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INTRODUCTION 

Powel 1 Buttes i s  a major topographic high loca ted  on the High Lava P la ins  

of cen t ra l  Oregon (Figure  1 ) .  Limits o f  t h e  s tudy a rea  were a r b i t r a r i l y  s e t  a t  

t h e  boundaries of avai 1 ab le  U. S. Geological Survey (U.S. G.S. ) topographic maps 

a t  l a t i  tudes 44'15 ' on t h e  north and 44'0 ' on t h e  south ,  and a t  121°7+' on t h e  

west and 1 2 0 ~ 5 2 % '  on t h e  e a s t .  This s tudy,  performed under U.S. Department of 

Energy (USDOE) Contract  No. DE FC07-79ET27220, was undertaken t o  assess  the  

geothermal po ten t i a l  of t h e  a rea  by various methods, including compilation of 

e x i s t i n g  d a t a ,  reconnaissance geologic mapping, 1 ineament a n a l y s i s ,  we1 1 and 

spr ing geochemistry, c o l l e c t i o n  o f  geothermal -g rad ien t  d a t a ,  and the  d r i  11 ing 

of e i g h t  152-rn (500 f t . )  g rad ien t  holes  and one 460-m (1512 f t . )  g rad ien t  hole.  

Geographically,  the  study a rea  i s  comprised of a hummocky group of  c lose ly -  

k n i t  bu t t es  approximately e q u i d i s t a n t  from Bend (pop. 17,100) ,  Redmond (pop. 

6,450) and Pr inevi l  l e  (pop. 6 ,050) .  Surrounding the  b u t t e s  on a1 1 s i d e s  a r e  the  

f l a t ,  juniper-  and sage-covered b a s a l t  flows o f  the  northwestern corner  of t h e  

High Lava P la ins  geomorphic province.  Inc i s ing  the  lava p l a i n s  i n  a  deep narrow 

canyon i s  t h e  Crooked River, which passes t o  t h e  e a s t  and north of the  buttes. 

The west s i d e  o f  Powell Buttes i s  r e l a t i v e l y  densely populated w i t h  g ra in  and 

c a t t l e  ranches and new housing developments, while t h e  e a s t  s i d e  is  mainly unin- 

habi t e d ,  non-i r r i  ga t e d ,  scrub f o r e s t -  and sage-covered dry 1 and. Drainage on 

the  bu t tes  i s  genera l ly  downward t o  t h e  main groundwater bodies ,  w i t h  small 

amounts of su r face  water accumulating i n  ephemeral streams and ponds. 



Figure 1: Map showing loca t ion  of study a r e a .  



GEOLOGY 

In t r oduc t i on  

The geologic map o f  the  s tudy area (P la te  I )  i s  based on a f i e l d  check by 

DOGAMI o f  a recen t  master 's t hes i s  on Powell Buttes by Weidenheim (1980); a 

map o f  the  Smith Rocks area by Robinson and Stensland (1979); a reconnaissance 

map o f  the east  h a l f  o f  the Bend AMS sheet by Swanson (1969) ; and a reconnais- 

sance map of the  Bend 30' sheet by W i l l  iams (1959). Cross-sections o f  Powell 

Buttes are taken, w i t h  minor mod i f i ca t ion ,  from Weidenheim (1980). 

Table 1. Radiometric ( K / A r )  ages o f  se lected rocks o f  the  Powell Buttes area, 
Oregon. 

Sample no. Locat ion - Rock type A Aoe Map U n i t  

Pb-1 T.l5S,, R,14E,, 21 Dcb Basa l t  P8.9+1.4 Tpbm 

*Pb-2 T.l5S,, R . l 4 E . ,  20 Bab Basa l t  6.022.1 QTb W 

*Pb-3 T.16S.,R.15€,,8 Cbb RhyolSte s29.2+l.0 Tmrg 

p - p lag ioc lase  age; w - whole rock age; s - sanid ine age. 
Pb - samples taken f o r  t h i s  r epo r t ,  unpublished analyses by Un i ve r s i t y  o f  Utah 
research r n s t i  t u t e ,  Stan Evans, analys t .  
*These are very imprecise dates w i t h  91-96% atmospheric A r .  

Volcanic s t r a t i g raphy  

John Day Formation 

The o l des t  rocks exposed i n  the  s tudy area a re  the r h y o l i t e s ,  rhyodaci tes,  

dac i tes ,  and t u f f s  o f  the  John Day Formation (22-32 m.y.) which makes up the 

plugs, domes, and f l o w  o f  the but tes.  These u n i t s  a re  a lso  exposed i n  the 

nor thern p o r t i o n  o f  the  s tudy area on the  southern f l anks  o f  G r i z z l y  Mountain 

and Gray But te ,  Weidenheim (1980), based on examination o f  auth igenic  z e o l i t e s  

( c l i n o p t i l o l i t e )  contained w i t h i n  the  ash u n i t s ,  concluded t h a t  the  u n i t s  exposed 



on Powell Buttes are part  of the "lower facies" of the John Day Formation. A 

K/Ar date obtained on a rhyolite flow from the buttes analyzed by the Univer- 

s i t y  of Utah Research Ins t i tu te  indicates an age of 29.321.0 m.y. (Table I ) ,  

which i s  consistent with Weidenheim's s trat igraphy.  In general, the rocks are 

s l igh t ly  to  highly a1 tered and s i l i c i f i e d  with some areas in the central west- 

ern area of the buttes completely a1 tered to  white to yellow clays,  surrounded 

by areas of intense s i l i c i f i c a t i o n .  These areas show occurrences of both chal- 

cedoni c and coarsely crystal 1 i ne quartz, 1 ight-brown to  dark-brown hematite, 

speculari t e ,  1 imoni t e ,  hyal ine opal,  cinnabar, and an unidentified hard, black 

botryoidal mineral which coated fracture surfaces and showed anomalously high 

radioactivity. Matthews, 1966; Schafer, 1956; and Peterson, 1958, reported 

tha t  these areas were extensively prospected fo r  uranium, b u t  no U308 minerali- 

zation was found. 

Deschutes Formation 

Surrounding Powell Buttes and overlying the John Day Formation in uncon- 

formable contact,  are the f l a t - l y i  n g  flows and interbedded continental sediments 

of the Deschutes Formation (Weidenheim, 1980), the upper flows of which appear 

to have issued from low shield volcanoes immediately to  the north and south. 

One Deschutes Formation basal t  flow was dated fo r  th i s  study by the University 

of Utah Research Ins t i tu te  a t  8 . 9 y . 4  m.y. (Table 1 ) .  These units have been 

cal led the Deschutes, Dalles, o r  Madras Formation by several authors. The term 

Deschutes Formation has precedence and i s  adopted herein. 

Investigators working in central Oregon describe the Deschutes Formation 

in the study area as mainly a f ine-  to  medium-grained continental sedimentary 

unit  with minor amounts of basal t  and andesi t e .  Drilling f o r  th i s  study indi- 

cates t h a t  the Deschutes Formation concealed beneath the talus apron surrounding 



Powel 1 Buttes i s  primari ly a coarse-grained sedimentary unit  grading to medi um- 

grained a t  depth with thin (10 f t .  - 90 f t . )  basal t  flows grading from olivine- 

porphyritic a t  the surface to  aphyric a t  depth ( the  log of Powell Buttes No. 1 

i s  presented as Figure 2 ) .  The coarse nature of the sediments may be due to  

local variations in the unit ,  owing to position near the edge of the basin of 

deposition along possibly act ive range f ront  f a u l t s  (P la te  I ) .  A1 tera-  

tion of the Deschutes Formation increases with depth. Olivines show more 

iddingsi t e ;  plagiocl ase i s  increasingly saussuri t ized ,  and the volume of zeo- 

1 i tes  , cal ci tes  , and secondary quartz a1 so increases. 

Clarno Formation . 
Powell Buttes No. 1 d r i l l  hole may have encountered the Clarno Formation 

(approx. 32-42 m.y.) a t  a depth of 240 m (Figure 2 ) .  A t  t h i s  point in d r i l l i n g ,  a 

dark- gray, f i  ne-grai ned basal t wi t h  a saprol i t e  was encountered, whi ch was under1 a i  n 

by a1 tered t u f f s ,  additional fine-grained basal t s ,  and mafic mudflows. This 

would be atypical of the Deschutes Formation o r  the John Day Formation, but 

would be consistent with Clarno Formation strat igraphy described in adjacent 

areas. A K/Ar sample from a basa l t  flow a t  the 310-320 m. depth i s  currently 

being analyzed by the University of Utah Research I n s t i t u t e  to es tabl i sh  whether 

i t  i s  Clarno in age. 

Col umbi a Ri ver Basal t 

Also overlying the John Day Formation i n  unconformable contact i s  a small 

amount of the Columbia River Basalt. This uni t ,  seen as a s ingle intracanyon 

pillowed flow in a quarry a t  the northeast corner of the buttes ,  i s  probably 

a flow of the Grande Ronde Member of the Columbia River Basalt Group. Other 

Columbia River Basalt outcrops have been mapped north of the study area and 

immediately eas t ;  however, they were not examined during the f i e l d  study. 





Pl io-Pleistocene basal t s  

Overlying the Deschutes Formation i s  a series of young, thin,  diktytaxit ic  

basalt flows showing 1 i  t t l e  o r  no a1 terat ion,  which have been dated in a very 

poor sample (96% atmospheric argon) by the University of Utah Research Ins t i tu te  

a t  6.0+2.1 - m.y. (Table 1 ) .  This unit has been assigned a Pliocene or Pleisto- 

cene age by ea r l i e r  investigators (Robinson and Stensl und, 1979; Wi 11 iams, 1957) 

and i s  thought to have issued from the Newberry caldera complex (Williams, 1957). 

Surficial deposi t s  

Surrounding the buttes on a l l  sides, and effectively masking contact rela- 

tionships and structures,  i s  an extensive unit of al luvial  fan and col luvial 

material. This unit has been found in d r i l l  holes to be as much as 30 rn (100 f t )  

thick and, in some places, heavily cemented with numerous caliche (CaC03) layers. 

This talus i s  made u p  ent i re ly  of John Day s i l i c i c  material derived from weather- 

ing of the buttes. 

Structural geology 

A lineament study of the area (Figure 5 )  taken from U-2 infrared imagery 

suggests two major structural grains. The f i r s t  i s  a ser ies  of northeasterly- 

trending 1 ineations paral le l  ing the Blue Mountain trend, and the second, less 

conspicuous trend s t r ikes  westerly, paral 1 el ing a northern sp l in te r  of the Brother's 

Fault Zone. Powell Buttes appears t o  be si tuated on the juncture of these two 

trends. 

Faults on Powell Buttes are d i f f i cu l t  to discern in the f i e ld  owing to the 

talus cover. A number of areas of brecciation were, however, found with ful ly  

rotated pieces recemented with quartz, hematite, o r  both. Lack of outcrop pre- 

vented differentiat ion of faul t breccia from flow breccias. Several faul t s  were 

mappable, however, including an east-west normal fau l t  mapped by Weidenheim 



Figure 3 : Photo-lineament m p  of the Powell 
Buttes area, Oregon 

Taken f r o m  U-2 i n f m - r e d  imgery 



.a= Data Point w/gradient ( O C l k r n )  Figure 4 :  Isogradient map of 
the Powel 1 Buttes 

Isogradient 1 ine area, Oregon 
(dashed where inferred) 

/ 
gradients in O C / k m  
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(1980), with north side down. This structure also shows as a topographic and 

photo-1 i neament and as an eas t-wes t 1 i ne of year-round springs . 

A northwesterly-stri king faul t zone has been mapped in the southern portion 

of the area offset t ing flows of the Deschutes Formation (Swanson, 1967). This 

zone, which extends several tens of miles northwest of the study area, may repre- 

sent the surface trace of a r ight-lateral  f au l t  related to the Brother's Fault 

Zone, found to the south. I t  has not, however, been shown to offse t  the youngest 

basalt flows found in the area. The thickness of Deschutes Formation penetrated 

by the Powel 1 Buttes No. 1 hole versus Shunway 3 and the short wavelength temper- 

ature gradient anomaly suggest the presence of a fau l t  on the west side of the 

buttes (Figures 4 and 5 ) .  This f au l t  may correspond to the northwesterly s t r i  k- 

ing fau l t  zone in the southern portion of the study area noted above. 

The d i p  of bedded units and flows on the buttes i s  generally twenty to sixty 

degrees to the southeast with the steeper dips north of Weidenheim's (1980) east- 

west faul t .  These at t i tudes coincide with Swanson's (1967) structural  model of 

the area, which shows the (pre-Deschutes) B1 ue Mountain Antic1 ine passing north 

o f  the buttes on a northeast-southwest s t r ike .  He also shows a contemporaneous 

syncline paralleling the Blue Mountain trend passing jus t  south of the buttes. 

Neither of the axes for  these structures could be located in the f i e ld .  

Structural control of the geothermal system 

Inasmuch as the Powell Buttes area i s  a "blind" geothermal anomaly ( i  . e . ,  

no obvious surface manifestations), with a thick col luvial blanket draping the 

slopes, relating structures to the system i s  d i f f i cu l t .  The pattern of anomalous 

temperature gradients (Figures 4 and 5 )  does, however, indicate a probable rela- 

tionship between a juncture of northeast- and northwest-trending f au l t  zones 



and t h e  observed heat .  The p a t t e r n  appears t o  show r a t h e r  sharp decreas ing 

g rad ien ts  movjhg toward t h e  b u t t e s  and g r a d u a l l y  decreasing g rad ien ts  moving 

down the  h y d r o l o g i c  d i p ,  away f rom t h e  b u t t e s .  I n  o t h e r  geothermal areas,  t h i s  

p a r t i c u l a r  type o f  anomaly p a t t e r n  has been assoc ia ted  w i t h  convect ive  upf low o f  

thermal water  a long f a u l  t zones wi  t h  subsequent h o r i z o n t a l  spreading i n t o  aqu i -  

f e r s .  

An a l t e r n a t e  hypothes is  would be an i n t r u s i o n  implaced i n  bo rde r  f a u l t s  

sur round ing t h e  b u t t e s  o r  under t h e  b u t t e s  themselves. I n  t h i s  case, however, 

su r face  thermal m a n i f e s t a t i o n s  ( fumaroles,  h o t  sp r ings ,  e t c .  ) , recen t  vent  com- 

p lexes,  and g r e a t e r  a l t e r a t i o n  o f  t h e  b u t t e s  and sur round ing l a v a  f lows would 

be expected--unless an impermeable caprock, such as t h e  C larno Formation, were 

i n  p lace  t o  p r o h i b i t  v e r t i c a l  movement o f  f l u i d s .  Th is  hypothes is  i s  n o t  con- 

s i d e r e d  as probab le  as an exp lana t ion  i n v o l v i n g  convect ive  t r a n s f e r  o f  hea t  by 

deeply c i r c u l a t i n g  water .  



GEOPHYSICS 

Two geophysical studies are available for  analysis and inclusion in 

this  report. The f i r s t  i s  a regional gravity study of the central Cascades 

Mountain Range and adjacent areas (Figures 6 and 7 )  taken from P i t t s  (1970) 

and Pi t t s  and Couch (1978) which covers the western two-thirds of Powel 1 

Buttes. The second i s  a regional aeromagnetic study of the central Cascades 

Mountain Range (Figure 8)  taken from Connard (1980) and Couch and others (1978) 

which also covers the western two-thirds of the buttes. 

The gravity study shows a sharp closed positive anomaly s t r ik ing toward 

the northeast on both the complete Bouguer anomaly and residual anomaly maps 

with highs of -106 and +18 mgals respectively. On the regional residual anom- 

aly map, the buttes appear as a "spike" of high gravity a t  the northeastern end 

of a ridge of gravity maxima str iking toward the northeast, paralleling the 

Blue Mountain trend discussed ea r l i e r  in th i s  report. This ridge of high 

gravity i s  not as apparent on the Bouguer anomaly map. 

The aeromagnetic map shows no anomalies associated with Powell Buttes. 

The Oregon State Geophysics Group flew extra f l i gh t  1 ines over the buttes when 

the aforementioned gravity anomaly was observed. These aeromagnetic data were 

never reduced to graphic form when no anomalous magnetic signature was found. 

Several explanations and discussions fo r  the geophysical anomalies are 

as follows: 

1 ) The gravity high i s  due to a gabbro-residuum a t  depth below the buttes 

( P i t t s ,  1979). Weidenheim (1980) objects t o  th is  hypothesis on the 

grounds that  even drast ic differentiat ion within a magma chamber a t  

depth would not a1 1 ow for  the cal k-a1 kal ine s i l  i c i c  su i t e  f o u n d  on 
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the but tes.  If Pi  t t s  were co r rec t ,  however, a  magnetic maximum would 

be expected which i s  n o t  present on the e x i s t i n g  map. This magnetic 

maximum would no t  be seen, however, i f  the i n t r u s i o n  were s t i l l  above 

the Cur ie Po in t  (-600°c), o r  i f  the surrounding magnetical l y  suscep- 

t i b l e  lavas were masking any poss ib le  s ignature.  I t  was found i n  

d r i l l i n g  t h a t  the u n i t s  surrounding the bu t tes  were main ly  sediments 

which would have a  lower magnetic s u s c e p t i b i l i t y .  I t  i s ,  thus u n l i k e l y  

t h a t  surrounding vo l  canic rock cou ld  mask any magnetic anomaly associ-  

a ted  w i t h  the o ther  s h e l l  o f  a  maf ic  i n t r u s i o n .  

The observed g r a v i t y  may be due t o  the presence o f  a  dense s i  1  i c i c  

i n t r u s i o n  a t  depth below the but tes.  This hypothesis i s  cons is ten t  

w i t h  the s i l i c i c  vo lcan ic  s u i t e  on the bu t tes  and the l ack  o f  a  mag- 

n e t i c  s ignature.  The dens i t y  con t ras t  between the i n t r u s i o n  and the 

surrounding 1  avas and sediments, however, woul d  have t o  be extremely 

l a rge  t o  create the in tense g r a v i t y  h igh  seen i n  both the Bouguer and 

res idua l  anomaly maps. The present geologic in fo rmat ion  does no t  

a l low f o r  such a  con t ras t .  

3 )  The observed g r a v i t y  may be due t o  b l o c k - f a u l t i n g  o f  the bu t tes .  This 

hypothesis would probably n o t  a1 low f o r  the in tense g r a v i t y  h igh  over 

the but tes,  unless they were f a u l t e d  up i n  an extreme fash ion,  w i t h  

poss ib ly  an i n t r u s i o n  beneath. A h o r s t  a l so  would no t  f u l l y  exp la i n  

the l ack  o f  magnetic s ignature,  unless the  degree o f  up - f au l t i ng  o f  

a  r e l a t i v e l y  non-suscept ib le b lock a t  the bu t tes  were j u s t  enough t o  

overcome r e l a t i v e l y  h i g h l y  suscep t ib le  lavas and sediments surrounding 

the but tes.  This i s  h i g h l y  u n l i k e l y .  
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The two geophys i ca l  s t u d i e s  s u g g e s t  a number o f  s t r u c t u r a l  and 1 i t h o l o g i c  

problems w h i c h  c anno t  be  f u l l y  e x p l a i n e d  w i t h  r e a d i l y  a v a i l a b l e  d a t a .  A d d i t i o n a l  

deep  d r i l l i n g  and geophys i c s  w i l l  be needed t o  comple te  any p h y s i c a l  model ing 

of t h e  geothermal  sys tem.  



WATER CHEMISTRY 

During the course of th i s  study, twenty-five wells and springs, ranging in 

temperature from 35.5'~ down to 6.g0c, were sampled in th i s  heretofore unexplored 

area. These samples were then analyzed (Table 2 )  and the analyses were used to 

cal culate estimated m i n i m u m  reservoir temperatures (Table 3 )  using standard 

formulae presented, together with references, in Appendix A .  Reservoir temp- 

eratures were calculated for  the s i l i c a  constituent only, as the cation ther- 

mometers ( i  . e . ,  Na:K, Na:K:Ca, Na:K:Ca:Mg) were not f e l t  to be representative 

of true subsurface conditions. 

The waters tested appear to be relat ively "clean" waters of a mixed-ion 

type, with the dominant cations being S i ,  Na, and Ca, and the major anion being 

SO1$. Though no analysis was made for  HC03, a charge imbalance in the atialysis 

in31cates i t  probably would be the actual dominant anion. Total dissolved sol i d s  

i s  iow; hardness i s  low; and C 1 ,  which i s  usually in abundance when elevated 

5 bbsurface temperatures are present, i s  almost nonexistent. 

Another characterist ic  of this  water, which i s  not seen i n  the presented 

analyses, i s  the presence o f  a high amount of trace metals such as C u ,  Ba, Zn, 

a n d  Sr. A 1 i s t  o f  the wells showing anomalous amounts of these elements i s  as 

follows: 

Berardy We1 1 
Jackson We1 1 
Foster We1 1 
McCasl und We1 1 
Meeker We1 1 
Richter Spring 
Richter Well 
Sampaul esi  We1 1 

These analyses from our reconnaissance study of the area indicate the 



Table 2. Spring and well chemistry o f  the  Powell But tes  a rea .  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 .  

Berardy Craddock Jackson Fos te r  Johnson Johnson* Harris  
We1 1 We1 1 We1 1 Well Well #I Well #2 Well 

Location 16S/14E/ 16S/1 4E/ 16S/14E/ 15S/14E/ 15S/14E/ 15S/14E/ 15S/15E/ 
15Acd 3Add 16Daa 28Dcd 35Dad Dc d 29Cad 

Date sampled 1 2/ 80 12/80 12/80 12/80 1 2/80 12/80 12/80 

Temp. (O C) 24.5 24.3 2 7 10 20.5 n t 16.8 

Conductance 260 350 340 32 5 340 n t 400 
~rnhos/cm 

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

X c  a s  mg/l CaC03 

Hardness 
as mg/l CaC03 

Total di s so l  ved 
sol  i ds 

Si O2 

Na 

K 

C a 

M9 
C 1 

AS 10.625 <o. 625 <o. 625 <0. 625 <O.  625 < O .  625 <o. 625 

B <0.125 <0.125 <0.125 <0.125 <0.125 <0.125 <().I25 

L i  0.07 <O. 05 < O .  05 10.05 <0.05 10.05 <O.  05 

F 0.4 0.6 2.7 0 . 3  0 .4  0 .6  0 .6  

Fe ( t o t a l )  0 .43 0.25 <0.025 <0.025 0 .23 0.06 0.27 

A 1 10.625 <0.625 <0.625 <0.625 <0.625 <0.625 <0.625 

*Possible contamination from d r i l l i n g  f l u i d s .  



Table 2 .  Spring and well chemistry o f  t h e  Powell Buttes area--Continued. A1 1 
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 .  

McCasl and Meeker Lundquist Richter  Marshal 1 McDonald 
We1 1 We1 1 We1 1 We1 1 We1 1 Well #1 

Location 16S/14E/ 16S/14E/ 16S/14E/ 16S/14E/ 16S/14E/ 15S/15E/ 
9Adc 1 OAaa 8Ddd 1 Cbc 21Abb 32Bcc 

Date sampled 1 2/80 12/80 12/80 12/80 12/80 12/80 

Temp. ( O  C) 35.5 24.9 19 19.2 33.3 14.6 

P H 7.4 7.38 7.6 7 7.8 7.5 

Conductance 250 400 300 400 250 250 
pmhos/cm 

A1 kal i ni ty  n t n t n t n t n t n t 
Xh a s  mg/l HC03 

Hardness 51 .3c 85. 5c 85. 5c 1 36.8c 17.1 85.5 
as mg/l CaC03 

T o t a l  d issol  ved 
sol ids 

C a 

Mg 

C 'I 

As 

a 
k i 
F 

Fe ( t o t a l )  

AS 



Table 2. Spr ing and we1 1 chemistry o f  t h e  Powel 1 But tes  area--Continued. A l l  
measurements a re  i n  mg/l , except  f o r  pH o r  as ind ica ted .  n t  = n o t  tes ted;  tr = t race.  

McDonald McFarl ane 01 son Sampaul e s i  Shumway S i  1 ve r  Do1 1 a r  
Well #2 We1 1 We1 1 We1 1 We1 1 Ranch k e l l  

Loca t ion  15S/15E/ 15S/14E/ 15S/15E/ 15S/15E/ 16S/14E/ 16S/14E/20Add 
32Bcc 34Baa 31 Caa 29Aba 28Abd 

Date sampled 1 2/80 12/80 12/80 12/80 12/80 12/80 

Temp. (O C )  15 18 18 21.6 18 17 

P H 7.5 7.8 7 7.6  8.5 7.72 

Conductance 2 50 340 320 440 2 30 250 
pmhos/cm 

A1 ka l  i n i  t y  n t n t n t n t n t n t 
Xh as mg/l HC03 

Xc as mg/l CaC03 

Hardness 
as mg/l CaC03 

To ta l  d i sso lved  
s o l i d s  

S i  O2 

Na 

K 

Ca 

Mg 
C 1 

As 

B 

L i 

F 

Fe ( t o t a l )  

A1 

HC03 



Table 2. Spr ing and we1 1 chemistry o f  the  Powel 1 But tes  area--Continued. A1 1 
measurements are i n  mg/l , except f o r  pH o r  as ind ica ted .  n t  = n o t  tes ted;  tr = t race.  

Tracy 
Wai be1 Wei gand Dempsey Deadman We1 1 s P i c k e t  

We1 1 We1 1 Spr ing Spr ing Spr ing Spr ing 

Locat ion 15S/15E/ 15S/14E/ 16S/15E/ 16S/15E/ 16S/15E/ 16S/14E/ 
21Cac 33Dda 9Cb 16Cc 8Bc 1 Ccb 

Date sampled 12/80 12/80 9/ 79 9/ 79 9/ 79 12/80 

Temp. (O C) 19.3 24 15.5 18 15 6.9 

P 7.6 7.75 6.6 6.9 7 7 
Conductance 440 280 145 155 150 200 
pmhos/cm 

A1 ka l  i n i  t y  n t n t 39 c 60c 8c n t 
Xh as mg/l HC03 

Xc as mg/l CaC03 

Total  d i sso lved  256 196 102 1 34 118 9 4 
s o l  i ds 

F. s <0.625 ~ 0 . 6 2 5  <0.005 <0.005 <0.005 <0.625 

8 0.3 0.2 0.13 0.18 0.21 <0.125 

L i <0.05 <0.05 <O. 01 <O. 01 <0.01 <0.05 

F 0.4 0.4 0.2 0.2 0.2 0.3 

Fe ( t o t a l )  <O. 025 <O. 025 1.9 0.06 <0.05 <0.025 

A1 <O ,625 <O .625 3 0.13 0.09 <0.625 

IiC03 n t n t n t n t n t n t 



following hypotheses: 

1 )  The water tested may never have been warmer (or  a t  l eas t ,  n o t  much 

warmer) than the temperature recorded during sampl ing . 
2 )  Because of low content of thermal constituents, we can infer  the waters 

have not been deeply circulated; instead, the waters were probably 

heated conductively by a source a t  greater depth. 

3) The waters sampled are probably meteoric waters which have in f i l t r a ted  

through the buttes, which i s  the local area of recharge. They have 

acquired trace metals from locally intense a l tera t ion,  and have 

migrated down the hydrologic dip to where they were intercepted by 

wells. 



Tab1 e 3. Geothermetric calculations* of minimum reservoir temperatures for  
selected thermal waters of the Powell Buttes area. 

Berardy Craddock Jackson Foster Johnson Johnson Harris 
We1 1 We1 1 We1 1 Well Well #1 We1 1 #2 Well 

Flow rate 45 30 4 <20 <20 n c 5 6 
1 i ters/mi n .  

Measured 24.5 24.3 2 7 10 20.5 n c 16.8 
temperature 

conducti ve 

O c  

S i  O2 8 5 

adiabatic 

O c 

chal cedony 

O c  

S i  O2 

opal 

O c 

*Methodology for  calculations presented in Appendix A.  nc = n o t  calculated. 
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Table 3 .  Geothermetri c cal  cul a t i  ons* of mini mum r e s e rvo i r  temperatures f o r  
se lec ted  thermal waters of the  Powel 1 Buttes area-cont ti nued. 

Wai be1 Wei gand Dempsey Deadman Tracy We1 1 s Richter 
We1 1 We1 1 Spring Spri n g  Spring Spring 

nc  n c n c n c n c Fl ow r a t e  nc 
1 i terslmi n .  

24 15.5 18.9 15 6.9 Measured 19.3  
temperature 

conducti ve 

O c  

ad i aba t i c  

O c 

chal cedony 

O c  

opal 

O c 

*Methodology f o r  c a l cu l a t i ons  presented i n  Appendix A .  nc = not  ca lcu la ted .  
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Table 3. Geothermetri c calculations* of mi nirnum reservoir temperatures for  
selected thermal waters of the Powel 1 Buttes area--Conti nued. 

McCasl and Meeker Lundqui s t  Ri ch t e r  Marshal 1 McDonal d 
Wel l We1 1 We1 1 We1 1 We1 1 We1 1 #1 

Fl  ow rate <20 45 n c < 20 n c <20 
1 i terslrni n .  

Measured 19.1  24.9 19 19.2 33.3 14.6 
temperature 

Si02 8 7 70 78 7 7 67 82 

conductive 

Si02 90 75 82 8 1 72 8 5 

adiabatic 

O c  

chal cedony 

O c 

Si02 - 26 -40 - 34 - 35 -43 - 31 
opal 

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



Table 3. Geothermetric calculations* of minimum reservoir temperatures for  
selected thermal waters of the Powel 1 Buttes area--Continued. 

McDonald McFarlane Olson Sampaulesi Shumway Si 1 ver Dollar 
Well #2 We1 1 We1 1 We1 1 We1 1 Ranch We1 1 

Fl ow rate 120 20 2 0 15 34 n c 
1 i terslrni n .  

Measured 15 18 18 21.6 18 1 7  
temperature 

conduc t i  ve 

Si O2 85 82 84 79 7 5 8 1 

adi abati c 

O c 

chal cedony 

O c  

Si O2 - 31 - 34 - 32 - 36 -40 - 35 

opal 

O c  

*Methodology for calculations presented in Appendix A .  nc = not calculated. 
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GEOTHERMAL G R A D I E N T  AND HEAT FLOW DATA* 

The temperature gradient and heat flow resul ts  fo r  the Powell Buttes area 

are shown in Table 4. Included in the table are township/range-section and 

lat i tude and longitude locations of each hole. In addition the hole name, date 

of logging used, and collar  elevation are included. As overlays on Plate I the 

bottom hole temperature, maximum depth, corrected tem~erature gradient and 

(where available) corrected heat flow are shown, These values are also l i s t ed  in 

the table as are the depth interval and average thermal conductivity used fo r  

the calculation of gradient and heat flow. The ~ a l u e s  are given in SI units .  To 

2 transform units 1 x low6 cal/cm sec ( H F U )  = 41.84 mWn-', 1 x cal/cm secOc 

( T C U )  = 0.4184 urn-'. Also 1°c/km - 1 m ~ m "  = 1 8 . ~ ~ ~ / 1 0 0  f t .  The temperature- 

depth measurements themselves fo r  each hole have been included in th i s  report 

as Appendix B .  Corrected gradient and corrected heat flow are values for  which 

the topographic ef fect  have been removed. In general, these effects  are not 

significant  for most of the s i t e s  studied and for holes logged before September, 

1980. Only uncorrected gradient values are shown for  those holes with no sig-  

nificant topographic ef fect .  

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

information, from high qua1 i t y  ( A ) ,  to good quality ( B ) ,  t o  marginal quality ( C ) ,  

to data with some problems ( D ) ,  to  data for  which no useful temperature gradient 

or heat flow can be estimated ( X )  . A1 1 thermal conductivity measurements were 

made on cutting samples. Most of the heat flow data available were obtained 

in holes dr i l led  originally as water wells; however, the permeability of most of 

the rocks in the upper 200 m i s  very low, and conductive gradients are usually 

obtained in these holes, 

*Written by Dr. David Blackwel i , Southern Flethodist University, Dallas, Texas. 



Studies of gradient and heat flow in existing water wells began in 1978 

and resulted in the outlining of a sizable geothermal anomaly on the northwest 

side of Powell Buttes (Figure 3 ) .  There, an area over 10 km long and a t  leas t  

2 krn wide has gradients in excess of 1 0 0 ~ ~ / k m .  There are no surface manifesta- 

tions or evidence of th i s  anomaly and, as noted above, the surf ic ia l  rocks are 

relat ively impermeable, Water bodies are deep, and there i s  no indication in 

the water wells of the source of the heat flow anomaly. The maximum depth of the 

water wells on the average i s  between 180 and 250 m. In l a t e  1980, several holes 

were dr i l led  by DOGAM1 t o  investigate the thermal anomaly outlined by the ea r l i e r  

studies. The data from these holes are included in the table ( a l l  holes logged 

a f te r  9/80). However, only uncorrected gradients are shown for  these holes as 

terrain corrections have not yet been calculated and thermal conductivity meas- 

urements have not been made so that  heat flow values can be calculated. These 

studies will be carried o u t  in the near future,  Following the completion of 

the shallow dr i l l ing  program a deeper hole (460 m deep) was dr i l led  in the winter 

of 1980. The results  of that  hole have been included in preliminary form as 

Figure 2 .  



Table 4. Geothermal g r a d i e n t  data from the Powell Buttes area, Oregon. 

B o t t o a  Depth U n c o r r .  Corr. C o r r .  
R -  N Lat. W Long H o l ~  6 Ccllar Temp. I n t e r v a l  P,v:. TC i G r a d i e n t  Gradient H F  7, 

S e c t i o n  Deg.Min. Deg.llir,. Dat; E!i.v, ("c) (n) Wm- iK- i TC OC/km OC,/kr m ~ m -  ' HF 

15Sy14E- 44-15.92 121- ~.C;~CRF~BTREE 9JB 121.W 
ISDD 

.8 
4/16/8(3 D 

15Sj14E- 44-13.67 121- 1.55 FL-OCK 
35BC 

9132 25.03 45.6 127.7 
6/18/86 110.0 2,3 

20.0 111.7 
125.0 7.3 

15Sy14E- 44-13.23 120-59.60 FHRNBKWW 1023 
3mc 31.67 20.0 1 1.46) 128.4 120.5 

9/22/78 155.0 
176 C 

2.1 

15S/15E- 44-14.62 120-55.70 KOOPS 
r n D  998 20.31 15.0 119.3 

8 4  i /W 40.0 18.3 

W 40.0 51.0 
t-' 149.0 1.4 

I 

15S/15E-- 44-14.80 120-57.65 PWBUTNE 986 26.57 16.0 1%. 0 
293B 4/14/88 35.0 A 

35.0 77.1 
172.0 2.5 

I? 

155/15E- 44-14.45 120-58.46 CRQWFORD 995 19.08 10.0 81.9 
m c  3.7 

B 
41 5/80 75.0 

15S/15E- 44-14.44 120-58.01 LOT24NW 1002 17.87 40.0 C 1.46) 70.5 70.5 103 C 
38CID 9/28/78 105.0 5.7 

15S/lSE- 44-13.68 120-58.52 DEQSON 1067 29.96 10.0 
31QC 266.6 B 

41 6/80 40.0 19.8 

40.0 6e.7 B 
244.3 4.6 

155115E- 44-13.55 120-58.16 KRQNTM 1 1100 27.53 195.0 69.2 
31DQ1 7/28/79 225. 0 0 .I 

10.0 1.42 3 73.3 69. R 99 B 
225.0 1.6 



Table 4 .  Geotherma; s r a c i t ~ ~ t  d z i z  f r m  the Pr,!!ell Buttes Jrcc7, Oregon--coct lnueu.  
Bottom Depth Uncorr . Corr. Corr. 

Tv..n,'?ng- N Lat. W Long Hcle /i Collar Temp. Interval Avg. TC ir Gradlent Gradient HF Q 
S e c t l o n  Deg.Mln. Deg .Min. Date Elev, ("c) (m) wP- lK- I TC OC/km 'C/km m ~ m -  ' HF - 

15SN16E- 44-16.14 120-48.70 PRSTUDCO 936 16.39 7.5 I 68.0) 57.0 C 
16DR 7/12/77 47.5 

16914E- 44-12.63 121- .38 RICHTER 1085 19.84 20.0 57.3 
2DRD 9/23/80 105.0 3.4 

185.0 40.4 
154.0 .5 

16914E- 44-12.53 121- 2.52 P HILLER 1003 30.68 10.0 
3CC 48' 7/60 45.0 

16W14E- 44-12.27 121- 2.30 JENSEN 1015 24.00 10.0 129.5 
10BR 8/ 8/80 93.5 4.9 



T a b l e  4. Geot;tlernisi g r a d :  e;:"Ldata f r o - ?  t h e  Pob;ci 1 Gut.tes a r c s ,  Orego::--co::ti : :~ :ed .  

Bo t to r ,  D e l ; d i  Ur,corr. C c r r .  Corr, 
W 3 , ' R n q -  N L a t .  W Long Hole 8 C o l l a r  Temp. I n t e r v a l  Avq. TC 6 Gradient G r a d i e n t  HF 9 
St;c:icr. Deq .Xi;. Ce; .P l i r . .  D a t e  El2v. ( " C )  ( n )  Wm- 1 K- 1 TC OC/km OC/krc m ~ n -  ' H; 

1614E- 44-10.48 121- 4.33 MILLER 963 12.63 10.0 
w 28FY3 8/12/865 36.0 

1W14E- 44-10.37 121- 3.97 SLUDLR R 972 
a m  16.91 10.0 

8/12/80 149.0 



Table  4 .  Gectherrnal g r a d i e n t  d a t a  froel the Pol/!ell Bu t t e s  a r e a ,  Oregon--cont inued.  

Bottom Depth Uncorr.  Co r r .  Corr .  

T*<n/Fng- tJ La t .  W Long Hole # C o l l a r  Temp.  I n t e r v a l  Avg. TC # G r a d i e n t  G r a d i e n t  H F  Q 
S e c t i o n  L'eg.14ln. Deg .Min. Date E l ev ,  ("C) (4 ~ m -  ' K- TC OC/km OC/km rn~rn' ' FF - 

16s-15E- 44-10.17 120-57.92 SBUTTE 1 1190 14.76 40.0 
20CBQ 18/26/88 140.0 

16SY15E- 44- 8.93 120-54.30 H MQRTIN 1076 20.90 40.0 
26CC 8/19/80 165.0 

17W14E- 44- 5.13 121- .95 LEWIS 1021 18.31 88.8 
2 s  8/20/80 170.8 

17S/16E- 44- 3.12 120-50.40 GLOVER 1163 
32CQ 8/21/80 



CONCLUSIONS A N D  REC@&IENDATIONS 

The Powell Buttes area i s  located within economic piping distance of the 

industrial d i s t r i c t s  of three of the major communities in central Oregon; Bend 

(10 mi), Prinevil l e  (5  mi) and Redmond (5 mi), Our preliminary evaluation, based 

on geology, geophysics, geochemistry, probing of existing water we1 1 s , dri 11  ing 

and probing of eight  152-m (500-ft) gradient holes, and the d r i l l  ing and 

probing of one 460-m (1510-ftJ gradient hole, indicates the potential exis ts  

for  1 0 0 ~ ~  (212'~) temperatures a t  depths of approximately 1000 m (3,300 f t .  ) . 
The existence of these elevated temperatures and usable f lu ids  has not, however, 

been proven, To further evaluate th i s  important area in terms of possible 

development for  direct-use, the following types of further study are needed: 

1 .  Development of the existing gravity and aeromagnetic data into highly 

detailed 1 :62,500 scale maps with occupation of additional gravity 

stations--to define in detai l  the structure of the buttes. 

2 .  Performance o f  deep-probing e lect r ica l  surveys (di pole-di pol e , roving 

dipole, or  t e l l u r i c )  on both the eas t  and west sides of the buttes-- 

t o  determine areas of upwelling of deep thermal waters, i f  any, to  

help precise location of deep gradient holes. 

3. Drilling of twenty 152-m (500-ft) gradient-stratigraphy holes on b o t h  

sides of the buttes--to further define the thermal anomaly and a s s i s t  

in s i t ing  of deep gradient holes. Geophysical studies l i s t ed  in 1 

and 2 would guide location of these holes, 

4. The dri 11 ing of several 1000-m gradient holes--to complete development 

of the Powell Buttes geothermal model and directly t e s t  encountered 

thermal aquifers for  future direct-use geothermal production we1 1 s .  
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Na : K  ( r e v i s e d )  : 

APPENDIX A 

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

1217 
t OC = l o g  ( N ~ / K )  + 1.483 

- 273.15 (Fourn ie r ,  1979) 

1647 
t OC = 2.24 + F ( T )  

- 273.15 (Fourn ie r  and T ruesde l l ,  1973) 

where F  ( T )  = l o g  (Na/K) + [ 6 l o g  ( f i / ~ a )  1, 
B = 1 /3  i f  t >  1 0 0 ~ ~ ~  and 4/3 i f  t < 1 0 0 ~ ~ ,  

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

and concen t ra t i ons  a r e  expressed i n  molal  i ty. 

Magnesi urn c o r r e c t i o n  r a t i o :  

( m i l l i e q u i v a 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) + ( m i l l i e q u i v a l e n 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. Fo r  R between 5-50, 

n t  = 10.66-(4.7415) (R) + C(325.87) ( l o g  R ) ~ ]  - [ ( I  .032 X l o 5 )  ( l o g  R ) ~ / T ]  - 
Mg 2  2  3  2  

[(1.968 X l o 7 )  ( l o g  R) /T ] + L(1.605 X l o 7 )  ( 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 lents ,  

~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  f rom 
Mg 

t h e  Na: K: Ca 1 /3  B c a l c u l a t e d  temperature, 

T  = Na:K:Ca 1/3 c a l c u l a t e d  temperature i n  OK. 

Or k t  can be obta ined by u s i n g  t h e  graph compi led by Fourn ie r  and P o t t e r  (1979). 4 

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

Si  O2 ( conduc t i ve )  , 

SiOe ( a d i a b a t i c ) ,  

1309 
tOc  = 5.19 t l o g  (S i02 )  - 273.15 

1522 
tOc  = 5.75 + l o g  ( S i o 2 )  - 273.15 

S i02 (chalcedony), 1032 
t O c  = 4.69 + l o g  ( S O 2 )  - 273.15 

S i02 (opa l ) ,  731 
tOc = 4.52 + l o g  ( S O 2 )  - 273.15, 

where Si02 i s  expressed i n  mg/l .  
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250 I 1 I I I I I I I 1 I 1 I I I I i I 1 I I I 



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



DEPTH 
METERS 

L0CFlTIC.H: BEND FIMS, OREGON 
15S/15E-30FlD 

HOLE M E  9 tOT24WW 
DRTE MEFlSURED: 9/28/78 

DEPTH TEMPERATURE GEOTHERMFlL EWDIENT 
FEET DEE C DEE F DEE C/KM DEE FA00 F'T 



LOCFiTIONl BEND NISI OREGON 
16S/14E- 2BC 

HOLE WME: W L E T T  . 
DRTE MERSURED: 8/12/79 

DEPTH DEPTH TEMPERRTURE 
METERS FEET DEE C Dl33 F 

G E O T H r n L  GRRDIENT 
DEG C/KM DEG F/100 FT 





DEPTH 
PlETERS 

75.0 
RQ.0  
IS. 0 
'39.0 
95.0 
lo@. cd 
185.0 
11@.0 
115.0 
12d.0 
125.8 
T30.0 
135.0 
148.0 
115.0 
158.0 

LOCRTIONg BEND AMS, OREGON 
16W14E- 2DkD 

HOLE NQMEl RICHTER 
DnTE MEASURED1 9/23/80 

DEPTH TEIIPERRTURE 
FEET DEG C DEE F 

GEOTHERML GRAD I ENT 
DEE D K M  DEG FfIe0 



1-I!Mt31!RHTURE, D E G  C 



CEPTH 
METERS 

 LOCATION^ BEND AMS, OREGON 
sHMW*V 

HOLE NQME~-- 
DQTE MEQSUREDI 9/15/60 

DEPTH TEMPERATURE GEOTHERMAL GRFlDIENT 
FEET DEG C DEG F DEG C/KM DEG FYI80 FT 



DEPTH 
METERS 

1-DCflTIONa BEND WISP OREGON 
16S/:L 4E-27QRQ 

HOLE NRME: SHtWQY 1 
DQTE MEHSURED: 9/23/86 

DEPTH TEMPERRTURE 
FEET DEE C DEG F G E m H E R M i l L  GRQDIENT 

DEG WKM D E E  FfI.00 FT 



TEMPERFITURE.  D E G  C 







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



DEPTH 
METERS 

LOCQTIONI BEND RMSv OREGON 
16S/15E-29CDD 

HOLE NRMEI SHMWQY W 
DATE MEFlSUREDl 9/24/88 

DEPTH TEMPERRTURE GEOTHERNFlL GRRDIENT 
FEET DEG C DEG F DEG C/KM DEG F/100 FT 



LOCFITION BEND FIMSI OREGON 
16!4/15E-29CDD 

DEPTH 
METERS 

=E NWE;-- SHIWQY w 
DRTE NEFISURED: 18/20/80 

DEPTH TEVPERRTURE GRADIENT 
F E E T  DEG C DEG F D g E w D E G  FYI00 FT 





DPTH 
METERS 

LOCFITIONI BEND RMS, OREGON 
16S/ISE-2BCBFI 

t-H3LE NQME: SBUTTE 1 
DRTE MERSURED: 18/28/88 

DEPTH TEMPERRTURE 
FEET DEG C DEE F 

GEOTHERMFIL GRRDIENT 
DEG C/KM DEG F/100 FT 











DEPTH 
METERS 

LOCRTIONI BEND RMSI OREGON 
1 6 S / I 4 E - I 7 D D D  

HOLE NRMEl S T  HWY 1 
DRTE MERSURED: 11/25/88 

DEPTH TEMPERRTURE GECTHERMFK. GRFlDlENT 
F E E T  DEG C DEG F DEG C/KM DEG F/l90 FT 



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

- 
- 
- 
- 
- 
- 

a-,., ./ 

15 20 1 

- - 
- I - 

- - -  - 

- 
- 

SO 
i.. 

I I 
. . 
LJ 
,- 
2- 

C 

ZL 
l-- 
0, 
1L.J 
C 3 1  100 

d 

--I 

d 

-1~ I I I 
I 

C3 
- 
- 

0 ST' HWY 1  
Q 1 6 ~ / 1 4 E - l 7 0 D D  - 

Q 1 0 / 2 0 / 8 0  - 
d D Q - 
- P Q 

D 16S/14E-l70DO 
1 1 / 2 5 / 8 0  - 

.- P Q - 
- D Q - 
- D O  - 
- DO - 
-- D 0 - 
- . D (3 - 
. - D (3 - 
- D 0 - 
- D Q - - e, 0 - 
- e, Q - - e, Q - 
- e, Q - - D (3 

- v 0 
- 
- - D (3 - - P Q 

b Q 
- 

- 
P Q - 

b Q - 
- rn 

d 
c0 

- W 

i- 
El 

I I I I a I I 1 

.. ._ I _  - . -+- - 



DEPTH 
METERS 

LQCFIT I ON : BEND Rris, OREGON 
16S/14E-I%BC 

HOLE NRME I SHrlWFlY 3 
DQTE MERSURED: 9/23/80 

DEPTH TEMPERQTURE GEOTHERNQL GRf3DIENT 
FEET DEG C DEG F DEG C/PM DEE F / 1 0 9  FT 



DEPTH 
METERS 

LOCRTIONI BEND RMS, OREGON 
16S/14E-lWBC 

HOLE NQME: SHMWAY 3 
DRTE MERSURED: 9/25/88 

DEPTH TEMPERATURE GEOTHERMX GRRDIENT 
FEET DEG C DEG F DEE C/KN DEG F/100 FT 





DEPTH 
METEPS 

LOCATIONI BEND AMS, OREGON 
16S/14E- 9DBB 

HOLE NQME 1 M I WON 
DRTE MEFISURED: 9/26/80 

DEPTH TEMPERATURE GEOTHERMiK GHDIENT 
FEET DEE C DEG F DEG C/KM DEG FYI00 FT 





'FEMPERF-I IURE. D E G  C 
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