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SUMMARY OF CONCLUSIONS

The U. S. Geological Survey conducted geologic investigations
at the request of the U. S. Atomic Energy Commission in three
principal areas of southcentral Washingtéﬁ -- the Saddle Mountains
and Smyrna Bench area north of the Hanford Reservation; Gable
Mountain and Gable Butte on the reservation; and the Rattlesnake
Hills - Wallula Gap area south and southeast of the reservation.
These areas were selected for study to resolve differing inter-
pretations of previous investigators cor cerning the existence of
faults and the recency or antiquity of tectonic movements on some
of these geologic structures, Although the investigations con-
firmed the presence of faults in each area, most of the faults are
relatively old -- the latest surface displacements on all but one
apparently occurred more than 12,000 years ago and probably before
late Pleistocene time (probably more than 100,000 years ago).

and #renching

Geologic mappinghon and near Smyrna Bench was done to investi-
gate the Saddle Mountains fault -- a high-anglé fault that cuts
the flows of the Yakima Bééalt and extends along the north side
of the Saddle Mountains anticline from Smyrna Bench westward
across the Columbia River. The faulting appears to be younger
than the sediments of the Ringold Formation (Pliocene and
Pleistocene age), and it is probably older than the glacial

flooding which is thought to have begun in this region about



*

100,000 years ago. However, the faulting can be dated clearly only

as older than Pinedale age (12,000 to 25,000 years ago). Grabenlike,
topographically closed depressions and minor scarps in the Ringold
Formation,which occur on the southern margin of Smyrna Bench north

of the Saddle Mountains rault, were believed by some previous investi-
gators to indicate geologically young, or even historic, tectonic

faulting., However, the present investigation found evidence that these

are not tectonic features but are the results of a mass movement of the
Ringold Formation that underlies the Smyrna Bench. Part of the Ringold
moved northward as a large block-glide landslide toward the Crab Creek
valley, and the grabenlike depressions and scarps were produced by
tensional separation of slices and small blocks on the back (south) side

of the mass as the gliding continued. Landslide blocks of basalt and
Ringold sediments that slumped northward from the Saddle Mountainas scarp
into the depressions conceal the Saddle Mountains fault throughout the
length of Smyrna Bench, The block gliding may have started simultaneously
with the entrenchment of Crab Creek valley by the glacial floods., Subse-
queﬁt series of floods probably saturated the Ringold Formation and eroded
it rapidly from the toe of the bluff along Crab Creek, causing several
stages of the block gliding. The stratigraphy of Pleistocene and Holocene
sediments overlying the Ringold Formation on Smyrna Bench indicates that
the oldest stage of block gliding is late Pleistocene; the main stages that
clearly postdate the movement on the Saddle Mountains fault are also late
Pleistocene (pre-Pinedale and Pinedale).‘ Carbon=-14 dating of material from
loess deposits indicates that the youngest block gliding occurred more than

12,000 years ago.



Detailed mapping &nd trenching on Gable Mountain determined that
two thrust faults extend transversely across the anticlinal structure
of the Yakima Basalt th#t forms the mountain. One of the faults is in
the central part of the mountain and the other in the western part.
Both faulgs strike generally northesar: and dip southeast 17 to 34 de-~
grees. E;tensive trencging of the fault in the central part of Gable
Mountain disclosed that it has a maximum vertical displacement of about
70 feet, The amount of displacement becomes less to the north, and the
fault apparently dies out by passing into numerous small fractures41n the
sharply folded rocks on the north side of Gable Mountain. lThe southern
limit of the fault was not determined, but its strike changes markedly
near and in the sharply folded rocks on the south gside of Gable
Mountain. These relations indicate that the fault is as old as part of
the folding and that both the folding and faulting probably were ex~
 pressions of the same forces that produced the Gable Mountain anticlinal
uplift., The fault is overlain by unfaulted glaciofiuvial gravels repre-
senting several stages of erosion and deposition by glacial floodwaters.
The second oldest of the gravel deposits, exposed in trenches on the south
side of Gable Mountain, contains fossil wood fragments that are older than
40,000 years by carbon-1l4 dating. These deposits do not overlie the fault
directly, but lie on older glaciofluvial gravels which, in turn, lie on
an erosion surface cut across the folded rocks that are involved in the

faulting a few tens of feet away. These relationships



indicate that the latest structural movements occurred

more thaa 40,000 years ago. The western fault on Gable Mountain
appears to be structurally analogous to the central fault and
probably is anciant also. The western fault is not overlain by
gediments and has not been dated precisely; however, scouring of
the rocks by glacial floodwaters has occurred since the fault was
formed. Detailed investigation of Gable Butte determined that a

previously mapped fault does not exist, and no evidence of other

faults was found.

Reconnalssance investigation of the Rattlesnake Hills-Wallula
lincament, and detailed mapping of an area near Wallula Gap have
shown that numerous outcrops of breccias occur in linear patterns
in this region; Some previous investigators had considered the
breccias to be the products of faulting, whereas others had
explained them as being the outcrops of stratigraphic units of
lava~flow breccia whose linear outcrop bands are a result of
exposure by erosion of monoclinal folds. Reconnaissance indicates
that the breccias occur in vertical zones that vnrj in width,
locally trend at low angles to the strike of adjacent stratigraphic
units, are locally strongly sheared, and have other characteristics which
indicate that they are parts of zones of frncturing, shearing, and faulting.
The line of anticlines and domes extending southeastward for about
30 miles from the Rattlesnake Hillg at Yakima River to Wallula Gap is

marked by locally exposed linear outcrops of breccia accompanied at places

=10 -



by offsets of basalt stratigraphic units, indicating the existence and
probable continuity of the Rattlesnake-Wallula fault. The Rattlesnake
Hills were not examined, but the straight topographic alinement of their
northeastern side indicates a probable extension, for about 9 miles
northwest of Yakima River, of the structural alinement along which the
domes and anticlines lie. The Ringold Formation was not found exposed
along the 3att1esnake-Wa11u1a fault with one probable exception at the
Finley Quarry southeast of Kennewick. This is the Anly place found
" where sediments apparently older than the glacial flooding are preserved.
Here, Ringold-like sediments have collected in enlarged fissures that
apparently formed after faulting had left a basalt scarp, less than
100 feet away, unsupported. These relations suggest that the fault
is of Ringold age. The fault
seems to be older than the late Pleistocene glaciofluvial Touchet beds
which lie across it at a few places. Although no evidence éas found on
the fault between Wallula Gap and Yakima River that would indicate dis-
placements occurring since the last glacial flooding, it was not
possible to date the last displacements with precision.

Detailed mapping of the Yellepit area near Wallula Gap con-
firmed the existence of the Wallula Gap fault, which is about 1.5
miles south of and subparallel to the Rattlesnake-Wallula fault,
The Wallula Gap fault was traced in reconnaissamce southeastward
across the Columbia River for about 12 miles. Its trace is marked

by bands of locally exposed breccia near the base of the prominent

-11-



physiographic escarpment on the north flank of the Horse Heaven
Hills anticline and south of the Walla Walla River. About 8 miles
southeast of the Columbia Riyer the trend of the Wallula Gap fault
changes in a manner suggesting that it merges with the Rattlesnake-
Wallula fault, whose trace is concealed east of the river. The
Qallula Gap fault may extend westward from the river
qlong

A  the base of the Horse Heaven Hills but the
lack of outcrops preven€;¥tracing it. The age of the Wallula Gap
fault is not known with precision, but the major displacements on
it must have occurred at least before the latest glaciofluvial
sedimentation, because glaciofluvial gravels lie undisturbed over
the fault near Wallula Gap and the Touchet beds lie across it farther
east. On the other hand, in the Warm Springs area 6-8 miles east
of the Columbia River, a linear surface feature, which may be a
fault rupture of the Touchet beds, occurs in-general alipement with
the Wallula Gap fault zone. Although the nature of the linear

sn He Tovchel beds

feature,could not be determined definitely by brief field exami-
nations, its topographic situation does not allow readily for its
explanation as being the result of either erosion or landsliding,
or any other non-tectonic process. The vertical relief of the
linear feature is a few inches to several feet and;is subdued
because of Holocene loess deposited across it; thus it is not of
historic age, although it is less than 12,000 years old. Areas
about 15 miles to the southeast, where ground rupturing is reported

to have occurred in the 1936 Milton-Freewater earthquake, were not

examined.

-12 -



The structural relations that were observed support an inter-
pretation that the Rattlesnake-Wallula fault and the Wallula Gap
fault and other faults along the southeastern segment of the Horse
Heaven Hills anticline are parts of a linear, deep-seated, regional
structural feature that extends from the eastern part of the
Rattlesnake Hills southeastward to at least the Milton-Freewater
area in Oregon., The main stage of faulting‘along this regional
structural feature probably occurred during Ringold time, or at
least prior to all or most of the glacial flood events, However,
the geologically young probable ground rupturing along the Wallula
Gap fault east of Vansycle Canyon and the reported ground rupturing
. during the Milton-Freewater earthquake (1936) suggest that these
parts of the regional structural feature may still be tectonically
active.

In a preliminary stddy, a network of U.S. éeologtcal Survey
seismograph stations within and around the Hanford Reservation located
epicenters of 166 microseismic events from March 23 to December 31, 1969,
About one-fourth of these are thought to be explosions that occurred at
distances of 80 km to 200 km from the center of the network in the
regions west, north, and east of the reservation., Approximately 105
microearthquakes and a few explosions were located within 75 km of the
center of the network; ail the microearthquakes on or near the Hanford
Regervation had Richter magnitudes below 2,0, which is generally below
the threshold of (noninstrumental) human perception. Magnitudes were
determined for 36 out of more than 230 events that occurred in a small

area in the southeastern part of the reservation near the Columbia River,
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A few microearthquakes were located in the western part of the
reservation. Also, a northwest-trending zonme of microearthquakes
océura in the vicinity of the Saddle Mountains north and northeast
of the reservation. The results of this period of seismic study
indicate that the Hanford Reservation is in a region of micro-
earthquake activity which is moderate by comparison with the
microearthquake activity of seismically active regions of California
and Nevada where similar monitoring studies have been made., A longer
recording period will better define the areas of activity in the

Hanford region and the fluctuations of activity with time.
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INTRODUCTION

Minor to intermediate earthquakes have affected southeastern
Washington in historic time. Differing interpretations o¢f the recency
of faulting in the region of the U.S. Atomic Energy Commission's
Hanford Reservation have been reported (Jones and Deacon, 1966; Jahns,
1967; R. E. Brown, 1968). At the request of the Division of Reactor
Development and Technoiogy (RDT) of the Atomic Energy Commission, a
field review of the geo logy of the region surrounding the Haniford
Reservation was held March 25-27, 1968. Among those participating were
representatives of the U.S. Geological Survey, Richland Operations Office
of AEC, Battelle Pacific Northwest Laboratori, Douglas-United Nuclear
Corporation and Atlantic-Richfield Hé}otd Company. The results of the
field review were reported to RDT by H. H. Waldron and M. G. Bonilla
(written communication, June, 1968) of the Geological Survey.

On the basis of the field examination, Waldron and Bonilla concluded
that there is no evidence of historic (within the last 100 years)
faulting at or near the Hanford Reservation. However, they concluded
that there is geologically young ground-surface rupturing of undetermined
origin on Smyrna Bench north of the Saddle Mountains, a few miles north
of the AEC Reservation. They concluded also that the structural details
of the Gable Mountain-Gable Butte anticlinal ridge on the reservationm,
and the Rattlesnake Hills-Wallula Gap structural lineament on and south-
eagst of the reservation had not been established clearly enough to
determine the presence or absence of young faulting associated with these

structures, Additional geologic investigations were recommended to
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determine and delineate the faults presemt in these areas and to deter-
mine how recently any such faults may have been active im order to
provide background data to aid in the assessiment of the potential for
future faulting and earthquakes.

In December 1968 the Division of Reactor Development and Tecﬁnology
authorized the Geological Survey to perform the geologic investigatioms
recommended by Waldron and Bonilla, and to install an array of seismo-
éraphs to record the current seismic activity in the Hanford Reservation
and its environs. This report presents the results of the geologic
investigations performed from January through September 1969, and the
seismologic 1nvestigations from March 23 through December 31, 1969.

Previous Iavestigations

The general geologic eavironment of the Columbia Plateau in south~
central Washington, and in particular of the Pasco Basin, has been
described by many authors. Thé report by Jones and Deacon (1966),

reproduces abstracts of many of the pertinent reports. Additional
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references pertaining to the area can be found in the report by
R. E. Brown (1968, p. 51-55) and in the selected references at the end

of this report.

Scope of Present Study

Geology
The work for this report consisted of investigations of three
principal areas at and near the Hanford Reservation. The investigations
included:

1. A study of stratigraphic and structural details at places
along the Saddle Mountains fault and Smyrna Bench north of
the Hanford Reservation., Detailed geologic mapping, drilling
of exploratory test holes, and digging backhoe trenches
allowed a determination of the probable minimum age of the
main fault and the origin of the ground ruptufing associated
with the grabenlike features and other lineaments that occur
on the bench.

2. A study of the stratigraphy and geologic structure of
the Gable Mountain and Gable Butte anticlinal folds on
the Hanford Reservation. Determinations were made of
the magnitude, extent, and probable age of faulting by
detailed mapping and by utilizing bulldozer and backhoe
trenches,

3. A reconnaissance study of the Horse Heaven Hills and
the Rattlesnake Hills-Wallula lineament south and south-

east of the Hanford Reservation. Detailed stratigraphic

- 17 -



a near h/a//v/d 64/0
and structural studies were made ofnselected area Aalong

the lineament to determine the nature, extent, and probable

age of faulti.’ observed.

The determination of displacement by faulting réquires the
identification and mapping of the stratigraphic units on each side
of the fault. The identification of the stratigraphic units used in
this report is based on reviews of existing literature and on the
senior author's previous experience gained in mapping the stratigraphic
sequence in the Columbia Basin Irrigation Project area north of the

Hanford Reservation.

Seismology
As part of this project the U. S. Geological Survey's National Center

for Earthquake Research established a network of seven seismographs

in the Hanford area. The nétwork, interpretation of the data, and
locations of the epicenters of located seismic events are discussed

in a separate section of this report by A, M, Pitt. The epicenters

of many of the microearthquakes and other seismic events in the Hanford
Reservation and nearby areas are shown in figure 4; all seismic events

with located epicenters for the entire region are shown on figure 25.
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GEOLOGY

/

History and Stratigrapbyil

The major geologic events that influenced the stratigraphy and
structural features of the Columbia Plateau were: (1) the extrusion
-of the basalt of the Columbia River Group in the Miocene and early
part of the Pliocene Epochs of the Tertiary Period; (2) the tectonic
deformation during the Pliocene and the early part of the Pleistocene
Epoch of the Quaternary Period; (3) the lacustrine, fluvial, and
eolian deposition during the late Pliocene and early Pleistocene;
and (4) the glaciofluvial erosion and deposition during the late
Pleistocene,

The basalt of the Columbia River Group is a thick accumulation of
flood lavas that were extremely fluid when extruded, allowing them to
inundate areas as large as 20,000 square miles in Oregon and Washington.
The areal extent of the basalt of the Columbia River Group is shown in

figure 1. Within south-central Washington only the upper formation --

Figure 1 belongs near here.

L/This report has not been reviewed for conformance with U. S.
Geological Survey editorial style and nomenclature.
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FIGURE 1l.--Areal extent of basalt of the Columbia River Group

(stippled border; after Waters, 1961) in Oregon, Washington,

and Idaho. The AEC Hanford Reservation is crosshatched.

Locations of the three areas of detailed mapping are indicated

as 1) Smyrna Bench, 2) Gable Mountain and Gable Butte,

and 3) Wallula Gap.
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the Yékima Basalt -- of the Columbia River Group is exposed. The Yakima
is over 2,000 feet thick in the type area along the Yakima River (Diery
and McKee, 1969) which is west of the Pasco Basin.

Most of the stratigraphic work on the Columbia Plateau has been
concerned with only the uppermost 1,000 feet of the Yakima Basalt --
the flows that lie above the Vantage Sandstone Member of the Yakima.
The sequence of stratigraphic units in south-central Washington is shown

in figure 2.

Figure 2 belongs near here.

The faulting and folding of the basalt flows and the sedimentary
deposits that overlie the basalt are of primary concern in this study.
Therefore, the mapping of the detailed stratigraphy was necessary to
delineate the structure in the three areas of concern. The major folds,
faults, and basins in south-central Washington and the three areas of

detailed study described in this report are shown in figure 3.

Figure 3 belongs near here.

Overlying the Yakima Basalt is the Ringold Formation which is com-
posed of material deposited in various continental environments on the
basalt surface. Deposition of the Ringold occurred when deformation of
the basalt had reached a stage of damming or diverting the traversing
rivers. The fluvial, lacustrine, and eolian deposits of the Ringold
accumulated in the basins and mixed with the colluvial material eroded

from the newly developing anticlinal hills of basalt. During and after

- 21 -
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this deposition and after the formation of a massive caliche at the top
of the Ringold, some folding and faulting continued. Apparently the
folding, erosion, and deposition occurred mainly during Pliocene time,
wit;:::;tinued folding and faulting during early Pleistocene time.

During late Pleistocene time, glaciofluvial erosion and deposition
in south-central Washington resulted from tremendous volumes of meltwater
flowing from the 500-mile long lobate front of Cordilleran conﬁinental
glaciers to the north of the study area in the northern part of the
Columbia River basin. In addition to the large flow of glacial streams,
tremendous volumes of water were periodically released from glacier-
dammed lakes. This caused water to spill over drainage divides and to
create the large, channeled scabland of eastern Washington.

The glaciofluvial deposits on the Columbia Plateau have been studied
by Bretz (1919, 1923, 1959, and 1969), and Bretz, Smith, and Neff (1956).
In 1965, during the International Congress for Quaternary Research (INQUA), -
many geologists described in detail the history and geomorphology of

the area (Fryxell, 1967; Fryxell and Neff, 1965; Fryxell and others,

1965; and Richmond and others, 1965).

Geologic Problems

Structure
The major geologic structures of the basalts of the Columbia River
Group in south-central Washington which have surface expression have been
plotted on a 1:500,000-scale map by Newcomb (1970) and are shown in part

in figure 3 and figure 4. An explanation of geologic symbols used on
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the maps and diagrams is shown in figure 5. Where the basalt is concealed

Figure 4 is at the end of the report.

Figure 5 is at the end of the report,

by the Ringold Formation or younger sediments its structure is largely
unknown. Within the Hanford Reservation R. E. Brown (in Jones and
Deacon, 1966) has inferred the axes of folds from contours on the
buried upper surface of the basalt as determined from well logs and
geophysical data (R. E. Brown and Raymond, 1964).

The mapping and interpretation of faults in the region investi-
gated for this report are difficult problems because of the scarcity
of exposures owing to extensive loess deposits, and because of the
weathering and erosion of the generally soft fault breccia or gouge
zones. Som; Qorkers have inferred that concealed faults exist at places
where aﬁ apparent change in altitude of the top of gently dipping .‘
basalt occurs in short horizontal distances, and others have inferred

the al
that concealed faults exist on, limbs of anticlinﬁs or
monoclinal folds, ’ - At
however,

places definite faults have been observed in sharply folded rocks;
at other places the rocks can be seen to be folded without attendant
faulting. Differences in interpretations of some workers have arisen
for other reasons, such as difficulties of distinguishing large land-
slide blocks from fault blocks; distinguishing flow breccias from fault

or
breccias;nmisidentifying basalt flows which has led to interpretations

The
@
of more or less fault displacement than is actually present)

lack of detailed mapping of much of the regiony Aas been a "“’"’"‘)"



The problem of distinguishing basalt-flow breccias from fault
Breccias composed of basalt fragments has ied to major differemces of
interpretation of the geologic structure by various authors at several
places. During the field mapping for this report the characteristics
listed in Table 1 were usetul ror differentiating thes§ breccias,

The interpretation of outcrops of breccia must be based on several
characteristics and upon examination of the total zone in which the
breccia occurs; no single characteristic is necessarily diagnostic
because, for example, an outcrop might consist of volcanic-flow
breccia or volcanic feeder-vent breccia that has been sheared and
faulted after it was formed, or the outcrop might consist of fault

breccia and volcanic breccia both.

Table 1 belongs near here.

Stratigraphy

The detailed mapping of individual flows of the Yakima Basalt,
which is important to determining the geologic structure, had not been
done in previous investigations of most of the areas studied for this
report. Detailed mapping of the Yakima Basalt in the vicinity of the
Hanford Reservation has been limited to the Saddle Mountains (Grolier
and Bingham, 1965). Mackin (1955, 1961) and Laval (1957) mapped indi-
vidual flows, but only in small areas, principally near or along the
Columbia River between Priest Rapids Dam and Vantage.

The field identification of the volcanic flows of the Yakima Basalt
requires an evaluation of the megascopic characteristics such as: strati-

graphic position; thickness; color; number, size, and types of
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phenocrysts; vesicle size and shape; texture; grain sire; jointing
habit; and stratigraphic relationship to aediﬁxentary interbeds. The
refractive index of glass beads and chemical analyses also are often
diagnostic and may help identify ceftain flows. (The refractive index
of a flow 1s measured on a crushed glass bead made by fusing a crushed

sample of the flow in a carbom arc.) The various basalt flows of the
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Some

TABLE 1.--A¢haracteristics of flow breccias and fault breccias in basalts.,

Flow breccia (or aa basalt)

Fault breccia

1. Largely vesicular blocks

2. Many blocks have welded points
of contact and glassy selvages,
local baking aureoles may
occur anywhere within zone

3. Usually not over 30 feet thick
in this region

4., Blocks vary widely in size

5. Stratigraphic unit that parallels
basalt-flow contacts and
usually is associated with top
of flow

6. Indistinct joints

Commonly has nonvesicular
blocks

Most blocks have borders
of clay gouge with
slickensides. Some
blocks in clay gouge
are rounded and polished
by movement

Occurs in any width -- over
200 feet wide along some
ma jor faults near the
Pasco Basin

Blocks are relatively small
and tend toward uniform
size

Usually transverse to
flow contacts and truncates
flows

Fractures usually closely
spaced, subparallel and
slickensided

Stratigraphic units are
offset on opposite
sides of zone

Usually associated with a
topographic lineation
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Yakima were identified by the characteristics described primarily
by Mackin (1961), Grolier (1965), Schmiﬁcke(1964, 1967)Jand Bingham
and Grolier (1966).

In the course of this investigation, 10 samples of basalt were
taken for chem;cal analyses (Appendix E). These data were plotted
on the variation diagram of Schmincke(1967, fig. 17, p. 1409 and
fig. 18, p. 1412) and found to plot within or very near the grouping
he depicted for the respective constituent ratios for each flow.
Thus, support was given to the field identification of the indivi-~
dual flows where sampled on Gable Mountain and near Yellepit in
the Wallula Gap area.

The age of the Ringold Formation is important to dating the
faulting in south-central Washington because the Ringold contains
sediments which were eroded from the ﬁajor folded and faulted
structures in the basalt of the Columbia River Group, and thus
reflects the main stage of deformation of these rocks. The Ringold
also was folded and faulted at places during late stages of defor-
mation of the region.

The Ringold Formation has been described in many reports
(Merriam and Buwalda, 1917; Strand and Hough, 1952; R. E. Brown
and McConiga, 1960; Grolier, 1965; and Grolier and Bingham, 1965)
and controversy still exists about its exact age and relationship
to the Ellensburg Formation and the upper flows of the Yakima Basalt.
In some publications the age of the Ringold has been reported as

early to late Pleistocene (Strand and Hough, 1952). However, based
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on atr#ctural and stratigraphic relationships, the lqwet part of

the Ringold may be as old as middle Pliocene, and the upper part

no younger than early Pleistocene. Part of the vertebrate fauna

found in the ﬁlngold was formerly considered Pleistocene but now

is identified as Pliocene (G. Jakeway, Los Angeles County Museum,

oral commun., 1970) owing to the presence of the same fauna in the
Blanco Formation of Pliocene age in Texas and the Hagerman lake beds
(of former usage) which are part of the Idaho Group of Pliocene and
Pleistocene age. Most reports referring to the age of the Ringold

cite Strand and Hough (1952), who based their opinion of late
Pleistocene age largely on the jaw bone and molars of a mastodon.
However, W. E, Fry (A.E.C,, written commun., 1970) states the mastodon
jaw he found in the Ringold suggests a Pliocene age. The age of the
Ringold Formation still is controversial and further study is needed to
determine its absolute age and its stratigraphic relationships to the
Ellensburg Formation and the Yakima Basalt, Chérles Repenning

(written commun., 1970) considers the Ringold to be of Pliocene amd

Pleistocene age.

p RESULTS OF THE INVESTIGATION

Smyrna Bench

General Features
Smyrna Bench is a north-sloping terracelike feature at the north

gide of the Saddle Mountains., The Saddle Mountains anticline, the
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geologic structure which forms the Saddle Mountains, is about 50
miles long and part of it forms the northern boundary of the Pasco
Basin and the southern boundary of the Othello Basin (fig. 3).
Smyrna Bench is a sloping area of relatively low topographic
relief that is one-half to 1 mile wide and about 8 miles long. The
topography of the bench and the central part of the Saddle Mountains

is shown in figure 6. The altitude of the bench varies between

Figure 6 is at the end of the report.

1,050 and 1,450 feet. A steep scarp, about 500 feet high, exists
along the north side of the Smyrna Bench; this scarp forms the south
side of the valley of Crab Creek which has a floor at an altitude
of about 540 feet. The south side of Smyrna Bench is along the
steep slopes of the fault-line scarps terminating the ridges which
lead to the crest of the Saddle Mountains. The highest point along
the crest of the mountains is Wahatis Peak at an altitude of 2,696
feet.

The Saddle Mountains anticline consists of upfolded flows of
the Yakima Basalt and sedimentary interbeds of the Ellensburg
Formation. In the segment above Smyrna Bench, the anticline is a
box fold. The crestal part of the anticline is a gentle arch, and
the north and south limbs are steeply dipping monoclines. This
segment of the Saddle Mountains has undergone more erosion than the
remainder of the mountains. A large part of this erosion occurred

in Pliocene time during folding of the anticline, and the coarse-
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grained, gravelly material eroded from the north side of the
mountains was deposited as alluvial fans (fanglomerate) which now
comprise most of the Ringold Formation which underlies Smyrna Bench.
At the time of this erosion and deposition, Crab Creek was not
present in the Othello Basin which was collecting all or most of
the debris eroded froﬁ the north side of the mountains. Several
times a lake was formed in the basin, and fine-grained lacustrine
material was deposited. These clay and siltstone beds of the
Ringold can now be seen interbedded with the fanglomerate along the
north face of the bench -- two test holes also penetrated these
lacustrine materials (fig. 6, cross section A-A'). Elsewhere in
the Othello Basin the erosional remnants of the Ringold Formation
are composed largely of lacustrine material which probably filled
the basin until the basin was scoured and deeply eroded by glacial
meltwater.

At the end of deposition of the Ringold Formation (probably in
early Pleistocene time) the land surface must have sloped gently
northward across the area that is now Smyrna Bench. A layer of
caliche developed at or a few feet Below this surface which is
still preserved on the central part of the bench. Canyons and
gullies on the Saddle Mountains drained northward onto this sur-
face and the drainage continued northward across the area of the
present Smyrna Bench through shallow gullies toward the main drainage
of the Othello Basin. During the several episodes of scouring by

large floods of glacial meltwater in late Pleistocene time, much
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of the Ringold Formation was removed from the Othello Basin north
of Smyrna Bench, and Crab Creek valley was formed. As a result

of these events the lower (northern) courses of the old gullies on
Smyrna Bench have now assumed new, very steep gradients near the
valley of Crab Creek. (See profile C-C', fig. 6.)

The upper courses of many of the gullies on Smyrna Bench are
now interrupted on the southern margin of the bench by an east-west
trending series of topographically closed depressions from which there
is no external drainage of surface water (geologic map, fig. 6).
Deep canyons on the north side of the Saddle Mountains drain into
the depressions where alluvial deposits are now accumulating. The
upper courses of the gullies on part of Smyrna Bench (some of which
appear to be the former lower parts of canyons in the Saddle Moun-
tains) now terminate upstream in windgaps at the north side of the
topographic depressions. These relations (profile B-B', fig. 6)
indicate that the former northward drainage has been interrupted
and some gullies were beheaded relatively recently by subsidence
of the south side of the bench.

Topographic features on the Smyrna Bench that were investigated
in detail during this study are the alinements of topographically
closed basins, the beheaded valleys, the linear swales and small
scarps, and the alinements of truncated ridges at the foot of the
Saddle Mountains. Most of these features occur in the eastern two

thirds of the bench (figs. 6-~12).
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Problems of Interpretation

The topographic features and some rock outcrops on the Smyrna
Bench have been investigated by Jones and Deacon (1966), Jahns (1967),
and Grolier (1965). Each arrived at different interpretatiomns
regarding the origin of the unusual topographic features and the
tectonic history of the area. Jones and Deacon (1966) interpreted
the east-west aligned closed basins to lie in a structural graben
that is downdropped along the north side of the Saddle Mountains
fault, They interpreted the low, south-facing scarps along the
north side of the basins as evidence of historic (less than 100
years) movement on this fault. Jahns (1967)X interpreted the basins
as parts of an erosional valley containing landslide masses and alluvial
fans. He said that there are no undrained depressions, no offset streams,
no topographic scarps with straight trends, and no linear series of
moderate or steep slopes. Grolier (1965, p. 196 and pl. 18, fig. B) and
Grolier and Bingham(1965) interpreted the bench to be a graben and horst
bounded by faults which were thought to be part of a wide fault zone along
the north side of the Saddle Mountains anticline.

Another possible interpretation, which had not been considered
previously, is that the topographic features on Smyrna Bench resulted
from large-scale landslide or land-creep phenomena related to the

glacial-flood events. The possibility of such an explanation is
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sttongli suggested by the large Corfu landslide east of Smyrna
Bench., Bowever, the physiography and structural features of the
Corfu landslide are considerably different from those of Smyrna

Bench.

Saddle Mountains Fault

Exposures with conclusive evidence of a major fault zone along
the north side of the Saddle Mountains are very scarce. Despite
this, most geologists who have worked in the area have interpreted
the geomorphic features as indicating a fault that is downthrown on
the north side. The features that indicate a fault are: east-west
alinement of high scarps along the north flank of the mountain; and,
west of Smyrna Bench, a high erosional scarp with attendant signifi-
cant stratigraphic offset and little or no'appafent folding on the down-
thrown (northern) -side. Estimated stratigraphic displacements range up
to 1,800 feet (Grolier, 1965). Laval (1957) investigated the Saddle
Mountains fault at Sentinel Gap on the Columbia River and interpreted it
as being a thrust fault; however, reconnaissance west of the Columbia
River during the work for this report indicates that it is a steeply
inclined normal fault. The fault extends at least 3 miles west of the
river, East 6f the river, this fault, or shear zone, probably extends
eastward at least to the Corfu landslide, a distance of 25 miles. In
the vicinity of Sentinel Gap east of the river, several exposures
of broken basalt near the north base of the mountain have parallel,
nearly vertical fractures. West of the Columbia, the fanglomerate

of the Ringold Formation lies against broken basalt along a



nearly vertical contact. This is interpreted to indicate that the
Saddle Mountaiﬁs fault exists in this area and that the major
movement on the fault occurred after deposition of some or all of
the Ringold fanglomerate, which is the erosional debris from previously
uplifted portions of the anticline. Therefore, considerable time
appears to have passed between the first uplift of the central
segment of the anticline and thgzzizzment on the fault.
In the vicinity of Smyrna Bench, broken and sheared basalt
is exposed in two outcrops which are interpreted to be exposures
of the Saddle Mountains fault. Both exposures show the basalt along
the fault to be broken and sheared along a zone 200 feet wide. One
of the exposures is in a deep gully at the west end of the Smyrna
Bench (W4SW% sec. 34, T. 16N., R. 25 E.), where the shear 2zone is
nearly vertical and cuts through the Frenchman Springs Member of
the Yakima Basalt. In the bottom of the gully, the Frenchman Springs
Member has a steep northerly dip, but it becomes overturned higher
up on the west side of the gully. The underlying Vantage Sandstone
Member, which crops out immediately to the south, does not appear
to have been involved in the faulting. It contains imprints of
unbroken carbonized leaves alined with the nearly vertical bedding.
The other exposure of the féult is in a deep gully in the E}SW,
sec. 1, T. 15 N., R. 26 E. near the east end of the Smyrna Bench.
Here it consists of a 200-foot wide zone of sheared basalt that
includes both the Roza and Frenchman Springs Members. However, the

stratigraphic offset could not be determined because of the steep
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dips of the flows on both sides of the zone and because of the thick
loess cover. Nearby, in a tributary gully, a shear plane occurs
between the Roza flow which dips steeply north and the Pomona flow
which dips steeply south. ANo unique solution can be derived from
the existing outcrops, but the south-dipping flows of the Pomona must
have been iowered more than 500 feet to be in their present position.
This structural relief might be due to monoclinal folding, displacement
along the Saddle Mountains fault, landsliding, or a combination of all
three,

Several probable secondary shear planes also were found in the
monoclinal fold along the south gide of the Smyrna Bench., One of
these occurs in a gully in the NWiNWiSWX sec. 3, T. 15 N., R. 26 E.,
vhere it cuts the Roza Member; however, the offset could not be
determined because the fault could not be traced out of the gully.
Another fault plane was observed in the east-west segment of a
gully in the SWXSEANWX sec. 4, T. 15 N., R. 26 E. This plane, which
also might be the gliding plane of a large slump block, occurs
between Priest Rapids and younger flows at the north that dip 300 N.,
#ind other Priest Rapids and older flows at the south that dip 599 N,
The only §ther fault-related features observed were two small outcrops of
sheared basalt with slickensides and nearly vertical striations. The out-
crops are located high on the west walls of adjacent gullies in the
SWANEINWY and near the center of the NWANEK of sec. 1, T. 15 N.,

R. 26 E. The outcrops of sheared basalt might be exposures of the



main Saddle Mountains fault zone although this was not verified in
the nearby backhoe trenéh. Based on observations in trench 1, the
sheared basalt may be due to downslope sliding of a block of rocks
containing a segment of the fault zone, or the shearing may have

resulted from adjustments within the block while sliding.

Slump Blocks Along Saddle Mountains Fault

The fault-line scarp along the south side of Smyrna Bench is a
very conspicuous feature. Along most of its length it is closely
associated with the monoclinal north iimb of the Saddle Mountains
anticline. However, the alinement of the scarp does not follow the
strike of the flows in the anticline continuously and tbe dip of
the basalt flows is steeper than the present scarp slopes. Downslope
from nearly all the scarps are irregdlar hills composed of calighe,
fanglomerate of the Ringold Formation, Elephant Mountain and (or)
Pomona flows, and related sedimentary interbeds. These stratigraphic
units do not have strikes and dips consistent with one another nor
with the flows in the scarps. These hills appear to be landslide |
blocks that slid down across the Saddle Mountains fault.

In an effort to obtain an exposure of the main fault zone,
Smyrna trench 1 was dug in the SWINWANE)% see. 1, T. 15 N., R. 25 E.,
near an outcrop of sheared basalt. The trench is about 120 feet
long and has a maximum depth of about 12 feet as shown in figure

7 which is a sketch drawing of the west wall of the trench. The
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Figure 7 is at the end of the report.

trench did expose considerable broken and sheared basalt that

appear to be parts of large blocks slumped from the fault scarp,
rather than being part of the main fault itself. Apparently, the
main fault zone is largely buried by slump blocks'and talus through-
out the total length of the Smyrnma Bench. As shown in figure 7,

the southern half of the trénch exposes a caliche-capped block of
broken to massive basalt which has dropped below adjacent broken
and sheared basalt along an apparent reverse fault. This is shown

in detail in the photograph (fig. 8). The flow was not positively

Figure 8 belongs near here.

identified but it appears to be one of the flows of the Priest
Rapids Mémber. The highly broken, sheared, and crushed basalt in
the middle part of the trench may be from a single disoriented
section of the main fault that is contained in a slump block, or
it could represent shear planes of adjustment between separate
blocks that slumped at the same time.

Smyrna trench 3 was dug in two segments across the top of a
large slump block of basalt in NWYSEINWY% sec. 4, T. 15 N., R. 26 E.
in an attempt to expose the landslide plane between the basalt and
the fanglomerate of the Ringold Formation. Sketches of the east
wall of these two segments (labeled trench 3S and trench 3N) are

shown in figure 9. The basalt exposed in the south end of trench 3§















are buried by, the Holocene colluvium and alluvium that partly
fills the closed basins. No disturbance or rupturing of this
alluvial material was found anywhere on the bench. The "graben"
has trapped all the material carried into it by intermittent
streams flowing north from the Saddle Mountains.

The linear scarps were thought by Jones and Deacon (1966, p. &4
and photograph 2, pl. 13) to have '"confirmed the existence of a
Recent fault graben!'. They also considered two other north-south
scarps as evidence'of historic fault activity. 1In this investigation,
these north-south scarps were determined to be the sides of an old,
broad, beheaded erosional gully, rather than being fault scarps.

Jahns wrote that (1967, p. 6) the entire bench appears to have
resulted from erosion controlled in part by the strike of basalt
flows and associated sedimentary strata and by differential erosion
of the basalt flows and the Ringold Formation. However, in this
investigation, no evidence for erosion of a longitudinal (east-west)
valley was found. Instead, backhoe trenching has shown that the
caliche zone, which caps the northern part of Smyrna Bench, has been
ruptured along the scarps and is present beneath the surface in
the "graben'. This indicates that the former land surface has sub-
sided into the ''graben", rather than having been eroded. The
topographic closure of the individual basins within the 'graben'

of

is mainly the result of segmentingAthe depression by the landslide

blocks which have slumped northward into the depression from the
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flanks of the Saddle Mountains. Also, small closed basins occur
between some of the subparallel scarps.

Grolier (1965, pl. 18B, p. 194 and p. 196) described and,
through diagrams, showed a single fault plane through the middle
of the bench. He simplified the linear scarps to represent one
fault along the south side of a "horst'", which was indicated as
bounded by another fault along the north side of Smyrna Bench.

The present more detailed investigations indicate that the "horst"
is not present on Smyrna Bench, and that the north boundary of the
bench is not a fault, but is a slumped block, as previously"
explained.

During the field investigation for this report, the writers
found that the linear scarps and related swales: 1) are subdued
by eolian deposition and defiation; 2) have irregular to curvilinear
trends; 3) are mostly north of the ''graben'" area that contains the
closed topographic basins; 4) diminish in number and amount of dis-
placement toward the west; and 5) die out completely about 2 miles
from the west end of the bench. To aid in determining the origin
and age of these scarps, geologic mapping was augmented by test
drilling and backhoe trenching. Three backhoe trenches were dug.
As previousl& discussed, trench 1 was near an exposure of sheared
and slickensided basalt formerly thought to be part of the Saddle
Mountains fault, and trench 3 was across an anomalous ridge within

the "graben'". Trench 2 was dug perpendicular to a linear scarp.
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The Smyrna trench 2, which provided the most critical infor-
mation, was dug in NE4SE}SE% sec. 33, T. 16 N., R. 26 E. across
one of the linear scarps and swales -- a sketch of the west wall

of the trench is shown in figure 11. 1In this trench four major

Figure 11 is at the end of the report.

units of loess and two different layers of caliche overlie the
fanglomerate of the Ringold Formation. The trench reveals many
well-defined separation cracks that have been filled with the
overlying loessal material. The cracks are tension cracks that
developed by rupture of the main mass of fanglomerate material of
the Ringold Formation. Although some of the cracks show vertical
offset, many do not. Most of the cracks vary from 0-1 foot in
width and the vertical stratigraphic offset ranges up to about 2
feet, but one of the cracks is about 21 feet wide and has an apparent
vertical offset of 6 feet. This large crack underlies a prominent
linear scarp and swale that are visible on-the ground and on
aerial photographs. Although this large crack was the only one
exposed by trenching, it is likely that the other linear scarps and
swales on the bench are underlain by other similarly large cracks.
The fact that the total amount of horizontal displacement
(lengthening) shown in Smyrna trench 2 is much greater than the
vertical displacement is strong evidence favoring the hypothesis
of large-scale block-glide landsliding on Smyrna Bench. If the

main mass of the Ringold Formation moved a short distance northward
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toward the Crab Creek escarpment as a glide block along a buried
gently dipping detachment surface (such as a clay bed) within the
formation, or between the Ringold and the underlying Yakima Basalt,
the back (southern) side of the mass would be expected to have
been pulled apart by north-south tensional forces and to have sub-
sided slightly to form a ''graben' as space became available at the
back of the glide block. The curvilinear pattern of scarps (fig. 6)
in the eastern part of the bench.and the presence of large land-
slide masses to the east also favor this interpretation, As will
be discussed later in this report, the age of ground rupturing
accords with events of glacial flooding, which also supports an

interpretation of landslide-block gliding.

The topographic profile drawn for the geologic cross section A-A'
(fig. 6) is along a line connecting the test-hole sites and, not along
stream channels, However, a remnant of the caliche-imprégnated top of
the Ringold Formation that caps the bench between test holes 2 and 4
probably is part of the pre-glaciofluvial, north-sloping, land surface
of Smyrna Bench. The depression between test holes 2 and 3 is part of
the 'graben' which is somewhat shallower in this area than elsewhere.

Subsurface Geology

The test holes were drilled in a north-south line (fig. 6)
across the bench where the topography of the '"graben'" seemed less
complex and where the drill rig could be set up near the Saddle

Mountains fault zone. Logs of the holes are given in Appendix A.
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The holes were expected to penetrate to the top of the Yakima

Basalt ''bedrock'", but holes 2 and 3 were unsuccessful in reaching

basalt which appears to be at much greater depth than expected.

Test hole 1 was abandoned and redrilled nearby as test hole 2,

Three other test holes were placed in a line passing near Smyrna

trench 2 between the bluff on the north and the fault-line scarp

on the south. The land-surface topography on cross-section A-A'
(fig. 6) has been extended to Wahatis Peak and to the north side

of Crab Creek valley. At the south side of the valley, the top

of the Yakima Basalt (the top of the Elephant Mountain flow) is

at an altitude of 725 feet, but at test hole 4 it is at an altitude

of 693 féet, indicating a dip of approximately 2 degrees to the
south in this locality. By projection under the bench, the top

of the basalt was expected in drill holes 2 and 3 between 650 and

750 feet altitude. Test holes 2 and 3 were drilled to altitudes

of 408 and 558 feet, respectively, without reaching basalt. This

unexpected depth to basalt can be explained several ways, but none

of the explanations can be verified with existing data. The top

of the basalt below the Ringold Formation could have been displaced

by: 1) a sharp, south-facing, monoclinal_fold; 2) a vertical fault

downthrown on the south side (fig. 6, section A-A'); or 3) a nearly

horizontal shear related to block gliding that cut the basalt,

leaving a '"window" in the Elephant Mountain basalt flow where the

test hole was drilled. Figure 6 (section A-A') illustrates the

most likely interpretation. If the basalt were continuous at 2°
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dip southward between holesg 4 and 2, it should have been inter-
cepted at an altitude of about 660 feet in hole 2, but hole 2

was drilled 250 feet below this altitude without intercepting

the basalt., However, at an altitude of 580 feet in hole 2, a 6~
foot-thick zone of clay with slickensides on most pieces was
penetrated within the Ringold Formation. These observations suggest
that the basalt suiface may be offset by a buried fault between
holes 4 and 2, and that the upper part of the mass of the Ringold
Formation has slid northward over the lower part along a nearly
flat landslide glide plane (fig. 6, section A-A').

On the gamma-radiation logs for holes 2 and 4 (see logs in
Appendix B), two distinctive zones occur in the fanglomerate of the
Ringold. These zones are interpreted as being two interbeds of

lacustrine sand, silt, and clay which interfinger with the fanglomerate.
The interbeds correlate very well and have a slight dip northward. In
test hole 3, the next hole to the south, these zones are not present.
Their absence probably is due to nondeposition of the beds on the
upper part of the original slope of the Ringold alluvial fanm.

From the foregoing it can be seen that the upper part of the
fanglomerate that includes the clay beds has not been faulted
between test holes 2 and 4, whereas the basalt surface is displaced
more than 250 feet downward below test hole 2, No surface evidence
of dowm-to-the-south faulting or monoclinal folding of this magnitude

is visible anywhere in thé vicinity of the Smyrna Bench. Regardless of



whether the basalt displacement is due to faulting or monoclinal
folding, it is likely that the movement took place before or
during deposition of the fanglomerate in early Ringold time, and

certainly before block gliding occurred,

Summary of Events in Evolution of Smyrna Bench
The evolution of Smyrna Bench and its various physiographic and
structural features, is summarized below. The events (A-D)

correspond to stages shown diagrammatically on figure 12.

Figure 12 belongs near here.

A. Deposition of the Ringold Formation in structural
basins formed on the Yakima Basalt in Pliocene and
early Pleistocene time, during the folding and erosion of
the Saddle Mountains anticline. ’Uplift of the
Cascade Mountains resulted in aridity and cessation
of rapid erosion of the anticline and deposition
of the Ringold. The massive caliche at the top of
the Ringold in south-central Washington was probably
formed as a result.

B. Faulting and continued slight folding resulting in
deformation of the Ringold Formation, with basalt
faulted against it,

C. Extensive erosion by floods of glacial meltirater

several times during last 100,000 years (late
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Pleistocene). The erosion of Crab Creek vallev
left a high bluff (Smyrna Bench) of the Ringold
Formation largely saturated and unsupported, so
that massive block gliding was initiated and
reactivated by several floods. As the block
glided, large segments slumped and were detached
from its back (;outh) side, resulting in a linear

wieth closed basirs
depression,’ ' between the gliding block

"
of the bench and the Saddle Mountains fault-line
scarp. Large landslide blocks of the Ringold
and the Yakima Basalt slumped northward off the
fault line scarp into the depression and obscured
the older Saddle Mountains fault.

D. ,Post-flood erosion of steep sloPes and partial f1111ng

closeo bas/ns

ofﬂ and Crab Creek valley with colluvial

and alluvial deposits.

Age of Faulting

The major stage of movement on the Saddle Mountains fault
occurred after deposition of most or all of the Ringold Formationm,
as shown by exposures along the fault west of the Columbia River.
The movement might have occurred before the development of the
caliche that caps the Ringold and, thus, before the earliest
stages of glacial flooding (about 100,000 years ago). However,
no exposures were found with the caliche in place overlying the

fault zone to provide definitive evidence of whether or not the
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caliche was involved in the faulting. The landslide blocks on the
north side of the Saddle Mountains are younger than the fault and
apparently are related to the large-scale block gliding that was
caused by glaciofluvial events. As discussed in the next section,
evidence from the trenches on Smyrna Bench indicate that much of the
block gliding occurred before and during Pinedale time (12,000 to
25,000 years ago in this region). Therefore, the Saddle Mountains
fault can be dated only as being older than Pinedale age, although

it might be as old as late Pliocene or early Pleistocene.

Age of Block Gliding

The ages of the separation cracks on the Smyrna Bench can be
defined within certain limits. They are 8ll definitely younger
than the caliche that caps the Ringold Formation. In trench: 2,
Bull Lake loess fills one c?ack, but all the other cracks are
younger than the Bull Lake loess (Qlbl and Qlbu on fig. 11). Con-
sequently, what appear to be the main episodes of block gliding must
have begun after the deposition of the Bull Lake loess sheet
(Qlbu); the last movement apparently occurred just prior to 12,000
years ago. This latter date is based on a carbon-1l4 age determination
of 11,950+300 years before present (Dr. Meyer Rubin, U.S. Geological
Survey, written commun., 1969, USGS W-2363) obtained from carbonaceous
silt (Qlc) found in a lens in the largest separation crack in tremch 2,

at the base of the late Pinedale and Holocene loess (Ql).
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These loess and caliche layers in Smyrna trench 2 (fig. 11)
are correlated with the soil horizons of eastern Washington, as
tabulated in INQUA (1965, p. 10-11) and described by Fryxell,
Neff, and Trimble (1965, p. 79-81). The loesses correlate in
age with the major glaciations and catastrophic flooding of the
plateau., The layers present in trench 2 are correlateable with
loess deposits of Bull Lake, Pinedale, and Neoglaciation (Holocene)
age elsewhere on the Columbia Plateau (DPr. Roald Fryxell, oral comm.,
1970). Interpretation from figure 1l indicates that a first episode
of block gliding may have occurred before Bull Lake time. Another
epigsode occurred before mid-Pinedale time because a few of the
separation cracks are filled with loess of mid-Pinedale age. Thus,
the greatest block movement, indicated by the largest cracks,
occurred during or before mid-Pinedale time. The small most numerous
cracks are filled with late Pinedale and Holocene loess, indicating
that block gliding probably reoccurred shortly before 12,000 years

ago.

b . taip apnd Gable Butt
General Features

Gable Mountain and Gable Butte are relatively small anticlinal
uplifts that are composed of the Yakima Basalt and are situated
near the middle of the Pasco Basin (fig. 3) about midway between
the Rattlesnake Hills and the Saddle Mountains and about 20 miles
north of Richland. They are almost the only surface expression of
the Yakima Basalt within the Pasco Basin. They are surrounded by

a glaciofluvial gravel plain (fig. 13) that displays outstanding
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examples of subfluvial scour and deposition on a tremendous scale.

Figure 13 is at the end of the report.

Material forming the plain was deposited by late Pleistocene
glaciofluvial floodwaters (Bretz, 1959, 1969; Bretz and others,
i956; Richmond and others, 1965) which reached a maximum altitude
of 1,150 feet in the Pasco Basin. The floodwaters did considerable
scouring and eroding of the basalt flows and the Ringold Formation
during the multiple events.

Gable Mountain covers about 5% square miles and reaches an
altitude of 1,085 feet at its eastern peak and 1,112 feet at its
western peak. The surrounding gravel plain varies in altitude from
420 to 540 feet.

Gable Butte covers an aggregate area of about 1% square miles
of basalt outcrops and reaches an altitude of 760 feet (fig. 13)
near the eastern end and 738 feet in the western part. The gravel
plain surrounding it varies from 500 to 640 feet in altitude.

The basalt flows exposed on Gable Mountain and Gable Butte
are those of the Priest Rapids and Saddle Mountains Members of
the Yakima Basalt (fig. 2). In ascending order the flows and
intervening interbeds are: two Priest Rapids flows with a thin
(¥3 ft) intervening interbed of clay; the Selah bed (up to about
10 ft thick); the Pomona flow (about 100 ft thick); the Rattlesnake
Ridge interbed (up to 40 ft thick); and the Elephant Mountain flow

(60 to 80 ft thick).
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Structurally, Gable Mountain and Gable Butte are a series of
west-northwest-trending asymmetrical anticlines. Based on
R. E. Brown's contours of the top of the basalt in the subsurface
of the Hanford area, as shown by Jones and Deacon (1966, pl. 4),
the Gable Butte and Gable Mountain anticlines appear to be en echelon
structures alined with the anticlinal fold of Umtanum Ridge which is
west oftcable Butte (see fig. 4). The contours indicate that the
basalt dips northward into the Wahluke syncline from the Gable Butte
and Gable Mountain anticlinal structures. The axis (concealed) of the
Wahluke syncline (Jones and Deacon, 1966, pl. 4) lies a short distance
north of the anticlines; less than a2 mile north of Gable Butte the top
of the basalt is more than 700 feet lower than it is at the northernmost
exposures of basalt, and a mile and one~half north of Gable Mountain it
is more than 600 feet lower. Cross sections by Jones and Deacon (1966,
pl. 5) show that this syncline is filled mostly with Ringold Formation
deposits which lie above the basalt and are concealed beneath the
surficial glaciofluvial deposits. South of Gable Mountain and Gable
Butte the basalt appears to dip gently southward beneath the glaciofluvial
deposits (Jones and Deacon, 1966, pl. 4). Further study of the buried
flanks of these structures was not within the scope of the present work

and probably would require geophysical methods.

Problems of Interpretation
Gable Mountain and Gable Butte were investigated in detail

primarily to determine the nature and age of the transverse
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topographic scarp across the central part of Gable Mountain. Newcomb
(1963, written comm.) and Jones and Deacon (1966, pl. 4) have shown

it as a fault, but its nature was not entirely clear because the various
basalt flows had not been mapped in detail to determine if there

are stratigraphic offsets along the scarp.

During this investigation, Gable Mountain and Gable Butte both
were mapped in detail, a bulldozer and a backhoe were used to
excavate trenches at five places on Gable Mountain and one on Gable
Butte, samples for chemical analyses were taken of pertinent out-
crops of basalt in the trenches to confirm the geologic mapping
interpretation, and many scattered samples of all the basalt flows

were taken for determination of refractive indexes.

Gable Mouqtgin

On Gable Mountain the folding has been very complex, resulting
in a series of asymmetrical anticlines with sinuous axes, all
trending roughly weét—northwest (fig. 13). There are two major anti-
clinal axes, each of which has a smaller anticline branching from
its northeast side. The axis of the main anticline of the western
half of Gable Mountain is arcuate, plunges east and west, and is
strongly asymmetrical, with the south limb having dips up to 62°.
The smaller anticline which branches from the northeast side of

the western anticline is asymmetrical with the north limb over-

- 51 -



steepened. The axis of this branching anticline appears to pass
eastward, without plunging, under the transverse fault which
divides the mountain topographically and structurally into east
and west halves.

The large anticline of the east half of Gable Mountain plunges
both west and east, has a gently arcuate west-northwest trend, and
is undulating and asymmetrical to the north, with the north limb
having considerably steeper dips than the south limb. Toward the
east end of this anticline a small, curving anticline,also
asymmetrical to the north, branches from its north limb and plunges

southeastward.

Detailed Investigation of Faults on Gable Mountain
When the individual basalt flows~were mapped, the complex
déformagion of Gdble Mountain became apparent (fig. 13), and the
existence of two transverse faults was cqnfirmed. The western

fault (fig. 14, NW3NW% sec. 23, T. 13 N., R. 26 E.) was not excavated

Figure 14 belongs near here.

because of its relative inaccessibility. The stratigraphic offset
can be Scen
across this faultn on the south face of the mountain about
appears 7o be
1 mile from the west end. The fault, &8 an overthrust and its dip

is estimated to be about 30° E.; the measured vertical stratigraphic

offset is 30 feet for the Pomona flow and probably more for the
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of tuffaceous clay and sandstone of the Rattlesnake Ridge'bed which
has been cut into multiple segments by minor shear planes. At the
top of this fault zone is another nearly planar shear surface

which separates the undisturbed Rattlesnake Ridge interbed from

the fault zone. The gravel and talus overlying the edge of these
shear ‘planes were not disturbed, indicating that the age of faulting
is older than at least the last glacial flood scouring at this
trench site. The identification of the Elephant Mountain flow

above and below the fault zone in this trench is based on its
petrology, stratigraphic position, and weag}ring characteristics.
This identification is verified by the refractive indexes of samples
26, 27, and 28 (Appendix C and fig. 13),

Trench 4 (fig. 15) was dug between the basalt scarp and a small
outcrop of Elephant Mountain basalt on the fla£ to the northwest.
The Elephant Mountain basalt was exposed for about 50 feet in the
north end of the tremch before its eroded surface dips below the
bottom of the trench (the maximum depth that could be reached by
the backhoe)., South of the last Elephant Mountain basalt exposure
(site of éollection of samples for chemical analysis B-69-6-2,
Appendix E, and refractive~index 52, Appendix C) in the trench,
an interval of about 50 feet of gravel and sand is exposed
to a depth of about 35 feet -~ the gravel and sand are well bedded
and represent several flood episodes. In the south half of the
trench the Pomona flow (chemical analysis sample B-69-7-2 and
refractive index sample 53) is exposed under 15 to 25 feet of
gravel, At the south end of the trench the top of the Pomona is
overlain by the tuffaceous clay of the Rattlesnake Ridge bed and the

- 55 =



base of the Elephant Mountain flow. Although the fault plane
could not be observed, the juxtaposition of Elephant Mountain and
Pomona flows at about the same altitudes at opposite ends of the
trench confirms the presence of the fault.

In trench 4 several shear planes . appear
to cut through the Rattlesnake Ridge bed, but the main fault zone /s

buried under gravel in the deepest part of the trench.
The part of the Elephant Mountain basalt exposed in the bottom of
the northwestern part of the trench is stratigraphically about 30
feet below the top of the 7Qi-foot-thick flow, Fifty feet away,
horizontally, the upper part of the Pomona basalt is present. The
total thickness of the Rattlesnake Ridge bed appears to be 5 to 10
feet in a separate segment of this trench. From these thicknesses,
the vertical stratigraphic offset on the fault at trench 4 is about
50 feet, The gravel has not been disturbed in this trench by fault
movement. Since the fault plane was not exposed, its strike and
dip are not known here.

Trench 5 (fig. 15) is the northernmost trench and shows that
the fault apparently ends in the steep north limb of the eastern
anticline. The trench starts about 200 yards northeast of trench 3
and continues for about 300 feet northeast to the brink of the
mountain escarpment. As the fault zone is followed northeastward,
it thins to a 2- to 6-inch-thick shea::f”e within a rubble and

gouge zone less than 1 foot thick. Near the extreme east end of
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the trench the shear becomes indistinct by subdividing and

blending into the joints of the basalt flow.

Trench 7 (fig. 15) was dug by bulldozer and did not reach
below the erosional surface of the Pomona flow. At this location
the basalt was buried under about 5 feet of sandy gravel.

Trench 6 (fig. 15) is the largest of the excavations and
provided the most information. The trench started as a bulldozer
excavation along the steepest part of the south side of the moun-
tain and ended with a complex of backhoe trenches as shown in
~ figure 18. The fault zon;:as found in the east

end of trench 6a and then followed down dip in trenches 6f and 6g.

Figure 18 shows the trace of the fault zone through the excavations

+

Figure 18 belongs near here.

as well as the geologic units exposed. A sketch of the north wall

of trench 6a (fig; 19) shows the fault zone along the top of an

Figure 19 is at the end of the report.

anomalous block of Elephant Mountain basalt (chemical analysis
no. B-69-9-2, Appendix E) which has a strike of N. 20° E. and a
dip of 32° SE. In contrast, the Pomona flow (chemical anélysis
no. B-69-10-2), expésed in the west end of the trench and along
the scarp to the west, is at the plunging end of the western
anticline, with the strike within the trench varying from N. 90°

E. to N. 60° E. and the dip varying from 40° to 42° S. Similarly,
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the strike of the Elephant Mountain flow (chemical analysis no.
B-69-8-2) at the east end of the trench is N. 85° E. and the dip
is about 259 S. The contact of the Elephant Mountain flow with
the Rattlesnake Ridge bed is exposed in the bottom of trench 6g
where the fault can be seen cutting across this contact at a
low angle.

The strike of the fault changes direction within the area
of trenches 6 a and 6 g as the strike of the stratigraphic units
changes, and the strike and dip of the fault are similar to those
of the stratigraphic units. The strike changes from N. 60° E. on
the north side of trench 6a to N. 850 E., on its south side, near
the junction with trench 6f (fig. 17). The fault dips about 35°
SE at both sites but flattems to 17° SE at the bottom of the
east end of trench 6a. These relations possibly indicate that the
fault predates the folding or, more likely, indicate that both the
folding and faulting were expressions of the same forces that
produced the Gable Mountain uplift.

The fault zone is 1 to 3 feet thick, and consists of rounded
shiny basalt pebbles and clay gouge that are cut by a shear zone of
chocolate~brown clay gouge. This shear zone varies from 1 to 6
inches in thickness and contains one or more slickensided sur-
faces with well-developeﬂ striations. On the north side of
trench 6a, the striations are oriented about 109 to the south of

the direction of dip of the shear zone. In trench 6f (fig. 20)
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Figure 20 is at the end of the report.

the fault zone has several shear planes which are within the
Rattlesnake Ridge bed.
The buried basalt scarp, which extends from. the north iato
trench 6a, is shown in the west side of the trench (figure 19)
where the effects of scouring and deposition by glacial floodwaters are
well exposed. As shown in figure 19, there are four units of glaciofluvial
sands ané gravels which appear to represent four different flood episodes.
The second oldest unit contained chips of wood which were dated by the
Geological Survey carbon-14 laboratory as older than 40,000 years before
the present (Dr. Meyer Rubin, written commun., 1969, sample no. W-2310),
Near the east end of trench 6a is a slumped block of well~

sorted and stratified coarse sand (figs. 19 and 21) that has a

Figure 21 belongs near here,

dip anemalous to the other glaciofluvial beds. The block lies

near the bedrock fault zone, but the disorientation of the

block has no determinable relation to the fault. The block has
some folded and offget beds near the lower corner and along the
west side that appear to have developed at a time when the sediments
were still wet or frozem. Probably the slump occurred as glacial

floodwater receded or as underlying ice thawed.



FIGURE 21. -- View of slumped block of stratified sand in

trench 6a.
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Age of Faulting

The fault in the central part of Gable Mountain is younger
than the Elephant Mountain flow, which is Pliocene in age, but more
than 40,000 years old. Only a small patch of the Ringold Formationm,
which {8 younger than the basalt, is present on Gable Hoqntain. and
its relationship to the faults is unknown. The fault i;j:;ntral part
of the mountains displaces or terminates the anticlinal axes on the
crest of the structure, indicating that the faulting is later than
part of the folding. However, the fault dies out on the steeply
dipping north 1limb of the uplift, and bends to conform generally with
the strike of the folded basalt flows on the south side of the uplift,
These relations, plus the fact that the fault is a relatively low-angle
thrust, probably indicate that it was formed at the same time as part
of the folding. By analogy with other anticlinal folds in the region the
Gable Mountain-Gable Butte anticlines are thought to have been formed
at the time the Ringold Formation was being deposited. ' Thus, the
faulting on Gable Mountain probably is Pliocene to early

d,/ /i":l.:f
Pleistocene age, and older than the glacial-flood events which

A4
began more than 100,000 years ago (INQUA, 1965, p. 10-11; and
Bretz, 1969, p. 520). The glaciofluvial deposits that overlie-the
fault are not disturbed in any of the trenches. Several stages of
glaciofluvial erosion and deposition are recorded by these gravels, but

their maximum age is not known with certainty. The second oldest beds

of sand and gravel in trench 6a contain the fossil wood fragments
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that are older than 40,000 years by carbon-14 dating. This sand

and gravel lies on a still older glaciofluvial gravel which lies

on the erosional surface scoured by glacial flooding across the

and F2 Toliea .

fault';4 basalt flow%K and interbeds. Therefore, there appears to

be no evidence of fault movement within at least the last 40,000
years. The western fault on Gable Mountain seems to be structurally
analogous to the fault in the central part of the mountain, and
probably had about the same history. The rocks on either side of
the western fault have been scoured by glacial floodwater since

the fault was formed, but there are no glaciofluvial sediments

deposited across it.

Gable Butte

Gable Butte is about 2 miles west of Gable Mountain and is
situated on a series of structurally low, breached anticlines.
These anticlines were breached by the plucking and scouring action
of the glacial floodwaters as they passed over the area. The
west-northwest trending anticlinal axes are undulating and sinuous.
In the central part of The Butte (fig. 13) is a shallow syncline
which is transverse to the other axis of the uplift. Cross-section
C-C' (fig. 13) shows the structure to be much simpler than on
Gable Mountain. The stratigraphic units present on Gable Butte
consist essentially of the same ones as on Gable Mountain -- the
Elephant Mountain, Pomona, and upper Priest Rapids flows. The

interbeds are not exposed because of the gravel and talus cover.
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A fault shown near the west end of Gable Butte in the SEANEX
sec, 14, T, .13 N., R. 25 E. by Jones and Deacon (1966, pl. 4) was
investigated by both stratigraphic mapping and bulldozer trenching.
The mapping indicated no stratigraphic offset and the bulldozer
trench showed the basalt to be continuous and unbroken across the
saddle where the fault had been previously mapped. No other evi-

dence of faulting was found in the Gable Butte area.

Horse Heaven Hills and

Rattlesnake Hills-Wallula Lineament
Gene;al Features

The Horse Heaven Hills and the Rattlesnake Hills-Wallula
lineament are topographic features that trend southeast from near
Benton City (on the Yakima River).to the west end of the Walla Walla
valley (see fig..4). The structure of this paft of the Horse Heaven
Hills is a broad, slightly asymmetrical anticline which crosses the
Columbia River at Wallula Gap and continues southeastward to
blend into the Blue Mountains. The anticline has a sinuous and
undulating axis which extends about 30 miles west-northwest from
Wallula Gap before turning to a west-southwest direction south
of Benton City, and continuing southwestward as a more complicated
anticline for about another 45 miles. The Horse Heaven Hills
constitute a major drainage divide across southern Washington
that is breached only by the Columbia River at Wallula

Gap (photograph in fig. 22). Wallula Gap serves as a control for
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all the ground water moving out of central Washington and for all

Figure 22 belongs near here.

the surface-water drainage from the entire upper Columbia River
basin -- which includes most of eastern Washington, nearly all of
Idaho, all of Montana west of the continental divide, part of
southeastern Oregon, and part of Canada. During late Pleistocene
glaciations this also was the case, and meltwater from approximately
500 miles of glacier fronts near the Canadian border combined to

pass through Wallula Gap. In addition to the flow of this mel?water,
the glacially dammed Lake Missoula released tremendous volumes of
water eight times (Bretz, 1969, table 2). The water flooded across
eastern Washington, creating the channeled scablands and many other
associated spectacular fluvial features. The volume was so great
that Wallula Gap acted as a constriction to the flow and hydraulically
dammed the water in the Pasco Basin up to an elevation of 1,100 to
1,200 feet (Bretz, 1969, p. 518-520) for short durations even though
the Gap is about 1 mile wide and 850 feet deep (between present
water level and the highest scabland channel).

The Rattlesnake Hills-Wallula lineament, which lies 2 to 8 miles
north of the Horse Heaven Hills between Wallula Gap and Benton City,
is an alinement of topographic hills that diverges slightly from
the trend of the Horse Héaven Hills. The hills along the lineament

are folded structural domes of basalt or the faulted and eroded
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remmants of domes., On the basis of a photogeologic study, J: D.
Mollard (in Jones and Deacon, 1966, pls. 2, 3, 11) had inferred that
a fault or fault zone extends along the topographic lineament from
Wallula Gap f?g ¢the eastern part of the Rattlesnake Hills. During
the present investigation, reconnaissance between Wallula Gap and
the Yakima River determined that linear outcrops of basalt breccia
occur on or alongside all the domes. The outcrops are interrxupted by
loess on the domes and by recent alluvial deposits between the domes;
however, the alinement of the breccia outcrops is a slightly curved,
northwest-oriented trace that is nearly congruent with the alinement of
domes. As explained later, this alinement of breccia outcrops is
interpreted by the writers as indicating a zone of shearing and faulting,
the Rattlesnake~Wallula fault.

Two smaller alinements of hills occur in the Richland-Benton
City area. One alinement of six basalt hills, here called the Horn Rapids
lineament, diverges at its north end from the Rattlesnake Hills-Wallula
lineament by curving from a northwesterly to a north-northwesterly
direction. The Horm Rnpidé lineament, which correpponds partly to a
feature shown as an anticline by Jones and Deacon (1966, pl. 3), extends
from a basalt hill, nearly buried by gravel, about 2 miles north of Horn
Rapids on the Yakima River to a hill directly south of Richland. Except
for the northernmosé hill, all are along the south side of the Yakima
River, Poor exposures and lack of time precluded the determination of
the structure of these hills during this investigation.

The other small alinement occurs between the north scarp of the Horse
Heaven Hills and the Rattlesnake Hills-Wallula lineament. This consists
of Goose Hill, 2 miles southeast of Benton City, and an unnamed hill 6

miles farther southeast, at the inside of the bend in Badger Coulee
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(fig. 3). From reconnaissance examination, Goose Hill appears to be

an anticline with an east-west axis and a faceted end facing southwest.
The unnamed hill apparently is a mesa of flat-bedded basalt flows with

a faulted northeast side -- the flows here appear to have been offset
downward about 300 feet on the north side. This probable fault, not
previously described, is called the Badger Coulee fault. It seems to be
a wide, sheared zone and probably is the gsame as the one exposed on the
oppogite side of Badger Coulee, at the outside of the large bend. At
this site (fig. 3 and 4) in NW%SW% sec. 23, T. 8 N., R. 28 E., the
stratigraphic offset is at least 200 feet and a poorly exposed breccla
zone is over 200 feet wide. The fault cuts vertically across the Pomsna
and Elephant Mountain flows exposed to the north. No other exposures of

breccia were found during the brief reconnaissance along this alinement.

Problems of Interpretation

in the vicinity of Wallula Gap and along the Rattlesnake Hills~-
Wallula lineament, the 1nt;rpretation of the geologic structure is more
difficult than elsewhere because the key stratigraphic marker, the Roza
Member of the Yakima Basalt, is not present and because there is a
porphyritic flow, above the Elephant Mount aaf flow, that was not en-
countered in the other two areas of detailed mapping (fig. 6 and 13).
It is possibly the Ward Gap (?) flow of Schmincke (1964, 1967) or an
unnamed flow not previously recognized. In this investigation, chemical
analyses (Appendix E) and refractive index determinations (Appendix C
and D) were used along with the usual field-identification methods to
identify the flows. The Pomona flow, Elephant Mountain flow, and the
Priest Rapids Member have distinctive physical and chemical characteristics

which lend themselves well to these methods of identification.



The bteccia; along the Rattlesnake-Wallula lineament have
been interpreted variously, by previous investigators, as fault
breccias or flow breccias. The characteristics listed in table
1 were useful for distinguishing the different kinds of breccias
during this investigation. However, as with stratigraphic de-
terminations of flows, the decisions as to whether any isolated
outcrop of breccia represents a fault breccia or a flow breccia
(or combinations of volcanic-tectonic breccias) must depend on

several criteria, rather than one.

Horse Heaven Hills

Faulting associated with the Horse Heaven Hills has previously
been reported at Wallula Gap (Laval, 1957; Jones and Deacon, 1966;
Newcomb, 1965) and along the south side of the Walla Walla Basin
(Newcomb, 1965). During the present investigation a fault (referred
to as the Wallula Gap fault in this report) was mapped along the north
flank of the hills near Yellepit, where the stratigraphic units are
exposed on both sides of the fault., Elsewhere west of Yellepit, along
the north side of the Horse Heaven Hills, the fault zone and the down-
thrown block on the north side both are buried, and direct evidence of
stratigraphic offsget is;geﬁerally lacking. On the basis of a photo-
geologic atudy, J. D. Hgllard (in Jones and Deacon, 1966, pls, 2, 3)
inferred a possible fault, along the base of the Horse Heaven Hills,
extending from Wallula Gap northwestward past Benton City on the Yakima
River and across the Rattlesnake Hills into Dry Creek Valley. The
possible existence of this inferred fault betwescu Wallule Gep ead

Benton City is suggested by the following reconnaissance observations:
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(1) alinements of topographic scarps, (2) the apparent truncation
of basalt flows where several transverse valleys eross the trend such
as in Zintel Canyon, (3) narrow breccia zones along State Highway 12
in sec. 4, T. 7 N., R. 29 E., and (4) the presence of springs or
shallow ground water in valleys crossing this trend, such as in Nine
Canyon, Coyote Canyon, and Amon Canyon.

The Wallula Gap fault, shown by Jones and Deacon (1966, pl. 13,
photographs 6 and 4), was found to exist in the gully that extends
about 1 mile west of the Columbia River at Yellepit. East of the
river, the fault zone was traced southeastward in reconnaissance for
about 12 miles along the fault-line scarps and sporadic outcrops of
fault breccia between Wallula Junction a;d the foothills southwest of
Touchet. East of the river, evidence interpreted to indicate displace-
ment along the Wallula Gap fault can be seen in several of the deeply
incised canyons delcending from the crest of the Horse Heaven Hills,
Along the walls of these canyons the basalt flows on the upthrown
(south) side of outcrops of breccia (shown on fig. 4) can be seen to
have a gentle north dip adjacent to the fault~line scarp without evidence
of sharp monoclinal folding. These flows are low in the stratigraphic
section, and the stratigraphically w3t (Pomona and Elephant
Mountain) flows are high above in the upland to the south. On the other
hand, immediately north of the scarp and the breccia outcrops, as in the
sFc. 29 and 20

of T. 7 N., R, 32 E, the stratigraphically high basalt

flows (Elephant Mountain and others) are near or not far above the level

of the Walla Walla River, apparently indicating hundreds of feet of

vertical displacement along the Wallula Gap fault in this area.
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Detailed stratigraphic mapping west of the river in the Yellepit

area (fig. 23) disclosed that vertical stratigraphic offset of more

Figure 23 belongs near here

than 200 feet occurs along the Wallula Gap in this area. R. E. Brown
(1968, p. 19 and 21) interpreted the structure in the Yellepit area

as being part of a monocline because he felt that monoclinal dips
could be projected across the fault zone without need for strati-
graphic offset (faulting) and because he felt that some basalt flows
could be traced continuously westward from the Columbia River for
about a mile, then continuously northward across the fault trace

that had been shown by previous investigators. However, the data
newly obtained during the detailed geologic mapping of this area for
this report (fig. 23) support an iuterpretation'of faulting. The
Pomona and Elephant Mountain flows crop out along the railroad tracks
north of the fault and can be followed,ggég about half a mile westward
up the gully. There they are overlain by a basalt flow (possibly the
Ward Gap (?) flow of Schmincke 1964, 1967, or a previouslyi;;cognized
or undescribed flow) that is younger than the Elephant Mountain, and
also are overlain by glaciofluvial gravel bars containing unusually
large boulders. At the head of this short, l-mile gully the previously
undescribed youngest basalt is covered by loess, so the continuous

outcrops from south to north sides of the gully do not exist.
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South of the fault (which is marked by local outcrops of
étrongly sheared basalt breccia), the Priest Rapids basalt
(Schmincke'u Umatilla flow) is exposed in a scarp and can be traced
toward the east in several landslide-slump blocks. The Pomona flow
is higher up the slope to the south and has been eroded back from
the fault zone in this area probably by the glaciofluvial floodwaters.
The Pomona and Elephant Mountain flows form subdued "mesas" farther
up the slope. Below the Priest Rapids flows, south of the fault, are
two of the underlying Frenchman Springs flows which are exposed to
river level.

At the railroad siding of Yellepit, just south of the fault, there
are several narrow zones of brecciated basalt in the Frenchman Springs
Member that trend at am angle of about 150 to the Wallula Gap fault.
(There are many more exposed in the first quarter mile south of the
fault than farther south, and none north of the fault in the Pomona flow
outcrop.) These breccia zones are minor shear zones secondary to the
eagt-west-trending Wallula Gap fault,

About a quarter mile west of Yellepit another minor fault
probably secondary to the Wallula Gap fault occurs in a straight valley
that trends southeasterly toward the river (fig. 22), although no out-
crops of breccia are exposed. Across this valley the top of a
prominent Frenchman Springs flow is offset about 50 feet,

The Wallula Gap fault, along the north side of the Horse Heaven
Hills east of the Columbia River, seems to be joined by a concealed
eagtern extension of the Rattlesnake-Wallula fault (described in the

next section of this report) just east of Vansycle Canyon. The combined
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faults then appear to continue southeastward along the south side
of the Walla Walla ﬁusin a;d the north side of the Horse Heaven
Hills anticline. Some faults have been mapped by Newcomb (1965,
pl. 1) on a projected extension of this fault zone east of Warm
Springs Canyon along the south edge of the Walla Walla Basin, but
they were not investigated during the course of this study.
Newcomb mapped a4 series of southeasterly trending en echelon faults
from Vansycle Canyon to near Milton-Freewater, Oregon. The pro-
jected extension of the Wallula Gap fault (of this report) would lie
along the north margin of the Horse Heaven Hills anticline and be
buried by the Touchet beds. The en echelon structures may be a sep-
arate set of faults oi they might be faults secondary to the Wallula
Gap fault zone.

While following the projection of the Wallula Gap fault zone
southeastward in reconnaissance from Vansycle Canyon, a geologically
youthful. curved, linear feature that seems to be a gt;und-surface

rupture was observed and briefly investigated in the field (fig. 24).

Figure 24 belongs near here.

Here, the bedrock and the fault zone are mainly concealed by glacio-
fluvial deposits of the late Pleistocene Touchet beds and by Holocene
loess. The linear feature appears to slightly displace the Touchet

beds but to be topographically subdued becauge of slight erosion and
subsequent deposition of Holocene loess. Although the nature and

origin of the linear feature could not be determined definitely by

the brief field examination, its topographic situation does not

allow readily for its explanation as being a result of erosion or
landsliding, or any. other non-tectonic process. The trace of the feature

crosses most of the drainage gullies and shallow valleys nearly at right
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angle and does not have an apparent relation to the pattern of stream
channels. The area 1is one of low topographic relief and low stream
gradients, so that rupturing associated with landsliding is not a
liKely cause. The present subdued vertical relief of the linear
feature is a few inches to several feet, with the north side being
generally lower than the south. Toward the southeast end of the
linear feature (see fig, 24) cattle have used it as a natural trail
except where it passes under a fence and the cattle trail swings
away to a nearby gate. The feature extends about 1% miles west-
northwest of Warm Springs along a projected segment of the Wallula
Gap fault in anAarea where the bedrock is mainly concealed by the
glaciofluvial Touchet beds.

For all these reasons the linear feature appears to be ground-
surface rupturing due to relatively recent tectonic fault movement
along the Wallula Gap fault. This probable fault movement occurred
after the deposition of the Touchet beds, and thus less than 12,000
years ago; however, the movement was not historic (the last 100

years) because Holocene loess lies across the fault.

Rattlesnake Hills-Wallula Lineament
Extending about 35 miles southeastward in a slightly curved
line from the northeast end of the Rattlesnake Hills near the SE}
of T. 11 N., R. 25 E. to near the Wallula Gap on the Columbia River
is a line of rounded domical hills, each of which is an upfolded

dome of Yakima Basalt.
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Much has been written about this Rattlesnake Hills-Wallula
topographic lineament, but to date there is no widespread agree-
ment as to the origin of the lineament or the breccias associated
with it. On the basis of a study of aerial pﬁotographs, Jones and
Deacon (1966, pl. 3) inferred the existence of a fault along the
lineament and referr;d to it as part of a "Rattlesnake Mountain-
Wallula-Milton-Freewater fault system’.

Raisz (1945) indicated that the alinement of hills in the
Rattlesnake Hills-Wallula Gap region is a segment of a major
lineament that extends a distance of about 400 miles f;om the
Wallowa Mountains in northeastern Oregon to the northwestern cormer
of the Olympic Mountains in western Washington. Raisz called the
ma jor lineament, in its entirety, the Olympic-Wallowa Lineament
but was undecided whether it was caused by a deep-seated structure
or a fortuitous alinement of topographic features. Jones and
Deacon (1966) concluded that the Olympic-Wallowa Lineament is
principally an expression of tectonic features on the Columbia
Plateau and decided that neither geologic nor seismic evidence
supports its extension outside the plateau.

Brown (1968, p. 23) believes there is a lack of evidence to
indicate the existence of the Olympic-Wallowa Lineament as a major
shallow-seated fault zone at the Wallula Gap. He said (p. 23)
"The imposing 1,400-foot high north face, that together with a
breccia faced scarp suggests an impressive amount of fault movement,

owes at most only a token amount of its height to faulting, and
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most of its height to a monoclinal fold that largely has been
eroded by glacial flood waters and buried". However, during the
present investigation, no indication was found of a monocline
nor of significant erosion by glacial floodwaters, except for some
scouring within one-half mile of Wallula Gap. The structure with
dipping beds just west of the mouth of Vansycle Canyon, which
appears to be a hogback from a distance (and thus might suggest
a monocline), is actually the north half of a faulted dome that
probably is related to the line of domes in the Rattlesnake Hills-
Wallula lineament, The strikes and dips of the basalt flows on
this half dome are, respectively: N. 10° E. and 30°N. at the west
end; S. 80° E. and 35° N. at the highest point; and S. 75° E. and
55° N. at the east end. A broad band of breccia on the south side
.of thiszgﬁﬁ; is part of the Wallula Gap fdult zone.

Laval (1957, p. 138-139) reported that breccia outcrops along
the line of‘domes betweeﬁ the Rattlesnake Hills and Wallula Gap were
not traceable for more than 100 feet and trend northeasterly (p. 136).
However, he also stated that the fault breccia at the wegt end of
Red Mountain probably continues to the Rattlesnake Hills (northwest
across the Yakima River water gap) and appears to extend southeastward

rgp-?r'ltil’r/
along the alinement of domes (p. 137 and 139). He alsoA . a
fault zone 500 feet wide on the west end of the dome east of The
Butte, which is along this alinement. The Elephant Mountain flow

appears to be stratigraphically offset along the north slope of
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Rattlesnake Hills near the center of sec. 24, T. 10 N., R. 26 E.,
although the brief reconnaissance made by the writers in this area
of poor exposures did not disclose outcrops of breccia.

During this investigation, 15 outcrops of breccia were found
along the Rattlesnake Hills-Wallula lineament west of the Columbia
River. The breccias in these outcrops have many or all of the
characteristics of fault breccia as listed in table 1 and are
considered as being within a persistent zone of faulting and
shearing -- the Rattlesnake-Wallula fault (fig. 4). Most of the
fracturing within the breccias has a predominantly northwesterly
orientation. The outcrops usually are less than 200 feet in length
and are widely spaced along the lineament because of extensive
cover by loess in many places. Commonly, the fault breccias do
not crop out because the shattered rock has been weathered and
eroded more deeply than the adjacent firm basalt. 1In the study
area most of the exposﬁres of fault breccia found are isolated
masses that have been locally cemented and made resistant to erosion

apparently
since they were formed; the cemented partﬁdform only a small part
of the entire zone. The continuity of the fault-breccia zone between
outcrops can usually be inferred by the presence of subdued topo-
graphic features, such as straight scarps, saddles, and gully
alinements, along which the breccia is usually concealed by loess
deposits between outcrops of firm basalt.

By plotting the axes of the domes and a line connecting the

breccia outcrops on a map (fig. 4), it can be seen that the breccia
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outcrops lie on a slightly curved line, and that the axes of the
domes are not all parallel to the alinement of the breccia. For
example, the breccia outcrops on Badger Mountain and its satellite
domes to the east and west are all principally north of the axes

of the domes; the hills in sec. 8, T. 8 N., R. 29 E. (south of
Vista Siding) and in sec. 30, T. 8 N., R. 30 E. have their anti-
clinal axes north of the outcrops of breccia. The hill mainly in
sec. 18, T. 7 N., R. 31 E., has an anticlinal axis that lies mainly
south of the breccia outcrops and trends about 25° from the direction
of alinement of the breccia outcrops. Exposures on this hill
provide a good example of the breccia cutting across several
different basalt flows with horizontal angular discordance and
attendant vertical stratigraphic displacement. This provides
evidence that the breccia is not a stratigraphic unit of flow
breccia.

At the west end of The Butte, in Finley Quarry, a Frenchman
Springs basalt flow is vertically truncated by the fault zone; only
a few feet of the fault gouge and breccia are exposed at the north
end of the quarry. No basalt is exposed on the north side of the
breccia where it is faulted down. However, about half a mile east,
at the top of the hill, the stratigraphically much higher, Pomona
and Elephant Mountain flows on the part of the dome north of the
fault are dipping north about 30° and immediately south of the fault,
in ju%%position, the Priest Rapids flows are flat lying. The large

"clastic dikes" in the Finley Quarry reported by Jones and Deacon
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(1966, plate 13, photograph 5), Jahns (1967, fig. 11), and

R. E. Brown (1968, p. 26) are not Touchet-age clastic dikes, but
instead are older sedimentary fillings of joints and fissures that
opened up as the blocks tipped slightly northward, probably toward
an unsupported fault scarp. The sediments that have filled them
appeai to be well weathered and stained and cemented with csaliche,
suggesting that the material is part of the Ringold Formation, and
that the fault movement began in Ringold time or earlier.

The eastward extent of the Rattleanake-Wailula fault 1is not
known with certainty, because it is concealed by recent sediments
from the Columb;a River southeastward. However, as previously
discussed, a southeastward projection of the fault intersects the
Wallula Gap fault east of the river just east of Vansycle Canyon
several miles east of Wallula Gép.

To summarize the evidence available from the pr;sent reconnais-
sance investigation, the domal uplifts along the Rattlesnake Hills-~
Wallula lineament are parts of a southeast-trending regional structural
alinement that connects the eastern part of the Rattlesnake Hills
anticline with the faulted north flank of the southeast-trending part
of the Horse Heaven Hills anticline east of the Columbis River. The
Rattlesnake-Wallula fault is a zone of shearing with attendant vertical
stratigraphic offsets, which is younger than the folded domes, but which
is parallel to and almost congruent with the overall Rattlesnake Hills-
Wallula lineament of domes. All these features support an interpre-

tation that the Rattlesnake Hills-Wallula lineament and the
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Wallula Gap fault and other southeast-trending fault zones along the north
flank of the southeastern segment of the Horse Heaven Hills anticline
are parts of aAlinear, deep-seated, régional structural feature
that extends from the eastern part of the Rattlesnake Hills
southeastward to at least the Milton-Freewater area in Oregon.
The major stage of faulting and shearing thgt produced the basalt
fault breccias along this regional structural feature probably
occurred during the deposition of the Ringold Formation as shown
by the occurrence of probable Ringold sediments in fissures at Finley
Quarry. This stage of faulting is much older than the late
Pleistocene glacial-flood events as shown by the fact that at
places, such as east of ked Mountain and at the mouth of Badger
Coulee, the Touchet beds lie across the Rattlesnake-Wallula fault.
Near Yellepit, glaciofluvial gravels lie undisturbed across the
Wallula Gap fault.

However, east of Vansycle Canyon the Touchet beds 2¥ing across

D23l

the W?l%gl Gap fault appear to have been ruptureé%by reiatively

(bo? Fisteric)
recenEA minor fault movement. At most other places the exposures
are not adequate to determine definitely whether or not there have
been minor episodes of faulting during or since the last episodes of

yepar Fol

glacial-flood deposition. Thgnground rupturing during the Milton-
Freewater earthquake (1936), and the geologically young}probable
rupturing along the Wallula Gap fault east of Vansycle Canyon
;:g:;ts of the linear regional structural feature may

still be tectonically active.

suggest tha
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OCCURRENCE OF MICROEARTHQUAKES

by
A. M, Pitt

The U.S. Geological Survey has operated a network of short-
period seismograph stations within and around the Hanford Reservation
of the Atomic Energy Commission since March 23, 1969. The data from
7 vartical seismometers (6 before August 9, 1969) are telemetered to
Menlo Park, California, where they are recorded on film. Earthquake
epicenters are determined by computer.

The network was established to determine the level of micro-
earthquake activity in the vicinity of the Hanford Reservation. With-
in the netwerk, microearthquakes with magnitudes as low as 0 can be
located when the background noise level is low. At 200 km, the
practical limit at which epicenters can be determined by the network,
microearthquakes of magnitude 2 or greater can usually be located. The
accuracy of epicenter determination is greatest for microearthquakes
occurring within the network and decreases rapidly as the distance of
the microearthquake from the network increases.

Epicenters for 166 seismic events were located for the period from

March 23 to December 31, 1969 (figure 25 and table 2). Approximately

Pigure 25 is at the end of the report.
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one~fourth of thése are thought to be explosions rather than
microearthquakes, Most of the explosions occurred 80 km west, 200

km north, and between 80 and 150 km east of the center of the network.
Approximately 105 microearthquakes were located within 75 km of the

center of the network, as were some explosions (table 2 and fig. 4).

Table 2 belongs near here,

Most of the microearthquakes in the immediate vicinity of the Hanford
Reservation occurred in two separate zones. One very regtricted zone,
near the center of the triangle formed by stations B, E, and G, produced
over 230 detectable events, 36 of which have been located. These micro-
earthquakes generally have the most precisely determined epicenters of
any in the region pecaule-of the advantageous distribution of statioms.
Activity in this zone began in Hn}, increased to a ﬁeak in August, and
continued at a reduced level until the end of 1969. The second active
zone near the Hanford Reservation extends from a péint between stations O
and E in a northwest direction to the vicinity of station S. Approximately
500 detectable microearthquakes occurred in this area with most of them
concemtrated at the two ends of the zone. Seismic activity fluctuated
along this zone, reaching peaks at the eastend in April and November, the
west end in May, and the center in October., A small amount of additional
seismic activity on the Hanford Reservation occurred along a north-trending
zone between stations M and G. All of the microearthquakes detected on or
near the Hanford Reservation had Richter magnitudes below 2.0, which is

generally below the threshold of (noninstrumental) human perceptionm.
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TABLE 2. --. Located microearthquakes and other seismic events in

south-central Washiﬁgton, March 23-December 31, 1969.

The numbers in this table are reproduced from the computer output
where values for origin time, latitude, longitude, and magnitude
are computed to two decimal places. These values have no meaning
beyond one decimal piace. Relative evaluation is based upon the
quality of P and S arrivals, the distribution of stations, the
number of stations available, and the P-arrival time residuals at

Note:

the stations used to determine the epicenter. The letters ‘ndicate
the following maximum probable eplcenfral errors: A- | «m, B~3 um,
C-5 km, D-10 km, E<I5 km, F=25 km, Or.gm time s givén h GreenWlCh
Meéan T'me CGMT) . Richter PRelat:ve
Dafe Or;gtn Time(GMT) ‘Latitude -Longitude Magnitude Evaluation Ramarks
_ hr min sec o ° ' '
. 1 0?_?“ 2?3? 19.54 6.3“."2 118055043 -0001 D. o E Ty
2 725 1911 52,75 47,61 .64 120.19.18 1.729 =
13 1 260 2232 7.29 4T, T.78 118.58.52 1.45 £
e 2?27 4 3 1.7 48 .16.81 119.16.21 1.98 £
5 | 27 2240 47.42 46.36,10 119.10.08 =0.14 D sepiern
. 6 .—-31 1715 18090 46-39.19 119. h‘?_q ' 0.39 C
8 ' 0] “19 51‘.75 “'6-390?7 119. (‘.64 ) 0.83 D
9 , 01 20 3 49,38 46,33.38 114.52.63  0.20 E
10 ' 05 15 5 50,79 47.10.42 119.43.39 . 1.30 F
11 06 1515 57,94 46,59.42 119:11.41 0.75 F
12 . 0R 226 4,28 474 285 119. 3.54 N.96 £
13 08 649 17,29 4T7.10.44 119.59.07 1.15 F
14 08 1115 54,38 47+ 1452 119.34,.88 1.01 g
15 10 112 11.87, 46,62,40 117.46.,80 1.83 3 -
16 11 035 28,98 66,59,08 119. 1.87 " 0.99 E
17 12 321 45,04 47, 8.10 119. 2.78 . 1.10 E
18 12 1110 29,27 46 .59.17 -120.27.37  1.39 s
19 19 546 2,18 45,47 ,35 119.41.54 2610 E
20 20 219 14,13 4B,17.50 118.53.59 2.56 F
21 21 1416 34,34 47.11.94 119.43.23 1.85 £
22 22 2059 50,60 46.36.06 119, R.84 l.16 D s
?3 24 143 0.91 46.43.67 117.41.96 2.05 E -
24 24 1? 3 56.67 b7, 9457 119.41.35 1.79 E
25 26 12 9 34,78 47.10.,92 119.41.83 l1.28 £
2h 29 15, R N.77 46.36.13 119. 9,65 0.09 D
27 300 2033 1,71 47, 9.90 119.36.81 l.21 3
78 30 2143 5R,.23 66 ,39.80 119, 6.16 0,57 1y
29 10501 052 36.39 4R, T.R4 118.64.84 2.06 F
30 01 1652 13,15 46,59,10 . 119.49,20 1.729 E
31 0?2 1R346!' 59,79 46,35,93 119. 9.75 0.01 D
32 04 925 3.82 47. 9.80 119.41,23 1.35 £
33 05 1835 4,60 46.36.14 119.10.01 0.05 D
34 05 1926 25436 48.11.13 118.49.79 . 1.94 F T axpision
35 06; “ 034 0,83 46.38,.44 117.43.94' " 1e83 F T oegpingioe
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TABLE 2.

36
37

‘38

39
‘a0
4]

42

-= continued

e ——— -~ —— e - .

43,5

44
.65
b6
4H7
48
49

© 50

51
52
53
56
55
56

57,

58
© 59
P60
61
Y

. 63,

Y
. 6%
I &6
N
68
69
C 70
71
B
73
74
75
76
77
7R
79

a0 .

- 81
! R2

A3
‘84
" RS

B6
CRT

" ag
B9 .-

90

..

Origin Time (GMT)

Date ;) min sec
?07{'" 548 37,29
o7 2036,20 22
08 15561 21.31
'095 19 6;iR.24
10| 1441'1? 55
101 1937, 21.61
10 1955734.92
11' fasovil,lm
4 2321 _67.53"
05177 0 1] 28, 53
lH ; 14@ 41.60
13, 13 naaz 6h
19, 1959;24.52
22; | 148" 1,94
22 0933 22.64 "
. 23] 965 42,3)
0601 1216 44,96
03 413 3,06
06 926 43,24
0R 9 3 58,91
08, 1?36}&7 26
100 14%0 7/ 30
15 ' 453 386,40
23. 15 7. 45,03 0
27. {241 20,33
0701 622 38,18
02 2333 '21,39
11 2340 45,09
< 1% - 430 1,00
18! 23%4 10,52
18, 431 39,48
23i. 255 14,57
231 257 3R.46
241 7 B 10.68
24° 1013 36.35
28 1555 1,723
29. 1429 24.01
31, 614 272.14
31 21 9 45,65
0801 1036 52.83
0l 1248 20.17
01 1558 23,83
02 34 14,71
02 214} 39,13
06 1531 3,44
05 2339 24,85
07 1918 27.65
OR. 7 5 48,07
08 - 17 4 50,62
08. 2240 16.99
117 550 15.64
11/ 1336 34,92
12 1418 3,09
14 1631 45,77
15 1141

53.75

4T

67,
T 46.49,22

Latitude

46,649,537
. 46.25.66
66.36423

47.41.00
46,61 ,54
46,49 83
46.49.55
48,1106

1.73

46.39,13

L 46,49,33 -

46.51.15,

47,469,560

Lb. 44,74
46 .44 .34
46¢51.57

46,725,130

46.42,79
Teb1

1’6025074
46.25,37

66.25.728

46.56., 55

u,46 25,49

46.25,57
46.35.95
464.35.39
46.725.15
46.25.37
46 447,45
47. 3,01
47. 2.68

L 47.41.77

46425.25
47« 3.76
46.19,28
464725.463
46.25.46
66,25.33
46.25.58
6T7.47,17
47.11.92
46.25.38
47 .46T.64
66.35,55
47+ Neb5
47.36,19
4T 46,41
46.15.06
46425.69

46.42.32 .

464,254,467
47.6),26
46,25, 47

- 77;- (7?c fols)

Longitude

T119.20.79"
119.37.51,

119. 9.65

119.47.64
117.26.11.
119.35,46

119.36.83

118.58,70
119.34,4],
119,
119.38,.81,
119.45.09
3.40
117.33.67

1«77

‘118,

119.20.94
119.46.22
119.16.74
119.35.47
119. 5.15
119.23.62

119716.17
119.16.472

119.16.13:

‘119.42.25°

119.16.27.
119.16.75

T 117.55.09

117.58.54
119,15450
119.16. 28
120.24.95
119.14.67
119.14.71
120.22.73

119.16.27.
119.12.91°

119.32.43
1190’17001
119.16.46
119.16.29
119.16.25
119.35.68
117.22.54
119.16.62
119.56.95
11R. 3.7?
119.22.54
119. 8.90
119.33.96
118. 0,57
119.15.73
119.55.46

119.16,06"
119.33,90

119.16.31

Richter

0452

' 021
, 023
- 2.34
| 200
- 1.75
-0.08
£ 2.23

‘1.05 .

0.16
=0.10
b 2477
12409
0022

0.09

'-0007
1.06
S 0.57
NeH4
' 1437

1027

. 1.01

J o727

0.54
F1.73
1.76

1475

1.86
’ 1«24
l.1b
1.83
0.92

' 1.23

0.12
1.79
1.25
0.77
1.25
2.51
~ 2.80
1.02
. 2660
1.88
- 0485
2.03
"2445
Cle62
0.96
" le46
! 0.63
L 2.69
0.50
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TABLE 2. -~ continued

Origin Time (GMT)
Date pr min sec

Latitude
460 25. 17

46 .48,92,

46425432
46,725,770
46,25.37
66425.58
66,2576
464,725,066
466,16.83
464725.41

46.25.41

46.25.19
46425492
666142
466.25.53

46425455
46.57.65)
46435440,
47447 .89
46.25.92
46,42 .65
46.38,30
66458469
46.26.,01,
46.62,31

‘06.25.87,'

46e61.18
466¢75¢59!
464.52.55;
46.40.97,
47.19.1?
46,49,70
46,40,79
46,48 ,91
4beb) T’

. 46,648,778

STl i 157 1623 4,07
92 ' 18 - 1439 18,64
. 93 18 1850 .57.30
| 94 21 148 30.06
L 95 - 22]  B44 11,46
; 96§ 31 ° 252 28,09
;97 'i 31; 1118  7.74
98 | 31 1119 31.32
'99 31 1627 32.91
100 |0801) i 035 47.99
101 01 2027 43.19
1102 02 0034 '10.30
103 02, 1241 52,67
[104_; 02 2150 30.71
105 04 1817 11.31
L1067 8906 - 2228 346,86
107 ] 1o 121a‘sa 18;
108 17;; n7w 57436
109 13 : R30, 4600
110 21, 1021 i21.06
1L 1 26" 1436/ 6426
227 2 45 .42
113 1002 | 059, 1.63
114|702 214 27.50
115 021 '3 0,4T.75
116 ;,wn7,,.637.45 20
117 ' 03} 1%6 50.98.
JL1IA71 06 1158 5.96
119 706,12 4'. 1.30
. 120 1 06. 2230 18.09
« 121__1. 16, . 724 57,71
122 ‘16  A34 58,31
123, 15 1952 58,35
1247 - 15 2046  6.80
125 - 16 1530 45.90
126 16 1913 43,33
127, 7 17 1R10 36,40,
128" 17 20 8 0.13
129 ° 19 730 27.37
130 20 2379 13.17
131 21 2048 16.11
132 21 2235 38.72
133 23 1741 10.14
134 ?3 2348 43,49
135 26 44T 5424
136 78 039 46,44
137 . 2R 416 57.28
138 28 513 . 3,17
139 29 - 034 36437
140 30 1616 35.83
141 1101, 0 0 23.50.
142 701 - 112 4682
143 03 2246 23.52
l44 1 05 0641 27.22
T4s 05" 1940 44,77

46,42 .45
46.15.55
L4h 4] ,RG
46738,51
46.31,56
46.572.52
46 49,37
1‘60“10 ‘?
4650425
bheolg )2
bbh 64,37
46.50.06
46,468,754
46.51.13
46.51.,89
bbHeb3 .54
47. 5,92
46.50.18

Longitude

119.16.73
119.28.97
119.16.12
119.16.95
119.14,.91
119.16.75

119.16.87.

119.17.24
120.53.29
119.16.85
119.16.85

. 119.16.15

119.16.81

119.35.73
119.15.53.
119.15.55

1190370]0:

118.22.84

119.23. 57{

119.16.78,

119 34, ?ﬂ'

118+ 1. 53,
118.18.12'
119.16.35

119.21.44
119.16.35,

119.14.45
119.17. 69
119.17.55"
12034.59°

1190 15.9‘9‘_“

172. 5.R6

119. 2.90
117.61.67

120.29.83 "

119.14.52

120.28.62"
117.50.74

11R.17.27

117.68.46
118.14.14

118, 6.26
1720.32.14

"1720.29.70

119.14.01

170.30.00.
119.19.33°

119.19.86
120.31.43
170.31.75
120.279.14

170.30.62
119.15.68

3.37
1200 29.82 ' e

118.

~ 79¢ - (7114 %ol )

Richter
Magnitude Evaluation

.1e51

. 033

0.53
0456

1,09

. 022

1e59
if1.48
S 201‘*

C0.47
. 0420

. 1e07
1.21

le61

1.15

1.64

1e77
2e37

0.47 )

0.04

L 212

1.88
0.99

" 0635

022

N.61

T 0eb?

0.61
1.87
0797

3.12

L n.T6

1.58

S le62

1.17

© 1le68

l1.51

" 1.91

t

1.”8

. 1.99

l1.42
1.82
1.72
0.25
1.90

, Ne21
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TABLE 2.

146

147",
148 . ¢

-= continued

Origin Time (GMT)
hr min sec

149‘f
150 . °
151 -

- 152

153

154
155 .
156 .

)57
'158
159
1160
1161
1162
163

164 ¢

165
‘166

¢
e

Date
[7T06 . 021
I 0RI. 1140

08 12 2>

10 ' 056

10 - Rl4

10 - 852
’ 10 1859

10 19 3

.18 1817
v 21 423
21 1631
?23 "S5 8
26 1216
26 2231
.30 240
201 23 1
| 03 2018
| 13 1755

18 2137

18 2257|
1. 730 14}

I

oy

30,04

20,70
" 0660
1541
16449,
18.52:
R.10
27.03
38,04
57.88
56.06
31.68.
?25.96
8.73
41485
44,75
48 .69
57.02:
59,96
39,70

57.00

N

4Lati:ude

46,4860

46.43.23
464350
46433.22
46 ,464,20
46,47 .48

. 46,43,87

46.36.70
46.30.42
46,3779
L6842 44

46437.30.

46.25.60
46.38.03
b6, 8.95

GO brb b2
46040462

466441402
46.41.08

46.40.58
A

Longitude
120.29.86

119. 6.28
119. 6.82
119.39.00
119. .3.91
119. 6.85
119.

119. 7.02

119.3“.21
119.37. 36!
119.22.40.
119.3R,69: .

119.15.65

118.43.18
118.35.26

119,.45.66

119.13.29,
119.13.77
119.13.17,
119.12.85 ' -

- 79d- (60 Fols)

7.08,

Richter

Relative

Magnitude Evaluation Remarks

l.81
1.22
"0e53

" 0.94
0.84
0.73
le.34
0.93

{ 0,31

© 1 0607

'1.18
: 0.55

122

" l.41
1.49
0.58.

0«35

- 0693

0.50
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Most of the microearthquakes near the Hanford Reservation appear
to be less than 10 km déep although it has generally not been possible
to accurately determine their depths. Accurate determination of the
depth of focus of an earthqn;ke'reQui:es a distribution of statioms'
around the epicenter with at least'éue station having an epicemtral®
distance less than the depth of focus of the earthquake. These
criteria generilly are not met for the Hanford events. A few of
the better recorded ;icroearthquakei in the main zones of activity
appear to have occurred at depths of 5 ka or le;s. Significantly
deeper events were microearthquake number 104 with a well determined
depth of 21 km and microearthquake number 149 with a depth of around
11 km, both of which oc?urfedlalong the north-trending zone of minor
activity between stations H-aha G. Other microearthquakes located
along this zone were too poor}y recorded to make accurate depth deter-
mination possible.

A few of the seismic events on or near the Hanford Reservation are
explosions rather than microearthquakes, but the great majority within
or close to the network have dilatational first motion at one or more
stations which ptecludes their being explosions. L;nd;iiden would
probably not be mistaken fot earthquakes because landslides have a
disctnctive signal on a seismogram. There is no apparent association
between 1;;1gation activity'and the. sei-mic activity of the region,

and there are microearthquakes occurring on the Hanford Reservation

where no irrigation takes place.
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The results of the U.S. Geological Survey seismic study indicate
that the Hanford Regervation is in a region of microearthquake activity
which is moderate by comparison with the microearthquake activity of
seismically active regions of California and Nevada where similar
monitoring studies have been made. The loci of activity have
fluctuated between several zones during the recording period. A
longer recording period will better define the areas of microearthquake
activity in the Hanford region and the fluctuations of activity with

time.
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RECOMMENDATIONS
An improved understanding of the geologic and seismologic
characteristics of the Hanford Reservation could be obtained
by additional interrelated investigations on the reservation and in
adjacent areas. These investigations are summarized as follows:
1. Monitoring of microearthquakes with an
augmented network of seismographs. An additional
seven seismographs, positioned on the basis of
data gained from the existing network, would allow
more precise detefmination of epicenters and their
relations to geologic structures, and would provide
a means for better definitions of areas and depths
of activity and better assessments of fluctuations
Vof activitf with time. One of the seismographs
sﬁould be portable for movement to areas of con-
tinuing microearthquake activity, such as along
the ColumBia River north of Richland, to determine
precisely the focal depths of the microearthquakes.
2. Geophysical‘profiling of the subsurface geologic
structure in the Hanford Reservation. Profiling
of selected areas by seismic-reflection methods
may allow a better definition of the bedrock geologic
structure concealed beneath the recent dune

sand and glaciofluvial deposits of the Pasco Basin,
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and would provide a more definitive basis for

analyzing the significance of areas of continuing
microearthquake activity on and adjacent to the
Hanford Reservation. The interpretation of the
geophysical investigations would benefit by

test drilling and coring at selected localities
along lines of seismic profiling to calibrate the
geophysical data and to provide definitive bases
for correlation of various stratigraphic units to
interpret their structures.

Detailed geologic mapping, trenching, and stratigraphic
study of selected areas, Additional detailed geologic
investigations along the Wallula Gap fault in the
vicinity of Warm Springs east of the Columbia River
are recommended to confirm the nature of the
geologically young probable fault rupture. Further
investigatién of the geologic structure of the
vicinity of Milton-Freewater, where ground rupturing
occurred in 1936, also would be desirable to determine
the relationship of the rupturing to the regional
lineament that apparently extends from this region

to the Rattiésnake Hills, and to provide a

better basis for assessing its current tectonic state.
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Detailed, systematic, geologzic mapping of the Hanford
Reservation and its environs on topographic base maps,
with emphasis on engineering geology and geologic
structure, Such mapping would provide a considerably
improved understanding of the basic geologic frame-
work of the area and would provide areawide integrated
data that are desirable for engineering judgments con-
cerned with the evaluation and operation of existing

facilities and the construction of new facilities.
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APPENDIX A

Driller's Logs of test holes

drilled on Smyrna Bench

Material Thickness  Depth
(feet) . (feet)

16/26-33R1.1/  USGS test hole 1. Altitude
about 1,250 ft. Drilled by R. J. Strasser

Co., 1969.
LOESS =====-ememceccemccccecccerecacmcenaae 14% 14%
Caliche ~==seececemccccmcccncccecccccaceaan 6% 21
Fanglomerate =-=-==--coccemccacccacccnananan 11 32
Sand ----scvecvcccemmccer e e e e 3 35
Fanglomerate with caliche cement ----=-=---- 4 39
Fanglomerate without caliche (some caving)

hard and soft streaks ~======--eccececeacn 144 183

Hole abandoned - fanglomerate erodes easily
causing enlarged hole and poor or no return
of cuttings.

16/26-33R2. USGS test hole 2. Altitude about
1,240 ft. Drilled by R. J. Strasser Co.,

1969.

Loess S0il ====eeeccccccccccceccccccncnana 14 14
Caliche ===v=eeemcccecmcmcnccccccmcccccccane 9 23
Fanglomerate ====e=scemcomcmmmcconeccoccncenn 85 108
Fanglomerate (slower drilling) =-===-c-cee-- 24 132
Fanglomerate, red sand -~-=-eccecceccoccncnnn 9 141
Fanglomerate, no sand ---=~ce~coceccccnnnnnan 8 149
Fanglomerate, sand ==--=-eeccereccccccccmncnnn 13 162
Fanglomerate, little sand ~=~~vceecccocncanas 38 200
Fanglomerate, sand =«--~-eececeeaccmccacana- 72 272
Fanglomerate, clay with small amount of sand 110 382
Fanglomerate, mostly sand, very small amount

of gravel =---=--- e e DL '8 390
Fanglomerate, slight increase in gravel ---- 88 478
Fanglomerate, sandy brown clay --------c---- 6 484
Fanglomerate, fine gravel with hard brown

8aNd ~=e-=emcmcccnreccecccec e e e e 61 545

(continued)

1l/Locations of the test holes are shown on fig. 6.
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Driller's logs--continued

Material

16/26-33R2~-=-Continued

Fanglomerate, blue-gray clay, with sand
and gravel, some caliche --==ccccmmcacaca-
Fanglomerate, large boulder, dark gray to
black ==-=ecececrcccccacccccccecccncnneaaa
Open space =--~==-=cccccecccccceccccccccacanan
Fanglomerate, basalt pebbles with green
poorly formed opal and harder white opal -
Fanglomerate, rounded basalt pebbles =====--
Fanglomerate, coarse gravel with caliche
pebbles and assorted basalt, cemented with
hard chocolate brown silty sand and layers
of gray clay and buff clay -~=~ecccecc-na-
Fanglomerate, coarse basaltic gravel, with
pebbles or layers of dark brown and green
opal, brown sand, clay, and caliche ~==---
Fanglomerate, coarse basaltic gravel with
pieces of dark brown clay that has
slickensides on most pieces ----==-w-=-- ~-
Fanglomerate, caliche layers, with dark
brown silty sand, gray clay, and some
basalt pebbles ~---ocemmccencaccncncnnnan.
Fanglomerate, dark brown silty sand with
large basalt pebbles ==--=ceccccacccccaaa-
Fanglomerate, dark brown silty sand with
fine gravel ~-=e-ceecccccccecccccccncnnnaa-
Fanglomerate, caliche, opal, and basalt
pebbles, little sand and clay nodules ----
Fanglomerate, basaltic gravel with clay
mAtrix -------c-ecccceascacncccnceencacaean

Drilling stopped because of water in the hole

washing and caving the sand and gravel, thus

creating a hole-diameter enlargement which
stopped adequate circulation. :
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Thickness

(feet)

19

5%
60

12

24
17
68
50

11

Depth
(feet)

564

573
574%

580
640

652

658

664

686
703
771
821

832



Driller's logs--Continued

Material Thickness Depth
) (feet) (feet)

15/26-3D1. USGS test hole 3. Altitude
1,200 ft. Drilled by R. J. Strasser Co.,

1969.
LOESS ==wem-emccmmcccccecemcescececeeccacee——— 10 10
Fanglomerate and caliche ~=-«--wemecccccae-- 53 63
Fanglomerate ~--==--=e-ceccccemmmcncnnnncnaaa= 160 223
Fanglomerate, boulders and gray clay ------- 35 258
Basalt, weathered and clay ~--===~--cc-ccua- 24 282
Basalt(?), broken, vesicular, with gray

opal =e~memccmmcmeec e e 24 306
Fanglomerate, with some brown sand ------=~-~- 49 355
Fanglomerate, with brown and gray clay,

caliche =~=~==-cccecmccc e ccccc e een 76 431
Fanglomerate, dense, brown sandy clay ------ 72 503
Fanglomerate, with hard clay =-=--~--=--- - 43 546
Fanglomerate, with soft clay ~===--cccecc--- 9 555
Fanglomerate, dense ===--cewcwmmoccccccccnan 17 572
Fanglomerate, with soft clay =-=-=-=ec-ec-=- 14 586
Fanglomerate, brown sand and clay ------~--- 19 605
Clay, light tan, hard clay and fine gravel - 37 642

(water-bearing at 638 ft., static level

546 ft.)

Stopped drilling because of caving and hole
enlargement above bit.

16/26-33J1. USGS test hole 4. Altitude
about 1,200 ft, Drilled by R. J. Strasser

Co., 1969.
Pebbles, brown, with caliche --=s-cccceaa-a- 10 10
Pebbles, brown, with basalt chips ~~=~-=+--- 10 20
Basalt, chips with pebbles, harder -~------- 6 26
Clay, brown with basalt pebbles =----- —m———— 23 ) 49
Basalt gravels with caliche ~~====cecescecoa = 28 - 0717
Basalt chips, large and brown clay =--=~-=-=--- 32 109
Clay, brown, soft =--==cecccccoccncnncnnas --- 29 138
Clay, chocolate brown with pebbles ~~===---- 44 182
Clay, tan with cemented gravels =~~-~-==----- 55 237
Basalt, pebbles, tan, clay -=~e~-ececececaa- 38 275
Basalt pebbles, cemented fine brown sand --- 26 " 301

(continued)
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Driller's logs-~Continued

Material

16/26-33J1--Continued

Gravel, fine, cemented, with tan clay ------
Gravel, fine, cemented =-=+-===-evecmccconaua
Gravel, fine, cemented, chocolate brown ----
Gravel, fine, cemented, with brown clay ----
Clay, soft brown -----=-e-cccececccnnacoana-
Gravel, cemented with chocolate brown clay -
Sand, coarse, with mica ~=-==--cececcrccccn-c-
Sand, coarse, fine gravel, with mica =--==---
Gravel, fine, with soapstone and mica -=-=----
Gravel, white, coarse sand, gray clay, and
S0apStone ===~==~-ceccccmcccecnccmcncnana=
Basalt, broken with pebble gravel -~---w----
Basalt, chips, with white gravels, brown
clay ==cccecccncccceccce e e e ce e
Basalt, chips, with white gravel =--~---cvc-u--
Basalt, with white, gray and brown gravels -
Basalt, large chips, with gravel and clay
balls =-=--e-cecmcen e e s s c e
Basalt, with white gravels =------ccecceceeua-
Basalt, with fine gravels and clay balls ---
Basalt, with white gravels and clay balls -~
Basalt, with white gravels ~=-----enceuccua-o
Sand, coarse, with mica, fine gravels, and
conglomerate ----=---ecceeccccnccnccccnaas

Stopped drilling because water in interbed
(618-620 ft) washed sand and gravel into
hole, diluting drilling foam.

15/26-3E1. USGS test hole 5. Altitude
about 1,220 ft. Drilled by R. J. Strasser
Co., 1969.

Gravel, alluvial, with clay.---i-#l;é—-;44é;‘

Gravel, loose ==e=cececcccccnccncccacccanaao
Basalt, gray ~-----=-ececcceccccnncnccnccnana-"

Stopped drilling because of broken air
hammer.
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Thickness
(feet)

24

12
14

39

60
35

38
13
73

Depth
(feet)

325
333
345
359
362
401
405
465
500

507
514

519
564
571

576
590
602
610
618

620

38
51
124
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APPENDIX C

Refractive Indexes of Basalt Samplesl/

Obtained by measuring indexes of three glass beads made by fusing
crushed basalt

Refractive index
Sample Flow and/or location Bead no.
no. 1 2 3 Average
1 Roza basalt, type area 1.6040 1.6035 1.6010 1.6028
2 Pomona basalt (Holmgren), 1.595 -- 1.599 -
type section (S Selah
Butte)
3 Pomona basalt-Gable 1.591 1.592 1.592 1.592
Mountain quarry -
4 Elephant Mountain-Gable -~ -- -- --
Mountain quarry
5 Priest Rapids basalt 1.597 1.598 1.598 1.598

(Umatilla flow)-Gable
Mountain quarry

6 Priest Rapids basalt, flow .

#3-Gable Mountain quarry 1.592 1.592 1.595 1.593
7 Priest Rapids basalt, 2 mi

SW of Sulphur Lake 1.6130 1.6150 1.6140 1.6140
8 Roza basalt, 1 mi S of

Connell 1.599 1.599 1.600 1.599
9 Valley-fill basalt, Devils

Canyon 1.6115 1.6070 1.6055 1.6080
10 Frenchman Springs basalt- :

Devils Canyon 1.594 1.595 1.598 1.596
11 Roza basalt, Devils

Canyon 1.6030 1.6040 1.6030 1.6033
12 Valley-£fill basalt, 6 mi

NE of Hooper 1.5990 1.6020 1.6010 1.6007
13 Roza basalt, 2 mi E of

Benge 1.6120 1.6050 1.6070 1.6080
14 Priest Rapids(?) basalt,

3 mi S of Keystone . 1.6130 '1.6130 1.6150 1.6137
15 Roza basalt spatter,

U. S. 10, W of Ritzville 1.6125 1.6170 1.6130 1.6142
16 Roza vesicular basalt with

cinders, 11 mi W of

Ritzville 1.6090 1.6030 1.6110 1.6077
17 Roza basalt cinder, 11 mi

W of Ritzville 1.6205 1.6185 1.6190 1.6193

1
—/Analyses by Dr. Bates McKee and Wasant Pongsapich, University of
Washington.
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Refractive Indexes of Basalt Samples -~ Continued

Refractive index

Sample Flow and/or location Bead no.
no. 1 2 3 Average
18 Roza basalt, massive over 1.6035 1.6030 1,6060 1.6042
) cinder rubble
19 Othello-Warden valley-fill
basalt, at county line 1.5990 1,5975 1.6005 1.5990
20 Priest Rapids (flow #3)
basalt, 13/26-23 NE 1.,5930 1.5990 1.5990 1.5970
21 Priest Rapids (flow #4) :
basalt, 13/26-23 NE 1.5990 1.5970 1.5990 1.5983
22 Pomona basalt, 13/26-23 NE 1.5995 1.6005 1.5995 1.5998
23 Elephant Mountain basalt,
13/26-23 NE 1.6125 1.6130 1.6125 1.6127
24 Pomona basalt (above scarp)
13/27-19 NE 1,6010 1.6010 1.,6040 1.6020
25 Elephant Mountain basalt
(above scarp), 13/27-19
NE 1.6120 1.6100 1.6130 1.6117
26 Elephant Mountain basalt
(above scarp), 13/27-19
NE 1.6185 1.6150 1.6170 1.6168
27 Elephant Mountain basalt
(below scarp, trench 3)
13/27-19 NW 1.6130 11,6130 1.6130 1.6130
28 Elephant Mountain basalt
(W end, trench 3),
13/27-19 NW 1.6110 1.6135 1.6125 1.6127
29 Elephant Mountain basalt(?),
lg. col. Gable Mountain,
13/27-19 NW 1.6110 1,6090 1.6090 1.6097
30 Elephant Mountain flow,
. entabl,, 13/27-19 NWNW 1.6030 1.6030 1.6030 1.6030
31 Elephant Mountain flow,
upper entab., 13/26-23
NE 1.6090 1.6090 1.6130 1.6103
32 Priest Rapids basalt,
- Wallula Jct., : .
7/31-27 SE NE NW 1,6045 1.6050 1.5970 1.6022
33 Roza (?) or Frenchman(?)
Springs basalt, Wallula
Jet., 7/31-27 SE NE NW 1.5990 1.6015 1.6030 1.6012
34 Frenchman Spring basalt,
Wallula Jct. :
7/31-27 SE NE NW 1.6050 1.6070 1.6050 1.6057
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Refractive Indexes of Basalt Samples -- Continued

A}

Refractive index

Sample Flow and/or location
no. : Bead no.
Average
1 2 3 '
35 Elephant Mountain(?) basalt,
Nine Canyon, 7/30-9 SESW 1.5870 1.5800 1.5810 1.5827
36 Pomona aa,basalt with : :
xenolith(?), Eltopia 1.5940 1.5950 1.5970 1.5953
37 Pomona flow entab., Eltopia 1.6050 1.6050 1.6050 1.6050
38 Pomona flow unit, column,
Eltopia 1.5950 1.5990 1.5950 1.5963
39 £lephant Mountain basalt, '
Corfu 1.6070 1.6080 1.6070 1.6073
40 Ward Gap(?) basalt, Corfu 1.6130 1.6070 1l.6l65 1.6122
41 Pomona basalt, Yellepit 1.5995 1.6025 1.6000 1.6007
42 Priest Rapids basalt, L
Yellepit 7/31-29
SW NE NW 1.5795 1.5850 1.5850 1.5832
43 Priest Rapids basalt,
Yellepit
7/31-29 NW NW Nw 1.5945 1.5915 1.5895 1.5918
44 Top porphyritic flow,
Zanger Jct.
7/32-32 SE SW NW 1.5890 1.5910 1.5950 1.5917
45 Pomona (?) basalt,
Zanger Jct.
7/32~32 SE SW NW 1.5835 1.5865 1.5860 1.5853
46 Top porphyritic flow,
Zanger Jct.
7/32-31 SE SW NE 1.6150 1.6230 1.6285 1.6222
47 Pomona basalt,Wallula
Quad. 7/31-30 ST SE NE 1.5930 1.5930 1.5915 1.5925
48 Elephant Mountain basalt,
Wallula Quad.
7/31-29 NW SW SW ) 1.6070 1.6070 1.6050 1.6063
49 Top. porphyritic flow,
Wallula Quad. ,
7/31-20 SW SW SW 1.5990 1.5990 1.5990 1.5990
50 Priest Rapids basalt(?), : '
: Wallula Ruad .
7/31-29 NW NE NW' 1.5810 1.5845 1.5850 1.5835
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Refractive index

Sample Flow and/or location
no. Bead no. Average
1 2 3

51 Pomona basalt,

Wallula Quad.

7/31-29 NW NE NE 1.5930 1.5910 1.5930 1.5923
52 Elephant Mountain basalt,

Gable Mountain trench 4

(N end) 1.6050 1.6130 1.6090 1.6090
53 Pomona basalt, Gable

Mountain trench 4

(S end) 1.5910 1.5910 1.5910 1.5910
54 Pomona basalt, Gable Butte 1.593 1.593 1.594 1.593
55 Elephant Mountain basalt

Gable Butte 1.604 1.605 1.606 1.605
56 Ward Gap(?) basalt

Gable Mountain 1.606 1.608 1.609 1.608
57 Ward Gap(?) basalt .

Sentinel Gap Quarry 1.605 1.607 1.608 1.607
58 £lephant Mountain basalt

Gable Butte 1.607 1l.608 .1.608 1.608
59  Priest Rapids basalt, flow

#3,, Sentinel Gap : 1.603 1.606 1.607 1.605
60 Priest Rapids basalt, flow

#2, Sentinel Gap 1.606 1.608 1.609 1.608
61 Priest Rapids basalt,

flow #1, Sentinel Gap 1.602 1.603 l.604 1.603
62 Roza basalt, 1.602 1.602 1.603 1.602

Sentinél Gap
63 Priest Rapids basalt, flow

#1,Vernita 1.594 1.595 1.595 1.595
64 Priest Ravpids basalt,

flow #2, Vernita 1.604 l1.604 1.605 1.604
65 Priest Rapids basalt,

flow #3, Vernita 1.600 1.601 1.604 1l.602
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