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Summary

The geochemistry and mineralogy of drill core and discharge sinters
from the Meager Creek geothermal field suggest that at least two
hydrothermal events have affected this area. The earliest ofrtheserevents
is characterized by chalcopyrite mineralization and widespread propylitic
alteration of the quartz diorite and metamorphic rocks. A younger event
resulted in the deposition of sphalerite, pyrite, clays, carbonates, and
'chlorite in the hypabyssal dikes of the Meager Mountain Volcanic Complex

and appears to be related to the present geothermal system.

The distribution of the geochemical association Hg + Zn + As and of Hg
appears to provide the clearest expression of geothermal activity at Meager
Creek. The distribution of Sr is not yet well understood, but enrichments
in the high-temperature portion of the field suggest that it may be a

useful pathfinder element as well.

Concentrations of Hg +-Zn + As occur in the altered dikes in the

"~ nighest temperature portionvof the thermé] anomaly and are associated with
sphalerite mineralization. Thé distribution of these elements suggests
that fractures related to the dikes have been important fluid channels in
the past. In contrast the concentrations of these elements in the
Mésozoic,quartz diorite and metamorphic rocks are 1imited to a few widely
spaced fracture zones. These observations indicate that permeabilities in

the upper parts of the geothermal system have characteristically been Tow.

The depositon of chalcopyrite is associated with enrichments in Hg,
Zn, Pb, Ba, K and depletions in Sr in the quartz diorite and older
metamorphic rocks. This geochemical association is also typical of the
porphyry coppér deposits ofrthe Guichon Creek batholith described by Olade
and Fletcher (1976).




Introduction

Significant quantities of many rock forming and trace e]ements are
frequently found in the discharge sinters and thermal fluids of
high-temperatufe geothermal systéms. Recent studies of the Broadlands
geothermal fie]d in New Zealand and of Basin and Range geothermal systems
in the western United States indicate that these elements are also
redistributed at depth and that the distribution of these elements can be
correlated with the physical and chemical properties of the geothermal

systems.

Ewers and Keays (1977) published fhe first comprehensive study of
trace element distributions in an active geothermal system. Their work,
based principally on the chemistry of hot spring deposits, well bore
precipitates and geothermally altered rocks from two drill holes in the
Broadlands geothermal area of New Zealand, documented a crude metalliferous
zoning characterized by enrichments of As, Sb, Au and T1 in the
near-surface parts of the field and higher concentrations of Ag, Se, Te,
Bi; Pb, Zn, Cu and Co at depth. More recent studies have substantially
expanded upon this earlier work. For example, Bamford and others (1980)
and Christensen and others (1980) showed that concentrations of Hg, As and
Li are diagnostic of geothermally altered granitic and MetaMOrphic rocks of
the Roosevelt Hot Springs thermal system in Utah, and that the dispersion
patterns of these elements at depth can provide information on temperatures
~and the distribution of fluid channels in the reservoir rocks. This
information can aid in drill completion decisions. Trace element
distribution studies of deep wells in The Geysers (J.N. Moore, unpublished

data) and in geothermal systems throughout the Basin and Range have now




confirmed the application of multielement studies in a variety of geologic

terrains.

Trace element anaTyses of the hot spring deposits, discharge
precipitates and the thermal waters, collected during 1981, showed that
many of these same elements were also actively being redistributed by the
geothermal fluids at Meager Creek. This paper presents the results of a
reconnaissance geocheﬁica] investigation of core from the Meager Creek
thermal system. The investigation was designed to test the app]icabi]iiy
of using trace element distributions in the reservoir rocks to help quide
the ongoing exploration programs. The investigation was commissioned by

Nevin/Sadlier-Brown/Goodbrand Ltd., for the B.C. Hydro and Power Authority.

Analytical Procedures

The analytical work described here was directed mainly toward
documenting trace element distributions developed within rocks of the
Meager Creek thermal field. Whole-rock trace element determinations were
made on 270 samples of drill core taken ét 10 or 20 m intervals from wells
M7-79D, M8-79D, M9-80D, M10-80D, M12-80D and M13-81D. Each sample
represents 0.5 m of core. These data are supplemented by chemical analyses
of the thermal waters, deposits formed b& fluids discharged from the hot

springs and well M1-79D, and veins contained within the core.

The solid samples were prepared for analysis by pulverizing to -200
mesh in a tungsten carbide shatter box. The concentrations of Na, K, Ca,
Mg, Fe, Al, Ti, P, Sr, Ba, V, Cr, Mn, Co, Ni, Cu, Mo, Pb, Zn, Cd, Ag, Au,
sb, Bi, U, Te; Sn, Li, Be, Zr, La, Ce, and Th, were determined by

inductively coupled argon plasma (ICP) spectrometry after digestion in a




mixture of hydrof]uoric; perchloric, hydrochloric and nitric acids. In
addition, the solid samples were analyzed for Hg using a gold film detector
and As was determined colorimetrically. The concentrations of V, Mo, Cd,
Au, Sb, Bi, U, Te, Sn, and Th were below detection in most samples. The
detection 1imits are presented in Table 1. Analytical data for W and B in
the solid samples are not reported because of possible contamination during
sample preparation and loss of B during sample analysis. In general,
analytical precision for the trace elements is *10% at ten times the

detection limit. Analytical precision for the major elements is x15%.

Geology

The country rocks of ‘the Meager Creek geothermal system consist
predominantly of fractured crystalline and metamorphic rocks of the
Mesozoic Coast Range Plutonic Complex. Isolated outcrops of the basement
rocks occur in the geotherma] area but elsewhere they are over]avn by lava
flows, breccias and tuffs of the Pliocene to Recent Meager Mountain
Volcanic Complex. The geological relationships, illustrated in Figure 1,
have been described by Read (1979) and Fairbank and others (1981). The
subsurface geology has been studied and summarjzed by Read (unpublished
data) and Nevin/Sadlier-Brown/Goodbrand Ltd. (unpublished 1ithologic

logs).

To date, fifteen diamond drill holes and one deep rotary well have
tééted various portions of the geothermal field. The six diamond drill
holes chosen for this study provfde an illustrative cross section of the
thermal anomaly. Two of these wells (M7-79D and M10-80D) are located in
the central portions of the anomaly, two (M13-81D and M9-80D) are located

on the high-temperature mérgins, and two (M8-79D and M12-80D) are located




Element

Na

Mg
Fe
Al
si
Ti

Sr
Ba

Cr .
Mn

Ni
Cu

Pb
in
Cd
Ag
Au
As
Sb
Bi

Te
Sn

Li
Be

Ir
La
Ce
Th
Hg

Table 1. Detection Limits

Working Detection Limit (ppm)

SOLIDS

100
100
100
100
100
100
5
25
1
25
150

10

50
10

25

100
2000

50 .

10

400

10
150

5 (ppb)

WATERS

1.25
2.5
0.25
0.5
0.025
0.625
0.25
0.125
0.625
0.013
0.625
1.25
0.05
0.25
0.025
0.125
0.063
1.25
0.25
0.125
0.063
0.05
6.1
0.625
0.75
2.5
6.25
1.25
0.125
0.125
0.05
0.005
0.125
0.125
0.125
0.25
2.5




in the cooler, peripheral portions of the anomaly. The temperature

distribution in these wells is presented in Figure 2. Well M7-79D recorded

“the highest temperature (202°C), and both M7-79D and M12-80D produced small

quantities of thermal fluid.

The country rocks pénetrated in the wells consist predominantly of
variably foliated Cretaceous quartz diorite. Mesozoic metamorphic rocks,
intruded by the quartz didrite, comprise the bulk of the samples in well
M8-79D, on'the western edge of the field, and occur near the base of
M9-80D. The metamorphic rocks include gneiss, migmatite, greenstone and
amphibolite. The lithologies of the chemically analyzed samples are

summarized in Figure 3.

The quartz diorite and metamorphic rocks have been intruded by silicic
to intermediate composition dikes. These dikes occur widely throughout the

field and are probably of several different ages. Fairbank and others

- (1981) have suggested that dikes of dacite, feldspar porphyry and rhyolite

are related tb Quaternary volcanism and are correlative with the volcanic
rocks on Pylon Peak. Other dikes, such as the quartz-feldspar porphyry
sampled in M10-80D at a depth of 860 m, contain chalcopyrite and may be
related to intrusion of the quartz diofite. No attempt, however, was made
to correlate the dikes on the basis of chemistry or 1lithology in this.

study.

Hydrothermal activity has resulted in widespread propylitic and
argillic alteration at depth and the depoéiiion of quartz, clays, gypsum,
barite, base-metal sulfides, calcite and hematite in fractures within the
reservoirkrocks. Detailed descriptions of the hydrothermally altered rocks

at depth have not yet been published. The mineralogic relationships




discussed in this paper are based on the unpublished data of Read, the
1ithologic logs of the wells prepared by geologists of

Nevin/Sadlier-Brown/Goodbrand Ltd., and our own observations.

Surface deposits related to the active thermal system at Meager Creek
include carbonate and siliceous sinters associated with hot springs located
along Meager Creek between Meager Main Springs and well M1-74D, carbonate
deposits formed from fluids discharged from well M1-74D, and carbonate
deposits formed around the Carbonate Springs (Fig. 1). The composition of
these deposits and the associated fluids are given in Tables 2 and 3. The
concentrations of Sr, Ba, Mn, Zn, Pb, As and Hg, although variable are
significant and similiar in magnitude to the concentrations of these
elements found in discharge precipitates from other high-temperature

thermal systems (Table 2).

Analytical Results

The trace and major element concentrations of the country rocks
penetrated in the wells are given in Appendix 1. The distributions of many
of the elements present in the discharge sinters are summarized in Figures
4-12. These diagrams’were prepared for the quartz diorite by plotting the
distribution of samples whose concentrations differed from local
"background" means by more than one standard deviation. In general, three
intervals of elemental concentration are shown for the quartz diorite. The
threshold values for the lower two intervals are mean + one standard
deviation and mean + 1 + two standard deviations. The highest interval

represents values within the upper 2:% of the data.

Local background values, calculated from the analytical data of the




Element

Na20 (%)
K20 (%)
Ca0 (%)
Mg0 (%)

Fe203 (%)

A1203 (%)
Ti02 (%)

P20s (%)

Sr (ppm)
Ba0 (%)

v (ppm)
cr (ppm)
s (%)

Co (ppm)
Ni  (ppm)
Cu (ppm)
Mo (ppm)
Pb (ppm)
IZn (ppm)
Cd (ppm)
. Ag (ppm)
Au  (ppm)
As (ppm)
Sb (ppm)
Bi (ppm)
U (ppm)
Te (ppm)
Sn (ppm)
W (ppm)
Li  (ppm)
Be (ppm)
8 (ppm)
Zr (ppm)
la (ppm)
Ce (ppm)
Th  (ppm)
Hg {ppb)

Mn
VU

60.2
.2

.1

707
.012

14

238

23
72

48

Table 2. Geochemistry of Sinters

2 3 4 5
.7 .6 2
63.0 52.8 58.07 53.8
.2 .2 .1 1.2
6.9 .8
) 1 .1
.1
664 13800 14500 5250
.009 .009 .010
.034 .114 .
4
24
35 58 15
5 8750 375 80
252 263 230
6 9
3.9
23 68 24 22
74 - 71 65
7 7 17 15

.009

6

1.4

.6
11.1
2.9
2.6
8.1

.3

.1

1890

.074

28

100

17

11

77

7

1.35
5
24.6
2.1
2.9
5.5
.3

11

28

60

18

16

8

0.2
0.2
0.2
<0.02
< .03
0.2

145
243

11
99.8

352

2.4
3.8
0.5
0.2
1.1
9.8
.09
15
386
5.47

231

68
R

858
291

2940
17
18.6

17
37
42

2210

10

25
70

500
85

400

-10%

2000




Travertine, Carbonate Springs, Meager Creek
Travertine, Carbonate Springs, Meager Creek
Travertine, discharge precipitate, well M1-74D (74-H-1), Meager Creek
Travertine, discharge precipitate, well M1-74D (74-H-1), Meager Creek

Travertine, hot spring between Méager Main Springs and 74-H-1 (M1-74D),
Meager Creek

Siliceous Sinter, Meager Main Springs, Meager Creek
Siliceous Sinter, Meager Main Springs, Meager Creek ,
Siliceous Sinter, Roosevelt Hot Springs, Utah (Bamford and others, 1980)

Manganese-cemented alluvium, Roosevelt Hot Springs, Utah (Bamford and others,
1968)

Siliceous Sinter, Broadlands, New Zealand, pa}ital analysis (Weissberg, 1969)

A blank in columns 1-9 = not detected




Element PPM
Na 2103
K 93
Ca 380
Mg 93
Fe 3.3
Al
$i0, o3l
Ti
P
Sr 11.8
Ba
v
Cr
Mn : Q.6
Co
Ni
Cu
Mo
Pb
Zn
Cd
Ag
Au
As
Sb
Bi
U
Te
Sn
W
Li 3.5
Be
B 26.6
Ir
La
Ce
Th
Hg
Temp 58°C

1) Well 74-H-1 (M1-74D)

Fluid Chemistry

2 3
PPM PPM
348 393
44 , 48
98 100
26 . 39
0.5
92 119
3.0 3.2
1.0
1.1 1.1
4.1 4.7
35°¢C 58°¢

2) Hot spring between 74-H-1 (M1-74D) and Meager Main Springs

3) Well EMR-301-1

10




least altered samples of quartz diokite, are tabulated in Table 4. These
samples were selected on thé basis of 1ithologic descriptions given in the
geologic logs and on low metal and Hg values. Background values for the
other rock types were not calculated because of the small number of samples
and the extreme chemical and lithologic variability among the samples.

Consequently, the concentration intervals were qualitatively chosen.

The chemical analyses of the quartz diorite indicate that the altered
samples are characterized by higher concentrations of metals, Ba, Hg, and
K, and lower concentration of the major.and minor elements. The
concentrations of Mg, Fe, Ti, P, Co, Ni, Be, are similiar in both the

altered and unaltered rocks.
Mercury

Mercury is an important pathfinder element in many high-temperature
géotherma] systems because of its widespread occurrence and high mobility,
even at relatively low temperatures. At Meager Creek, frace amounts of Hg
are widely distributed in the discharge sinters (Table 2), soils (Fairbank
and others, 1981), and the country rocks at depth (Fig. 4a and 4b).
Mercury concentrations in the country rocks range from less than 5 ppb to
1000 ppb. Because of the extreme range in the concentration of Hg, the
distribution of intermediate values between 120 and 700 ppb is also shown
on Figure 4. A threshold value of 120 ppb was determined from an

evaluation of the distribution of Hg concentrations in the quartz diorite

(Lepeltier, 1969; Sinclair 1976).

The distribution of Hg appears to be independent of rock type. In.

general, the highest concentrations of Hg occur in wells near the central

11
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portion of the thermal anomaly. Wells located on the margins of the field
are, in contrast, characterized by relatively low concentrétions of Hg.

For example, samples from well M12-80D contain less than 40 ppb, whereas
oh]y one sample from well M8-79D has a Hg concentration that exceeds 16 ppb
(Fig. 4a, 4b). Concentrations of Hg in veins containing high
concentrations of base metals frequently exceed several hundred ppb and
provide a possible explanation for the high Hg content in some of the
samples (Table 5; Appendix 2). For example, veins intersected in well
M12-80D are characterized by low concentrations of Hg, whereas veins
penetrated in wells M7-79D and M10-80D are associated with high Hg

contents.

The chemistry of the veins, although highly variable, also suggests a
close relationship between Hg and Zn. This relationship is perhaps more
clearly displayed by the strong correlation between Hg and Zn in the
" hypabyssal dikes (r=+.9). Olade and Fletcher (1976) have observed a
similar relationship between Hg and Zn in sphalerite-bearing rocks
associated with a fault zone near the Lornex porphyry copper deposit in the

Guichon Creek batholith of Canada.
Arsenic

Despite the very low quantities of As in the fluids discharged from
the wells and hot springs, effective concentrating mechanisms have resul ted
in locally high concentrations of As in the discharge sinters (Table 2).
These concentrations are up to several orders of magnitude higher than
those in the reservoir rocks and veins. The enrichment of As in the
surface deposits compared to the rocks at depth is characteristic of mahy

geothermal systems. At depth, concentrations of As greater than 4 ppm

13




Well

Depth
Element
Nazo (%)
K0 (%)
ca0 {%)
Mg0 (%)
Fey03 (%)
A1,0; (%)
Tio, (%)
P,05 (%)
sr {(ppm)
Ba0 (%)

v (ppm)
cr  (ppm)
Mn0 (%)
Co (ppm)
Ni  (ppm)
Cu (ppm)
Mo~ (ppm)
pb (ppm)
Zn  (ppm)
cd  (ppm) .
Ag  {(ppm)
Au  (ppm)
As  (ppm)
Sb {ppm)
8i  (ppm)
v (ppm)
Te (ppm)
sn  (ppm)
W  {(ppm)
ti  (ppm)
Be (ppm)
8 (ppm)
Zr  (ppm)
ta (ppm)
Ce (ppm)
Th  {(ppm)
Hg  (ppb)

M7-790

'180m

<.1
1.2
34.5
0.7
1.4
6.2
0.06
0.01
205
0.03
< 250
<2
0.94
42
<5

< 50
433
811
<5
<2
<4

14

< 30

< 100
< 2500

< 50

<5
< 1200
22

0.8
< 400
22
<5

< 10

< 150
700

Table 5. Geochemistry of Veins

M10-80D
860m

17.

391

< 250
<2

64

400

< 50
< 10
23000
133
12

< 4.

<1

< 30

< 100
< 2500
< 50
<5

< 1200
15

< 400
<5
10

13

< 150
815

o O ® &~
)

M10-800
880m

2.4
0.9
9.2
0.2
5.0
17.7
0.17
0.06
588
0.04
< 250
<2
0.24
63
<5

< 50
< 10

25
<5

<4
<1
< 30
< 100
< 2500
< 50
<5
< 1200

1.0
< 400
<5
11
<10
< 150
200

14

M12-80D
420m

2.5
0.7
10.9

6.5
19.9
0.35
0.19
88t
0.04
< 250
< 2
0.12

< 150
20




Well
Depth
Element
Na,0 (%)
K,0 (%)
a0 (%)
Mg0o (%)
Fe,05 (%)
A,05 (%)
Tio, (%)
P,05 (%)
sr (ppm)
Bag (%}
v (ppm)
cr  (ppm)
Mn0 (%)
o (ppm)
Ni ~ (ppm)
tu  (ppm)
Mo (ppm)
P (ppm)
In  (ppm)
cd (ppm)
Ag  {ppm)
Au  (ppm)
As  (ppm)
"~ sb (ppm)
gi  (ppm)
v (ppm)
Te (ppm)
sn (ppm)
W (ppm)
Lti  (ppm)
Be {ppm)
g8 (ppm)
Zr  (ppm)
ta (ppm)
ce (ppm)
Th  (ppm)
Hg  (ppb)

Table 5. (cont.)

M13-81D
80m

2.9
0.3
8.4
3.2
7.5
20.7
0.85
0.37
867

< 250
15

50
11
304
< 50
< 10

< 150
115

15

Ceochemistry of Veins

M13-81D
360m (a)

[=]

38.

399

< 250
<2

16
<5
242
< 50
316
4830

26

< 4

< 30

< 100
< 2500
< 50
<5

< 1200

< 400

<5
<10
< 150
660

« e .
P I S T S S L B

o O NN
.

.03

.05

.74

M13-81D
360m (b)

< 0.1
1.1
4.0

8.3
5.0
0.10
0.05
50
0.01
< 250
<2
2.83
- 31

7937

< 50

2000
11.5 (%)

406

56

< 4

12

31

< 100

< 2500

< 50

<5

< 1200

16

0.9
< 400
<5

< 10
< 150
3850




occur in the Mesozoic crystalline and metamorphic rocks in wells M7-79D,
M8-79D, M10-80D and M13-81D and in the hypabyssal dikes in wells M7-79D and
M10-80D (Fig. 5a, 5b). The highest concentration (30 ppm) is associated
with the hypabyssal dike penetrated at 150 m in well M7-79D. |

Arsenic displays a sympathetic relationship with Hg (r=+.7) in the
hypabyssal dikes but, in contrast to Hg, is not strongly correlated with
Zn. These observations suggest that the distribution of As and Hg'may be
. controlled by different mechanisms. Pyrite, for example, is an important
carrier of trace amounts of As in many geothermal and hydrothermal systems.
At Roosevelt Hot Springs, electron microprobe analyses indicate that
pyrite related to the geothermal system contains up to 2% As in places
(Bamford and others,>1980). The distribution of As in pyrite, however, is
extremely variable, and some pyrite is characterized by low concentrations
gf As. Pyrite is also widespread in the altered rocks at Meager Creek.
Its association with samples characterized by high As concentrations

suggests that pyrite is also a likely host for As here.
Lithium

Lithium is frequently used as a pathfinder element in geochemical
studies df geothermal systems because of its extreme mobility in the
thermal fluids. In the reservoir‘rocks Li is characteristically associated
with clays and micas that form during hydrothermal alteration in the fluid
channe]s (Bamford and others, 1980). At Meager Creek, trace amounts of Li
occur in both the thermal fluids (Table 3) and in the sinters (Table 2)
formed from fluids discharging from well M1-74D and the hot springs located
along Meager Creek. At dEpth, coﬁcentrations of Li greater than 24 ppm

form widely scattered geochemical anomalies, primarily in wells M9-80D,

16




M10-80D and M13-81D (Fig. 6). No strong correlations are, however,
apparent between the distribution of Li and the other elements studied in

detail or to the shape of the thermal anomaly.
Strontium

Strontium is an important trace constituent in all of the discharge
sinters and occurs in measurable quantities in the thermal waters.
Although the relationship between Sr and geothermal activity is not well
known, the occurrence of Sf in sinters formed by relatively low-temperature
thermal waters suggests that it may also be a useful pathfinder element at
Meager Creek. At depth both enrichments (mean + one standard deviation and
upper 25% of the data) and depietions {mean - one standard deviation, mean
- 1 - two standard deviations and lower 2% of the data) in the Sr contents
of the quartz diorite are apparent (Fig. 7). For example, substantial
depletions in Sr occur iﬁ_we11 M13-81D and M10-80D. Enrichments in Sr
occur erratically throughout the thermal field but are most abundant in the

weakly altered interval between 190 and 320 m of well M7-79D.

Zinc

Trace quantities of Zn are characteristic of the discharge sinters.
At depth, Zn forms isolated geochemical anomalies in the Mesozoic
crystalline and metamorphic rocks in we]]s M7-79D, M8-79D, M10-80D and
M13-81D (Fig. 8a). Concentrations of Zn in excess of 125 ppm occur only in
the hypabyssal dikes penetrated in wells M7-79D, M10-80D and at the base of

M9-80D (Fig. 8b), despite their widespread occurrence in the thermal area.

Concentrations of Zn in the country rocks are locally associated with

sphalerite. In the Mesozoic basement rocks, sphalerite is frequently

17




accompaniedlby chalcopyrite, galena, and pyrite. Chemical analyses of the
base meta]-beafing veins are presented in Table 5 (M13-81D, 360 m a, b;v
M7-79D, 180 m; M10-80D, 860 m). In contrast, sphalerite is associated with
pyrite, carbonate, clays, and chlorite in the hypabyssal dikes penetrated
in well M7-79D (Read, pers. comm.). Detailed mineralogical data is not yet
available for the other wells. However, the low Cu concentrations of the
dikes and the lithologic descriptions suggest that, with the exception of a
quartz-feldspar porphyry sampled at 860 m in wei] M10-80D, chalcopyrite is
not an important phase in the hydrothermally altered dikes. The
differences between mineralization hosted by the quartz diorite and by the
hypabyssal dikes, as well as the probable difference in ages between most
of the dikes and the intrusive rocks, suggest that at least two distinct
episodes of spha]érite mineralization have affected the Meager Creek area.
The youngest of these episodes appears to have resulted in the deposition

of sphalerite in the dikes.

Concentrations of Zn re]éted to sphalerite mineralization may also be
more common than are indicated by the geochemical data. For example, Read
(pers. comm.) has identified sphalerite in the altered quartz diorite
penetrated at depths of 204 and 302 m in well M7-79D. The similarity
between the mineralization in the quartz diorite and in the hypabyssal dfke
penetrated at 225 m in this well suggests that sphalerite deposition may be

related to the same event.
Copper

Despite its low concentration in most of the surface precipitates, Cu
is broad]y distributed at depth, particularly in wells M8-79D, M13-81D and

MlO;BOD (Fig. 9a, b). The highest concentrations of .Cu are associated with
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the quartz diorite and o]der_metamorphic rocks. Chalcopyrite occurs widely
in the basement rocks and is probably the major source of Cu in these
samples. Copper is strongly correlated with Pb in the altered rocks
(r=+.7), reflecting the deposition of chalcopyrite and galena in many of
the base metal veins. This relationship is highlighted by the chemistry of
the veins penetrated in well M13-81D and at a depth of 360 (b) m (Table 5).

Barium

Trace amounts of Ba occur in all of the discharge sinters sampled. At
depth, Ba is broadly distributed in the quartz diorite in the lower parts
of M10-80D but its distribution is erratic in other parts of the thermal
field (Fig. 10).

The 1ithologic logs of the wells suggest that the distribution of Ba
may be controlled by several different processés. In well M7-79D, for
example, enrichments in Ba at 290 m appear_to fef]e;t barite mineraiization
in the quartz diorite (Read, pers. comm.). In contrast, barite does not
appear to be a common hydrothermal mineral in the lower portions of well
M10-80D. Here, the country rocks are characterized by locally intense
alteration, enrichments in K and Cu (Fig. 11), and depletions in Sr. The
distribution of Ba in these rocks may be related to the strong geochemical
affinity between Ba and K and the formation of potassium-bearing minerals

in these rocks.

The distribution of Ba with respect to Sr is not uniform. In well
M10-80D, enrichments in Ba are associated with depletions in Sr.
Enrichments in Ba in well M9-80D at a depth of 690 m are, in contrast,

associated with high concentrations of Sr.
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Manganese

Manganese reaches concentrations pf nearly 1.6% (as Mn0) in the
discharge sinter from Meager Main Springs. At depth, Mn is broadly
enriched in the quartz diorite penetrated in wells M8-80D, M10-80D and
M13-81D (Fig. 12) but is not strongly correlated with any of the other

elements. The distribution of Mn in the other wells is erratic.

Discussion

The geochemistry and mineralogy of the reservoir rocks and veins
indicate that, at depth, the elements enriched in the discharge sinters can

be grouped into several distinct geochemical associations. These include:

Hg + Cu + Zn + Pb + Ba + K + (Sr depletions)
Hg + Zn + As
Hg + low metal values

Sr + low metal values

‘The association Hg + Cu + Pb + Pb + Ba + K is characteristic of the
altered quartz diorite and metamorphic rocks, which display widespread
propylitic and argillic alteration. Lithologic logs suggest that the
alteration is most intense in wells M10-80D and M13-81D where base metal
mineralization is common. Similarly altered rocks occur in weils M12-80D
and M8-79D on the margins of the thermal fie]d; These observations and the
absence of significant Cu enrichments in}most of the hypabyésa] dikes

suggest that Cu mineralization preceded emplacement of the dikes.

The trace element distributions in the altered quartz diorite at

Meager Creek are similar to those found in the copper porphyry deposits of
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the Guichon Creek batholith of British Columbia by Olade and Fletcher
(1976). There, the dispersion patterns of K, Sr,-Ba, Zn, and Mn were
strongly influenced by the type and intensity of wall-rock alteration. In
general, Sr, Zn, and Mn were depleted in zones of intense alteration
involving the destruction of plagioclase and mafic minerals and redeposited
on the periphery of the system. Potassium was enriched as a result of
feldspar, sercite formétion. The distributions of Ba tended to be erratic,
decreasing in concentration toward the core of intense alteration in some

deposits and increasing in others.

The geochemical association Hg + Zn + As js characteristic of the

mineralized hypabyssal dikes. The distribution of these elements is

~ b
ments are

presénted in Figure 13. This diagram suggests that these el

(4]

crudely zoned with respect to the present thermal anomaly. Dikes
characterized by enrichments in Hg + Zn + As occur in the high-temperature
portion of the thermal anomaly in wells M7-79D and M10-800D, whereas dikes
enriched only in Zn and Hg occur in well M9-80D. Only two samples of
quartz diorite enriched in these elements and containing low concentrations
of Cu.(<18) were found. One containing hfgh concentrations of Hg + As +.Zn
was sampled at a depth of 220 m in M7-79D. The other, from 360 m in
M10-80D, is enriched in Hg + Zn. The chemistry of these samples is,

however, compatible with the chem{stry of the dikes.

Sphalerite is associated with the dikes in M7-79D and is a common base
metal sulfide in other high-temperature systems. Its distribution and
occurrence in the Broadlands thermal field of New Zealand have been studied
jn detail by Browne (1971). There, sphalerite is the most abundant base

metal sulfide at depth and is typically associated with pyrite, pyrrhotite,
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galena, calcite, chlorite, illite, quartz and adularia. Chalcopyrite is
rare, occurring primarily as inclusions within the spalerite.
Homogenization temperatures of fluid jnclusions. occurring in sphalerite and
quartz at Broadlands indicate that sphalerite deposition occurred between
201 and 293°C. Downhole temperatures associated with base metal
mineralization at Broadlands presently range from 120-298°C but are

" typically between 265-298°C.

Although the age of Zn mineralization is not known at Meager Creek,
its occurrence in dikes of probable Late Cenozoic age, the close similarity
between the present temperature distribution and distfibution of
mineralized dikes in the wells, and a temperature regime compatible with
jtion of Hg + In + As

could be related to the present geothermal system.

Mercury is extréme1y mobile in active geothermal systems and has
proven to be an important indicator of permeability in crystalline
reservoir rocks. Christensen and others (1980) have shown that, despite
the high mobility of mercury in high-temperature systems, its distrjbution
at depth may be severely limited by low permeabilities of the reservoir
rocks. At Roosevelt Hot Springs, this has resulted in generally lTow Hg
contents of the crystalline and metamorphic basement rocks in some of the
wells, while other wells with similar temperatures‘(200°C) were broadly
enriched. No relationship between the productivity of the wells and Hg

enrichments has been recognized.

A similiar relationship between permeability and Hg concentrations in
the reservoir rocks at Meager Creek is suggested by the results of the

thermal gradient program and geochemical investigations. For example, weak
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enrichments of Hg characterize broad intervé]s of the country rock «
containing fluid channels in well M7-79D (220-240 m) and M12-80D (420-450
m). The fluid channels in these zones occur at a debth of 233 m in M7-79D
and at 441 m in M12-80D. The rocks in wells M9-80D and M10-80D are
unproductive but characterized by relatively high temperatures. The
limited distribution of Hg in these wells is consistent with their Tow
permeabilities. Well M13-81D is also dry but characterized by high Hg
enrichments throughout its length, suggesting that this portion of the

reservoir may have been more permeable in the past.

Weak enrichments of Sr occurring invre1ative1y unal tered quartz
diorite also define a broad geochemical halo in the upper portion of the
thermal anomaly. The origin of these enrichments is, however, not yet well
understood. Although a relationship to Cu mineralization cannot be
discounted, the broad enrichment in M7-7QD and the extreme mobility of Sr
in the geotherma]-f]uids Suggest that the distribution of Sr may at least

in part be related to the geothermal system.

Recommendations

The geochemical data and the lithologic logs suggest a close
relationship between the trace‘e]ement‘geochemistry of the reservoir, the
present thermal anomaly, the mineralogy of the hydrothermal alteration
assemblages, and the ages of the various hydrothermal and intrusi?e events.
Sufficiently detailed data, however, are not yet available to clearly
relate the trace element geochemistry to either megascopic properties of
the country rocks or to their éges. It has been our experien;e that the
integration of this data can rapidly lead to an improved understanding of

the geothermal system and a more cost-effective exploration and development
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program. Consequently, we suggest the following: 1) complete petrologic

: studies designed to characterize the mineralogy of the alteration
assemblages related to geothermal activity, 2) identify the mineralogic
Hosts for the trace element signatures defined in fhis investigation, 3)
complete petrologic and geochemical correlations of the hypabyssal dikes
encountered in the we115,14) date selected dikes and alteration assemblages

using K-Ar and fission track techniques.
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Geochemical Analyses of Drill Core




DH M7-79D

MEAGER CREEK

BRITISH COLUMBIA. CANADA

FIGURE 1/M7-79D
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':_—_"ji_é._} ) T 1 832, [ Zeseo. T ises. | T 57ise.
‘ 24970. | T 6243. 47274 7 13183, T %885,
] i oL




DH M7-79D

MEAGER CREEK

BRITISH COLUMBIA. CANADA

FIGURE 2/M7-79D

SAMPLE TYPE:
VERT. SCALE:

WHOLE ROCK
280.0 M./CM.

(DEPTH SHOWN IN 166 METER UNITS)

PPM AL PPM TI PPM P PPM SR PPM BA
120408, se0e., uéa.l ‘ 1000, 2500.,
I 1 1 i 1
o+ -+ -+ -4 4
-+ —+ 4 -+ 4
o+ .- 4 -4 +
T 7. T 228e. B24. 783. T 375.
‘ 57208 ] T 2% T 776. N B0z, T 459.
T 75ses. T 2140 824. ] 775. T 418.
7 ~54708- ) a— ) CEP I 2R . 38s.
R R 77T T V T 240 833. ] B18. | 248.
T emmes. - T 24ve. B828. B88. | 258.
1+ 1+ | 1+ 1+ 1+
1 ®siee. T ) zs8e. 854, | Goe. | 349.
1 sises.] © T 243 BSE. ] 1] 220. 7 T660.
T GBass. T 1 z3ze. T ses. T 287. T 525.
T ) TR 862 ] 788- T 435.
T @&3%es. T——1 oetse. 7 694. T 335. 2030, ]
T 7ibee. T—— 1638. T 1 4z i 23z. T 8sl.
1e606e. | T avse 822, | 585. T 344.
“ 75108. T 1489 T— 1 3. N 147. T 402.
101ees. | T hese.. - 866. | ‘ CEEN T 299.
2 162666, ] 2. 2 871. | 2 827. 2':} 489.
Te4eee. | ] 2778. 895. ] 857. ] T 492.
164008, | 7 Faze 842, ] 541. - T 559.
7 B149¢. T 227 T ses. T 255. T 815.
1eSe8e. | | 867. | 506. T 467.
1e8000. ] i 11 7] 879, 8es. | 1] 475.
S00e. | f::]zsée Ny 854. T 818, T 407.
188000, | T 7see 818. | 862. | T 518.
j89088. ] ] 2016 8SS. ] 883. | ] §54.
18bese. ] 2788 825. ] B845. T 8285.
3 1130es. 1} 3 3240 3 883 J 3 964. ] 3 - 422.
» 58208, ] T e 925. | Bez. | 410.
S57e8. | i I > 1) 858. | 827, | 338.
_iezees. ] T Pese 917. ] B19. T 549.
181008, | A o77s 894. | B18. T 328,
jeises. | N Z658. 867. ] 745. T s4s.
180245, ] E 3977. 660 ] 748, 1 513.
4L 4L 4L 4+ 4L




|  FIGURE 3/M7-7SD
DH M7“79D ' SAMPLE TYPE: WHOLE ROCK

VERT. SCALE: 26.0 M./CM.
gg??%?HCEEESMBIH CANADA (DEPTH SHOWN IN 10@ METER UNITS)

PPM CR PPM MN PPM CO PPM NI PPM CU
' 20., 2008., n ge., 25., - 50.,
1 N 1 1 1 |

B «2. T 725. T s T <5. | 8.
"~ <2. T . T —ss. T <s. T <6.
i <2, T/ 772 7 44 T <5. T <5
B <2. T—11 7. T_——— 1 o T <5. T 5.
- 2. T 742 T3 2. T <. - 5.
i <2. T 1 sss. T 23. T <s. T <5.
- 1+ 1 1+ 1+

- @ T—1 s N — T <. T <.
3 <2, B 1180. T 22. T <S. T3 8.
1 e. i —— R A I 16. B N TS T 10,
i <. U T = T <s T . .
B <2, » T aese. T 16. T <. T <5.
- <2, T 588. T 8 T <5. T <5.
B <2. T 7. T 18. T <5. T 8.
3 2. T 140, | 6 T <5. T <5.
3 <2, T 1e3. T——_— 23. T <5. T 5.
- . 2T 1000. 2T = 2T e 21 6.
- <2. T }103s. N 4Z. T <5. T <5.
3 <2. 1718, ] ] 2. T <5. 1 8.
‘ ia. T——1 7. g — 17 I — T <5.
B <2. T 1 sss. T ss. T <5. T <s.
B <2. T T1e. 52. | T <S. 43, ]
- <2, T sss. T T <. T <.
B 2. T 972 T = T <5, . 7.
- <2, I — T % T <. T 8.
B <2. 1 ege. T sa. T <S. T 8.
B <2. S —— 3 45] 3T <S. 3':} s.
B <2, T 1. ‘ T 1 -ze. T <5. T———1 =
B 2. R FU R i . . - T <6. T 11.
- .  E—— TR T T <. 7 B2,
- <. T 1. T + «. - 5.
™ <2, T 1030, T 2. T <5, T 11.
T «2. T es2. S I - T <S. T 8.




- o FIGURE 4/M7-79D
DH M7—79D ' SAMPLE TYPE: WHOLE ROCK

VERT. SCALE: 20.0 M./CM.
gg?]Q%gHCSSEEMBIH CANADA (DEPTH SHOWN IN 100 METER UNITS)

PPM PB PPM ZN PPM AG PPM LI PPM BE
so.{ soa.= 1a.: 50., 2.8

i «as. g 83. T <2. gm 5. T
B «e. T §6. T <2. 4 7. }.2
B <e. . 53. T <2. O 4. T—Jia
B «e. | 4. T <2 T 8. T _—Jia
i as. g 53. T «2. - 5. T —ia
B «18. T 68. T <2, T 8. T2
- 1+ 14+ 1+ 1+ '
r «18. T 113, T <2. T s T .-
1 14. T 143, T ) 2. T a. T 1.
i ae. i 1€5. T <2. T—— 17. T
i 9. I 74. T <2. T 8- T i
g <19, T 82. T <2. - 8. T s
B a8, T 2es. T <2, T 13. /3.2
i 4. | 78. T «2. - 19. T 1s

51 ] T %ez.} T <z. T/ 2. [ A—
i 4. -1 - 78, T <z, - 3. B P 3
i <8 2":] 63 2T <2. 2':1 ' 8. 2T
" 9. | 56 T <z. N 4 T
s 7 369, T z. 1 1. T 14
- as. by 157, T <. T = T T3
i «s. i | 64. T 2. 3 11. 713
- as. | s4. 5 | 5 T3
i as. | 51. T <. | &. T 1»
i 9. gm 585. T <z, - 3. T 14
- <te. | 58 T <2, | 3. T 13
B a. T 79. T «2. T 1. T3
- as Cam) & 3T . o« 30 5 7
i 8. = 61. T <2. T ] 134
B as. ™ 63. T <2. 1 5. 14
i ae, | 8a. T «2. T 8 7 1.3
B <18, m] 48. T <2. | 8 T
" as. . 54. T <2. T 7 R
3 8. T 198. T <2. - 18. T 1
L 4L 4l 4L 4L




DH M7-790

MEARGER CREEK

BRITISH COLUWMBIA, CANADA

FIGURE 5/M7-7SD

SAMPLE
VERT. S

TYPE:
CALE:

WHOLE ROCK
20.0 M./CM.
(DEPTH SHOWN IN 100 METER UNITS)

PPM ZR PPM LA PPM CE PPM AS* PPB HG
s8., %, 5o, 48, 200.
T <5. T 5. T <18. T <1, - <S.
T <5. T 8. T <19. T 2. T <5.
T <5. T 6. T <10, T 1. T <5,
T <. T 7. T <1a. T 1. T <5.
T <. i 5. T <18, - 5. T <.
T <5. T 7. T <18. T 1. 3 <5.
1+ 14 1+ 1+ -
T -. T 7. T <1e. T 1. 3 <5.
T <5. T <5. T <18. T s. ] 28.
T 2. T 8. T <10. T 1. i <5,
T <. N 8. T <18. BN 3. r <.
T <5. T 7. T <18. T ] | 25.
T 14. T3 1. T <e. T 1. I 18.
T <5. .| 5. T <18. N 3. | 1s.
T 1. T 13. T <18, T 11. 156
T <. T ‘8. T <1e. 1 1. if 5
2T <. Vo e 0 21— 12. 2+ «1. r <5.
T <5. T 18. ‘ T3 16. T 1. r <B.
T <. T T 1e. T 5. I} 18,
T . g — N T 2. | 4. — T
T 5. T 1. T <1e. T__—_—7 18 i 10.
T . T3 s T <18. an a. i <5.
T <. T s. T <10. T 1. r <5,
T <5. T/ 1 T <19. T 1. i 5.
T <S. T 12. T <18, T 1. i <5.
T «.’ T3 1s. T <18, 7 2. i <.
3T <. 3':::] 1s. 3T <0, 3“'_’_‘] 4. If 5
T 5. T 1. T «19. T <. I 1
T . = = T <1e. T < I <.
T <. T 1e. T <1s. T 1. ] 20.
T 5. T 1. T <19. T <1, i <.
T <. T 22, T— = i 3. T 5.
T <s. T 8. T <18, T <1. i <5,
- 4L 4L 4L




DH M8

MEAGER CREEK

BRITISH COLUMBIA. CANADA

FIGURE 1/M8

SAMPLE TYPE:
VERT.
(DEPTH SHOWN IN 100 METER UNITS)

SCALE:

WHOLE ROCK

25.9 M./CM.

PPM NA PPM K PP¥ CH PPM MG PPM FE
30000, 20000., 100009, 75090., 120000,
i 1 1 1 H

23708. | ] 8699. i 11808, 32000.

18808. ] 13288. ] 10500, 31308.

] 23108, ) 12388. i 1128. s17e.
7 29506. N 7620. T 7730. 27000.
7 20909, ] 8820. i 7308. 26990,
7 22288, ] 6748. i 8S38. 30600.
T 17e08. 7718, T 23000. ) 55790
T — [1e7. 787%. i 17100, ] s1100.
14 18088, “2958. 11 31508. 14 60690,
" 18808, B8g8. ] 26108. ] 56200

7 10600, 7838. i 49508. 7 56996
7 11788, 331e. ’ 49009 h 53190.
7 11188, 5868 ] 15400, 7 58400,
7 16908, 270, i 21400. 7 85560 -
] [ 12600, 1986. ’ 24308. 111808,
24308. | 5190. ’ 4960, __r_[ 24300.

25308. | 10809 i 4580, ] i7808.

24500, | i [ s2se. i 3520. -:§ 15000.

2 23360, Z 8870. 27 4999, 2 18508.
7 21789, 16906, | ] 8630. 20900.
7 21680, 16708. | T 7980. 20700.
7 21708, [ 7see. i 7076. 20600.
7 7 32750. ’ 58508. 70006
i 8590 ’ 10008. 36400,
7 B488 ] i 871, 3950¢.
j 20708, 11508. : : 5a88. 25800.
= 11200 25408, 4890. 16508.

- _24100. | al 11100, i N . 7760. 27600,
~ 18898. ~ 8789. 3 44100. ~ 18200. 41400,
T 17760. ] g24e. 7 41808, 17908. 43700,
] 8118, TT 2190. ] 65508. 76900, | 47500,
i 18098, ] 6636 ] 59490. 18500. 53300.
] ~ 175m. ] 4840, ] st400. ’ 9680, ] 39500.
7 26608. ] 5448. 7 48508, T 11308. B 48908,
7 23708, ] . 4500. ] 47790. i 9828, 7 36100,
 24m0e. | ) 2450. N 990, T 10800, ] 37090.

2510 | 1 6649, ] | 41808, i 18100. ’ 34200.

21808, 7 s119. b 45700. ] 8060 ] 38500.

4 00 41 8980 41 ~ 5esns. 41 11708. 4.- 40200,
] 11208. 19808 | | 24700, ’ 7538. 7 38808.
z308. 6450, 52506. ) 18508. ] 35500.

23808, ] 7889, ] 21808. T pa4s. 7 29300.

23780, 7 So4s. § 45508, i 761e. ] 35208.

22498, 7 18908 ] 28599 i 817e. 31700,

] Te500. B 8338 ] 39809. ’ g040. 32660,
] 21108. 7 a2ge. 7 35508. ’ 8580. 32300.

i “22080, ] 7754. 7] a74e4. ’ s150. 33100.
5: 18768, 5____[ 4770, 5: 52999, 5: 15690, 5 | sis00.




DH M8

- MEAGER CREEK

FIGURE 2/M8

SAMPLE TYPE:

WHOL

VERT. ‘SCALE:

E ROCK
25.0 M./CM.

) BRITISH COLUMBIA., CANADA (DEPTH SHOWN IN 109 METER UNITS)
PPM AL PPM TI PPM P PPM SR PPM BA
’ 110890 . 10008 1500., 1000., 1080,
1 1 i 1 1
107008, | ] 2668. 7 lass. : 678.
87508, | 2538. 823. 456.
. 66908. { 481. ] 77. ] 108.
74388. 2280, 7 713, i 545.
74580. ] 2158. i 874. b 434,
sases. | ) 2338. 7 736. ] ’ 678.
88098, | i 3880. ] 883, i [ 592
. 1 88998. | 1 3649. - 762. { 355.
5900, | 4740. 876. 511.-
se4se. | | 4s7e. : ase. 587. _
81680, 1948. 183. 338, 358.
T 78180. 7 2180. ] s81. 7 31s. 248.
7 77008. 7 4170, 7 98z. ] 455. 238.
109008, | 4578, 133, | ] 737. _rl 126.
86608, | 7318, - 1256. | : I a3 : 88.
ss28. | 1748. j 481. | £35. | 314.
102000 | 1578. 408. 582. 761.
o aes'oa;[ 2: 1376. 2: 347. 2: s07. 2: 586.
89808. 1708. 475. 458. { 516.
7 77800, 2820, R 7e8. 7 585. ] 859.
7 77808 2779. 7 §52.
7 78106. ©1730. 7
I se808. 7 3730. |
84500 7 2510.
84290. 7 2220,
7 74988, 7 1990,
d i
- ~ s310e. 1576.
- | 78800, 3: 2450.
< 8780s. | | 348.
52708 | 3918.
7 44508, ] 1288.
s1508. | ] 383s.
I 87168. : 2740.
86298. 4279,
54509, | 26850 g8s. 785.
83880, | 2520, 7 852. 83s. |
852e0. | 2736, i Bo1. i 585.
; 88908, 3040. 83s. 580.
4A "~ gesos. 4 317e. 41 , 895, 47 677.
53700, ) 2450. 7 ED i [ es2
] 82200, ’ 2808 941, ] 743.
- N 88308, ] | 2870. ~g3s. ] [s44.
] " BE100. 272e. " 878, T 706.
7 77696, 2618. 830. N [ 548
- 78308, 2450. 833. 881 |
75208, . " 3030. ' ! 748. B43.
s450s. | ’ [ 2850, ] 883 i So1.
B 5 7698, | 5 B %10 5: 1060, 5' 787.




- DH M8

MEAGER CREEK _
BRITISH COLUMBIA., CANADA

FIGURE 3/M8
SAMPLE TYPE: WHOLE ROCK

VERT. SCALE: 25.0 M.
(DEPTH SHOWN IN 199 METER UNITS)

PPM CO PPM NI

/CM.

PPM CR PPM MN PPM CU
508., ) 50@_.} m.g soo.} 1508 .

:- <. N 823. 7 4. T <.
i <. T 873. ] s. 1 5.
-: <2 T 493, 7 6. 7 <.
7 «2. T 715. 7 4. T <5.
:' 2. 7 824. 35. T <.
i «2. 7 813. T <.
] 55. ] | 1368, ) 2e.
7 5. | 1358. ] 242.
14 57. 1 1278. 14 27.
7 108, 7 1158. 7 114.
7 45, - [ 178e. 217, 7 278.
i 286. B 1298. 7 38.
: 28. ] 1228. 7 8.
5. ] 1126. ] 52.

:J 18. :i 1458. 1216, |
<2. 504. <5.
:: . T 452. 7 5o. T <5. T <.
ol :: 2: 471, 2 | s 2:: <. 2: <.
] 588. 57. <. <.
T . T 578. T 1 23. ] 12. T 1.
T <. T 477. 38. T 12. T 1.
T <. N 590. 7 s5. § 5. T 8.
T . ] 1618, ] . 7 37. T 8.
T . ] s13a. - 7 32. 7 5. R 2.
T «2. ] 681, ] ) 58. - <5, - 1 28.
T 2. ] [ 883, ] 41. T <5. 7 <5.
T . 7 524. ] se. T <. T <.
T <2. T 898. i 38. T <. T 5.
3t <. 3 [ 1238. 3 42, 31 25. 3:- 1.
T <. 7 1060, 7 51. i 25. i 12.
T . i 1366. ] se. i 113, T 5.
T . 1268. i 51. i 15. il 32.
T 2. 7 s27. i 54. ] 7 h 8.
T . ] 1270. i 28. § 7. T 12.
- T <. T 9s2. 7 38, 1 e ) <.
-‘h <2, 7 968, 7 38. T . <5. T <5.
:: 2. : 04. : 24. :: <5. :: <.
<2. 2354. 28. <5. <5.
B T . 47 1674, A T 4T <. 4 2.
T <. ] 23108. se. R 8. N 189.

T «2. ] 1380, ' 28. ] 13. 7

- :: <. i 8se. i 28. : [ 5. :_ <.
<. 1620. 42. <5. <.
T <. i 2478. - 27, T <. T <S.
g T . 7 3410 7 36. T <. i 3s.
T 2. ] s7s. 7 32. -[ 5. N 15.
:: . : 1366, : sa. ::' <. :[ <.
sl . 5 1599, 5 2. 5] 20. gl 25.




DH M8

MERGER CREEK S
BRITISH COLUMBIA. CANADA

FIGURE 4/M8

SAMPLE TYPE: WHOLE ROCK
25.0 M./CM.
{DEPTH SHOWN IN 100 METER UNITS)

VERT. SCALE:

PPM PB PPM ZN PPM ARG PPM LI PPM BE
se0. B 15., 25. 2.0
1}
T <18, 7 56. T . ] 8. g .2
: 11. : 75, :: @ : 8. 7 1.3
18. 45. 2. 3. 1.1
T <ts. il 82. T <. 7 4 1.1
T ats. 7 ss. T <2. 7 <. 1.1
T «s. ] s2. T <2. T . }.2
T as. ] ss. T <2. 1 5. J 1.4
18. h 238, 14. ' 22. 1.3
1 e 1- 8s. 1 <. I 1 1s. I 1..5‘ .
T <18, 7 73. T <. 7 1. i 14
T as. ] 15. 12. | ’ :xs. T [-2
T <18, ] 81. @ 22. | 1.3
T <10. 7 s8. T 2. 17. !.z
T <18, ] 86. T . :
T e, ] ‘57, T <. ]
T <. 22. T e
1 <is. 4. :: <.
<19, 38. <2.
2t as. 151. 2t .
T 8. 38. T <.
T . 4. T .
T T s2. T <.
T 8. 118. T <.
T «ts. 185. T <.
T <s. 38. T 2.
T 8. 118, T 2.
:: «18. 28. :: 2.
<18, S8. <2.
3,-i «s. 8a. 3T .
T . 8s. T <2.
T . «s. 7. T <.
T s. 87. T <.
:: s, 45. : | 7
«18. 78. <2.
T «s. 48. T <.
T as. 5. T <.
T <. 51. T <.
7 | 91. T .
4_- ‘ ae. 72. 4T <.
' 196. 4s6. | T <.
: s. 8. T «2.
T as. 7 83. T <.
T - 0. ] s2. T <.
T as. 7] ss. T .
7 18, ] 8s. T <2.
7 «s. B 116. ] l 8
T as. 83. b <.
-t - e
5‘“‘ <18. 5— es. 5__ 2.




ROCK

WHOLE

SAMPLE TYPE:
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SUXERRERERN)

FIGURE 1/MS

DH MS | | SAMPLE TYPE: WHOLE ROCK
MEAGER CREEK VERT. SCALE: 55.0 M./CM.

BRITISH COLUMBIA CANADA {DEPTH SHOWN IN 109 METER UNITS)

PPM NA PPM K PPM CA PPM MG ~ PPM FE

—
[
1
T

—

38800, 26009 ., . 50090, 30009., se00e.,
r~ I . I I 1
- x I T I
F 1T 1T 1% 1T
- 23308. | . s588. I 45980. | + ] esee + 33605 .
- 21908, + 5649. 4 48060, | 4 ] 1ese0 + 35000
= 24709, | + 584s. + 45508, . T 16300. ¥ 36000 -
- 24108. | 2+ | 7e2e. 2+ 36708. 2-- 9358. 2+ 33800
- 24700, | + 6850 + 44208, 4 s298. + 3z190.
- 23608 . | + | ssee + 45560 I 6390. + 38300,
E 24508. | + 5340. + 44200, 4] ssse. + 31800,
- 23000. | -+ 5256. + 50408, | + | 788e. -+ 32000.
- 25080, 34 | 7510, 3T 41800 3* 9828. 3+ 82508.
C 25108, 5670. I T 44200, + g548. £ 32760
- 3680, | 6538 + 43280, + 9250 + 32306.
- 23800. | 6118 + 391¢0. + 8920 + 30500,
- zseee. | R 8548 = 4188¢. L Bose. I 32780
o 24980, | 41 5490, 4F 44500, 44 4L 31508.
F 25400. | £ 7e70. . 42000, ] + 31200.
L 2z890.] + 7e80. ¥ 34700. . + 77160,
- z6200. | + 5280. + 49909, 3 + 3zede.
= 18500, + 14000 + 27500. . + 7 T ateee.
- 24808, 54 5+ 41600. o 5 31108,
C 24708, . + 41080, - . 31500,
- [ 1e7ee. - R 46480, h F 30400,
- 15096. 3 + 28500. . I [ 1ste.
- 25608 | 3 X 38799. g £+ 33408.
- 18748, B 6F 39568. & 6+ 27100,
- 26280, | - + 42200, 3 + 35106.
- 25008, | 4 I 41005. ] + 38708.
C 25608, | 3 I 41200. ] + 34403
- 28808, | 3 -+ 45689 B I+ 27600
C 23800, | 74 7+ 35200, 7 7+ 19600,
- z5208. | . + 40490, 3 + 31100.
- 248008, | 3 ¥ 50500, | ] I 317%0.
- 25700, | - I 38980, ] + 31800
- 21980, 4 + [ 25500 - + | 19s6e.
- 2010e. | 8F 8=+ 24508, 8 8+ 38090,
- 22600. ] + + 24200, . £ 19000.
- 6108, | + I aszéo. ] + 38300.
- 27600. | + + 48800, 3 + 29700.
- 27440, 4 F 37990. 3 + 28390,
- 27100, 9 o+ 36008. 9 g+ 27800.
- 28998 - I 39480, 4 + 20380,
+ z7888. - I 37800, . + 30500,
X 26880 = x 471%0. | 3 x 39708,
+ 26709. + | I 38500 + 8770, F 30200.
— zeees. | 10-- 10+ 38500. 16+ 4980. 10+ 24100.
- zes60. | + 12}%0. I 32400. ¥ 20704. ¥ 20b00.
+ z1908; F ] 3790, + 37888, = 15008, L 33300.
+ 24990, | 3 -+ 47900, | + 16708, + 43500, |
+ l14706. -+ 18500, | + 1 8480, - 1280. + 5830.
zsse0. | 11+ i7ses. | 114 | 21800. 1 1:4_) se2e. 11F | 2z306.
- 19888, + 11160. + 45898.| + 26609. | + 47300. |
- 23208 -+ 12290. -+ 45990. | -+ 21908 -+ 43200. |
: i i i i
~ 12+ 12—+ 12+ 12+

l})ll‘llllll
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FIGURE 2/MS

DH M9 | SAMPLE TYPE: WHOLE ROCK
MEAGER CREEK VERT. SCALE: 55.8 M./CM.

BRITISH COLUMBIA, CANADA (DEPTH SHOWN IN 180 METER UNITS)
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PPM AL PPM TI PPM P PPM SR PPM BA
114000, ' s80e., 1508, 2008., 2808.,

. . 1 —— 1 -t L 1 —t— 1 s i

T 1% 1T 1T 1T

+ 9e300. | + |2618. + p7s. + ] se + 556.

¥+ se708. | + 2754. + g22. + 748. + 734.

+ o7eee. | 4 2850. + 858. + 783. + 488.

+ 83768, | 24 2840, yas 830 24 [ £38. 2+ ges.
- 9688, | C 2810. + 936. + 73. I 445.
- gases. | . + [2580. + 821. + 734, + 57e.
- s2808. - 2750. + 8s3. 4 738. + 387.
- 99196. + [ 2480. + 8e5. + 854. + 457.
b 89896 3+ |2690. 3+ 853. I+ 741. 3F §81.
- ss6ee. + 2750. T 71. + 785. + 393.
- 84300, | - 2718. I 836. + 732 + 485.
- 87500 | - [2s80. + 818 + 63. + 4s0.
C 85499, | + |es7s. + 845 T 578 T s27
- 53800, | 4+ [ 2810. 4F 8es. 47 754 4] 428

+ 886se. | + “Js1e. - F s1e. + &71. T+

+ 78100, + [ 2z60. + 689. I 7. I

F 86589. | + Tesza. + | 835. + 852 +

+ 72480, &+ 2716. + 788. + 377. +

-+ 96200, | 5+ [2s88. 5+ 822. 5+ 728 5+

+ 88300, | + k7ee. I , 816 == g81. T

+ -~ 82508.] + 3620, + : 778. X 542, +

I 77600, I [ zo7e. &+ 484. . 458. X

I 88see. | 5+ 2878, I 845. + 725. X

X 55800, 6+ [ 23te. 6+ 754, 6+ 363 6+

+ gssee. | + 2589. + 915. £ 701 +

5 8s708. | + 2768. + [818. + &76. +

+ s11ae. | + 2810. I 885. + 713. +

+ 83500, + 2330, X 71s. + 596. .

-+ 80708, 7+ 2726. 7+ 594 7+ 1600. | 7+

+ 94300, | + 2730. + 810. + 748. X

+ 98509, | + 2378. ¥ 755. + 778. I

+ 5700 | F 2008, + 80s. + 840 +

X 78900, F 2480. F 490. + 375. X

3 83200, 8+ 26580, 8+ 819. 8+ s1e. 8T

+ 78500, =+ 249, £ 48s. + 75, +

4 ge5ee. | + 2819. + 817. + 728. +

+ 101000, | + 2664. + 8es. + 8e7. +

+ N + 2508, + 824. + 718, I

1+ 81799, o4 2s1e. g+ | 842. 9F 702. 9+

+ 85788, + z950. X . + 8s2. +

+ 103008, | + [ z538. + . + s91. +

= 182008, | + “Tesae. + + | ses. +

+ 101000, | + 277e. + + 74. F 785.

L 55140, 108+ [ z100. 10+ 10+ 858, 10+ 545.

+ 75608. F 4280, | + 1039, + 827. + 228.

+ 84200. | + 3453. + [ s + 563, + 243.

+ 84580, | + 4548. | + 869 -+ - 88, + 319.
+ 727%5. + Bez. T 148 ¥ 227. ¥ 813.

+ 77808. 11+ 3018. 113 727 11+ 248, 11+ 325.
+ gesee. | I+ 4978, | + l ste. + 847, + 554.
-+ 93396. | -+ s138. —f o+ 867, + 678. + - 651.
I T T T T

- 12+ 12+ 12— 12+
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FIGURE 3/MS

DH M9 . SAMPLE TYPE: WHOLE ROCK
MEAGCER CREEK ' YERT. SCALE: 55.0 M./CM.

BRITISH COLUMBIA. CANADA (DEPTH SHOWN IN 100 METER UNITS)
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FIGURE 4/MS

—,DH M3 ~ « " SAMPLE TYPE: WHOLE ROCK
MEAGER CREEK VERT. SCALE: 55.9 M./CM.

BRITISH COLUMBIA, CANADA (DEPTH SHOWN IN 1090 METER UNITS)

PPM ZN PPM AG ~ PPM LI PPM BE PPM ZR

2.9

100

20, e, 7. 3y
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- 1r 1x 1T 1T

, 83. I «2. I 13. F 1.1 X <.

C 7. + 2. T 1a. I 1.1 X 5.
- sz. + <. X 8. I .2 x <.
- 192 2+ <. 2+ 12. 2+ .2 2 <.
+ 56. E: «2. F 7. =n .2 T <.
+ . I 2. 4 8. C 1.1 . <.
+ 59. . <2. I 1. I 1.1 T <.
+ s2. + <. + 5 + 1.1 T <.
5 8- Cas 2. 3 5 3T 1.1 3t <.
F s2. F «2. 3 4. C 1.1 T <5,
-+ B4. -+ . + 7. + 1.1 X .
+ gs. £ . I 8. I 1.9 F <.
+ 5 + 2. + 6. T 1.1 T <.
X 45. 4x <z. 4+ 5. 4 1.1 4F <.
+ s1. + . + 7. 5 1.1 T <.
+ 45. + «2. + . 8. + e.9 T <.
F 5s. * . + s + 1.1 F <.
=+ 115. I 2. I ~ e2. | + .2 T 8r. |
- 8. st «2. 5+ 8. 5+ 1.1 oF P
F 54. X <2. . 7. + 1.1 x <.
=+ 1s. + 1 2. X 51. + 1.1 I l ‘34,
+ ». X «2. x 2. X 1.1 I 53.
+ si. * 2. + 8. L 1.1 + <.
- 87. 6+ <2. B8+ 23. 6+ 1.0 6F . <.
X 13, =+ 7. X 1. - 1.1 Ir - .-
¥+ 51. + <. X 8. + 1.1 T <.
. 7. F <2. T 13. ¥ 1.1 x <6.
£ ” T s I 18. I 1.0 £ <6.
+ 9 7+ <2. 7 28. 7+ 1.0 7F] 8.
X - 48, * 2. X 8. T 1.1 I <.
F as. F . . 1. T 1.0 i <.
+ 51. + <2. + 18. 4 1.0 ¥ <.
F .. F 7. x 24. I 1.1 T ] zs.
- 58. 8+ <. 8+ 16. 8+ 1.1 8+ <.
x ™. x 2. + 22, X 1.1 F1 13.
+ 52- o . T 5. I 1.1 I <.
+ as. T+ 2. =+ 8. ¥ 1.1 Fx <.
x 49. + . I 12 + 1.1 * <.
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+ 213. | x <2. X 28. F 1.8 | T 21.
+ . | 11F «2. 113 1. 11% 1.4 11 Js1-
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DH MS

MEARGER CREEK
BRITISH COLUMBIA.

PPM LA~

25.

PPM CE

CANADA

2S.

PPM ASx

FIGURE 5/MS

SAMPLE TYPE:
VERT. SCALE:

WHOLE ROCK

55.8 M./CM.

(DEPTH SHOWN IN 109 METER UNITS)
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DH Mlo-80D

FIGURE 1/M16-88D

SAMPLE TYPE: WHOLE ROCK

(DEPTH SHOWN IN 19@ METER UNITS)
BRITISH COLUMBIA. CANADA
PPM NA PPM K PPM CA PPM MG PPN FE
3e80¢., 35008, 85008 . 55008., 85000.,

-t i - 1 =, i i i L 1
-+ z380e. | I 998. + 44208. + 11208. I 26509
-+ - 23000, < 7878. -+ 28100, - 11108, + 37300.
-+ z3208. -+ 4568. 4 43700, -+ 11208, -+ 38608

1+ 18688, 1+ 18300, 1+ 45200. 1+ 871e. 1+ - 36400,

o0 23909. 0 7608. - 38508. r 9869. jn 36000.
-t 22580 4+ | se3s. -4 51500. -4 8520. -+ 345080,
-+ 21808 + 8858. + 41200. - 9550. - 34708..
+ 22406, + 9228. -+ -|41100. -+ 11500. + | sss00.

2--3_ . 8298, 2r 21786. 2r 78006, | 2r s1100. | 2r— 49408,
. 23300. -+ 8788 -+ kz3ee. - s816. -+ 3z708.
-+ 25708, | -+ 18990 -+ { asase. - 19689 -+ 2108.
-+ 24400. | -+ 8508. -+ | sssee. - 10708 4 3zgee.

5T 14998, 5T 18609. ~T 28708. 7 17100. ~T 32300.
-+ §659. -+ 18708. YL 72800. | V4 | z5200. YL 2200.
+ | 12908 + 22600. - Aesee. -+ ] 1e690. T 5600.
-+ 13300 + 11708, + 44108, - 6518. -+ 32208.
=+ _ 18s80. -+ 4708. - 55608. - g930. . 38300.
s 19590. -+ 2476, - 57808. - 853e. - 37908.

A o -~ - -

T 22668 ’ 4T s5938. 4 52890. 4: - 5029. 47 33580,

e 22308, -+ 7358. -+ 48400. - 10508. — 37209,
-+ 23g98. | + 5858. . 47506, - 8838 + 34800.
-+ 24508, | + 5568. -+ 45400. - 10260, < 34500.

=T [ 12800. 5T 17380. 57 49100, 5T 9560. 5T 37108.

Y4  22880. -+ 8190. - 38980, -+ 8850. -+ 31808,
) -~ 7548. < 44700, -~ s810. -+ a1300.
+ 28199, + 7180, -+ 47500, + | ge30. 4+ | 32300,
-+ zam.] -+ 7649. £ 450080, -+ 2070. . 33800
- ‘— -

T 22100, ~T 7718. 6T 48200, 6T 9548. 6T 38700.

O 24300, | e 8750. -+ [40100. + a17e. - 30700.
-+ | 13800. + 23808. - 24200. - 5788. - 20908.
-+ 24500. | -+ 7720. -+ 39480 - 10400. -+ 32506,
-+ 23609. | -+ 7710, -+ 4z808. -+ 8530. - 32708.
- 1330. - 31888, | - 47500. - 9408. —+ 52308.

71 -~ 23500. 7T 7186. 7T 45300. Gam 8530. 7T 32108.
+ 21208, . 5308. -+ 45700. -+ 8730. + 34900.
-+ 20808, - 15200. + 37508. -+ 9748. + 33809.
-+ 18809, . 13708. -+~ 47400. - l 25500. + 50500.

ot 3:90.‘ o 15499 gL 57200 | gL 25900 ot 77590 |

O+ 22498, - 446, 4 55408, -+ 21100. “+ 50500.
-+ 17708 - 8778. + 88700 - 32000. -+ 53600.

T ] . " 7 3
-+ 15898. - X 15408. - 1510, 3 456,
- 2878, -+ aziee. | + | e E 6640, - 22400.
E- 21388 . 16000. + 28300. . 4118. - 15380

Q 1 n ] - -

Y 23500. 9 9348. 9-_— 25608. 9 4818. 91 18308
-+ 23308, - 15500. . 21700, = 3489, - 33308.
-t 18780. - 17669, - 32509. - s9e8. -+ 26700.
- 208588 - 15388. - 25488. . 5550. + 20590,
-t 23409. - 14908, - 28400, - 7350. -+ 24300.

[ - - - 0

18 23a68. | 183 11588. 10 32800, 1 0: 5850. 3% 24208.
4 z3698. - 3578. - 4500. - 5448. 4 23708
+ 16008, -+ 18088, 4 32100. 4 8470. -+ 23800.
-+ 23209, -+ 13508. - 28104. - 5160. -+ [ 28706,
3 £ ¥ ¥ ¥
1T 1T 11T 11T




S ~ . FIGURE 2/M1@-886D
DH M10-88D © SANPLE TYPE: WHOLE ROCK

. : . VERT. SCALE: 50.8 M./CM.
gg??%chggEsMBmv CANADA (DEPTH SHOWN IN 18@ METER UNITS)

PPM AL PPM TI PPM P PPM SR PPM BA
: T 1eeeee. 8900, ' © o sees. 1108., 2000,
- 1 L 1 I . 1 r 1 r 1
- s59es. | + 2830 + 1000, I & - 561.
. seses. | + 2858. -+ 1028. g 845. 3 878.
. sores. | F 2828. 4 1038, I 735. . 436.
- 83369 1F 2878 1+ 1008. 15:5:. 1 ss2.
T 93108, - 2968. I 1048 T 698. : 586.
R .
- g7308. <+ | 2536 -+ 538 -+ 7438. - 541.
-+ 83208. i -+ 2798. -+ 823 E— 576. E 513.
<4 81688, 4 2808. + 943 -+ 38. - 877.
2T 55288. ! 2r 7348 | 2 4768 | Zx 103. | 2 1678
4 97008, ] -+ i 2488 . 204 T 691. + | 474
-+ eses. | -+ 5150 - 1218. -+ l s48. - 655
+ sties. | + | 2520, E 8. E— 707. + 512,
AT 83ess. | T |  2mse. A7 1318, ] a1, ~T 1738
+ 67198 = 7840 | S+ 4458, | ™ | ses. + 1190
- a23e8. | + | se1e. - 849 T | 4s + 1286
-+ oazes. | <+ l 2318. -+ #ss. + 468. . 203
+ ssees. | T | 27 . s87 + 791, ] 330,
F srces. | T 2478 T 815 45— 793, 45 188.
T asees. | T 2488. T 997 -+ 74%. . 417.
ne “gases. - | -+ z728. T4 983 -+ 701. . 595.
-+ se208. <+ 2788. - 862 T 752 . 579.
4 sazes. 4 2788 4 u54 -+ 726. . 514.
= 76008.] ct L 2000 5:—_Ll 705 55— 490 ' SE 548.
Y1 " sisse. | e 2428. 1 855. + 521 - 631.
e | -+ 2506. -+ 878. + 727 . 654.
4 omes. | + z380. + 831, -+ 694 - 528.
C ssses. | + ] 272 ] . 942, + 783 3 717.
- sises. | et 2828. T 934 6T 718 61 677.
- 8oess. | -+ 2498 C4 8s2 + 731 — 838.
. 74408 + 1718. . 474, . - | - 1678.
- 88000. | -+ | 2780, -+ 815. - ¢ -+ 518
- pszes. | + | 2 + 1 933 E + 621
- pedse. | -+ ] 212¢ -+ d 764 - - 777.
- 01568 e | 244e 7:—‘_'] 77. 77 7T 546.
C se7e8 T | 272e . 955. z . s3a.
o oeine. -+ { 2238 ] 823. : -+ 1158
[ sze0e. | F 3490 N 547. . ] 555.
ot 77308.] ot 5110 8':' 162. 85 85- 235.
Y4 971e8. ] -+ 4180 - 1920, . .
3 ezess. | + 4850. E; 162e. . . )
4+ 76188.| - s, - R . + 1480,
+ ~ 78198. | E 217%. E 718 . 247. + 832.
. 71008, — 1378. — 281. s . 909.
S om. En 450, Sx %63, S Sx o,
T e, E 123. 3 3s8. : 354 3 9e3.
- F 71188, ] 1510 " az8. 3 345, I Tege.
:-__—__m:o‘.l - 162. '-: 535. 3 382. ] 774.
4 os8ss. . 2048, - 84. - 537. - 1948.
i 51288. I ] 10x 1838, 1 OE 867. 1 95 32. 1 BE 748.
-+ 87ees. | <+ 189¢. " 895. - . sst. . 713.
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FIGURE 4/M108-80D

SAMPLE TYPE: WHOLE ROCK
VERT. SCALE: 50.9 M./CM.
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DH M12

MEAGER CREEK
BRITISH COLUMBIA.

CANADA

FIGURE 2/M12

SAMPLE TYPE:
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WHOLE ROCK
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FIGURE 3/M12

SAMPLE TYPE: WHOLE ROCK
VERT. SCALE: 35.8 M./CM.
(DEPTH SHOWN IN 109 METER UNITS)
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FIGURE 4/M12

DH M 1 2 ' ' ‘SHMPLE TYPE: WHOLE ROCK
MEAGER CREEK VERT. SCALE: 35.0 M./CM.

BRITISH COLUMBIA CANADA (DEPTH SHOWN IN 100 METER UNITS)
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FIGURE S5/M12

SAMPLE TYPE: WHOLE ROCK
VERT. SCALE: 35.8 M./CM.
(DEPTH SHOWN IN 109 METER UNITS)
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FIGURE 1/M13

DH MI13 N "SAMPLE TYPE: WHOLE ROCK
" MEAGER CREEK VERT. SCALE: 30.0 M./CM.

BRITISH COLUMBIé CANADA (DEFTH SHOWN IN 180 METER UNITS)
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FIGURE 2/M13

DH M1 3 ‘  SAMPLE TYPE: WHOLE ROCK
MEAGER CREEK ; VERT. SCALE: 30.0 M./CM.

BRITISH COLUMBIA CANADA (DEPTH SHOWN IN 106 METER UNITS)
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FIGURE 4/M13

DH M13 " SAMPLE TYPE: WHOLE ROCK
MEAGER CREEK VERT. SCALE: 30.0 M./CM.

BRITISH COLUMBIA CANADA (DEPTH SHOWN IN 180 METER UNITS)
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Appendix II

Geochemical Analyses of Veins
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