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I nvestigations Undertaken

We have concentrated our initial research on locating suitable trench sitesthat
minimize problems encountered with previous studiesin thearea. Our efforts have
concentrated on the Rattlesnake Mountain fault and the series of imbricate thrust
faults along the continuation of the Rattlesnake Mountain fault in the Snively Basin
complex (Figurel). Weidentified six sitesthat werefurther investigated toinsure
that our resour ces are expended on only the best sites.

We completed ground penetrating radar surveys of the five most promising sites
and have completed the auger sampling at these locationsaswell. Thiscompletesall
thefield work we had planned for thisphase of the project. We have identified a
datable ash horizon at one of these locations and another older ash in a near by
exposure. Several caliche horizons wer e detected and would provide additional
dating opportunities. Weare currently using the subsurface stratigraphy
determined with the auger datato help with theinter pretation of the ground
penetrating radar images.

Results

Detailed mapping of the Rattlesnake M ountain fault zone has shown that the fault
liesabovethe highest level of Glacial Lake L ewisthat formed when the cataclysmic
releases of Pleistocene floodwatersfrom Glacial L ake Missoula wereimpounded
behind a hydraulic constriction in the Columbia River at Wallula Gap. Slackwater
sediments from Lake L ewisform athick deposit around the central Columbia Basin
that obscuresfault zones below 1200 feet above mean sealevel (MSL). Thelower
elevations of the Rattlesnake Mountain fault zone are over 2000 feet above M SL but
wer e scoured by theinitial floodwaters, removing much of the overlying talus along
Rattlesnake Mountain. Subsequent erosion of the mountain and deposition of
eolian depositsfrom prevailing southwest and northwest windsin the past 13,000
year s have cover ed the fault zone with a thin veneer of sediments.



Potential Trench L ocalities. Six potential trench localitieswereidentified: two are
along the main fault zone of Rattlesnake M ountain, two localities are along the
upper thrust fault in the Snively Basin complex, and two localitiesarein the sag
pondsthat developed in the hanging wall above the upper thrust fault in the Snively
Basin complex (Figure 1).

Rattlesnake Mountain fault sites. Thetwo potential trench sitesthat we identified
along Rattlesnake Mountain are shown on Figure 1. Theeastern site (a) isnear the
location wher e the upper and lower splays of the fault mergeinto one. An erosional
gully has cut through the hanging wall and has exposed part of the fault zone at the
base of the gully. A trench can belocated along the west wall of the gully exposing
the sediments above the fault. Thewestern locality (b) lieswhere an east-west cross
fault intersectsthe lower trace of the Rattlesnake Mountain fault. A gully has
eroded through the basalts of the hanging wall but has not exposed the fault zone.
We anticipated the sediment cover to bethicker herethan at thefirst locality.
Auger holesand the GPR from thefirst siteled usto abandon the second siteasa
potential trench site.

Geologic Description of Site a. Rattlesnake Mountain Fault. Siteaislocated along
thenorth flank of the Rattlesnake M ountain anticline wher e lava flows of the
Columbia River Basalt Group (CRBG) have been thrust northeast over gently
northeast dipping CRBG lava flows. At the study sitethe fault branches westward
into upper and lower faults. Rattlesnake Mountain has overridden the anticlinal
axisalong the upper fault exposing only the steeply northeast dipping lava flows of
thenorth limb of the anticline. At the fault site 6600-year-old ash from Mt Mazama
and older sediments, including a caliche of undeter mined age, are exposed in a gully
and appear to overlieat least a portion of thefault zone. We were ableto map out
the extent of the ash horizon in the upper 9 feet of the section using the auger data.

Snively Basin Complex.  Two potential trench siteswer e located along the upper
splay of the Rattlesnake Mountain thrust fault in the Snively Basin complex (Figure
1). Thelower elevation splays of the fault are all covered by thick deposits of talus
and/or alluvial fan deposits making them poor candidatesfor trench studies. In
addition, geologic studiesindicate that the most recent movement occurred on the
upper splay of thefault. Thewestern site (c) islocated near Rattlesnake Creek.
Rattlesnake Creek haseroded through the hanging wall of the fault zone and
provided a steep east wall to the gully that could provide exposure of the fault zone
by excavating along the gully wall. Thiswould reduce the amount of overburden
that would berequired to be excavated yet allow a deep cut into the fault zone. The
eastern site (d) isat upper Snively spring where a gully has eroded through the
hanging wall of thefault zone. Thissite appearsto have more overburden that site
(c) but isattractive for trench studies because it lies directly below the sag ponds
that developed in the hanging wall of the fault.

Geologic Descriptions of Site ¢, Rattlesnake Creek, and Site d, Upper Snively Springs.
Sitesc and d arelocated along the upper most thrust fault of the Rattlesnake
Mountain fault zonein the Snively Basin area. Mapping indicatesthat thereisat
least 4 km of shortening acrossthe entirefault zonein thisarea. Threemillion year




old sediments have been overturned along the lower thrust fault but, based on field
mapping, the upper most thrust fault has most recent movement. The upper most
thrust fault ismarked by a north-thrusted anticline of basalt overlying nearly flat
CRBG lava flows. A colluvial wedge of basalt and loess overliesthe fault zone. The
Pringle Falls E ash, 150,000 year s old, was found a few hundred feet north of the
two sites but was not encountered in a series of auger holesfrom the sites.

Sag Ponds. An extensive series of sag ponds developed in the hanging wall above
the upper splay of the Rattlesnake M ountain fault. We have selected two localities
(Figure 1, E) with sufficient sediment fill that have a very good potential for
preserving datable material.

Geologic Description of Site e, Sag Ponds. A seriesof extensional grabens developed
along the crest of the anticline overlying the upper Rattlesnake M ountain fault
(Sitescand d in Snively Basin). These grabens can be traced discontinuously along
theentire crest of the anticlinein Snively Basin and form sag ponds up to 70 m wide
and several 100 m long. A seriesof auger holesup to 9 feet deep in the sag ponds
encountered layers of loess and several soil horizons.

Ground Penetrating Radar Data. We established a subcontract with Central
Washington University to obtain the support of Dr. Brian Whiting, who used CWU-
owned field equipment and processing facilities to obtain and process Ground
Penetrating Radar (GPR) images of five sitesfor excavating and exposing sediments
across the Rattlesnake M ountain Fault. Three potential trench (Rattlesnake and two
in Snively Basin) areas described above wereimaged acr oss the fault, and two
profileswererun acrosstwo graben-like sag pondsin the upper extensional ar eas of
the hangingwall. For the cross-fault imaging at Rattlesnake Mountain, weran two
parallel lineswith length of 190 m, onein the base of the gulley and the second
above thewall of the gully, approximately 10 m higher position. At thewestern
Snively Basin site (termed Rattlesnake Creek Site), weran a single profile down an
even slope for approximately 190 m. At the eastern Snively Basin site (termed
Upper Snively Springs) weran a profile along the west mar gin of the shallow gully
for 170 m and a nearly parallel, but crossing, profile directly from abovethe eastern
wall of the gully to the base of the lope. The GPR imagesfor the fault-crossing
profilesare shown in Figure 2. For the sag pond imaging, we conducted two
parallel lines acrossthe short axis of the grabens, approximately 70to 80 min
length, and theseimages are shown in Figure 3.

Wetested both 50 and 100 MHz antennae at several locations and concluded that
the 50 MHz data were superior. Therewereinterfering effects dueto buried
metallic objects and overhead power lines at the Rattlesnake Mountain location,
these effectswere noted in thefield and logged. At other sites, wewere ableto
remove most such problems (like downed fence wire, etc) but there are still some
artifactsin the data that need to be considered during the interpretation. In
general, the GPR data shows consistent reflections and changesin character for
about thefirst 150 nanoseconds (ns) of data. Assuming a velocity of 0.07 m per ns,



this two-way time indicates that we wer e able to obtain reflected energy from depths
asgreat as5m.

Graduate Student Assistance. Ms. Michelle Valenta, a graduate student at
Washington State University, joined our team asaresearch assistant. Ms. Valenta
has been assisting usin the Seismic Monitoring Program and will support us
through the duration of this study.

Publications. Therewereno publicationsthat resulted from thiswork during the
reporting period. Related work on the currently estimated dip ratesin the Yakima
Fold beltswas presented at the Workshop on Seismic Hazard Mapping for the
Pacific Northwest, Mar ch 30-31, 2000, sponsored by the U.S. Geological Survey.
Digitized fault traces, dips, and the dlip ratesand maximum magnitude estimates
wereprovided to Dr. Art Frankel earlier thisyear.

Figure l. Geologic map of the Rattlesnake M ountain-Snively Basin Areain south-
central Washington. Lettersshow helocation of investigation areas discussed in the
text. Finelinesin thefigure aretownship/rangelines 6 miles apart.
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Figure 2. Examplesof GPR imagesfor Rattlesnake M ountain profile above gully
(top), and of the western Snively Basin profile at Rattlesnake Creek (bottom). On
the upper figure, the broad hyperobolae at late times ar e caused by overhead wires.
In both images, there are dipping horizons and changesin reflection character
detected.
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Figure 3. GPR images across two of the sag ponds. The effect of the shallowing
depth to basalt beneath the sedimentsin the graben can be seen on either end of
these profiles.
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The Olympic-Wallowa Lineament isa 500-km alignment of folds and faults stretching
from northeast Oregon acr oss Washington to the Puget Sound area. Thisfeature
passes close by the US Department of Energy’s Hanford Nuclear Site, the Tri-Cities of
central Washington, and several major dams on the Columbia River. Detailed geologic
studies have identified areas of potentially young fault activity not previously
recognized isthis area, suggesting a potentially higher seismic hazard than previously
recognized. Key local expertsare performing detailed shallow geologic and geophysical
investigations along the faults, to select sitesfor excavating and dating the fault
movement history.
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