' LARGE SCALE TEAR FAULTING AT THE NORTHERN TERMINATION OF THE BASIN

AND RANGE PROVINCE IN OREGON
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, ' Abstract

The pattern of faultlng in southeast Oregon is 1nterpreted in
terms 3; four major zones of rlght lateral tear faulﬁlng which
sepapate blocks broken by normal faulting. The total amount of

east-west extension is considered to decrease in the block north of

“"each tear fault zone. The right lateral offset results from the

dgcrease in extensioﬁ. Extension essentially dies out across the
Vale and Brothers Fault Zones which are thus considered the northern
limit of the Basin and Range Province. The greatest offset is
apparently recorded on the Eugene-Denio Zone by the displacement

of the eastern edges of the Sierra Nevada and Idaho Batholiths.

The Eugene-Denio and Mt. McLoughlin Zones offset the Pleistocene

to Recent trend of the High Cascades by 10 to 20 km in a right

lateral sense. The Brothers Fault Zone is regarded as of espécial

‘interest because both ends of the fault are interpreted to be

exposed at the surface.

Introduction

Much discussion of the characteristics of| faulting in the
\' .
Basin and Range Province of western North America has resulted in
general agreement that these structures are the surface expression

of overall east-west extension of the province during Late Cenozoic

" time. The total amount of extension involved remains uncertain
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with published estimates ranging from 50 km to 200 km across the
center of the province (Hamilton and Meyers, 1966; Stewart, 1971;
;Thompson and Bufke, 1974)+ Using these figures strain rates for

=16 nd lo_ls/sec. For the Dixie

. the province range between 10
Valley area Thompson and Burke (1973) give an average spreading
rate over the last 15 million years of 0.4 cm/yr and a greater
pate of.about 1.0 em/yr over the last 12,000 years. These
results are comparable te those calculated for the whole province.
To date little attention has been focused on the manner in which
' thls motion terminates to the north. The present paper offers
one hypothesis on this question. |

The structurai pattern of Oregon was studied on red band
(Band 5) and ;nfrared band (Band 7) satellite imagery recorded
by the ERTS-l Céarth Resources Technology Satellife). Figure 1
is a black agd/whlte mosalc of fall 1972 band § 1magery illustra-
ting the proposed hypothesis. It shows a series of west-northwest
trending tear fault zones W1th postulated rlght -lateral strike
slip dlsplacement separatlng areas of normal faultlng. More
extenelon is suggested for succe881vely more southerlx areas'of
nopmél faulting, culminating in the 50-200 km maximum cited above
/éemewhefe in cenfral Nevada. . The differenee in net motion between
zones is accomodated by offset on the intervening teer faults.
Thus four identified tear fault zones cut through southeast
Oregon and form the,traneition between the mainiBasin and Range

extension province of Nevada and the largely unfaulted Columbia

River Plateau of north-central Oregon and southeast Washington.
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ERTS mosaic of Oregon showing tear fault zones in
k relation to other features. V = Vale Zone, B = Brothers
| Fault Zone, E-D = Eugene-Denio Zone, and M = McLoughlin
v Zone. Dashed line locates recent Cascade vents.

Dotted
» line is boundary of Basin and Range Province.
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The Tear Fault Zones

Four zones extending west-northwest across much of Oregon
O0f these the Brothers Fault
Wypos v

PG rs/MC—' '
Informal

. are suggested as tear fault zones.
Zone has been named and briefly described (Walker, 1969)

names proposed, herein for the other zones are the Vale Zone, the

Eugene-Denio Zone, and the Mt. McLoughlin Zone. Portions of the

Eugene-Denio Zone are shown by Walker (1973) and parts of the Mt.
The four zones

McLoughlin Zone are described by Pease (1969)
are nearly parallel, and all break rocks of Pliocene or younger
Durlng this study no evidence on the time of initiation:

age.
of faulting was obtained, but if it began at the same time as

Basin and Range faulting in general, it has continued for the last

15-17 million years (Noblé, 19723 Christiansen and Lipman, 1972)

The main concern of this study, however, is the present tectonic

’~pattern. : -
The clearest relationships occur

The Brothers Fault Zone.
along the Brothers Fault Zone which extends about 300 km along
This zone has a distinct

a N60°W trend across central Oregon
east end at the Steens Fault, one of the largest normal faults -in

East of the Stéens Fault, normal faulting of the Basin
‘ [ !

. .Oregon.
 and Range type extends furtherrmorth into the state until it 1is
West'of the Steens

largely terminated against the Vale Fault Zone.:
Fault, normal faulting largely ends égainst the Brothers Fault
North of this zone; recent deformation has largely involved

Zone.
folding and faulting on east-west and northwest trends (Walker,
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'1973; Brown and Thayer, 1966). Thus the area north of the Brothers
‘Fault Zone may be considered nearly stable‘in an east-west direction,
while the area south of it shows extension in this direction.
_As the Steens Fault extends aéréss the end of the Brothers Fault
Zone, this end of the system can be considered.fixed during at
least the most recent hiétory of the system. The result,of'these
ﬁohsiderations is that the area south of the system must move west
with respect to that to the north (figure 2); producing é right-
lateral tear fault. The amount of offset should increase from
:east to west along the fault. Unfortunately‘the western end of
‘the faulf occurs in yéry young rocks and is obscured by recent
ash from Newberry Caldera so that such effects are not recorded.

The details of the Brothers Fault Zone support the preceding
interpretation. The zone is made up of a series of discontinuous
en echeloﬁ ffactures'trending about N4Q0°W. Many of these are
apparently short normal faults, 10-20 km long, with intervening
minor horsts and grébens. Léss abundant faulté, about 5 km lohg,
" trend about N30°E. This pattern is the séme as thét of strike
slip shear zones on many scales; The detailed analysis of such
structures by Tchalenko (1970) suggests that the en echelon
fractures are Riedel shears and the shorter ffactures are conjugate
‘Riedel shears. The acute angle between the trénd ofithe en echelon
fractures (N40°W)‘énd that of the overall shear| zone (N60°W)
indicates right lateral métion; The throughgoing fractures called
P shears,by Tchéienko where most of the strike élip motion oécurs
are not present. ~P shgars are the last to appear nggesfing that

i '

. |
N \1

i




. ! \ .
= '
"\
3
1
v 4 .v
N
\\ .
i‘\b:\\ L]
PO NN N
\\\
NN en
" TR e
“ \¢‘§
\\‘}, \\e\\:\@?\
s '
\\7\\\\“
- W
NV
_L—..'-'r-’ ) ' N l
’ A Y
: o
¢
f
Figure 2. The Brothers Fault Zone as an en echelon 'set of
fractures along a right lateral shear zone (mapped on
ERTS imagery). B = Bend and HL = Haﬂney Lake.
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relatively little motion has occurred across the Brothers Fault
Zone. As the Brothers Fault Zone is in rocks almost all less than

6 million years old, and the strain rate south of the zone is-

herein considered less than that for the central Basin-and Range

Province, the total strain at the surface could be less than is

needed for a P shear system. The presence of a concentration of

'volecanic vents along the zone supports the notion that it is a

relatively deep seated, fundamental tectonic feature, in spite of
relatively limited visible offset. These vents become younger
from east to west (Wa;ker, 1974)., If v&lcanism is concurrent with
motion, this suggests that motion on the zone has also migrated
from east to west.

The Vale Zone. As noted above, normal faulting extends north

| through the Owyhee Uplands eést of the Steens Mountain Fault. This

~area of extension ends mainly at the Vale Zone. The location of

this zone is based on the consistent linear trend of Willow Creek
and of portions of the Snake River in Idaho, on parallel lineaments

in the mountains to the wesf, and on termination of abundant normal

+ faulting at these features. The zone trends about N50-55°W. Heat

. flow data of Bowen and Fisher (personal communication, 1974) show

a sharp drop across it. In Idaho, Basin and Range faulting extehds
farther to the north. Thus the Vale Zone is QelatiVely short.

The amount of right-laté:al motion involved in thislzone is presumed
to be quite small as the ;reé of extension is narrow. Similar
motion may continue on the faulting extending from Walla Walla

across the 'southern Wallowa Mountains to the Snake River. TFirst

\ . ‘ ) S K I .
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?,,;ggtiﬁnféesults from an earthquake in the southern Wallowas

(Couch and Whitsett, 1969) are consistent with right-lateral motion.

The Eugene-Denio Zone. About 100 km southwest of the Brothers

Fault Zone another band of fractures extends across most of
Oregon. East of the 121st meridian much of this band has been

mapped by Walker (1974). The overall zone trends N55-60°W and

' indiVidual fractures trend about N50°W. The individual fractures

are not interconnected and most are less than 10 km long. The
en echelon pattern is less clear than on the Brothers Faﬁlt Zone,

but has the same implication of right lateral motion. The zone

.“has’been mapped through the Cascade Range as a series of lineaments.

Many of these cross drainage divides without deflection indicating

©. 2tructural contrcl. The High Cascade volcanic trend has about

10-20 km of right lateral offset across the zone. At least two

discontinuous offsets of the zone itself are present (figure 1).

This zone is associated with mejor changes in the Basin and
Range pattern. The Sﬁmmer Lake, lake Abert, and Klamath Marsﬁ
basins and associated faults terminate against the zone. The
Warner Leke basin is constricted and elightly offset.by the zone.
The Pueblo and Pine forest Ranges and associated basins are offset
along the zone. Similar disturbances of the Basin and Range
pattern can be traced on ERTS imagery to the‘goutheest across

much of Nevada. An maximum estimate of the diﬁplacement along

this zone may be derived from Taubeneck (1971) who estimates that

12 as much as 80 km of offset in the alignment of the Idaho and Sierra

Nevada batholiths has been accomplished by normal faulting, dike

4
/




r/ ) .
.~ Denio Zone.

L -7 -
intrusion, and right lateral faulting since the end of the 0Oligocene.
The Eugene-Denio Zone is located properly to produce a significant

 part of this mofibn.

The Mt. McLoughlin Zone. The southwestern zone is similar to
the Eugene-Denio Zone in character. It includes many fractures
/

/ !
interpreted aé right-lateral fractures by Pease (1969). Individual

fractures of the zone trend about N45°W and the overall zone trends
about N50~55°W, with the same implication as in each of the two
zones t¢ the north. At Mt. Mcloughlin this zone off§etsvthe High

Cascade trend about 15-20 km in a right lateral sense.. This zone

does not obviously extend far into Nevada as does the. Eugene-

-
v

Basin and Range Faulting in Oregon

\

The physiographic expression of the Basin-and Range Faulting

in Oregon changes dramatically across the Eugene-Denio Zone.(figure

1). North of the zone, many fault scarps such as Walker Rim,
.winter Rim, Abert Rim and Warner Rim are little modified by erosion.
The volcanic ublands of the rariges probably retain nearly the
surface formed by the most recent lava flows. The flat surfaces
‘are cleariy marked by numerous fractures of lesser offset. Thus
the area north of the Eugene-Denio Zone retains the,features of a
lava plain broken‘by‘blockvfaulting but.otherwiFe little modified.
South of this zone, in most of the major rangesﬁthe original volcanic
sgrfaces have been déstroyed by erosion. Many fault line scarps

' are present where weathering and erosion have produced scarp retreat.

/
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Only locally do unaffected faults occur. Locally the contrast is
related to changes in attitude and rock fype across the zone which
make erosion easier and more rapid to the south. The consiéteht
.éoﬁtrast suggests, however that major faults appeared somewﬁat
earlier, perhaps several million years, south of the zonebthan
north of it. While such an age contraét cannot be demonstrated
_ from existing data it is suitable to the hypothesis of this paper.
Since significant strain must precede faulting, the greater total
strain propésed for south of the EugeneLDenio Zone would lead to
earlier faulting than would occur north of the zone.

Studies of the seismicity of the Baéin and Range Province in
Oregon aré consistent with the concepts developed herein, Oregon
has generally lower éeismicity than the surrounding region, both
;'in earthquake frequency and mégnitude. Earthquake epicenters
' from 1841-1970 (Couch and Lowell, 1971) are plotted on figure 3
along with the tear fault zones.suggested in fhis discussion.
Within the Basin and Range Province most of the seismicity occurs
along or south of the»Eugenev Denio Zone. The greatest concen-
tration is the Warner Valley earthquaké éequence whicp coinéides
with one of the discontinuities in the zone. The lack 6f earth-
quakes north of this zone is interpreted as a result of the lower
strain rate. First motion studies on the Warnér Valiey earthQuake
' sequence (Couch and Johnson, 1968) indicaté normal féulting on
" approximately north-soﬁthitreéds for 8 shocks agd either right
lateral faulting on wést-nérthwest trends or leff lateral faulting

on north-northeast trends for 2 shocks. The right lateral result

fits the trend of Shﬁ Eugene-Denio Zone. As the sequence is located
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Figure 3.

Earthquake epicerﬁ:ers in Oregon, 1841-1970 (after Couch
and Lowell, 1871). W = Warner Valley swarm.




- g =
where both kinds of fault (normal and tear) are postulated to occur,,
these first motion results fit readily with the interpretation offered.
The most detailed study of the Basin and Range faulting in
. Oregon is that of Donath (1962) in the Summer Lake area, whichl
clearly identified two major fault trends: about N20-30°E and
N30-40°W. Donath interpreted this fhombic pattern as due to north-
south compression that produced a conjugate set of vertical strike
slip faults. More recent block faulting was considered to have
produced the vertical offsets. He indicate& that m&stlof the
exposéd faults were vertical or nearly vertical in attitude. If
this is correct no extension occurs am the faults. This is in marked
contrast‘to relations for the Basin and Range Province as a whole
~ where similar rhombic patterns are produced simultaneously with |
extension (Thompson and Burke, 1974). 'The interlocking pattern of
fault traces and irregular distribution of offsets were inter-
‘preted by Donath as evidenee that all of the recent motion for
‘'which there is evidence is dip slip. No offset markers or other
evidence except the conjugate pattern»coﬁld be found which demon-
strated ‘an earlier episode of strike slip motion.
The pattern studied by %onath can be traced over the entire
region on the ERTS-1 imagéry:’ This imagery clearly shows that
the same pattern is pfesen% throughout the areé betwéen the Brothers
- Fault Zone and thenEugeneTDenib Zone. The majoF basins and rim
.- faults are mostly rélated to the northeast trénaing féult set,
‘ / :

Winter Rim being the most conspicuous exception. The northwest

set is largely gﬁpressed as somewhat smalier‘fractures that cut




- 10 =

. the uplifted.blocks. This is also the set that curves continuously

into the en echelon fracture sets of the tear fault zones in a

reversed "S" pattern (figure 4). As noted by Donath, neither set

_consistently offsets the other and the pattern of fault traces

that results 1s everywhere veryangular and irregular so that the
" N
faults are interlocked. The motion on both sets is mainly dip

slip. Thus simultaneous motion is implied not only between the

etwo Basin and Range fault sets, but also between these and the tear
'fault zones, but none is present within the'intervening blocks.

.Thus it seems necessary to seek a new mechanical explanation‘for
the rhombic pattefn to replace Donath's hypothesis. Such a new

explanatlon must produce the several sets of fractures s1multan-

eously and with the same pattern of motlon as currently exists.

High Cascade Interactions

i

The crest of the-Oregon Cascades is a eeries of Pleistocene
to Recent volcanoes (ﬁostly less than 1 million years old) and
associated lava flows that occupy a down:dropped block similar to
mahy other volcano-teetonic depressions (Allen, 1965; Taylor,
1973, and personal communication). Witﬁin these features the recent
vents form north-south linear features on the scale of the ERTS-1
imagery. Two of the tear fault zones discusseé above offset this

. {
trend in a right lateral sense about 10 to 20 fﬁ. These offsets

- are the only known measure of the amount of offset on the tear
fault zones. It indicates that the total strain in each segment

. has decreased by about the same amount across each zone since the

t
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Figure 4. Idealized pattern of faulting for te:ir' faults with
. ; Antervening extensional zones in southeastern Oregon.
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High Cascade trend was established. However, the Eugene-Denio
Zone is the one that extends a great diétance into Nevada suggest-
ing that it is a particularly important feature in comparison to
_the less extensive Mt. McLoughlin Zone. Thus' it is equally
reasonable to extrapolate a greater offset on this zone into the

past.

Using typical values for the strain rate and total strain‘in
the central Basin and Range Province for the area south of the Mt.
McLoughlin Zone,'illustrative examples can be calculated to show
ﬁhé effect of the tear fault zones under various assumptions
(Table 1). In the first example an arbitrary 20 km decrease in
total extension across each zone and a 50 km minimum figure for
"the amount of Basin and Range extension have been used. In the
second and third examplés the maximum offsetvhas been placed on

'the_Eugene-Denio Zoné with equal, lesser offsets on the Mt.
McLoughlin and Brothers Fault Zones. In the third example the
total extension has beén increased to 100 km. Recalling that
Thompson and Burke (1873) have shown that Basin and Range strain
rates ape variable with time, it should be cleaf that these

' calculated examples‘serve.largely to illustrate fhe step-down
effect on strain rate that this writer suggests for the area.
The numerous assumptions inherent in obtainingzthe results forbid
tfeating them as conclusions. |

The Brothers Fault Zone appears to merge with the eastern

. faults of the High Cascade depression (figure 2). The apparent
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Table 1. Examples of effect of tear fault
zones on Basin and Range parameters.

Location 1. -16 Total
€ x 10 " /sec|etension (% strain
Between Eugene-Denio and 0.3 10 1.
— Brothers Fault Zones km 2
0 Between McLoughlin and _
g,Eugene-Denio Zones 0.8 30 km 4
X [South of McLoughlin Zone -3 50 km 6
Between Eugene-Denio and
™ Brothers Fault Zones 0.3 10 km 1.2
& Between Mcloughlin and 1.1 40 km 5
g4Eugene-Denlo Zones
% South of McLoughlin Zone 1.3 50 km 6
A ; ;
Between Eugene-~Denio and
® Bpothers Fault Zone 0.7 25 km 3
) : '
~ Between McLoughlin and '
£ Eugene-Denio Zones 2'1. 75 km ‘g
g I
e S South of McLoughlin Zone 2.6 100 km 12
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lack of offset across the High Cascades indicates that relatively
little displacement has taken place along the Brothers Pauit Zone.
Such motion as has occurred in the last few million years must
appear as extension of the High Cascades depression and, possibl&,
as,spreaging under the Deschutes Basin. The interconnection is
made by a gradual deflection of faulting to a N35°W trend from the
N60°W.trend of the zone. This deflection takes place on a series
of small normal faults through the Deschutes Basin‘(informally,
the Sisters Fault Zone). The individual fractures of this zone
are parallel, rather +than en echelon in pattern. The Sisters‘
Fault Zone culminates in the Green Ridge Fault which trends about
N25°W. At Green Ridge the faulting is clearly the bounding

structure of the volcano-tectonic depression of the Cascade

" ecrest (Taylor, personal communication).

A similar interaction between Basin and Range features and

‘the High Cascade depression occurs where the Klamath graben extends

under Crater Lake. Here normal faulting of the Basin and Range
’ ‘ J

Province merges directlyiwifh the volcano-tectonic depresssion.
Recélling the earlief discussion of the role of the Steens
Fault in addition to the reflections on the Sisters Fault Zone
above, the writer/interprets the Brothers Fault Zone as terminating
at each end in a/transition to nopmal faultiné. If;correct, this
implies that o?é,has hefe the rather rare possibility of studying
fhe actual endg of a major\fault zone. At the Steens Fault, normal
faulting crpééeé and’abrupgly truncates the Brothers Fault Zone.

‘ ‘ / . :
Motion on the Steens Fault has continued at least as long as on

SN
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the Brothers Fault Zone. . On the other hand a gradual transition
takes place to the Sisters Fault Zone, where motion is quite
young and may have developed since the initial activity of the
. Brothers Fault Zone. In each case, however, the termination is
exposed for study at the surface, unlike most major faults and

/
- fault zones whlch disappear under more recent cover or are other-

/“' «

‘Discussion and Conclusions
1 o

Large displacements due to right lateral motion afe also
descrlbed along the Walker Lane and Death Valley- Furnace Creek
Zones oﬁlsouthwestern Nevada (Nlelsen, 19653 Stewart\ Albers, and
Poole, 1968). However, most of this motion is of;re-Mlocene age

anﬁ/gnly a few tens of kilometers are related to Basin and Range

7
e

i . e . ' L.
~"activity. The Oregon tear fault zones, in contrast, are Miocene

to Recent features and are on:about a 20° different trend. Thus
these features are probably not directly related to one another.
The Basin and Range Prov1nce in Oregon 1s believed to
terminate in a series of right lateral tear fault zones along
which the total extension and extensiqnal strain rates decrease
- progressively northward. Extension eseentially ceases at tne
northern edge of the province along the Vale a%d Brofhers Fault
Zones. The rhombic pattern of normal faultinggn the region
results from the interaction of extension in blocks Detween the

fault zones and the right lateral strike slip motion along the'

zones. The net offsets on individual tear fault zones are /

’




- astimated to be in the range of a few tens of kilometers, with

. about 80 km as a maximum.

References Cited

Allen, J. E., 1965, The Cascade Range volcano-tectonic
depression of Oregon: Lunar Geol. Field Conf. Trans., Ore. Dept.
GGOlo Mino Indc [y PC 21"'23.

. Brown, C. E., and Thayer, T. P., 1966, Geologic Map of the
Canyon City Quadrangle, Northeastern Oregon: U.S. Geol. Surv.
Misc. Geol. Invest. Map I-iu7.

Christiansen, R. L. and Lipman, P. W., 1972, Cenozoic volca-
- nisms and plate-tectonic evolution of the western United States.
IT. Late Cenozoic: Royal Soc. London Trans., ser. A, v. 27,
P. 249-284, ' ' :

Couch, R. and Johnson, S., 1968, The Warner Valley Earthquake
-Sequence: May and June, 1968: The Ore Bin, vol. 30, p. 191-204.

Couch, R. W. and Lowell, R. P., 1971, Earthquakes and
seismic energy release in Oregon: The Ore Bin, vol. 33, p. &1l-8L.

Couch, R. and Whitsett; R., 1969, The North Powder Earthduake
of August 14, 1969: Ore Bin, v. 31, p. 239-246.

Donath, F., 1962, Analysis of Basin-Range structure, South-~-
central Oregon: Geol. Soc. Am. Bull., v. 73, p. 1-16.

' Hamilton, W. and Meyers, W. B., 1966, Cenozoic tectonics of
the western U.S.: Rev. Geophys., v. 4, p. 509-549, ’

Higgins, M. W. and Waters, A. C., 1967, Newberry Caldera,
. Oregon: in preliminary report: Ore Bin, v. 29, p. 37-60.

Nielsen, R. L.,'1965, Right-lateral strike-slip faulting in
the Walker Lane, west central Nevada: Geol. Soc. Am. Bull., v. 76,
Po 1301_13080 : -‘

i

i

t




©2978-2

\ o e B o

-'15 =

Noble, D. C., 1972, Some Observation on the.Cenozoic
volcano-tectonic evolution of the Great Basin, Western United
States: Earth Plant. Sci. Lett., v. 17, p. 142-150.

Pease, R. W., 1969, Normal faulting and lateral shear in
northeastern California: Geol. Soc. Am. Bull., 80: 715-720.

SfeWart, J. H., 1971, Basin and Range Structure: A system of
Horst and Grabens produced by deep-seated extension: Geol. Soc.

,Am. BUll-, Ve 82, Po 1019—1044.

Stewart, J. H., Albers, J. P., Poole, F. G., 1968, Summary of
regional evidence for right-lateral displacement in the western
Great Basin: Geol. Soc. Am. Bull., v. 79, p. 1u407-141k.

Taubeneck, W. H., 1971, Idaho Batholith and its southern
extension: Geol. Soc. Am. Bull., v. 82, p. 1899-1928.

Taylor, E. M., 1973, Geochronology and Structure of the cen-
tral part of the Cascade Range, Oregon: Oregon Acad. Sci., 23lst
Annual Meeting. :

Tchalenko, J. S., 1970, Similarities between shear zones of
different magnitutes: Geol. Soc. Am. Bull. 81: 1625-1640.

Thompson, G. A. and Burke, D. B., 1973, Rate and direction of
spreading in Dixie Valley, Basin and Range Province, Nevada:
Geol. Soc. Am. Bull., v. 84, p. 627-632.

) 197&, Regional geophysics of
the Basin and Range Province: Annual Review of Earth and Planetary

Sciences, v. 2, p. 213-238.

Walker, G. W., 1969, Geology of the High Lava Plains Province:

in, Mineral and Water Resources of Oregon, Ore. Dept. Geol. and

Min. Indust. Bull. 64, p. 77-79.

Walker, G. W., 1973, Geologic Map of Oregbn East of the
121st Meridian: U.S. Geol. Sur. Misc. Field Iﬂvest. Map, MF-495.

Walker, G. W., 1974, Some implications of\Late Cenozoic
volcanism to geothermal potential in the High Lava Plains of south-
central Oregon: Ore Bin, v. 36, p. 109-119.




!
Reviewed by G. A. Thompson, T. P. Thayer, and R. W. Couch

———

]

‘.16 -
'Acknowledgements

. . Work
partially supported by NASA Contract NAS 5~21831. Discussions with
colleagues E. M. Taylor, W. H. Taubeneck, and B. Baker 81gn1flcantly

1mproved my understanding of the problems involved.




