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THE COW HOllOW GEOTHERMAL ANOMALY, 
MAlHEUR COUNTY, OREGON 

R. G. Bowen* and D. D. Blackwell** 

During the past four years, the Oregon Department of Geology and Mineral 
I ndustri es has been conducti ng a reg i ona I study, sponsored by th e U .5. Bur­
eau of Mines with grant No. 50122129, on the geothermal potential of east­
ern Oregon. In the course of the study, an area of anomalously high heat 
flow was discovered a few miles southeast of Vale, Malheur County, in an 
area known locally as Cow Hollow (see Figure 1, p.116-117). Theanom­
aly, which covers an area at least 6 miles by 3 miles, gives heat-flow values 
ranging from slightly greater to more than three times greater than norma I for 
this region. 

In 1973, Bowen and Blackwell (Ore Bin, 1973) reported geothermal 
gradient and heat-flow va lues for the Cow Hollow area (at that time refer­
red to as the Chalk Butte area). In 1974, when Federal lands in Oregon 
were opened for geothermal leasing and multiple filings were made in Cow 
Hollow, the area, which is entirely under Federal ownership, was estab­
lished as a Known Geotherma I Resource Area (KGRA). A sa Ie of geother­
mal leases in Cow Hollow has been scheduled by the U.S. Bureau of land 
Management for September 25, 1975. 

Since publication of the early geothermal information on Cow Hollow, 
The Oregon Department of Geology and Mineral Industries has gathered 
additional geological and geophysical data for the area, has dri lied 24 
shallow (3 to 4 meter) temperature holes, and has published results (Hull, 
1975) on a deeper drilling in the area. This summary of the geologic inter­
pretations and geophysical data is published as a preliminary report in order 
to make the information avai lable for those working to develop the geother­
mal resources of the area. A future report (Blackwell and Bowen, in prep.) 
will describe in more detail the heat flow and shallow temperature data 
together with the geological and geophysical information. 

Although the authors accept responsibility for the geologic concepts 
outlined in this paper, they wish to acknowledge the help given them by 
Department staff, including V. C. Newton, R. E. Corcoran, Alan Preissler, 
Deborah Fisher, and Dona Id Hu II. 

* Consulting Geologist, Portland, Oregon 
** Associate Professor of Geology, Southern Methodist Univ., Da lias, Texas 
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Previous Geologic and Geophysical Studies 

A geologic map and report on the Mitchell Butte quadrangle, which 
includes the Cow Hollow area, was prepared by Corcoran and others (1962). 
A report by Newton and Corcoran (1963) on the western Snake River Basin 
detai Is the subsurface conditions in the region. A geologic map by Kittle­
man and others (1967) covers the Owyhee Region south and west of the Cow 
Hollow area. A reconnaissance surface magnetic map of the area has been 
prepared by Brott and Blackwell (SMU, unpublished data), and gravity and 
magnetic maps have been prepared by K. H. Koenen, consulting geophys­
ic i st, Port land. 

Geology 

Stratigraphy 

The Cow Hollow area (see Figure 1) lies in the northeastern part of 
the Mitchell Butte 30' quadrangle and southern parts of the Jamieson and 
Moores Hollow quadrangles. The area is underlain by a thick sequence of 
late Tertiary continental sedimentary and volcanic rocks. Quaternary allu­
vium and terrace gravels mask the Tertiary units in the valleys of the Snake 
River, Ma Iheur River, and Wi Ilow Creek. The youngest Tertiary rocks 
belong to the Idaho Group of Pliocene age. Originally described as one 
unit by Cope (1883), the Idaho Group has been divided by Corcoran and 
others (1962) into three formations: two lacustrine units, the Chalk Butte 
and the Kern Basin Formations, separated by the Grassy Mountain Basalt. 

The Chalk Butte Formation, the uppermost member of the Idaho Group, 
is composed of tuffaceous claystone and si Itstone with lesser amounts of tuff, 
conglomerate, ash beds, and fresh-water limestone. Thickness of the for­
mation, estimated from well data to the east and west, ranges from 2,500 
to 3,500 feet. The Grassy Mountain Basalt, which underlies the Chalk 
Butte Formation, is reported by Corcoran and others (1962) to be 500 to 
1,000 feet thick. Beneath the Grassy Mountain Basalt is the Kern Basin 
Formation composed of tuffaceous claystone, si Itstone, sandstone, and, 
less commonly conglomerate. The Kern Basin Formation is not exposed in 
the area, but at its type locality, about 20 mi les to the south, it is 750 
feet thick. 

Underlying the Kern Basin Formation, with apparent unconformity, 
is the Deer Butte Formation of late Miocene age. The Deer Butte is com­
posed chiefly of lacustrine and fluviati Ie tuffaceous si Itstone and shale but 
also includes prominent beds of well-cemented cong lomerate and sandstone. 
Measured sections of the Deer Butte Formation elsewhere in the Mitchell 
Butte quadrangle have a maximum thickness of 1,248 feet. 

The Owyhee Basalt, which underlies the Deer Butte sediments, is 
a very widespread and prominent section consisting of basalt flows and 
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interbedded tuff. It is middle Miocene in age and can be traced southwest­
ward to the Steens Basalt and northwestward to the Columbia River Basalt. 

Under the Owyhee Basalt is the Sucker Creek Formation, named by 
Corcoran and others, 1962. It crops out extensively in the southern part of 
the Mitchell Butte quadrangle, where it consists mostly of tuffaceous sedi­
ments with interbedded rhyolitic and felsitic volcanics in the upper part 
and basa It flows in the lower part. 

I ntrusions and assoc iated flows of T ertiary-o uaternary age occupy 
small areas in the southwestern part of the map area. 

Structura I gea logy 

Regionally, the structural position of the area is on the west limb of 
the western Snake River Basin, which is a part of the Snake River downwarp, 
a large structural trough extending from Yellowstone Park across southern 
Idaho and into eastern Oregon. The IdahQ part of the western Snake River 
Basin appears to be a large graben, as high-angle faults parallel the gen­
era I trend of the basi n a long its northeastern and southwestern edges (H ill, 
1963), The bounding faults mapped in Idaho have not been identified in 
Oregon, however. Corcoran and others (1962) show no fau Its or structures 
except the regional northeasterly dip in the Cow Hollow area. 

From the data gathered as a part of this study, the authors interpret 
a major northwest-trending fault zone transecting the Cow Hollow area and 
believe the geothermal manifestation and high heat-flow anomaly reflect 
leakage along this fault. The magnetic and gravity mapping appear to cor­
roborate this thesis. The authors have named this the Wi lIow Creek fault 
after the Wi 1I0w Creek valley northwest of Vale. Evidence for the Wi 1I0w 
Creek fault is mainly from physiographic expression and geophysical meas­
urements. Displacement of lithologic units has not been found and amount 
of throw has not been determined. The strongest physiographic expression 
of the fau It is the lineament formed by Wi 1I0w Creek valley extending for 
30 miles in a nearly straight line to the northwest of Vale. Southeasfof 
Vale the trend continues but is less conspicuous. The presence of Vale Hot 
Spring on the fault, several reported warm-water wells in the Willow Creek 
area, and the high heat flow to the southeast along the zone are additional 
evidence for the fau It. 

Lawrence (in press) describes a series of right lateral tear fault zones, 
one of which he calls the Vale Zone. This zone, consisting of several lin­
ear segments, includes Willow Creek and portions of the Snake River in Idaho. 
The Vale Zone includes what we have called the Wi 1I0w Creek fault in this 
paper. 

A parallel fault zone, named the Bully Creek fault, lies about 6 miles 
to the west. Physiographic evidence is simi lar to the Wi 1I0w Creek fau It but 
the trends are not as prominent. To the north, Owyhee Basalt has been up­
lifted on the west side of the Bully Creek fault trend, indicating that the 
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area between the Willow Creek and Bully Creek faults is a graben. Electric 
logs from the Sta-Tex "Russell well" east of the Bully Creek fau It and from 
the EI Paso "Federal well" west of the fault indicate the western block is up­
lifted, corroborating the interpretation of a graben between the two faults. 

A third fault, appproximately perpendicular to the Willow Creek fault, 
here called the Malheur River fault, is believed to parallel the course of 
the Malheur River northeast of Vale. I ts existence is interpreted largely from 
geophysical mapping by Koenen, but there is also a strong physiographic ex­
pression of a fault at this location. Vale Hot Spring appears to be located on 
the intersection of the Willow Creek and the Malheur River faults. Rinehart 
Butte and Vale Butte, situated just east of Vale, are believed by the authors 
to represent si licified remnants of hot springs that have maintained their topo­
graphic expression through resistance to erosion. Corcoran and others (1962) 
believe the two buttes represent topographic highs in the pre-Idaho terrain 
and that sediments of the Idaho Group were deposited around these ancient 
highs. 

Geophysica I evidence for the Wi IIow Creek fau It comes from a ground 
magnetic profile made in 1973 (Brott and Blackwell, SMU, unpublished data). 
This information shows a magnetic high along the eastern side of the fault zone 
to the southeast of Vale. Gravity and magnetic data of the Vale KGRA by 
Koenen are included on Figure 1. These patterns show strong northwest trends 
with gravity and magnetic highs on the east side of the zone, consistent with 
the northwest fault trends as proposed here for the Bully Creek and Willow 
Creek fault zones. The accompanying cross section (Figure 2) shows this rela­
tionship. Koenen (oral communication, 1975) believes the gravity and mag­
netic maps indicate a series of intrusives along a northwest-trending fault zone. 

Geothermal Systems 

Heat-flow information 

Measuring variations in the rate of heat escaping from within the 
earth and flowi ng toward the surface is one of the best methods of prospect­
ing for geothermal resources, and it was the method used for this study. 
Other geophysical methods, such as electrical and seismic, provide indi­
rect evidence of conditions related to geothermal energy accumulation and 
help to support the heat-flow data. Detai led information on the mechanics 
of heat-flow acquisition and reduction is given by Roy and others (1968). 

High heat flow always indicates the presence of a geothermal accu­
mulation, but temperature, depth, or size of the accumulation must be 
obtained by other exploration tools. A high-level anomaly may prove to 
be only warm geothermal waters at a relatively shallow depth, whereas a 
lower-level anomaly may represent fluids of very high temperature at greater 
depths. Although other geophysical and geochemical methods in conjunc­
tion with geologic investigations can be used for depth estimates along with 
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the heat-flow data, it is necessary to sample formation fluids by dri IIing in 
order to determine reservoir characteristics. 

Basically, heat flow is the product of the geatherma I gradient (rate of 
increase of temperature with depth) and the conductivity of the rocks (rate 
of passage of heat through the rocks). Units used in heat-flow measure­
ments are microcalories per Cm2 per second and are commonly referred to as 
HFU's (Heat Flow Units). Worldwide average heat flow of continental areas 
is about 1.4 HFU. In areas of Tertiary volcanic rocks, such as eastern Ore­
gon and Idaho, average heat flow is closer to 2 HFU (Blackwell, 1969). 

The map, Figure 1, shows some of the heat-flow values in the west­
ern Snake River Basin gathered as a part of this study as we" as data pre­
viously published (Bowen, 1972; Bowen and Blackwell, inOre Bin, 1973), 
including five recently drilled holes (Hull, 1975), with additional unpub­
lished geothermal data. The Cow Ho"ow anomaly is represented by the con­
centration of data along the Willow Creek fault where gradients range from 
76° to 214°C/km and heat-flow values from 2.3 to 6.4 HFU. All of the 
bore holes, which range in depth from 65 to 395 meters, are in the Chalk 
Butte Formation. One of the new drill holes, about 1 mile east of the high­
est heat-flow value, has a heat flow of only 2.3 HFU. Thus the geothermal 
anomaly appears to be elongated in a northwest direction and is asymmetric, 
with the sharpest drop in heat flow to the east. The anomaly also appears to 
be related to leakage along the Willow Creek fault, and suggests that the 
fault dips to the west, consistent with a down-to-the-west normal fault. 

The heat-flow values on the remainder of the map range from 1.9 to 
4.6 but the data are too sparse for any conclusions about the presence or 
absence of other anomalies. The average gradient for 20 wells in the west­
ern Snake River Basin, excluding the ones in the geothermal anomaly, is 
81 0 C/km (4.4°F/100 ft.) with a range of 44° to 112°C/km. Table 1 lists 
all geothermal data used as a part of this paper. 

Geatherma I possibi lities 

For a geothermal deposit to be economically viable, three reservoir 
conditions must exist. 1) There must be sufficient heat, since the amount of 
heat in the fluids determines the use and the value of the deposit. For 
example, temperatures of 200°C (392°F) or greater are suitable for electric 
power productio~; temperatures of 150°C (302°F) to 250°C have potentia I 
value for heating and process uses; and temperatures below 150°C can be 
applied to space heating or lower-grade process uses. 2) There must be a 
sufficient volume of geothermal fluid in the reservoir to produce the neces­
sary quantities of heat energy for 30 to 50 years. Either this volume of fluid 
must be present in storage or suitable hydrologic conditions must exist to 
a II ow recharge. To meet such requirements, reservoir rocks must be suffi­
cient�y porous to hold fluids and sufficiently permeable to allow the fluids 
to migrate from the reservoir rocks to the bore holes. 3) The system must 
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against the truncated edge of the Grassy Mountain and Owyhee Basalts 
(Figure 2). 

Estimate of depths and temperatures 

Information on the depths and thicknesses of the shallower rock units 
in the western Snake River Basin were compiled by Newton and Corcoran 
(1963). Until recently, there has been little information on the deeper sub­
surface stratigraphy, but in 1973 a deep oi I and gas test well was dri lied by 
Standard Oi I Company of Ca lifornia, "H igh land," about 14 mi les east of 
Cow Hollow, near Parma, Idaho. This well, drilled to a total depth of 
nearly 12,000 feet, passed through the Owyhee Basalt and into underlying 
si liceous volcanics, lacustrine sediments, qnd interbedded basalts, a sequence 
that may correlate with the Sucker Creek Formation in the Mitchell Butte 
quadrangle. It is reported that the Standard "Highland" well encountered 
high temperatures in the Owyhee Basalt and underlying rocks. In this well, 
the top of the Grassy Mountain Basalt was at a depth of 3,800 feet (-1,153 
msl) and the Owyhee Basalt at 6,720 feet (-4,073 msl). Newton and Corc­
oran (1963,Plate 3) show a depth to basalt of 3,820 feet (-1,643 msl) in the 
Oroco Oil and Gas Kiesel No.1 well, which is about 8 miles east of Cow 
Hollow and is believed to be in a deeper part of the Basin. 

From the general structural pattern for the area as outlined by Corcoran 
and others (1962), the authors infer that the Chalk Butte Formation is about 
1,500 feet thinner in the Cow Hollow area than in the Oroco-Kiesel well 
to the east. If this is true, then the Grassy Mountain Basalt is at a depth 
of about 2,500 feet (+100 to -200 msl), and the Owyhee Basalt is at about 
5,500 to 6,000 feet (-2,800 to -3,300 msl). These relationships are shown 
schematically in Figure 2. 

Under same conditions it appears to be passible to predict subsurface 
temperatures using the near-surface gradients. In the western Snake River 
Basin, the average geothermal gradient is 81 °C/km (4.4°F/l00 ft.) with 
most of the observed gradi ents between 65° and 100°C/km. The Iithologi es, 
and therefore also thermal conductivities, in which the measurements were 
made are relatively uniform so that gradients are directly comparable. 
Assuming that heat flow is by conduction and remains constant with depth, 
the temperature in the various stratigraphic units can be predicted if the 
depth is known. If the depth to the Grassy Mountain Basalt is in the range 
of 1 to 1.5 km (3,300 to 4,500 ft.), the temperature would be on the order 
of 120°C ± 30° (248°F±500). If the top of the Owyhee Basa It is on the order 
of 2 km (6,600 feet), the temperatures would be on the order of 170°C ± 
40°. The lower units of the Owyhee Basalt and the underlying silicic rocks 
could have temperatures correspondingly higher. It is emphasized that these 
are minimum temperatures based on the projected temperature gradients 
corresponding to a heat-flow value near the regional average. Since tem­
peratures almost certainly exceeding 200°C occur at depth in porous and 
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permeable rocks, fluids with temperatures high enough for commercial power 
production may leak upwards and occur at much sha lIower depths as we II as 
regiona lIy at greater depths. 

Apparently in the Cow Hollow area such upward leakage is occurring 
along the Willow Creek fault. The geothermal potential of the anomaly 
depends on the temperature of the fluids moving along the fault. On the 
basis of the avai lable data we cannot say how deep the gradients along the 
fau It zone can be extrapolated. I f more detai led heat-flow data were 
avai lable, the anomaly could be compared to type curves for circulation 
a long fau It zones (B lackwell, 1974), and the depth of water circu lation 
along the fault, the dip of the fault, and the temperature along the fault 
might be determined or limits on the parameters estimated. With the data 
that are available, it appears that the depth of circulation must be 2 km or 
more (based on the breadth of the anomaly), and the dip of the fault must 
be 60° or more to the southwest (based on the asymmetry of the anoma Iy). 
If circulation along the fault takes place to depths in excess of 2 km, then 
it must tap fluid at +150°C. Therefore we speculate that the temperatures 
along the fault at relatively shallow depth (500 to 1,500 m) are on the order 
of 150°C or more. Of course, the fluid moving upward along the fault zone 
may be cooling off as it rises so that temperatures at shallow depth may be 
less than at greater depths. If this condition exists, production testing of 
the wells in the fault zone should show an increase in temperature as the 
hotter fluids from the deeper portions of the reservoir displace the cooler ones. 

Cone lusions 

Our studies and those of our colleagues in Idaho indictate that the 
western Snake River Basin is a major geothermal province, simi lar in some 
ways to the Imperial Valley Geothermal Province. Deep drilling should 
encounter high temperature fluids in permeable rocks below 2 km and at 
shallower depths where permeabi lity has developed, as along faults and 
fracture zones. The Cow Hollow area seems to have the necessary condi­
tions for a high-temperature geothermal reservoir: high heat flow, perme­
able rocks at depth, and a barrier to migration or trap. 

Prior to dri lIing a deep exploratory well, more geologic and geophys­
ical work and more detailed structural geologic studies should be done, more 
heat-flow holes should be drilled, and additional gravity and magnetic sur­
veys should be done. In addition, some geochemical electrical resistivity, 
and seismic studies should be made to further define the anomaly. After 
these more definitive investigations are made, the only sure method of 
determining if geothermal fluids exist in commercial quantities is to dri II 
enough wells to define the base temperature and production capabi lities of 
the reservoir. 
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REICHHOLD ENERGY CORPORATION TO DRILL FOR GAS 

The Department issued State Permit No. 65 to Reichhold Energy Corporation, 
Tacoma, Washington, on June 26, 1975 for the drilling of a 5,OOO-foot ex­
ploratory hole in Tillamook County. The test hole is to be drilled in the 
NE~, NE~ sec. 22, T. 2 S., R. lOW., Tillamook County. Reichhold 
officials announced intent to drill several wildcat holes in western Oregon 
this year. The API number for the test well is 36-057-00004. 

* * * * * 

GEOTHERMAL DRILLING LAW REVISED 

Oregon Legislature passed House Bi II 2040 in May 1975; Governor Straub 
signed it into law June 30, 1975. The new statute is summarized as follows: 

"Geothermal resources" are defined as natural heat of the earth, 
energy, in whatever form, below the surface of the earth. 

"Prospect wells" are defined as geophysical test wells, seismic shot 
holes, mineral exploration drilling, core drillings, or tempera­
ture gradient drillings which are less than 500 feet in depth. 

"Geothermal wells" are defined as any excavation greater than 500 
feet in depth made for discovery or production of geothermal 
resources. Wells producing fluids less than 2500 F bottom-hole 
temperature and less than 2,000 feet in depth are excluded. 

Bonds for geotherma I wells were set at $10,000 per we" and a blan­
ket bond of $5,000 is required for prospect well applications. Bonding of 
prospect wells was not required in the original law. 

House Bill 2040 places authority for geothermal drilling solely with 
the State of Oregon Department of Geology and Mineral Industries. Con­
flicts of jurisdiction between state agencies appear to be removed by House 
Bill 2040. The revised law should encourage an increase in geothermal 
exploration in Oregon. 

* * * * * 

GEOTHERMAL TEST WELL IN UTAH SHOWS PROMISE 

The first successful geothermal test well in Utah has been announced by the 
U.S. Geological Survey. The test is located in the Roosevelt Hot Springs 
KGRA on a tract leased by Phillips Petroleum Co. The test well, completed 
to a depth of 2,728 feet, showed in excess of 200,000 pounds per hour mass 
flow rate at a temperature of over 4000

• 

* * * * * 
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GEOTHERMAL DRILLING IN OREGON 

Deep Test Holes: 

Organization 
Gulf Oil Co.-U .5. 

Date 
Sept :T,""1973 

County 
Lake 

Status 
Abandoned hole at a 
depth of 5,440' 
Abandoned hole at a 
depth of 2,730' 

Magma Energy, Inc. Ju Iy 25, 1974 Union 

Thermal Gradient Holes: 

Organization Date Countl Status 
Thermal Power Co. Feb-:-f9'75 Klamath Completed 
Dept. Geol. & Min. Indus. July 1972 Malheur Completed 
Union Oil Co. Dec. 1974 Malheur Completed 
Gulf Research July 1974 Lake Active 
U.S. Geological Survey Aug. 1974 Klamath Completed 
Geotherma I Surveys, Inc. Feb. 1975 Malheur Active 
AMAX Exploration March 1975 Union Active 
AMAX Exploration March 1975 Malheur Active 
AMAX Exploration March 1975 Lake Active 
AMAX Exploration March 1975 Harney Active 
Phillips Petroleum Apri I 1975 Malheur Completed 
Dept. Geol. & Min. Indus. Apri I 1975 Malheur Active 

* * * * * 

METAL MINES HANDBOOKS REPRINTED 

The Department's Bulletin 14, Oregon Metal Mines Handbooks, have been 
reprinted by an out-of-state firm after having been out of print for a con­
siderable number of years. The six publications, each covering a section 
of the state, list all mines in that area known at the time of the original 
printing, together with information on general geology. 

I nformation on the repri nted handbooks is avai lab Ie from George Srei n, 
American Trading Co., P. O. Box 1312, Bellevue, WA 98009. The six 
sections, originally published in 1939 to 1951, are: 

A • Baker, Union, and Wallowa Counties 
B. Grant, Morrow, and Umati lIa Counti es 
C-1. Coos, Curry, and Douglas Counties 
C-II, sec. 1. JosephineCounty 
C-II, sec. 2. Jackson County 
D. Northwestern Oregon 

* * * * * 
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DEPARTMENT PUBLICATIONS GO UP IN PRICE 

On July 1, 1975, prices of the more recent Department publications were 
raised to help meet greatly increased printing costs. The ORE BIN is now 
$3.00 per year, or 3 years for $8.00. Current subscriptions will continue 
at the former rate until expiration. For new prices of Bulletins, Geologic 
Maps, Short Papers, Miscellaneous Papers, Oil and Gas Investigations Ser­
ies, and other items, see back cover of this and subsequent issues of The 
ORE BIN, or write to the Department for the latest listing. 

* * * * * 

NEW BOARD MEMBER APPOINTED BY GOVERNOR STRAUB 

Leeanne G. MacCol1 (Mrs. E. Kimbark M.) was appointed to the Govern­
ing Board of the Oregon Department of Gec;>logy and Mineral Industries by 
Governor Straub on June 28, 1975. She fills the position formerly held by 
William E. Miller, whose term of office has expired. 

Mrs. MacCol1 is a graduate of Occidental College, Los Angeles, with 
a major in music and an interest in geology. Since her graduation in 1952 
she has been a resident of Portland, where she has been active in a variety 
of civic affairs. She has been a board member of the Junior Symphony and 
the Chamber Music Northwest, and is the new president of Friends of Cham­
ber Music. As a member of the League of Women Voters, she has been on 
the board of the Portland League for 3 years and has served as chairman for 
committees concerned with environmental problems, transportation, and 
energy. 

Interest in geothermal development began with her visit to the Larda­
rello fields in Italy in 1972. In 1974 she attended the Geothermal Confer­
ence at Klamath Falls and since that time has been encouraging this type of 
energy deve lopment in Oregon. 

* * * * * 

GRANT COUNTY GEOLOGY TOUR IN AUGUST 

On August 14 and 15, Dr. Tom Thayer, geologist with the U.S. Geological 
Survey and authority on the geology of Grant County, will lead field trips 
to see the geology of the area. Those who plan to attend must pre-register 
prior to August 7 so transportation arrangements can be made. Bus fare wi II 
be $7.75 per person per day and lunches $1.50. Send name, address, phone 
number, and fee for bus and lunches to Grant County Extension Office, 
Box 67, Canyon City, Oregon 97820. 

* * * * * 
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AVAILABLE PUBLICATIONS 
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