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I NTRODUCTTON 

The study area i s  l oca ted  a t  the nor thern  end o f  a la rge ,  c i r c u l a r  topo- 

graphic depression i n  t h e  cen t ra l  p o r t i o n  o f  eastern Oregon known as the  

Harney Basin (F igure  1) .  L i m i t s  o f  t he  study area were a r b i t r a r i l y  s e t  a t  

the boundaries o f  a v a i l a b l e  U. S. Geological Survey (USGS) topographic maps 

a t  l a t i t u d e s  43' 45' on the  no r th  and 43' 30' on the south and a t  long i tudes  

119' 15' on the  west and 118' 30' on the  east.  This study, performed under 

U. S. Department o f  Energy (USDOE) Contract  No. DE FC07-79ET27220, was under- 

taken t o  es t imate  the  geothermal p o t e n t i a l  of the area by us ing var ious  methods 

i n c l  uding compi 1 a t i o n  o f  e x i s t i n g  data, reconnaissance geologic  mapping, 1 i n e -  

ament analys is ,  w e l l  and s p r i n g  geochemistry, and accrual  o f  geothermal-gradi- 

e n t  data. 

2 2 Geographical ly,  t he  study area i s  comprised o f  a 5,180-km (200-mi ) r e l a -  

t i v e l y  f l a t ,  c losed drainage bas in  surrounded by mountainous highlands. To ta l  

r e l i e f  i n  t he  bas in  i s  l ess  than 9 m (30 ft), and the  t o t a l  r e l i e f  i n  the  h igh-  

lands i s  more than 600 m (2,000 f t ) .  The on l y  major popu la t ion  center  i s  t he  

county seat  o f  Burns w i t h  the  adjacent  community o f  Hines, bo th  o f  which are  

loca ted on t h e  western edge o f  t he  basin. The remainder o f  the  nor thern  

Harney Basin i s  comprised o f  swampy b i r d  h a b i t a t ,  c a t t l e  ranches and range 

land, and scrub f o r e s t s  i n  t he  h igher  e leva t ions .  Drainage w i t h i n  the  bas in  

i s  toward the  south and e a s t  through Sage Hen Creek f rom the  west, S i l v i e s  

R iver  f rom the  nor th,  and Ma1 heur Slough from the east.  



F igure  I :  Map showing l o c a t i o n  o f  study area. 



GEOLOGY 

The geologic map (P la te  I )  of t h i s  area i s  based on (1) a f i e l d  check 

o f  the pub1 i shed map by Greene ( 1  972) o f  the Burns 15-mi nute quadrangle, wi t h  

minor r e v i  sions, and (2) an o r i g i n a l  reconnaissance study , conducted dur ing 

the fa1 1 o f  1979 and the spr ing  o f  1980, o f  the Buchanan, Carson Point ,  S t ink-  

i ngwater Pass, and Mahon Creek 7%-mi nute q uadrangl es and the Harney 1 5-mi nute 

quadrangl e. L i  tho1 ogi  es and age assi  gnrnents were based on hand-specimen 

i d e n t i f i c a t i o n ,  l i m i t e d  K/Ar ages (Table I ) ,  and bu l k  chemistry (Table 2). 

Areal extent  o f  u n i t s  and o ther  fie1 d data were p l o t t e d  on USGS topographic 

maps; s p e c i f i c  po in t s  were located by Brunton compass and pacing. No a e r i a l  

photographs were used i n  mapping. 

Tab1 e 1. Radiometric (K/Ar) ages o f  selected rocks o f  the northern Harney Basin 

Sample no.* Locat ion Rock type 

ML- 11 4-75 11 8:37' 30" S i  1 i c i  c 
4338 '07"  dome 

ML- 33- 75 

MK- 3- 79 

11 9:08' 18" Rhyodaci t e  
43 30'48" 

1 1 9 ~ 1 8 ' 1 2 "  Rhyo l i te  
43 34'06" 

11 9:08' 12" Rhyol i t e  
43 34'06" 

6-257-3-66 1 19:04 ' 12" We1 ded t u f f  
43 37'42" 

&** St ra t i g raph ic  u n i t  

'14.749.5 my Tmrd 

Tmrb 

Tmrb 

Tmrb 

Tmtr 

* References: G - from Greene and others, 1972; ML - from McLeod and others, 
1975; MK - from McKee and others, 1976. 

**s - sanid ine age; a - anorthoclase age; o - obsidian age; n - no method given. 



Table 2. Bulk chemical cornposi tion o f  selected rocks o f  the northern 
Harney Basin. (Letters a t  top o f  each column ind icate  sample number and 
map symbol f o r  stratigraphic unit .  A l l  values are i n  weight percent.) 

Compo- 
nent 

FeO (Total Fe) 

Total 

*G- 9- 3 G-9-6 B-0-20-2 
Tmtd - Tmtd Tmtp 

G-9-1 
Tmtd 

0-0- 1 9-2 
Tmtr 

* References: G - from Greene, 1973; B - from Beeson, 1969. 



The geology of the northern Harney Basin i s  comprised of a framework 

of three flat-lying, extensive, la te  Miocene ash-flow sheets on1 apping a 

regional u n i t  of early Miocene flood basal ts. These ash flows, named in 

order of increasing age, the Rattlesnake (uni t  Tmtr on the geologic map), 

Prater Creek (uni t  mtp), and Devine Canyon (uni t  mtd) Ash-flow Tuffs, are 

separated by discrete sedimentary units, 1 imi ted basal t and andesi t e  flows, 

and s i l i c i c  intrusions. 

Trace element studies (Park and Armstrong, 1972) indicate that the ash- 

flow tuffs,  the s i l i c i c  intrusives, and the related rnafic flows, for  the study 

area as we1 1 as for adjacent areas to the south and west, constitute a gene- 

t ical  ly re1 ated bimodal compositional assemblage. A1 though detailed relation- 

ships are unclear a t  the time of this  study, a t  least  one caldera--the source 

for the Devine Canyon Ash-flow Tuff--is located in the study area near Burns 

(Walker, 1979). The oldest units recognized in the f ie ld  were found in the 

northwest corner of the map area and are the early Miocene basalts (uni t  fibs) 

dated in adjacent areas a t  12.1 to 20.2 m.y. The youngest bedrock units are 

mafic vent complexes and associated flows (units Qm and ~ 2 % )  near Burns dated 

a t  2.3 to 2.9 m.y. (Parker, 1974). Complete age relationships of a l l  units 

are presented in the time-rock chart included on the geologic map (Plate I ) .  

Faulting in the northern basin follows three general trends. The f i r s t  i s  

the trend of the Brothers faul t  zone ( ~ . 2 5 ~ - 3 5 O ~ . ) ,  which i s  exhibited most 

strongly immediately west of Burns in the area of Burns Butte cutting a l l  geologic 

units present including the aforementioned 2.3- to 2.9-m.y.-01 d basal t s .  Motion 

on these faul t s  appears to be di p-sl i p; however, several i nvesti gators (MacLeod 

and others, 1975) feel such motion may be the surface manifestation of a 

right-lateral wrench system a t  depth. The second trend i s  the Basin-Range 

trend (approximately north-south) found throughout the eastern portion of the 



study area ,  cu t t i ng  a l l  l i t h o l o g i e s  present.  A1 though some o f  these  f a u l t s  

appear t o  be d ip - s l i p ,  they may have some s t r i k e - s l i p  o r  ob l ique-s l ip  compon- 

e n t ,  speci f i c a l  l y  a1 ong Sold ier  Creek i n  the north-central  por t ion ,  where an 

extensi  vely mineral i zed no r th - s t r i  k i  ng faul  t zone appears t o  contain some 

r i g h t - l a t e r a l  component and may represent  a major s t r u c t u r a l  d i scon t inu i ty  

f o r  t h e  basin.  The t h i r d  t rend ( ~ . 4 0 ~ - 5 0 ~ ~ . )  occurs i n  the  eas t -cent ra l  por- 

t i on  of t he  study area and appears t o  represent  a t r a n s i t i o n a l  t rend between 

the  Brothers t rend and the Basin-Range trend. This t r a n s i t i o n a l  t rend ends 

abrupt ly a t  the  So ld i e r  Creek shear  zone. 

A 1 ineament study ( P l a t e  11) prepared f o r  t h i s  r epo r t  from U-2 and Landsat 

imagery shows a one-to-one correspondence of  s t r u c t u r a l  t rends  w i  t h  the  mapped 

f a u l t  t rends.  I t  a l s o  shows a number of  lineaments t h a t  cross  the  alluvium- 

f i l l e d  basin but  which could not be t raced  through geologic mapping, 

Folding o f  t he  un i t s  is  general l y  i n  t he  form of  broad, shallowly dipping 

an ti c l  i nes and sync1 i nes pl ungi ng toward t h e  cen te r  of the  basin. Exceptions 

a r e  several  sharply folded local s t r u c t u r e s  ad jacent  and probably subsequent 

to  major f a u l t s  (e.g., the  Sold ier  Creek shear  zone). In t he  pas t ,  i nves t i -  

ga tors  (Greene, 1972; Greene and o the r s ,  1972) have shown the  northern highlands 

t o  be a homocline dipping i n t o  the  basin o f f  a core of o l d e r  rocks t o  the 

north.  However, t he  mapping connected with t h i s  study shows a l a rge  number of  

d i s c r e t e  f a u l t  blocks t h a t  dip away from the  cen te r  of the  basin. Downwarp- 

ing of t h e  basin i t s e l f  probably began during the  middle t o  l a t e  Miocene 

(Walker, 1979) and may be continuing a t  present .  The probable cause o f  t he  

downwarping is the  l o s s  of  material  by volcanic erupt ion from the  extensive 

ash-flow shee ts  and numerous flood basal t s  and, t o  a l e s s e r  ex t en t ,  the  l o s s  

of volume due t o  l o s s  of s tored  hea t  (Blackwell, 1980, personal communication). 



GEOPHY S I CS 

A t  the present time, no geophysical surveys are available for the 

northern Harney Basin. Recomndations for future work in this extremly 

important area are incl uded in the Concl usions and Recornendations section 

of this report. 



WATER CHEMISTRY 

During t h i s  study, f i f t e e n  wel ls,  springs, and gradient  holes were 

sampled and t h e i r  waters analyzed. Together w i t h  e x i s t i n g  pub1 ished analyses 

(Leonard, 1970; U. S. Geological Survey and Oregon Department o f  Geology and 

Mineral Industr ies,  1979), a t o t a l  o f  21 analyses are ava i l ab le  f o r  evaluat ion 

(Tab1 e 3). Pub1 i shed repor ts  o f  the hydro1 ogy o f  the Harney 8asi n (P i  p e r  and 

others,  1939; Leonard, 1970) show a considerable number o f  thermal anomal ies; 

however, a la rge  number of the l i s t e d  springs and we1 Js e i t h e r  could n o t  be 

located or were n o t  f low ing a t  the t ime o f  the study. 

Sampling temperatures dur ing f i e l d  c o l l e c t i o n  ranged from 7 2 ' ~  f o r  the 

0. J, Thomas we1 1 i n  t he  nor th-centra l  po r t i on  o f  the study area t o  1 7 ~ - 2 2 ~ ~  

for ar tes ian  we1 1s and springs near the town o f  Burns. The natura l  waters o f  

the study area can best  be described as general ly  low i n  ch lo r i de  and h igh  

i n  magnesium and bicarbonate. On the basis o f  p re l im inary  evaluat ion o f  the 

avai 1 able data, two groups of waters are  recogni  zed: (1  ) The we1 1 s near 

So ld ie r  Creek and d i r e c t l y  south, which appear t o  be r e l a t i v e l y  h igh  i n  

s i l i ca  (72-104 mg/l) and show r e l a t i v e l y  high Na:K atomic r a t i o s  (144-260) and 

h igh  contents of ions such as boron, arsenic, ch lor ide,  and fluoride. The 

estimated minimum rese rvo i r  temperatures f o r  these we l l s  a re  i n  the moderate 

range, ca lcu la ted  t o  be approximately loo0-1 30'~ (Table 4). (2)  The springs 

and we l l s  near Burns, which are lower i n  s i l i c a  (37-60 mg/l); lower i n  Na:K 

atomic r a t i o s  (11-15); lower i n  r e l a t i v e  amounts of boron, arsenic, ch lor ide,  

and f 1 uori de; and 1 ower i n  ca lcu la ted  reservoi  r temperatures (75' -100~~)- 

They are a l s o  h igher  i n  magnesium, which i s  general ly  thought t o  i nd i ca te  cooler 

waters o r  waters t h a t  have t rave led  a longer distance from t h e i r  source 

(Fournier , 1980, personal communication). The cooler  waters near Burns may 

represent a d i l u t e  species o f  the warmer waters found t o  the east; however, 



Table 3. Spring and we l l  chemistry o f  the nor thern Harney Basin area. A l l  
measurements are i n  mg/l, except fo r  pH o r  as ind icated.  n t  = no t  tested; 
tr = trace. 

Cow Creek Bar Negative Hotchkiss Hotchkiss Hotchki ss 
Spr i ng We1 1 We1 1 We1 1 We1 1 

Locat ion 22 S/32+E/ 23S/32E/ 24S/30E/ 24S/30E/ 24S/30E/ 
l4Ca 28Acd 1 Aca 1 Aca 1 Aca 

9/31 7/68 1 0180 8/ 31 9/68 

2 2 16 3 3 27 27 

n t 7.6 8.37 n t 8.1 

n t 771 220 n t 194 

Date sampled 

Temp. (OC) 

Conductance 
~mhos/cm 

A l k a l i n i t y  
X,, as mgl l  HC03 
Xc as mgl l  CaC03 

Hardness 
as mg/l CaC03 

Tota l  d issolved 
sol  i d s  

S i  O2 

N a 

Fe ( t o t a l )  

A1 

HC03 

P04 

s04 



Table 3. Spring and we1 1 chemistry o f  the northern Harney Basin area--Continued . 
A l l  measurements are i n  mg/l, except f o r  pH o r  as indicated. n t  = not  tested; 
tr = trace. 

Hines M i l  1 
Well # I  

Hines M i l l  Hines M i l l  
Well # I  Well 12 

Powerhouse 
We1 1 

M i  1 1 pond 
Spring 

Location 

Date sampled 

Temp. (OC) 

pH 
Conductance 
vmhos/cm 

A1 k a l i n i t y  
X,, as mg/l HC03 
Xc as mgll CaC03 

Hardness 
as mg/l CaC03 

Total dissolved 
sol i ds  

S i  O2 

Na 

K 

C a 

Mg 
C 1 

As 

B 

L i 

F 

Fe ( t o t a l )  

A 1 

HC03 

P04 

S04 

N03 

NH3 



Tab1 e 3 .  Spring and we11 chemistry o f  the northern Harney Basin area--Continued . 
A1 I measurements are in mg/1, except f o r  pH or as indicated. nt = not  tested; 
tr = t race.  

Potters 
Swamp 
Wet 1 

Hines 
City Well 

Goodman 
Spr i ng 

0.J. Thomas 
We1 1 

O.J. Thomas 
We1 1 

Location 

Date sampled 

Temp. (OC) 

Conductance 
vmhos/cm 

A1 kal i ni ty 
Xh as mg/l HC03 
X, as mq/l CaC03 

Hardness 
as mg/l CaC03 

Tota l  d i  ssel ved 
sol i ds  

Mg 

C1 

As 

B 
L i  

F 

Fe ( t o t a l )  

A1 
HC03 



Table 3. Spring and well chemistry of the northern Harney Basin area--Continued . 
A1 1 measurements are in mg/l , except for  pH or as indicated. n t  = not tested; 
t r  = trace. 

Harney Harney 
Val 1 ey Val 1 ey 

Rest Stop Dev. Co. Dev. Co. Develop- Fischer 
We1 1 Oil Well Oil Well mentWell We1 1 

Location 

Date sampled 
Temp. (OC) 

Conductance 
vrnhos/cm 

Alkalinity 
Xh as  mg/l HC03 
Xc as mg/l CaC03 

Hardness 
as mg/l CaC03 

Total dissolved 
sol ids 
Si O p  

N a 
K 

C a 

Mg 
C 1 

As 
B 

Li 
F 

Fe ( total  ) 
A1 

HC03 

P04 

S04 

N04 

NH3 



Table 3. Spring and we1 1 chemistry o f  the northern Harney Basin area--Continued. 
A l l  measurements are i n  mgll , except f o r  pH o r  as indicated. n t  = n o t  tested; 
tr = trace. 

Tra i  1 e r  
Court 
We1 1 

Sol d i e r  
Creek We1 1 

# I  (50 ' )  

So ld ie r  
Creek We1 1 
# I  (600') 

Burns 
High School 

We1 1 

Locat ion 

Date Sampled 

Temp. (OC) 

Conductance 
umhos/cm 

A1 ka l  i n i  ty 
Xh as mg/l HC03 

Xc as mgl l  CaC03 

Hardness 
as mgl l  CaC03 

Total d i  ssol ved 
sol i d s  

S i  O2 

Fe ( t o t a l )  

A 1 

HC03 



Table 4. Geothermetric calculations* of minimum reservoir temperatures for 
selected thermal waters of the northern Harney Basin 

Bar Negative Hotchkiss Hotchkiss Hotchkiss Hines Lumber 
We1 1 We1 1 We1 1 We1 1 Co. Well #1 

Fl ow ra te  
l i  ters/min. 

Measured 
temperature 
O c  

Na: K 

O c  

Na: K: Ca 
1/3 B 

Na: K: Ca 
4/3 B 
0 
C 

Na:K:Ca 
Mg corrected 
O c  

Si O2 

conductive 

O c  

Si02 
adiabatic 
O c 
Si02 

chalcedony 
O c  

Si O2 

opal 

O c  

*Methodology for calculations presented in Appendix A. NC = not calculated. 



Tab1 e 4. Geothermetri c ca lcu la t ions*  o f  m i  nirnum rese rvo i r  temperatures f o r  
selected thermal waters o f  the northern Harney Basin -- Conti nued 

City o f  Goodman Hines M i  11 H i  nes M i  11 Powerhouse 
Hi nes We1 1 Spring Hell #1 We1 1 #2 We1 1 

(Hotchki ss ) 

Flow r a t e  
1 i ters/mi n, 

pumped pumped pumped 

Measured 
temperature 

Na: K 

O c  

Na: K: Ca 
1/3 6 

O c  

Na: K: Ca 
4/3 B 
O c  

Na: K: Ca 
Mg corrected 

O c  

SiOp 

conduc ti ve 

O c  

S i O2 

ad i  abat i  c 

S i  O2 

chal cedony 

O c  

Si02 

opa 1 

O c  

*Methodology f o r  ca lcu la t ions  presented i n  Appendix A. NC = not calculated. 



Tab1 e 4. Geothermetri c calculations* of minimum reservoir  temperatures f o r  
selected thermal waters of the northern Harney Basin -- Continued 

O.J. Thomas O.J. Thomas Potters RestStop i rneyva l ley  
We1 1 We1 1 Swamp We1 1 Dev. Co. Oil 

We1 1 Test We1 1 

Fl ow r a t e  
1 i ters/mi n. 

pumped 

Measured 
temperature 
O c  

Na: K 

O c  

Na: K:Ca 
1/3 B 

O c  

Na: K: Ca 
Mg corrected 

Si02 
conductive 

O c  

adiabatic 

Si O2 

chalcedony 
O c  

Si O2 

opal 

O c  

*Methodology fo r  calculat ions presented in  Appendix A. NC = not calculated. 



Table 4. Geothemetri c calculations* o f  minimum reservoir temperatures f o r  
selected thermal waters o f  the northern Harney Basin -- Continued 

Harney Val l ey  Development Fischer We1 1 Trai l e r  Court We1 1 
Dev. Co. O i l  We1 1 
Test We1 1 

1 OO+ Flow r a t e  
1 i ters/mi n . pumped 

26.5 

pumped 

25.5 

pumped 

26.5 Measured 
temperature 

O c  

Na: K 

O c  

Na: K: Ca 
1/3 B 
O c  

Na: K: Ca 
4/3 B 
O c  

Na: K: Ca 
Mg corrected 

O c  

conduc ti ve 

O c  

Si O2 

adiabatic 

O c  

S i  O2 

chalcedony 

O c  

Si02 
opal 

O c  

*Methodology f o r  calculations presented i n  Appendix A. NC = not  calculated. 



the l imi ted data o f  t h i s  reconnaissance study are  inconclusive on th is  point. 

Therefore, before detailed analyses o f  f 7  u i d  provenance and movement can be 

made, a deta i  1 ed sampl i ng program i ncl udi ng oxygen-, hydrogen- , and sul fate- 

isotope analyses must be undertaken. 



GEOTHERMAL-GRADIENT AND HEAT-FLOW DATA* 

The temperature-gradient and heat-f low resul  t s  f o r  the nor th  Harney Basin 

are as shown i n  Table 5. Included i n  t h e  tab le  are  the township/range-section 

and l a t i t u d e  and longi tude loca t ion  o f  each hole. I n  addi t ion,  the hole name, 

date o f  logging used, and c o l l a r  e levat ion  are included f o r  each hole. The 

bottom hole temperature, maximum depth, corrected temperature gradient,  and, where 

avai lable,  corrected heat f low are p r i n t e d  i n  b lue on P la te  I. These values are 

a lso l i s t e d  i n  the table, as are the depth i n t e r v a l  and average thermal conduct iv i ty  

used for  ca l cu la t i on  of the gradient  and heat f low. The values are given i n  $1 

uni ts .  To transform uni ts ,  the fo l lowing conversion fac tors  were used: 1 x 
2 cal/crn sec (HFU) = 41.84 mwme2, 1 x l o m 3  cal/cm secOc (TCU) = 0.4184 w~- 'K- ' ,  and 

1°~/Km = 1 m ~ m - '  =18.2~~/100 ft. Corrected gradient  and corrected heat f l o w  are 

values fo r  which the topographic effects have been removed. These are  n o t  s i g n i f i -  

cant  fo r  most of the s i t e s  studied. 

The holes are  ranked i n  terms o f  the q u a l i t y  o f  the  gradient  o r  heat-f low 

information: h igh  q u a l i t y  (A), good q u a l i t y  (B),  marginal q u a l i t y  (C) ,  data w i t h  

some problems (D), and data f o r  which no useful temperature gradient  o r  heat f l ow  

can be estimated ( X ) .  A l l  thermal-conduct ivi ty measurements were made on c u t t i n g  

sampl es. 

Most data i n  the nor th Harney Basin have been obtained i n  holes d r i l l e d  as 

water we1 l s ,  so most thermal-conductivi ty values are estimated (parenthesis) o r  

based on one o r  two c u t t i n g  samples from surface s p o i l  p i l e s .  Several o f  the holes 

are artesian, and gradients are estimated based on the bottom hole temperature and 

the assumed surface temperature. These gradients are maximum values, because some 

*By D. D. Blackwell, Southern Methodist Univers i ty ,  Dallas, Texas. 



Tab1 e 5. Geothermal -aradi e n t  data ,  north Harnev B a s i n  , Oregon 

Bot tom Depth Uncorr, Coxr. c o n  . 
Twn/Rng- N Lat. W Long Hole # Collar Tmp. Interval Avg. TC # Gradient Gradient m- 1 K' 1 

Q 
Section Deg.Min. Deg,Min. Date Elev, ( O C )  rC " C / h  *C/km m~m'= HF 

m- 43-38.38 11854.17 TILLER 3 
rn sewa3 

TZSr32E- 43-36.98 2 1 e . 6 0  RICE 1268 27.39 
34cc w11a 



Tab1 e 5. Geothermal -sradient data, north Harney Basin, Oregon--Continued 

Twn/Rng- N Lat. W Long Hole # Collar 
Section Deg.Min. Deg.Min. Date Elev. 

Bottom Depth Uncorr . Corx. Corr . 
Temp. Interval Avg. TC # Gradient Gradient HF 

1 
Q 

( O C )  (m) TC OC/km OC/km m e  HF 



por t ion  o f  the  flow may come from deeper than the maximum depth actually logged. 

Also, some o f  the holes show large variation i n  geothermal gradient w i t h  depth ,  

ind icat ing  some nonconducti ve effect  on the data. Complete in terpreta t ion  o f  the 

data  set  wi  1 1  requ i re  detailed understanding o f  the hydrologic and geologic 

condi ti ons. 



CONCLUSIONS AND RECOMMENDATIONS 

The reconnaissance study performed f o r  the northern Harney Basin has 

ten ta t i ve ly  defined two low-temperature resource areas w i th in  p ip ing distance 

o f  Burns which mer i t  fu r the r  investigation. They are (1) the area near the 

Soldier Creek shear zone (Plate I) and (2)  the area innnediately south, west, 

and east o f  the c i t y  o f  Burns. Site-specif ic analyses of these two areas should 

be car r ied out  under one f i e l d  program and include the fol lowing: 

1. Detailed (scale o f  1:24,000 o r  less) geologic and photogeologic mapping 

o f  Burns and Harney 15-minute quadrangles -- t o  iden t i f y  and evaluate 

act ive  and/or thermal structures. 

2. Detai led spring and wel l  sampling and analyses, inc luding isotope anal- 

yses -- t o  determine f l u i d  f low d i rec t ions and provenance. 

3. Closely spaced complete Bouguer and residual g rav i t y  anomaly studies and 

aeromagnetic studies -- t o  del ineate possible act ive  thermal structures 

below the basin f i l l .  

4. Several r e s i s t i v i t y  traverses (e i t he r  dipole-dipole, roving dipole, o r  

t e l l u r i c )  i n  an east-west d i rec t ion  -- i n  order t o  fu r the r  def ine the 

thermal regime. 

5. A microearthquake/contemporary seismic study of the e n t i  r e  Harney Basin, 

making use o f  a high-gain seismometer array -- t o  define the seismici ty 

o f  the area i n  r e l a t i on  t o  the geothermal system. 

6. A program of twenty t o  t h i r t y  500-ft  gradient ls t rat igraphy holes, followed 

by a program o f  f i v e  t o  ten 2,000-ft gradient holes -- t o  model heat f low 

and d i r e c t l y  t e s t  geothermal aquifers. 
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APPENDIX A 

Formulas used i n  calculat ions 

Na : K ( revised) : 

Na: K:Ca: 

121 7 
t OC = log  (Na/K) + 1.483 

- 273.15 (Fournier, 1979) 

1647 
t OC = 2.24 + F (T)  

- 273.15 (Fournier and Truesdell, 1973) 

where F (T) = l og  (Na/K) + [ 13 l o g  (&/Na) 1, 
B = 1/3 i f  t >  10oOc, and 4/3 i f  t <100*~, 

tOc = ca 1 cul  a ted reservoi r temperature, 

and concentrations are expressed i n mol a1 i ty. 

Magnesi urn cor rec t ion r a t i o :  

(mi l  1 iequival ents Mg) 
R = ? m i l  1 iequivalents Mg) + (mi l  1 iequivalents Ca) + (mi l  1 iequivalents K) X 100 

If R <5 o r  >50, no ca lcu la t ion was made. For R Letween 5-50, 
a t  = 10.66-(4.74151 (R) + ~(325.87) ( l og  R)*I - C(1.032 x lo5) (log R ) ~ / T - ~  - 

Mg 2 2 3 2 
[ ( I  .968 X lo7) (log R) IT ] + [ ( I  .605 X l o7 )  (log R )  /T J, 

where R = magnesium cor rec t ion ratio expressed i n  equivalents, 

A t  = the  temperature correct ion t ha t  i s  subtracted from 
Mg 

the Na : K: Ca 1 / 3  B calculated temperature, 

T = Na:K:Ca 1/3 calculated temperature i n  OK. 

O r  ~t can be obtained by using the graph compiled by Fournier and Potter  (1979). 
Mg 

S102 temperature calculat ions (Fourni e r  and Rowe, 1966) : 

Si02 (conductf ve) , 

SiO, (adiabatic), 

S i O p  (chalcedony), 

S I  0, (opal ), 

1309 
tOc = 5.19 + l o g  (SO2) - 273.15 

1032 
tOc = 4.69 + l o g  ( S i O p )  - 273.15 

731 
tOc = 4.52 + l og  (Si02) - 273.159 

where SiO2 i s  expressed i n  mg/l . 
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DEPTH TEMPERFlTURE 
FEET DEG C DEG F 
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I I I I I I I I I - - 
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I I I 1 I I I I 
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- - 
- - 
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TEMPERRTURE.  DEG C 

1 I I I 1 t C 1 I - - 
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5/22/80 
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- - 
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12 1 4  
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a 
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I- 
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T E M P E R R T U R E ,  D E G  
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- TEMPLE - 
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- 0 - 

- 
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