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Abst ract s

The geochemistry and mineralogy of dri1) core
and discharge sinters from thg Meager {resk geo-
thermal field suggest that at Jqast two hydrother-
mat evehts have affected this areda. Tha earliest
of these events {s characterized by chaltopyrite
mineralization and widespread propyiftic altera-
tion of the crystalline rocks which fom the gec-
thermal reservelr. A younger event -PeSulted in
the deposition of silica, pyrfte, clays, carbon-
ate, and hematite in hypabyssal dikes of the
Me_fger Mountain VYolcanic Complex and appadrs to be
rétated to the present geothermal system.

The distributions of Hg-+ 2Xh + As, dnd of Hg
and Sr are diagnositic of gumothermally altered
rocks at Meager Creek and swgyest that fractures
related to the dikes have bean important flufd
channels 1n the past.

.

_Intr'oduc.tlf'.u'fg'l o S

During the past five years, multfulement
investigations of geothermally altered rocks have
provah to be an effective terhnique for mapping
zones §f fluid flow and the tamperature distribu-
tions in active themmal systehs (see far example
Bamford and others, 1980; Christensen, 1980; Moore
and gthers, 1982; Christenseh and others, 1n
press)s  These studies have dealt primatily with
ieotheﬂ'ﬂa] systems of the Basinh and Range. Simi-

arly detailed investigations of hydrotogtcally
conpleX terraines such as thosg which ¢herscterize
‘the Cascades are, however, lacking, . - '

This paper presents the results of 4 recon-
hatssance geochemical investigation of core, dis-
¢harge Erecipitates, and thermal waters from the
Meager Creek geothermal field, located ghout 120
m hetth of Vancouver on the sguthern flank of Mt.
eageP in British Columbia, Capada. Tha 1nvesti-
gatioh was designed to test the applicebility of
using trace element distributiens {n the reservoir
tocks at Meager Creek to help Fuide the ongoing
exploration Tprograms. The {nvestigatton was
funded by the B.C. Hydro and Powet Authority and
by the DOE/DGE under contract DE-ACO7-BO1D12078.

7 Farth Sclence Laboratory Division/ -
tniversity of Utah Research Institute ' .
*B, Ci Hydro and Power Authority ' ;
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Analytical Procedures .. . % -

The analytical work describd here was di-
rected toward decumenting trace Wlement distribu-
tions developed within rocks of.the Meager Creek
thermal field, Whole=rack trace' element determin-
ations were made on £J0 samplad of drill core
taken at 10 or 20 m fmtervals from six wells.
Each sample represents 0.5 m of core. These data
were supplemented by. chemical dnalyses of the
thermal waters, well and hot spr{ng deposits and
veins contafned within the cores
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The concentrations of Na, K, Ca, Mg, Fe, Al,
Ti, P, Sry Ba, Cr, Mn, Co, Ni, Cu, Mo, Pb, In, Ag
Li, Be, Zr, L&, am! Ce, were deteriined in each o
the samplegs by {nductively coupled argon plasma
(1CP)  spectrometry. In addition, the solid
samples werg snalyzed for Mg by gotd film detector
and As was dutermined colorimetricaiiy.
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Geclogy P

The country ‘tegks of the Ml?ﬂ!r Creek geo=
thermal system congist predominantly of fractured
crystalline and metamorphic rocky &Ff the Mesozoi¢
foast Range Plutonic Complex. [stlated outcrops
of the basement rocks occur in th# glecthermal area
but elsewhere they are overlain by lava flows,
breccias and tuffs of the Pliicense to Recent
Meager Mountain Volcanic Complex {Fig. 1). The
geological relationships have been described by
Read (1979) and Fairbarmk and others (1981). The
subsurface geology has been studidd and summarized

by Read (unpublished data) amd’ Nevin/Sadlier-
8rown/Goodbrand  Ltd. {unpubtished 1ithologic
logs).

To date, fifteen diamond d¢rill holes and
three deep rotary wells have tested various por-
tions of the geothermal field. TYhe six diamond
drill holes chosen for this stuly provide an i1-
Tustrative cross section of the thermal anomaly
{Fig. 2}. Two of these wells (M?+79D and M10-80D)
are located in the central portions of the ano-
maly, two (M13-81D and M9-80D) ate located on the
high-temperature margins, and twe (M8-790 and M12-
80D) are located #h the cooler, peripheral por-
tions of the anomaly. MWell M7s79D recorded the
highest temperature {202°C), and both M7-79D and
M12-80D produced small quantities of thermal
fluid.
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Figure 1. Generalized geotogy and_:'l'ocat10n of wells and springs in the Meager Creek geothermal field

{from Nevin/Sadiier-Brown/Goodbrand Ltd.)

The country rocks penetrated 4n the .wells
cohiist  predominantly of variably $liated
Cretaceous quartz diorite. Mesozole metamorphic
rocks, fntruded by the quartz diorite, cumprise
the bulk of the samples in well HB-?;D; an the
western edge of the field, and gteur Hedp tqe base
of M9«80D. The lithologies of the chemfeelly ana-
lyzed samples are summarized 1n Flgure 20

The quartz diorite and metamorphie’ rochs have
been intruded by silicic to intarmediate composi-
tion dikes. These dikes occcur widely thru*ghout
the field and are probably of spverel ulfferent
dges. Fairbank and others (1951; have - suggested
that dikes of dacite, teldspar porphyry amd rhyo-
T1te are related to Quaternary volcanism dnd are
torreldtive with the velcanic rocks on Pyloh Peak,

Hydrothermal activity has Pesulted 1# wide-
spread propylitic and argillic eMeration st depth
and the  depositon of quartz, ¢lays, snhgdrite,
epidote, bharite, base-metal swIFides, calcite,
siderity, dolomite, and hematite ¥n 'Fractures
within the reserveir rocks. butailed fhvestiga-
tions of the hydrothermally altered rocks a% depth
are in progress. _ . .

Surface deposits related to the active ther-
mal system at Meager Creek include carbonate and
silicenus sinters associated with hot springs lo-
cated #long Meager Creek between Heager Main
Spr1ngs and well M1-74D, and carbonate deposits

_ formed around the Carbonate Springs (Fig, 1). In
partieular, the concentrations of Sr, Ba, Mn, In,
Pb, Ag and Hg, although variable, are significant
(Table 1) and similar in magnitude to the ¢oncen-
trations of these elements found in discharge

i

Thermal Fluids o'

precipitates from other high-temp¥rature thermal
systems.,

The thermal flutds sampled fpom springs and
shallow wells {n the Meager Creek thermal area are
sodium chloride in character. --The measured tem-
peratures of these ftuids range fhom about 50° to
60°C. Mon-thermal fluids from tha Mt, Meager area
are calcium to calctum-magnesium  Plcarbonate 1in
character.  TDS .values for the' thermal waters

.range from about 108G to 12,500 @@m; and for non-

thermal waters from 50 to 500 ppm (Clark and
others, 1982; B, + Hydro, unpublished data,
1982), The highest temperature Fluid yet sampled
was encountered in ohe of the deep. (3500 m) rotary
wells drilled during 1982, This Fluid has a tem-
perature of 190°C and a calculated TDS of 3,573
ppm {B.C. Hydrc and Power Authotty, unpublished
data, 1982),

Chemical and 1%otope geothermometry indicate
that all therma) waler, with the exception of the
190°C fluld from the deep well, sguilibrated with
the country rock a4t a temperature of 140°C or less
{Clark and others, 1982), Chemical geothermometry
of the degp rotary well flufd gives temperatures

~of 185°C snd 195°C, both within 5°C of the mea-

sured tempelature.

Trace Element Geochemistry

The geochemistry of the resebfvoir rocks and
veins indicates that, at depth, the elements
enriched in the discharge sinters fall into
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Kapd () , ' .7
kgl (%) |
tad {1) 60.2 COBLE 52.8
Mgb (%) .2 2 .2
Fnzﬂa (%) 6.9
Atgl, (%) .1 | .
Pals (%) co
5a0- (%) 012 Wb09. . L009
Mo (%) 004 - Lt 034
St {ppm) 707 o664 L. 13800
Cr {ppm) Lo e

@ {ppm) ,

U (ppm)
Ph (ppm) . 24

. I [ppm 14 35 58
Ay {ppm 5 8750

By {ppm 238 252
L1 {ppm 6
Bd tppn] 3.9
Ir (ppm} - 23 . 23 58
L4 {ppm} - 720 . 14
Hg {ppb) . - 48 g:__ o 7
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Travertine, Carbonate Springs, Meager Creek

Moore et al.

Geochemistry of Sinters
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several ' distinct geochemical’ groups. = These
includet ¥
a} Hg +.Cu + Zn + Pb + Ba + K + {&r depletions)
b} Hg + Zn + As SR
¢) Hg + Zn.
The association Hg + Cu 4+ 2n 4 Pb'+ Ba + K +
(Sr depletions) is characteristi¢ of tha sltered
quartz diorite and metamorphi¢ rugks which Hsplay
widespread propylitic and argiilic atltepation.
the alteration is most 1ntenfe in walls M10-80D
and Mi3-810 where base metal minerali2edton is
commghs  Similarly altered focks ocer 14 wells
112.890 and MB-790 on the margins of the thermal
#leld, These observations ang the absancs of sig-
ntficant Cu enpichments in hygabyssal d¢ikes. of the
Meager Mountain Volcanic Complex suggesta that Cu
minaraltzation preceded emplacement of the dikes.
the propylitic alteration bears no apparent: rela-
tionsiip to the present thermdl system and is

interpreted as being pre-geotharmal in age.

the trace element distributfons {n the
altered yuartz diorite at Meager Ureek are Similar
to those found in the copper bDorphyry deposits of
the Guichon Creek batholith of British Columbia by

Olade and Fletcher {1976). .

The geochemical association Mg + Zn + As is
characteristic of the mineralized hypabyssal
dikes. The distribution of these elements is pre-
sented in Figure 3., This diagram suggests that
these elements are crudely Zzoned with respect to
the present thermal anomaly. Dikes characterized
by enrichments in Hg + Zn + As ocklr in the high-
temperature portion of the themkal anomaly in
wells M7-790 and M210-B0D, whereas dikes enriched
only in In and Hg occur in well MU=BOD. Only two
samples of quartz diorite enriched in these ele-
ments and containing low concentrdtions of Cu (<18
ppm) were found. Cne ¢ontaining Mioh concentra-
tions of Hg + As + In was Sdmpiad at a depth of
220 m in W7-79D. The otheky ftagm 360 m in MIO-
800, is enriched in Hg + In. The trace element
distributions of these samples 13 compatible with
those of the altered dikes. .

Weazk enrichments of both Hg and Sr occur pri-
marily in the outer partion of tha thermal field.
Although the origin of these ent{ichments is not
yet completely undergtood, the high concentrations
of Mg and Sr in the discharge sinters strongly
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Flgure 2i Distribution of 1Ttha1691es'and tempera-
tures in the thermal gradient wells.

suggests that their distributiois at 1&pih are at
least 1n part related to geothermal -astivity,
Enrichments 4in Sr (Fig. 3} occur ~erratically
throughuut the thermal field put #re most abumdant
in the weakly altered interval between }90 and 320
M in wetl M7-79D. Here the Sr appeard to be asso-
¢lated with calcite veins, . and abundant open
fractures. - L

Mercury concentrations in the reservoir rocks
range from less than 10 ppb to 1,000 ppb.  In gen-
eral, the highest concentratipons of Hg occur in
the central portion of the themal anomaly. Mells
located on the margins of the flield are, fn con-
trast, tharacterized by relatively low concentra-
tions of Hg. = For example, samples from well M12-
400 contain Tess than 40 ppb Hg, whergas {nly one
sample from well M8-790 has & Hg temcentration

_that exceeds 10 ppb.

Miﬁor concentrations of H¢ characterize
tntervals of the country rock containipg fluid
channels in well M7-790 (220-240 m) and Mi2-80D
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Figure 3. Distribution of Hg + Zf' & As in dikes of

the Mt. Mpager VoTcan1$ Complex and Sr
enrichements 1n crystali{ne basement
rocks., o
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{420-450 m}. The fluid channgls in these zones
occur at a depth of 233 m in M7«78D and at 441 m
in M12-80D. The rocks 1n wells MJuBOD and M10-BOD
are unproductive but charactrized by relatively
high temperatures.  The limited distribution of Hg
in these wells 1s consistent with their low perme-
abjlities. Well M13-81D is also dry but charac-
terized by Hg enrichments throughbut its lemgth,
suggesting that this portion of the reservoir may
have been more permeable 7n the pdst.

Summary and Conclusiens

Water-rock fnteractions betwekn the reservoir
rocks of the Meager Creek geothermal field and
high temperature thermal fluids Mave produced dis-
tinctive gecchemical anomalies which reflect the
patterns of fluid flow and temperzture distribu-
tions of twa different hydrethepnal systems.
Three multielement geochemical associations in
addition to the distributions of Hg and Sr have
been mapped within the reservolr based on chemical
analyses of thermmal watets, dfscharge precipitates



-and coew from six shallow to intermediate depth
welis, These associations include: + Cu + Pb
+ Zn + kK + Ba + (Sr depletions), Hg + gs + In and
Hg + 2t . .

The association Hy + Cu + Pb + ZH + K + Ba +
(sr depletions) is restricted to propylVtically
“altered crystalline and metamorphic rocks of the
. Goast Range Plutonic Complex, which. underiies the
volcanie rocks of Mt. Meager. This alteration
assemblage bears no apparent relationship to the
present temperature distribution of the thermal
field and is fnterpreted as resulting feom:¢ircu-
latien of high temperature fluids generdtud during
emplacement of the Cretaceous stocks of thg plu-
tonfc tomplex. L

Hydrotherma) alteration related to the active
geothermal system followed intrusion of Pliocene
to Recent dikes belonging to the Mountalp Meager
Yolcanic Complex.  Within the high temperature
portion of the field, the dikes are enriched in Hg
+ As + Zn and Hg + In, In contrast, enrichments
in Hg and Sr occur sporadically #n the fractured
crystalline rocks. Although it is not Kﬁt possi-
ble to wnequivocably assign an age to ¢ I; enrich-

t
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ments 1nh Hy and Sr, both elements ar rtant
trace constituents of the geothermal Ithf:, and
discharge deposits. Thus it appears 1{kely that
the enrichments of these elements in the reservoir
rocks is at least in part produwced by the-active
thermal system. :

The gecchemical distributfons suggest that
two chemically different fluids have been respon-
sible for the trace element pattepna present in
the rocks altered by the geothutnal ¥tulds: one
relatgd_ tc the deposition of Hy-'4 As 4 2h and the
second ‘to the enrichments in 5§t and -peMiaps Ha.
Although wells containing rocks .enriched {n Hg +
As + In did not encounter high temperaturs: fluids
some inferences can nevertheless be made based on
data from other high temperature tystems. For ex-
ample, at Broadlands, depositioh of basa metals
are aspbciated with high temperature {greater than
200°C) HNaCl brines (Weisberg and others, 1979).
We suggest that similar, higher temperature,
fluids may be present in a deaper (but wet un-
tapped) themal reservoir at Medger Creek. The
association between the dikes and the distrdbution
of Hg 4 As + Zn suggests that fractures along the
dike margins may have provided conduits which
allowed the fluids to migrate upward into the
shallow portions of the field. o

On the other hand, fluids which are #ctively
depositing caledum carbonate enrithed in Sr vary
from thermal 'S(BD%) NaCl brines (<9000 ppm TDS)
ta cold {<10%C} CeHCO, (<600 ppm} ditute aprings.
These fluids have Been examined by Clark and
others {1582). They concluded from chemfcal and
1sotope geothermometry that the thatmal springs
and well waters from the shallow wells in the
Meager Creek area equilibrated with the reservoir
rocks at a temperature of 140°C or less. Recent
deep drillimg conducted during 1982 has encoun-
tered fluid with a temperature of dpproximately
190°C. This fluid is compositionally similar byt

" Moore et al.

Lo

more dilute than sqne of Ehe fluids discharged
from some of the shailow wells, Variations in the
chemistry of the flyfds tapped by the wells and
springs suggests that some of thdse fluids could
have been dertved from a high temperature portion
of the thermal systan and subsequently reequili-
brated in a lower temperature, Tow permebility
reservoir. o :
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