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INTRODUCTION

The Alvord Valley is a complex, sinuous, elongate north-to-northeast trend-
ing graben valley in the northeastern part of the Basin and Range province in
southern Harney County, southeastern Oregon (Figure 1). It is roughly 70 miles
long and has a maximum width of about 10 miles near the Alvord desert. The
broad, flat valley (4,040 ft elevation) is bounded on the west by an impressive
tilted fault block mountain belt (Pueblo and Steens Mountains) where elevations
reach 9,760 ft along a steep, eroded escarpment. The southern part of the
valley extends into Nevada and some maps call this part the Pueblo Valley. To
the southeast, the valley is bounded by the Trout Cireek Mountains (7,800 ft)
and to the northeast by lower elevation rolling hills and plateaus more typical
of the Owyhee Upland topography. At the extreme north and northeast on the
Harney-Malheur County border, the valley narrows and merges into the Sheephead

Mountains.

The valley is essentially flat with interior drainage toward two ephemeral
lakes, Tum Tum at the south end and Alvord in the central portion, which are only

a few feet deep and have areal extent which vary with seasonal rainfall and

2

stream flow. A larger playa called the Alvord Desert covers about 250 km~ in the

north-central part of the valley.

This part of southeastern Oregon has a semi-arid climate with wide varia-
tions in temperature. The necessity of irrigation and short growing limits agri-
culture to hay and grain. The most important industry is cattle grazing. Popu-
lation density in this remote area is very low, less than 1 per square mile, and
there are only two small settlements other than isolated ranches, Denio on the
Nevada border at the extreme south end of the valley, and Fields, 20 miles north

of Denio.

The part of the Alvord Valley geothermal area evaluated for this report is
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Map showing location of study area.



covered by the Adel AMS quadrangle, 1:250,000 and by ten 7% (1:24,000) United
States Geologic (USGS) topographic maps: Fields, Borax Lake, V Lake, Andrews,
Alvord Hot Springs, Wildhorse Lake, and the Alberson, N.E., N.W., S.W., and

S.E. The area covers about 550 square miles (1,430 km2) and includes all of

the Alvord Valley north of Fields; the Steens Mountain escarpment as far north
as Wildhorse Lake and the northeast branching valley that includes Mickey Spring

near the Harney-Malheur County line.

This study was funded under U. S. Department of Energy (USDOE) Contract No.
DE FCO4-49ET27220. The project is part of a state-coupled USDOE program for

assessment of low-temperature geothermal resources for direct use.



GEQLOGY

Introduction

The geologic map in Plate I has been taken directly from the Walker and
Repenning (1965) reconnaissance map of the Adel AMS sheet. Ten days were spent
in the Alvord Valley field-checking areas where the geology is complicated or
where structural relationships are not clear. Some samples were taken for K/Ar

dating as well, but these data are not, as yet, available.

Volcanic stratigraphy

Regional studies and other reports on the area to the south and west of
the Alvord Valley show the basement rocks to be an assemblage of Paleozoic and
Mesozoic metamorphic and granitic intrusive rocks. Moderate to steeply dipping
Permian and Triassic metamorphic rocks include quartzites, graywacke sandstone,
greenstone, sericite schist, quartz-muscovite schist, argillite, and minor mar-
ble. Cretaceous-age gneissic granodiorite and quartz diorite are intrusive into

the metamorphic rocks.

In the study area, the rocks are all volcanically derived and of Miocene
and younger age. As pointed out by Williams and Compton (1953) and Avent (1969),
a truly impressive display of Tertiary volcanic rocks is exposed in the eastern
escarpment of the Steens Mountains. Baksi (1967) has suggested that it may be
one of the world's largest single exposures of successive Tertiary lavas. Fuller
(1931) was the first to describe the sequence in detail, and he divided them as
follows:
(1) The oldest, a sequence of light-colored, fossiliferous silicic tuffs
and sediments, claystone, opaline chert, and conglomerate in thin
to thick beds totalling 500 to 800 feet and named the Alvord Creek
Formation. There nas been much controversy about the age of the

Alvord Creek Formation, but K/Ar dates of 21 m.y. by Evernden (1964)
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Formation. There has been much controversy about the age of the
Alvord Creek Formation, but K/Ar dates of 21 m.y. by Evernden
(1964) and the determination that the Steens lava flows are all
pre-Pliocene have establishied a Tower Miocene age for the Alvord
Creek Formation.

Overlying the Alvord Creek Formation are rhyolite and dacite flows,
ash-flow tuff, and interbedded tuffs and breccia totalling 1,000

to 1,500 ft thick. These rocks are named the Pike Creek Formation.

K/Ar age data have established a Tower to middle Miocene (?) age
for the Pike Creek rocks. Additional rock samples are being anal-
yzed for this study to confirm this age.

The next youngest part of the sequence comprises two locally exten-
sive and thick (900 ft+) andesite flows with spectacular columnar
jointing overlain by thin andesite and basalt flows and clastic
material of variable thickness. Fuller (1930) called these rocks
the Steens Mountain Andesitic Series. The relationship of this
assemblage (total thickness~2,000 ft) with the underlying Pike
Creek and Alvord Creek Formations is not certain; however, it has
been assigned a late Miocene age.

Unconformably above the irregular andesitic flows and pyroclastic
rocks of the Steens Mountains series are thick sections of the
Steens Basalt. The Steens Basalt consists of as much as 5,000 ft
of thin, regularly bedded flows of porphyritic to aphyric olivine
tholeite to high alumina basalt. Most workers now agree that the
Steens Basalt section was erupted regularly and rapidly over a
short period of geologic time during the late Miocene from local
fissure vents. K/Ar dates of 14.5 m.y. to 16 m.y. indicate that

the Steens Basalt is a lateral time equivalent of part of the
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Columbia River Basalt Group.

(5) Minor amounts of rhyolite and dacite flows and ash-flow tuffs are
present above the Steens Basalt. These are shown as Ttr on the
geologic maps. Their age is not known, but is probably late Mio-

cene or early Pliocene.

East of the Alvord Valley the structural and topographic elevation of the
fault blocks decreases so that younger volcanic rocks mantle the early Tertiary
section. However, at the northeast end of the valiey, Steens Mountain Basalt
is still the prominent rock type. Walker and Repenning (1965) show the Steens
Basalt dipping to the south and successively overlain by 7af, a series of platy
andesite flows and flow breccia; 7¢», ash-flow tuff and rhyolite-dacite masses;
Tst, tuffaceous siltstone, sandstone, and conglomerate; and 7h, dark gray dense
mesa capping basalt flows. A1l of these heterogenous voicanic rocks are prob-

ably of late Miocene and Pliccene age.

The mountain flanks and basin are draped and filled with a variety of Plio-
Pleistocene and Holocene alluvium. The oldest of this kind of deposit
(@Tst) is present near Fields i3 thne south, and occurs as tilted, uplifted,
low rolling hilis adjacent to the mountain fronts. The deposits are chiefly
massive to crudely layered, scmewhz® consolidated, colluvium and conglomerate.
Avent (1965) described this poorly scried, crudely stratified sedimentary unit
in detail and proposed the nane Turm Tum Conglomerate. An age of middle to latest
Pliocene has been suggested. Landslide aebris (uvnit @Zs} along the base of moun-
tain fronts and some of the playe lake siit and sand deposits (unit gp) have
been delineated where conspicuous, Quaternary ailuvial fan deposits, fluvial
and lake gravel, sand, silt. and evancrite deposits have not been differentiated

and are shown as @al on the geologic maps.



Detailed descriptions of individual formations have been published by

many authors Tisted in the references at the end of this report.

As a convenience for compiling the geologic map, the silicic rocks of the
Alvord Creek Formation and Pike Creek Formation have been combined as well as
the andesite and basalt flows of the Steens Mountain Volcanic Series and the

Steens Basalt.

Structural geology

The Alvord Valley is in the northern part of the Basin and Range Province.
Prominent horst and graben features of the area are characteristic of the rest
of the province and are the result of considerable east-west extension during

the late Cenozoic.

An examination of ERTS Landsat color imagery of southeastern Oregon tends
to confirm the observations of early day observers (Russell, 1884, and Waring,
1904) who suggested that the Steens-Pueblo Mountain range is the western flank
of an arch, the keystone of which dropped down to form the Alvord Valley. The
photos show that a Targe part of the high Steens have been an elongate low, dome-
shaped mass before it became the complex horst and graben structure it is today.
A set of NNE and NNW trending faults is well developed, especially at the north

end of the Alvord Valley (Figure 2).

Lawrence (1976) interpreted the pattern of faulting in the Basin and Range
of southeastern Oregon as zones of east-west extension that Tie between promin-
ent right-lateral wrench faults which trend N. 50° W. to N. 60° W. The Steens-
Alvord area Ties between Lawrence's "Vale" zone to the north and another that
Lawrence calls the "Eugene-Denio" zone to the south. Farther west, the north-
ward extension of the Basin and Range topography is terminated by the "Brothers"
fault zone which Lawrence interprets as ending at or near the range-front of

the Steens Mountains.



A B\ NRUY
g
o a2

AU

&)

3

A

) zWMWWf
= .f;ﬁ,__\w.w »

o YR

ALVORD

\

W

ADEL, OREGON

1955
Revised 1970

Scale 1:250,000
CONTOUR INTERVAL 200 FEET

PHOTO-LINEAMENT MAP OF THE
ALVORD DESERT AREA

Figure 2.

-8 -



Displacements on the range-front faults are estimated to be as much as
10,000 feet along the west side of the Alvord Valley and much less along the
east margin where the escarpment is much Tower. A large tilted block is sug-
gested by a reversal of dips in the foothills west of the valley from the
mouth of Wildhorse Canyon southward to Fields. Generally, the massive Steens
Mountain block tilts to the west at 5° or less. The east-facing escarpment
and frontal fault zone generally trends about N. 5° E. but have sections where

the trend approaches N. 25° E.

Most of the elevation of the range appears to have occurred before the
onset of glaciation. Glaciation has Teft large u-shaped canyons and cirques

in the high Steens, such as Keiger Gorge.

The Pliocene-Pliestocene Tum Tum conglomerate has also been deformed and
uplifted. Quaternary alluvial fans also appear to have been slightly uplifted
and erosionally cut into scarplets and low ridge-1like deposits (Cleary, 1976)
indicating that many of the faults in the area are still active. Such faults
continually create fracture permeability for deep circulation of geothermal

water.



GEOPHYSICS

A number of geophysical studies were available for evaluation in this
report. They are a regional aeromagnetic survey performed by the USGS in
1972 (Figure 3); an audio-magnetotelluric survey performed by Long and Gregory
of the USGS in 1975, presented at the 7.5 and 27 hertz bands (Figures 4 and 5);
gravity and truck-mounted magnetic profiles performed by Griscom, Andrew and
Conradi of the USGS in 1975 (not included with this report); and a Bouguer grav-
ity anomaly study performed by Cleary, 1974a, of the University of Montana

(Figure 6).

Owing to its small scale, the regional aeromagnetic study (Figure 3) is
difficult to interpret on a site-specific basis. The Steens Mountain fault
escarpment on the western edge of the map is indicated by a sharp change from
smooth contours, indicative of a deep alluvial valley, to a strong north-to-
northeast trend of short-period, elongated maxima and minima. This area of
elongated anomalies is coincident with the complexly northeasterly and north-
westerly faulted Steens Mountains. The mountains are composed mainly of rela-
tively highly susceptible lavas with minor non-susceptible rhyolites and tuffs
along the range front. The valley is characterized by smooth contours trending
north to northeasterly with a closed minimum centered on the eastern portion of
the Alvord Desert, probably indicating that bedrock beneath the valley fill is
dipping to the northeast. This trend begins to show increasing positive gradi-
ents to the south and east along the Trout Creek Mountains and Sheepshead Moun-

tains front.

Detailed, continuous, truck-mounted, magnetic profiles performed by Griscom,
Andrew, and Conradi (1975) taken through Borax Lake, Mickey Hot Springs, and
Alvord Hot Springs show much more detail. These traverses, in conjunction with

their gravity traverses, indicate that each hot spring is coincident with a
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geophysical anomaly which is interpreted to be a fault. Their study also con-
cludes that many of the faults mapped for this study extend into the valley
beneath the fill. The reader is directed to their publication for detailed

discussion of their study.

An audiomagnetotelluric apparent resistivity study of the Alvord Valley
performed by Long and Gregory (1975) delineates three areas of high conductance
(Figures 4 and 5). These areas show up as small resistivity minima surrounding
Hot Borax and Mickey Springs, and a large resistivity minimum surrounding the
Alvord Desert playa. The minima surrounding the two hot springs are seen through-
out the frequency spectra at both shallow and extreme depths. In both cases,
the anomaly broadens and centers on surface hot springs at the higher end of the
frequency spectrum (i.e., shallower probing). The anomaly at Mickey Springs
shifts very Tittle, and does not broaden a great deal at high frequencies, sug-
gesting a more direct path to the surface for ascending waters and probably a
shallower depth to source. This assumption is reinforced by geologic mapping
which indicates less depth to bedrock than for the other springs, and a high ori-

fice temperature which may indicate a shorter path to the surface.

The anomaly surrounding Hot Borax Lake shows some displacement toward the
valley bounding faults at lower frequencies {(i.e., deeper probing), and a
decrease in the size of the anomaly. This may indicate that thermal water
exits the range-front fauit in a 1imited area at depth and migrates down the
hydrologic dip toward the center of the basin, where it finally appears as a

zone of widely scattered hot to warm springs.

The third anomaly surrounding Alvord Valley is probably due to highly con-
ductive layers of evaporite-rich sediments and saline waters buried beneath
the playa floor. This anomaly probably masks any anomaly which may be associ-

ated with Alvord Hot Springs, found to the west of the Alvord Desert, although

oA o
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a slight amount of offsetting towards the springs is seen in the higher fre-

quencies which may be caused by surface effects around the springs.

The final geophysical study evaluated for this report is a simple Bouguer
gravity map developed by Cleary (1976a) of the Alvord Valley (Figure 6). This
map, which is discussed in detail in his thesis, indicates that the valley is
a complex graben. Cross-sections from his report are presented on the accom-
panying geologic maps (Plate I-II) and indicate that a number of the valley
bounding and intersecting faults continue under the valley fill, where they
probably control the observed gecthermal system. Cleary also describes some
contemporary seismic events and graben-bounding sfructures that he interprets

to be active.
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WATER CHEMISTRY

During the period of this study, six springs were sampled and their
waters analyzed. Together with published analyses (Mariner and others, 1974,
1980; and USGS and DOGAMI, 1979), a total of twenty-seven analyses are avail-
able for evaluation (Table 1). Field reconnaissance indicates a considerable
number of thermal anomalies; however, a large number of these springs and wells

were unlocatable, not flowing or unsampled owing to time constraints.

Sampling temperatures during field collection ranged from near boiling
(1000C) for Alvord Hot Springs, Mickey Hot Springs, and Hot Borax Lake down to

6° C for Burke Spring.

The thermal waters can best be described as neutral to slightly alkaline,
mixed-ion bicarbonate water typical of hot-water systems found throughout the
Basin-Range province. Preliminary analyses of the available data indicates that
two species of water are present, (1) the Mickey Springs group and (2) Alvord
Springs and Hot Borax Lake, with the Mickey Springs group showing slightly

higher estimated reservoir temperatures (Table 2).

The four hot springs or groups of hot springs in the study area (Plate III)
are rather widely separated along a northeast trend from just west of Fields
(Pedro Spring) in the south-central part of the valley to Mickey Springs about
35 miles to the northeast. In addition to being widely separated, the springs
also appear to be in different environments, although all are localized by
faults or fault zones. Pedro Spring, the least hot (270 C), emerges from
basalt flows of the horst block. Borax Hot Lake is in the center of the valley
and has a linear north-south string of spring orifices, some of which are near
boiling temperatures. These orifices are probably associated with a buried
valley-bounding fault which was discussed in the geophysics section of this

report. The Alvord Hot Springs occur at the base of the Steens Mountain

- 17 -



escarpment and are probably controlled by a major frontal fault. Mickey Spring,
the northernmost is also the hottest in the Alvord Valley, and it is the only
hot spring in the eastern part of the valley. There, several spring orifices,
bubbling mud pots, and steam vents occur in a 1- to 2-acre area of tufa mounds

adjacent to a Targe northeast-trending fault block.

- 18 -



Table I. Spring and well chemistry of the Alvord Desert area. A1l measurements

are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.
Burke Blair Cold Antelope Pedro
Spring Spring Spring Hot Springs Spring

Location 37S/33E/  36S/33E/  35S/33E/ 35S/26E/ 375/32 3/4E/

6CBa 28Bbb 34Dcb 32Ba 36Bc

Date sampled 5/80 5/80 5/80 8/48 5/80

Temp. (° C) 6 10 10 40 27

pH 7.9 8.0 7.8 8.3 9.2

Conductance 289 385 240 876 220

umhos/cm

Alkalinity 157C 208c 121 nt 62c

Xh as mg/1 HC03

XC as mg/1 CaCO3

Hardness 156 173 101 nt 5

as mg/1 CaCO3

Total dissolved 206 260 174 695 145

solids

51'02 47.2 42.8 44 .6 168 48.8

Na 8.1 20.6 12.3 191 31.4

K 1.5 3.3 0.7 13.0 0.3

Ca 28.6 29.6 24.0 10.0 0.7

Mg 17.5 24.0 11.0 2. 0.3

Cl 2.5 4.1 83 64 5.4

As 0.017 0.009 0.005 nt 0.008

B <0.200 .23 <0.200 1.5 <0.200

Li <0.1 0.17 <0.1 nt <0.1

F 0.2 0.3 0.1 3.6 0.3

Fe (total) 0.44 0.14 0.36 0.02 0.70

Al 0.48 <0.1 0.13 nt 0.64

HCO3 nt nt nt 376 nt

PO4 0.066 0.039 0.051 nt 0.042

804 5.34 10.2 6.6 57 8.1

NO3 0.21 0.41 0.38 i <0.02

NH3 0.05 0.06 0.05 nt 0.04

19 -



Table 1. Spring and well chemistry of the Alvord Desert area--Continued. AT1l
measurements are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.

Mickey Mickey Mickey Mickey
Hot Springs Hot Springs Hot Springs Hot Springs
Location 33S/35E/ 33S/35E/ 33S/35¢t/ 37S/32 3/4E/
138 13B 13B 28Ba
Date sampled 7/71 /72 9/76 5/80
Temp. (° C) 85 73 36 87
pH 8.5 8.0 8.31 8.9
Conductance 2200 2490 2200 2300
umhos/cm
Alkalinity 630C nt 804C ]340C
Xh as mg/1 HCO3
XC as mg/1 CaCO3
Hardness nt nt nt 6
as mg/1 CaCO3
Total dissolved 1748 nt nt 1733
solids
S1'02 167 200 214 102
Na 478 550 550 512
K 20 35 31 30.9
Ca 1.0 0.9 1.0 2.4
Mg 1.2 0.1 <1.0 3.6
Cl 230 240 240 291
As 2.5 0.01 nt 0.210
B 9.2 10.5 11.0 11.7
Li <0.2 1.1 0.9 0.90
F 19.6 16 16 8.3
Fe (total) 0.06 <0.02 nt 0.60
Al <0.01 0.058 nt 1.3
HCO3 nt 774 nt nt
PO4 1.3 0.74 nt 0.300
SO4 205 230 210 212
NO3 0.02 nt nt <0.02
NH3 0.02 0.39 <0.5 0.06

= 9f =



Table 1. Spring and well chemistry of the Alvord Desert area--Continued. All
measurements are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.

0'Keefe Alvord Alvord Alvord

Spring Hot Springs Hot Springs Hot Springs
Location 37S/32 3/4E/  34S/34E/ 34S/34E/ 34S/34E/

28Ba 32Db 32Db 32Db

Date sampled 5/80 11/55 /72 9/76
Temp. (° C) 10 82.2 76 78.5
pH 7.9 7.3 6.73 6.89
Conductance 243 4490 4590 4070
umhos/cm
Alkalinity 120c nt 1196 . IZSOC
Xh as mg/1 HCO3 -
XC as mg/1 CaC03
Hardness 103 nt nt nt
as mg/1 CaCG3
Total dissolved 174 2910 nt nt
solids
SiUz 40.8 135 120 128
Na 14.1 1040 960 1000
K 0.8 66 69 3
Ca 26.6 0 1. Z2.4
Mg 8.5 " 2.2 2.6
Cl 4.0 760 780 770
As 0.014 nt 0.04 nt
B <0.200 28 30 36
Li <0.1 nt 2.1 1.9
F 0.2 7.2 10.2 11.0
Fe (total) <0.05 0.09 0.12 nt
Al <0.1 nt 0.003 nt
HCO3 nt nt nt nt
P04 0.052 4.5 0.43 nt
SO4 6.4 211 220 180
NU3 0.98 1.1 nt nt
NH3 0.04 nt 0.90 <0.5
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Table 1. Spring and well chemistry of the Alvord Desert area--Continued. ATl
measurements are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.

Spring N.W. Spring N.W. Hot Borax Hot Borax

of Borax Lake of Borax Lake Lake #2 Lake #3
Location 37S/38E/15 37S/38E/15 37S/33E/15 37S/33E/15
Date sampled 5/57 /72 9/53 9/53
Temp. (° C) 87 9% 29.4 73.9
pH £:58 7.3 17 7.6
Conductance 2190 2020 2227 2050
umhos/cm
Alkalinity nt nt nt nt
Xh as mg/1 HCO3
Xc as mg/1 CaCO3
Hardness nt nt nt nt
as mg/1 CaCO3
Total dissolved 1520 nt 1559 1440
solids
51'02 160 160 184 119
Na 426 450 488 430
K 29 28 23 27
Ca 9.6 14 17 15
Mg tr 0.3 tr tr
C1 265 250 286 255
As 1.0 nt nt nt
B 15 15 17.9 12
Li tr 0.51 <1 .5 <1.5
F 6.5 Tul 8.0 7.0
Fe (total) tr <0.02 nt nt
Al tr 0.02 nt nt
HCO3 nt nt nt nt
PO4 1.4 1.2 nt nt
S{)4 328 434 343 319
N0, tr nt 2.5 1.2
NH3 0.69 0.17 nt nt
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Table 1. Spring and well chemistry of the Alvord Desert area--Continued. A1l
measurements are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.

Hot Borax Hot Borax Hot Borax Unnamed hot spring
Lake #4 Lake #5 Lake #1 near hot lake #3
Location 37S/33E/15 37S/33E/15 37S5/33E/15 37S/33E
Date sampled 9/53 6/61 1/72 9/76
Temp. (° C) 79.4 31.1 36 91
pH 8.1 7.8 7.28 7.94
Conductance 2160 2410 2410 1990
umhos/cm
Alkalinity nt nt nt 434
Xh as mg/1 HCO3
XC as mag/1 CaCO3
Hardness nt nt nt nt
as mg/1 CaCO3
Total dissolved 1520 1680 nt nt
solids
ST’O2 173 193 190 189
Na 456 516 500 460
K 30 27 31 29
Ca 14 16 16 15
Mg 0.3 0.5 0.3 0.3
C1 270 305 300 270
As nt nt 0.01 nt
B 14 18 16.6 15
Li <1.5 nt 0.65 0.5
F 7.0 9.7 9.0 7.5
Fe (total) nt nt <0.02 nt
Al nt nt nt nt
HCO3 nt nt nt nt
PU4 nt 2.2 0.89 nt
304 339 367 350 nt
NU3 1.3 nt nt nt
NH3 nt nt nt nt
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Table 1. Spring and well chemistry of the Alvord Desert area--Continued. All
measurements are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.

Unnamed hot spring Unnamed hot spring Unnamed hot spring
near hot lake #4 near hot Take #5 near hot lake #6
Location 37S/33E 37S/33E 37S/33E
Date sampled 9/76 9/76 9/76
Temp. (° ¢) 97 90.5 86
pH 7.36 7.04 8.67
Conductance 1840 1910 2040
pmhos/cm
Alkalinity 389 420 423
X, as mg/1 HCO4
Xc as mg/1 CaC03
Hardness nt nt nt
as mg/1 CaCO3
Total dissolved nt nt nt
solids
S1'02 169 154 157
Na 435 435 450
K 24 26 26
Ca 13 15 14
Mg 0.2 0.3 0.3
C1 250 250 250
As nt nt nt
B 14 15 14
Li 0.5 0.5 0.55
F 7.6 7.0 7 i )
Fe (total) <0.02 nt nt
Al 0.028 nt nt
HCO3 nt nt nt
PO4 nt nt nt
SO4 nt nt nt
N03 nt nt nt
NH3 <0.5 nt nt
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Table 1. Spring and well chemistry of the Alvord Desert area--Continued. Al1l
measurements are in mg/1, except for pH or as indicated. nt = not tested; tr = trace.

Location

Date sampled

Temp. (° C)

pH

Conductance
umhos/cm

Alkalinity
X

Hardness

as mg/1 CaC03

Total dissolved

solids
5102
Na

K

Ca

Mg

c1

As

B

Li

F

Fe (total)
Al

HCO3

SO4

N03

NH3

Unnamed hot spring
near hot lake #7

Unnamed hot spring
near hot lake #8

as mg/1 HCO3
XC as mg/1 CaCD3

37S/33E

9/76
97

7.26

1840

372

nt

nt

163

425
24
12

250
nt
14

<0.02

nt
nt

nt
nt

nt

<0.05
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375/33E
9/76
84
7.48
1890

386

nt

nt

164

440
25
12

250
nt
15

nt
nt
nt

nt
nt
nt
<0.05



Table 2. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the Alvord Desert area.

Burke Blair Cold Antelope Pedro Mickey
Spring Spring Spring Hot Springs Spring Hot Springs '71]

Flow rate nc nc nc 114 nc nc
liters/min.

Measured 6 10 10 40 27 85
temperature

%

Na:K 224 212 138 149 53 120
0

C

Na:K:Ca 157 165 113 168 81 179
1/3 8

°

Na:K:Ca 15 41 5 137 a7 271
4/3 g

%

Na:K:Ca 21 nc 35 104 nc 110
Mg corrected

°C
5102 99 95 96 168 101 168
conductive

%

5102 100 96 98 159 101 158
adiabatic

0

C

SiO2 69 64 66 146 71 145
chalcedony
¢
SEO2 -16 -20 -19 44 -15 45
opal
%

*Methodology for calculations presented in Appendix A. nc = not calculated.
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Table 2. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the Alvord Desert area--Continued.

Mickey Mickey Mickey 0'Keefe
Hot Springs '72 Hot Springs '76 Hot Springs '80  Spring

Flow rate nc nc nc nc
liters/min.

Measured 73 86 87 10
temperature
%

Na:K 145 138 142 138
¢

Na:K:Ca 207 198 192 114
1/3 8
%

Na:K:Ca 330 312 262 7
4/3 B
°C

Na:K:Ca nc nc 73 54
Mg corrected

O

8102 180 185 138(7?) 93
conductive
0

C
SiO2 168 172 134(?) 94
adiabatic

°

5102 159 164 112(?) 62
chalcedony

o

5102 56 61 18 -22
opal

%

*Methodology for calculations presented in Appendix A. nc = not calculated.
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Table 2. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the Alvord Desert area--Continued.

Alvord Alvord Alvord Alvord
Hot Springs '55 Hot Springs '72 Hot Springs '76 Hot Springs '80

Flow rate nc 1875 nc nc
liters/min.

Measured 82.2 76 78.5 72
temperature
.

Na:K 145 153 144 150
°c

Na:K:Ca 193 198 192 195
1/3 8
%

Na:K:Ca 252 253 252 246
4/3 g

%

Na:K:Ca nc 166 157 155
Mg corrected
°

5102 155 148 151 145
conductive

0

C

5102 147 141 145 139
adiabatic
%

S1'{J2 130 122 126 119
chalcedony
°C
5102 33 26 30 24
opal
%

*Methodology for calculations presented in Appendix A. nc = not calculated.
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Table 2. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the Alvord Desert area--Continued.

Spring N.W. of Spring N.W. of Hot Borax Lake #2 Hot Borax Lake #3
Borax Lake '57 Borax Lake '72 Spring '53 Spring '53

Flow rate 71 56 nc 109
1iters/min.

Measured 87 96 29.¢ 73.9
temperature

Na:K 149 144 127 144

Na:K:Ca 183 176 161 175
1/3 8

°c

Na:K:Ca 193 178 162 173
4/3 B

°c

Na:K:Ca nc nc nc nc
Mg corrected

-

5102 165 165 174 147
conductive

%

5102 156 156 164 141
adiabatic

o0

5102 142 142 152 122
chalcedony
%

5102 42 42 51 26
opal

°c

*Methodology for calculations presented in Appendix A. nc = not calculated.
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Table 2. Geothermetric calculations* of minimum reservoir temperatures for
selected thermal waters of the Alvord Desert area--Continued.

Hot Borax
Lake #4
Spring '53
Flow rate nc
Titers/min.
Measured 79.4
temperature
°c
Na:K 147
¢
Na:K:Ca 179
1/3 8
Be
Ma:K:Ca 182
4/3 B8
%
Na:K:Ca nc
Mg corrected
%
5102 170
conductive
e
51'02 160
adiabatic
¢
5102 148
chalcedony
¢
5102 47
opal
Op

*Methodology for calculations presented in Appendix A.

Hot Borax
Lake #5

Spring '61
1687

31.

133

168

174

nc

177

166

156

54

Hot Borax Unnamed hot Unnamed hot
Lake #]1 spring near spring near
Spring '72  hot lake #3 '76  hot lake #4 '76
13,000 nc nc
36 91 97
143 144 136
176 176 169
181 178 172
nc nc nc
176 176 169
165 165 159
55 154 146
53 53 46
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Table 2. Geothermetric calculations* of minimum reservoir temperatures for

selected thermal waters of the Alvord Desert area--Continued.

Flow rate
liters/min.

Measured
temperature
g

Na:K

¢

Na:K:Ca
1/3 B

°c

Na:K:Ca
4/3 8

'

Na:K:Ca

Mg corrected
%

5102
conductive
%

SiO2
adiabatic
e

5102
chalcedony
¢

5102

opal

%

Unnamed hot
spring near
hot lake #5 '76

Unnamed hot
spring near
hot lake #6 '76

Unnamed hot
spring near

Unnamed hot
spring near

hot lake #7 hot lake #8 '76

nc

90.

141

172

171

nc

163

154

139

40

nc

86

139

172

174

nc

164

155

141

41

nc

97

138

171

174

nc

166

157

143

44

*Methodology for calculations presented in Appendix A. nc

31 -

nc

84

138

172

177

nc

167

157

144

4

not calculated.



GEOTHERMAL GRADIENT AND HEAT FLOW DATA

Temperature gradient and heat flow results for the Alvord Valley area
of Oregon are shown in Table 3. Included in the table are the township/
range-section and the latitude and longitude location of each hole. In
addition the hole name, date of logging used, collar elevation, bottom hole
temperature, maximum depth, corrected temperature gradient and (where available)
corrected heat flow are shown. In addition to these data the depth interval
and average thermal conductivity used for calculation of the gradient and heat
flow are shown. The table values are given in SI units. To transform units,

3

1x10°° ca1/cmzsec (HFU) = 41.84 mwm_z, 1 x 107° cal/cm sec®c (TcU) =

]K_]. Also 1°C/km = 1me_]

0.4184 Wm~ = 18.29F/100 ft. The temperature-depth
measurements for each hole have been open-filed at the DOGAMI office in Port-
land, and can be obtained by contacting that office. Corrected gradient and
corrected heat flow are values for which the topographic effects have been

removed. These are not significant for the sites studied.

The holes are ranked in terms of the quality of the gradient or heat flow
information, from high quality (A), to good quality (B), to marginal quality
(C), to data with some problems (D), to data for which no useful temperature
gradient or heat flow can be estimated (X). Heat flow values in geothermal
systems are indicated by a G. A1l holes have been plotted on an AMS Base pre-
sented as Plate I. Only 8 holes are shown in Table 3 in this area. The
regional data in south central Oregon are sparse (Blackwell et al., 1978).
Four heat flow measurements have been published by Sass et al., (1976) and are
included on the table. These holes were drilled specifically for heat flow,
and thermal conductivity measurements were made on core and cutting samples

from the holes. For the water wells only estimated thermal conductivity values

*Written by Dr. David D. Blackwell, Southern Methodist University
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Table 3. Geothermal-gradient data, Alverd Desert area, Oregon.

Bottom Depth Uncorr. Corr. Corr.
Twn/Rng- N Lat. W Long Hole # Collar Temp. -JInterval Avg., TC # Gradient Gradient HF . Q
Section Deg.Min. Deg.Min. Date Elev. - (°cC) (m) wm~lk~! TC  °C/km °C/km mWm HF
33S/35E-  42-40.60 118-21.60 MH-2 1235 21.40 10.0 294.9 294.9 G
14DA 30.0 .8 .8
30.0 255.0 255.0 ]
35.0 2.0 2.0
10.0 .92 289.2 289.2 268 ]
35.0 .8 .8
335/34E- 42-40.00 118-27.23 MCW 1290 11.90 25.0 X
24AB /2073 240.9
336/35E- 42-39.70 118-21.50 MH-1 1225 19.10 40.0 .92 5} 146.2 146.2 134 G
23ACB Gi.9 .01 . .
366/35E- 42-32.20 118-26.60 AD-2 1220 15.50 59.0 .89 19 58.5 58.5 =2 A
21CDD ‘ 56.0 .01 . .3
3ES/34E-  42-32.20 118-29.20 AD-1 1220 17.70 54.9 .86 7 73.9 73.9 64 A
2BA 61.0 .01
88.4 .85 9 78.6 78.6 67 A
95.7 .01 | .3
55.9 .85 16 75.8 75.8 65 A
S96.0 .01 i | .3
FiH/36E- 42-18.24 118-16.70 G-11 1366 17.48 10.0 .96 130.6 130.6 126 ]
28113 T/30/73 .0 21 13.7
St IR~ 42-15.81 118-19.15 SP-10 1430 20.45 19.9 .96 83.9 83.9 79 B
~4BA 7/28/73 1€0.9 .21 1.2
3u5/37E-  42-15.27 118-20.79 DH-19 1430 16.73 10.0 .96 88.5 88.5 84 B
2300 7/728/,73 0.0 .21 3.9



are available and the quality of the data is quite low. Because of the sparsity
of data very little can be said in detail about the potential of the area. In
general, the heat flow values and geothermal gradients appear to be quite high
and, except for the remoteness of the area, there might be good potential for
usable Tow temperature water to be found at leass than 1.5 km depth. Extensive
gradient drilling has been carried out by exploration companies in the search
for high temperature geothermal resources. These data are not available, as

they are proprietary.
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CONCLUSIONS AND RECOMMENDATIONS

This reconnaissance study of the Alvord Valley has defined two geothermal
systems worthy of further investigation. Those are the (1) Mickey Hot Springs
area in the northern end of the Valley, and the (2) Alvord-Hot Borax Lake area
in the central and southern end of the Valley. Surface indications are that
both of these areas have high estimated reservoir temperatures and may repre-
sent the surface manifestations of a system at depth which has temperatures
high enough for direct utilization and possibly electrical power production.
Recommendations for site-specific anaiyses for these two very important areas
should be carried out under one field program, and are listed as follows:

1. Detailed (1:24,000 or less) geologic and photogeologic mapping of the areas
immediately adjacent to the spring zone with emphasis on recognition and
mapping of active and/or thermal structures.

2. Detailed sampling and analysis of hot and cold springs including isotopic
analysis, to determine precise subsurface conditions.

3. Closely spaced gravity stations to be coupled with existing stations and
reduced to complete site-specific Bouguer and residual anomaly maps to pro-
vide for detailed analysis of subsurface thermal structures.

4. A contemporary seismic study and a microseismic study using an array of
high-gain seismometers to determine seismicity of the Valley and relation
of active faults to the geothermal regime.

5. A program of 20 to 30 500-ft gradient/stratigraphy holes followed by a
program of 5 to 10 2000-ft gradient holes to refine the evaluation of the

Alvord Valley geothermal model for deep production drilling.
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APPENDIX A

Formulas used in calculations

Na:K (revised): 1217 . :
t O = Tog (Na/K) + 1.483 273.15 (Fournier, 1979)

Na:K:Ca: 1647 - 273.15 (Fournier and Truesdell, 1973),

t% =728 +F (1)

where F (T) = log (Na/K) + [ 8 log (/Ca/Na) 1,
g =1/3if t> 100°C, and 4/3 if t <100°C,
t°C = calculated reservoir temperature,

and concentrations are expressed in molality.

Magnesium correction ratio:

(milliequivalents Mg) X 100
R = (milliequivalents Mg) + (milliequivalents Ca) + (milliequivalents K)

If R <5 or >50, no calculation was made. For R between 5-50,
= 10.66-(4.7415) (R) + [(325.87) (log R)z] - [(1.032 X 105) (log R)2/T] -
[(1.968 X 107) (log R)%/T%] + [(1.605 X 107) (log R)3/T1,
where R = magnesium correction ratio expressed in equivalents,
st,, = the temperature correction that is subtracted from
the Na:K:Ca 1/3 8 calculated temperature,
T = Na:K:Ca 1/3 B calculated temperature in k.
can be obtained by using the graph compiled by Fournier and Potter (1979).

AtMg

Mg

Or &tMg

5102 temperature calculations (Fournier and Rowe, 1966):

. , 1309
5i0, (conductive), % = 579+ Tog (5102) - 273.15
. . . 1522
$i0, (adiabatic), t°C = 575 ¥ Tog (570,) - 273.15
Si0, (chalcedony), 1032
2 £ = 3.69 + Tog (510, 273.15
Siu, (opal), 731
2 t° = 752 ¥ Tog (si0,) - 27315

where Si0p is expressed in mg/1.

- 39 -



References cited:

Fournier, R.0., 1979, A revised equation for the Na/K geothermometer,
in Geothermal Resources Council Transactions 3, 1979, p. 221-224.

Fournier, R.0., and Potter, R.W., II, 1979, Magnesium correction to the
Na:K:Ca chemical geothermometer: Geochimica et Cosmochimica Acta,
v. 43, p. 1543-1550.

Fournier, R.0., and Rowe, J.J., 1966, Estimation of underground tempera-
tures from the silica content of water from hot springs and wet-steam
wells: American Journal of Science, v. 264, p. 685-697.

Fournier, R.0., and Truesdell, A.H., 1973, An empirical Na:K:Ca geo-
thermometer for natural waters: Geochimica et Cosmochimica Acta,
v. 37, p. 1255-1275.

Mariner, R.H., Swanson, J.R., Orris, G.J., Presser, T.S., and Evans, W.C.,

1980, Chemical and isotopic data for water from thermal springs and
wells of Oregon: U.S. Geological Survey Open-File Report 80-737, 50 p.

40 -



APPENDIX B

Geothermal Gradient Data

LOCATIONS: sk .EHOR3E » ORE;IN
HBLE NUMBER: 38373523
DATE MEASURED: B60OGMI

JEPTH DEPTH TEVPERATURE GIaTHERMAL GRADIENT
METERS FEET ces C JQEG F OtG Cr/KM FEET/DEGF
305 1200 20°302 59044 0 o
394 13549 240100 7538 11440 1600
49,9 294.9 25222 7736 3k 305
1204 3949 275622 8168 787 S3e]
15049 4949 29300 B4e74 ohHe8 3247
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LOCATIBN: FIELUSs JIREGONY
HOLE NUMBER: RDH=1
DATE MEASUREC: 11/16/72

JEPTH
METERS

DEPTH
FEET

164

328

6546

98+ 4
1312
1640
1368
2296
262+4%
2952
3280
3608
3936
4264
4592
49240
5248
35746
5904
6232
6560
688+ 8
72146
7544
7872
8200
8528
88546
9184
9512
384
1216+8
10496
10824
11152
11480
11308
121346
124604

TEMPERATURE

CEG C DEG F
13880 56+98
12+683 S4e82
12939 5527
13532 5635
14¢18) 57352
14810 5866
15522 5934
160247 6123
16972 6235
17742 6333
18392 6510
1896 6613
19¢58) 6724
250232 68041
20°+83) 69469
21+56) 7081
22+15) 7187
22+78) 7300
23370 7407
24002 7520
24062) 7632
25+21) 7738
25820 78048
260412 7954
27012 8062
27572 8163
28+120 8262
28¢72) 83e66
29302 BheFy
29¢88) 85+78
ENLLL ) 86+79
31210 8782
319602 88+88
322170 29.91
32692 90«R4
33¢25) 91485
33«78) 92+R)
34320 93+78
34622 9432

o AF -

GEOTHERMAL GRADIENT

JEG C/KM

*0
=240°+0
250
500
659
©3¢0
7100
72+0
7340
770
550
370
620
55+0
56+0
670
39«0
630
290
530
620
39«0
510
29+
500
260
350
380
500
38+0
26+0
370
29+0
370
32+0
360
330
5440
30+0

FEET/DEG F

0
=7e6
7249
3)%4
2840
289
cde7
253
230
23¢7
2840
32«0
234
28+¢)
275
272
309
283
309
28¢5
234
33.9
293
309
34
323
3301
31k
30e4
314
323
323
3)e93
320
330
325
3kl
337
6)e7



LYCATIONS FIlELS G, IREGSH

He L

NUMBER S

ROH={

JATE MEASUREL:! 2aDgMI

VEPTH
METERS

15+2
228
30eH
381
4547
H3+3
510
H&eb
7642
Kileh
31ed
991
1267
1143
1219
129+5
1372
1442
1524
1600
1676
1753
1%2¢9
1905
1981
2057
2133
221 ey
2286
F3Ee?
c43ed
215
259.1
£2h6e7
o743
2919
25966
2972
3033

DEPTH
FEET

520

749
1200
1250
1500
1750
1599
2249
2493
P749
2399
3P43
3493
3749
3399
4243
4499
4743
4393
Se4ely
5499
53749
5798
5248
54908
67448
6398
748
748
7748
7397
QP48
Riyded
R74+8
398
G248
498
7405
Q4

TEYPCRATJIRE

VEG C

124020
12720
13202
13500
14100
14¢720
IS'BDu
16200
156620
17200
17820
14300
13720
19102
12620
2.0000
2545800
25900
21423
224502
22+500
23200
23430
230500
c4¢3C0
24820
25320
256703
c6&eC0
250420
265800
/300
27705
e3e¢350
2xe702
23020
27300
3300

32300

- 43 -

DEC OF

D432
SbheXe
3576
5637
D738
S&e4ph
2965y
EQel
HleR2
L2024
5404
S4e3q
5565
56+ 3¢
725
582D
H8e39
590k
7Ce39
7160
7243¢
7247
74612
TheKy
7574
7664
77054
78e26
TE«5.
7SezD
%c'a“
*1e14
%1‘5Q
“pe3Ju
5366
S4e2y
517
“EeZC

<EeS4

Q= BTHIRNAL
Je.G C/K™

«0
394
555
A9l
/Re7
757
Tre]
219
f"‘l'?
Jre]
Te<7
2heb
305
2P 5
256
=25
HiyeH
sPed
=heb
Ine?
52«6
z5¢ebh
2F*5
325
nheh
2beb
she/
SCek
39«4
DS
278
553
25
78«7
375
e ly
255
s5eb
19'2

SRALTENT
FEET/DES F

LY}
Gueg
2l
G450 3
c3el
c3el
£3e1
17es
csel
c3el
c3el
2/ e
Jﬂof
ate’
27 e "
34.7
&7 e
3497
278
€31
27 er
el ek
34/
347
7 et
Lj?.?:l
277
34 e
4503
34e/
S4eD
27 el
i%e7
IS N
347/
woed
‘_'7.:;:
g7k
273
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LBCATIBN: TRBUT LREEK,BREGON ¥

HBLE NUMBER:

38=37524

DATE MEASURED: 7/28/73

DEPTH
METERS

1040
1500
200
250
300
35.0
40-0
4540
500
550
6090
65+0
7040
7540
8090
850
9040
95+
1000

DEPTH
FEETY

328

492

656

82+0

384
1148
1312
1476
1640
1804
1968
2132
2296
2460
2624
2788
2952
3116
328+0

TEMPERATURE

DEG C DEG F
13040 5547
130530 5635
13890 5700
14170 5751
140490 5808
14084 5871
15230 5941
1564 6015
16+082 6094
16500 6172
16094) 62249
17399 6330
17830 6409
18320 64+98
18782 6580
19260 66067
19760 6757
20¢180 6832
20452 6881

FlE =

GEOTHERMAL, GRADIENT

DEG C/KM

«0
J8e0
720
5640
V40
700
780
%20
38«0
340
3840
30¢0
880
380
920
960

1,00
3400
240

FEET/DESG F

«2
186
253
325
285
260
234
cce2
207
21-7
2307
202
2307
1845
198
190
18+2
217
3347



SreEms YLesPECT O
LBCATIUN: wh. EHBRSE, CGREGEN
HBLE NUMBER: 38=37S24
DATE MEASURED: 6DGMI

JEPTH DEPTH TEMPERATURE GZOTHERMAL GKAUIENT
METERS FEET DEG C CES F JEG C/KM FEET/DES F
305 120090 14300 5774 * 0 °y
39} 1284 14820 38eb4 377 31k
5945 2279 17722 6386 Jheb 13+
1000 3279 20¢500 5890 219 13e%
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LOBCATION: TRBgT REEK,BREGEON Y
HOLE NUMBER: 3837586

DATE MEASURED: 7/28/73

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT
METERS FEET DEG C DEG F DEG C/KM FEET/DEG F
100 328 13220 5580 0 0D
15s( 492 130770 5679 110+0 166
20+0 656 140290 5772 104+0 172
2540 8240 14+870 58477 11640 157
3040 984 15300 59+54 360 212
35.0 114¢8 15810 50046 1220 179
4040 1312 16200 6089 380 480
450 14746 160490 6168 380 18e6
5090 16440 16730 6211 480 380
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LBCATION: TRuUT CREEKJQREGSNV’

HBLE NUMBER: 3937517
DATE MEASUREDS: 7/27/73

DEPTH
METERS

1040
150
20+0
2540
300
3540
400
4540
500
550
600
650
70+0
75.0
80¢0
8540
300
950
1000
105+0
1100

DEPTH
FEET

328

49.2

656

820

984
1148
1312
1476
16440
1804
196¢&
2132
22946
2460
2624
2788
295.2
3116
3280
34404
3508

TEMPERATURE

CEG C DEG F
13+58) 5644
13900 57«02
140230 3765
14569 S8e21
14094 58¢89
15370 5987
15872 6057
16046 61+63
16¢99) 6258
17470 6345
17970 6435
18420 65916
158350 6533
19170 66351
19+68) 6742
20070 6613
20045) 6881
20750 69435
2104 6987
21230 7021
2143 7061

- 49 -

GEBTHERMAL GRADIENT

OEG C/KM

0
O4e0
700
020
76+0
260

1200
1180
10640
960
1000
30+0
8640
540
102+0
780
/60
65Ce0
28«0
380
4o

FEET/DES F

o)
28e5
25+
294
el
2le2
18.2
15-‘0
172
192
182
2Je2
2le2
283
173
234
c4+g
3004
3104
48e¢J
4lew
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LTEBUS TS PFCT &L

LBCATIBN: ~H. ZHOR3E, BREGIVY
HBLE NUMBER: 34-3752
DATE MEASURED: 8DGMI

OEPTH NEPTH TEVPERATURE

METERS FEET JEG C DEG F
305 1000 17123 6273
Lied 1470 19300 6674
7543 247 23500 743
1058 34649 274600 8168

e B

JE

GLHTHERMAL GRALUIENT

G C/kM

*Q
1335
1378
1345

FEET/DJES F

.
117
132
132



SresAl T evirety '
LECATION: WH. o HBRSE, GREGINY

HBLE NUv3ER: 33-37533 47

DATE MLASURED: BDG™1

JEPTH DEPTH TEMPERATURE EHTHEIMAL GRACIENT
METERS FEET LEG C DES F JEG C/KM FEET/2EL F
3646 12G*9 190400 5972 e} ot
€701 2200 15520 6530 15107 72
9745 3199 25520 5897 556 27t
12840 41949 22+823 7324 755 24ei
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LOCATION: ADEL AMS, OREGON
345-35E~-10DCD

HOLE NAME:  ALUORD 2
DATE MEASURED: 7~ 9-8@

DEPTH TEMPERATURE
FEET DEG C DEG F
8.2 14.350 57.83
16.4 13.190 55.74
24.6 13.330 £5.99
32.8 13.650 56.57
41.0 13.950 57.11
49.2 14.230 57.61
57.4 14.3%0 57.90
65.6 14.610 58.30
73.8 14.740 58.53
82.9 14.930 58.87
9.2 15.040 53.07
98.4 15.190 59.34
196.6 15.310 £9.56
114.8 15. 420 59.76
118.1 15.470 59.85

GEOTHERMAL GRADIENT
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STATE OF OREGON

DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES

DONALD A. HULL, STATE GEOLOGIST
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2 ALVORD DESERT, HARNEY AND MALHEUR COUNTIES, OREGON

EXPLANATION

Playa deposits: Clay, silt, sand, and some evaporites

Alluvium: Unconsolidated fluviatile gravel, sand, and silt. In places,
includes talus, slope wash, fanglomerate, some small areas of exhumed
late Pleistocene and Recent lake beds, and windblown sand. Large areas
of windblown sand designated by stipple pattern

Landslide debris: Mostly unstratified mixtures of basaltic and tuff-
aceous sedimentary bed rock. In places includes disordered fault blocks,
basalt rubble, and talus. Age, mostly Pleistocene; probably includes
P1iocene and Recent deposits

Late basalt flows: Thin flows of olivine-bearing, diktytaxitic basalt.
Commonly highly feldspathic. Age, late Pleistocene or Recent

Basalt and andesite: Flows mostly of diktytaxitic olivine-bearing
basalt and minor basaltic andesite commonly vesicular or scoriaceous
but locally dense or platy; generally nonporphyritic; dips less than 5
degrees. Minor interbeds of tuffaceous sedimentary rocks. Age, late
Pliocene and Pleistocene

Sedimentary deposits:

Lacustrine, fluviatile, and aeolian sedimentary rocks, interstratified
tuff, ashy diatomite, and unconsolidated clay, sand, silt, and gravel.
Includes some small masses of hot spring sinter and tufa. Mostly con-
fined to pluvial Take basins

Pediment or fluvio-glacial gravels that lie about pluvial Take levels

Tuffaceous sedimentary rocks, tuffs, and interbedded basaltic and ande-
sitic flows:

Tuffaceous siltstone, sandstone, conglomerate, tuff, and interbedded
basalt or andesite flows, flat to gently dipping. May intertongue with
upper part of 7h. In places subdivided into the following units:

Semiconsolidated lacustrine tuffaceous sandstone and siltstone, ash and
ashy diatomite, conglomerate and minor fanglomerate, boulder-bearing
slope wash, vitric-crystal and vitric-lithic tuff, pumice lapilli tuff,
and tuff breccia; stratigraphic location uncertain, may be equivalent
in part to Pike Creek Formation

Mostly thin, vesicular, subophitic to intergranular, diktytaxitic basalt
flows, gray to black, containing small to moderate amounts of olivine
that is fresh or slightly altered to iddingsite. Flows locally consist
of platy olivine-bearing andesite or basaltic andesite

Basalt: Basalt flows, generally dipping 5 to 10 degrees. Some major
topographic rims capped by these flows. Basalt is commonly highly feld-
spathic, contains small to moderate amount of slightly altered olivine,
and exhibits both subophitic and diktytaxitic textures. Flows locally
porphyritic. May intertongue with Tower part of Tsh. Age, late Miocene
and early Pliocene

Tuffaceous sedimentary rocks, tuffs, and silicic flows:

Tuff of rhyolitic and dacitic composition, tuffaceous sedimentary rocks,
and areally restricted rhyodacitic flows. Some tuffs partly to densely
welded. Laps on unit Tfb with slight angular discordance. Age mostly
middle(?) and late Miocene but may contain some clastic rocks that are
early Pliocene. In places, subdivided into the following units:

Mostly fine-grained tuffaceous sedimentary rocks and tuffs representing
flood plain or shallow lake deposits. In southeastern part of quadrangle
contains more abundant lake beds, including interlayers of ashy diatomite
locally with fish and plant remains

Partly to densely welded tuffs and areally restricted rhyolite or dacite
flows. Most glass partly or completely converted to alkali feldspar and
cristobalite either from gas phase alteration or devitrification. Grades
laterally into exogenous domes @Tvf. Shows both conformable (interfing-
ering) and unconformable relations with unit T¢e. Locally grades down-
ward into andesites of Taf

Flows and flow breccias:

Basalt and andesite flows and flow breccias that are variable in texture
and mineral composition. Minor interbeds of tuffaceous sedimentary rocks,
tuff, scoria, and, near top of unit, some local layers of silicic vol-
canic rocks. Shows unconformable relations with underlying Pike Creek
Formation. Age, middle(?) and late Miocene. In places subdivided into
the following petrographic units:

Mostly platy andesite flows but contains some flows of porphyritic oli-
vine basalt, basaltic and andesitic flow breccias, and minor amounts of
interbedded tuffaceous sedimentary rocks and tuff. Near top of unit,
some local layers of silicic (dacitic?) tuffs, breccias, and brecciated
flows (?)

Massive basalt flows and minor interbeds of tuff and scoria. A few
flows are uniformly fine grained with pilotaxitic texture; most are sub-
ophitic or diktytaxitic and many are porphyritic; plagioclase (An 60-70)
is dominant phenocryst in porphyritic phases. Many flows, particularly
high in section, are highly feldspathic; most contain small to moderate
amounts of olivine commonly altered to montmorillonite or illite or to
"jddingsite." In thick, very widespread lens or attenuated layers which
show both conformable (interfingering) and unconformable relations with
unit Taf

Pike Creek Formation: Mostly well-Tithified and altered silicic tuffac-
eous sedimentary rocks, but including some tuffs and tuff breccias and
intrusive and extrusive masses of rhyolite. Age, late Oligocene(?) and
early(?) Miocene

Intrusive rocks: Granodiorite and quartz diorite, partly gneissic. In
places, cut by pegmatite stringers. Also includes some "intrusive"
masses of quartz albite

Metamorphosed sedimentary and volcanic rocks: Mixed assemblage of silicic
grits, (sub)graywacke, porphyritic mafic flows, calc-hornfels, quartz mus-
covite schist, muscovite-chlorite-actinolite schist, and epidiorite

Dikes, sills, and necks: Mostly basalt or gabbro but includes some ande-
site. Age, Miocene, Pliocene, and Pleistocene(?)

Pyroclastic rocks of basaltic cinder cones: Mostly unconsolidated, red-
dish, fine to coarse scoriaceous basaltic ejecta. Age, Miocene(?)
Pliocene, and Pleistocene(?)

Rocks of stratovolcanoes and domes:

Agglomerate, breccia, scoria, cinders, ash, flows, and intrusive masses
forming constructional volcanic features. Age, Miocene, Pliocene, and
early Pleistocene(?). In places divided into:

Mostly large complex exogenous domes and related flows and flow breccias
of rhyodacitic composition. Includes small vent areas composed largely
of breccia and coarse, highly altered welded tuff

Mostly stratovolcanoes dominantly of basaltic or andesitic composition

Volcanic and sedimentary rocks:

Flows of platy andesite, basaltic andesite, and glassy black or gray
dacite or rhyodacite. Age, mostly late Miocene or early Pliocene

Thin, discontinuous basalt flows
Tuffaceous sedimentary rocks and tuffs
Intrusive rhyolite and dacite: Plugs, small endogenous domes, and intrus-

ive breccias of rhyolitic to dacitic composition, and a little soda rhyo-
Tite. Age, Miocene and Pliocene

Contact
Long-dashed where approximately located; short-dashed where inferred
—_— = —— e
Fault

Dashed where approximately located; dotted where concealed or inferred.
Bar and ball on downthrown side
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