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CHAPTER XI 

STRUCTURAL GEOLOGY OF THE COLUMBIA PLATEAU AND ENVIRONS AS RELATED TO 
THE WASTE ISOLATION SAFETY ASSESSMENT PROGRAM 

H. A. Coombs 

University of Washington 

INTRODUCTION 

The purpose of this report is to provide information on the structural 
geology of the Columbia Plateau in regard to selecting a site for radioactive 
waste disposal. 

The chief concern in studying the structural history of the Columbia Pla
teau is to establish criteria for geologic stability that would permit some 
degree of assurance that the area is relatively inactive tectonically and will 
remain so for the next several hundred thousand years. 

This report describes the folding and faulting that has taken place dur
ing the past several million years, thus providing background for the general 
stress conditions of the area and giving clues to the mechanism of deformation. 

THE COLUMBIA PLATEAU AND RELATION TO ADJACENT AREAS 

The Columbia Plateau is unique because it is the youngest assemblage of 
flood basalts known. These lavas were poured out over an area of 200,000 
square kilometers through dike feeders confined essentially to the eastern 

two-thirds of the plateau. 

To the north, the older rocks of the Northern Cascades-Okanogan Highlands 
are broken into enormous north or northwest-trending grabens. The Cascade 
Range to the west consists of upwarped and accumulated piles of volcanic rocks 
and volcanic-derived sediments which owe their deformation, at least in part, 
to a time contemporaneous with the outpouring of the Columbia River basalts. 
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The southern boundary is regarded generally as the large Blue Mountain anti
cline. The eastern edge of the plateau is defined by the Northern Rocky 
Mountains and several late Mesozoic batholiths in Idaho. 

BASALTS AND YOUNGER SEDIMENTS 

The Columbia River basalts in themselves are remarkable datum planes 

established in a geologically very short period of time as each flow poured 
out on the surface. Every flow, as it is studied, reveals the sum of all 
deformation to which it has been subjected since the time of its origin. For 
the oldest of these flows, this interval is approximately 17 million years. 
The youngest flows and interlayered sediments may reveal somewhat less defor
mation, indicating a continuation of stress conditions, whether they were 
sporadic or continuous. 

Some examples of these youngest deposits and their ages are as follows: 

Thorp gravels of Kittitas Valley 
Ringold sediments 

Tieton andesite 
Palouse soil 
Touchet beds 
Glaciofluvial gravels 

Ash beds from Cascade volcanoes 

DEFORMATION OF THE COLUMBIA PLATEAU 

3.5 million years 
700,000 to 1.5 million years 

0.99 million years 
50,000 to 60,000 years 
10,000 to 30,000 years 
10,000 to 30,000 years 

6,000 to 12,000 years. 

The great bulk of the Columbia Plateau basalts was poured out over a 
3-million year interval. The basalts were folded into a series of prominent 
anticlines known collectively as the Yakima Ridges. These ridges vary from 
75 to 150 kilometers in length, are 2 kilometers wide, and generally trend 
from north 55° west to east-west. Most of the ridges bend to the southeast at 
their eastern ends. The Yakima Ridges are separated by 3D-kilometer wide 
depressions known locally as the Quincy and Pasco Basins. The wide spacing of 
the ridges suggests that some measure of decollement, or gliding, has occurred 
at depth to account for such structures. 
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Although the intervening synclines are covered in most places by 
younger, less deformed sedimentary beds, the structure of the basalts in the 
synclines is quite well known. At the Hanford Site, the continuity of basalt 

structures in the synclines has been verified by numerous deep drill holes and 
seismic lines that penetrated the overlying 100 meters or more of Ringold and 
glaciofluvial deposits. Thus, the general basalt structure at the Hanford 
Site can be determined with some degree of confidence. 

The Yakima Ridges and associated structures to the south were not 
significantly deformed prior to early Pliocene time. Most deformation pre
ceded the deposition of several units, such as the Tieton andesite (0.99 mil
lion years old) and the Thorp gravels (3.5 million years old). 

To the west, between The Dalles and Arlington, northwest-trending 
faults have been dated by radiometric methods. They displace older Simcoe 
lavas (4.5 million years old) but do not displace the younger lavas (3.5 mil
lion years old). A considerable body of evidence suggests that the folding 
and faulting which produced structures such as the Columbia Hills anticline 
and The Dalles-Umatilla syncline resulted from the same Plio-Pleistocene 
deformation. 

FOLDING 

Crustal shortening (compression) may be estimated for the Yakima 

Ridges, or at least for that portion from the east-west section of the 
Columbia River up to and including the Saddle Mountains. This estimate is 
done by restoring the folds and faults to their original positions and 
measuring the difference between the deformed and undeformed distances across 
the folds. 

Laubscher (1977) estimated the total translational compression in the 
above section to be on the order of three kilometers. This figure is based on 
estimates at each of the following localities: 
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Columbia Hills anticline 300 meters of compression 
Horse Heaven Hills 200 meters of compression 
Toppenish Ridge 200 meters of compression 
Rattlesnake anticline 300 meters of compression 
Yakima Ridge 400 meters of compression 
Umtanum Ridge 600 meters of compression 
Manastash anticline 800 meters of compression 
Saddle Mountains 230 meters of compression. 

Major deformation began about eight million years ago and, for the most 
part, was completed between 3.5 and 4.5 million years ago. The strain rate, 
using a compressive shortening of three kilometers, is 3 kilometers/4 million 
years. 

FAUL TING 

Certain segments of the long anticlinal ridges in the western Columbia 

Plateau show faulting along steeply dipping or overturned flanks of these 
folds. The fault displacement is difficult to determine, because the apparent 
offset can be confused with steeply dipping monoclines having little or no 
fault component. Also, the volcaniclastic interbeds are quite incompetent and 
absorb most of the differential movement during folding. 

Some of the youngest faults are in the Kittitas Valley, which contains 
the city of Ellensburg. Approximately 20 kilometers northwest of Ellensburg, 
the Dry Creek fault, with a vertical offset of 50 meters, can be bracketed in 
time between the disturbed Thorp gravels (3.5 million years) and the 
undisturbed Kittitas drift (120,000 years). 

Older and much larger faults are concentrated in the northern portion of 

the Yakima Ridges. An example is Manastash Ridge, which shows a continuous 
fault for a distance of 50 kilometers and a vertical offset of nearly 
500 meters. This offset is the largest in the area. 

For some time the controlling structure for establishing seismic risk in 

the Hanford Site has been the Wallula Gap fault and its alignment with the 
Rattlesnake Hills-Badger Mountain folds. In 1977, a detailed stratigraphic 
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and structural study was made of this structure, with special emphasis placed 
on the analysis of faults on trend with the structure. The new trench at 
Wallula Gap provided an excellent opportunity for studying the fault in detail. 
The Wallula Gap fault near Yel1epit extends north 70° west from the Columbia 
River for a distance of about four kilometers. The fault is 80 meters wide at 
its widest known place. It is interpreted as a scissors-type with normal 
faulting dominant, but the trench also reveals combinations of thrust faulting 
and drag folding on lesser scales. The displacement is approximately 
50 meters. The age of displacement is pre-Kennewick fanglomerate (probably 
13,000 years or more). 

Between Wallula Gap and Badger Mountain to the northwest is a series of 
small, elongated domes that are discontinuous and, in places, tightly folded. 
Except for some local high-angle faulting at the southeast end, there is no 
evidence that this entire lineament is fault caused. 

West of Wallula Gap the deformation is predominantly folding. The final 
movements along the faults were largely an accommodation to the forces that 
produced the folding. The stress regime is predominantly north-south compres
sion. This tectonic regime extends westward to the Cascade Range. 

East of Wallula Gap the mode of deformation is predominantly normal 
faulting. These normal faults lie en echelon and extend southeastward into 
the LaGrande graben. The stress regime for that area is apparently east-west 
extension. 

The Wallula Gap-Rattlesnake structure has been studied in some detail, 
because it is critical for evaluating seismic and fault risk at the Hanford 
Site. It also provides a transition zone between stress regimes. 

The hypothetical Olympic-Wallowa lineament extending from the Strait of 
Juan de Fuca to the Wallowa Mountains has been discussed extensively in the 
literature. It is difficult, if not impossible, to trace this lineament 
across Puget Sound and the Cascade Range. However, a broad zone or lineament 
does exist from Cle Elum on the northwest to Wallula Gap on the southeast, a 

distance of 200 kilometers. This zone, referred to as CLEW, varies from 13 to 
40 kilometers in width and is marked by the bending to the southeast of the 
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eastern edges of the Yakima Ridges. Interpretations vary considerably. 

Bentley (1977) suggests that IImultiple structures rooted in basement weakness 
zones form monoclinal faults at the surface. 1I Laubscher (1977) postulates 
that it is lIa right lateral en echelon shear belt which indicates deep-seated 
right lateral shear that exerts a torque on the base of partially decoupled 
surficial layers. 1I 

In any event, the prominent Yakima Ridges lose their identity at their 

eastern ends, where they become dispersed into many smaller and less 
conspicuous features. 

GRAVITY 

In 1977 all available gravity information on the Columbia Plateau and 

neighboring areas was brought together and analyzed. The Bouguer anomaly data 
were separated into regional and residual components. When the regional 
Bouguer gravity data was plotted on a map, the horizontal gradient was low in 
the central portion of the Columbia Plateau and relatively high along the edges 
of the plateau. It is interesting to note that the steep gradient near Lake 
Chelan and in northeastern Oregon around Milton-Freewater are two of the most 
seismically active regions in or near the Columbia Plateau. 

The deviatoric stresses calculated from surface anomalies and using 
several model variations may provide an estimate of stresses at depth. The 
maximum deviatoric stress at depth may reach 100 to 200 bars. These values 
are sufficiently large to localize earthquakes. 

STRESS FI ELD 

Several approaches to stress field interpretations are available. Topo-
graphically, the Yakima Ridges represent a series of roughly east-west • 
trending anticlines and synclines that suggest a considerable shortening in a 

north-south direction. 

Recent microearthquake investigations show that a north-south compression 

is consistent with virtually all first motion data. Three composite focal 
mechanisms in the vicinity of the Hanford Site indicate reverse faulting on 

east-west striking planes. 
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Weston Geophysical Research (1977) interpreted the maximum compression 
for each of the microearthquake solutions to be near horizontal and oriented 
north-south. The minimum compression axis varies over a wider range but is 
generally within 45° of vertical. 

Waitt (1978) recently pointed out that, in the area of the Yakima Ridges, 
a gentle north-south compression has persisted from the Miocene Epoch to the 
present. This does not apply to the upper Tertiary (Cascade Range) of western 
Washington and Oregon. Nor does it apply to the eastern portion of the 
Columbia Plateau where, during extrusion of the basalts, considerable 
east-west extension has occurred. 

Data from the deep well at Rattlesnake Hills suggest a subsidence of 
0.3 meters/5000 years during extrusion of the lavas. 

During the time the Ringold sediments were deposited, from 50,000 to 

1 million years ago, there was a general basining. This basining is evidenced 
by the decreasing dips upward in the Ringold sediments. Basining may still be 
occurring. 

In general, the north-south compressive stress appears to have been 
applied over the entire crustal thickness, because parallel stress axes are 
found for very shallow focus earthquakes as well as for events occurring in 
the lower crust. Local variations in the orientation of the minimum compres
sive stress axis, leading to varying amounts of horizontal slip, suggest that 
there are local changes in east-west confining stress. These changes may be 
related to local geologic variations in tectonic stress response within the 
multilayered basalts or in the crustal basement lying beneath. 

CONCLUSIONS 

The present structures within the Columbia Plateau represent the sum of 
deformation that has occurred during the past 16 million years. 

The time interval of significant deformation was between four and eight 
million years ago. During this interval, three kilometers of crustal 
shortening occurred between the Columbia Hills anticline and the Saddle 
Mountains. 
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Basining occurred on a broad scale at the time the basalts were extruded. 

The general area continued to subside as the major rivers united in the Pasco 
Basin. Low regional dips in the Ringold sediments suggest that basining is 
still going on, but it is on a scale that is difficult to measure. 

The maximum stress is essentially north-south in the area of the Yakima 

Ridges. The minimum stress varies considerably on either side of vertical. 
Such has been the stress regimen for many millions of years, and there is no 
known evidence which indicates that it will change in the immediate future. 

The greatest yielding to stress has been in Manastash and Umtanum Ridges, 
far to the northwest of the Pasco Basin. 

The manner of stress relief is dependent on many factors, including the 
physical properties of the rocks involved and the geologic structures. Many 
interbeds of volcanic-derived sediments and lake sediments are incompetent 

under stress and yield differentially when compared to the more brittle 
basa lts. 

In general, the major faults in the Yakima Ridges are well known. 
Geophysical and remote sensing techniques have indicated areas where obscure 
or potential faults may exist. 

Structural evidence indicates that waste disposal sites would be more 
favorably located in the basins. They should be removed as far as possible 
from the more intensely deformed areas to the northwest (e.g., Manastash 
Ridge) and from the more active areas to the southeast (e.g., Milton
Freewa ter) . 
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