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k r k ~ g  1975 and 1976 38 holes were d r i l l e d  i n  central and 

eastern Oregon to obtain data for c z l c u l ~ t i o n  of heat  flow d - 0 ~  the 

Brothers x"au2t zone and a possible east~mrd mtension o f  the zone, 

The holes were d r i l l e d  to variable depths with the  majority of holes 

in the deepth range of 60-150 a. ( 1 ~ - 4 9 2  ft,). C e o t R e d  gradLents 

and estimated heat f l o w  values were a l s o  obtained from 15 water mUs 

and mineral exploration holes. 

Heat flow is variable along the zone and n w  of the values appear 

to be influenced by ground water movement. Kost of the heat flow values 

i n  the fault zone between Pine Mountain on t h e  rares t  and =ley Junction on 

t h e  east are 1.9 HFU or greater whereas values north of  the zone are 

appmxhately 1.6 WU, The systemat5.c decrease i n  the age of si ljcic 

v o l c d s m  f r o m  east to west along the fault zone as defined by MacLeod 

and others (19J6) is not  reflected by a sy3tematic variation in heat f l o w  

vaues. Anonalously hi& heat flow at Glass Buttes and at several. local- 

i t i e s  in and west  of Harney Basjn outEnes a bmad area, parallel to the 

fault zone, which deserves f u r t h e r  study. A t  Glass Buttes high heat flow 

coincSdes with an area of intensive hydrothermal alteration and low elec- 

trical resisbivity and these features collectively def ine a prorising 

exploration target. 

Heat flow values of 1.7 - 2.0 HFU in L k e e  holes along the eastgrn 

border of Oregon limit t h e  western extent of the Battle Moountdn heak 

flow high as defined by prevhus workers (sass and others, l T 7 6 A ) .  



Purpose 

Tne purpose of tihe research described hereinwas to mear ~ u r e  

crustal heat f L o ~  along and acmss the Brothers f a u l t  zone, a 

major regional geologic Eneament which crosses cen t r a l  Oregon 

(figure 1). Previous work had shown that  t h e  zone contained a 

geologic environment favorable for the occurrence of  geothermal 

enerm (Walker, 1974 and Groh, 1966). Measurement of heat flow 

was adjudged t o  be the most direct and appropriate technique for 

evaluating the geothermal potential of t h e  stucty area. 

Scope 

The study consisted of t h e  dr i l l jng  o f  38 holes, measure- 

m t  of geotherma3 gradients ( the  increase i n  temperature w i t h  depth) 

in the holes, subsequent laboratory measurement of thermal eon- 

duc tivirity on rock samples frm the Rdss and f i n i l l y  calculatjen 

of heat f l o w  which is the pmduct of the gradient a d  thexmal 

conductivity values. Xoles were i n i t i a l l y  drilled in 195 in a 

varLety of rock k y p s  along prof i les  oriented perpendicular to 

the west-northwest trend of the Brothers fault zone. The 2975 

holes  were located i n  the mne and near the north and south margins 

of the zone as defined by regional ~eoLogic mapping (!Calker and 

others, 1967 and Greene and others, 1972). In 1976 holes were 
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d r i l l e d  in and near s i l i c i c  volcanic centers at the west end of 

t h e  zone, across a possible eastern projection of the zone and 

i n  older mcks north of the zone to provide regional background 

data. 

Def in i t ion  of terms 

Pitr ic  u n i t s  are used throughout the  report and 3nglish 

un i ts  are included in parentheses for convenience where appropriate, 

Heat f l o w  is used throughout this report to mean crustal heat 

flow as measured in shal low holes, and we have made no calcdakions 

of reduced heat flow. Heat flow daka are presented in heat flow 

units (WU) o f  r i r i c~oca lo~ ies  /ern,' sec. Geothermal gradients are 

measured in degrees Celsius per Elometer of depth and t h d  

conductivity i s  expressed in mXl.icalories /em, see. OC. 

M U  hole numbers express hole location by township, range 

and section in a manner s ~ 1 a . r  to established practice of the 

U.S. Geola@cdL Survey for water wel ls .  The refinement of loca t ion  

w i th in  a section is based on a quadrant subdivision of A, B, C, 

or D for  the northeast, northwest, swrlthwest or southeast -: or 
- $ sectfon. Thus a hole in the  northwest $ of t h e  soutl-mest 6 

of section PO, township 9 south, range east i s  numbered 

B/1@ - 10 CS, The f i r s t  letter after the section number represents 

the $ section and the second l e t t e r  designates the $ - $ section. 

h e  to the l ack  of d e t a i l 4  topographic maps in p r t i o n s  of the study 

area i t  was not possible to refine some of t h e  hole locations to 

-i - $ section and for these hole mioers the second letter is not  



@yen. Tomship and r a z e  designations refer t o  the Willamette 

base line and meridian respectively, 
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Zelated Studies 

The heat flaw study of the Brothers faul t  zone i s  a segment 

of a continuing state-wide heat flow investigation. The Departmnt 

of Geology and ffineral Industr5es recently completed a conpaninn 

studj in t h e  t.kstc?rn Cascade Ranp;e and the U,S. Geological Survey 

recently published t h e  results o f  t h e b  heat f l o v r  umrk in an area 

in southern Oregon wfiich li5s south of the Brothers  fault zone 

(Sass, J .H,, and others, 19765). 

The preliminary results of our work in 1375 were described by 

Bmsen and others (1976). A heat, f l o w  study of  the western Snake 

Ever Plain, which adjoins t h e  area investizated in this seprt ,  5s 

described by arott and others (19?7]. 



The Brothers fault zone (figure 1) cmases central Oregon and Ljea 

betureen the Cascade Range on the west and Steens Flountain on the east. 

The majority of the heat flow holes drLlled as part of th i s  study l i e  

between t h e  city of h n d  on the west and Hamey Basin innear the city of 

Burns on the  east (figure 2). Additional holes were dri l led in the Blue 

140untains i n  northeastern Oregon (figure 3 )  and near the eastern border 

of the state hetween the towns of Adrian and Jordan Val ley (figure 4). 

The study area encompasses portions of  Crook, Dssehutes, Harney, Lake, 

Mheur  and bIorrow Counties. 



The Brothers f au l t  zone is a major structural lineament 

which forms the northern boundary of the  Basin and Range ~eolo&c 

prov5nce across much of central. Oregon (Lawence, 1976). Recent; 

work by Stewart and others (1975) demonstrated that t h e  I3rothsrs 

fault  zone is colineax d t h ,  and possibly a northwestern portion 

of a structural zone termed the Oregon-Nevada l i n e a n t  which 

&ends as far southeast as central Nevada. 

The Brothers fault zone is considered to be a zone of right- 

lateral tear faulting (Lawrence, 1976). Peterson and others (1976) 

describe the zom as a belt o f  closely spaced en-echelon n o d  

faxlts. Walker (1969) notes t h a t  "The normal faults  of the  zone 

and t he  volcanic vents along the zone represent only the sur- 

face manifestation of deformation, the exact nature a f  which is not 

known. The pattern of n o d  faults within and near the Brothers 

fault zone and the relation of m y  d l  monwlinal f o l d s  to the 

fault suggest, hawever, that t h e  zone overlines a deeply buried 

faulk ~ 6 t h  la te ra l  displacement; the no& faults denote only 

adjustment of surf ace and near-surf ace volcanic and tuff aceous 

sedimentary r ~ e k s . ' ~  

me t ime  of onset of tectonic activity along the Brathers f a u l t  

zone is not accurately known. The individual  faults along the z3ne 

have displaced all the rocks in t h e  area except the l a t e s t  Pleistocene 

lava5 and a slLckensided and obviously young fault plane done; the  



zone is exposed near Hampton Butte (peterson and others, 19715)~ horuever, 

t h e  zone does not apgear to be se5smically active a t  the  present time. 

A sumnary of earthquakes In Oregon between 1&& and 1970 showed only a 

single event along the Brothers fault zone, an intensity 111 eaxthquake 

near h n d  i n  1943 ((Couch and Iiowell, 1971). 

The Brothers fault zone Lies in the IIigh Lava F1aj . z~  ptUrsiopapMc 

province. The zone traverses an interlayered sequence o f  volcanic and 

semen* mcks ranging in age from Mocene to Holocene. The volcanic 

rocks at the surf ace are predodnantly basalt flows and rhyolitie ash-f l ow  

tuffs with scattered rhyolite and hyodacite domes. The sedimentary rocks 

are poorly idurated tuffaceous sandstone, sil-l;stone and claystom of 

f luv ia t i l e  and kcustrine origin.  R e ~ o n a l  geologic maps by BIalker and 

others (1967) and Greene and others (1972) cover the eastern and western 

portions of the fault zone respc t ive ly .  

The rhyolite and xbyodacite domes d o n g  the Brothers faul t  mne and 

a broad area to .the south, show a generail propessive decrease in age 

fmm Harney Basin westward to t h e  Cascade Fhge (YacLeod and others, 1976) 

although silicic cnmptexes at Pine lbuntsin near the r u e s t  end o f  the  area 

with  an age of Zl million years (Mach&, o r d  comtmicatLon, ?.larrch, 1977) 

and Iron Mountain neay the east end of the area with an age of 2.7 million 

years are exceptions t o  this pattern (~arker, 1974). The b a s a t  flows do 

not show any systematic age progression and Holocene to Pliocene flows and 

cinder cones are found intemit-bently along the zone f r o m  the Cascade Rulge 

to DLamond Craters in H a m  &sin. The trend of centers of young basalt 

volcanjsm continues east f r o m  Diamond Craters to Jordan Craters near the 

town of Jardan Valley, Oregon whereas the structural Lineament &ends 

southeast from Harney Basin at least as far as the major fault b o d i n g  

the  east side of Steens 14ountain. 



The hydrology along t h e  western portion of the  Brothers fault Bone 

is poorly understood as there are few rrater w e l l s  in the area. A 

compilation of available data f r o m  t h e  ttewberly volcano area indicated 

t h a t  the  static water level is 120 - 600 m. (400 - 1968 ft.) below 

the surface and tha t  the B ~ O ~ ~ R F S  fault zone may have a controlling 

effect on the ground water levels in the  area (C. Passinger, written 

communication, February, 1977). The movement of ground water appears to 

be no~th from t h e  vicinity of For t  Hock and Newberry volcano towards 

the  c i b j  of Bend and northwest f r o m  t h e  towns of Brothers and Fillican 

also towards Send. The s ta t ic  water level becomes shallower d o n g  the  

eastern portion of the Brothers fau l t  zone a d  in Hamey Basin it l i e s  

at depths generally less than 30 m, (98 ft.), Perched ground water appar- 

ently is cornon in the vicinity of t h e  fault zone. Ground water studies 

which cover portions of the Brothers Y a l t  zone include those by Trauger 

(1950) who compiled data for Lake County, and Piper and athers (1939) and 

Leonard (19'70) who studied ground water in Harney Basin, 

The heat f l a w  holes dri , l led west of Longitude U O O  I.J did  not 

penetrate the static water l eve l  whereas many of the holes to the east. 

were drilled jLn part below this level. 



D r i l l i r q  

D u r i n g  the heat f l o w  study holes were drjlled to var5able 

depths r e n g  f r o m  17.5m, (57 ft.) to 248 rn. (815 ft. ) with truck 

inounkd rotary d r i l l s .  The d r i l l s  used for various phases of t h e  

work were an m r s o l l  P a d  mdel  T4 and a Fail ing model CF 1500. 

A variety of ddrUng techniques were used including dm-hole  air 

hanrmer, aAr rotary and diamond coring. Most of t h e  foot;age was 

d r i l l e d  with the down-hole harimer and coring was confined to selected 

intervals and constituted about two percent of the t o t a l  footage. 

Holes were d r i l l e d  in a variety of rock types with variable 

success. Rasalt f l o w s  are the predominant rock type at the surface 

in t he  study area, and they present especial problems for heat flow 

d r i l l i n g  because they are ground-water aquifers and m o v i n g  ground- 

water tit depth may distort conductive heat f l o w  p a t t a m .  In addi- 

tion the basalt flaws in the vincinity of  the B~others faldt mne 

are generally only a few m e t e r s  .to a few tens of meters thick and 

unconsolidated or poorly consolidated sediments and cinders are 

cornonly interlayered ~ t h  the  flows, result ing in caving of the 

drill holes. The relatively t h i n  basalt flows are characterizgd by 

marked variations in porosity which results in significant e a t i o n s  

in t h e d  conductivity valws within a given d r i l l e d  section. 



The widespread silicic welded ash-flow tuff sheets offer good 

dr i l l ing  conditions but their maxhnm thickness i n  the study area i s  

approximately 76 m. (250 ft.) and temperzture gradients measured in 

the welded tuffs cannot re l i ab ly  be projected to any p e a t  depth. Also 

unconsolidated pumice and/or sediments at the contacts of the tuffs 

tend t o  cave. 

The rhyolite and rhyodac5te domes present relatively good 

dri l l ing conditions but their resistance to erosion and, in some 

cases, t h e i r  relatively young age msult in marked topographic 

relief which limits access for d r i l l i n g  and necessitates topographic 

correction of the geothermal gr-ent data. These s i l ic%c domes are 

widely and irregularly spaced and appear to  be "mushroom" shaped. 

Some of the drill. holes coUared on the flanks of the doms passed 

out of the silicic rocks at shallow depths, 

Three holes were d r i l l e d  in late 1976 dong  Sucker Creek in 

IbJheur County in a predominantly sedimenbry section in t h e  Sucker 

Creek Formation of Miocene age. This unit offers good d f i l l i n g  

conditions a c e *  f o r  interlayered thin basalt flows which a c t  as 

aquifers and require grouting. A single hole was dri l l ed  in trond- 

j d t e  of Mesozoic age in I4o~row County and #is Iitholagy presented 

no problem. 

The direct d r i l l L n g  cost in individual holes varied f r o m  

$5.77/m. ($1.76/ft.) to $89.Ld/m. ($27,76/f t.). A tot& of 2670 rn. 

(8,762 f t. ) of hole was drilled during the course of ths project 

at a total direct cost of $50,045, iem7 an average cost per meter 

of $18.73 (or fi5.71/ft.). 



The relatively shallow holes d r i l l e d  in 1975 to a depth o f  61 m. 

(200 ft. ) or less had a mean cost of $13a22/m. (&.Q/ft. ) whereas 

the d r g l i n g  in 1976 to a t a r g e t  depth of 152 m. (500 ft.) resulted 

h a cost o f  <$23.56/m. ($7,l$/ft.). 

Penetration rates for individual holes varied considerably. 

The various volcanic and sedimentary units alonp; t h e  Brothers fau l t  

were dr i l l ed  td th  the down-hole air harrner at rates of 10-20 m./hour 

(33-66 ft./hour). Caring zones and coring slowed progress considerably 

but individual holes were generally completed in one or two days, The 

t r o n d j d t e  at Black Mountain was d r U e d  with khe downhole air hammer 

at an average penetration rate of ?.5m./hr. (214.5 ft,/hra 1. 



Geothermal gradient 

Temperatures were measured at depth intervals of 2; or 5 m, 

(G.2 or 16.4 ft.) using a previously calibrated t h e m i s t o r  (tenper- 

ature dependent electrical resistance element) probe. A detailed 

description of the instrumentation is  given by Roy and others  (1968). 

The thermistor dement has a temperature pecision of 0.005OC although 

the precision of repeated temperature measurements at a particular 

depth i n  a hole is  approximately O,O~'C due to the difficulty in 

repositioning the  pmbe at the same depth. The temperature gradi~nts  

tabulated herein are calculated by fitting a least squares straight 

l ine  t o  the data. 

The time required for  temperatures to reach equilibrium in a h o b  

after d r i l l ing  i s  exceedingly variable and ranges from a f e w  days to 

a few months, The time varies depending upbn drilling method, d r i U q  

medium (air versus water), likhology, permeability of the host rock, 

groundwater conditions and the natnrs of the material u s ~ d  to backfEU. 

the hole (cement versus d e l l  cuttings versus d r i l l  mud). 

!Thermal conductivity 

During drilling samples of cuttings were taken at intervals of 

6.1 ar 12.2 m, (20 or 40 ft. ) for subsequent laboratory measurement of 

t h a d  conductivity, Intermittent core samples were taken to check 

the conductiyity values measured on the cuttings and to  pmvide more 

accurate values f o r  rocks of variable porosity, Conductivtty masure- 

ments were also made on outcrop samples o f  basalt  and rhyolite. 



The divided bar mtnod of measuring thermal conductivity was used 

on cuttings as described by Sass and others (1971B). 

h e  to the lack of knowledge of t he  average porosity for most 

of the l i thog ic  units encountered in drilling, the, measured thermal 

conductivrity values for some holes a m  subject to uncertaintisz. of 

as much as 20 percent. In order to reduce the uncertainty in eon- 

duct ivi ty  v dues, continuous cores are needed, however core d r j l l i n g  

would increase the un i t  cost  of d r i l l i n g  and decrease the total amount 

of drilling by a factor of 2-4 times. The tradeoff between data quality 

and data quantity is a moot point. In the present stucty it was decided 

that the overall goals of the project would be best attained bj 

-sing the number of holes st som sacrifice in the quality of 

the conductivity measurements. 



Heat flow data f r o m  68 d r i l l  holes  are E s t e d  in table 1 and the 

h o l e  sites are shown on figures 2, 3 and 4, Included i n  table I and 

figure 2 are data f r o m  1 5  holes previously reported by Bowen and others 

(19751, Sass and others (lq76B) and Sass and Nunroe (193). Thifiy- 

eight of the new heat f l o w  measurements are from h o l e s  d r i l l e d  specifi- 

caw for heat f l o w  information; 34 of these holes are i n  central Oregon 

(figure 21, 3 are in eastern Oregon (figwe 4 )  and 1 is in northeastern 

Oregon (figure 3). The remainder of t h e  new values are fmm water w d l a  

a d  mineral exploration holes .  

The i n f o m t i o n  f m m  the various holes in table 1 are listed by 

township from north to south and for a m c u l a r  township the holes 

are ordered by range f r o m  west to east. I k e  heat flow values for central 

Oregon are discussed first and khe mmahder of thk data a re  reviewed at 

the end of t c s  section. 

Twenty-five of the heat flow hales in central Oregon were d r i l l e d  

in the summer of 1 9 5  and 9 were dril.led in 1976. The obJective of 

the &Uing in 1975 was t o  utilize shallow WUS SO that a broad area 

and a variety of rock t y p s  cod& be tested as inexpensively as possible .  

A nominal drill hole depth of 61 m. ( X K )  ft) was s e l e c t e d  because of 

t h e  relatively high g e o t h e m  gradients noted jn ~ e v i o u s  studies 

(Bowen and others, 1975) and the l o w  t h e 4  cenducti~ty anticipted 

f o r  the various rock u n i t s  in the area. Because of the scarcity of 

previous drilling in the study area, l i t t l e  submrface geologic and 

hydrologic information were available prior to d r i l l i n g  except for the 
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T A E U  1 - GEO!BiEI1MAZ DATA FFUH BEMTHERS FAULT ZONE, O W N !  

N represents the number of samples of d r i l l  eorea or cuttin s on which thermal conductivity 
determinations were made. Values in ~illlcalaries/em. sec. 'C. 

Values in parantheses ase terrain corrected. 

The variable quaLity af the heat f l o w  values is shown by an alphabetical symbol ranging f r o m  "A" (best) 
to W D ' t  (poorsst). ?he hole or section of hole marked by a D1 is effected by re@onal water f l ow,  D2 by 
intra-bore hole water f l o w ,  D3 by possible lateral surface tempraturn variations, and D4 by an unknown 
disturbance . 

4/ Values in parentheses are estimates based on l i t h o l o ~ .  

Symbols in parentheses represent geologic map units of Walker and other8 (1967) and Gmene and others (1972). 

J/ Reported by Bowen grid others (1977). 

Reprted by Sass and others, (1976B), number in parentheses is w d L  n w e r  used by author. 

Reported by Sass and Murime (1973). 

Gradient values of lower rel iabil i ty are enclosed in parentheses 



Table 1. Geothernwl data f r o m  Elrothers fault zone, Oreeon 

North 1:es.t 
Depth e m 1  

'lev* I n t a r v d  Cozuct ivi ty  Gradient 
Location Latitude Longitude Meters ltters o C / h  

2 1 d i t y  f low Li thology 

G J Z ~ T - ~ D B  45'12.3f ~ 9 2 0 * 1  1219 55-125 13 7.3 36.3 ' 0.6 2.6(1.9)ga Tmnd j em i te  

(2.8) U5.5 6.1 4.1 B Si l t a t one ,  sandstone, 
basalt 

(5.3) 9.1 D4 Basalt (?) 
(38.33 12.0 C 

19~/16~;16~c 43'54.91 120'49.1 1 1376 25-303 (9 .6 )d  51.1 8.1 1.8 8 Basalt 

205/143/25!t"18+3048.~t ~ 0 ~ 5 9 . 4 ~  W 8  20-1+5 2 4.4 52.0 5.2 <2.3 D4 Rhyolite & pumice (QTSV) 

45-125 4 4.4 34.4 1 . 0 ~ 1 ~ 5  C RhyoLi te 

2 0 ~ / 2 1 ~ 7 ~ ~  43'51.4' 120~15.31 1460 12.5-57.5 6 3.5 52.9 3.1 1.85 S Basalt or andesite (Ta) 



Morkh :!eat Elev. Depth 
1,ocation kititud e Lon@ tude Metera Interval Gradinnk Heat haELity L i t h o l o a  

Meters E " c / h  Plow 

2~/11~-25~13 43O43. 9 1 1~1~21.7 1515 10-27.5 30.7 *3.5 D4 Obsidian and ciders 
27.5-35 2 3.6 65.3 4.3 2.4 C Rhyoli te  

z ls / l5~-16~a sj01;5, 21 l2o056,2l 14.76 20-70 5 4.4 30.8 4.3 ~1.4 D3? Q r o l i t e ,  pumice & 
70-150 6 4.2 55.0 1.5 2.3 C l i t b i c  tuff ( 1 3 . ~ 3 ~ 1  

~LS/J.~E-LAII ~)+3~47.0 1 120'36.9 1 l.440 15-40 2 (1.7) 1~3.6 4.0 1.9 Rhyolite & rhyodacite (QTT 
40-90 S (2.41 82.5 3.1 2.0 

Best value 2.0 B 

213/19E-12D 43'b5. 9 t 120'22.9 1 13 80 10-20 1 (2.41 84.5 10.5 2.0 Rhyolite 
20-3 0 1 (4.6) 42.5 3.4 2.0 Bnsdt 
30-40 (244) dt3.0 8.4 2.1 Sediments 
40-47.5 2 (1.6) 128.0 .12.2 2.L ~ c e o u s  t u f f  

47-5-60 1 (2.2) 8S.4 8.8 1.9 F Q o k i t e  tuff  
B ~ s t  value 2,O E 

21s/235-26C 43*4.?.st 119°55.f?' 13.40 12.5-60 3 3.6 42.4 1.2 1.5 Basalt (Tob) 

2 ~ / 1 & - 3  AC 43O41.9 t 121'02~3 1 l5m 15-75 4.0 1.4 Dl Obsidian & s c o r i a  

Dl Obsidian (QTsv), scorla 
& cinders 



rtlorth IKe s t Elev. Depth Them-& 
~ n t e r v a l  c nductlvity Gradient Heat k a i t y  Flm T , i  thology 

Latitude Longitude MEters t3Tpt,nrs $ / ~ n - s i t u  O C I h  

22~/19%5CC b ~ ~ 4 1 . 4  ' 120028.7t 1450 10-27.5 3 (244) 75.?&5#6 1-a Ras aLt (?To) 
27.5-3 5 L (4.6) b9.3 2.25 
35-37-5 L (2.4) 84.0 1.98 

* s t  value 2.0 Es 

22S/19~-32~D ~ ~ ~ 7 . 6 1  ~20~27.41 1520 LG15 1 (2 .4 )  96. 2*33 Basalt (QTb] 
15-37.5 2 (4.6) 39.6 1.9 1.81 Rhyodacite 

57.542.5 1 (2 .b)  66. 1.56 II 

42.5-47.5 1 (l .6j LLB Pumice 
B R S ~ ~ U ~  1.9 B: 

22S/23?~14CB 43'39.6~ 119'56.2 1290 12.5-17.5 4 2.4 61 1.5 D Sandstone, siltstone ( T s t  

23S/l9&5B 43'37 '0 1 120°2g .k 1550 10-25 1 62.4) 73.3 5.0 1.78 Basalt (Qtb) 
2 (4.6) 44.0 6.0 2-01 Rhyodacite 

25-40 40-45 1 (2.4) B2 1.94 II 

45-55 1 (1.6) 121 la hmic  e 
5 5-70 1 (2.2) 95.3 7.6 2.07 Rhyodacite 
70-150 1 (3 .9 )  50.9 1.2 1.49 Welded tuff 

Best. value 2.0 A 



North !Jest U e v .  Gradient  at 
Location Latitude Longitude Meters OePth a~~c%?%-ty o ~ / ~  G d i t y  Li tho logy  %?%F 13-situ Flow 

23S/23T-l% 43'34.51 s2800,bt U60 10-27.5 3 2.4 133.7*7.6 3.2 "ruff aceous sediments (Tst 
rJ.5-35 1 (1.6) 1$5.318.2 3.0 Pumice 
35-62.5; 3 2.4 133.1 1.9 a Obsidian 

B~st Value 3 .I. A 

2 3 S / a ~ - 2 7 ~  43'32 -3 11-9°56.Gt 1450 40400 ' 2.3 203,4 2.3 b4.6 B Rhyolite and obsidian 
200-220 43.2 1.3 D2 ~t 

235/26%25AB 43'33 2 ' 11q032,81 1300 10-30 88 Dl Alluvium (QaZ) 
30-125 (33-76 1 Dl. 

233/28MeD 43'34.8 t 119O24.3t 1370 10-42.5 4 4.e 27.1 2.2 1.3 ', ,'~lded t u f f  (Tdo) 
42.5-60 1 4.6 33.3 1.0 1.I H H 

Best value 1.4 33: 

z ~ / z z ~ - z n ~  43'30.5 t 12U002. 6 lk60 15-60 4 2.4 120.2 2.2 2.9 8. Tuffaceous sandstone 



PJo r th We st 
Depth Thermal 

Elev* Interval 
Gradient 

Latitude Longitiude Pebers Cpluctiuity o c / h  
Heat G u a i t y  

EIe t e rs In-situ Flow 

2&/22~-20AA 43029.lt ~20~05.81 0 10-20 3 2-7 32.5k4.7 0.9 Alluvium (Qp) 
20-32.5 (1.6) 1a.B 4*8 1.8 W c e  

32.5-60 3 2.6 ?j41 4.6 - 1.9 Tuffaceous sand & silt 
Bestvalue 1.9 A 

2&~/25E-3BD 43O31.11 1~9~42.91 1450 1 5 4 2 . 5  7 2.4 104.0 10.2 2.5 13 Basalt & rhyol i te  
42.5-60 9.7 5.2 D2 

I1 tl 

Basalt & tuffaceous sed, 
Velded tuff (Tdo) 

~ / 2 6 l ? - 2 & ~ ~  ~ ~ 2 8 . 5  1 119O32.6 r 13hO 5-37.5 Ir l r 6  213.5 12.8 3&4 Pumiceous tuff ( T r r )  
37 5-45 2.h 134.7 6.1 3,l Wfaceous s e d h n t s  
45-60 1 4.2 80.0 3.8 & Velded tuff (Tdo) 

Best value 3.3 B 



North Viest Elev. Depth Them1 
Location Gradient Heat Latitude Longitude ikters "C/h 

Meters $lldU%%E% Flew cual-ity I . , i t h o l o ~  

~~s/~IX-~BB 43'26.2' ~ 9 ~ 0 1 . 1  1262 42.540 5 3 1 30.9 2.5 1.0 ~3 T W f  claysto e 
s b d s t o n e  ?T&) 

2~/~lE-2lo(Si~ 43'221 ll9O02' 1266 50-190 2*1 g1 2 1.7 - 

25~/33E=3IB ~ ~ 2 5 . 9 t  ~ 8 ~ 3 g . 5 t  1274 10-28*6 2 2.4 188.3 1g.9 4.5 B Wfaceous sediment (TS 

253/33l%ll~B 43O25 .2t 118O37.7 1 1257 0-65 (2.3 (60-70 1 1.5 R sediments (QS) 



Idorth IJe s t Interval  Depth C nductivity oc/h Heat !ludity Thenla1 
Location 

Gradient T i  thology Lati tude Longitude Meters k in-situ Flaw Meters 

z ~ s / & ~ F , ~ ~ A A  43O23.61 1 ~ 7 ~ 0 7 . 7  U27 10-150 10 3.3 52.5 * 2.6 1.7 A Tuffacaous sandstone 

24~/243-Zl,Ao 43'18~3 1 119"46. 7 1 1420 17.5-60 7 2r3 84.2 2.9 1.9 rUr-faceous s e d h c n t s  (T: 

2 6 S / 2 5 ~ - 2 0 ~ ~  17.5-22.5 2 23 0.8 Dk Sediments, cindars, bass 
0 

26S/30%3BB 43'21. E l  119 07.01 1273 7-5-30 8 2.4 47.6 1.1 D3 Tuffaceous claystone (Tz 

26~/30%2011~ 43'17.7 1 119°08. 7 1 1250 10-25 6 2'6 69.7 1.8 5.8 C Sand & gravel ( 9 s )  

2&/,!+6~-28AB 43'16.6 117'05.8 1233 15-125 10 2.7 74.7 2.8 2.0 A Tuffacaous sandstone 

27~/29E-ZlAC 43'13 3.o 119'14* 12-5-45 13 3.9 54.2 2-1 B b!slded tuff (mo] 

2 7 ~ h 0 6 1 3 ~ @  ~~13.2' 118°56.3' 127'3 25-60 (2.3) 130.4 2.5 3.0 (2,8) Tuff, claystone, siltstone 
60-130 (3.1) 61.6 1,4 1.9 (1.8) 

Best value a 5  



PI0 r th Yest Elev . Depth Thermal 
Location Latitude Interval co ductivi ty Gradient Heat Qua iky titholow Longitude Meters 'c/h Meters -Q? h i t u  F h v  

3 0 B. Tuff, claystone, siltstone 

Ill. Basalt (Qb) 



North !Test Elev. Depth Tne@ 
Loc ation btitllde Gradient. Heat 

Langitude Me tgrs Qggrvl.  C ~ ~ d u ~ ~ ~ ~ ~  " C / h  Plow Quality Wtholoe=y 
- 

51.3k6.3 2*O C I:!clded tuff  (Tde) 

28S/TOE-l3D.i 43'08.2l ~ 8 ~ 5 6 . 3 t  1265 20-25 (2.3 1 82 1.9 C Tuff acsous sediments  st) 

2=/32~-36cc 43005.3' 118°43.~1 1277 20-37.5 5 3 a 1  (39.4) 5.4 1.2 I2 Basalt & sand 
37 5-50 ( 2.4) 2.1. D2 Sand & day 

2%/3 lC2B (MR-443  00s' 118O51 1 1260 57.9-62.5 4 2.37 65 + 2 1.54 
89.3-92.0 4 2.19 3 I 3 1.82 
60-100 8 2.28 74.2 1. 0.8 1,6q 

Best value 1.7 

1262 40-91 4 2.19 96.0 0.6 2.10 
or 56.4-64. 4 2.19 SS- 1 

Best value 2.0 

I:?elded tuff (Tdv) 
Sediments 



North West Elev. Depth TharmdL 
Location Latitude bngitude Meters Interval uctivity  Ggadlent Heat v c / h  Flaw 

Quality UUI ology 
Meters in-si tu 

n / 

North West Location Latitude bngitude Meters Interval uCtivity vrau~enz Heat V in-situ O C / ~  Flaw 
Quality 

Meters 
n / 

UUI ology 

3 2 ~ / 3 % 1 b ~ A  42O4e.3 118O57.6 lk3k 20-60 3 3.9 17a7.5 0.5 0.7 B Basalt 



i-lmey Bash. The relatively shallow hole dspth was designed t o  develop 

data over a bmad area although t h e  a~tens ive  areal coverage desired 

required some sacrifice in data quality f o r  individual. holes. 

In 1976 holes were d r i l l e d  to a target depth of 152 m. (500 ft.) In 

verify heat f l o w  values calculated f rm 1975 data and t o  increase confi- 

dence in results f x o m  an area at the  west end of t h e  Brothers faul t  zone 

no t  previously studied. These dr i l l i ng  strategies were only p r t l y  suc- 

cessful and drTUjng problems due t o  caving and groundwater cond5tions 

proved to be the practical. limitation on hole depth in s e v e r a l  areas. The 

deep static water level in the western portion of the  study area (west of 

longitude 120%) precluded measurement of  tmprature gad3.enta below the  

water level. 

Sjx teen  o f  the holes d r i l l e d  i n  1 9 5  i n  central Oregon reached depths 

of 45 - 67.5 m. and useful gradient data were obtained from Ik of them. 

Of the remaining tm holes, one was completed as a shallow water w e l l  

(no. 2 ~ / 3 2 E  - 3&C) and the other (no. 25~/3X-@I3) resulted in ambiguous 

data. Five other holes were completed to depths in t h e  range of 30 - 4.5 m. 
(98 - U+8. ft.) and sbc were terminated at depths less t h a n  30 rn. (98 ft.) 

due to cawing, Two of t he  holes to depths of 30- 45 m. (9.9 -U$ ft.) 

gave useful data, two others had low but measurable gradients and m e  of 

the five provided no useful information. For holes less than 30 m. (9fi 

ft .) deep, tibee gave useable data  and one resulted in l o w  gradients. 

Seven of the holes d r i l l e d  i n  central Orsgon 1976 were bottomed 

a t  depths of 60 - 150 m, and a l l  but one gave useful data. Two other 



holes were stepped at depths of less than 60 m, (197 ft.) due to  

a c e s s i v e l y  expnsive d r i l l i n g  caused by caving and only one of them 

resulted in  useful ~ r a d i ~ n t  information. 

h summarg, twenty-eight of t h e  holes dri l led in central Oregon 

during t h e  study resulted Ln useful heat f low measurements w i t h  poor 

quality data being obtained from six other holes. In addition, heat. 

flow information of variable quali ty was obtained for  U water wells 

and mineral exploration holes. 

Factors which helped t o  improve t h e  data quality i n  the relatively 

shallow holes dr i l l ed  in this  study are the low topographic relief and 

l a c k  09 forest cover, thus Roles could be s i t e d  in areas of l a w  relief 

and undisturbed natural sagebrush vegetation, Terrain correct5or-s have 

not been made for any of the holes Listed in table 1 except 4~/2@-2lD~. 

Corrections were made for swveral of the other holes with largest apparent 

corrections and none exceeded 5 percent. In view of the other uncertain- 

t i e s  such an error is negligible. 

The heat f l o w  data in  central Oregon are discussed by &-area 

in sequence f r o m  w e s t  to east as holes were generally d r i l l e d  aJ_ong 

profiles spaced at 20 - 30 km. (l2-19 mi. ] east-wst intervals and oriented 

north-northeast perpendicular to the strike of the Brothers faul t  mne. 

On each profile, holes were spaced at intervals of 5-20 km. (3-12 TI&.). 

In addition an attern* was made to locate at least one hole i n  or 

near several of t he  major s iEcic  mleanic vent areas along t h e  zone. 

The silicic centers were chosen because it  was anticipated that they 

offered better drilling conditions t;'lan the more extensive basalt flows, 

previous work at Glass Buttes had s u ~ e s t s d  that geothermal anomalies 



might be associated with sif icic vent areas (Bowen and others, 1977) 

and to evaluate geothermal enerw potential  associated with the system- 

atic age progression of t h o  si3icic domes reported by Vialker (1974). 

The goal of d r i l l i n g  in or near these silicic centers was only partly 

successful as rogd access to several of them was limited or n o n 4 s t e n t .  

In addition, t h e  subsurface extent of the silicic rocks is unpredictable 

and holes slightly "off-centertt from the  vents passed through interlayered 

basalt-rhyolite (or  rhyodacite) sequences with repeated caving of the 

holes at t h e  geologic contacts. 

Newberw volcano area 

Five holes were d r i l l e d  and four water w e l l s  were logged for temp- 

erature data in the  vicinity of Newbemy volcano and the  c i ty  of &nd 

although none of the  holes and wells are on t he  volcano. Holes in the 

N e w b e r r y  area are IE!S/~~E~~BD, 1&/1%58~, 1~/11E25~~, l q ~ / 1 6 ~ - 1 6 ~ ~ ,  

20S/W5AA, ~ I S / K L I L ~ ~ B B ,  21~/15~16~~, 2 2 ~ / ~ 3  AC and 22~/1_5E-3 SAD. 

h holes in 1 8 ~ / l l ! Z  and l S / l 2 ~  have very irregular tmperatwe-depth 

curves and it is not possible to determine a single u n i f o r m  gradient 'for 

them, Hole l S / l l E - 2 5 ~ ~  has a gradient of 34.1+0~/lah i n  basalt between 

3&105 m., however, the temperature decreaserslOc abrupt* at that depth. 

The hole was later deepened for use as a water wll and could not be e- 

logged so the significance of the sharp reversal in gradient is not c l ~ a r .  

Holes 19S/ll%25&4 and ~LS/~I?Z+BB showed gradients increasjng with  depth, 

of 3 8 O ~ / l a n ,  a t  93-123 m. in t he  former and 6 5 O ~ / l a n ,  f r o m  27.5-35 rn. i n  the 

Iz t te r .  

The estimated heat flow for z~s/UB-Z~BB is 2.lc FlFU but the value i s  

of low r e l i ab i l i t y  because of the very shallow depth of the hole and the 



variable 3itholoey consisting of  interfingered basalt and rhyo l i t e  h i c h  

causes a variable, but unlu~own porosity. The erratic gradients in all, four 

of these holes on the west side of N e w b e r r y  valcano a re  due at l eac t  in 

pxrt to regional groundwater f low in t h e  porous Quaternary basdts .  

Four holes were d r i l l e d  east of Nswberry volcano in or mar s i l i c i c  

vo lca i e  centers at Pine Mountain, China Hat and Quarbz Mountain, A fifth 

gracE5nt was measured i n  a v:aker we11 northeast of Pine Mountain (19~/16% 

16DC ). The holes at Pine Hountain (2aS/U&25i~4 and 21~/15E-lbm] were 

dr5lled t o  depths of 125 rn. (410 ft.) and 152 m. (500 ft.) respectively. 

The farmer has a gradient decreasing with depth and averaging 34.k0~/km. 

i n  the deeper prt of the hole resulting in a heat f l o ~  of 1.5 HFU. The 

l a t t e r  hole has an average gradient of 5 5 O ~ / l o n .  although it increases with 

depth* It has a heat f l o w  o f  2.3 HFU, assuming a porosity of 0.05; for  the 

rhyolite host rock. R e  silicic complex at Pine Mountain has been dated 

at approx3matel.y 23 million years (N. k L e o d ,  personal c o ~ c a t i o n ,  

March, 1977). These two heat f low vdLues are not very similar and the 

gradien t  k both of t h e  holes is curved a t h o w  in opposite direct ions,  

The reason for this lack of agreement is not apparent. 

Shallow holes at China Hat ( ~ ~ s / L & ~ A C )  and Quartz Butte (223/15E- 

35A.D) have very l o w  gradTents of &%/lan. and 2 0 . 5 ~ ~ / h .  respectively. 

Both holes are in poorly consolidated volcanic rocks and the gradients 

may be affected by groundwater raovmdi. 

The best quality data in tho Nowberry volcano area is f r o m  a mtqr 

well (lw/lbE-16~~) i n  Pliocene basalt (Tob u n i t  of ':!alker and others, 

1967) w i t h  a gradient of 51.1°~/km, fmm 25-300 rn. (82-904 ft.). The 

0 
estimated thermal coduc t i v i t ;~  is 3.6 mcal/cm.sec. C, based on samples 

f r o m  o t h e r  holes Ln the same Zitholog5.c d t ,  resultiw in a heat f l o w  

value of 1.8 HFU. 



The data f ron the TJPwberry Volcano area show abundant eridenee 

of mving groundwater as is typic& of many young volcanic t e r r a i n s  

where topographic relief combined with relatively high wecipitation 

and subhorhontal  layers of very permeable lava and ash result in rapid 

and copius groundwater flow. Typical conductive heat flow measure- 

ments can be made o n l y  below such f l o w  where the mcks axe more indur- 

ated by alteration and mineral depsition. Such depths may be deep or 

shallow depending on the pervasiveness of hydrothermal alteration.  The 

relatively high heat flow a t  WKag Butte m y  represent an area of less  

groundwater influence on t h e  subsurface temperature o r  some other  effect. 

A deeper hole at t h i s  site would be v e q  inksresting. 

Frederick Butte area 

Five holes were dr i l led along a profile extending northeast from 

Frederick Butte, a rhyol i te  dome located i n  T. 22 S . ,  R. 19 3, and a 

s ix th  hole was d r i l l e d  about 15 lan. west o f  the  ~rrofile, Frederick 

Butte has a radiometric age of 3,9 million years (1.lackod and others, 

1976). Holes 22~/~93-32AD and 23~/l9%5B were d r i l l e d  at t h e  north- 

east and south marg5ns of Frederick Butte respectively. Hobs 22~/19E- 

5CC and 21~/19Z-L2D ware dr i l l ed  in Pliocene sedimentary s t r a t a  and 

volcanic units covered by a thin veneer of Pliocene-Pleistocene basalt.  

There was a poor r e t m  of d r i l l  cutt ings f ram these  holes a d  they were 

bottomed at dep'Lhs 37.5 m. ( ~ 3  ft.) for 5CC and 60 m. (197' ft.) f o r  12.D 

becmse of the dr i l l ing  problem. The northernmost hole on t h e  profile 

(2US/2lE-?BA) was d f i U e d  north of th6 Brothers fault zone to a depth 

of 57.5 m. (189 f t, ) i n  a t e r e d  andesite of the Clarno Formation of 



Eocene and Oliogocene age. The sixth hole in the  Frederick Butte area 

( 2 l ~ / 1 ~ 1  AD] was dr i l l ed  to a depth of 90 m, (295 ft, ) in s i l i c i c  

volcanic rocks. 

Tho four southern holes (225/19Z!Z32 AD, 23~/19E-5 3, 23 

and 21S/l9%12 D) encountered basalt at a depth o f  about 25 m. (82 f t . )  

and pumice at 45-50 m, (u+$-164 ft.) in the hol3s that  reached 50 m. 

depth. Al l  four holes have a s t r i k i n g  similarity in geothermal gradient  

and they appear to have penetrated similar l i t h o l o ~ c  units. 

Heat f l o w  values for t h e  holes at the  southern end of t h e  p o f i l e  

on the northeast and south s ide s  of Frederick Butte are 1,9 and 2.0 W U  

respectively. Holes Z Z ! S / l 9 - 5  CC and 21~/19~-12 D have values of 2.0 

W U ,  The northemmost hole on the wofile, 2OS/21%7 BA, has a value 

of 1.85 HFU. A hole drilled west of the profile reached a depth of 90 m. 

(295 f t. ) in sjl icic rocks. The gradient f r o m  40-90 m. is S ~ . ~ ~ ~ / I C D I .  and 

the heat f l o w  is 2.0 HFU. 

Glass Buttes area 

Five holes were d r i l l e d  along a 30 h. (18 mi. )  long profile ori- 

ented northeast through Glass Buttes. One of the h o b s  (22~/23Z- U+ CB) 

is only 17.5 rn. deep due to drilling problems but t h e  other four h o l e s  

gave reliable heat flow values, Prelimha~y heat flow data f o r  three 

of these holes (233/23&-18 C, 24S/22~2 all and 245/22E-a AA) were dks- 

cussed by Bowen and others (l9n). An approximate heat f l o w  value of 

4.6 HFU was previously estimated for a water w e l l  (235/23&2'7) at 

Glass Buttes by Bowen and others (1977). Glass Buttes is a large s i l i c i c  

2 
vent complex with an area in excess oT 100 b. Potassium-ar.gon dat;tine; 



indicates an age of 4.9 million years f o r  at least  p r t  of the complex 

(ivkcLeod and others, 19761. There is extensive hydrothermal alterstion 

and low grade mercury mineralization associated w i t h  the s i l i c i c  rocks 

(Brooks, 1963). A dipoledipole electrical resistivity study at Glass8 

h t t e s  revealed a broad ama a t  depth w i t h  low apparent resistivity 

interpreted to be less than 5 ohm meters (~dl, 1976). 

The n o r t h e m o s t  heat f l o w  hole dong  the Glass Buttes p f i l e ,  

number 21~/23%2&, was drilled to a dspth of 60 m. in lPliocene basalt. 

The g r a d i m t  is .42.&0~/km. and the heat f low value is 1.5 HFU. The next 

hole to t h e  south, number 2 2 ~ / 2 3 ~ - ~  CI1' is only 19 m. (62 ft.) deep and 

t he  heat flow is estimated to be 1.5 HFU. 

Holes 23/23~-18 C and 2/3/22E-2 DD are located on t h e  north and 

south fla&s o f  G l a s s  Buttes and have anoma.lously high heat flow values 

of 3.2. and 2.9 HFU respectively. The high heat flow values for these 

holes and water w e l l  235/23%27 define a broad area of anomalous heat 

flow, The s o u t h e m o s t  hole on this profile, n m k r  245/22??,-20 AA, was 

d r i l l e d  to a depth of 60 m. (197 ft. ) in sediments, s i l ic ic  volcanic rocks 

and Sasalt, The heat flow value is 11. HFU which is the same as the 

values at the south side of the fault zone farther west. 

The geology, geophysics and t h e m  character of the G l a s s  Buttes 

area are favorable for the occurrence of geothermal resources and more 

detailed exploration is justified. 

I!agontire-Riley Junction area 

Seven holes were drilled along a profile adjacent to U.S. High- 

395 between Kagontire and Riley Junction and an eighth hole was drilled 



5 km. (3 mi.) north of Squaw Butte, a s i x c i e  dome vllith a r a E m e t r i c  

age of 5.1 d U i o n  years (MacLeod and others, 1976). Other s i l ic ic  

vent complexes i n  the area include Egli Edge (6.4 million years) and 

!.Jagontire Kountain (U.7 million years), From north to south the holes 

sire 23~/28E-l8D, 2@/25~-3BD, ~&S/~$E-J.~DC, 2 4 ~ / 2 6 ~ - 2 4 ~ ~ ,  253/26~-4~~, 

2&/2@-24AD, 2&/25E-20~~ and 2&/2&l+B~, In addition three water wells 

were logged along the profile, (23~/26%25~a, 2 3 ~ / 2 ~ - 2 9 ~ ~  and 2 5 ~ / 2 5 ~ 2 2 ~ . ) ,  

The heat flow d u e  for the n o r t h e m o s t  hole, 23~/28E1%D, is 1.4 

which is l o w  for eastern Oregon, This hole was drilled to 61 m. (200 ft,) 

in poorly consolidated sediments and the welded tuff  of Double4 Eanch 

(C-reene and others, 1972). h-ogressing southward &Long the profile the 

next holes are w a t e ~  weUs 2 3 ~ / 2 6 E - 2 5 ~ ~  and 2 3 ~ / m - 2 9 ~ ~ ,  both of mich 

show irregular non-linear gradients. The low heat flow value is hole 

233/28?%18D and the irregular gradients i n  these two water wells is mob- 

ably due to lateral ground water f l o k r i n  the area. 

Holes 2.!,,3/26E-l3~~ and 2&/26&24~~ were drilled less than two 

kilometers apart at a point approximately 8 km. ( 5  m i .  ) southwest of 

Riley Junction. The holes penetrate the same litholow, silicic tuffs 

wjth a variable degree of welding, but they have very different gradients 

and he at flow values. The heat f l o w  values are 1.8 for 24.S/26E-131~ 

and 3.3 for 24~/2&24~~. 

The average geothermal gradient for  hole ~ ~ s / z ~ T - ~ c c  is 5 7 . 6 O c b .  

while the grden-1; for water well 25~/253-225 5s 50'~/kin. Me lack l i t h -  

ologic information on the latter and the former has an erratic gradient 

and is only 25 m. (82 f t,) deep, hence heat flow values are of poor 



quality. Drilling i n  hole 265/25&20 BD was stopped at 22.5 m, (73 ft. ) 

due to loss of circula t ion and no useful data Irere obtained, 

A t  t h e  southern end of the profile in t h e  vicinibj of ':Tagont&holes 

2&/24&24 AD afid 28S/24FY 4 Bd were d r i l l e d  to depths of 60 m, (197 ft.) 

and 30 m. (9$ ft,) respectively. The former i s  in s j l ic ic  tuff and obsi- 

dian with a heat flow of l,9 XFU and the latter i s  in welded ash f l o w  tuff 

55th a heat f l o w  of 2.0 WU. 

Hole no. 2,!&/25% 3 BD, north of Squaw hhztts, lies between the Glass 

Buttes and Wagontire-Riley Junction profiles. The 60 rn. (187 ft.) deep 

hole encountered a seyuence of basalt and s i l i c i c  volcanic rocks. It ha% 

a gradient of lwO~/km. above 42.5 rn. depth and a v e ~ y  low gradient  of 

9 . ~ ~ ~ / l a n ,  f r o m  42.5-60 meters. The erratic ,gradient may be due to sha l low 

groundwater condikions and a reliable h e ~ t  flow cannot be calculated. 

Harney Basin area 

Harney %sin is a broad area of internal. surface drainage and low 

relief characterized by a shallow s ta t i c  water l eve l  and unconsol.idated 

t o  poorly consolidated sediments. The Hrothers f a u l t  zone psses tm- 

g e n t i d l y  across the south end o f  Harnex Basin and may terminate at the 

Steens i4omtain approximately 60 hn. (37 mi. ) southeast of Harney Lake. 

There are numemus hot springs in the area and previous heat flow invresti- 

gations revealed a broad range of geothermal ~ r a d i e n t  values (Sass, and 

others, 1976B! and h n  and others, 1?7772- 

During t h e  present study eleven shallov~ holes were dri l led in Harney 

&sin. Four of these were along a northeast t r e n c E ~  prof i le  i n  t h e  west 

aide of the &sin, sic were along a parallel profi le  on the east s ide  of 



the  aasin and t h e  remininl: hole was dri l led  between these profiles 

near Coyote Buttes. 

The holes along the western profi le ,  rahich passed near Double4 

Eianch, are 25SJ3LF-k BB, 26S/30%3 3B, 26~/3OE-20 DB and 27S/2%-21. AC, 

The first three holes were d r i l l 4  in uncwnsofidated flu6.d. and lacus- 

trine sediments and poorly consolidated claystone, siltstone and sand- 

stone, In hole 25S/31W BB L!e gradient, increases erratically with 

depth f r o m  -10 to 30~~/ lon.  and no re l i ab le  gradient was obtained. Holes 

26S/30&3 BB and 26S/30E20 DB were teminated at shallow depth due to 

caving and the gradients are of poor quality. Sass and others (L976~]  

reported heat flow values of 1.8 W:J for two 150 m. deep ho le s  i n  this 

portion of Harney &sin. A heat  flow of 2.1 HFU was obtained from hole 

27~/293~23. AC d r i l l e d  in the DouUe-0 welded tuff although there is 

some uncertzin%y in the thermal conducti~ty value for this tuff. due 

to the variable degree of welding and our lack of knowledge of the re- 

sulting porosity variation. 

The eastern profile of heat f l w ~  holes passes through M m n d  

Craters, a Holocene basalt extrusive center characterized by numerous 

mars and craters, Ths six holes along t h i s  profi le are 255/3353 BD, 

27~/33%33 CB, 28S/3%36 CC, 2%/3%34 DC, 30~/31%23 BC and 325/333- 

16 BAA. 

The northernmost hole on the profile, nunber 29/333-3 BD was d r i l l e d  

1 h. south of Crane hot springs to 29 m, (95 ft,) i n  poorly consolidated 

sedimentwj strata. The high hea t  flow of 4.5 tIFU m y  be r e l a t e d  to the 

hot spring but details of the  hydroloey are not k n o ~ t ,  Two water we l l s  

near t h e  hot  spring, 21&/333-35 AD and 2 5 ~ / 3 3 ~ l l  B9, with dqpths of 85 rn, 



(279 ft.) and 65 m. (213 ft.  ) respectively, have est-ted heat f l o w  

values of 1.8 and 1.5 HFU. Sass and others (19768) report heat f l o w  

values for neww water weUs of 1.5 and 1.7. l l ~ e  themid c o d u c t i v i t y  

values used by Sass and others (1976B) appear to be sli&tly lower than 

we obtained and we estimate the heat flows to be closer to 1.6 and l,9 

HFU units for these wells l-oc atsd at 24~/3L$-19C and 24S/33%9D 

respectively, 

Hole 2 ~ / 3 3 E - 3 3 ~ ~  was terminated at a depth of 30 m, (98 ft.) in 

vesicular ksalt above the static water level. The gradient is d o s e  

to zero suggesting the influence of  shdlow groundwater on heat f low .  

A 140 a, deep water w e l l  10 h. to the west, nmber 278/323-235~, has 

an estimated heat f l ow  value of 1.7 HFU. Hole 28S/32%3&C near Diamond  

Craters encountered a substantial influx of groundwater and it was completed 

as a water w e l l  by tihe landowner, thus pecluding measurement of a reliable 

geothermal gradient. 

Hole 29~/3&34~~ has a distinctly anomalous heat flow of 3 . 5 HFU 

in an area without hm hot springs, The hole was drilled to 52 rn, 

(171 ft. ) in welded tuff underlain by poorly consolidated s e d b e n t q  

strata. The mume of the heat flow anomaly is not knawn. 

The southenmost holes on the  Diamond Craters profile have low heat 

f l o w  values. Hole 30~/31~-23~~ is 31 m. (102 ft.) deep and has a very 

irregular but low gradient. Hole 32S/3%163~ was dri l led i n  Catlow 

Valley in basalt to 60 m, (15-7 ft.) and it has a very linear but low 

gradient of 17,5°~/km. resulting i n  an anomalously low heat f low of 0.7 

HFU. Sass and others (196) reprt heat flow values far 5 holes farther 

south in C a t l o w  Valley, averaging 1.3 HFU eth a of 1.5 WU. 



The low valves in holes 3 0 3 / 3 3 E - 2 3 ~ ~  and 32S/32~-16~k may be due t o  

lateral transport of heat by groundwater moving in a large aquifer 

system. 

A single hole ( 2 7 ~ / 3 0 ~ 3 6 ~ ~ )  was d r i l l e d  near Coyotte Buttes, 

between the Double4  P t e h  and Diamond Craters profiles to velify the 

anomalous heat  f l o w  i n  an area of previously regorted high temperatum 

gradients ( b n  and others, 1W5). The hole m s  drilled to a depth of 

67.5 rn. (221 f t. ) in claystone and sandstone. The gradient is 8$.4°~/km. 

resul t ing in a heat flow for  these relatively porous, l o w  conductidty 

rocks of 2.0 HFU as previously reported by Bmen and others (1977). 

The geothermal gradients and heat flow values are shown in tabla 1 

and a map summizing t h e  h e a t  flow data is included as f imre 2. 

Included are heat f l o w  values by Sass and o the r s  (1976~), which have been 

increased appm~mately 10 percent to make them more comparable w i t h  the 

values calculated during the pesen t  study. Sass and others ( 1 ~ 6 ~ )  used 

a .I;hemnal conduct iv i ty  value for the  sedimentav wits of 2.3. mcal./cm. 

0 
sec. C whereas we used a value of 2.3 mcal,/cm, sec, OC in wr calcu- 

lations, The higher  conductivity value is also more consistent with 

measured values for t h e i r  hole near Manmond Craters (29~/31~2~). 



Black l+~ountah area 

In order ts obtain a reliable heat flow value in we-Tertiary 

rocks north of the Brothers fault  zone, the final hole was d r i l l e d  i n  

the Blue kuntains  i n  a trondjemite stock o f  ksozoic  age. The hole 

is located west  of Black Mountain in Morrow County, Oregon (figure 3) .  

The hole was d r i l l e d  to a depth of 24.8 m. (815 ft.) but a failure 

5x1 the observation pips lirnits gradient measurement t o  the interval 

above 230 m. (42'7 ft. ) . The uncorrected gradient is linear and has a 

value of 3 6 ' ~ b .  h e  to  the relatively high them& conductivLty of  

quartz-rich host rock, the terrain-corrected heat flow is 11. HFU. 
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Sucker Creek area 

The Brothers fault zone is the locus of several centers of basaltic 

volcanism of Pleistocene and Holocene age, between the Cascade m e  

on the west and hamond Craters in Harney Basin on the  east. Although 

the structural lineament continues southeast f m m  Harney Basin to 

Steens &fountain, the trend of young mafic volcanic centsrs  diverges and 

extends eastward to  Jordan Craters and projects towards the Snake Zver 

Paain in Idaho. A heat f l o w  map of the United States by Sass and others 

(1976A) shows the western edge of the Battle Mountain High, an area of 

heat flow i n  excess of 2.5 HFU, &ending into Oregon in the  vicinity of the 

Sucker Creek area. In order to extend the data collected along the 

Brothers fault zone, test this young mlcanSc trend, and investigate the 

northwestern Limits of the S a t f l u  Mountain H5&, three holes were d r i l l e d  

in a north-soutb p r o f i b  along Sucker Creek adjacent t o  t h e  eastern border 

of h g o n  between the  towns of Adrian on t h e  north and Jordan Valley on 

t h e  south (figure 4) .  

The holes were d r i l l e d  mainly in claystone, siltstone and sandstone 

of the Sucker'Creek Formation of Miocene age. From north to south the 

hole numbers are 235/4&L218~, z ~ s / ~ & - ~ s A A  and 265/46%28118 ~ % t h  d ~ t h s  

of 140 m. (460 ft.), 150 rn. (492 ft,) and 125 m. ( ~ 0  ft.) r e s p ~ c t i v d y ,  

The northemmost hole, 23S/46~&6C has a gradient of 6 3 . 0 ~ ~ / l o n .  arid a 

heat flow of 1.8 WU. Hole number 29/46%18AA has a gradient of 52.5'~/lan. 

and a hsat flow of 1.7 and the southemost hole, 2 6 ~ / ~ 6 % 2 $ d ~  has gradient 

and heat f l o w  values of 74.7'~/h.  and 2.0 WU. The heat flow in al l  three 

holes is si,@ficantly lower than i n  the  Battle Ilountain High t o  .the east 

and also lover than litany values Ln the V a l e  area, which Ess just north of 

the Sucker Creek area (figure A$), where earlier work by Botm and othars 

(1977) revealed anomlousb high heat f low.  



DISCUSSION 

Heat f l o w  along the Brothers fault zone is chaxactgrized by a 

wide range of vzlues, The values presented herein are based on rel- 

atively shallow holes drilled i n  variable Lithologies, The hydrology of 

t h e  wstern one-half of t he  study area is poorly known and holss dril led 

in t h i s  area were bottomed above the static water level. In  contrast, i n  

the eastern one-half of the area the stat5.c water l e d  g e m a l l y  l i e s  a t  

depths of 0-50 m. (0-164 f t, ) bemath the surf ace. 2bvement of  shallow 

groundwater has influenced t he  na tu ra l  heat  flow along the zone i n  some 

cases so severely t h a t  calculation of canductive heat f l o w  is not possible. 

The holes a t  t he  western end of t he  Brothers f a u l t  zone appear to be 

markedly influenced by regional groundwater movement and colzductive heat 

f l o w  probably cannot be measured in basalt under these conditions in holes 

less than 300 rn, (1000 f t , )  deep in t h e  vrtcinity of Nmberry volcano and 

the c i t y  of Bend. Better quality data were obtained in holes in s i l i c i e  

volcanic rocks at Pine Mountain although the gradient in hole 2 0 ~ / l A % 2 5 ~  

drilled to a depth of 125 rn. (410 f t . )  appears t o  show the e f f e c t  of m o v i ~  

groundwater. 

The crustal heat f low measured Srt holes along profiles htween Pine 

Julountain and Riley Junction appears t o  be higher in the fault zone than 

i n  the area north of t h e  fault zone. The average of t h e  four most reliable 

values north of but near ths  zone is 1.6 HFU while the valws i n  the f au l t  

zone are 1,9 HFU o r  greater, ie., an increase o f  about 15 percsnt, 

There are few published heat f l o w  values for  central Oregon north 

of the Brothers fault zone other  Wan the values obtxined i n  this study, 



aowen and others  (1977) d e s c f i ~ e  values f r o m  f o u r  holes in basalt of 

the Columbia Ever Group near Arlington ran&ng f rorn 1.0 to 2.1 FJFU 

-4th an average of 1.4 WU. They also give an estimted hea t  flow 

value of 1.4 HFU for a well near Dufur, Oregon (lS/13E-20D~) in basaJ.t 

of the Columbia ;liver Group and a value of 2.0 HFU f o r  a w e l l  near John 

Day (I~s/~E-~wD) in serpentb i te  of pre-late Triassic age. OSservgd 

heat f l o w  for  holes i n  south-central !la!ashin#,on in basalt of the Columbia 

Xver Group ranges from 1-36 t o  1.52 HF'U (Sass a d  otllers, 197lA). The 

most reliable single heat f l o w  value measured in Oregon north of the 

3rothers  fault. zone i s  in a hole, near Black T*iountaLn in I-iorro~q County, 

described bel01.1, ri5th a ~ l u e  of 1,9 WU. 

Published heat f l o w  values for t h e  h s k  and -a pmvince in 

Oregon south of the Brothers fault zone exhibit a wide range anr3 mmy 

values appear to be influenced by pundtmter  movement (Sass and others, 

1976B). A compilation of the more reliable values by D k n t  and others 

(1975) indicates that observed he& f l o w  5.n central Oregon south of the 

&others fault zone ranges f r o m  1.5 to greater than 3.0 WU, A compil- 

ation of 24 heat f l o w  values by Bowen and others 11977) for southeastern 

Oregon, including values f r o m  t he  Brothers fault zone but not from the 

Snake River Basin, revealed an arithmetic mean of 2.64 HFU alK'~ough many 

of t h e  values a re  f r m  shallow holes and due to t he  relatively dl. 

sample population this I1averaget1 value cannot be considered to be finnl-y 

established. 

The only extensive heat f law anwnaly measured i n  the western one-half 

of the Brothers fault  zone during the present study is at Glass Buttas 

where three holes outl ine a broad area b ~ t h  values at least 50 percant 



above t h e  mGonaJ. average. 'Ihe source of th? anomalous heet f l o w  a t  

Glass Buttes is uncedain. The radiometric age of 4.9 mill ion years, 

if representative of the  volcanic event w h i c h  produced the entire s i l i c i c  

complex, m y  be too old to explain the heat flow anomaly. Calculations by 

Smith and Shaw (1975) indicate that most, if not dl, of the original heat 

asS0ciated ~ L t h  the s f i c i c  volcmim would have been Post, There are 

uncerkainties in t h e  assumptions underwng this calculation, espcially 

in t he  subsurface volume of the origLnal mgma, hence an Lgneous intrusive 

with residual magmatic hea t  cannot  be eliminated as a possible causative 

body for the heat f l o w  w y .  

There are three higher than average heat  flow values on the I'lagontire- 

Riley JunctLon profile and it is possible to outline these d u e s ,  the 

anomalously high values at Glass Buttes and the Coyotte Buttes anomaly by 

an area elongated in a northwest-southeast dfreckion parallel. M the 

&others fault zone ( f i gu re  2). This area includes t h e  string of hot  

springs west of Harney Lake and Iron Mountain, a s i l i c i c  dome located 21 km. 

(13 mi,) west of Harney Lake and dated at 2.7 million years (~arker, 1974). 

The connection of all of these areas into a s ingle  wne  of high heat flaw 

is plausible, but speculative. This band of high heat flm, if it &sts, 

i q r  be related to t h e  volcanism don:: the Brothers f a d t  zone, and/or to 

crustal disruption arid possible thinning associated w i t h  the f adting. 

In Harney Basin the background heat; flow value is about 1.7 t O i 2  HFU, 

however, there are several areas with a n d o u s l y  hi& heat flow values 

weeding 2.5 W U  i n c l u d i q  the  C w t t e  Buttes area, Crane hot s p r h s  

area, and the area represented by hole 2 ~ / 3 2 ~ - 3 . W  south of Dimond Craters. 



Additional euidence for anomalous heat f l o w  is provided by the numerous 

h o t  springs and w e l l s  in Harney Basin (Bowen and Peterson, 1970 and 

Leonard, 1975). Sstimated reservoir temperature based on gewhmical 

geothemometers have been d e t e ~ n e d  for many of t h e  springs and are 

l i s t ed  i n  table 2, Most of t h e  silica geothermometer temperatures are 

in the range of U O - ~ ~ O ~ C  (based on equilibrium with quartz) vhile *the 

tenpratures based on t h e  sodjuwpetassium-cahcium geothermometer 

exhibit more scat ter  and ranp;e up to 170OC. 'he  distribution of ho t  

springs and w e n s  sumests that the areas of high hea t  flow may be 

larger than wesently h o w .  For example, an extensive group of hot 

springs extends 30 h. (19 mi,) to the  wsst from the Goyotte Buttes 

heat flow anomaly and there are numerous warm w e l l s  along the northern 

side of Harney Basin mar the Lams of Hines and b s .  

The depth to the hot aquifer or aquifers is not h o r n  ~15th cedainty. 

The geothermal gradient associated with the  background heat  f l o w  is a p p x -  

imately 7 5 O c / h .  while the gradients in We areas of high heat  flow are 

i n  the r q e  of 100-150~~/km,; t hus  the  a t rapola t fon  of the gradients to 

depths of 1.5 and 1.0 lun. respectively would r ~ s u l t  i n  temperatures con- 

sistent w i t h  these estimated fmm geochedcal thermometers, It is likely, 

hmrever, that the t h e m d .  conductivity of the  rocks i n  t h e  basin decreases 

w%th increasing depth because of U t h o l o ~ c  changes and loss of porosity 

due to compactions and cementation. The ngar wrface poorly consolidated 

sedinentary strata a r e  EkeLy underlain by volcanic rocks with the latter 

having a higher average conductivity than the fomer. For these reasons 

t h e  geother-nil. gradients measured in relatively shallow holes w i l l  Likely 



Table 2 

Geotiiermal gradient  calcuLations end c?ocn?%ical te!cperatures for 1 , ~ l k s  

in Harney Basin. The chemical ciata are f r o m  Leonard (1970) except as noted, 

kochsmicd l  temperatures are c d c u l a t ~ d  f r o m  fom.d.as given by Truesdell (1975). 

!.ell location Depth, 
Meters 

!*Teasured Gradient Ts t j.m-ited PR servoir Tamper c...ture 
Temperature O C / h .  3iO SCrJ, 

OC (estimated)* (~diaga~ic) (~onductiue) EMaK 
n Temp. C. Temp. OC. rsmp. OC 

23S/30%23 CilA 105 '2 17 57 1 U  111 $2 
2 3 ~ / 3 0 ~ - 3 5  U D  61.0 25 230 LO8 106 
23~/30%35 -- 22 - 100 98 70 

70 

23S/3LE 5 AAC 121.9 11 0 110 109 
23S/3E-24 AAC 34.E 

46 
11 0 95 92 59 

23~/32.E- 7 cAB a .4  31 - 105 1 ~ 3  51 
23~/3%28 AGD 76.2 16 64 105 10.4 
24~/303- 1 A ~ D  171.9 27 93 100 98 64 

137 

.24.5/32% 5 Am 82.3 13 zr4 99 96 140 
w/~z-  8 DAB 857.1 46 41 119 120 105 

21$/32@13 ACB 73.8 14 a 106 105 168 
w/32+?22 acc - 12 -- lo6 105 
245/32p-30 PLUD 56.4 

95 
14 53 111 LU -- -- 169 

~ / 3 3 ~ - . 2 4  AAC 103.7 111 I l l  
2&/33~-3/+ CCA** - 60 -- 124 125 121 

145 

* Geothemal gradient estimated f r o m  aquifer tsrnperaturs and hole depth given 
'by Leonard (1970) based on assamed mean annual. surface tempratwe of OC, 

9 0 Crane got  Spring 
# Temperature f r o m  Mariner et al. (1974) 
#T Unnamed dot  t p r h g  near Harne;y Lake 



decrease with  depth so that the reservoir temperatures estimated from geo- 

c h e d c a l  data wiU be encount~red at depths prhaps 30-40 percent greater 

than t h e  1.5 and 1.0 km. estimated f r o m  the shallow gradient; data f o r  

areas of n o d  and high heat f l o w  respectively. A gradient of k 5 O ~ / l u n .  

measured below 1 lan, (3281 ft,) was reportsd by Sass and m o e  (1973). 

In surmrwsy, there is widespread evidence in Harney Basin of the 

existence of hot water i n  the  range of 110-170'~ which muld be suitable 

for non-electric enerm applications, The nature of the  heat source is  

not h o r n .  !!he youngest silicic domes near t h e  b a s h  appar to be about 

$ miLLion years old (MacLecd, 1976) although extensive ash-flow tuff peri- 

pheral t o  Harney Basin has an age of 6.4 million years and there is wide- 

spread basaltic volcanism of Holocene and Pleistocene age. There is no 

evidence in the published geochemical data for tbe very high temperatures 

(greater than 200%) that would be needed for economical elactf ic  porn  

generation using existing conversion techno lo^. The meager e ~ s t i n g  data 

do not permit d e f h i t i v e  conclusions, ho*ver, i n  regard t~ the nature and 

reservoir temperature of the  geothermal resource in Harney Basin and further 

geoloeical and geophysical studies are needed, 

MacLeod and others (3976) have described an east to west pmgression 

in the  age of silicic vohanism dong  the Brothers fault zone and a bmad 

area to the south, The s i l i c i c  volcanism began a b u t  9 million years 

ago in Hamey Basin and progressed westward at a rate of 1-3 crn./~ear to 

i t s  present location at Newberry volcano, The lack of heat f l o w  anomalies 

associated with most of the younger s i l i c i c  volcanic centers west  of Glass 

Buttes may be due to one or more of the foUowing factors. The r e l a t i v e l y  

shallow depth of the holes  d r i l l e d  i n  and rear t h e  y o w e r  silicic complex~s 



may preclude the accura te  detect ion of residual magmatic heat as a signifi- 

cant groundwater gradient  may a c t  t o  sweep heat  out of the areas dr i l l ed .  

Alternat ively the areal extent of t h e  silicic domes at t h e  surface may 

exceed their subsurface area; drilling a t  WKay Butte west  of Wowberry volcano 

indicated t h a t  at least some of ths domes may be llmshromll shapad. If 

t h e  subsurface area of these bodies i s  significantly less than t h e i r  surface 

area, they may have cooled quickly and lack residual heat even though they 

are only 0.7-3 million years old. Unfortunately the quantitative d a b  on 

subsurface s ize  are lacking and therefore accurate calculations re their 

residual heat content are not possible, It is entirely possible that t h e  

heat source for  t h e  t h e d  manifestations i n  Harney Basin and f o r  t he  hi&er 

than average heat flow in the area between Glass 3 u t b s  and Aarney &sin as 

out l inedin  figure 2, may be re la ted  t o  the Pliocene t o  Holocene basalt MI- 

canism rather than silicic volcanism or alternatively the source of heat  

could be deep groundwater circulat ion associated with t h e  fault zone wjthout  

any direct  heat bontribution from the volcanic rocks. 

In summaxy there i s  no discernible systematic pattern of changing heat 

f l o w  from east to west parallel to the progressive age d g r a t i o n  of sil-icic 

volcanism. There is a measureable increase in heat flow i n  t h e  Brothers 

f a u l t  sons as compared t o  the area  north of the zone, This increase coin- 

cides with, and may reflect a major change in, crustal structure associated 

with the fault zone, Lawrence (1970) has n~tod t h a t  the Brothers f au l t  

zone is the northern terninus of the a s i n  and Range province i n  cen t r a l  

Oregon and it appears t h a t  this zone marks t he  t h e d  as well as tec ton ic  

boundary of the  province. 



There are three areas along and near the Brothers fault zone that 

are especially promising f o r  geothermal resource development: (13 Harney 

Basin, (2) Glass Buttes, and (3) Newberry volcano (the last based on 

geological considerations), It is possible that t he  area of high heat 

f l o w  noted a t  Glass Buttes nay extend eastvmrd at least as far as C g r o t t e  

Buttes. The geothernd resource i n  Harney Easin appears t o  be bast suited 

to non-electric applications. C-eochcmical data on hot  waters are lacking 

for the Glass Buttes area and no estimate of subsurface reservoir temper- 

ature  is possible. There are no h o r n  ho t  s p r i ~ ~ s  i n  t h ~  Glass Buttes area. 

The discovery of a geothermal anomaly a t  Glass Buttes rvas sararidipitous 

and resulted f r o m  d r i l l i n g  of a water w e l l .  Similmly, t h e e  axare no known 

h o t  springs along the Brothers fault zone between Glass Buttes and Pine 

Mountain and it is entirely p s s i b l e  that l'blinrl1' geothemal resources are 

present in the western h a l f  of the zone* The west end of t he  fault zone 

and Newberry volcano are geologically promising areas for geothermal 

resources but the reliable measurement of heat flow in holes Less than 

152 m, (500 ft.) deep in sificic rocks i s  not possible due to groundwater 

corzditions. Holes in basalt  wil l  need t o  be at leas t  300 m. (1000 ft .)  

deep. 
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