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. CONVERSION FACTORS

A'EhgllSh units are used ‘in .this report.- For'readers'who‘
prefer metric units, -the conversion factors. for the terms.
- used’ herein are listed below.v

',Multlply Engllsh unlt 'By o ~  To obtain metric unit-
Inches (in.) . -;'2.5M0 """ Centimeters (cm)
Feet (tt) - 0.305 . Meters (m) -
Miles (mi) - -~ =~ - . 1,609 - -_;Kilometers.(km)l
. . Acres = . - /0.405 . - Hectares. (ha) =
- Cubic Mlles (m13) vu‘168-j  u'»Cub1c Kilometers' (xm3)
. Parts/million (ppm) 1.000 - Milligrams/liter (mg/l) -
‘Degrees Fahrenheit ( %ﬁ 0. 555(°F 32) Degrees Celsius (:°C)" .
~ Degrees: Fahrennelt/foot 1 818 = »Degrees Celslus/meter
'( %Vtt) 3 | S :(°C/m)
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1'»;Geothermal Resources and Conflicting Concerns .
“in the Alvord Valley, Oregon'fAn Update-

by Charles E. Wa551nger and Douglas M. Koza:7

" (Note: :Thls'paper'was'flrst preSented at‘the‘1979 Annual
Meeting of the Geothermal Resources Council. It has been

updated -and expanded” to include:a geologlc map and a
complete geologlc blbllography ) .

ABSTRACT

The geothermal resource potentlal of the Alvord Valley

:is among thevhlghest in Oregon;»:-owever, env1ronmental
“concerns,}lltlgatlon, and admlnlstratlve requlrements have -
ydelayed exploratlon for and development of thlS resource.
-Present estlmates 1ndlcate that deep exploratory drllllng
,may not take place on. Federal lands in the Alvord Valley

untll 1982.

INTRODUCTION

The Alvord Valley, located in southeastern Oregon,

‘“;contalns numerous hot sprlngs.. Based:on-these surface;

'fexpre351ons and other geologic 1nformation, a large portlon-»4

of the ba81n has been cla351f1ed as ‘a- Known ueotnermal

'Resources Area (KGRA) by the U.s. Geologlcal Survey (UsGsS).
-Slnce the early 1970 s, both- prlvate 1ndustry and Federal
«,and State agenc1es have conducted exten31ve geochemlcal and

j"«geophy81cal exploratlon throughout the valley.‘ ThlS-
lt_exploratlon 1nd1cates that the Alvord Valley is one. of the d
‘7llmost promlslng geothernal energy prospects 1n Oregon -

v'However,;env1ronmental,grpupsghave expressedrconcern~over



>7vthe effect of geothermal development on recreational and
9natural resource values in the valley and have brought the
' Jmatter to litigation. Most of the area is subject to review

.for wilderness characterlstics by the U S. Bureau of Land

Management (BLM) The u.s. Natlonal Park Serv1ce (NPS) has

proposed a Desert Trail through the valley. A”summary‘of"

,the geothermal resource, conflicts w1th env1ronmenta1
'concerns, and a complete geologic blbliography are

presented.”;

GEOLOGIC SETTING

The Alvord Valley lies w1th1n the Great BaSin sectlon

) of the Ba31n and Range Phy51ograph1c Prov1nce.y The region-'
'-is-characteri ed" by north-south trending, faultablock'

'mountain”ranges-separated by-. broad downfaulted ba51ns. The

Pueblo Mountains and Steens Mountaln border the valley on

‘the west,,forming a westward tllted fault blocx.7 The
'n:eastern escarpment of this block rises precipitously from
"the valley floor as much as 5500 feet, ‘to’ a max1mum‘
'elevation of 9670 feet. Flanklng ‘the valley on the east,
-hthe Trout Creek Mountains form a much more subdued

| topographic boundary that rises roughly 3700 feet above the‘

valley bottom..L\*"

The mountain ranges are. composed of Tertiary volcanic

.rocks underlain by older metamorphic rocks’ and SlliClC
fintrusives«(fig 1); The pre-Tertiary rocks 1nclude

:Pale0201c metavolcanlcs and metasedlments that have been
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Quaternary and B

Tertlary o le-

grve

" Table 1 --Descrlptlon of geologlc map unlts(modlfled from Walker and Repennlng 1965)

fIncludes Recent - playa dep051ts,‘Plelstocene through Recent

alluvium; Pliocene-Pleistocene lacustrine, fluv1at11e, and
aeolian sedlmentary rocks; .and Pleistocene pediment of.

: A‘fluv1o-glac1al gravels (included- are- Walker and Repennlng s
"~ (1965) Qp, Qal QTs, and. QTg) ' : :

Pllocene through Recent landsllde de9051ts. Mostly

d-'unstratlfled mlxtures of basaltlc and tuffaceous sedlmentary
'jbedrock . :

Mostlyjlarge complex exogenousldomes and"related flows and
flow breccias of rhyodacitic composition. Includes small

- . vent areas.composed 1argely of breccza and coarse, highly
,-altered welded tuff. :

Tst o
- - siltstone, ash and ashy diatomite;,' conglomerate .and minor:
‘fanglomerate, boulder-bearlng slope wash, vitric-crystal .

:Tts

. Tertiary.

E Taf . |

Tbf

Tpc

-dTva”

- Ttr

Semiconsolidated lacustrine .tuffaceous sandstone and
and v1tr1c-llth1c tuff pumlce lapllll tuff, and tuff
breccia.. . : : .

Basalt"flows;jf

Mostly fine-grained tuffaceous sedimentary rocks ‘and tuffs

'-representlng flood plaln and shallow” 1ake de9051ts.-‘

- Partly to densely welded tuffs and areally restricted

rhyollte or dacite flows.

Basalt and.andeSLte[flows and”flowhbreccias that are
variable 'in texture and mineral composition.:

MOStly'plafyiandesiﬁe flows but contains some flows of
porphyritic 011v1ne _basalt, basaltic-and andesitic flow
brecc1as, and minor- amounts of lnterbedded tuffaceous

: sedlmentary rocks and tuff.
Massive'basalt flows'and minor interbeds of tuff and scoria.

* Pike Creek Formation. Mostly well:lithified and altered:

silicic tuffaceous sedimentary rocks, but including some
tuffs and- tuff . brecc1as -and 1ntru51ve and ‘extrusive masses’
of - rhyollte.;“ : -

Flows of platy ande51te, ‘basaltic ande51te, and. glassy
black or gray dacite or rhjodac1te (p051t10n within

‘4Tert1ary uncertaln)

' .Tuffaceous sedlmentary rocks and- tuffs (positlon within
3 ~Tert1ary uncertaln) s :



Ar

'hlntruded by dura551c quartz dlorlte and monzonlte (lebej,
'f1960) These rocks are overlaln by Tertlary volcanlc un1ts
.dtotallng approx1mately 8000 feet in thlckness (W1111ams and
:Compton, 1953) 3111cic tuffs- and tuffaceous sedlmentary
'{rocks, rhyollte, ande31te,_and dac1te flows; and olivine and

auglte basalts. Maflc dlkes that trend parallel to the

Pueblo-Steens escarpment cut the volcanlcs along the lower

»“east'flank to;the'mountaingfront.(W1lllams and'Compton,;i

L 1953)

The Alvord Valley 1s composed of unconsolldated

lalluv1al materlal prlmarlly alluv1al fan gravels and‘

‘ltlacustrlne dep031ts whicn presumably overlle bedrock simllar

to that occurrlng in, the mountaln ranges. Thls alluvlum;has_

’been dlvided 1nto ‘two distinct unlts. The older'unit';“
:»con51sts of compacted faulted: and deformed alluv1al fan
;gravels that d1p to the. west (Llobey, 1960) The younger.’ o
3alluv1um con51sts of east dipplng alluvial fan gravels and -
A'mflat lylng lacustrlne sedlments dep051ted 1n Plelstocene and
*Ryounger lakes (leoey, 1960) Magnetlc proflles taken'
,across the basin suggest a thlckness for the valley fill of .
5only 1312 co 16&1 feet near the center of the basin (Grlscom.

_and Conradl,A1975)

’Structurally, the Alvord reglon is typlcal of the Ba31n<‘l

‘fand Range prov1nce., The westward tllted Pueblo-Steens block,
'forms the western 1imb of a broad arch, the central portlon
'gof Wthh dropped down to form the Alvord graben (W1111ams

and Compton, 1953) The east flank of the mountalns 1s cut



by numerous discontinuous north-northeast trending normal

vfaults (Walker and Repenning, 1965) MaJor
-northwest trending transverse faults transect the N
E Pueblo—Steens Mountain block and are the dominant structural

‘Al‘reature 1n the Trout Creek Mountains (Williams and Compton,

1953) Pleistocene and younger faulting is evidenced by the.

occurrence»of'a 10-foot-h1gh fault scarp. 1n recentialluv1um

hbnorth of Mickey Hot Springs (Rlchard Ben01t Phillipsir*’
APetroleum Co., written commun., 1979) and by tne periodic
~rejuvenation of Bone and Stone Creeks west of Alvord Lake.-“iv
- Many small scarplets w1th displacements of 3 to 20 feetr
vloccur in this area.. These faults delineate a zone of
vcrustal instability where the two most prominent transverse
Aifaults of the region 1ntersect the: mountain/ba51n boundary‘

) .'fault system (Williams and Compton, 1953),

GEOTHERNAL RESOURCES

The existence of several hot springs w1thin the Alvord

fvalley;(fig 1) indicates a relatively high geothermal
'potential The surface temperature of these springs ranges -

from 97‘F at Borax Lake- (also known as Hot Lake) to 206 F at-

Mickey Hot Springs (Bowen and Peterson,'1970) The entire

'area ha's been identitied asl"prospectively valuable" for"
,’geothermal resources by the USuS, and 176 835 acres have
"been claSSlfled as ‘a KGRA: (fig '2). " This. is thetlangestv

“KGRA 1dentified 1n Oregon

Since 1974 BLM and USGS have 1ssued 29 permits for~
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;geophy31cal and temperature gradient hole drilling ‘on
'ierderal lands in the ba31n.‘ Under these permits 82

~h.temperature gradient holes have been drilled.. In: addition, '

:j;an unknown number of gradient holes have been drilled on

: private lands within the valley during the- past 9 years.h-
‘However,: no deep exploratory wells have" yet been drilled
anywhere in the" valley. Twelve competitive andv17__'
':noncompetitive.Federal geothermal.leaSesfare currently.in :
-effect in the Alvord valley. - | 4

The average geothermal gradient.a33001ated w1th the
Ba31n and Range in southeastern Oregon is: 0 0503°F/ft

-:(Blackwell and others, 1978), whlch compares w1th a world

- 7average of 0. 0165°F/ft (Bowen and others, . 1977) Within the

Alvord Valley, the gradient is locally varlable but in the
‘frange of 0,044 °F/ft to 0 055°F/ft in -the sediments'(Sass and"
iMunroe,a1973)d' In the basalts of the Pueblo Mountains, ‘the

| ,geothermal gradient has. been measured at 0. 033°F/ft (Sass

:gpfand Munroe, 1973) Water chemistry analyses of hot spring

~samples collected by Marlner and others (1974) show that the

, hwater'is4a mixed anionrtype~w1th variable,bicarbonate,-

Sulfate, and chloride. - These springs are among the most
fsaline in Oregon (Oregon Department of Geology and Mineral

r-Industries, 1979), containing up . to 2980 ppm total dissolvedg

._fsolids. "These springs also:contain unusually high

'-concentrations of”lithium, boron; and fluoride (Mariner and -
fothers, 1974). Cleary (1976) suggests that the' boron has

‘ &probably been leached from ‘basement volcanic rocks Sulfur



I T

i'fisotopic values for waters from 5 springs in- the Alvord
h”;Valley show that there is apparently no magmatlc comDOﬂeﬂt
ﬁn°lin the waters (Cleary, 1976) Cleary 1nd1cates that the
.'iiﬁ]sulfate is probably leached from playa evaporite dePOSltS-
- Both Mariner and Cleary agree that the thermal waters in thefn'

‘-Alvord Valley are most likely OL the mixed-water type.

Positive magnetic and grav1ty anomalies (Griscom and

'“JQConradi, 1975) and negative resist1v1ty anomalies (Long and .
:;5Gregory, 1975) are a35001ated w1th the known hot spring
Vfdlareas. Griscom -and Conradi (1975) suggest that small
'i”:grav1ty highs superimposed on regional grav1ty gradient mayfﬁh"
be: the t‘esult of SiO 2—CaC0’ cementation of alluv:.um in the :
'3fﬁnear surface., In every case, the anomalies are directly
biassoc1ated w1th faults in’ the alluv1um containing tnermal
"waters. In most cases, the geothermal fluids appear to.
’Ahiascend to the surface at the Junctlon of transverse faults
}Aiilhand basin faults that trend parallel to the boundary faultsr'
'”‘QrfCleary (1976) suggests that these thermal waters originate -
‘i:ifin the mountains as meteoric waters, percolate to depth
\along transverse faults 1n the mountains, circulate at depthsJ
"through a zone of high-temperature gradient, and return to-.
‘the surface along ba51n faults._ The three main centers of :
“s;geothermal fluid discharge---Mickey Hot Springs,~Alvord Hoth“
.‘E_Springs, and Borax Lake--are estimated to have mean |
N‘[f_reservoir temperatures of 401 F 358 F ;and 376 F |
'f:irespectively (Muffler and others,'1979) Muffler and~others“”

L(1979) suggest that the volumes of the reservoirs associated‘



7'with Mickey, Alyord, and Borax Lake Hot Sprlngs are. 3 07 m13

d:(+1 61 mi ),,1 20 m1 (+O 50° m1 ), and 1. 99 m1 C+O 8“ m1 )

'.,respectively.‘

fl LEGAL AND ENVIRONMENTAL COVFLICT°'-'
bIERRA CLUB_ LAW°UIT - On May 21, 1975, the Slerra Club

._filed suit: (Sierra Club, et al. v. Hathaway, et al., Civ,

1 75-489) in the U S ~Distrlct~Court for therState-of Oregon;

N*seeklng a. temporary inJunctlon ‘to stop geothermal lea31ng by

f the‘BLM 1n.the Alvord area. The Slerra Club charged that.
‘gthefEnvlronmentalfAnalysis,Record prepared by BLM-was ' .
1nadequate and requested that .an Env1ronmental Impact
4Statement be prepared prlor to lea51ng., Tne 1n3unction was
-denled by Judge James M Burns, subgect to the submission by
“BLM and the USGS of a monthly report of geothermal
‘exploratlon act1v1t1esAw1thin the Alvord KGRA. A motion for
recon31derat10n was filed and denled on September 15 l97Sr
ruThat dec181on was then appealed to the U S. 9th ClPCUlb
l?Court of Appeals whlch ruled that the dec151on to deny a.
"'temporary 1n3unctlon agalnst lea51ng was - correct.u The case
'was then remanded to Judge ‘Burns for dlsp051t10n. In a
‘vlhearlng held 1n Decemberf1979, the Federal government made a
f.{motion that the case be dismlssed or. brougbt to trlal
:1mmedlate1y The Slerra Club was glven approximately 30
‘-days to_deolde to;go to trial or'allow dlsmissal. ’Onl |

lJénuaPY‘ZJ; 1980, Judge Burns dismissed the case:



GETTY AND UNION APPEAL TO IBLA - The Oregon State

'"Offlce of BLM held three separate lease sales 1n the Alvcrd

. &uRA durlng May and- June of 1975 A total of AA lease unitsy

' were offered, of . whlch 20 unlts recelved blds.' Un1t #A3Awas_"

'w1thdrawn'pr10r~to-the¢sale‘due;to posslble‘cultural
7frescurce;conflicts. USGS‘recommendedQ;hat:BLM_reject the"
high'blds:oneunitslu ~5;'and érin-the Mickey‘HotISprings
area and’unitS”BS' 40, and M1 in the Borax Lake - area ‘as’
;”belng "1nsuff1c1ent ‘in dollar amount ", Phllllps Petroleum
"Company,rUnlon 0il Company, and Getty 011 Company were the

highfbidders onmthese~units.v Getty and Unlon protested the -

o regectlon to the Oregon State Office of BLM.' That office‘

dlsmlssed the protests, and each company then appealed the

-_'declslonwto the-Interlor Board of Land Appeals-(IBLA). The
.gGetty and Unlon appeals ‘Wwere de01ded on- October 26 1976 (27
IBLA 269), and on December'29, 1978 (38 IBLA 373),

‘-t:respectiVely.i Both IDLA dec1s10ns upheld the BLM rejection .

‘fof blds on the follOW1ng p01nts. (1) the dec1s1on to-lease‘,
geothermal resources 1s dlscretlonary w1th the Secretary of -
the Interlor,.and (2) the ccmpanles dld not show that-thef
dec151on by BLM uas arbltrary or’ capr1c1ous. ' The burden of
proof rested w1th the companles to show that the USGS had no
Amratlonal ba51s for recommendlng that- BLM reJect ‘the.‘high- |
»blds. The USuS recently released the evaluatlon report on
whlch the recommendatlon ‘was. based (Flrek 1979) A reoffer
,yof these and other lease unlts was held on January 8, 1980

:‘but due to an- adrlnlstratlve error by ELM in- prematurely



openlng some of the lease bldu, 7 units were wlthorawn. A

'1ease sale for the w1thdrawn unlts and unlts not rece1v1ng

~bids wlll be held on ApPll 29, 1980.:

ALVORD WILDERnnSS INVhNTORY - The Federal Land Pollcy

and Management Act of 1976 (FLPMA) required that BLM review
roadless areas of at least 5 OOO acres for thelr w1lderne=s'

'potentlal_ Thls review process is. to be completed in three

'phases:ﬂinventory,:study, and subm1551on of a report to

'¥Congress.‘*

On. Aprll 6, 1979, a proposed de0151on Was announced by

"the Orevon State Offlce of BLM 1dent1fy1ng those 1nventory

unlts;not.hay;ng.wxlderness character;stlcs.' Invlate'August

1979, a'final?declsion-was-made_by'theyBLM State Director on
areaSsexcluded‘from‘fnrther:wilderneSS'review.

'Unlts not ellmlnated 1n the initial" 1nventory are’ belng

1 1nten51vely 1nventor1ed - These»inventorles are scheduled,to

be completed by September 1980. A~few units which include

l:'-penolng land exchanges w1ll be. glven prlorlty.g However,

‘only one such~un1t (#2- 74) ~is in the aréa of known

geothermal 1nterest in the Alvord KGRA and 1ncludes Borax

'Lake. The flnal determlnatlon as to whether or not they

.Vshould be de31gnated W1lderness Study Areas (WSAs) could be;'

completed on'these unlts in 1980 Those de51gnated as- WSAs
will then be- analyzed u31ng the BLM land-use plannlng

system.‘ Crlterla for selectlon ‘are taken from Sectlon 2(c)':

'.of the W1laerhess Act of l96h : Those'unlts-that»are

su1tab1e or not su1table for de51gnat10n as w1lcerness may o

12



‘be recommended to the President.. as. early as 1982 but no

B later than October 1991.

BLM recently publlshed the FINAL- "Interlm Management

' Pollcy and Guldellnes for Wilderness Study Areas" (December
i l12f 1979); whlch,applles_tc‘allnBLM lanngwhlchvhave not
been'eliminated from inventcryjuntil'Septenber.305 1980, and
thereaften appliea'to‘WSAs;‘ The guidelines set two criteria
"for,decidingcwhether“cr~not an*activity“nill,beuallowed in a
WSA. In the case of geothermal resources,'if‘a Federal-' |
\slease ex1sted on October 21 1976 (the effectlve date of
'~FLPMA), act1v1t1es can ccntlnue as . before.} chever,vlf a
;Federal lease or permlt was- 1ssued after that date, the |
act1v1ty can be permltted only if it "can take- place without
-1mpa1r1ng,the sultabillty of the ‘area: for preservatlon as

wilderneas."_:These cr;terla dcvnct.preclude leasing cf
lfederal lands.in'botential VWiSAs. 'However,:any‘leasing nculd
e_be subJect to a w1lderness protectlon stlpulatlon, conta1ned
,1n tne Interzm Guldellnes, that provxdes for llmlted
.exp oratlon act1v1ty only, power plant development is
‘spec1fically~excluded;~.Unllae-the_Rare II W1lderness
‘StudiesAprepaned by the U.S. Fcrest Service, the |
reetrictionsrapblYingftc-WSAezcan be removed;cnly by.action
'~ofthngbe$S;'i | | o | | |

In the’ Alvord KGRA and surroundlng area most of the

Federal lands and approxlmately one- third of tne Federal o
.acreage NOW: under 1ease are wlthln the areas to be -

inten31vely 1nventor1ed.n The exlstlng leases (w1th the

13



‘_exceptlon of those leases 1ssded as a result.of the January
8, 1980,Areoffer) predate the October 21 1976 deadllne.
In. the sprlng of 1980, ‘the BLM Oregon State Offlce w1ll
announce a proposedudeclsion on inventoryvunlts which should
be deSignatedxas‘wsAs. :Thelareas‘arodnd'Mlckey“HotdSprings,
" and Borax Lake are’ w1th1n 1nten51ve 1nventory unlts

THE DESERT NATIONAL QCENIC TRAIL (pP. L 94 527 OCtober

1975) - The Natlonal Park Service is preparlng a "Desert o
»'Natlonal Scenlc Trail Fea51b111ty Study" w1th
recommendatlons;totgo to Congress:in']980. “As proposed the_
" Desert Irail.wlllpass through’parts,ofnldaho, Washington, -
Oregon, Nevada,.California,fand Ariiona;;uFour'rodtes have

been: proposed in the Alvord -area (flg 2), from which one

: 'wlll~be.seleeted. Two,of thefproposeo'routes are west of the

Alvord'KGhA.ione route passes Borax Lake, andione'route
-.passes both Borax Lake and Mlckey Hot Sprlngs.t |
If the- Desert Trall 1s approved by Congress;‘geothermal

‘exploratlon and development could be 51gn1floantly ‘
:. curtalled- act1v1t1e5xthat harmﬂthe.scenlc,‘hlstorlc,?

.natural, ‘or- cultural qualltles of the Trall will not be
allowed.- hhlcn act1v1t1es w1ll and will not be allowed will
" be decided on a case-by-case baSis.

ENVIRONMENIAL STUDIEo QF INTERnST - The’ Department Of

Fisherles and W1ld11fe, Oregon State Unlver51ty,
preparinv a report for the U S Flsh and W1ld11fe Serv1ce to
: develop optlons for protectlon of the Borax Lake Habltat |

This area;of-approx1mately J60facres of_privately.ownedAland'

14



is a'uniqne biological habitat' ‘The “Alvord_Chnb,"_a rare .

iand endanoered spec1es of fish found'in and - around Borax

.'Lake, 1s the: subJect of a. doctoral thesis by Jack Williams

at Oregon State Unlver31ty.‘.

.Other studles 1nclude.. (1) a “Preliminary‘Ecologioal.f

) Survey of Alvord Bas1n" by Eastern Oregon State College
‘ :(1976),_funded by the'Natlonal Science Foundation (includes.

f‘botany; mammals; herpetology, ornithology, entomology,

algology, and water chemlstrY), (2) "A Survey of Bat

"Populatlon and Thelr Habltat Preferences 1n Southern Oregon"

“~by Southern Oregon College, Ashland, (3) the "Malheur Ba51n,

Steens Mountaln Prehlstory Progect" by Unlver31ty of

JWashlngton,(coversﬁthevarcheologlcal and~paleonotologlcal.

'enrironnent), and (4) tne_“Populatlon‘Characteristics and
'fHabitat Utiliaation of Bighorn Sheep, Steens Wountain,

Oregon" by Walter Von Dyke (thls master s the31s was

"completedﬁMay 8, 1978 -at Oregon State Unlver31ty)

CONCLUSIONS

- Exploration has'shown_that the geothermal~potentia1 of

'the:AlVOrd:Valley is among thejhigheSt'in Cregon. Because

,of-legal; environmental >and other resource conflicts,vno'

deep exploratory dells ‘have yet been. drllled in the area to

' ‘prove thls resource. Inltlation of more exten31ve
;exploratlon on Federal lands in the Alvord Valley may- be

11Sdelayed untll 1982 or later
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