphate (49 
ppm) is located in water from a stream in the southwest 
corner of 82M4 (Sample Site 968031) draining to the west. 

, 

0 20 40 wm 
Figure 4. Box and Whisker Plot for Sulphate in Stream Water 

The next highest solphate level (48 ppm) occurs in 
water f?om a stream draining the ridge south east Barr&e 

Lake (Sample Site 968149). The pH of the water in both of 
these streams is above 8. 

ALUMINUM 

Aluminum in stream water is most commonly derived 
from weathering of aluminosilicate minerals such as 
feldspar and clay minerals in bedrock and glacial deposits. 
Aluminum mobility is pH dependent. The solubility 
minimum for common aluminum minerals such as gibbsite 
(A&O,) occurs at pH 6.5. The (Al(OH)hy ion is the stable 
species above pH 6.5 whereas the Al’+ ion predominates in 
acid water. Caoadian and British Columbia water quality 
guideliies for the protection of aquatic life specify that 
dissolved aluminum should not exceed 100 ppb in water 
where the pH is 6.5 or gwater (Environment Canada, 1987; 
Nagpal et al, 1995). 

The box and whisker plot for aluminum (Figure 5) 
shows that while the median value is 4 ppb, conceotmtions 
can reach 657 ppb in stream water. The symbol plot for 
aluminum (Figure A-5) reveals that concen!ntions above 
100 ppb all occur in streams drainiig the granitic and 
granodioritic rocks and the higher values most likely 
reflects weathering and release of aluminum from feldspan 
in the intrusive rocks. 

0 

, 1 

0 0.4 0.8 ppm 

Figure 5. Box and Whisker Plot for Aluminum in Stream Water 

FLUORIDE 

The most common source of fluoride in ssream water 
is from the solution of fluorite (Cfi?). British Columbia 
water quality guidelines for the protection of aquatic life 
specie that fluoride levels should not exceed 1.5 ppm. The 
box and whisker plot for fluoride (Figure 6) shows that the 
median value is 46 ppb and the maximum concentration is 
340 ppb in stream water. The highest fluoride level at 
sample site 968093 occurs in stream draining granodiorite 
of the Baldy Batholith west of Honeymoon Bay on Adams 
Lake (Figure A-6). Another stream 0.5 kilometres north of 
this site has 210 ppb fluoride (Sample Site 968091). Since 
fluorite is known to occur in barren quartz veins near the 
Cam-Gloria gold-bismuth-lead occurrence the increased 
fluoride may reflect this source. Additional fluorite 
mineralization in the Baldy Batholith 10 kilome’ues 
northwest of the Cam Gloria property could account for 



the fluoride value of 280 ppb in the water from sample site 
968154. 

* * 0 000 0 

0 100 200 300 400ppb 

Figure 6. Box and Whisker Plot for Fluoride in Stream Waters. 

Barium 

Barium is released into the near-surface environment 
through the weathering of barite (BaSOd), witherite 
(BaCO,) and potassium feldspar. Ground water barium 
levels are commonly controlled by barium sulphate 
saturation and concentrations close to b&e mineralization 
can exceed 900 ppb (Steel and Wagner, 1983). British 
Columbia water quality guidelines for the protection of 
aquatic life specify that dissolved barium should not 
exceed 1 ppm. 

I I I 1 ! I 1 I , I 

0 10 20 30 40 50 60 70 80 9Oppb 

Figure 7. Box and Whisker Plot for Barium in Stream Waters 

The maximum barium concentration detected in the 
stream water is 89 ppb and the median value is 9.1 ppb 
(Figure 7). Highest barium values occur west of Adams 
Lake in smwns draining Eagle Bay mafic and f&c 
metavolcanic rocks that host the Rea and Samatosum 
deposits (Figure A-7). A cluster of samples (Sample Sites 
968042, 968044, 96804s) from streams draining into the 
west side of Adams lake contain respectively 87, 80 and 
77 ppb barium. Barite horizons occur with the lead-zinc 
mineralization at the Homestake and Rea occurrences and 
are most likely to be the source for the barium in the water. 

Copper 

Copper in stream waters can originate from oxidized 
copper alphides, solution of secondary copper minerals 
such as malachite and from weathered ahuninosihcate 
minerals. Dissolved copper forms in water are simple 
cations, hydroxides, carbonates and nahual organic 
complexes. Canadian and British Columbia water quality 

copper guidelines for the protection of aquatic life vay 
with water hardness. For example, Environment Canada 
(1987) specify allowed concentrations ranging from 2 ppb 
in soft water (up to 60 ppm C&O,) to 6 ppb copper in 
very hard (above 180 ppm CaCOJ water. 

The box and whisker plot for copper (Figure 8) reveals 
that ahnost all of the values are less than 2 ppb. The only 
stream with higher copper (3.44 ppb) is sample 968155 
located in the tributary of a stream draining into East 
Barr& Lake (Figure A-8). 

m 4 -53-e 3 3 
2 

Figure 8. Box and Whisker Plot for Copper in Stream 
water 

Zinc 

Zinc can be released into stream waters by the solution 
of sphalerite (211s) and other minerals such as smithsonite 
(ZnCOx) and by the weathering of zinc-rich rocks such as 
carbonaceous shales. Zinc is very mobile a.t low pH and 
ty$ally occurs as the divalent Zn*+ ion. At higher pH 
above 8, mobility decreases due to the formation of zinc 
hydroxides and carbonates. Zinc is readily absorbed to 
secondary iron and manganese oxides in stream and lake 
bottom sediments. Canadian and British Columbia water 
quality guidelines for the protection of aquatic life specify 
that the maximum allowable zinc concen’uation in stxam 
water is 30 ppb. 

0 IO m wb 

Figure 8 Box and Whisker Plot for Zinc in Stream Waters. 

The box and whisker plot for zinc (Figure 8) reveals 
that almost all of the values are less than 20 ppb. The 
highest zinc concentration (20.4 ppb) was detected in 
sample 968002, from a stream located in the south west 
corner of the survey area flowing to the (Figure A-9). 
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CONCLUSIONS 

The stream water geochemicai data presented in this 
Open File has been published principally to assist 
exploration for base metal sulphide and precious metal 
deposits. The data has revealed : 

Copper, zinc, sulphate and pH variations in ground 
and surface water are commonly used as guides to 
base-metal mineralization. The stream war survey 
reveals that copper, zinc and wlphate concentrations 
are relatively low even in streams draining known 
mineral occurrences such as Samatoswn. The highest 
copper detected in water appeas the be from a stream 
that has no obvious source of metal. 
Low pH and elevated aluminum in stream water 
appears to reflect weathering of granitic rocks rather 
than the presence of oxidiztig mineral sulphides. 
Maximum concentrations of potentially toxic elements 
such as arsenic, cadmium and lead in stream water are 
below acceptable Canadian standards for driiig 
water and protection of aquatic life. 
Elevawd barium levels in stream water may reflect 
baite associated with volcanogenic massive sulphide 
deposits. 
The highest fluoride concentmtion detected in a 
stream draining a watershed containing a gold 
mineralized quartz vein. Fluxhe is found in adjacent, 
barren quartz veins, Samples with elevated fluoride 
occur in other streams draining the Baldy Batholith. 
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APPENDIX A. SAMPLE LOCATION AND ELEMENT DISTRIBUTION PLOTS 
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Figure A-l. Steam Water Sample Locations (Sample numbers prefixed 96) 

open Fik IYY8.9 I9 



20 Geolo&d Swvey Branck 



1 -H-take (Au,Cu ,Pb, ,&, Eja) 
2 - Rea (AI, &I, Pb, B, Ba) 
3.- 6amhsum (AU, Ag, CU, Pb, ih) 
4-LucWCconVu,&3,CuPbZn~ 
5 - Spar VU &I, W Pb, .W 
6 - Cam Gloria (AI, 4, Ei, Pb, W) 
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Figure A-3. Stwm Water pH 
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Figure A-4. Stream Water Sulphate 
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Figure A-5. Stream Water Aluminum 
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Figure A-6. Stream Water Fluoride 
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Figure A-7. Stream Water Barium 
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Fi@re A-S. Stream Water Copper 
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Figure A-9. Stream Water Zinc 
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TABLE B-l. REFERENCE GUIDE TO FIELD OBSERVATIONS 

vlAP 

iAMPLE 

JTM ZONE 

JTM-E 

JTM-N 

1EP 

JtEA 

‘ERI 

‘ORM 

l:SO,OOO NTS map sheet number 

Sample number 

UTM Zone number 

UTM East coordinate (provided for NAD27 ) 

UTM Nwtb coordinate (provided for NAD27) 

Replicate sample status: 
I First sample of a field duplicate pair 

2 Second sample of a tield duplicate pair 

Catchment basin area (II?) 

Catchment basin peripheral length (m) 

Geological units (see Table B-2) 
Indicates the major geological unit of the strewn 
catchment area 

VTRCLR water colollr: 
0 colourless 2 White cloudy 
I White cloudy 3 Brown cloudy 

LW Water Flow: 
0 stagmt 2 Moderate 
I Slow 3 Fast 

‘OLOUR Sediment colow 
T Tan-brow Y Yellow 
G Grey 0 orange 
B Black R Red 

SEDPPT Sediment precipitate: 
N -None (otherwise 

CON 

WIDTH 

DEPTH 

BNK 

BNKPPT 

Presence of human 
N None 
F Forestry 
M Mining 

Stream width in metros 

Stream depth in centimetres 

Bank type: 
A Alluvium 
C Colluvium 
G Glacial outwash 
S Talus 

Bank precipitate: 
N -None (othetwix 

CHLBED 

CHLPTN 

ODR 

DATE 

Channel Bed (dominant 
C Course sand-gravel 
F Fine sand-clay 
B Boulders 

Channel Pattern: 
s Shoots and 
B Braided 

Streatu Ordet 

Sample collection 



TABLE B-2: GEOLOGICAL LEGEND 

UNIT TERRANE-AGE DESCRIPTION 

T 

ub 

EBP 

EBF 

EBA 

EBM 

EBL 

EBS 

EBQ 

EBQ 

EBQ 

EBH 

Kg 

ub 

Do 

Tertiary 

Slide Mountain-Permian 

Kootenay-Mississippian 

Kootenay-Mississippian and/or Devonian 

Kootenay-Devonian 

Kootenay-Paleozoic 

Kootenay-Paleozoic 

Kootenay-Paleozoic 

Kootenay-Lower Cambrian 

Kootenay-Lower Cambrian 

Kootenay-Lower Cambrian 

Kootettay-Lower Cambrian 

cretaceous 

Kootenay-Paleozoic 

Late Devonian 

Basalt-And&e 

Fennel Formation - Pillowed metabasalt 

Eagle Bay Assemblage - Phyllite and slate 

Eagle Bay Assemblage Phyllite and schist derived from tuff and volcanic breccia 

Eagle Bay Assemblage - S&cite Quartz Phyllite derived from felsic volcanics 

Eagle Bay Assemblage-Pillowed metabasalt, greenstone, chlorite schist 

Eagle Bay Assemblage-Calcareous phyllite and limestone 

Eagle Bay Assemblage-Phyllitic sandstone, phyllite and quatzite 

Eagle Bay Assemblage-Quartzitc, grit and schist 

Eagle Bay Assemblage-Chlorite Schist derived from mafic volcanics 

Eagle Bay Assemblage-Tshinakin Limestone 

Eagle Bay Assemblage- Quatzite, grit and chlorite sericite schist 

Baldy Batholith - granite and grattodiorite 

Serpentine 

Granite and granodiorite orthogneiss 
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APPENDIX C - STREAM WATER GEOCHEMICAL DATA 
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Cl Stream Water Geochemical Data 



CZ Stream Water Geochemical Data 



c3 Stream Water Geochemical Data 



c4 



Stream Water Goochemkal Data 



C6 Stream Water Geochemlcal Data 



c7 Stream Water Geochemical Data 



CS Stream Water Geochemical Data 



c9 Stream Waler Geochemical Data 



a0 Stream Water Geochemical Data 



Stream Water Geochemlcal Data 



Cl2 Stream Water Geochemical Data 



Cl3 Siream Water Geochemlcal Data 



Cl4 Stream Water Geochemical Data 



Cl5 Stream Water Geochemical Data 



Cl6 Stream Water Geochemical Data 



C?? Stream Water Geochemical Data 



Cl8 Stream Water Geochemtcal Data 



APPENDIX D - FIELD DUPLICATE SAMPLE DATA 
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APPENDIX E - DISTILLED WATER BLANK DATA 

Open File 1998-9 







APPENDIX F - CONTROL STANDARD SLRS -3 DATA 
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