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INTRODUCTION 

The study area  i s  located a t  the  southern end o f  a l a r g e ,  q u a s i - c i r c u l a r  

topographic 1 ow i n  cen t ra l  eas te rn  Oregon known as  the  Harney Basin (Figure 1 ) . 

Limits of the  study area  were a r b i t r a r i l y  determined according t o  t h e  bounda- 

r i e s  of a v a i l a b l e  U.S. Geological Survey (USGS) topographic maps as  43O00' on the  

south,  43'30' on t h e  north,  118°30' on t h e  e a s t ,  and 1 1g030' on the  west. This 

study , performed under U. S. Department of Energy Contract  No. DE FC07-79ET27220, 

was undertaken t o  es t imate  the  geothermal po ten t i a l  of t h e  a r e a ,  using various 

methods incl  uding compilation of e x i s t i n g  da ta ,  reconnaissance geologic map- 

ping, lineament a n a l y s i s ,  well and spr ing  geochemistry, and accrual  of geo- 

thermal- gradi en t data .  

Geographically, the  study a rea  i s  comprised of a roughly c i r c u l a r ,  r e l a -  

2 2 
ti vely f l a t ,  c losed drainage basin t h a t  covers an area  of 21,000 km (8,100 mi ) . 
Incl uded wi th in  t h e  basin a r e  volcanic mounds surrounded by mountainous high- 

lands.  Drainage wi thin  the  basin i s  i n t o  several  closed d e s e r t  l akes ,  includ- 

ing Ma1 heur ,  Harney, and Mud Lakes, through S i l  v ies  River from the  nor th ,  

Donner und Bl i tzen River from the  south ,  Warm Springs Creek from the  west ,  and 

Malheur Slough from t h e  e a s t .  Total r e l i e f  wi thin  the basin i s  l e s s  than 9 m 

(30 f t ) ,  t o t a l  re1 i e f  i n  the  highlands more than 500 m (1,600 f t ) .  The only 

population cen te r s  a r e  the  small farming communi t i e s  of Crane, Princeton Post 

Off ice ,  and Diamond, a l l  i n  the  eas te rn  por t ion of the  study a rea .  The remain- 

der  of t h e  southern basin i s  comprised of swampy b i rd  h a b i t a t s ,  c a t t l e  ranches,  

and range land.  





GEOLOGY 

Introduction 

The geologic study of the area (Plates I-IV) consisted of ( 1  ) a f ie ld  

check and minor revisions of a study of the western half of the area by 

Parker (1 974), and (2) an original reconnaissance study of the eastern ha1 f 

of the area during the f a l l  of 1979 and spring of 1980. Quadrangles mapped 

in reconnaissance include the Crane and Lawen 15-minute quadrangles and the 

Jackass Butte, Jackass Butte N .  E., Diamond Swamp, Diamond, Adobe Fla t ,  Barton 

Lake, and Coyote Buttes 7%-minute quadrangles. Li thologies were based on hand speci- 

men identi f icat ions,  1 imi ted K/Ar ages (Table 1 ) , and available bulk chemistry 

(Table 2 ) .  Areal extents of various units and specif ic  points were located 

by using Brunton compass and pacing; data were plotted on USGS quadrangle maps 

without the aid of aerial photos. 

Volcanic stratigraphy 

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

two f l a t - ly i  ng,  extensive, l a t e  Miocene ash-flow sheets onlapping a regional 

unit of early Miocene flood basal t s .  The ash flows, in order of increasing 

age, are the Rattlesnake and Devine Canyon Ash-flow Tuffs (Walker, 1979). 

They are separated by discrete f l  uvial-1 acustrine sedimentary units ,  flood 

basal t s  and the i r  vents, and s i  1 i c i c  intrusions. Trace-element studies by 

Parker and Armstrong (1972) indicate that  the ash-flow tuffs ,  the s i l i c i c  

intrusives, and the related mafic flows of the area form a bimodal composi- 

tional assemblage. Though detailed relationships are unclear a t  th is  time, 

a t  l eas t  one and possibly two calderas are present in the study area, one 

located beneath Malheur and Harney Lakes being the source of the Rattlesnake 

ash-flow sheet (Blank, 1974; Walker, 1979). The oldest unit recognized in 

the f i e ld  i s  tha t  of the early Miocene flood basal t s  found along the eastern 



Table 1. Radiometr ic  (K/Ar)  ages o f  se l ec ted  rocks  o f  t h e  southern Harney Bas in  

Sampl e no. * Loca t i on  Rock type  &** S t r a t i g r a p h i c  u n i  t 

PA- 300 119z04'18" B a s a l t  '8 .85.4 my Tmbh 
43 03 '06"  

PA- 31 1 B 11 9z22 ' 23" We1 ded t u f f  '8.620.2 my Tmtd 
43 09 '03"  

1 1 9 ~ 2 1 ' 1 1 "  R h y o l i t e  w PA-1 46 8 . 4 y . 3  my Tmto 
43 13 '80"  

PA-1 19 119z13'30" R h y o l i t e  '8.23.12 my Tm t p  
43 14 '19"  

PA-250 119z03'45" High A1 7.950.9 my Tmbh 
W 

43 02 '27"  b a s a l t  

PA- 31 6D 

PA-243 

G-165-68 

PA- 330 

PA-31 1G 

W-2-70 

PA-6-70 

PA-21 4 

PA- 1 60 

PA-41 

PA- 1 58 

Rhyol i t e  

Welded t u f f  

B a s a l t  

Welded t u f f  

Welded t u f f  

Rhyodaci t e  

Welded t u f f  

Rhyol i t e  

Andesi t e  

A1 k a l i  
b a s a l t  

119z12'00" R h y o l i t e  
43 13 '48"  

Tmro 

Tmtr 

Tmbd 

Tmtr 

Tmtr 

Tmrp 

Tmtr 

Tmrp 

Tmbi 

Q t b  

*References: PA - f rom Parker  and Armstrong, 1972; G - f rom Greene and o thers ,  
1972; W - from Walker and o thers ,  1974; SH - f rom samples taken f o r  t h i s  r e p o r t ,  
unpubl ished analyses by U n i v e r s i t y  o f  Utah Research I n s t i t u t e  (UURI) Stan Evans 
and Duncan Foley, ana l ys t s .  

**w-- whole r ock  age; s - san id ine  age; a - anor thoc lase  age; b - b i o t i t e  age; 
p - p l a g i o c l a s e  age; ps - p a r t i a l  sepa ra t i on  age. - 4 -  



Table 1.  Radiometric (K/Ar) ages of se lected rocks of the southern Harney Basin -- 
Conti nued 

Sample no.* 

PA- 1 4 

Location Rock type S t ra t ig raph ic  un i t  

Q tb  High A1 
ba sa l t  

Basalt  

Andes i t e  Tmba 

Basalt  

Rhyodaci t e  Tmr d 

SH- 106 

SH- 1 O6A 

Basalt  Tmba 

Basalt  Tmba 

Basalt  Tmbhv 

* References: PA - from Parker and Armstrong, 1972; G - from Greene and o thers ,  
1972; W - from Walker and others ,  1974; SH - from samples taken f o r  t h i s  repor t ,  
unpubl ished analyses by University of Utah Research I n s t i t u t e  (UURI) Stan 
Evans and Duncan Foley, analysts .  

**w - whole rock age; s - sanidine age; a - anorthoclase age; b - b i o t i t e  age; 
p - plagioclase age; ps - pa r t i a l  separation age. 



Table 2. Bu lk  chemical composi t ion o f  se lec ted  rocks o f  the southern 
Harney Basin. ( L e t t e r s  a t  top  o f  each column i n d i c a t e  sample number and 
map symbol f o r  s t r a t i g r a p h i c  u n i t .  A l l  values a r e  i n  we ight  percent . )  

C O ~ P O -  *P- 159 P-194 P-14 P-40 P-58 
nen t QTb QTmv qTb QTmv QTb 

Si02 48.5 48.6 48.7 48.7 48.9 

T i  O2 3.51 0.87 1.43 1.97 1.47 

A1203 12.6 16.9 17.4 16.3 14.0 

FeO (To ta l  Fe) 13.4 9.0 10.2 9.7 10.8 

MgO 6.2 9.1 8.4 8.9 11 .O 

CaO 9.7 12.4 11 - 2  12.0 10.3 

Na20 3.8 2.6 2.8 2.4 2.3 

K2° 1.15 0.29 0.29 0.26 0.38 

To ta l  98.26 99.47 100.42 99.97 99.15 

P-212 P-300 P-73-4 P-52 P-41 
QTb Tmbh Tmbh qTb QTb 

P-250 
Tmbh 

Si02 49.5 

T i  O2 1.45 

A1203 14.8 
FeO ( T o t a l  Fe) 11 .O 

Mg 0 7.9 
CaO 10.9 

Na20 3.5 

K2° 0.32 

To ta l  99.05 

P-184 
OTb 

P-199 
QTmv 

50.4 

1.52 

14.7 

11.0 

8.0 

11.5 

3.4 

0.35 

100.87 

P-193 
QTmv 

50.8 

1.14 

14.9 

10.5 

7.9 

12.3 

3.1 

0.21 

100.64 

P-44 
QTmv 

51 .O 

0.83 

15.6 

9.2 

8.5 

12.5 

3.0 

0.19 

100.63 

P-206 
QTmv 

51.2 S i02 

T i  O2 

2'3 
FeO (To ta l  Fe) 

CaO 

Na20 

K2° 
To ta l  

*References: P - f rom Parker, 1974; G - from Greene, 1973. 



Table 2. Bulk chemical composi t ion o f  se lec ted  rocks o f  the  southern Harney 
Basin--Cont i  nued. ( L e t t e r s  a t  top  o f  each column i n d i c a t e  sample number and 
map symbol f o r  s t r a t i g r a p h i c  u n i t .  A11 values a r e  i n  we igh t  pe rcen t . )  

Compo- *P-278 P-160 P-197 P- 245D 
nen t Tmbh Tmbi QTmv Tmtd 

~i 0; 1.07 

2'3 15.5 

FeO (To ta l  Fe) 10.0 

MgO 6.8 

CaO 10.6 

To ta l  100.59 

C O ~ P O -  P- 146 P-119 P-215 
nen t Tmro Tmtp Tmrp 

S i02  

T i  O2 

A1203 
FeO ( T o t a l  Fe) 

MgO 

CaO 

Na20 

K2° 

Tota l  100.12 97.93 99.76 

C O ~ P O -  P-245L P-214 P-290 
nen t Tmtr Tmrp Tmtr 

Si02 75.0 76.0 76.4 

T i  O2 0.20 0.08 0.13 

2'3 11.8 12.9 11.7 

FeO ( T o t a l  Fe) 2.7 0.75 2.7 

M!3O 0.15 0.4 0.7 

CaO 0.6 1.6 0.35 

Tota l  99.87 100.01 100.66 

*References: P - f rom Parker, 1974; G - f rom Greene, 1973. 



portion of the mapped area. Dates i n  adjacent areas indicate ages of 12.1 

to 20.2 m.y. ; a date taken fo r  th is  report from Jackass Butte in the south- 

central portion of the map yielded an age of 16.7 m.y. The youngest rocks 

are the basal t s  associated with the Holocene Diamond Craters vent area fo r  

which there i s  a reported date of 15,000+2,000 years, as determined by hydra- 

t i  on rind method (Norm Peterson, 1980, personal communication). These youngest 

rocks d i rec t ly  over1 i e  a second s e t  of young flood basal t s  which issued from 

vents mapped immediately south of Malheur Lake along what i s  probably a ring 

fracture zone of the caldera mentioned above. A third group of young lavas 

are the extensive flood basalts which issued from the Dog Mountain-Freeman 

Butte area. They have been eroded to form reverse topographic features such 

as Wrights Point and were dated by Parker (1974) a t  2.6 to  2.8 m.y. The 

extensive age determinations available for  th i s  study (Table 1 )  indicate a 

strong relationship between age of basal t i c  eruption, age of s i l i c i c  event, 

and, in two cases, age of ash-flow eruption. These age/modal relationships 

are shown in the time-rock charts on the accompanying geologic maps (Plates 

I - I V ) .  There are s t i l l ,  however, numerous small phreatic and subaqueous vents 

which do not have lavas tha t  can be dated and whose absolute age relat ionships,  

therefore, are unclear and which may, in some cases, be of very young age. 

Structural geology 

Faul t i  ng in the southern Harney Basin fol lows two general trends. The 

f i r s t  i s  the Basi n-Range trend (approximately north-south) which occurs in 

only a limited area immediately north of Crane in the extreme northwest corner 

of the map. The age of th is  normal fault ing i s  not clear .  However, i t  does 

cut the youngest unit  present (6.1 m.y.). 

The second trend i s  the Brothers f a u l t  zone trend ( N .  25'-35'~. ) , which 

dominates the remainder of the map and cuts a l l  bedrock units present, 



i ncl udi ng the 15,000-year-01 d Di amond Craters. A1 1 motion in thi s trend 

appears to be dip-slip. However, the presence of la tera l -s l ip  or oblique- 

s l i p  faulting cannot be ruled out. Several authors (McLeod and others, 1975) 

feel the Brothers f a u l t  zone may be, in  f ac t ,  the surface expression of a 

r ight- lateral  wrench sys tem a t  depth. 

The intersection of the two faul t trends i s  in the southeast corner of 

the map (Plate IV), in the Riddle Mountain-Diamond Craters area ( a  portion of 

which remains unmapped). This area i s  a faul t-shattered zone which 

shows considerable coxcomb-1 i ke faulting on small spacing with short-period 

monocl inal folding and rotating of the discrete blocks between individual faul t s .  

Two adjacent structural domes also occur in this  area, connected from dome cres t  

to dome cres t  by a horst-like f au l t  ridge and separated by one, and possibly 

two, small structural basins. A t  the leading edge of th is  zone i s  the Diamond 

Craters vent area, which, in i tsel f ,  i s  cut by several faul t s  of the Brothers 

trend. Structural interpretation of th is  complex area i s  d i f f i cu l t .  I t  seems 

that  the structures are controlled by a local compressional regime and that  

Diamond Craters i s ,  in some way, closely related to the intense faulting and 

folding. 

Folding in the southern Harney Basin, with the exception of that  previ- 

ously described, i s  generally in the form of broad, shallowly dipping anti-  

clines and synclines plunging toward the center of the basin. One such fold 

in the Crane area plunges west toward the basin. Here, the 01 der ash-flow 

units and basal t s  have been down-fol ded and inf i  1 led with 6.1 -m.y.-01 d basal t s .  

This age i s  s l ight ly  younger than the 6.5-m.y. age of the Rattlesnake Ash-flow 

Tuffs (Walker, 1979), and the down-folding may have been in response to cal- 

dera formation and subsequent volume loss. 



A 1 ineament study (Plate V )  prepared for this  report shows a general one- 

to-one correspondence of structural trends with the mapped faul t  trends. I t  

also shows a number of lineaments which cross the a l luvia l - f i l led  basin b u t  

which could not be traced through geologic mapping. 

Individual blocks within the f au l t  zones, in general, dip back toward the 

center of the basin. However, during the mapping project,  a number of blocks 

that  dipped away from the basin were found. The basin i t s e l f  has been formed 

by downwarping which began during middle to l a t e  Miocene (Walker, 1979). The 

process was caused by loss of material through volcanic eruption of the exten- 

sive ash-flow sheets and numerous flood basal t s  and, to a lesser extent,  by 

the loss of material volume due to loss of stored heat (Blackwell, 1980, per- 

sonal communication). 



GEOPHYSICS 

The only available geophysical survey for  the southern Harney Basin i s  

an aeromagnetic survey flown in 1972 by the USGS (Plate VI). Because of the 

dramatic contrast between the relat ive magnetic suscepti bi 1 i t i e s  of mafic and 

s i l i c i c  lavas, a good correlation between structure and rock type and magnetic 

trends i s  clearly apparent. On the eastern portion of the map and correlative 

to the mapped Basin-Range fau l t  trend discussed ea r l i e r  in th is  report, a strong 

north-south magnetic trend occurs. Anomalies, both maxima and minima, 

elongated in a north-south direction along th is  trend probably indicate the 

numerous juxtaposed fau l t  blocks which were found during th is  study. The 

central portion of the aeromagnetic map i s  dominated by intensive maxima over 

Diamond Craters and Coyote Buttes and a large oval minimum over Malheur Lake. 

The maxima are probably due in part to localization of mafic vent material 

a t  or near the surface a t  Diamond Craters and Coyote Buttes. Surface mapping 

also indicates a number of small, isolated phreati c cones and vents and extensive 

s i l i f i ca t ion  which may indicate a mafic intrusive buried beneath the ridge a t  

Coyote Buttes. The oval minimum seen between the two maxima i s  in a1 1 1 ikel ihood 

the s i t e  of the caldera for  the Rattlesnake Ash-flow Tuff (Blank, 1974), which 

erupted approximately 6.5 m.y. ago (Walker, 1979). This minimum i s  cut by a 

northwesterly trending ridge of magnetic maxima which may be a zone of post- 

Rattlesnake fault ing.  The remainder of the map i s  dominated by the Brothers 

f a u l t  zone trend with isolated maxima and minima centered over mapped s i l  i c i c  

and mafic volcanic vents. 

Detai 1 ed interpretation of structures and geothermal systems cannot be 

made on the basis of a s ingle aeromagnetic survey. Proposals for  future geo- 

physical studies are incl uded in the Concl usions and Recommendations of th is  

report. 



WATER CHEMISTRY 

During the period of th is  study, 2 2  we1 1s and springs were sampled and 

thei r waters analyzed. Together with existing pub1 ished analyses (U.S. 

Geological Survey and Oregon Department of Geology and Mineral Industries , 

1979; Leonard, 1970), a total  of 28 analyses were available for  evaluation 

(Table 3 ) .  These analyses were then used to calculate minimum reservoir 

temperatures (Tab1 e 4 ) ,  using standard forrnul ae for  geothermometry . The 

methods used in these analyses, together with references, are included in 

this  report as Appendix A .  Published reports on the hydrology of the Harney 

Basin (Piper and others, 1939; Leonard, 1970) show a considerable number of 

thermal anomalies. However, many of these wells and springs e i ther  could not 

be located, were not flowing a t  the time of the study, or  were inaccessible 

because of weather conditions or  the owners' refusal to allow sampling. 

0 Sampling temperatures during f ie ld  collection ranged from 76 C and 

6 7 ' ~  for  Crane Hot Springs and Harney Lake Hot Springs, respectively, down 

to 15°-200~ for we1 1s and springs bordering Harney Lake. The natural water 

of the study area can best be described as generally high in magnesium, cal- 

cium, and boron, and low in chloride and bicarbonate. On the basis of prelim- 

inary evaluation of the available data, two, and possibly three, groups of 

waters are recognized. The f i r s t  are from the wells and springs near the 

town of Crane and the surrounding area and appear to  have moderate total  dis- 

solved solids (184-564 mg/l), high Ca:Mg rat ios for  the cooler waters (4.1-13), 

consistently moderate s i  1 i ca throughout the sampl i ng temperature range (56.2- 

93.2 mg/l) and consistently high amounts of calcium for  the cooler waters 

(1 3-28.6 mg/l ) . Calculated minimum reservoir temperatures for  these waters 

(Table 4 )  are also consistently in the 9 0 ~ - 1 2 0 ~ ~  range. Geologic control for  

these waters i s  d i f f i c u l t  to define in relation to the reconnaissance study; 



Table 3. Spr ing and well chemist ry  of t h e  sou thern  Harney Basin a r e a .  All 
measurements a r e  i n  mg/l, excep t  f o r  pH o r  a s  i n d i c a t e d .  n t  = not  t e s t e d ;  
t r  = t r a c e .  

Dunn Ranch 
Well #1 

Dunn Ranch 
Well #2 

S o l d i e r  
Spring 

Water Tank 
Spr ing 

Unnamed 
Spring 

Location 27S/29 E /  
14  Ccb 

Date sampled 

Temp. (O C) 

P H 
Conductance 
vmhos/cm 

A l k a l i n i t y  
X h  a s  mg/l HC03 
Xc a s  mg/l CaC03 

Hardness 
a s  mg/l CaC03 

Total  d i s s o l v e d  
s o l  i d s  

Si  O2 

Fe ( t o t a l )  

A 1 

HC03 

P04 



Table 3. Spring and well chemistry of t h e  southern Harney Basin area--Continued . 
All measurements a r e  i n  mg/l , except f o r  pli o r  a s  ind ica ted .  n t  = not t e s t e d ;  
t r  = t r a c e .  

S o l d i e r  
We1 1 

Sage Hen 
Creek Well 

Crane 
Spri  ng 

Crane 
Spri  ng 

Crane 
Spring 

Location 

Date sampled 

Temp. (O C) 

Conductance 
~mhos/cm 

A1 kal i n i t y  
Xh a s  mg/l HC03 
Xc a s  mg/l CaC03 

Hardness 
a s  mg/l CaC03 

Total d issolved 
so l  i d s  

Si02 

N a 

K 

Ca 

Mg 
C1 

As 

B 
L i 

F 

Fe ( t o t a l )  

A 1 



Table 3 .  Spring and we1 1 chemistry of t h e  southern Harney Basin area--Continued . 
All measurements a r e  i n  mgll ,  except f o r  pH o r  a s  ind ica ted .  n t  = not  t e s t e d ;  
t r  = t r a c e .  

Crane 
Spring 

Is land Ranch 
We1 1 

Unnamed 
Spri  ng 

Long Hollow 
We1 1 

Barnyard 
Spri  ng 

Location 26S/29E/ 
31 Cca 

Date sampled 

Temp. (O C) 

P H 
Conductance 
umhoslcm 

A1 kal i n i t y  
X h  a s  mg/l HC03 
X c  a s  mg/l CaC03 

Hardness 
as  mg/l CaC03 

Total d i s so l  ved 
so l  i d s  

Si O2 

Na 

K 

C a 

Mg 
C 1 

As 

B 

L i 

F 

Fe ( t o t a l )  

A 1 

HC03 

P04 

S04 



Table 3. Spring and well chemistry of t h e  southern Harney Basin area--Continued. 
All measurements a r e  i n  mg/l, except f o r  pH o r  as  ind ica ted .  n t  = not  t e s t e d ;  
t r  = t r a c e .  

Warm Spring Unnamed 
in  Marney Lake Spring 

Rai 1 road 
We1 1 

Harney Lake Harney Lake 
Hot Spring Hot Spring 

Location 27S/29+ E/ 27S/29%E/ 
36Cab 34Da 

25SI34El 
7 Ddd 

Date sampled 5/80 5/80 

Temp. (O C) 22 21 

Conductance 9280 297 
umhos/cm 

A1 kal i n i t y  20OOc 103, 
X h  a s  mg/l HC03 
Xc a s  mg/l CaC03 

Hardness 2 3 58 
a s  mg/l CaC03 

Total d i  s so l  ved 1061 5 251 
so l  i d s  

Fe ( t o t a l  ) 70 .O <0.05 
A1 125 <0.10 
HC03 n t n t 

P04 1 .I90 0.032 



Table  3. Spr ing  and wel l  chemis t ry  of t h e  s o u t h e r n  Harney Basin area--Cont inued.  
All measurements a r e  i n  mg/l ,  e x c e p t  f o r  pH o r  a s  i n d i c a t e d .  n t  = n o t  t e s t e d ;  
t r  = t r a c e .  

Harney Lake 00 S t a t i o n  Adobe F l a t  
Hot Spr ing  Spr ing We1 1 

Thompson 
We1 1 

Harney Lake 
S p i t  Spr ing  

Locat ion  

Date sampled 

Temp. (OC) 

Conductance 
~mhos/cm 

A1 kal i n i  t y  
X h  a s  mg/l HC03 
X c  a s  mg/l CaC03 

Hardness 
a s  mg/l CaC03 

To ta l  d i s s o l  ved 
s o l  i d s  

S i02  

Na 

K 

Fe ( t o t a l )  

A 1 

HC03 

P04 

s04 

N03 

H3 



Table 3. Spring and well chemistry of the southern Harney Basin area--Continued. 
All measurements are in mgll, except for  pH or  as indicated. n t  = not tested; 
t r  = t race.  

Eagles Nest 
Spring #l 

Eagles Nest 
Spring #2  

Bathtub 
Spr i ng 

Location 

Date sampled 

Temp ( O C )  

P H 
Conductance 
umhos/cm 

A1 kalini ty 
X h  as mgll HC03 
Xc as mg/l CaC03 

Hardness 
as mgll CaC03 

Total dissol ved 
sol ids 

Fe ( t o t a l )  

A1 

HC03 

P04 

S04 

N03 

NH3 



Table 4. Geothermetric calcula t ions* of minimum rese rvo i r  temperatures f o r  
s e l e c t e d  thermal waters of the  southern Harney Basin 

Dunn Ranch Dunn Ranch So ld ie r  
Well #1 Well #2 Spring 

Water Tank Unnamed So ld ie r  
Spring Spring We1 1 

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

Measured 
temperature 

O c 

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 
0 C 

conductive 

O c 

Si O 2  

ad iaba t i c  

O c 

chal cedony 

O c 
Si02 

opal 
0 C 

*Methodology f o r  ca lcu la t ions  presented in  Appendix A. NC = not ca lcu la ted .  



Table 4. Geothermetric calcula t ions* of minimum re se rvo i r  temperatures f o r  
se lec ted  thermal waters of the  southern Harney Basin -- Continued 

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

Measured 
temperature 

O c  

Na: K 
0 C 

Na: K:Ca 
1 /3  B 

O c 
Na: K: Ca 
4/3  B 
O c 

Na: #:Ca 
Mg corrected 

O c  

Si02 

conductive 

O c 

Si02 

ad i aba t i c  

O c 

Si O 2  

chalcedony 
0 C 

Si02 

opal 

O c 

Sage Hen 
Creek We1 1 

50 

2 3 

144 

1 36 

5 1 

124 

9 3 

95 

62 

-21 

Crane 
Spring 

1 oo+ 

80 

86 

120 

109 

N C 

125 

123 

9 7 

6 

Crane 
Spring 

1 OO+ 

7 8 

9 0 

124 

113 

N C 

127 

124 

9 9 

8 

Crane 
Spring 

1 OO+ 

7 6 

8 7 

121 

109 

NC 

133 

129 

106 

13  

Island 
Ranch We1 1 

40 

41 

5 9 

120 

196 

115 

105 

106 

7 6 

-1 1 

Eag le ' s  Nest 
Spring #1 

40 

41.7 

60 

100 

9 9 

40 

106 

106 

7 7 

-10 

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



Tab1 e 4 .  Geothermetr ic  c a l c u l a t i o n s *  of minimum r e s e r v o i r  temperatures  f o r  
s e l e c t e d  thermal wa te r s  o f  t h e  'southern Harney Basi n -- Continued 

E a g l e ' s  Nest 
Spr ing  #2 

Bathtub 
Spr ing  

Unnamed 
Spr ing  

Long Hol 1 ow 
We1 1 

Barnyard Warm Spr ing  
Spr ing  i n  Harney Lake 

Fl ow r a t e  
l i t e r s / m i n .  

pumped 

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 c o r r e c t e d  

O c 

S i02  

conductive 

O c 
S i02  

a d i a b a t i c  
0 

C 

S i02  

chalcedony 

Si02  

opal 

O c 

*Methodology f o r  c a l c u l a t i o n s  presented  i n  Appendix A. NC = n o t  c a l c u l a t e d .  



Tab1 e 4.  Geothermet r ic  c a l c u l a t i o n s *  o f  mi nimum r e s e r v o i r  t empe ra tu re s  f o r  s e l e c t e d  
thermal  w a t e r s  o f  t h e  s o u t h e r n  Harney Bas in  -- Continued 

Unnamed 
S p r i n g  

Rai 1 road  Harney Lake 
We1 1 Hot Sp r ing  

Harney Lake 
Hot Sp r ing  

Harney Lake 
Hot Sp r ing  

00 S t a t i o n  
S p r i n g  

F l  ow r a t e  
1 i t e r s l m i  n. 

pumped 1 OO+ 

Measured 
t empera tu re  
O c 
Na: K 
0 C 

Na: K:Ca 
1 / 3  B 
0 

C 

Na: K :  Ca 

Mg c o r r e c t e d  
0, 

S i02  

conduct i  ve 
0 C 

S i 0 2  

ad i  a b a t i  c 
O c 

S i 0 2  

cha l  cedony 
O c  

opal  
O c 

*Methodology f o r  c a l c u l a t i o n s  p r e s e n t e d  i n  Appendix A .  NC = n o t  c a l c u l a t e d .  



Table 4. Geothermetri c ca lcula t ions* o f  minimum r e s e r v o i r  temperatures f o r  
se lec ted  thermal waters of the southern Harney Basin -- Continued 

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

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 

Si02 

conductive 

O c 
S i O 2  

a d i a b a t i c  

O c 
S i O2 

chalcedony 

O c 

Si02 

opal 
0 C 

Adobe F l a t  We1 1 Thompson We1 1 Harney Lake Spi t Spring 

pumped pumped <5 

*Methodology f o r  ca lcu la t ions  presented in Appendix A.  NC = not ca lcu la ted .  



however, prel imi nary examination seems to indicate the waters are control 1 ed 

by intersection of Basin-Range faulting and the Rattlesnake collapse caldera, 

previously described in the section on geology. The difference in chemical 

character of various Harney Basin waters i s  probably due to a difference in 

chemical composition of rocks in the recharge zone and duration of subsurface 

circulation. 

The second group of waters i s  from the area surrounding Harney Lake in 

the southwest corner of the study area. These waters are generally higher 

in total  dissolved sol ids (233-10,616 mg/l), lower in Ca:Mg ra t ios  (0.45-6.1), 

inconsistent in s i l  ica concentrations through the sampling temperature range 

(29.4-120 mgll), lower in calcium content (0.1-37 mgll), and s l ight ly  inconsistent 

in calculated minimum reservoir temperatures. Geologic control for  these waters 

i s  likewise d i f f i c u l t  to define; however, preliminary indications seem to show 

they are control led by the intersection of the Rattlesnake collapse caldera 

and the Brothers f au l t  zone structural trend. Differences in chemical con- 

s t i  tuents are probably due to the re la t ive  abundance of sediments and s i l  i c i c  

rocks through which the water must circulate before i t  reaches the surface. 

Detailed geochemical sampling of springs and we1 1 s throughout the southern 

Harney Basin i s  needed before a r e a l i s t i c  thermal-regime mode1 can be attempted. 

This i s  apparent in a cursory examination of estimated reservoir temperatures 

(Table 4 ) ,  some of which are nearly 400°c, which indicates that  a large number 

of springs and we1 1s have e i ther  reacted strongly with wall rock or mixed with 

meteori c or shallow evapori te-rich water while ascending. 



GEOTHERMAL-GRADIENT AND HEAT-FLOW DATA* 

The temperature-gradient and heat-flow resul t s  for  the south Harney Basin 

are as shown in Table 5. Included in the table are the township/range-section 

and la t i tude  and longitude location of each hole. I n  addition, the hole name, 

date of logging used, and coll a r  elevation are included for  each hole. The 

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

where available, corrected heat flow are printed in blue on Plates I-IV. These 

values are also 1 is ted in the table, as are the depth interval and average thermal 

conductivity used for  calculation of the gradient and heat flow. The values are 

given in SI units.  To transform units,  the following conversion factors were used: 

2 1 x 1 o ' ~  cal/cm sec (HFU)  = 41.84 r n ~ m - ~ ,  1 x 1 o - ~  cal /cm secOc (TCU) = 0.41 84 

-1 -1 Wm K , and 1°c/km = 1 m ~ m - '  = 1 8 . 2 ~ ~ / 1 0 0  f t .  Corrected gradient and corrected 

heat flow are values for  which the topographic effects  have been removed. These 

are not s ignif icant  for most of the s i t e s  studied. 

The holes are ranked in terms of the quality of the gradient or heat-flow 

information: high qual i ty ( A ) ,  good qual i ty ( B ) ,  marginal qual i ty ( C )  , data with 

some problems ( D )  , and data for  which no useful temperature gradient or  heat flow 

can be estimated ( X )  . A1 1 thermal-conducti vi ty measurements were made on cutting 

sampl es. 

Most data in the south Harney area have been obtained in holes dr i l led  as 

water we1 1 s or  mineral exploration holes, so the thermal-conducti vi ty values are 

estimated (parenthesis) or  based on one or  two cutting samples from surface spoil 

pi les .  Several holes were dr i l led  and the results  published by the USGS (holes 

S1, S2, S3, MR-1, and MR-2 in Sass and others, 1976). Holes prefixed BFZ-75 were 

d r i l l ed  by DOGAMI (BR-75 holes in Hull and others, 1976). The background gradient 

and heat flow for  the area are about 60-80°c/krn and 60-80 m ~ m - ~ .  Several anomalous 

*By D. D. Bl ackwell , Southern Methodist University, Dal l a s ,  Texas. 

- 25 - 



Table 5. Geothermal - g r a d i e n t  data, south Harney Basin, Oregon 

--- 
B o t t o m  D e p t h  U n c o r r .  C o r r .  C o r r .  

Q 
--- 

T w n / R n g -  N L a t .  W  L o n g  H o l e  # C o l l a r  T e m p .  I n t e r v a l  A v g .  T C  # G r a d i e n t  G r a d i e n t  H F  
Sec t ion  D e g . M i n .  D e g . M i n .  D a t e  E l e v .  ( " c )  (m)  w ~ - ' K - '  T C  OC/km OC/krn m ~ m - ~  HF 

24S/@3E- 43-26.60 118-36.80 CRANE 1257 261.27 38.8 1 .965 
35RD 7/21/75 85.0 

25S/33E- 43-S.23 118-38.30 ADAMS 1259 50 i 22 
10BA 

.0 
37.0 

X 
5/14/80 

25S/33E- 43-25.20 118-37.70 ROSSBERG 1257 
1 IBBB 

15; 75 .0 .963 
6/12/75 65.0 

25S/33E- 43-24.45 118-39.28 ARFORD 3 1250 
9CD 

27 95 .8 
5/14/80 165.0 

25S/33E- 43-24.45 118-40.05 ARFORD 2 1256 
9CC 

22.30 .0 
5/14/80 61.0 



T w n / R n g -  
Sec t i on  
21D 

Table  5. Geothermal - a r a d i e n t  d a t a ,  sn~r th  Harne Basin ,  Oreqon--Continued 
B o t t o m  gcpth U n c o r r .  C o r r .  C o r r .  

N L a t .  W  L o n g  H o l e  # C o l l a r  T e m p .  I n t e rva l  Avg. TC # G r a d i e n t  G r a d i e n t  HF  Q 
D e g . M i n .  D e g . M i n .  D a t e  E l e v .  ( " C )  (m) w ~ - ' K - '  T C  '-'C/km OC/km m ~ m - ~  HF 

198.0 1.0 1.0 

43-21.10 119- 7.00 BFZ-7510 1273 la. 38 7, 6 i.00 8 47.6 47.6 C 461 C 
9/16/75 30.0 

43-2a.25 118-35.25 WINDYPTl 1257 11. PEil fB.61 
5/ 8/80 

7.2 
30.0 

X 
1.4 

43-28.22 1 18-36.763 W I NPYPT2 12S3 19.46 a % , %  86.4 
5* 8/80 58.0 

C 
4.2 

43-19.25 118-36.43 WINDYPTB 1252 iEi,Ei3 6 ,  @ 85a2 
51 8/80 45.0 

B 
3.9 

43-18.52 118-34.93 N TMPSON 1257 22.31 10.0 
5/ 8/80 

109.0 
52.0 

C 
37.0 

43-17.70 119- 8.70 BFZ-7508 1250 12.26 10.0 1.09 6 69.7 
9/29/75 

69.7 
25.0 

75 C 
1.8 

43-15.78 118-36.97 DAVIS I i254 10.86 10.0 
51 7/80 

12.5 
34.5 

X 
1.8 

43-13.18 119-56.00 HP-I0 1280 23.30 25.0 .96 130.4 119.6 ( 117) B 
61 8/73 60.0 .13 2.5 2.4 

613~0 %; 30 61.6 58.4 t 751 B 
130.0 1.5 1.4 

43-13.12 118-44.20UOLTAGE 1335 22 fi 46 %@@a8 C ,963 67.8 
5/13/80 

68.8 
190.0 

66 B 
.8 

43-13.00 119-14.80 BFZ-7509 1400 13.18 12.5 1.63 13 54.2 
9/29/75 

54.2 
45.0 

88 B 

43-12.68 118-37.52 BECKLEY 1285 11.62 10.0 1.1 
5/13/80 60.5 

X 
3.8 

43-12.60 119- 2.20 HP 1250 22.50 46.0 ( .961 131.3 131.3 
0, 8/71 108.0 

I26 B 

43-12.53 118-59.72 HP-48 1289 29.89 10.0 1.30 9 223.2 223.2 (289) C 
74!5/73 35.0 .08 8.5 

35.0 .96 19 132.8 132.8 
110.0 .04 1.0 130 C 

43-12.05 118-58.71 HP-1 1320 21.62 10.0 .96 160.0 162.8 
7/26/73 65.0 .13 

155 C 
1.8 



ÿ able 5. Geothermal -gradient data, south Harney Basin, Oregon--Continued 
B o t t o m  D e p t h  U n c o r r .  C o r r .  C o r r .  

m n / R n g -  N L a t .  W L o n g  H o l e  # C o l l a r  T e m p .  I n t e r v a l  A v g .  TC # G r a d i e n t  ~ r a d i e n t  H F  Q 
S e c t i o n  D e g . M i n .  D e g - M i n .  D a t e  E l e v .  ("c) (m) w ~ - ' K - '  TC ~ c / k m  ~ c / k r n  m w m d  HF 



holes are found near Coyote Buttes (Bowen and others, 1976), and hole BFZ-7504 near 

the southern part of the Basin has a very high heat flow (Plate IV). 



CONCLUSIONS AND RECOMMENDATIONS 

The reconnaissance s tudy performed f o r  the  southern Harney Bas in  has t e n t a -  

ti v e l y  i d e n t i f i e d  two geothermal resource areas based on geology, geophysics , 

geochemistry, and sparse geothermal -grad ient  data.  They a r e  ( 1 )  the  area 

sur round ing t h e  town o f  Crane ( P l a t e  11) and ( 2 )  t h e  area immediate ly sur round ing 

Harney Lake (P la tes  I, 111, and I V ) .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  bo th  o f  these 

areas may have r e s e r v o i r  temperatures i n  the  moderate range ( 1 0 0 - 1 5 0 ~ ~ ) .  S i t e -  

s p e c i f i c  analyses o f  these two areas shou ld  be c a r r i e d  o u t  i n  one f i e l d  program and 

i n c l u d e  the f o l l o w i n g  recommendations: 

1. D e t a i l e d  ( s c a l e  o f  1 :24,000 o r  l e s s )  geo log ic  and photogeo log ic  mapping o f  

Crane and Harney Lake geothermal areas -- t o  i d e n t i f y  and eva lua te  a c t i v e  

thermal s t r u c t u r e s  and areas o f  r e c e n t  hydrothermal a l t e r a t i o n .  

2. D e t a i l e d  sampl ing and a n a l y s i s  o f  h o t  and c o l d  sp r ings  and we1 l s ,  i n c l u d i n g  

i s o t o p e  and gas analyses -- t o  determine f l u i d  f l o w  d i r e c t i o n s  and provenance 

and t o  determine p r e c i s e  r e s e r v o i r  c o n d i t i o n s  . 
3. C lose ly  spaced complete Bouguer and r e s i d u a l  g r a v i t y  anomaly s t u d i e s  -- t o  

d e l i n e a t e  p o s s i b l e  a c t i v e  thermal s t r u c t u r e s  o r  i n t r u s i  ves below su r face  u n i t s .  

4. Several r e s i s t i v i t y  t rave rses  ( e i t h e r  d ipo le -d ipo le ,  r o v i n g  d ipo le ,  o r  t e l l  u r i c )  

normal t o  mapped s t r u c t u r e s  -- t o  f u r t h e r  d e f i n e  the  thermal regime. 

5. A micro-earthquakelcontemporary se ismic  s tudy o f  the  e n t i r e  Harney Basin, 

making use o f  a h igh -ga in  seismometer a r r a y  -- t o  d e f i n e  the  s e i s m i c i t y  o f  

t h e  area i n  r e l a t i o n  t o  geothermal systems. 

6. A program o f  twenty t o  t h i r t y  500- f t  g r a d i e n t l s  t r a t i  graphy holes,  f o l  1 owed 

by a program o f  f i v e  t o  ten  2,000-f t  ho les  -- t o  model hea t  f l o w  and d i r e c t l y  

t e s t  geothermal a q u i f e r s .  
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APPENDIX A 

Formul a s  used i n c a l c u l a t i o n s  

Na: K ( r e v i s e d )  : 1217 
t OC = 1 og (Na/K) + 1.483 

- 273.15 (Fournier ,  1979) 

Na:K:Ca: 1647 
t OC = 2.24 + F (T) 

- 273.15 (Fournier and Truesde l l ,  1973) Y 

where F (T) = log (NaIK) + [ B log  ( f i l ~ a )  1, 
6 = 113 i f  tz 1 0 0 ~ ~ ~  and 413 i f  t <10o0c, 

tOc = c a l c u l a t e d  r e s e r v o i r  temperature, 

and concentra t ions  a r e  expressed i n  molal i ty. 

Magnesium c o r r e c t i o n  r a t i o :  

(mi 11 i equ iva l  e n t s  Mg) 
R = ( m i l l i e q u i v a l e n t s  Mg) + ( m i l l i e q u i v a l e n t s  Ca) + (mi l l i equ iva len t s  K )  X 100 

I f  R <5 o r  >50, no c a l c u l a t i o n  was made. For R between 5-50, 

A t  = 10.66-(4.7415) (R) + C(325.87) ( l o g  R)'] - [ ( I  .032 X lo5)  ( l o g  R)'/T] - 
Mg 2 2 3 2 C(1.968 X l o 7 )  ( l o g  R) /T ] + C(1.605 X lo7)  ( l o g  R )  /T 1, 

where R = magnesium c o r r e c t i o n  r a t i o  expressed i n  equ iva len t s ,  

~t = t h e  temperature c o r r e c t i o n  t h a t  i s  sub t rac ted  from 
Mg 

t h e  Na: K: Ca 113 6 c a l c u l a t e d  temperature, 

T = Na:K:Ca 113 B c a l c u l a t e d  temperature i n  OK.  

Or A t  can be obtained by using t h e  graph compiled by Fournier and P o t t e r  (1979). 
Mg 

Si02 temperature c a l c u l a t i o n s  (Fournier  and Rowe, 1966) : 

Si O2 (conduct ive) ,  1309 
tOc = 5.19 + l o g  (Si02)  - 273.15 

Si02 ( a d i a b a t i c ) ,  1522 tOc = 5.75 + log  (SiO2) - 273.15 

Si02 (chalcedony), 1032 
tOc = 4.69 + log (SiO?) - 273.1 5 

SiOp (opal ), 731 
tOc = 4.52 + log  (Si02)  - 273.15, 

where Si02 is  expressed i n  mg/l . 
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APPENDIX B 

Geothermal -gradient  data  
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DRTE MEQSURED: 5/14/80 

DEPTH DEPTH TEMPERRTURE GEOTHERMRL GRADIENT 
METERS FEET DEE C DEG F DEG CJKM DEE F/100 FT 



T E M P E R R T U R E ,  D E G  C 



DEPTH 
METERS 





DEPTH 
METERS 

25Sl 
HOLE NAME 

GEOTHERMAL GRRDIENT 
DEE ClKM DEE F/100 FT 



T E M P E R R T U R E .  D E G  C 

I I I I I I I I I - a - 
- 13 A R F O R O  1 - 
- 13 Q 25S/33E-16RB - 

5/14 /80  - a - 
- - 
- 13 - 
- - 
- a - 
- 13 - 
- Q - 
- (3 - 
- - 
- a - 
- a - 
- Q - 
- a - 
- a - 
- Q - 
- 13 - 
- I3 - 
- a - 

13 - - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

I I I I I I I I I 



D A T E  VEASURED: 9 / 1 5 / 7 5  

DEPTH DEPTH 
METERS FEET 

TEMPERATURE 
DEG C DEG F 



B. 
0.0 

0 
E 
P 
T 
H 
0 

6 
S .. 

m.0 

f 

Q EI"IPEWTUF?E, DEG C 
r 21.0 

--__C) 

0 Y 

Y * LWRE-Q LEG, 1 
I + Y 

m-75-6 ( 2 & / 3 0 b 2 0 ~ ~ )  
9~29/i5 

+a n 

W I 
+ m-75-9 (27s/29~-21~~) 

.. 
0 + 

9 4 9 7 5  
m 

i 
e n 

-. +. IS 

+ a " m-75-11 (25S/3>@B) 
- -  9 1 6 7 5  

+ Y 

+ m 

+ n 

+ 
- -  + 

+ 

+ 

+ 

I__ --- -- - -- -- - 

( 

I 
( 



DEPTH 
METERS 

10.0 
15.0 

LOCFITION: BURNS RMSI OREGON 
25Sf34E-31CC 

HOLE NFIME: WINDYPTl 
DRTE MERSURED: 5J 8/80 

DEPTH TEMPERRTURE GEOTHERMFK, GRRDIENT 
FEET DEE C DEG F DEE C/KM DEG F-400 FT 



T E M P E R R T U R E .  D E G  C 



DEPTH 
METERS 





DEPTH 
METERS 

LOCATION: BURNS RMSI OREGON 
26S,33E-I1DC 

HOLE NRME: WINDYPT3 
DRTE MEASURED: 5, 8/80 

DEPTH TEMPERRTURE 
FEET DEE C DEG F 

GEOTHERMAL GRRDIENT 
DEG C,KM DEG F/100 



T E M P E R R T U R E .  D E G  C 



DEPTH 
METERS 

LOCQTIONI BURNS QMSI OREGON 
26Sl33E-13DR 

HOLE NRME: N TMPSON 
DRTE MERSUREDa 5, 8/80 

DEPTH TEMPERRTURE 
FEET DEG C DEG F 

GEOTHERMRL GRRDIENT 
DEG C/KM DEG F.400 





DEPTH DEPTH TEMPERATURE 
HETERS FEET 3EG C 3EG F 

GEOTHERMAL GRADIEVT 
DEG C / K M  DEG F/100 FT 





DEPTH 
METERS 

LOCATION: BURNS QHSS OREGON 
26S/33E-35CC 

HOLE NQME: DAVIS 1 
DATE MEASURED 1 5/ 7/80 

DEPTH TEMPERATURE GEOTHERMRL GRQDIENT 
FEET DEG c DEG F DEG C ~ M  DEE ~ 4 0 0  FT 



T E M P E R R T U R E ,  D E G  C 



LOCRTION: BURNS GMSI OREGON 
27S32E-23BB 

HOLE NQME: VOLTAGE 
DRTE MEBSURED: 5/13/80 

DEPTH TEMPERATURE 
FEET DEE C DEE F 

LOCRTION: BURNS GMSI OREGON 
27S32E-23BB 

HOLE NQME: VOLTAGE 
DRTE MEBSURED: 5/13/80 

DEPTH TEMPERATURE GEOTWERP 
DEG C/KM 

IQL GRQD IENT 
DEG F,100 

DEPTH 
METERS 





DEPTH DEPTH TEMPERATURE G E S T H E R M A ~  GRADIENT 
METERS FEET DEG C DEG F DEG C/UM OEG F/lOO FT 





DEPTH 
METERS 

10.0 

LOCRTION: BURNS QMSI OREGON 
27SJ33E-20DB 

GEOTHERMRL GRGDIENT 
DEG C#KM DEE F~100 

0.0 0.0 
0.0 0.0 
0.0 0.0 
2.0 0.1 
0.0 0.0 
0.0 0.0 
-8.0 -0.4 
-2.0 -0.1 
0.0 0.0 
0.0 -0.0 

-34.0 -1.9 
82.0 4.5 
0.0 0.0 





DEPTH OEPT H TEMPERATURE 
METERS FEET DEG C DEG F 

GLBTHFRMAL GRADIENT 
OEG C/KM OEG F/IOQ FT 



e.0 I-EI'-1PERATURE UEG C 21.0 
----A .O 1 

DIfKND LEG, OREGQN 



L O C A T I O N :  CgYOTE BUTTEJ BREGBN 
? 7 ~ / 3 0 € - 3 6 c C  

H8LE NUMBER: BR-75-7 
DATE HEASURED: 9 / 1 6 / 7 5  

DEPTH DEPTH TEMPERATURE 
M E T E ~ S  FEET DEG C DEG F 





L ~ C A T I O ~ :  CByBTE BUTTES, ~ R E G ~ N  
28S/30E*130A 

~ L E  NUMBER: Hpel2  
DATE MEASdRED: 7 /22 /75  

DEPTH DEPTH TEMPERATURE G E ~ T H E R ? I A C  G R A G I E ~ T  
METEHS FEET DEG C DEG F DEG C/KM DEG F/li)O 





L Q C A T I ~ N :  D I A M B ~ D  LEG# BREGeN 
28§/32Ew36CC 

H ~ L E  NUMBER: 85-7'5-3 
DATE MEASURED: 8/12/75 

DEPTH DEPTH TEYPERATURE 
METERS FEET DEG C DEG F 

GEBTHERMAL GRADIENT 
DEG C/KM DEG F/103 FT 



aid TErlPERATURE9 DEG C 21. 
r 

n 1 

a+ 8 • • 

* * + 0 DIFIMQ'ID LEG, OREWN 



LBCATTBN: DIAttBND LEG, 6 R E G O N  
2 9 ~ / 3 2 E = 3 4 0 C  

HBLE NUMBER: 39-75-4 
DATE MEASURED: 9 /16 /75  

DEPTH DEPTH TEMPERATURE 
METEQS FEET DEG C DEG F 

GEeTHERMAC G R A C I E Y T  
3EG C I K M  DEG F/S03 FT 



au TEMPERRTURE9 DEG C 21. 

.O I 
a i 8 a 0 

m m + a DIfPDND LEG, OREGON 


