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A B S T R A C T 

The U. S. Department of Energy, through the Basalt Waste 

IsoLation Program within the Rocla.vel,l, .Hanford Operations, is 

investigat~ng the feasibiLity of~terminaZ storage of radioactive 
jl. 

waste in deep caverns constructed in CoLUmbia River BasaLt. 

This report represents a portion of the geoLogical, work conducted 

during fiscal year 19?8 to assesE? the geoZogicaZ conditions in 

the Pasco Basin. 

The surficial, geoLogy of the western haZf of the Pasco Basin 

was studied and mapped in a reconnaissance fashion at a scaZe of 

1:62,500. The map was produced through a compiLation of existing 

geoLogic mapping pubLications and additional, fieZd data coZZected 

during the spring of 19?8. The map was produced primariLy to: 

(1) compLement other mapping work currently being conducted in 

the Pasco Basin and in the region by Rocla.veZZ Hanford Operations 

and its subcontractors; and, (2) to provide a framework for more 

detailed late Cenozoic studies within the Pasco Basin. A 

description of procedures used to produce the surficial, .geoLogic 

map and geoLogic map units is swrunarized in this report. 

•,. 
t 
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INTRODUCTION 

The U. S. Department of Energy, through the Basalt Waste Isolation 
Program within Rockwell Hanford Operations, is investigating the 
feasibility of ter.minal storage of radioactive waste in deep caverns 
constructed in Columbia River Basalt. This report represents a portion 
of the geological work conducted during fiscal year 1978 to assess the 
geological conditions in the Pasco Basin. 

The surficial geology of the western half of the Pasco Basin (Figure 

~ 1) was studied and mapped in a reconnaissance fashion at a scale of 
1:62,500. The map was produced through a compilation of existing 
geologic mapping publications and additional field data collected during 
the spring of 1978. The preliminary map was produced primarily to: (1) 
compliment other mapping work currently being ~onducted in the Pasco 
Basin and fn the region by Rockwell Hanford Operations and its 
subcontractors; and, '(2) to provide a framework for more detailed late 
Cenozoic studies within the Pasco Basin. A description of procedures 
used to produce the surficial geologic map and geologic map units is 
summarized in this report. 

PROCEDURES 

The existing surficial maps of the Pasco Basin and adjacent areas 
(Hajek, 1966; Newcomb, et al., 1972; and Grolier and Bingham 1971) were 

reviewed to determine the extent of mapping and to determine their 
utility to the current study. The geohydrologic map of Newcomb, et al., 
(1972) was found to be most applicable. Only minor changes, which 
include contact modification and the addition of more detail, were made 
on this map during field checking. Stereo air photographs at scales of 
1:62,500, 1:24,000, and 1:6,000 were used to aid in field location and to 

map areas of geomorphic features, such as patterned ground, giant ripple 

marks, sand dunes (active and stable), and landslides. Due to the lack 
of adequate base map coverage at a scale of 1:24,000~ the map was 
compiled at a scale of 1:62,500. 
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Upon ·completion of photograph interpretation/mapping, stratigraphic 
units of known geology were studied for identifiable field criteria. 
Once field criteria were identified, the units were mapped. The map 
units ~re only preliminary due to the reconnaissance nature of the 
study. Additionai work is required to integrate the Pasco Basin study 
with surficial geologic mapping currently being carried out in the 
surrounding region. 

REGIONAL GEOLOGIC SETTING 

The Pasco Basin is a structural and topographic low in south-central 
Washington underlain by at least three major stratigraphic units. These 
stratigraphic units in ascending order are~ (1) the Columbia River 
Basalt Group; (2) the Ringold Formation; and, (3) the Hanford Formation. 
Outcrops of all three are found.within the Pasco Basin. During the 
Tertiary, the basalts flowed intermittently into the basin. Between 
eruptions of the younger flows, streams from surrounding highland~ flowed 
into the ancestral Pasco Basin depositing sediments which were covered by 
later basalt flows. The youngest basalt flow in the Pasco Basin is about 
8 million years old and is overlain by fluvial detrital sediments. 

Continued deformation of the basalt flows produced isolated, small 
topographic basins, such as the Pasco Basin, in which Pliocene and 
Quaternary sediments were deposited. Ancestral rivers which flowed into 
the Pasco Basin deposited a sequence of terrigenous sediments during 
Pliocene time known as the Ringold Formation. 

The Rin~olrl Fnrm~tinn consists of a number of textural facies and has 
been divided into the lower, middle, and upper Ringold. Lower Ringold, 
recognized from well data, is largely bluish-green clayey silt and 
contains some sand and gravel. The middle Ringold facies are composed 
predominantly of well-rounded pebbles and cobbles with interstitial sand 

and silt. Upper Ringold sediments are composed of nearly horizontal beds 
of sand and silt with some relatively minor fine gravel lenses. 

Mammalian fauna from the upper Ringold have been identified as Blancan 
(late Pliocene) hy Gustafson (1978). The age of the oldest Ringold 
sediments is not known. 
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After deposition of the Ringold sediments, the surface was subjected 
to subaerial erosion. An eloian silt overlying the Ringold Formation in 
the central part of the basin has been identified from wells {Brown 1960); 

The Pasco and Touchet members of the Hanford Formation were deposited 
by Pleistocene flood waters when ice dams broke and glacial lakes were 
discharged catastrophically across the Columbia Plateau. 

The Pend Oreille Lobe {Figure 2) of the Cordilleran ice sheet blocked 
the Clark Fork Valley in northwestern Montana forming glacial Lake 
Missoula {Bretz, 1969). Failure of this ice dam resulted in the 
catastrophic discharge of up to 21.3 million cubic meters per second {20 
cubic miles per hour) across the Columbia Plateau {Baker, 1973) eroding 
tt1e coulees uf the channeled scablands and depos1t1ng clastic sediments. 
Sand and gravel of the Pasco Member were deposited in main flood channels 
and as bars on the lee of bedrock obstructions and channel restrictions 
{Baker, 1973). 

Flood waters were hydraulically impounded in the Pasco Basin behind 
the narrow outlet at Wallula Gap. Low-energy environments resulting from 
this impoundment were the site of deposition of silt and fine sand of the 
Touchet Member. The last major flood in the Pasco Basin occurred about 
13,000 years before present (Mullineaux, et al., 1977). The number of 
floods in the Pasco Basin is not known. 

Giant ripple marks, large fluvial bars, flood channels, and 
bergmounds are geomorphic expressions of catastrophic flooding found in 
the Pr,~.sco Basin. 

Late Quaternary and Holocene dune sand, loess, alluvium, and 
colluvium overlie the basalt, the Ringold Formation, and Hanford 
Formation in parts of the Pasco Basin. 

Clastic dikes are also present in the Hanford and Ringold formations 
and produce surficial polygonally patterned ground in some areas. 

SURFICIAL GEOLOGY OF THE WESTtRN PASCO BASIN 

DESCRIPTION OF MAP UNITS 
The following description of map units is based on lhe lale Cenozuh; 

geologic map of the western portion of the Pasco Basin (Plates 1 through 
13). This interpretation is preliminary and is only a progress report of 

CJ. 
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ongoing investigations. Further work must be completed before any final 
interpretations can be made. All locations di$cussed in this section may 
be located on Plates 1 through 13. 

Ringold Formation (TQrc) (TQrl) 
Two outcrops of the Ringold Formation were found in the mapped area. 

One outcrop occurs at Coyote Rapids on the Columbia River and is the 
conglomeratic facies. The other outcrop occurs along the northern 
extension of the White Bluffs onto Wahluke Slope and is the fine-grained 
facies of the Upper Ringold. 

Colluvium (Qco) 
The mapping unit Qco may be a misnomer for this unit; these units may 

be tang lomerates of pre-flood( s) age. Prel_iminary mapping uncovered 
depo~its of what appeared to be talus and slope wash of indeterminate age 
on the flanks of some ridges. These deposits are composed entirely of 
angular basalt clasts and are capped by an approximately 0.3-meter 

(1-foot) thick petrocalcic horizon. 

HANFORD FORMATION 

Touchet Member (Qht) 
The second-most widespread sediment in the Pasco Basin and 

surrounding areas is the sand and silt facies known as the Touchet Member 
of the Hanford Formation. The major occurrences of this unit that have 
been mapped are in Cold Creek, Dry Creek, and the Yakima River valleys. 
They occur on the basin margins discontinuously to an altitude of at 
least 345 meters (1,150 feet) above m~an sea level. ThP. primary 
criterion for field identification, where stratification is not apparent, 
is the occurrence of ice-rafted glacial erratics. The Touchet is very 
easily reworked by eolian processes, which causes stripping of this 
deposit from higher elevations. For this reason, and the random 

occurrences of erratics, it is difficult to accurately map the upper 
limit of these sediments. Thus, the upper map limit has been tentatively 
dashed in on the map. Further field mapping will be required to 

.. 

• 
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accurately map this contact, which is of significance as the upper limit 
of the Touchet in the basin is believed to closely correspond to the 
upper limit for the ponding of flood waters in the basin. 

Pasco Member (Qhp) 
The major surficial sediment unit within the Pasco Basin is the sand 

and gravel facies of the catastrophic flood deposits of the Pasco Member . 
of the Hanford Formation. At least 777 square kilometers (300 square 
miles) are covered by these deposits. In places, these gravels exceed 
200 meters (600 feet) in thickness, and unconformably overlie the Ringold 
Formation or basalt. They are overlain in places by active and 
stabilized dune fields, loess, and Touchet sediments. In areas near 

channel.bottom irregularities (i.e., ridges which were under water during 
flooding), the tops of the bars are covered with giant current ripples 
(see Plate 5). The sand and gravel facies of the Pasco Member grade both 
laterally ~nd vertically i~to the sand and silt facies of the Touchet 
Member. 

Talus (Qt) 
The only areas of active talus formation today are in areas of high 

relief where the basalt crops out as cliffs. These areas are the north 
face of the Saddle Mountains (out of mapping area), the north-northeast 
faces of Umtanum Ridge (out of mapping area), and minor amounts on the 
Rattlesnake and the Horse Heaven hills. 

Loess (Ql) (Ql/Tb) 
Loess is present over much of the Pasco Basin and on· the ridges 

bounding the basin. Where present, it is variable in thickness ranging 
from a very thin veneer on windward ridge slopes to several meters on the 
leeward sides of valleys. The mapping unit Q1/Tb is used to indicate a 
thin loessal cover over the Columbia River Basalt. Portions of the 
Saddle Mountains and the Rattlesnake Hills are covered by loess, which~ 

at this time, have not been differentiated as to age on the map (see 
Plates 1, 2, 3, 4, 7, 8, 10, and 11). The majority of the loess deposits 

within the basin are post-last flood. The source material for these 
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loess deposits most likely is the fine sand and silt facies of the 
Touchet Member of the Hanford Formation which has been reworked by 
prevailing west-to-southwest winds. Loess can generally be 
differentiated from Touchet and the sand and silt .facies of the Ringold 
by ~ts massive, unstr~ctured appearance in outcrop. Loess chronology, if 
it can be determined in this area, may be a useful tool for determination 
of the late Cenozoic stratigraphy and should be investigated further. 

Landslides (Qld) 
There are two areas of massive landslides in the western part of the 

mapping area. A landslide complex covering over 52 square kilometers (20 
square miles) occurs in the are~ where the main structural trend of the 
Rattlesnake Hills changes from northwest to west-to-east. This slide 
complex is a series of very large slide blocks. Recent field evidence 
indic~tes that not only is this an area of complex sliding, but there are 
also intact structural blocks in a complex arrangement. 

The second area of massive landsliding is along the northwest face of 
the Horse Heaven Hills from Chandler to Prosser. The area covered by the 
multiple slide blocks exceeds 65 square kilometers (25 square miles) in a 
strip 1.6 kilometers (1 mile) wide and 32 kilometers (20 miles) long. 
Individual slide blocks have not been mapped due to limited time, but 
should be. There are also several areas of local landslides on the 
northeast face of the Rattlesnake Hills. In plar.P.s, these landslide 
complexes appear to have a thin veneer of flood deposits overlying them·. 

Alluvium and Alluvial Fans (Qa) (QaF) 
Aside from the alluvial deposits of the Columbia and Yakima rivers, 

there is relatively little Holocene alluvium in the area mapped. SomP. 
minor run-off occurs on the flanks of the ridges in the spring and fall 
producing a small amount of very angular basalt cobble alluvium in the 

run-off gullies. iwo of the larger alluvial fans in.the basin are 
associated with the Snively Basin slide complex on the Rattlesnake 

Hills. There are small areas of alluvium not shown on the map, which 
will be pitked up with additional detailed mapping. 

.. 



• 

13 RHO-BWI-LD-8 

EOLIAN DEPOSITS 

Sand Dunes {Qda, Qds) 

Several areas are covered by active sand dune fields {Qda). The 
largest of these fields occurs between Townships 12 and 11 North, Range 
27 East and the Columbia River south of the town site of Hanford. This 
field is composed primarily of barchan dunes and covers an area of about 
33.7 square kilometers {13 square miles). The other areas of active 
dunes are relatively small {no greater than 2.5 square kilometers [1 
square mile]) and consist of longitudinally modified barchan dune 
fields. The probable source of sand for these dunes is the Touchet 
Member of the Hanford Formation. 

The area of the basin from Township 13 North, south to the City of 
Richland, and between Cold Creek Valley-Yakima River Valley and the 
Columbia River is mantled by stabilized longitudinal dunes {Qds). These 
dunes gener.ally trend from west to east and are covered with sagebrush 
and cheatgrass. The intervening blowouts associated with these dunes are 
covered with a gravel lag. These dunes are probably eolian reworked sand 
and silt of the Pasco gravels and sands. These dunes have been suggested 
to be giant ripple marks modified by eolian processes (Bretz, et al, 
1956). 

PATTERNED GROUND 
Several areas of Cold Creek Valley display a polygonal pattern i"n 

which narrow planar zones cut the Touchet sediments and are reminiscent 
of giant mud cracks. This patterned ground is the surface expression of 
c-lastic dikes which cut the Touchet sediments. On the map, these areas 
are represented by a mud crack-like pattern. This pattern is to show the 
location of these areas only and does not reflect the spatial 
distribution of the clastic dikes or the patterned ground. 
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