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ABSTRACT 

Ser ic i tes,  ch lo r i tes ,  feldspars, b i o t i t e  and hornblende f rom 

hydrothermally a l te red  rocks a t  several depths i n  Thermal Power Company 

wel l  U t a h  State 14-2, Roosevelt Hot Springs Thermal Area, Utah, have been 

analysed using the  e lect ron microprobe. Ser ic i tes  and ferromagnesian 

minerals have been analysed f o r  12 major elements, and feldspars f o r  3. 

The resu l t s  have been used, along w i th  whole rock chemical analyses, t o  

computer ca lcu la te  modal mineralogy f o r  samples from the  d r i l l h o l e .  

Calculated modes f o r  hydrothermal minerals are i n  reasonable agreement w i th  

observations from t h f  n sections. 
I 

Chlor i te  compositions p lo t ted  i n  terms o f  ions on a graph o f  Si4+ 

versus @+/(MgZ+ + Fez+ + Fe3+) f a l l  i n  the  ripidolite-pycnochlorite- 

brunsv ig i te  f i e l d  and show d i s t i n c t  d i f ferences due t o  host mineral type. 

Tetrahedral occupancy i n  c h l o r i t e  by S i4+ ions increases according t o  host 

mineral i n  the  order: b i o t i t e ,  plagioclase, hornblende; and octahedral 

occupancy by Mg2+ ions increases i n  the  order: 

b i o t i t e .  A ternary p l o t  o f  Mg2+, Fez+ + Fe3+, and A i 3  ions i n  octahedral 

posi t fons shows a less d i s t i n c t  e f f e c t  o f  host mineral control .  No 

systematic composftional trends within the  d r i l l h o l e  are evident but 

compositions do vary with depth. 

plagioclase, hornblende, 

Ser ic i tes  replace plagioclase and r a r e l y  b i o t i t e .  No host mineral 

e f f e c t  i s  evident. A l l  o f  the  s e r i c i t e s  are phenqit ic, having Si4+:A13+ 

ra t i os  greater than 3:1, and 

increase with depth i n  the  d r i l l h o l e .  An overa l l  downhole decrease i s  

exhib i ted by F' r e l a t i v e  t o  Mg2+* 

4+ content shows an overa l l  downhole 
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Microprobe chemical analyses of mineral phases have Seen obtained from 

samples of cuttings taken a t  several depths i n  Thermal Power Company’s well 

Utah State 14-2, Roosevelt Hot Springs,  Utah. . 

Minerals were analysed: (1 )  t o  provide i n p u t  d a t a  for a computer 

program which calculates a modal rock composition, given mineral 

compositions and a whole rock chemical analysis;  and ( 2 )  t o  detect any 

compositional zoning i n  hydrothermal minerals w i t h i n  the d r i l l  hole. 

The well was d r i l l e d  t o  a depth of 6100 feet i n  a biotite hornblende . 
monzonite which has been intruded by numerous s i l i c ic  t o  intermediate 

dikes, 

i n  the upper half of the drillhole and are assumed t o  be conduits for  hot 

Three zones of relatively strongly altered and fractured rock occur 

water inflow t o  the well. 

described by Ballantyne and Parry (1978) and are summarized i n  Figure 1, 

reproduced here from t h a t  report. 

The l i thologies  and alteration have been 

Sericite, chlorite, hornblende and b io t i t e  have been analysed for 12 

elements: Feldspars have 

been analysed for Ca, K, and Na. Minerals for analysis have been chosen 

f r om 8 samples from different depths i n  the dril.lhole. 

S i ,  T i ,  A l ,  Fe, Mn, Mg, Ca, K, Na, Ba, C1,  F. 

3 
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Figure 1.. Hydrothermal Alteration in Well 14-2: Products and extent o f  
alteration. Horizontal bars on plagioclase destruction graph indicate 
range of plagioclase destruction observed in a thin section. 
Abbreviations: 8, barite; C, chalcopyrite; Ca, Calcite; Ch, chlorite; C1, 
clay; Gy, gypsum; H, hematite; K,  k-feldspar; Mo, montmorillonite; Mt, 
magnetite; Py, pyrite; Q, quartz; S, sericite; Ti, teuxocene. 
Ballantyne and Parry, 1978.) 

(From 
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ANALYTICAL TECHNIQUES 

Minerals were analysed using a 3-channel ARL e lect ron microprobe a t  an 

accelerat ion voltage o f  15kv f o r  a f i xed  t o t a l  beam current achieved i n  

v approximately 13 seconds. An attached Tracor Northern energy dispersive 

u n i t  provides an energy spectrum on a v isual  d isp lay u n i t  which, whi le  not 

quant i ta t ive,  can be used t o - i d e n t i f y  mineral phases by the  r e l a t i v e  

3 

v 

3 

3 

3 
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b d  

concentrations o f  t he  elements present. A beam o f  approximately 1 micron 

i n  diameter was used because o f  the  f ine-grained nature o f  many o f  the 

hydrothermal minerals. 

g ra in  or, i n  the  case o f  f i n e  grained minerals, f o r  each aggregate i n  a 

p a r t i c u l a r  environment i n  any one chip. 

from 0 t o  10 kev was checked t o  ensure correct  i d e n t i f i c a t i o n  o f  the  

mineral phase concerned. This i s  p a r t i c u l a r l y  important w i th  f i n e  grained 

hydrothermal minerals where, f o r  example, c h l o r i t e  and s e r i c i t e  o r  a l b i t e  

are intermixed on a f i n e  scale and are not o p t i c a l l y  dist inguishable, 

Typ ica l l y  t en  spots were analysed f o r  each mineral 

For each spot the  energy spectrum 

For ser ic i te ,  ch lo r i t e ,  hornblende and b i o t i t e  analyses, the  standards 

used were amphiboles, a pyroxene, b i o t i t e s ,  and a scapoli te. 

were reduced t o  oxide and ha l ide  weight percentages, w i th  standard 

deviations, using a Hewlett Packard 25 programable ca lcu lator .  Bence-Albee 

mat r ix  correct ions (Bence and Albee, 1968) were then ca lcu lated using a 

computer program which a lso calculates a s t ruc tu ra l  formula. 

the  Bence-Albee rou t ine  also includes an idea l  water content and a t yp i ca l  

X-ray counts 

Input data t o  

f e r r i c  t o  ferrous i r o n  r a t i o  f o r  the  mineral concerned, The data are 

corrected by an i t e r a t i v e  routine which corrects  the  o r i g i n a l  oxide data 
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U each time w i t h  successively more accurate approximations of the water 

content , 
w 

Feldspars were analysed for only Ca, K and Na us ing  feldspar 

standards,  First estimates of Si02 and A1203 content were made, assuming 

stoichiometry, and these d a t a  i n p u t  t o  the program described above. 

and Ai203 weight percentages were t h e n  recalculat'ed from the Bence-Albee 

corrected values for  CaO, K20 and Na20. 

Si02 

M 
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u MODAL MINERALOGY 

Modal mineralogy has been calculated by computer f o r  40 samples from 

Thermal Power Co. wel l  Utah State 14-2 and the  resu l t s  are given i n  Table 

1. A computer-calculated rock mode has several advantages i n  the current 

s i t u a t i o n  aside from removing the  tedium o f  po in t  countdng: 

1. For a sample o f  d r i l l  cu t t ings  a calculated mode may be 

more representat ive than a mode obtained by point-counting 

a t h i n  sect ion because a t h i n  sect ion may not be t r u l y  

representat ive o f  the  rock sample. 

2. A whole rock chemical analysis provides average data fo r  

an i n te rva l  ra ther  than f o r  a point, and the  mode thus 

ca lcu lated smooths out t he  e f fec ts  of small dikes o r  other 

l oca l  var ia t ions  i n  rock composition. 

3. A ca lcu lated mode provides quant i ta t i ve  data f o r  f ine-  

grained, hydrothermal minerals which may not .be obtainable 

by point-counting. 

The computer program MODECALC performs a wei ghted 1 east squares 

regression fit o f  a whole rock chemical analysis t o  the  compositions of a 

s t i pu la ted  set o f  minerals. Because the  best mathematical fit may gfve 

negative and over ly  la rge  pos i t i ve  numbers, an i n i t i a l  rough estimate of 

mineral abundances i s  also entered and pos i t i ve  values are obtained by 

weighting the  so lu t i on  toward t h i s  estimate. 

user t o  be the  minimum required f o r  pos i t i ve  resu l t s  and the same weight i s  

The weight i s  chosen by the 
\ 

'6, used f o r  a l l  samples. The estimate o f  modal abundances need only  be very 

I 
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Table 2 Mineral Compositions* Used i n  Mode Calculation 
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SiO2 68.0 65.1 36.4 44.2 29.9 53.1 - 
Ti02 2.95 .93 .11 .10 

19.9 18.5 13.9 8.23 19.8 30.9 
*'2'3 

Fe203 
23.8 21.6 34.6 3.48. 

MnO .35 .57 .81 .04 

11.8 10.2 14.3 1.69 Mg 0 
CaO .50 01 .05 11.9 .21 .14 

.17 15.4 10.8 1.08 .21 10.3 
K2° 

3 

Na ,O 11.4 1.06 .07 1.27 .08 .18 

3 

(3 

3 

* 

* Recalculated to 100% excluding BaO, H 0 and halides. 

All other minerals used are assumed stoichiometric. 

Unfts  are weight percent. 
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approximate and does not have a strong e f f e c t  on t he  f i n a l  resul t .  The u 
mathematical basis f o r  t he  program i s  discussed b r i e f l y  i n  the  appendix. 

The mineral compositions used are given i n  Table 2 and the estimated 

modes i n  Table 3. 

the tab le  occur where negative abundances were s t i l l  obtained f o r  these i n  

the  f i r s t  run and they were excluded from the  f i n a l  run. The whole rock 

chemical analyses from which samples were chosen f o r  mode ca lcu lat ions are 

Occasional absences o f  sphene and especia l ly  r u t i l e  from 

i 

reported i n  Parry (1978) and are not reproduced here. Note t h a t  most o f '  

the samples chosen are from the  more s t rongly  a l tered port ions o f  the hole 

above 3000 feet. 

The modes shown i n  Table 1 must be considered as approximate. Only 

one composition f o r  each mineral phase has been used i n  the  program, 

whereas i n  f a c t  mineral compositions change with rock type and t o  some 

extent with pos i t i on  i n  the  d r i l l h o l e .  The mixing inherent i n  samples o f  

cu t t i ngs  means t h a t  var iab le amounts o f  d ike mater ia l  a r e  included i n  

samples o f  host rock and v ice versa. The compositions o f  feldspar, b i o t i t e  

and hornblende, and the estimated modes fo r  these minerals are those f o r  

the  b i o t i t e  hornblende monzonite. Major minerals from the dikes should be 

included f o r  more r e l i a b l e  resul ts ,  but have not been analysed a t  the t ime 

o f  wr i t ing.  

I n  sp i te  o f  the  above uncer ta in t ies a number o f  features are evident 

resu l t s  : 

1. S e r i c i t e  abundances are computed t o  be higher i n  the  zone 

between 900 and 1640 fee t  which corresponds t o  a zone o f  

stronger plagioclase dest ruct ion i n  Figure 1. However, 

i n  the  

, 
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plagioclase dest ruct ion i s  a l - o  higher bet.ieen 1660 and 2CCC 

feet, whi le calculated s e r i c i t e  abundance i n  t h i s  zone i s  

low. 

l a t t e r  i n t e r v a l  corresponds t o  a micrograni te d ike  which 

The discrepancy i s  probably due t o  the  fact  t h a t  the  

almost c e r t a i n l y  has d i f f e r e n t  mineral compositions. 

Calculated quartz abundance also jumps i n  t h i s  l a t t e r  zone. 

2. Ca lc i te  abundank increases below 2400 fee t  which corresponds 

t o  the  beginning of abundant c h l o r i t e  and c a l c i t e  i n  plagio- 

clase noted i n  t h i n  sections. 

content between 2800 and 3000 fee t  corre la tes w i th  the  high 

c h l o r i t e  abundance seen i n  t h i n  sections from t h i s  zone, 

though c h l o r i t e  i s  a lso abundant f o r  several hundred fee t  

The computed high c h l o r i t e  

above the  zone. 

3. P y r i t e  reaches a computed peak o f  0.81% a t  2875 fee t  i n  t h i s  

set o f  samples and i s  present i n  amounts greater than 0.1% 

below 2850 feet, i t ' s  abundance decreasing again i n  the  

bottom 1000 f e e t  o f  the  d r i l l h o l e .  .This corre la tes w i th  

observations from th in  sections. 

urs 

4. Hematite i s  t he  only  i r o n  oxide included i n  the  computations, 3 

though some magnetite i s  present, and much o f  the  i r o n  

i n  the  upper sect ion o f  the  d r i l l h o l e  occurs i n  l imoni tes 

other than hematite. I r o n  oxide content appears t o  be 

r e l a t i v e l y  uniform throughout the  d r i l l h o l e  except fo r  an 

increase near 920 feet, i n  the uppermost o f  the three f rac tu re  

zones, and a decrease near 2400 fee t  o f  unknown or ig in .  

r3 

, 

Y 

ctiid 



14 

, 

w 
Y 

w 

3 

3 

3 

When a more complete set o f  mineral compositions becomes available more 

appropriate rock modes will be computed, and the results used in the 

interpretation o f  the chemistry o f  hydrothermal minerals and o f  the 

hydrothermal a1 teration system. 
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J ’  MINERAL ANALYSES 

Ser ic i te ,  c h l o r i t e  and feldspar analyses are discussed below. The 

data have by no means been completely in terpreted but some o f  the resu l t s  

are p lo t ted  on Figures 2 through 6. A l l  p l o t s  f o r  s e r i c i t e  and c h l o r i t e  

are i n  terms o f  ions calculated from the  s t ruc tu ra l  formula ra ther  than i n  

weight percent. The s t ruc tu ra l  formulas used are based on 4 tetrahedral  

cations. No s t a t i s t i c a l  analysis o f  t he  data has been performed t o  date. 

Feldspar analyses are presented i n  Table 4 but no i n te rp re ta t i on  o f  

The plagiociases c l u s t e r  around Abgg.5 An2.5 

/ 

the resu l t s  has been made. 

Or1.0 except f o r  those from sample 2855 which have a range o f  An and Ab 

contents: Ab7340 An18-26 Orl-2. The K-feldspars contain less  than 0.5% 

An and have a range o f  84 t o  98% Or .  

Forty-two ch lo r i t es  from 4 environments i n  f i v e  sample i n te rva l s  have 

been analysed, most f o r  12 components, a few f o r  only 9 (those excluding 

Ba, C1 and F). Analyses are l i s t e d  i n  Table 5. Ch lo r i te  occurs rep lac ing 

hornblende, b i o t i t e  and plagioclase, and i n  veins. The data are p lo t ted  on 

Figures 2, 3 and 4, again i n  terms o f  ions. 

Mg2+/(Mg2+ + Fez+ + Fe3+) versus the  number o f  Si4+ ions calculated from 

the s t ruc tu ra l  formula (based on 4 tetrahedral  cations). These f igures  are 

modif ied from f i g u r e  81 o f  Deer, Howie and Zussman (1966). The c h l o r i t e s  

fa1 1 i n  the  r i p i d o l  ite-pycnochlorite-brunsvigite f i e ld .  Tetrahedral 

occupancy does not appear t o  d is t ingu ish  samples when a l l  environment types 

are averaged, but f o r  grains w i t h i n  a s ing le  sample it appears t h a t  the 

Si4+ occupancy i s  highest i n  c h l o r i t e  replacing hornblende and lowest i n  

Figures 2 and 3 are p l o t s  of 

/ 

f 

t ha t  replacing b i o t i t e .  Ch lor i te  Mg2+/(Mg2+ + Fez+ + Fe3+) r a t i o  
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Table 4 Feldspar Analyses: Thermal Power Co. Well Utah State 14-2. 

f' 

Si02* 64.7 67.6 65.0 67.8 65.8 65.5 67.1 67.7 64.7 64.4 66.8 65.6 65.5 65.9 65.0 

A1203*18.3 19.9 18.4 19.6 18.5 18.5 19.7 19.8 18.3 18.2 19.5 18.6 18.5 19.4 18.4 

CaO .02 .65 .02 .38 .02 .Ol .60 .52 .01 .02 .52 .01 .02 .62 .01 

K20 15.5 -22 15.2 .29 15.4 15.7 -12 .16 15.7 15.1 .14 15.7 15.5 .ll 15.4 

Na20 .91 11.2 1.19 11.3 1.09 .93 11.2 11.3 -76 1.13 11.2 .95 1.03 11.0 1.05 

Total 99.4 99.6 99.8 99.4 100.8 100.6 98.7 99.5 99.5 98.9 98.2 100.9 100.6 97.0 99.9 

0 8 800 k 2800 28001, 2800 2855 2855k 4400 4400 44001, 
i 

::.;Ap &?Ba k . l C  4B.3' 30.4 3$.3Bp 2.4Aa 2.9 2B.4Bp 3B.2p 3 B , 3  

sio2* 63.1 66.4 63.4 62.5 63.6 61.9 68.0 63.6 66.2 64.5 65.4 

Al2O3*22.9 19.4 18.0 23.1 23.0 23.2 19.9 18.0 18.8 18.8 18.6 

CaO 4.15 .53 .04 4.51 4.09 4.71 .54 .03 .04 .45 .04 

K2° .29 .17 13.9 .30 .25 .22 .19 16.2 15.0 .16 14.81 

Na20 9.13 11.1 1.71 8.89 9.27 8.76 11.4 -24 1.53 10.8 1.49 

Total 99.6 97.6 97.0 99.3 100.2 98.8 100.0 98.1 101.6 94.7 100.3 

Superscripts t o  sample numbers: k k-feldspar; p plagioclase; a a l b i t e  

* Calculated 
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Table 5 Chlorite Analyses: Thermal Power Co. Uell Utah State 14-2. 

800 800 800 800 800 2800 800 800 800 800 2800 00 85 8 
i0.lp k. lh  k . Z h  i0.3' :0.4b 3O.!ip i8.1' h . Z b  :8.3Ap :8.3eb lC.lAP ::.lab 24.:p '35% 

S102 26.2 28.5 29.6 26.5 26.7 26.3 27.5 26.9 28.9 26.8 27.8 27.5 26.1 32.5 

TiOZ .04 -07 2 2  .07 .07 .03 .34 .09 .05 .10 .03 .54 .06 .06 

A1203 18.7 17.1 15.6 18.6 18-4 16.1 16.7 19.3 19.8 17.6 18.5 19.0 19.2 21.8 

Fe203* 4.40 4.35 3.97 4.36 3.99 4.78 3.93 3.85 4.C1 3.91 4.69 3.81 3.83 3.78 

F a *  26.5 26.2 23.9 26.3 24.1 28.8 23.7 23.2 24.1 23.6 28.2 22.9 23.0 22.8 

Uno 1-08 -67 -61 -57 -62 1.19 -57 -64 -59 -73 -79 -70 -53 -48. 

Hgo i i : ~  12.8 14.5 1.5 14.3 12.1 13.51 14.4 i2.i 13.2 9.27 14.4 9.74 9.22 

K2O 

BaQ - - - .oo .oo 

b 0  e o 9  e42 e48 -17 e 0 5  -18 -24 -07 -33 e 1 2  -15 .O9 -09 -09 

.09 .32 .31 2 8  .06 .10 .42 .37 .62 .25 2 6  .36 .95 3.29 

NaZO .02 .04 .05 .07 .01 .07 .10 .05 .75 .03 .10 .02 .04 .03 

- - - - - - - - - 
- - - - - - - - - - - - .01 .01 

.25 .21 

c1 

F 

H20n 11.2 11.3 11.4 11.3 11.4 11.0 11.4 11.4 11.4 11.4 11.2 11.5 11.3 11.4 

Total 100.0 101.8 100.6 99.7 99.7 100.7 98.4 100.3 102.7 97.7 101.0 100.8 95.1 105.7 

- - - - - - - - - - - - 

NLlTbCrS of Ions on tw Bas!s 9: 28 Totdl (-! Charye<. 10 (0. md 8 (0Y.CI.F) 

S I  2.80 

T i  . 00 

Al(1v) 1.20 

Al(vi) 1.15 

Fe+p 2.37 

Fc+3f .35 

nn .10 

Mg 1.86 

ca .01 

K .01 

Na .oo 
Ba - 
c1 - 
F 

2.97 3.08 2.83 2.82 2.83 2.95 2.8; 2.94 2.90 2.95 2.85 2.91 3.17 

.01 .02 .01 .01 .OO .03 .01 .OO .01 .OO' .04 .OO .OO 

1.03 .92 1.17 1.12 1.17 1.05 1.19 1.06 1.10 1.05 1.15 1.09 .83 
1.06 1.00 1.19 1.11 .88 1.06 1.18 1.31 1.14 1.26 1.17 1.44 . 1.68 

2.28 2.08 2.35 2.13 2.60 2.12 2.02 2.05 2.13 2.50 1.98 2.15 1.86 
.34 .si .35 .32 .39 .32 e30 .31 .32 .37 .30 .32 .2a 

-06 -05 -05 -06 -11 e 0 5  -06 -05 e07 -07 .06 e 0 5  .04 

1.99 2.25 1.84 2.25 1.94 2.16 2.24 1.84 2.13 1.46 2.21 1.62 1.34 

-05 .05 .02 ..01 .02 e03 -01 e 0 4  .Q1 .02 .O1 .01 .O1 

-04 -04 e 0 4  e 0 1  .OI .06 -05 -08 -03 -04 .05 -13 .41 

001 .01 .01 .oo .02 .02 .01 .15 .01 .02 .oo .or. .01 - - - - - - L. - - - - .oo .oo 
- ,  .oo .oo 

.09 .06 

- - - - -  - - - - - - - - - - - - - - - - 
OHn 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 7.91 7.93 

Chlorite rep1aces:b b io t l t e ;  h hornblende; p plagioclase; v vein. n I s  nixed layer chlorite-illite. 
Fe Partft ioned by a Fe +3 to  total Fe r a t i o  o f  0.13 * Calculated H2U 



W 

Table 5 Chlorfte Analyses: Thermal Power Co. Well Utah State  14-2. (cont.) 
w 

W 

940 2940 2940 940 2940 940 MOP 2940 94OP 2940 
2?!p ‘?tP ‘??l 25.1Ah 5.1Llb 5.1Cp 25.2Av 5.2Bb 25.4h 27.1 6.3’ 26.1 6.2p 

SfO2 28.5 28.1 29.0 26.6 27.4 26.0 28.5 28.1 28.9 26.3 27.0 27.0’ 27.9 

TiOZ .03 .07 .11 .07 .09 .04 .07 .08 .OS .16 .04 .10 .03 

W A I ~ O ~  16.5 15.8 15.2 17.4 17.6 17.3 17.0 18.0 14.9 . 19.9 i7.a 18.1 19.8 

Few 23.2 24.2 24.6 28.2 26.3 27.9 25.4 21.4 23.6 23.1 26.1 27.8 23.0 

Fe203* 3.85 4.01 4.08 4.69 4.37 4.64 4.21 3.56 3.92 3.84 4.33 4.62 3.82 

Elno -66 e63 a57 . a62 -77 e73 b.57 -82 -58 -61 -91 -90 -50 

MgO 14.7 12.8 14.9 11.4 13.8 11.7 13.5 17.4 14.6 15.1 12.1 10.6 12.6 J 
CaO -34 e37 e47 -27 e 1 0  e35 e43 a08 -53 -05 .18 - - 

3 

3 

Total 99.5 97.6 100.6 100.6 102.0 100.0 101.4 101.2 98.8 100.7 100.0 100.4 99.3 

Numbers Of Ions on the 8asls o f  28 Total (-) Charges, lO(0) and 8 (OH, C l ,  F) 

51 3.01 3.05 3.04 2.84 2.85 2.81 2.97 2.87 3.08 2.73 2.88 2.88 2.92 

T i  0 0 0  .01 .01 .01 .01 .oo .Ol .n1 .oo .01 .oo .01 .oo 
Al(lv) -99 -95 .% 1.16 1.15 1.19 1.03 1.13 .92 1.27 1.12 1.12 1.08 

Fe“* 2.04 2-19 2.16 2.53 2.29 2.52 2.21 1.84 2.10 2.01 2.33 2.48 2.02 

F c + ~  * -31 ,33 .32 .38 .34 .38 .33 2 7  .31 .30 .35 .37 .30 

Al(vf) 1.06 1.07 e92 1.04 1.01 1-01 1.05 1.04 .95 1.17 1.11 1.16 1.37 

Mtl 006 006 -05 -06 a07 e07 a 0 5  -07 -05 .05 .08 .08 .M 
3 4 2.31 2.07 2.33 1.81 2.14 1.88 2.10 2.65 2.32 2.33 1.92 1.68 1.97 

c a -  -04 e 0 4  ‘05 e03 LO1 a04 -05 e 0 1  -06 -01 -02 - - 
K -00 001 -01 .Ol ,02 .01 e o 1  .01 .01 .01 .01 - - 
ua 001 001 .or .01 .00 .02 .01 .Ol .01 .or .01 - 

3 .  

3 

Ba .a -00 .oo .oo .oo .w .oo .oo .oo .oo .oo . .oo .oo 
C l  .01 .01 .01 .01 .01 .oo .oo .oo .oo .oo .oo . .oo .oo 
F -08 -08 -09 .06 .06 .05 .06 -04 .08 .04 .05 .06 .05 

OH 7.91 7-91 7.90 7.93 7.93 1-95 7.93 7.96 7.92 7.95 7.94 7.94 7.95 

Chlorite replaces: b blotlte; h hornblende; p plagioclase; v vein. 
T e  partloned by a Fe2 to  to t a l  Fe r a t i o  o f  0.13. * Calculated H20. 
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Table 5 Chlorlte Analyses: Them1 Power Co. Uell Utah State 14-2. (cont.) 

0 0 0 0 0 0  00 0 0  0 00 00 

sf02 25.7 26.3 26.8 27.1 26.0 25.9 26.5 26.5 27.5 28.3 27.0 26.4 26.9 25.6 27.1 

f?+  :?p 2 2 b  $.3b 2 4 b  k 2 p  Y l t b  % "? :.:v Y.3 4t117p 7.4p "-2P 

TfO2 .14 .03 .02 .I5 .09 .13 .20 .09 .08 .03 .04 .13 .12 .04 .11 

Al2O3 18.7 18.9 17.6 18.8 18.5 16.5 19.1 18.7 17.1 18.4 18.0 19.4 18.0 18.8 19.1 

FeO* 27.5 27.6 26.5 26.7 27.0 29.7 22.1 23.7 23.8 19.7 22.1 22.9 19.7 26.7 22.9 

F ~ ~ o ~ *  4.56 4.58 4.40 4.43 4.48 4.94 3.67 3.94 3.95 3.27 3.66 3.80 3.28 4.44 3.00 

MnO .97 .64 ;51 .93 .92 A3 .70 .72 .77 .87 .95 .69 1.64 .76 .56 

4 0  11.3 10.0 12.2 12.6 12.7 9.67 14.9 14.6 15.6 13.0 12.0 15.1 17.5 11.7 15.3 

CaO .06 .10 .33 .14 .ll .17 .07 .07 .10 .17 .18 .06 .06 .ll .09 

50 .07 -27 -04 -24 -05 -19 -07 .12 .07 -55 .12 .08 .17 .08 .14 
Na2O -00 -06 -05 e04 -02 -60 .02 e 0 2  -02 -06 -05 e01 -02 -06 -02 

BaO -00 -02 -01 -03 -00 .05 -03 -04 -02 e03 -05 -03 a06 .06 -05 

c1 e 0 2  -01 -01 -02 .02 SO2 -02 a02 -02 -02 .01 .02 .03 .01 

F -16 -11 .19 .IS .20 .09 .14 .21 .ll .ll .09 .19 . 12 .14 .21 

H20" 11.1 11.1 11.1 11.2 11.1 10.9 11.4 11.3 11.3 11.6 11.4 11.4 11.5 11.1 11.4 

Total 100.3 99.7 99.8 102.5 101.2 99.7 98.9 100.0 100.4 96.1 95.7 100.2 99.1 99.6 100.8 

Nlanben of Ions on the Basis o f  28 Total (-) Charges, lO(0) and 8 (OH, C l .  F) 

S1 2.76 2.83 2.87 2.01 2.75 2.84 2.80 2.79 2 . 1  3.05 2.96 2.76 2.82 2.75 2.81 
11 .Ol  .00 .oo .01 .Ol .01 .02 .01 .01 .oo .oo .01 .01 .oo .01 
Al(iv) 1.24 1.17 1.13 1.19 1.25 1.16 1.20 1.21 1.12 .95 1.04 1.24 1.18 1.25 1.19 
Al(v1) 1.13 1.22 1.09 1.11 1.05 .97 1.18 1.11 .99 1.39 1.29 1.15 1.04 1.13 1.14 
Fe+2' 2.46 2.48 2.37 2.32 2.39 2.73 1.95 2.09 2.08 1.77 2.03 2.00 1.73 2.40 1.98 
Fe+3* .37 .37 .35 .35 .36 .41 .29 .31 .31 .26 .30 .30 .26 .36 .30 
Mn .09 .06 .O!j .08 .08 .08 .06 -06 .07 .08 .09 ,015 .1 S .07 .05 

Mg 1.80 1.61 1.94 1.95 2.00 1.58 2.34 2.29 2.44 2.09 1.96 2.35 2.73 1.88 2.36 
ca .01 .01 .04 .02 .Ol .02 .01 .01 .01 .02 .02 .01 .01 .01 .01 
K .01 .03 .01 .03 .Ol .03 .01 .02 .01 .08 .02 .01 .02 .01 .02 

N& -00 -01 .01 .01 .OO .13 .OO .OO .OO .01 .01 .w) .OO .01 .OO 

Ea .oo .oo .OO .oo .oo .oo .oo .oo .oo .oo .oo .60 .oo .oo .oo 
c1- .oo .MI .OO .od .oo .oo .OO .oo .oo .oo .oo .w .oo .01 .w 

u3 

F -06 -04 e07 -07 -07 .05 -07 -04 e 0 4  -03 -06 -04 -05 -07 

OH 7.94 7.96 7.93 7.95 7.93 7. 7.95 7.93 7.96 7.96 7.97 7.97 7.% 7.95 7.93 

Chlorite replaces: b bfotite; h hornblende; p plaqioclrse; v vein. 'Fe partloned by a to total 

3 

Fe ratio o f  0.13. ..* Calculated H20. 

Y . .  
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liblo 6. Sortclte AMlpct: them1 Parer Co. Yell 

UtJh S t l U  14-2 

1700 1700 1700 1700 1700 1700 1700 1700 2800 2800 2855 2855 2855 2855 2855 2855 2855 

20.2 20.3 ZC.1 2C.Z 3O-lb 30-ZAb 30.28 ?D-3 48.1 3B.3 4.1 2.2 2.4 2.7 2.8 2.9 2-11 . 

47.9 48.9 47.6 50.8 49.2 48.3 

.M .O2 .45 .03 -20 -24 

28.1 33.7 28.8 32.1 21.6 28.1 

5.09 1.22 5.33 2.13 5.30 6.09 

.06 .02 .07 .01 .07 .08 

2.11 .62 2.05 .85 2.W 1.13 

.07 .23 .07 .04 .02 .07 

8.43 8.00 10.0 9.55 11.0 9.98 

.IO .33 .I8 .lo .I2 -14 

.OZ .01 .08 .02 .M .03 

.01 .oz .ac .@I .w .02 

.34 .lo .M .29 .66 .58 

4.25 4-55 4.34 4.43 4.13 4.17 

97.1 97.7 99.2 100.4 101.3 100.9 

49.9 49.3 

.oo .ob 

32.9 31.9 

3.39 3.39 

.04 .M 

.13 1.33 

.32 . .fl6 

8.25' 9.76 

.I3 .12 

.02 - 

.01 - 

.37 - 
4.m 4.53 

w.9 100.5 

52.2 48.1 52.1 47.9 Sl.0 52.C 48.8 

.08 .14 .07 .09 .LIE .ll .03 

26.4 30.3 23.0 31.5 28.1 26.8 32.4 

3.50 2.78 3.76 1.73 2.52 4.26 1.85 

.04 .03 .06 .03 .04 .04 .O1 

2.19 .el 2.30 S4 1.79 2.30 .68 

2 0  .16 .14 .15 .11 .I3 .03 

8.53 10.2 9.61 10.3 10.4 9.12 10.9 

.08 .I4 .OB .42 .07 .09 .24 

. I  .07 A4 .M .21 .I8 

.oo .oo .oo .02 .oo - -  .42 .34 .37 .37 .05 

b.57 4.52 4.33 4.31 4.35 4.35 4.49 

97.8 97.9 100.9 98.0 98.9 79.8 09.7 

51.0 

.a6 

28.5 

3.12 

-04 

2.06 

.08 

10.4 

.os 

.os 
.do 

.41 

4.32 

100.1 

51.3 

.os 
28.5 

2.97 

.04 

1.98 

.06 

10.7 

.os 

.03 

.co 

.34 

4.36 

100.4 

Sf 

TI 
A1 

A1 

Fe 
rm 
n9 

CJ 

K 

ma 

8a 

Cl 
F 

M 

Itubcn Of IOnS On the 8 r O f S  Of 22 tOtJt (-f chrnps. 

10 (0) nl 2 (m. E l .  F1 

3.28 3.26 3.23 3.32 3.29 3.23 3.28 3.24 

.OO .oo .02 .w .01 .01 .co .w 

.R .?4 

1.59 1.90 

.26 -06 

.w .w 

.22 .Ob 

.01 .a 

.?4 .6a 

.or .w 

.00 .w 

.00 .oo 

.12 -02 

.n 
1.53 

-27 

.OO 

.21 

.01 

.87 

.02 

.oo 

.a0 
-06 

.68 

1.80 

.10 

.oo 

.08 

.W 

.80 

.01 

.oo 

.M 

.06 

.n 
1.16 

.26 

.w 

.29 

.oo 

.94 

.02 

.oo 

.oo 
-14 

.I7 

1.45 

.ri 

.oo 

.31 

.a1 

.a9 

.02 

.oo 
.OO 

.12 

.72 

1.93 

-16 

*OO 
.Ill. 

.m 

.69 

.02 

.oo 

.Q 

-08 

.16 

1.72 

-16 

.@I 

.I3 

.oo 

.a2 

.02 

3.50 

.OO 

.so 
1.59 

.18 

.OO 

.12 

.01 

.73 

.ot 

3.27 3.42 3.26 

.01 .00 .oo 

.73 .sa .74 

1.74 1.58 1.78 

4 4  .19 .09 

.00 .oo .oo 

.C8 .23 .IM 

.01 .01 .Ol 

.88 .a0 .94 

.04 .01 .06 

.a0 .a0 - .00 .w 

.09 .07 

3.42 

.OO 

.58 

1.64 

-13 

.OO 

.18 

.01 

.a9 

.c1 

.OO 

.OO 

.08 

3.46 3.25 

.Cl .w 

.54 .?5 

1.55 1.79 

21  .09 

.w .OO 
2 3  .07 

.01 .oo 

.71 .93 

-01 .Of 

-01 .oo 
.w .w 
.08 .m 

3.39 

.oo 

.61 

1.62 

-15 

.OO 
2 0  

.01 

.88 

.Ol 

.W 

.ob 

.09 

3.M 

.oo 

.60 

1.62 

.IS 

.OO 

2 0  

.00 

.90 

.Ol 

.oo 

.00 

.07 
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Table 6 (Continued) Serfcite Analyses: Thermal Power Co. Well Utah State 14-2. 

2940 2940 2940 4400 44uu 5000 50UU 
5.1 5.3 6.1 28.1 48.2 1.7 3.7 

sto2 49.05 50.4 49.5 52.9 51.1 54.0 49.8 

Ti O2 .04 .14 .os .02 .ll .ll .03 

31.7 30.0 30.8 28.2 25.9 21.3 27.5 2'3 

Fe203 
MnO .06 .04 .05 ,01 .03 .03 .03 

2.18 1.54 1.62 3.38 3.88 4.10 3.83 

MgO .94 1.6; 1.36 1.30 2.07 -2.71 .5a 

CaO .19 .16 .10 .44 .20 .20 .ll 

10.3 9.88 10.2 8.12 9.23 9.79 10.9 K2° ( 
NaZO .16 .75 .07 .10 i l 2  .05 .12 

BaO .oo .05 .03 . 00 .03 .09 .Ob 

c1 .01 .01 .01 . 01 .02 .02 . 01 
F 2 4  .25 2 5  .oa .22 .45 .22 

H20* 4.41 4.42 4.42 4.55 4.42 4.30 4.38 

Total 99.2 99.3 98.5 99.1 97.3 97.2 97.6 

Serlcite replaces plagioclase. 

* Calculated H20 

Numbers of Ions on the Basis of 22 total (-) Changes, lO(0) and 2 (OH,Cl,F) 

S1 3.27 3.35 3.32 3.4a 3.48 3.70 

Ti . 00 .01 . 00 . 00 . 00 .01 

A1 .73 .65 .68 .52 .52 .30 

A1 1.76 1.70 1.76 1.67 1 .56 1.42 

Fe .ll .08 .09 .16 .20 .21 

Mn 00 . 00 .oo .OO . 00 . 00 
Mg .09 .17 -14 .13 .21 .2a 

ca .01 .01 . 01 .03 .01 .or 
K .a8 .a4 .a7 .68 .ao . a5 
Na .02 .10 . 01 .01 .02 .01 

8a .oo . 00 . 00 . 00 .oo . 00 
Cl . 00 . 00 .oo .oo . 00 . 00 
F .os .05 .05 .02 .os .10 

3.41 

.a0 

.59 

1.63 

.20 

. 00 

.06 

.01 

.95 

.02 

. 00 

. 00 

.os 
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Figure 2. Compositions of  chlorites from Well 14-2. Classification 
after Deer, Howie & Zusman (1966), Figure 81. 
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W 

Figure 3, Compositions of chlorites from Well 14-2. Data i s  identical t o  
t h a t  of Figure 2 ,  with samples plotted separately to demonstrate inter- and 
intra- sample differences, Symbol codes are as for Figure 2. 
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Figure 4. Composition o f  chlorites from Well 16-2: Octahedral cation 
relationships. Data for individual samples are plotted on separate 
diagrams and are coded for host mineral type. Open symbols, plagioclase 
host; f i l led symbols hornblende host; l e f t  half f i l led,  biotite host; top 
half f i l l ed ,  vein host. 
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U distinguishes some samples from others b u t  i s  not,  i n  general, a good 

sample discriminator. W i t h i n  a sample, however, the r a t i o  varies according 

t o  the chlorite host, increasing from plagioclase through hornblende t o  

J 

biotite. T h i s  is also the direction of MgO weight percent increase i n  the 

host minerals.. When host mineral types are separated samples can be seen 
u *  

t o  f a l l  i n t o  somewhat distinct, though overlapping, areas b u t  no downhole 

compositional trend i s  evident. Where there is a compositional difference 

between two samples the chlorites replacing different host minerals show 

corresponding changes. 

Fe2+ + Fe3+) ra t io  t h a n  sample 9, then the chlorites replacing each host 

mineral i n  sample A have higher values than their counterparts i n  sample 6. 

J 

For example, i f  sample A has a higher Mg2+/(Mg2+ + 

v 

Figure 4 is a ternary p l o t  of Mg2+, Fez+ + Fe3+, and Al3+ i n  

. octahedral positions. Al though  there is considerable overlap some 

clustering of different samples into different areas i s  evident. The host 

mineral appears t o  affect chlorite composition quite strongly i n  some 

samples, less so i n  others. The vein chlorites from sample 5000 are also 

quite distinct from the chlorites replacing plagioclase and biotite, b u t  

the vein sample from 2940 fa l ls  within the fields for other host minerals. 

Twenty-four sericite aggregates from six sample intervals w i t h i n  the 

(3 

d 

u3 
drillhole have been analysed for 12 elements (Bay C 1  and F d a t a  were not 

obtained for one sample). Analyses are listed i n  Table 6 .  All b u t  three 

of the aggregates repl ace plagioclase. The remainder repl ace b i o t i t e  and 

do not appear t o  be distinguishable from those repl acing p l  agi ocl ase. 

Figure 5 i s  a histogram of Si4+ i n  tetrahedral position. The sericites are 

w 

J phengites, having tetrahedral S I ~ + : A I ~ +  ratios greater t h a n  3:1. Sericite 
W aggregates w i t h i n  different samples comprise different b u t  over1 a p p i  ng 
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~ Figure 5. .Compositions of Sericites from Neil 14-2: Si4+ ions per 4 
tetrahedral cations. 
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populations showing an overa l l  downhole increase i n  S i  content.' The r a t i o s  

o f  Fe3+ t o  t o t a l  octahedral cations l i e  i n  the  range .03 t o  .16, most 

having means near .09. 

Figure 6 i s  a p l o t  o f  F- against Mg2+/Sum o f  octahedral cations 

showing a pos i t i ve  co r re la t i on  between the  two, and a general decrease i n  

f l u o r i n e  r e l a t i v e  t o  Mg w i t h  increasing depth i n  the dril!hole. The l i n e s  

shown on Figure 6 are regression l ines.  Corre la t ion coe f f i c i en ts  ( r2 )  are 

0.58 f o r  sample 1700, 0.46 f o r  2855 and f o r  the  others, o f  course, 1.00 

since they are s t r a i g h t  l i n e s  j o i n i n g  two o r  three points. Three of the 

l i n e s  (those f o r  1700, 2855 and 4400) are near ly pa ra l l e l ,  and s h i f t  t o  the  

l e f t ,  L e .  t o  a decrease i n  F r e l a t i v e  t o  Mg, w i t h  increasing depth i n  the 

d r i l l h o l e .  Sample 2940 does not c o n f l i c t  w i th  t h i s  trend, whi le  not 
I 

3 f i t t i n g  i t  exactly, and sample 5000 i s  anomalous. The small number o f  data 

points f o r  three o f  the  samples should be considered as a l i m i t i n g  fac to r  

i n  making t h i s  in terpretat ion.  

3 I n  comparison w i th  ch lo r i t e ,  s e r i c i t e  compositions e x h i b i t  d i f f e r e n t  

e f fec ts  i n  response t o  host mineral type o r  pos i t i on  i n  the  d r i l l h o l e .  

the  data set reported here host niineral type does not appear t o  cont ro l  

I n  

r3 s e r i c i t e  composition. However resu l t s  from another hydrothermal system 

(J.M. Ballantyne, i n  preparation) ind ica te  t h a t  such a cont ro l  i s  t o  be 

expected. The lack o f  evidence f o r  it here i s  probably merely a funct ion 

o f  sampling, l i t t l e  data being avai lab le f o r  host minerals other than (3 

plagioclase. 

The data present ly avai lab le are enigmatic i n  that downhole 

compositional trends evident i n  the  s e r i c i t e s  are not ppesent i n  the 

ch lor i tes.  Physico-chemical cont ro ls  f o r  major element subs t i tu t ions  have 

U 

u 
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not been evaluated i n  t h i s  report ,  but it;seems reasonable t h a t  the  

d i f f e r e n t  compositional parameters discussed f o r  s e r i c i t e s  and ch lo r i t es  

. would be cont ro l led  by d i f f e r e n t  chemical o r  physical a t t r i bu tes  o f  a 

hydrothermal so l  u t i  on 

Compositional va r ia t i on  i n  hydrothermal minerals as a func t ion  o f  host 

mineral type ind icates t h a t  overa l l  equ i l ib r ium between rock and 

hydrothermal so lu t ion  has not been attained. 

t o  d is t ingu ish  the e f fec ts  of d i f f e r e n t  hydrothermal events, i f  l a t e r  

events have not t o t a l l y  destroyed the  e f fec ts  o f  those preceding. 

hoped t h a t  f u r t h e r  r e s u l t s  w i l l  provide t h i s  type o f  informat ion f o r  wel l  

It may therefore be possible 

It i s  
. 

14-2. I n  a d i f f e r e n t  s i tuat ion,  where re la t ionships o f  veins t o  rock are 

determinable, (not a f e a s i b i l i t y  i n  samples o f  d r i l l c u t t i n g s )  it may even 

be possible t o  t race  the evolut ion o f  a hydrothermal f lu id .  

The data discussed i n  t h i s  repor t  are pre l iminary r e s u l t s  from a Ph,D. 

research pro jec t  cu r ren t l y  i n  progress, 

treatment o f  the data i s  underway, evaluat ion o f  d i f f e r e n t  parameters w i l l  

be made and more data col lected. These, together with a piscussion of 

theore t ica l  r i d e l s  t o  expla in  observed compositional va r ia t i on  and zoning, 

w i l l  be included i n  a fu tu re  publ icat ion. 

A more rigorous, s t a t i s t i c a l  

, 
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I APPENDIX 
w 

The FORTRAN computer program MODECALC calculates a modal mineralogic 

composition for a rock given a whole rock chemical analysis and a 

stipulated set o f  mineral analyses. The program i s  i n  par t  a modification v 

of a BASIC program provided by Steve Cone. 

In i ts  simplest form the solut ion t o  the problem can be reduced t o  

W solving a set of linear equations by matrix inversion methods. 

Y i  XijSj’  

3 where y i  is the percentage of the i t h  component i n  the whole rock analysis, 

X i j  is the percentage of the 4 t h  component i n  the j t h  mineral phase and S j  

is the abundance of the j t h  phase. 
urr The solution i n  matrix notation is: 

However, since the number of mineral phases is  usually less t h a n  the number 

o f  chemical components analysed ( i t  may not be more) the so lu t ion  is 

overdefined and a weighted least squares method must be used. The matrix 

u3 

3 
formulation for this is given by Draper and Smith (1966, page 79) as: 

@ I  = (CXlT rw3 CXl1-l K X l T  Cwl Cy11 
Y 

where [W]  i s  a diagonal square matrfx f n  which w i j  = l / y i m  This has the 

effect of g iv ing  component analyses w i t h  small values the same weight as 

those w i t h  large values. Note t h a t  T means the transpose and -1 the 

inverse of a matrix. 
W 

LJ 

d 
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Unfortunately, t h i s  method works f o r  simple t e s t  cases but tends t o  w 
3 

give negative numbers when rea l  data, w i th  t h e i r  inherent inaccuracies, are 

used. A method t o  weight the so lu t ion  toward and i n i t i a l  guess f o r  t he  

mode was devised by Ralph T. Shuey i n  order t o  obviate the problem. 
;3 

The goodness o f  f it o f  the  data i s  c W i  ( y i '  - yi)'. The distance 
i 

f r o m  the  estimated mode i s  

the regression calculated value o f  the i t h  component, B j  i s  t he  computed 

Sj (sj - Boj)', where y i  i s  the  actual and Y ' i  
- \  j 

d 
I and B o j  the  estimated value f o r  the  j t h  phase, and Sj = l / B o j ,  a weighting 

fac to r  w i th  a s i m i l a r  e f f e c t  t o  W i .  

!3 The func t ion  t o  be minimized i s :  

3 where A = 

mode chosen by the operator. Typical values are 0.05, 0.1. The former was 

W i  yi' and B = c sj 60j2. A IS t he  weight t o  tbe  estimated 
j J * 

used f o r  t h i s  report. 

3 ThLe mat r ix  formulat ion f o r  t h i s  i s :  

Cd = (CXIT Wl CXl + aA/B CSJ)*l ([XIT CHI Cy1 + A A/B CS! C B O N  

I 3 The FORTRAN programming was done by the  wr i te r .  

I 

I . 



3 

DISTRIBUTION 
37 

W 
W 

3 

3 

David N. Anderson 
Executive Director 
Geothermal Resources Counci 1 
P.O. Box 1033 
Davis, CA 95616 

Dr. James K. Applegate 
Department o f  Geology 
Boise S t a t e  University 
Boise, ID 83725 

Mr.. Sam Arentt, Jr., President 
Steam Corporation of America 
1720 Beneficial Life Tower 
Sa l t  Lake City, UT 84111 

Dr. David J. Atkinson 
Hydrothermal Energy Co6p.. 
2519 Horseshoe Canyon Drive 
Los Angeles, CA 90046 

Dr. Carl F, A u s t i n  

Code 2661, NWC 
China Lake, CA 93555 

3 c/o Geothermal Technology 

Mr. Lawrence Axtell 
Geothermal Services, Inc. 
10072 Willow Creek Rd. 
San Diego, CA 92131 

Mr. Larry Ball 
DOE 

w Division of Geothermal Energy 
3rd Floor, MS 3122C 
20 Massachusetts Ave., N.W. 
Washington, DC 20545 

Mr. Ronald Barr 

Tulsa, OK 74101 

Dr. Rudolf A. Black - 
DOE 

3rd Floor, MS 3122C 

Was h i  ngt on,  DC 20545 

crs 

3 Earth Power Corporation 

V Dir. of Div. of Geothermal Energy 

kd 20 Massachusetts Ave., N.W. 

@ 

Dr. David D. Blackwell 
Southern Methodist University 
Department of Geological Sciences 
Dallas,  TX 75275 

Dr. Gunnar  Bodvarsson 
Oregon S t a t e  University 
School of Oceanography 
1377 N.W. Alta Vista Dr. 
Corvall i s  , -OR 97330 

Mr. C. M. Bonar 
Director, Geothermal Projects 
Atlantic Richfield Co. 
P.O. Box 1829 
Dallas, TX 75221 

Roger L. Bowers 
Hunt  Energy Corp. 
2500 1st Natl Bank Bldg. 
Dallas, TX 75202 

Gerald Brophy 
DOE 
Division of Geothermal Energy 
3rd Floor, MS 3122C 
20 Massachusetts Ave., N.W. 
Washington, DC 20545 

Nr. Williani 0. Brumbaugh 
Geophysics Bldg., Room 12 
I n t  erpret a t  i on Group 
Conoco 
Ponca City, OK 74601 

Rr. Glen Campbell 
Geothermal Supervisor 
G u l f  Min. Resource Company 
1720 Sou th  Bell Aire St. 
Denver, CO 80222 

Tom Cassel 
Fels Center of Govt. 
Uni v . o f  Pennsyl vania 
39th & Walnut S t r ee t s  
P h i  1 adel phi  a, PA 19104 

Or. Bob Christiansen 
U.S. Geological Survey 
345 Mi ddl ef i el d Road 
Men1 o Park, CA 94205 



38 

w 
3 

3 

3 

3 

c3 

J 

U 

.. 

Eugene V. Ciancanelli 
Consulting Geol ogi s t  
12352 Escala Drive 
San Diego, CA 92128 

Dr. Jim Combs 
Geothermal Services, Inc. 
10072 Willow Creek Rd. 
San Diego, CA 92131 

Mr. F. Dale Corman, President 
O'Brien Resources, Inc. 
49 Toussin Avenue 
Kentfield, CA 94904 

Dr. R. Corwin 
Dept . Eng . Geoscience 
University of California 8 Berkeley 
Berkeley, CA 94720 

Mr. Ritchie Coryell 
Program Manager 
National Science Foundation 
1800 G S t r ee t ,  N.W. 
Washington , DC 20050 

Dr. Gary Crosby 
P h i l  1 ips Petroleum Company 

Bart1 esvi 1 1 e, OK 74003 
7 1 4  PRC 

Robert C. Edmiston 
knadarko Production Co. 
P.O. Box 1330 
Houston, TX 77001 

Mr. Samuel M. Eisenstat, President 
Geothermal Exploration Co., Inc. 
400 Park Ave. 
New York City, NY 10022 

Dr. Val A. Finlayson 
Research Engineer 
Utah Power and Light Company 
1407 West North Temple 
Sa l t  Lake City,  UT 84110 

Mr. Milton Fisher 
295 Madison Avenue 
New York City, NY 10017 

Mr. Ron Forrest ,  Geologist 
P h i l l i p s  Petroleum Co. 
P.O. Box 858 
Milford, UT 84751 

Ken Fournier 
Union O i l  
Union Research Center 
Box 76 
Brea, CA 92621 

Mr.  W. L. D'Olier Dr. Frank Frischknecht 
Geothermal Operations Box 25046, Denver Federal Center 
Thermal Power Co. U.S. Geological Survey 
601 California S t ree t  Denver, CO 80225 
San Francisco, CA 94108 

Mrs. Katie Dixon Argonaut Enterprises 
3781 Lois Lane 
S a l t  Lake City, UT 84117 P.O. Box 26330 - Denver, CO 80226 
Mr. William Dolan 
Chi ef Geophys i ci s t 
Amax Exploration Inc. 
4704 Harlan S t r ee t  MS 602 
Denver, CO 80212 Box 25046, Federal Center 

John E. Dooley 
R. F. Smith Corp. 
552 E. 3785 S. U V  Industries,  Inc. 
Sa l t  Lake City, UT 84106 19th Floor, University C l u b  Bldg. 

i Robert Furgerson 

1480 Hoyt Street 
1 

Mr. Gary Galyardt , Geologist 
U.S. Geological Survey 

Denver, CO 80225 

Ms. N. Sylvia Goeltr 

Sa l t  Lake City, UT 84111 



d 

3 

(3 

ul, 

u 

3 

kJ 

3 

V 

3 

U 

k.’ 

3 

D r .  N. E. Goldstein 
Lawrence Berkeley Laboratory 
Bu i ld ing  90 
Un ivers i ty  o f  Cal i forn ia ,  Berkeley 
Berkeley, CA 94720 I 

Mr. Steven M. Goldstein 
The K i t r e  Corporation 
Metrek D iv i s ion  
1820 Dol ley Madison Blvd. 

, McLean, V A  22101 

Mr. Bob Greider, V. P. Explorat ion 
In te rcont inenta l  Energy Go. . 

Denver, CO 80217 
Po00 BOX 17529 

Mr. J. H. Hafenbrack 
Exxon Coo USA 
P.O. Box 120 
Denver, CO 80201 

Mr. Dee C. Hansen 
Utah State Enqineer 
442 State Capi to l  
S a l t  Lake City, UT 

Dr. Norman H a r t h i l l  
Executive Vice Pres 
Group Seven, Inc. 
9250 W. 5th Ave. 
Lakewood, CO 80226 

Dan E. Haymond . 
Po00 BOX 239 

84114 

dent 

S a l t  Lake City, UT 84110 

Mr. Jack Van Hoene 
Davon, fnc. 
.250 North 100 West 
Mi l ford,  UT 84751 

George Hopki ns 
Geotronics Corp, 
10317 McKalla Place 
Austin, TX 78758 

Mr. Gerald W. Huttrer,  Sr. Geologist 
In tercont inenta l  Energy Corporation 
7503 Marin Dr., Sui te 1-C 
Englewood, CO 80110 

Mr. Laurence P. James 
2525 South Dayton Way #1406 
Denver, CO 80231 - 

39 

Dr. George R. J i racek 
Department o f  Geology 
Un ivers i ty  o f  New Mexico 
A1 buquerque, NM 87131 

Rr.  Richard LI Jodry 
P.O. Box 941 
Richardson , TX 75080 

Dr.  Paul Kasameyer 
Lawrence Livermore Lab, L-224 
P.O. Box 808 
Livermore, CA 94550 

D r .  George Ke l l e r  
Professor and Head 
Department of Geophysics 
Colorado School o f  Mines 
Golden, CO 80401 

Mr. James B o  Koenig 
Geot hermex 
901 Mendocino Avenue 
Berkeley, CA 94704 

Cr .  Mark Landisman 
Professor o f  Geophysics 
Un ivers i ty  o f  Texas , Da l l  as 
Box 688 
Richardson, TX 75080 

A. W. Laughlin 
Group Leader 
Geothermal Programs 
Geological Appl icat ions Group G-9 
Los Alamos S c i e n t i f i c  Laboratory 
P.O. Box 1663 
Los Alamos, NM 87545 

Mr. Guy W. Leach, Geologist 
O i l  Development Company o f  Texas 
Box 12053, American Nat l  Bank Eldg. 
Amaril lo, TX 79101 

Mr. Dick Lenzer 
Ph i l1  i ps  Petroleum Company 
P.O. Box 239 
Sa l t  Lake City, UT 84110 

Earth Sciences D iv is ion  L ib rary  
Bui ld ing 90 
Univers i ty  o f  Ca l i f o rn ia  
Lawrence Berkeley Laboratory 
1 Cyclotron Road 
Berkeley, CA 94720 



Y 40 

Mr. SkiD Mat l ick  Mr .  Care1 Otte .W 

W Div is ion  o f  Geothermal Energy 20 Massachusetts Avenue, N.W. 
Idaho Operations O f f i ce  Washington, DC 20545 
550 Second Street 
Idaho Fa l l s ,  ID 83401 

3 

I - -  

Republic Geothermal President of Geothermal D iv i s ion  
P.O. Box 3388 Union O i l  Company 
Santa Fe Springs, CA 90670 P.O. Box 7600 

Los Angeles, CA 90051 
James 0. McClellan, President 
Geothermal E l e c t r i c  Systems Corp. D r .  Wayne Peeples 
5278 Pinemont Drive, Sui te  A-150 Dept. o f  Geological Sciences 
Sa l t  Lake City, UT 84107 Southern Methodist Un ivers i ty  

Dallas, TX 75221 
Dr. Robert 8. McEuen 
Woodward Clyde Consultants Mr. C. R. t osse l l  
Three Embarcadero Center, Sui te  700 General Ener-Tech, Inc. 
San Francisco, CA 94111 4842 Viane Way , 

San Diego, CA 92110 
Mr. Don C. McMillan. 
Utah Geological & Mineral Survey Dr.  Alan 0. Ramo 
606 Blackhawk Way, Research Park Sunoco Energy Development Co. 
Sa l t  Lake City, UT 84108 12700 Park Central P1. 

Sui te  1500, Box 9 
Dr. Tsvi Meidav Dallas, TX 75251 
Consultant 
40 Brookside Ave. Marshal 1 Reed 
Berkeley, CA 94705 DOE 

Mr; Frank G. Metcalfe, Pres. 
Geothermal Power Corporation 20 Massachusetts Ave., N.W. 
1127 Grant Ave., Sui te 6 Washington, DC 20545 
P.O. Box 1186 
Novato, CA 94947 Robert S. Reed 

Thermogenics, Inc. 
Dr .  Mar t in  Molloy c/o Hughes A i r c r a f t  
U*S* DOE Centinela and Teale 
133 Broadway Culver City, CA 90230 
Oakland, CA 94612 

Dr. Frank Morrison 
Professor o f  Geophysics Eng. 
Un ivers i ty  o f  Ca l i f o rn ia  Santa Fe Springs, CA 90670 
Hearst Mining Bui 1 d ing 
Berkeley, CA 94720 Ms. Barbara Ritzma 

Dr. 1. J. Pat r ick  Mu f f l e r  
U.S. Geological Survey 
345 Middl e f  i e l  d Road 
#enlo Park, CA 94205 D r .  Jack S a l  isbury 

Mr. Clayton Nichols 
DOE ' 3rd Floor, MS 3122C 

D iv i s ion  o f  Geothermal Energy 
3rd Floor, MS 3122C 

Dr.  Robert W. Rex, President 
Republic Geothermal, Inc. 
11823 E. Slauson Ave., Sui te 1 

I Science & Engineering Department 
Mar r i o t t  L ib ra ry  
159 MLi, CAMPUS 

DOE 
D iv i s ion  o f  Geothermal Energy 



41 U 

‘c( 
w 

w 

V 

I3 

W 

u 

Dr.  Konosuke Sato 
Metal Mining Agency o f  Japan 
Tokiwa Bldg. 
1-24-14 Toranomon 
Minato-Ku, Tokyo 
JAPAN 

Dr.  John V. A. Sharp 
Hydrosearch, Inc. 
333 F l i n t  St reet  
Reno, NV 89501 

Mr. Wayne Shaw 
Getty O i l  Company 
P.O. Box 5237 
Bakersf ield, CA 93308 

Mr. Gregory L. Simay 
City o f  Burbank - Publ ic Service Dept. 
164 West Magnolia Blvd. 
Burbank, CA 91503 

Mr. W. P. Sims 
DeGolyer and MacNaughton 
One Energy Square 
Dallas, TX 75206 \ 

Donald W. Smel l ie 
Consulting Geophysicist 
1015 - 837 W. Hastings St .  
Vancouver V6C 1C4 CANADA 

Dr. H. W. Smith 
Department o f  E l e c t r i c a l  Engineering 
Un ivers i ty  o f  Texas, Austi  n 
Austin, TX 78712 

Marty Steyer 
Nat l  Geothermal I n f o  Resource 
Lawrence Berkeley Lab, 50A-0143A 
Univ. o f  Ca l i f o rn fa  
Berkeley, CA 94720 

Mr. Paul V. Storm 
Cal i f o r n i  a Energy Company, I nc . 
Wells Fargo Bldg., Sui te 300 
P.O. Box 3909 
Santa Rosa, CA 95402 

Or . Chandler Swanberg 
New Mexico State Univers i ty  
P.O. Box 4408 
Univers i ty  Park D r .  - 
Las Cruces, MM 88003 

Dr .  Charles M. S w i f t ,  Jr. 
Chevron O i  1 Co.-Mineral s S t a f f  
P.O. Box 3722 
San Francisco, CA 94105 

D r .  Bernard T i  11 ement 
Aquitaine Co. o f  Canada 
2000 Aquataine 
540 5 th  Avenue, S.W. 
Calgary, Alberta 
Canada 2tP OM4 

David 0. T i l l s o n  
Washington Pub1 i c  Power Supply Syst 
P.O. Box 968 
Richland, WA 99352 

Dr.  Ronald Toms 
COE 
Div i s ion  o f  Geothermal Energy 
3rd Floor, MS 3122C 
20 Massachusetts Avenue, N.W. 
Washington, DC 20545 . 

Dr. John Tsiaperas 
Shell  O i l  Company 
Box 831 
Houston, TX 77001 

Dr.  A. F. Veneruso 
Geothermal Technology D iv i s ion  5736 
Sandia Laboratories 
A1 buquerque, NM 87115 

Dan Vice 
555 Park Lane 
B i l l i n g s ,  MT*’ 59102 

O r .  James R. Wait 
Rx7, Room 242, RE1 
U.S. Dept. of Commerce 
National Oceanic & Atmospheric Admii 
Environmental Research tabs 
Boulder, CO 80302 

John Walker 
DOE 
D iv i s ion  o f  Geothermal Energy 
3rd Floor, MS 3122C 
20 Massachusetts Ave. , N.W. 
Washington, DC 20545 



42 

Mr. D. Roger Wall ,'Geologist 
Geothermal Resources Division 
Aminoil USA, Inc. 
1250 Coddingtown Center 
Santa Rosa, CA 95401 

W Dr. Paul Walton, President 
American Geological Enterprises, Inc. 
1102 Walker Bank Bldg, 
Salt Lake City, UT 84111 

Ed Witterholt 

Energy Research Lab 
Box 50408 
Tulsa, OK 74150 

Mr. William B. W a y ,  Jr. 
VanCott , Bag1 ey, Cornwall & McCarthy 
141 East 1st South 
Salt Lake City, UT 84111 

Dr. Paul C. Yuen 
University o f  Hawaii @ Manoa. 
2540 Dole Street, Holmes 240 
Honolulu, HI 96822 

3 City Services Oil Co. 

\ 3 

3 

Or. S. H. Yungul 
Chevron Resources Co. 

San Francisco, CA 94119 
4 4  P.O. Box 3722 

Or. Elliot 3. Z a i s  
Elliot fais & Associates 
7915 N.W. Siskin Dr. 

3 Corvallis, OR 97330 




