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ABSTRACT 

Mu1 tielement geochemical exploration d a t a  have been acquired f o r  the Cove 

Fort-Sul phurdal  e Known Geothermal Resource Area ( KGRA) . T h i  s was accompl i shed 

by analysis  of b o t h  whole rock and +3.3 specific gravi ty  concentrate samples 

from cuttings composites col 1 ected from shall ow rotary d r i  11 hol es. Areal 

d is t r ibu t ions  are reported fo r  arsenic, mercury, lead and zinc. These are 

elements indicated by previous studies t o  be broadly zoned around thermal 

centers i n  geothermal systems and thus t o  be useful fo r  selecting and priori- 

t i z i n g  drilling targets. 

Results from this work suggest t h a t  reservoir temperature and/or  

reservoir t o  surface permeability, and thus possibly overall potential f o r  a 

geothermal resource, increase northward beneath the approximately 18 square 

m i  1 e area containing shall ow dri l l  holes , possibly t o  beyond the northern 

limits of the area.  The da ta  provide a basis for development.of three 

principal target model s for the geothermal system b u t  do n o t  permit 

prioritization of these models. I t  i s  recommended t h a t  geochemical, 

geological , and temperature gradient surveys be expanded northward from the 

present survey area t o  more f u l l y  define the area which appears t o  have the 

best resource potential and t o  a i d  p r i o r i t i z a t i o n  of the target models. 
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INTRODUCTION 

A multielement geochemical survey has  been completed f o r  the Cove 

Fort-Sul phurdal  e Known Geothermal Resource Area ( K G R A )  ( F i g .  1 ) t o  a i d  ongoing 

geothermal e x p l o r a t i o n  w h i c h  i s  p a r t i a l l y  funded by the Department o f  Energy, 

Div i s ion  o f  Geothermal Energy, through i t s  I n d u s t r y  Coupled Program. The work 

c o n s t i t u t e s  an i n  

ca l  zoning model s 

. Hot S p r i n g s ,  Utah 

Geysers, Cal i f o r n  

T h e  geo log ic  

t i a l  e x p l o r a t i o n  appl i c a t i o n  o f  geothermal system geochemi- 

based on e x t e n s i v e  three-dimensional  d a t a  f o r  the Roosevel t  

hot-water  system and less e x t e n s i v e  well d a t a  f o r  the 

a ,  vapor-dominated system ( f o r  example, Bamford, 1978). 

c o n f i g u r a t i o n  o f  the Cove For t -Sulphurda le  a r e a  c o n t r a s t s  

w i t h  s e t t i n g s  of the p rev ious ly  s tud ied  Roosevel t  and Geysers systems. 

much o f  the Cove For t -Sulphurda le  a r e a ,  the wa te r  t ab le  i s  depressed t o  

approximately 400 meters (Union Oil Co, 1978a) and,  consequently,  p r i n c i p a l  

Over 

s u r f a c e  m a n i f e s t a t i o n s  reflect the e f fec ts  o f  degass ing  and b o i l i n g  a t  d e p t h .  

Hydrogen s u l f i d e  gas  i s  presently evolv ing  from some of  the a l t e r e d  a r e a s  nea r  

Cove F o r t  and from the central p o r t i o n s  o f  the Sulphurda le  d e p o s i t .  Release 

of hydrogen sulfide from the geothermal f l u ids  fol lowed by o x i d a t i o n ,  forma- 

t i o n  o f  s u l f u r i c  a c i d ,  and downward leach ing  has been considered as an ex- 

p l a n a t i o n  f o r  the intensely leached a1 t e r a t i o n  assemblages observed nea r  the 

s u r f a c e  (Moore and Samberg, 1979) .  

of the Cove For t -Sulphurda le  area i s  c h a r a c t e r i z e d  by low-angle f a u l t s  and 

g r a v i t a t i o n a l  g l i d e  b locks  w h i c h  form an impermeable c a p  ove r  the geothermal 

system. These f a u l t s  s e p a r a t e  a n e a r l y  i so thermal  lower p o r t i o n  of  the 

r e s e r v o i r  from an upper zone c h a r a c t e r i z e d  by a steep thermal g r a d i e n t .  

steep thermal g r a d i e n t  may i n  p a r t  ref lect  i n f l u x  o f  c o l d  me teo r i c  wa te r s  i n t o  

The  geo log ic  structure o f  the c e n t r a l  p a r t  

T h i s  

Grrs 
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the upper block (Moore and Samberg, 1979) .  A1 though e x i s t e n c e  o f  a hot-water  

system has been confirmed by deep d r i l l i n g ,  s u r f i c i a l  f e a t u r e s  common t o  such 

systems, such as  h o t  s p r i n g s  and d e p o s i t s  o f  s i l i c e o u s  and c a l c a r e o u s  sinter, 

a r e  n o t  present. 

f ie ld  a r e  t h u s  similar t o  a vapor-dominated system, necessitating t h a t  

i n t e r p r e t a t i o n  o f  geochemical survey  results be based on models f o r  both 

hot-water  and vapor-dominated geothermal systems.  

Near-surface c h a r a c t e r i s t i c s  o f  the Cove Fort-Sul phurdal e 

Geochemical d a t a  were acqu i red  mainly through the expediency o f  ana lyz ing  

avai  1 ab1 e c u t t i n g s  samples from shall ow temperature g r a d i e n t  hol es d r i  11 ed by 

Union Oil Co. (Union O i l  Co., 1978b) .  T h i s  approach,  though limited somewhat 

by a l a c k  of s p e c i f i c  survey and sampling d e s i g n ,  has been p rev ious ly  shown t o  

be a r easonab le  means o f  qu ick ly  o b t a i n i n g  useful i n i t i a l  geochemical informa- 

t i o n  f o r  a l a r g e  a r e a  w i t h i n  a limited time frame and a t  an a c c e p t a b l e  c o s t  

(Bamford, 1978). S p a t i a l  d i s t r i b u t i o n  o f  sampled g r a d i e n t  ho le s  was adequate  

w i t h i n  the Cove F o r t  a r e a  f o r  purposes  of  the survey, and sampling of  most o f  

the ho le s  had been done w i t h  suff ic ient  frequency t h a t  sample b i a s ,  i f  any, 

could  be c o r r e c t e d  by composi t ing.  Both convent iona l  whole rock and enhanced 

geochemical d a t a  were acquired for the dri l l  cuttings samples. A few surface 

rock c h i p  samples were a l s o  c o l l e c t e d  and ana lyzed  i n  this work t o  complement 

d r i  11 hol e sample resul t s .  

METHODS 

Enhancement o f  hydrothermal geochemical s i g n a t u r e s  re1 a t i v e  t o  t h o s e  of 

o r i g i n a l  rock has  been accomplished through s e p a r a t i o n  and a n a l y s i s  o f  a 

nonmagnetic +3.3 s p e c i f i c  g r a v i t y  heavy l i q u i d  c o n c e n t r a t e  f r a c t i o n  from 
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ori  g i  nal who1 e rock d r i  11 chip composi t e  sampl es.  

and a1 te ra t ion  s i l i c a t e s ,  largely barren of hydrothermally derived t race 

elements, a re  mostly removed t o  leave samples which contain a large proportion 

of hydrothermal oxides and sulf ides  and t h u s  a re  re la t ive ly  and systematically 

enriched i n  the t race elements of i n t e re s t .  

addi ti  onal qual i t ies  of bei ng readi 1 y reproduced and re1 a t i  vel y i nexpensi ve 

(Bamford, 1978). 

In t h i  s manner rock-formi ng 

0 

The +3.3 sample fract ion has 

I t  t h u s  cons t i tu tes  a practical  sample type for  routine 

expl oration use. 

In this survey, two sample types from a max 

i n  each 

analyzed 

Val i d i  t y  

chemical 

cut t ings 

mum of three depth nterval s 

r i l l  hole have been u t i l i zed  (Table 2 ) .  Whole rock samples were 

as well as the +3.3 specif ic  gravity concentrates t o  confirm the 

of the concentrate analyses and corroborate the location of geo- 

y anomalous areas. Both sample types were derived from 100-foot 

composites for  the d e p t h  intervals  0-100, 100-200, or 200-300 f ee t ,  

depending on total  hole depth. Investigations to  date have not indicated tha t  

any one shallow d e p t h  interval i s  invariably preferable t o  another; indeed, i t  

i s  expected tha t  differences probably e x i s t  between geothermal areas depending 

upon d i f f e r e n c e s  i n  t h e  n a t u r e  and  d e p t h  e x t e n t  o f  p o s t - d e p o s i t i o n a l  e l e m e n t  

redis t r ibut ion.  Analysis o f  samples from more than one depth interval a lso 

provides useful corroboration of the existence of spec i f ic  k inds  of geo- 

chemical anomal i es when, as  i n  t h i  s survey, d i  stance between d i  screte  sample 

locat ions ( d r i l l  holes) i s  re la t ive ly  large.  In th i s  par t icu lar  application, 

geochemical data from two depth in te rva ls ,  0-100 f e e t  and 100-200 f ee t ,  are  

emphasized primarily because sample su i t e s  a re  most complete fo r  these 

interval s . 

@ 
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As mentioned e a r l i e r ,  a few surface rock chip composite samples were also 

collected and analyzed i n  this work t o  provide a par t ia l  check on the d r i l l  

hole sample resu l t s .  

0 
Only whole rock material was analyzed fo r  these samples 

(Table 3 ) .  

Sample Preparation 

Drill cut t ing grab samp e s  are  washed ( t o  remove d r i l l  i n g  mud and exot C 

fines) , crushed to  -4 mesh, cleaned of iron d r i l l  b i t  and d r i l l  rod shavings 

w i t h  a hand magnet, and pulverized t o  -80 mesh. Composite samples are 

prepared, each containing 3 to  10 original samples and representing 100' of  

dri 11 i ng interval . The practice of analyzing composite sampl es he1 ps smooth 

potenti a1 random sampl i ng variation o f  i n d i v i d u a l  or i  g i  nal g rab  sampl es  and 

decreases the number of samples which must be prepared and analyzed t o  a 

practical  t o t a l .  

Twenty t o  eighty grams of each -80 mesh composite sample are  used to  

prepare the t 3 . 3  specif ic  gravity heavy 1 i q u i d  (methylene iodide) fraction. 

The - 3 . 3  specif ic  g rav i ty  f ract ion i s  discarded. A magnetic f ract ion,  con- 

sisting mostly of magnetite w i t h  minor res idua l  i r o n  shavings, i s  separated 

from the t 3 . 3  specif ic  gravity f ract ion using a hand magnet. All sample 

fract ions a re  weighed and then examined under a binocular microscope t o  

determi ne thei r approximate mineral ogi c composi t i  on. 

Chemical Analysis 

The original who1 e rock 

magnetics f ract ion from each 

37 major, minor, and t race e 

Q 

sample and the t 3 . 3  specif ic  g rav i ty  l e s s  

composite have been routinely analyzed for  38 and 

ements, respectively. Nay Y ,  Cay Mg, Fey  A l ,  S i ,  

5 



Ti, P ,  S r ,  Ba, V ,  Cr, Mn, Co, Ni, C u ,  Mo, P b ,  Z n ,  Cd, Ag, A u ,  As, Sb, Bi, Se, 

Te, Sn, W ,  L i  , Be, 9 ,  Zr, La, Ce, and T h  were determined by means of the ESL 
0 

Inductively Coupled Argon Plasma Spectrometer ( I C P Q ) .  The  ICPQ i s  an Applied 

Research Laboratories Model 137 with a 1080 line/mm grating and dedicated 

computer operating system. Quadrat ic  calibration and matrix interference 

corrections and background subtraction of digestion blanks are performed 

automatically by the computer software system. 

Arsenic in whole rock samples and in selected +3.3 check samples was 

determined using a colorimetric method. 

samples only using a Model 301 Gold Film Mercury Detector (Jerome Instrument 

Corp. , Jerome , Arizona) . 

Mercury was determined on whole rock 

Data Presentation 

Limits o f  quantitative detection ( L Q D )  , representing lowest meaningful 

analytical values f o r  the elements presented, are: arsenic (+3.3, ICPQ)  16 

ppm, arsenic (+3.3 colorimetric) 5 ppm, arsenic (whole rock, colorimetric) 1 

ppm, lead (+3.3) 20 ppm, lead (whole rock) 10 ppm, zinc (+3.3) 2 ppm, zinc 

(whole rock) 1 ppm, and mercury (whole rock) 1 ppb. Analytical precision (95% 

confidence level)  a t  the LQD i s  approximately * 100% and a t  five times the LQD 

i s  approximately f 10%. 

Data f o r  the Cove Fort-Sulphurdale area are presented on computer- 

generated plan plots. 

re1 ationshi ps between geochemical d a t a  , geol ogica l  d a t a  , and geothermal 

phenomena. 

distributed irregularly over the area, plots have only been roughly hand-  

The plots f ac i l i t a t e  rapid evaluation of the inter- 

Because the da ta  are limited t o  a maximum o f  19 locations , 

6 
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contoured t o  show approximate d a t a  trends. 

meaningful values determined by inspection. Each higher contour value i s  

double t h a t  of the preceding lower value, thus helping assure t h a t  da t a  

var ia t ions delineated are real rather than the product of random sampling and 

analyt ical  biases. 

Minimum contour  values are lowest 

Interpretations presented i n  this report are based primarily on the d a t a  

Only large consistent changes i n  geochemistry for b o t h  of the graphics. 

sample depth intervals evaluated and/or i n  bo th  whole rock and +3.3  concen- 

t ra te  samples are interpreted as  s ign i f icant .  No attempt i s  made t o  calculate 

mean background values or popula t ion  s ta t is t ics  since the d a t a  are limited and 

do no t  necessarily incorporate a sing1 e background popul a t i o n .  

values have been conservatively estimated and are presented (Table  1) only t o  

qua l i fy  the term "anomalous" as  used la ter  i n  the tex t .  

mate arithmetic means o f  trace element d a t a  presented i n  Table 2.  Their 

conservative nature as threshold values resul t s  from their estimation from the 

t o t a l  da t a  set  w h i c h  incorporates b o t h  a background p o p u l a t i o n  and  a t  least 

one anomalous popu la t ion  of  a b o u t  equal size. 

Threshold 

These values a p w o x i -  

Concentrations o f  38 elements were determined f o r  each sample, a1 t h o u g h  

da t a  presented in this report are limited t o  a few of these for reasons 

described below. 

information are available f o r  open-file inspection a t  the E a r t h  Science 

Laboratory of the University of Utah Research Institute i n  S a l t  Lake C i ty ,  

Utah. 

The complete mu1 tielement da ta  package and re1 a t ed  

7 



Data Interpretation 

The exploration significance of the mu1 tielement geochemical distribu- 0 
tions i s  adequately establ i shed by geochemical model s devel oped a t  Roosevel t 

Hot Springs, Utah, and The Geysers, Cal i fornia  (Bamford, 1978; Bamford e t  a1 ., 
i n  preparation). These models indicate t h a t  mu1 tielement geochemical zoning 

is  developed a t  both  a relatively small scale over hundreds of feet about  

i n d i v i d u a l  f l u i d  entries i n  geothermal wells and a t  a larger scale over 

thousands of feet b o t h  vertically and laterally about  prominent thermal 

centers i n  geothermal systems. The consistent relationships t h a t  the models 

reveal between geothermal phenomena and mu1 t ie l  ement distributions suggest 

t h a t  this type of geochemistry may be one of the more reliable and cost- 

effective methods for defining geothermal dril l  i n g  targets. 

Elements and  mu1 tiel ement parameters selected for presentation are 

limited t o  those which most clearly delineate geothermal resources a t  

Roosevelt and The Geysers. The most important of  these for both hot-water and 

vapor-dominated systems are arsenic and mercury. These elements tend t o  

develop broad-scale surface anomalies, hereinafter referred t o  as central-zone 

anomalies,  i n  permeable zones over the hottest o r  shallowest and sometimes 

most readily exploited parts of reservoirs, and also t o  form small-scale 

anomalies a t  or close t o  i n d i v i d u a l  thermal f l u i d  entries i n  geothermal wells 

(Bamford, 1978, and Bamford e t  a1 . , i n  preparation). Depending on the nature 

and orientation of permeable zones connecting the surface and a reservoir and 

on the nature and amount of f l u i d  f l u x ,  however, a f ini te  amount of  displace- 

ment of central-zone anomalies laterally away from a position directly over 

the h o t  spot can be expected. In  hot-water systems, lead and  zinc t e n d  t o  

63 
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form anomalous c o n c e n t r a t i o n s  pe r iphe ra l  t o  the h o t t e s t  o r  sha l lowes t  p a r t s  o f  

r e se rvo i  rs and thei r a s s o c i a t e d  c e n t r a l  -zone mercury-arseni c anomal ies ( and t o  
Gd 

f l u i d  entries i n  wells). T h i s  i s  s i m i l a r  t o  their zoning behavior  i n  

hydrothermal o r e  d e p o s i t s  and helps t o  further delimit prime t a r g e t  a r e a s  

while i n c r e a s i n g  o v e r a l l  t a r g e t  s i z e .  Lead and zinc d i s t r i b u t i o n s  i n  vapor- 

dominated systems a r e  just beginning t o  be understood and may reflect  both 

depos i t i on  from a p r e c u r s o r  hot-water  system as  well as  d e p o s i t i o n  ( f o r  l e a d  

o n l y ? )  r e l a t e d  t o  vapor  t r a n s p o r t .  A s  a result ,  the multielement parameters  

1000 As/(Pb+Zn) f o r  +3.3 f r a c t i o n  samples and 1000 (As+O.l Hg)/(Pb+Zn) f o r  

whole rock samples a re  most s p e c i f i c a l l y  a p p l i c a b l e  t o  the napping o f  

cen t r a l - zone  anomalies  ove r  hot-water  systems b u t  a r e  a l s o  l i k e l y  t o  be 

si m i  1 a r l y  useful , a1 though n o t  optimum, f o r  vapor-domi na ted  systems. (Concen- 

t r a t i o n  units used i n  c a l c u l a t i n g  these parameters  a r e  ppm f o r  a r s e n i c ,  l e a d ,  

and z i n c  and ppb f o r  Hg.) 

DISCUSSION OF RESULTS 

Pal eohydrothermal Events 

Two hydrothermal events are t h o u g h t  t o  have affected p o r t i o n s  of the Cove 

Fort-Sul phurda le  KGRA p r i o r  t o  the beginning o f  geothermal a c t i v i t y  (Moore and 

Samberg, 1978) , b u t  do n o t  appear  t o  have produced geochemical s i g n a t u r e s  

s t r o n g  enough t o  confuse  i n t e r p r e t a t i o n  o f  the geothermal geochemistry.  

During the mid-Ter t ia ry ,  propyl i t i c  a1 t e r a t i o n  o f  v o l c a n i c  rocks  and 1 imi ted 

development o f  p y r i t e  and base metal m i n e r a l i z a t i o n  accompanied i n t r u s i o n  o f  

quartz monzonite and 1 a t i  t e  porphyry dikes and s t o c k s .  Subsequently, f l  uor i  t e  

mineral  i z a t i o n  devel oped du r ing  a s e p a r a t e  hydrothermal event w h i c h  may a1 so 

9 



/,\ 
s igni f icant ly  predate acid a1 terat ion and sulfur deposition i n  the currently 

ac t ive  geothermal envi ronment. W 

Although the possibi l i ty  of contributions from these events t o  the 

hydrothermal geochemi stry defined i n  t h i  s survey cannot be concl usi vely 

eliminated, several 1 ines of evidence suggest t h a t  such contributions,  i f  any, 

a r e  small and t h a t  the c r i t i c a l  geochemical patterns defined are  related 

primarily t o  the geothermal ac t iv i ty .  The evidence includes: 1) geochemical 

anomalies i n  diagnostic elements such as arsenic and mercury a re  equally'well 

devel oped i n both a1 1 ogeni c postmi neral a1 1 u v i  um and premi neral , most1 y 

tuffaceous, country rock (Tables 2 and 3 ) ;  2 )  l i t t l e  or  no geologic evidence 

of the base metal mineralizing event i s  observed a t  the surface i n  the survey 

area or i n  the d r i l l  cut t ings from the temperature gradient holes; 3)geo- 

chemical patterns are in te rna l ly  consis tent  whether or  not samples are  from 

readily ident i f iab le  areas of  geothermal ac t iv i ty  (characterized by sulfur 

deposition and acid a l t e r a t ion )  or  from other adjacent sample s i t e s  ( c f . ,  

Figure 1 and Figures 2A, B t h r u  1 1 A ,  B ) ;  and 4 )  central-zone anomalies 

indicated by the geochemical data correspond approximately t o  apparent 

temperature g r a d i e n t  anomalies (see below).  

Geothermal Targets 

The most c lear ly  defined central-zone geochemical anomaly l i e s  i n  the 

north end of the sample area around dr i l l  holes 74-2, 74-3, and 74-4 and 

appears t o  be open t o  the north ( c f . ,  Figures 1; 9A, B; 10A, B ;  and 1 1 A ,  B and 

Table 2 ) .  Prominent anomalies in arsenic and/or mercury a re  developed i n  b o t h  

concentrate and whole rock samples from these holes (Figures 1; 2A, B t h r u  4A, 

c 
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/,-A 6 and Table 2 )  As stated earl ier  (page 8 ) ,  these elements are known t o  

provide a direct or indirect i n d i c a t i o n  of proximity t o  a thermal reservoir i n  
V 

b o t h  hot-water and vapor-domi nated geothermal systems. 

and, t o  a lesser extent, zinc are low i n  these holes relative t o  peripheral 

areas (Figures 1; and 5 A ,  B t h r u  8 A ,  B and Table 2 ) .  

element parameters 1000 As/(Pb+Zn) fo r  +3.3  concentrate samples and 1000 

(As+O.l Hg)/(Pb+Zn) for whole rock samples (Figures 9A, 8; 10A, B ;  and 11A, B) 

which clearly define the main geothermal resource area i n  the Roosevelt Hot 

Concentrations of  1 ead 

Plots of the mu1 ti- 

Spr ings  KGRA (Bamford e t  a1 . , i n  preparation) consistently del i neate thi s 

northern target. 

zoning w i t h  respect t o  arsenic and mercury t h a n  a t  Roosevelt (possibly due t o  

A1 t h o u g h  lead and zinc anomalies d isp lay  less systematic 

combined effects of vapor phase geochemical overprinting, partial nongeo- 

thermal o r i g i n  , and secondary d i  spersion) , 1 i t t l  e i f any ambiguity i s 

introduced i n t o  interpretation o f  the d a t a  by inclusion o f  lead and zinc i n  

the multielement parameter. Such ambigui ty  m i g h t  be expected i f  the origins 

of the l ead  and zinc d i s t r i b u t i o n s  were entirely nongeothermal and t h u s  random 

w i t h  respect t o  the geothermal system. Data for surface whole rock c h i p  

composite samples (Table 3 )  a re  consistent w i t h  the dril l  hole resul ts  and 

thus further veri fy the anomaly patterns described. 

A second, 1 ess we1 1 defined, central -zone geochemical anomaly i s develop- 

ed a t  the south end of the survey area, around d r i l l  holes 74-1, 74-13, 74-22, 

77-3, and 77-4, and may extend beyond this area ( c f . ,  Figures 1; 9A, B ;  10A, 

B; and 11A, B ) .  

from each of these holes, b u t  are much less consistently developed and have 

less correspondence t o  one another t h a n  i n  the northern target area (Figures 

Anomalies i n  arsenic or mercury occur i n  one or more samples 

63 
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ZA,  6 t h r u  4A, 8, and Table 2 )  Mercury anomalies are particularly 1 ess 

prominent i n  samples from this southern area (Figures 4A and B, and Table 21 ,  

possibly i n d i c a t i n g  less widespread present-day escape of thermal gases here 

compared t o  the northern anomalous area. 

These results, interpreted i n  the context of geologic and exploration 

well da t a  for  the area (Moore and Samberg, 1979 and Union Oil Company, 1978a, 

b, c,  and d ) ,  tentatively suggest three principal target models f o r  the 

geothermal system. The targets are the inferred locations of the reservoir 

centeds)  i n  the system. 

superior t o  the others based on presently available information, and 

addi  t i  onal expl ora t ion  da ta  wi 7 1 be requi red t o  permi t thei r priori ti z a t i  on.  

No one of the target models i s  clearly u n i q u e  or 

Models 1 and 2 are closely related t o  one another and  place the locat ion 

of a single reservoir center near or beyond the nor th  end o f  the survey area 

north and  northeast of Cove Fort  (Model 1) o r  one t o  two miles southeast of 

Cove Fort near o r  beneath the low permeability gravi ty  glide blocks (Yodel 2 ) .  

B o t h  model s derive from the recognition of  central -zone geochemical anomal ies 

b o t h  no r th  and south of  the relatively impermeable g r a v i t y  glide blocks which 

cap the intervening part  of the geothermal system and apparent ly  prevent 

development of  central-zone geochemical anomalies a t  the surface i n  t h a t  area. 

A n  assumption o f  reservoir con t inu i ty  beneath the gravity glide blocks i s  

implicit i n  these models and i s  t o  some extent supported by drilling results 

for Utah State Well 42-7, which encountered h o t  (+340oF) water and h i g h  

fracture permeability under the glide blocks a t  about  400 meters depth. 

Placement o f  the single reservoir center towards the north end o f  the system 

12 



near Cove Fort i s  based on the development of a larger, stronger, and more 

coherent central-zone geochemical anomaly and of more wide-spread geothermal 

alteration i n  t h a t  area compared t o  the southern area around S u l p h u r d a l e .  

This configuration o f  the geochemistry and alteration suggests t h a t  the 

northern sector of the reservoir i s  probably larger and characterized by 

higher temperatures and/or more pervasively developed permeability which 

connects t o  the surface. 

w i t h o u t  access t o  o r  acquisition of a d d i t i o n a l  exploration data .  

t i o n  of the magnitude and dimensions o f  northern extensions o f  the central- 

zone geochemical anomaly beyond the northern limits of  the present survey 

would be particularly helpful i n  this regard. 

tend t o  support Model 1, rapid closure of the anomaly would t e n d  t o  support 

Model 2.  

Selection between models 1 and 2 is  no t  possible 

Detemina- 

Significant extension would  

Model 3 places one of two separate reservoir centers a t  the n o r t h  end of 

the survey area near Cove.Fort and the second center i n  the south near 

Sul phurdal  e. I t  assumes t h a t  permeabi 1 i t y  beneath the gravi t y  g l  i de b l  ocks i s 

n o t  continuous from south t o  north and therefore t h a t  the centers are isolated 

from one another .  

geochemical anomaly near Cove F o r t  may aga in  be taken t o  suggest greater 

resource po ten t i a l  i n  the northern area, a l though  this remains somewhat 

indeterminate due t o  lack of information on the northward extent of  the 

northern central -zone anomaly. 

model 3 versus models 1 and 2 ,  i f  warranted, would require t h a t  the existence 

of hydrologic and thermal continuity between the Cove Fort and Sulphurdale 

anomalies be established. 

The greater areal extent and magnitude o f  the central-zone 

Determi nation of the re1 a t i  ve Val i d i  t y  o f  

Q 
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Comparison w i t h  Temperature Gradient and Earthquake Data 

Avail able temperature gradient d a t a  for  the Cove Fort-Sul phurdale KGRA 0 
are sumarized i n  Figure 14. 

ture gradients have been measured over a broad area a t  the n o r t h  end o f  the 

area. Assuming t h a t  thermal conductivities are roughly similar t h r o u g h o u t  the 

area, these results m i g h t  indicate t h a t  the most prominent heat f l u x  anomaly 

detected occurs i n  the northern p a r t  of the survey area and t h a t  this anomaly 

i s  open t o  the north. 

results and the temperature gradient da ta  are essentially i n  agreement, w i t h  

b o t h  methods suggesting t h a t  subsurface permeability and/or  temperature, and 

thus possibly overall potential fo r  a geothermal resource, are greatest a t  the 

northern end o f  the system near Cove For t .  

These d a t a  show t h a t  generally h igher  tempera- 

I f  this interpretation i s  correct, the geochemical 

The most prominent characteristic of earthquake a c t i v i t y  i n  the Cove Fort 

area i s  a large cluster of epicenters located approximately 3 km northeast of 

Cove Fort i n  a zone of h i g h  earthquake a c t i v i t y  w h i c h  extends northward a 

distance of abou t  10 km'(Q1sen and Smi th ,  1976) .  The authors of the 

earthquake study suggest t h a t  the earthquake cluster could  be related t o  an 

ac t ive  volcanic center. I f  so, t h i s  center may b e  the p r i n c i p a l  h e a t  source 

f o r  the geothermal system and i t s  location supports the concept of greater 

geothermal resource potential i n  the nor th  near Cove For t .  

14 



CONCLUSIONS AND RECOMMENDATIONS 

1 The geochemical results sugges t  t h a t  r e s e r v o i r  tempera ture  and/or  
(os 

r e s e r v o i r  t o  s u r f a c e  pe rmeab i l i t y ,  and t h u s  p o s s i b l y  o v e r a l l  p o t e n t i a l  

f o r  a geothermal r e source ,  i n c r e a s e  northward beneath the Cove For t -  

Sulphurda le  survey a r e a ,  p o s s i b l y  t o  beyond the nor the rn  limits o f  the 

a r e a .  The  data provide  a basis  f o r  development o f  three p r i n c i p a l  t a r g e t  

models f o r  the geothermal system b u t  do n o t  permit p r i o r i t i z a t i o n  of  

these model s. 

2. Geochemical, g e o l o g i c a l ,  and temperature g r a d i e n t  d a t a  coverage should be 

expanded t o  the nor th  t o  more f u l l y  define the a r e a  w h i c h  appears  t o  have 

the best r e source  p o t e n t i a l  and t o  a i d  p r i o r i t i z a t i o n  o f  the p r i n c i p a l  

t a r g e t  models. T a r g e t  d e f i n i t i o n  can be  u s e f u l l y  expanded a t  low c o s t ,  

i f  necessa ry ,  based on g r i d  s o i l  geochemistry and a d d i t i o n a l  geo log ic  

mappi ng a1 one. 

15 
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FIGURE 1 - GENERALIZED GEOLOGY, ALTERATION AND DRILL HOLE LOCATIONS 
COVE FORT-SULPHURDALE KGRA 
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TABLE 1 

ESTIMATED THRESHOLD VALUES FOR COVE FORT-SULPHURDALE GEOCHEMICAL DATA 

+3.3 
CONCENTRATE 

As* (ppm) 50 

WHOLE 
ROCK 

8 

40 

40 

150 

*As analytical methods: +3 .3  by ICPQ and whole rock by colorimetric. 



e 

Table 2 - SUMMARY OF PERTINENT DRILL HOLE SAMPLE DATA D r i  11 hole 
Su l f ide  Sample +3.3 Su l f ide  Magnetite As (ppm)** Hg (ppb) Pb (ppm) Zn (ppm) Rock* 

WR WR +3.3 WR +3.3 WR Type (Vol %, Est.) In te rva l  (WT.%) (WT.%) (WT.%) +3.3 
77-1 0-100 

100-200 
200-250 

77-2 0-100 
100-200 
200-250 

77-3 0-100 
100-230 

77-4 0-100 
100-200 
200-250 

77-5 0-100 
100-180 

74-1 0-100 
100-200 
200-300 

74-2 . 0-110 

74-3 0-100 
100-200 
200- 300 

74-4 0- 90 

74-5 0-100 
100-200 
200-300 

74-6 150-200 
200-250 

1.20 
.14 
.15 

.07 

.14 

.20 

.43 

.03 

.55 

.25 

.18 

.12 

.34 

.18 

.08 

.05 

c.01 

.03 

.03 

.02 

.06 

.09 

.13 

.12 

.27 

.ll 

*Data from chip logs 

<.01 .55 
<.01 .17 
<.01 .13 

c.01 .17 
<.01 .15 
<.01 .12 

<.01 -84 
<.01 .23 

C.01 .72 
<.01 .21 
<.01 .08 

C.01 .06 
c.01 .14 

<.01 .09 
<.01 .06 
c.01 .12 

<.01 c.01 

<.01 .02 
C.01 .10 
c.01 .04 

.04 <.01 

<.01 .20 
.09 .04 
.07 .02 

<. 01 .08 
C.01 .07 

28 
32 (20) 
27 

27 
44 
32 (28) 

36 (18) 

28 (15) 
44 (27) 

<16 (12) 

25 
38 (25) 

41 (28) 
70 
44 

126 

- 

- 
229 
- 

970 

87 
30 
53 

<16 
<16 

4 
5 
4 

6 
10 

7 

5 
4 

12 
6 
4 

4 
13 

6 
6 
2 

12 

44 
14 
15 

40 

7 
5 
8 

C l  

2 

13 
36 - 
9 

11 - 

6 
7 

5 
14 
- 

3 
3 

191 
60 - 

744 

103 
144 - 

47 

16 
9 - 

15 - 

351 31 257 67 
245 48 234 79 
415 47 293 72 

1690 38 401 52 
289 42 293 66 
192 42 274 70 

51 23 147 71 
106 20 115 63 

39 25 175 70 
106 26 256 60 
154 22 335 58 

171 26 300 68 
172 20 411 66 

108 31 223 66 
326 37 1020 80 
196 27 519 117 

- < l o  - 41 

- 13 - 98 
342 20 1020 90 
- 18 - 108 

32 16 1520 95 

48 21 576 107 
45 21 401 103 

504 49 3890 226 

93 14 1140 414 
81 25 569 228 

rla 1 
Qa 1 
Qa 1 

Qa 1 
Qa 1 
Qa 1 

Q a l  (60). Tu f f  (40) 
Tu f f  

Oa l  
Qa 1 
Q a l  (80). Dacite? (20) 

Qal (401, Tu f f?  (60) 
Tu f f  (60) 

Qa 1 
Oa I 
Qal (80). Tu f f?  (201 

Qal (251, Quar t z i t e  (75) 

Qa 1 
Tu f f  
Tu f f  

Qal (10). Tu f f  (90) 

Qa 1 
Qal  (70), Tu f f  (30) 
Tu f f  

Q a l  (15), Tu f f  (85) 
Tu f f  

- 

- 
- 

.15% over 10' 

. lo% over 10' - 
- 
- 

- 
- 

- 
.30%/180-200' - 
.10%/40-110' 

- 
- 

3%/260-300' 

3%/ 30-70' 

- 
3%/180-200' 
2% over 50' 

.10%/160-200' 

.10%/200-220' 

**AS analyt ical  method: +3.3 by ICPQ, parenthesized +3.3 check values and whole rock by color imetr ic.  



Tahle 2 - Continued D r i l l  Hole 
As (ppni)** Hg (ppb) Pb (ppm) Rock* Sul f ide 

t3.3 WR W%R Type !Vol %, Est.) 
Sample t3.3 Sul f ide Magnetite 

In te rva l  - (WT.%) (WT.%) (WT.%)- t3.3 WR WR 

74- 8 

74-9 

74- 10 

74-1 1 

74- 12 

74-1 3 

74-14 

74- 15 

74-22 

0- 100 .31 
100-200 .17 
200- 300 .16 

0- 100 .27 
100-200 .14 
200- 300 .04 

0- 100 .59 
100-200 .12 
200-250 .12 

0-100 .23 
100- 200 . 01 
200- 300 .04 

0- 100 .25 
100-200 .54 
200-250 .79 

0: 100 .07 
100-200 .06 
200-250 .09 

0-100 .06 
100-200 .47 
200-250 .68 

0- 120 .65 

0- 100 .66 
100-200 .41 
200-250 * 47 

*Data from chip logs 

<.01 
<.01 
c.01 

c.01 
c.01 
c.01 

<.01 
<.01 
C.01 

c.01 
<.01 
c.01 

C.01 
<.01 
<.01 

c.01 
.04 
.07 

c.01 
<.01 
c.01 

<.01 

<.01 
C.01 
C.01 

.47 

.32 

.28 

.42 

.18 . 01 

.34 

.24 

.27 

.51 

.16 

.24 

.54 

.48 

.16 

.19 

.03 

.23 

.57 

.42 

.48 

.51 

.72 

.19 

.18 

23 (15) 9 
<16 6 
(16 4 

33 (25) 3 
35 10 
88 11 

c16 (10) 6 
42 5 
27 5 

49 (32) 4 
47 4 - 2 

34 (21) 2 
28 (15) 4 
34 (25) 10 

42 3 
a3 8 
63 5 

37 4 
(16 (5)  2 
(16 (10) 1 

(16 ( 5 )  6 

50 (30) - 
75 (35) 24 

176(160) 50 

12 
13 - 
8 

14 - 
9 

15 - 
9 
3 - 

19 
31 - 

7 
108 - 

11 
3 - 
5 

45 
41 - 

63 25 
70 29 
77 33 

86 24 
85 29 
74 27 

45 21 
302 29 
201 37 

72 23 
116 24 - 24 

141 23 
95 27 

101 22 

93 21 
48 23 
63 26 

9890 23 
50 23 
51 21 

113 22 

126 22 
153 25 
104 22 

320 75 
386 80 
682 94 

392 194 
653 220 

1100 117 

493 346 
541 156 
577 301 

375 105 
844 223 - 193 

311 288 
351 297 
293 272 

406 79 
282 328 
278 424 

402 164 
556 129 
542 179 

667 520 

273 253 
354 190 
265 123 

Qa 1 
Qa 1 
Qa 1 

Qa 1 
Qa 1 
Qa 1 

Qal ( l o ) ,  Dacite (90) 
Dacite (301, Tuf f  (70) 
Tu f f  

Qal (80), L a t i t e  (20) 
L a t i  t e  
L a t i t e  

Qa 1 
Qa 1 
Qa 1 

Qal (60), Dacite (40) 
Dacite ( l o ) ,  Tu f f  (90) 
Tu f f  

Qal  (25), Tu f f  (75) 
Tu f f  
T u f f  

L a t i t e  (15). Tu f f  (85) 

Qal (401, Tu f f  (60) 
Tu f f  
Tu f f  

.30% over 30' 

.20% over 10' 

. l o% over 10' 

- 
- 

.30%/250-280' 

- 
- 

.15% over 30' 

- 
.20%/170-200' 
.15%/200-240' 

- 
- 
- 

- 
.25% over 70' 
-10% over 30' 

- 
- 
- 
- 
- 
- 
- 

** As analy t ica l  method: t3.3 by ICPQ, parenthesized t3.3 check values and whale rock by color imetr ic .  



Sample Number 

UT/ CV 
501 

UT/ C V  
502 

UT/ C V  
503 

UT/ cv 
504 

UT/ C V  
505 

UT/ CV 
506 

UT/CV - 
507 

As * 
(PPm) 

10 

12 

10 

12 

494 

125 

48 

Table 3 - SURFACE SAMPLE WHOLE ROCK GEOCHEMICAL DATA 

Pb Zn Sample Desc r ip t i on  and Locat ion  
( P P d  ( P P d  

23 10 Rock c h i p  composite f rom open p i t  s u l f u r  mine 
about 300 f e e t  south o f  d r i l l  ho le  74-5. 

36 7 Black co lo red  a l l u v i u m  (ca. 20' below o r i g i n a l  
sur face)  f rom p i t  w a l l  near 501 sample l o c a t i o n .  

64 74 Red hemat i t i c  a l l u v i u m  (ca. 4 '  below o r i g i n a l  

14 7 Rock c h i p  composite f rom Exce ls io r  Su l fu r  P i t ,  

su r face)  from p i t  w a l l  near 501 sample l oca t i on .  

about 200 f e e t  southwest o f  d r i l l  ho le  74-4. 

33 58 Chip composite o f  s i l i c e o u s  l i m o n i t i c  m a t e r i a l  
a long s t r u c t u r e  about 1000 f e e t  southwest of 
d r i l l  ho le  74-4. 

60 106 Rock c h i p  composite f rom bedrock, Rain Bow 
f l u o r i t e  deposi t ,  about 2000 f e e t  nor theas t  of 
d r i l l  ho le  74-3. 

41 8 Rock c h i p  composite from a l luv ium,  Rain Bow 
f l u o r i t e  depos i t  ( l o c .  as above). 

*As determined by ICPQ. 
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