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EXECUTIVE SUMMARY 

Staff 

Bedrock beneath the Hanford Site is being evaluated by the Basalt 
Waste Isolation Project (BWIP) for possible use by the U.S. Department 
of Energy as a geologiC repository for nuclear waste storage. Initial 
BWIP geologic and hydrologic studies served to determine that the central 
Hanford Site contains basalt flows with thick, dense inter iors that have 
low porosities and permeabilities. Furthermore, within the Cold Creek 
syncline, these flows appear to be nearly flat lying across areas in 
excess of tens of square kilometers. Such flows have been identified as 
potential repository host rock candidates . The Umtanum flow, which lies 
from 900 to 1,150 m beneath the surface, is currently considered the 
leading host r~ck candidate. Within the west-central Cold Cree, syn
cline, a 47 -km area designated as the reference repository location 
(RRL) is currently considered the leading candidate site. 

The specific purpose of this report is to present current knowledge 
of stratigraphi c , lithologic, and structural factors that directly relate 
to the suitability of the Umtanum flow within the Cold Creek syncline for 
use as a nuclear waste repository host rock:. The BWlP geologiC studies 
have concentra ted on f ac tors that mi gh t inn uence groundwater transport 
of radionuclides from this flow. These factors include: (1) intraflow 
structures within the interiors of individual lava flows~ (2) interflow 
zones and flow fronts between adjacent lava flows, and (3) bedrock struc 
tures. Data have been obtained primarily through corinq and geophysical 
logging of deep boreholes, petrographi c , paleomagnetic , and chemical 
analysis, seismic-reflection, gravity . and magnetic (ground and multilevel 
airborne) surveys, and surface mapping . Results included in this document 
cOlTllrise baseline data which will be utilized to prepare a Site Character
ization Report as specified by the U. S. Nuclear Requlatory Commission . 

The Cold Creek syncline ;s part of the Pasco Bas in, one of several 
structural and topographic basins within the western Colurrbia Plateau . 
The western and central parts of the Pasco Basin are located within the 
Yakima fold Belt, a structural subprovince of the plateau charac teri zed 
by east -west-trending, asymmetrical, anticlinal ridges and intervening 
synclinal valleys . Yakima folds bound the Pasco Basin on the north and 
south and plunge into the basin from the west. The Cold Creek syncline 
lies between the Umtanum Ridge-Gable Mountain anticlinal structure on the 
north and the Yakima Ridge and Rattlesnal<e Mountain anticlinal structures 
on the south. Two subtle depressions are present along the trough line of 
the Cold Creek syncline: (1) Cold Creek Valle.Y depression , located within 
the area of the RRL; and (2) Wye Barri cade depression, located "'25 km to 
the east. The Cold Creek Valley syncline plunges and dies out to the 
east in the vicinity of the Wye Barricade depression . 

A key aspect of site - identification worl< has been the delineation 
of relatively intact volumes of basalt in the Cold Creek syncl ine area. 
These relatively intact volumes of bedrock are bounded by known or 
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inferred geologic structures~ excluding intraflow structures . Such struc
tures determine the size and geometry of basalt host rock within which a 
repository could be constructed, and represent zones of vertically or ien ted 
fractures which might affect s hallow and deep groundwater flow systems. 
Based on the results of geophysical sur veys and surface and sub surface 
mappi ng, t he wes tern Co ld Creek sync line area is presently interpreted to 
consist of five, large, relatively intact volumes of bedrock whose bound
aries are defined by structures such as first - order antic lines or other 
known or inferred structures . The i nterior of the RRl lies within one 
of these large relatively intact bedrock vol umes. 

The bedrock of the Co ld Creek syncli ne is comp r1sed of flow s belong
ing to three f ormations of t he Columbia River Basalt Group: (l) Grande 
Ronde Basalt, (2) Wanapum Basa lt, and (3) Saddl e Mountains Basalt. The 
over 2,500 m of Grande Ronde Basalt in the syncl1ne cons i st of at least 
50 flows, one of which is the Umtanum. These flows have an average thic'<
ness of 35 m and range i n thickness from 4 to 150 m. The Wanapum and 
Saddle Mountains Basalts withi n the Cold Creek syncline are comprised 
of up to 20 fl ows , with a total maximum thickness of "'700 m. The basalt 
sec ti on is interbedded with sediments of the Ellensburg Formation and is 
over lain by up to 220 m of the fluvial -lacustrine Miocene-Pliocene Ringol d 
Formation and catastrophic flood deposits of the Pleistocene Hanford 
fonnati on. 

The extent and thickness variations exhibi ted by basalt flows indi
cate that the Pasco Basin and Cold Creek sync li ne were active structural 
features by at least late Grande Ronde time; rates of uplift and subsi 
dence during the period of late Grande Ronde through Saddle Mo untains 
time are esthnaled to be <40 m/ml1110n years . The steeply 1ncl1 ned flows 
on anticlinal limbs contain the most extensive faulting and brecciation. 
Tectonic fractures are , in general, infrequent in the thousands of meters 
of core drilled in the synclinal areas of t he Pasco Basin. The breccia 
zones that were identified are general l y intact and <10 em thicl<. Such 
sma ll t ectonic breccia zones and their associated fractures are viewed 
as typical strain features of folded basal t and should be expected within 
the limbs of any of the Yakima folds, inc luding the Cold Creek sy nc line. 
None of the tectonic breccias identified in core were j udged as being 
associated wi th large displacements. 

The Umtanum flow is found throu~hout the Pasco Basin; a broad zone of 
re l atively constant thickness ("'64 m) occurs in the cen tral Pasco Basin, 
including the RRL. In thi s area, the entab lature appears to have a consis 
tent, unif orm, glass -rich texture. s uggesting few differences in f racture 
abundance. The en t abl ature also contains secondary minera l s as fracture 
fillings. The hiqh mesostasis abundance in the entablature means that it 
will alter and. hence . may react with and inhibit the migration of radio
nuclides more readily than wil l the colonnade which has a lower mesostasis 
abundance. The occurrence of fracture filli ngs of clay (smectite), zeo
lite (clinoptilolite), and silica acts to reduce the permeability of the 
basalts, as well as to provide highly sorbti ve mi nerals along potential 
groundwater pathways . 
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The sequence of Grande Ronde Basalt flows which overlie the Umtanum 
flow consists of relatively thick l ateral ly continuous flows interca-
lated with relatively thin flows , some of which are discontinuous. The 
thick laterally continuous flows are likely to be hydro logic barriers; 
whereas, the intervening thin flows with a relatively higher proportion of 
porous flow top are likely to provide the most transmissive zones. The 
discontinuous character of some of the thin flows may result in an increase 
in vertical permeability relative to those parts of the section with thic~ 
flows. 

Drill core from some Grande Ronde Basalt flows in the Gold Greek syn
cline area, including the Umtanum, exhibits a type of fracturing known as 
dlsking . The degree of disking is variabl e~ with individual disk thick 
nesses generally ~ 1.5 em. The mineralogy and intraflow structures of the 
Umtanum core have been studied i n detail and no correlation with disking 
is apparent, except that disking does not occur in the flow top. It is 
concluded that the disking phenomenon probabl y resu lts from higher hori 
zontal than vertical in situ stresses in basalt. 

Overall, the central and eastern parts of the Gold Creek Vall ey 
depression which lie within the RRL appear to contain a uniformly thic~ 
portion of the Umtanum flow and to be free of potentially adverse bedrock 
structures relative to other parts of the Co ld Creek syncline area and 
Hanford Site. The structure of the top of basalt and the structure at 
deeper horizons within this area are interpreted as being near ly flat 
lying with very gentle dips toward the trough of the Cold Creek syncline 
and with a slight westward compoRent of dip toward t~e deepest point of 
the Gold Greek Vaney depression. Additional drilling and gecphysical 
work will be designed to det.eGt and ·ch;aracterize subtle structures which 
may be present within this dePression and to test the predictive capabil
ities of interpretations outlined in this report. 
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CHAPTER 1 - INTRODUCTION 

C. W. Myers 
S. M. Pri ce 

PURPOSE AND SCOPE 

The Basalt Waste Isolation Project (BWIP), administered by Rockwell 
Hanford Operations (Rockwell), is one of the elements of t~e U.S. Depart
ment of Energy's (DOE) National Waste Terminal Storage (NWTS) Program. As 
such, BWIP is chartered with the resp onsibility of assessing the basalt 
beneath DOE's Hanford Site (Fig. 1-1 ) as a medium for the disposal of 
nuclear waste. Geologi c and hydrologic studies performed by BWIP during 
the period from 1977 and 1979 are 5ulTlTlarized i n Myers, Price and others 
(1979) and Gephart and others (1979a ), respectively . These st udies served 
to determine that the central Hanford Site contains basalt flows wit~ 
thick, dense interiors that have low porOSities and permeab i lities. 
Furthermore, within the Co ld Creek syncline~ these flows appear to be 
nearly flat lying across areas in excess of tens of square kilometers. 
Such flows with i n this area have been i dent if; ed as potent; a 1 repos i tory 
host rock candidates. The Umtanum flow, which lies f rom 900 to 1,150 m 
beneath the surface , i s currently considered the leading candidate. 

For a discussion of the geology of the entire Pasco Basin and the 
approach used to study this area, the reader is referred to Myers ~ Price 
and others (1979); the interpretations to be discussed herein should be 
considered an update and expansion of those contained in that earlier 
report. The specific purpose of the present report is to review current 
knowledge of stratigraphic, lithologic, and structural factors that 
direct ly relate to the suitability of the Umtanum flow within the Cold 
Creek syncline for siting a repository. As such, Chapters 2 through 5 
contain discussions of the stratigraphie sett1ng of the Cold Creek syn
cline and lithologic properties of the Umtanum flow . The remaining three 
chapters (6, 7, and B) contain discuss10ns which relate to the bedrock 
structure of the study area. Borehole and geophysi ca l data pertinent to 
these dis cuss ions are contained in the five appendices . T~e concludino 
sections of this chapter are devoted to brief surnnar ies of the geologic 
setting of the Cold Creek syncline and s tatus of the repository-siting 
effort. Results included in th is document comprise baseline data wh ich 
will be utilized to prepare t he initial Site Characterization Reoort 
(NRC, 1981a and b). 
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GENERAL GEOLOGIC SETTING 

The Cold Creek sync line is a subdivision of the Pasco Basin, one 
of several structural and topographic basins within the western Columbia 
Plateau (Fig. 1-1). The plateau is primarilv underlain by a Miocene 
volcanic sequence termed the Col umbia River Basalt Group (Fig. 1-2 ). 
Lava flows of this group were erupted from linear vent systems , remnants 
of whi ch are exposed as dikes primar ily in the eastern and southea stern 
Columbia Plateau ( Taubenec~, 1970; Price, 1977). Because of the i r high 
fluidity and large volume, the lavas spread considerable distances from 
their source fi ss ures. In so doing, they covered vast areas, inundated 
older rocks and struct ures within the plateau interior, and on lapped 
highl ands around the plateau margin. The th ; c~est flows generally record 
ponding in pre-basalt valleys , in structural ly cont rolled basins that 
developed dur ing volcanism, or i n narrow canyon s previously eroded i n 
older flows , tenned intracanyon flows. 

The bulk of the Columbia Ri ver Basalt Group is compr ised of flows 
which belong to the Yakima Basalt Subgroup (Fig. 1-?). nll~ oldest forma 
tion of this subgroup, the Grande Ronde Basalt, was erupted between 16.5 
and 14.5 mil li on years before present (mybp) . The Grande Ronde Basalt 
is the most voluminous unit of the group (~85 vol%) and underl ies most of 
the Columbia Plateau . Grande Ronde Basalt is overlain by Wanaoum Basalt. 
This unit is the secondmos t voluminous formation of the group (~5 vol%) 
and was erupted between 14.5 and 13.5 mybp. The Saddle Mountai ns Basalt 
is the youngest formation of this subgroup, c01Tllrises <1 vo1% of the 
group, and was erupted during a period of waning volcanism, 13.5 to 6 mvbp 
(Swanson and others, 1979b)_ 

Fl ows of the Columbia River Basal t Group are interbedded with and 
over l ain by Miocene-Pliocene epiclastic and volcaniclastic sediments, 
especially al ong the margin of the province . Invasive flows, for med when 
lava "burrowed" into surficial deposits of unconsolidated sediments, are 
also common. The younges t suprabasa1t sedimentary units on the olateau 
are f1uv1al, lacustri ne, glaci ofluvia l, and eol i an deposits of Pliocene 
to Ho locene age . Mu ch of the plateau surface is dominated by erosional 
features and sed imentary deposits attributable to Ple1 stocene catastrophic 
floods. These fl oods resulted from the periodic breakup of ice dams 
1fTllound1ng glac1al lakes along the northern and norttleastem margi ns of 
the plateau. 

In general, the Columbia Pl ateau can be subdivided into three informal 
structural subprov inces: (1) Yakima Fold Belt subprovince , (2) Palouse 
subprovince, and (3) Blue Mountains subprovince (Fig. 1-3). The Yakima 
Fold Belt subp rovi nce is characterized by east-west- trending, asymmetrical , 
anticlinal r idges and i ntervening synclinal valleys. The formation of 
these folds began as early as l ate Grande Ronde time. The Palouse sub
province is underlain by basalt flows with a regional dip of <50 to 
the southwest. The dip is a reflecti on of regional westward tilting 
which occurred throughout most of the period of basalt extrusion. Th~ 
Blue Mountains subprovince is essential ly a broad, northeast - trending, 
antic linal arch. 
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The Pasco Basin sp ans the area of transition between the Yakima Fold 
Belt subprovince and the Palouse subprovince. Yakima folds bound the basin 
on the north and south and plunge eastward i nto the basin from the west 
(Fig_ 1-4). Most of the ant1c11nes are asymmetric and have second-order 
fo lds in their hinge zones. Their style of deformation changes along 
strike and their steep flanks are commonly faulted where structural relief 
is high. Drill holes and geophysi cal surveys reveal that most s ubsurface 
structures in the cent ral Pasco Basin appear to be extensions of the Yakima 
folds and their associated second-order structures; however 9 a few sub
surface structures might be related to northwest-trending structures that 
appear to crosscut the east-WEst - trendi ng Yakima fold s . 

Syncli nes between the anticlines are generally broad. open folds that 
are sediment filled. Major synclines within the Pasco Basin include the 
Wah luke and Cold Creek synclines . The Wah luke syncline l ies between the 
Saddle Mountains and Umtanum Ridge-Gable Mountain anticlinal structures 
(Fig. 1-4). The Co ld Creek syncline is the relatively low-relief, sed i
ment- filled trough whi ch is bounded by the Umtanum Ridge-Gable Mountain 
anticlinal structure and the Yakima Ridge and Rattlesnake Mountain anti
clinal structures (Fig. 1-4 ) . 

The Cold Creek syncline is asymmetrical . with a steeper southern limb 
and a troughline much nearer the Yakima Ridge structure than t he Umtanum 
Ridge-Gable Mountain structure. The eastern portion of the northern limb 
has been deformed into a series of nort hwest- trending folds. The "inte-
r ior" of the sync 1 i ne is a broad, open . undu lator y struc t ure wi th two 
minor depressions. 

The bedroc~ of the Cold Creek syncline is comprised of flows belonging 
to all three formations of the Yakima Basa lt Subgroup. Grande Ronde Basalt 
in the syncline consists of >2 , 500 m of basalt. including at least 50 flows . 
These flows have an average thickness of 34 m and range in thickness f rom 
4 to 150 m. The basa lt flows of this formation, whi ch i nclude the Umtanum 
(Fig. 1-2), are currently considered t he most likely candidates for a 
repos i tor y host rock. 

The Wanapum and Saddle Mountains Basalts within the Cold Creek syn
c line are comprised of up to 20 fl ows with a maximum thickness of ~700 m. 
The basalt section is interbedded with sediments of the Ellensburg Forma
tion (Fig. 1-2) and is overlain by up to 220 m of the fluv1al - lacustrine. 
Miocene-Pliocene Ringold Formation and catastrophi c flood deDosits of the 
Plei stocene Hanford fOr'lTlat;on . Holocene eolian deposits of loess and 
dune sand mantle much of the syncline . 

A preliminary assessment of the timing and rate of deformation of 
the Pasco Basin ha s been made using available geologic. geodetiC. and 
seismologic data (Reidel and others, 1980; Caggiano and others , 1980). 
The thick ness and distribution of flows ind icate that basalt deformation 
began over 14 million years <1go and progressed at a slow rate «1 rrm/yr). 
Decreasing dip with decreasinq age of Pliocene sediments overlying basalt 
supports the proposed rate. [lefonnation, once localized, has apparently 
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continued along the same trends and zones of wea!<ness developed in the 
Miocene, as suggested by horizonal to sub -hor izontal attitudes of Pliocene 
sediments in basins between anticlinal ridges. Historical seismicity 
indicates that moderate-si zed earthqua~es (<magnitude 6) are infrequent 
and separated by periods of relatively low-level, diffuse, stress release. 
Instrumental records of earthquakes reveal no concentrated stress release 
along mapped geologic structures or along planar lones. Focal mechanism 
solutions indicate rupture occu rs on steeply dippi ng planes of varying 
orientation in volumetrical ly restricted zones in basalt (i .e., earth 
quake swarms) and in broad zones below basalt under nearly horizonal, 
north-south compression. Measurements of strain with trilateration arrays 
in the Pasco Basin indicate strain of <1 mm/yr. Avai lable data currently 
support a model of slow, on90in9 deformation. 

SE LE CTION OF A REFERENCE REPOSITORY LOCATION 
WITHIN THE COLD CREEK SYNCLINE 

The nationwide NWTS siting process is a stepwise procedure involving 
several phases, beginning with site screening and ending with site selec
tion (DOE, 1980). All NWTS work ;s cUrrently in the si t e-screening phase . 
Generic site-qualifi cation cri teria developed by the Office of Nuclear 
Waste Isolation (ONWI, 1981 ) are being used by various components of the 
NWTS, including aWIP, to help in the screening and site-identi ficati on 
process. To date, the BWIP geologic studies have concentrated on fac 
tors thaf might influence groundwater transport of radionuclides f rom a 
candidate host rock, such as t!1e Umtanum flow. These factors inc lude: 
(1) intraflow structu res (discontinuities) within the interiors of indi
vidual lava flows, (2) interflow zones and flow fronts between adjacent 
lava flows, and (3) existing bedrock structures. 

In 1979, available geolo9ic and hydrologiC i nformation (Myers, Price 
and others, 1979; Gephart and others, 1979a) was combined with existing 
information on SOCioeconomi cs, land use, and the environment to identifv 
seven initial candidate sites in the Cold Creek sync line area for further 
investigation (Fig. 1-4) (BWIP Staff, 1980; Woodward-Clyde Consultants, in 
press). Geologic information obtained subsequent t o that presented in 
Myers, Price ~nd others (1979) was used to identify three additional candi
date repository sites (H, J, and K; Fig. 1-4). All cand idate sites were 
evaluated by a committee comprised of personnel from Rockwell and Woodward
Clyde Consultants. One candidate si t e, the combination of candidate 
sites A and H (Fig . 1-4 ), emerged as t~e highest ranked. This candidate 
site is currently referred to as the reference repository location (RRt). 

Current BWIP plans are to formally reconmend to OOE a site for 
detai l ed characterization in 1981. The RRL site remains the leading 
cand idate at this time. Information contained in the remainder of this 
report provides the basis for further review of the geologic qualifica
tions of the A-H site . Consequently, special emphasiS has been given in 
this report to the western part of the Cold Creek syncline where the RRl 
is located. 
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CHAPTER 2 - SUPRABASALT SEDIMENTS 
OF THE COLD CR EE K SYNCLINE AREA 

A. M. Tallman 
J . T. Lillie 
K. R. Fecht 

INTRODUCTION 

This chapter describes the general stratigraphy of the sediments 
overlying the basalt bedrock in the Cold Creek syncl ine . Included is a 
brief discussion of their distribution, lithology, stratigraphy, and age 
relationships in the Pasco Basin and a more detailed discussion for the 
western Cold Creek syncline area across the RRL. 

The study of these sediments is important to the identification and 
evaluation of candidate sites f or a repository bec au se: (1) Plio-Pleis
tocene geologic history of the Cold Creek syncline area is recorded in 
these sediments; (2) physi cal properties of these sed iments , especially 
ttEir lateral variations, affect the ability of seismic reflection Sur
veys to resolve details of bedrock structure in t he underlying basalt; 
(3) s hafts con structed i n the RRL will pene trate these sediments and 
require knowledge of their character; and (4 ) surface facilities con
struc t ed on or in these sediments will require i nfonnat1 on on their 
engineering properties. 

The post-Columbia River Basalt Group sediments of the Cold Creek 
syncline are composed of t,., major units (Fig. 2-1): (1) Ringold Forma
tion, a Miocene-Pli ocene fluvial unit with some lacustrine facies; and 
(2) Plei stocene glaciofluvial sediments, inf ormally t ermed the Hanford 
formation. Deposition of the Ringold Formation by ancestral streams 
f lowing through the Pasco Basin s tarted shortly after cessation of basalt 
flows. Talus and alluvium depOSited on the fl anks of basalti c ridges 
during Ringold t ime are al so included i n the Ringold Formation. The 
Hanford formation was deposited by catastroph1c floodwaters which inun
dated the Pas co Basin when ice dams impounding glacial l akes fa il ed in 
Montana, Idaho, northern Washington , and southern British Columbia. Minor 
units include the Pl eistocene and Holocene talus, colluvium, alluvium, 
landslide debris and loess, and Holocene dune sand. 

PREY IOUS WORK 

Investigat ions of the sediments i n the Cold Creek sync line area began 
during the 1940s during constr uct ion of the Hanford Site facilities in the 
200 East and 200 West Areas and have conti nued si nce then with ongoing 
construction and groundwater-monitoring inve stigations (Newcomb and Strand, 
1953; Brown, 1959 ; Newcomb and others , 1972 ; liverman, 1975 ; Routson and 
Fecht, 1979; Tallman and others, 1979). Additional work was completed by 
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Washing t on Publi c Power Supply System, Inc . (WPPSS , 1977, 1981) and 
recently by Northwe st Energy Services Company . A summary of reg ional 
and Pasco Basin post-Columbia River basalt geology is presented in 
Myers, Price and others (1979) . 

METHODOLOGY 

Reconnaissance fi eld mapping (1 :62 ,500) of sed iments in the Cold 
Cr eek sync 1 i ne was camp 1 eted in 197B (L i 11i e and others , 1978; Mye r s, 
Price and other s , 1979) and more detailed f ield mapping (1: 24 ,000 ) i s 
currently being done by Rocl<.wel'. 

Investigations of subsurface sediments in the Cold Creek syncline 
utilize primaril y driller's logs and samples from borehol es. These bore
holes were dril led using cabl e-too l~ mud and air rotary, and diamond
coring drilling methods (Fecht and Lillie , in press; also see Appendix A). 
The quality of dril ler 's logs and sediment samples is variable and 15 
considered in the interpretati ons presented in this report. Granulometric 
analyses and cal c ium carbonate (GaC03) determinations were comp l eted on 
sediments from selec ted boreholes to aid in delineation and correlation of 
major facies changes within the Hanford and Ringold Formations . Geophys 
i ca l logs are availabl e for some boreholes, and some areas are covered by 
geophysical s urveys (see Appendix B) . 

Paleomagnetic analyses of sediments from the Ringold Formati on were 
co~leted f or exposures a l ong the Col umbia River and for three core holes 
on the Hanford Site (Woodward-ClYde Consultants , 1978 ; Pac"er and 
Johnston, 1979). These data are being used to deli neate time-stratigraphic 
units and, in conju nction with fossils, can be used for dating and 
correlating t he Ri ngold Formation. 

GENERAL STRATIGRAP HI C SETIING 

RINGOLD FORMATION 

The Ringo ld Format i on over li es the Columbia Ri ver Basalt Grauo within 
most of the Pasco Bas in, except where: (1) basalt crops out, (2) glacio
fluvial Hanford formation onlaps ridges above the margin of t he Ringold 
Format ion, and (3) it has been eroded and Hanf ord sed iments were depos ited 
directly on bas alt. 

The Ringold Formation withi n the Pasco Basin has been divided vert i
ca lly into three textu ral f acies , generally following the divisions of 
Newcon'i> (1958 ): (1) l ower Ringol d, the "blue c l ay" facies cons i st ing of 
silt , clay, sand, and gravel ex t ending upward f rom the basalt ; (2) middle 
RIngold, conglomerate or gravel facies; and (3) upper Ringold, c lay, silt , 
and sand, with some minor gravel lenses (Brown, 1959) . Recent work 
(Routson and Fecht, 1979; Tallman and others , 1979 ; Myers . Pr i ce and 
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others , 1979; Brown, 1981) has distingu ished a basal unit, the predomi 
nantly gravel facies in t he bottom portion of l ower Ringold, as described 
by Newcomb (1958) and Brown (1959 ) . 

The division of the Ringold Formation into a (1) basal , (2 ) lower , 
(3) middle, and (4) upper facies , based primarily on texture, is appropri
ate for much of the central Pasco Basin. On the edges of the basi n, the 
character of the Ringold Formation differs because of derivation from 
local sources. 

In general, three representative stratigraphi c sect ion types can be 
used to describe the latera l variations of the Ringold Formation i n the 
Pasco Basin (Fig. 2-2). The central portion of t he Cold Creek syncli ne 
and much of the central Pasco Basin are representative of section type I 
(the four facies listed above ) and illustrated in OH -12 (Fig. 2-3 ). How
ever, all four textural facies are not present throughout all the secti on 
type I area. Much of the upper Ri ngold is eroded and the lower Ringold 
pinches out on anticlina l ridges , and in some areas, the basal gravel unit 
is not present or cannot be distinguished from middle Ringold where the 
two are i n contact . The latera l distribution is shown i n Figu re 2- 2. 
A more detailed discussion of thi s section type is presented later in 
the discussion of the RRL stratigraphy. 

Section type II of the Ri ngold Formation is found north and east of 
Gable Mountain (Fig. 2-2) and is composed predomi nant ly of si lt. sand. and 
clay as repre sented in OH-19 (Fig. 2-3). Minor 9ravel lenses are present, 
mostly north of Gable Mountain. Sediments of this secti on are interoreted 
as fl oodplain overban k deposi t s throughout Ring ol d time. Erosional uncon
formities and pa leosols ~re present. but there is no evidence of high
energy, main-channe'. sedimentat ion characteristics of the middle and 
basal Ringold facies i n the centra l bas in . 

Sec t i on type III, the fanglomerate facies (Grolier, 1965), occurs 
on the f l ank s of anticlinal ridges and includes the tal us . slope wash, 
and side stream facies wh ich interfi nger with the centra l basin depos i t s 
of sect ion types I and II (Fig . 2-2 and 2-3 ). Th is facies of the Ringold 
Formation is composed chiefly of basal t clast s in a matr i x of quar t z and 
feldspar or basalt sand. Local ly. some openwork. angular, basalt debri s 
is present. It is generall y compac ted to cemen ted with silica and/or 
CaC03 ' The un 1t 1s t he result of mass w4 stag~ and runoff on the emer ging 
ridges during the depOSition of the ot her Ringold section types in t~e 
lower el evations of the Pasco Basin. 

Sec tion types I and II were deposited by a major river system whi ch 
flowed through the Pasco Bas in. The middle Ri ngold gravel of sec ti on 
type I is present from Sent ine l Gap to the west si de of Gable Mountain and 
throughout the central Pasco Bas in to Wallu la Gap, exceot where it i s 
locall y eroded sou th of the ci ty of Pasco (Fig. 2-2). The main channel 
meandered across the Pasco Basi n, depositing the time-transgressive midd le 
Ringold gravels and the assoc iated finer grained sed iments . Several flu
vial cyc l es are recognized within sec ti on type I , but have not been corre
l ated acros s the basin . Th~ fi ne-grained sediments of ~ection types I 
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and II were deposited as lateral equivalents of the main-stream facies. 
After the deposition of the upper Ringold of section type I and before the 
deposition of the Hanford format ion ~ there was a major period of fluvial 
incision and as much as 150 m of Ringo l d sediments were eroded across the 
central portion of the Pasco Basin. The nature of these missing sediments 
is not known, but the lateral equivalent, the upper Ri ngOld of the White 
Bluffs, is a fine facies similar to the sand and silt of section type II. 
Erosional remnants of the upper Ringold are present in the west-central 
part of the basin . These fine-grained sediments are either the floodplain 
overbank equivalents of a now eroded channel deposit, or they represent a 
low-energy, fluvial-lacustrine environment throughout the basin for all of 
upper Ringold time. 

HANFORD FORMATION 

The Pasco Basin was inundated by multiple Pleistocene floods when ice 
dams failed along the glaCier margin in northern Montana, Idaho, Washing
ton . and sou thern ~ritis h Columbia (Bretz , 1923, 1925; Baker, 1973 ). An 
e s timated 2,000 km of water from Glacial Lake Missoula surged across 
eastern Washington (Pardee, 1942), deeply scouring basalt and aggrading 
th ick sequences of subfluvially deposited sediments. The floodwaters were 
diverted into nLJnerous anastomosing channels which debouched into the Pasco 
Basin (Baker , 1973; Baker and Nummedal, 1978) . Water was temporarily im
pounded beh ind the underfit water gap at Wallula, with the resultant tem
porary lake reaching an elevation of ~365 m in the Pasco Basin. 

The sediments depOSi ted in the Pasco Bas;n during these flood events 
are i nformally referred to as the Hanford formation. The Hanford forma
tion is divided i nto t"" textural facies: (1) Pasco Gravels (Brown , 1975) 
and (2) Touchet Beds (Fl int, 1938). The Pasco Gravels (F i g. 2- 4 ) range in 
texture from boulders to fine sand and represent varied energy environments 
during flooding. The Touchet Beds (Fig. 2-5) are made up of rhythmically 
bedded, fi ne-grai ned sed iments deposited in l ow- energy, s 1 ackwater 
environments. 

Floodwaters entered the Pasco Basin by three routes: (l) through 
Sentinel Gap, (2) across the northeastern flanks of the Pasco Basin in 
several well-developed coulees, and (3) down the Snake River (Fig. 2-6 ). 
The texture of the Hanford fonnation varies thro ughout the Pasco Basin . 
In general, the Pasco Gravels are coarsest immediately south of Sentinel 
Gap and south of the Gable Mountain-Gable Butte constriction, where coarse 
debris was deposited when the floodwater s spread out into the Pasco Basin 
and depo s; ted a swath of grave 1 s to Wa 11 u 1 a Gap. Coarse grave 1 s are also 
present in the sou thern Pa sco Basin. where fl oodwaters entered the basin 
via the Snake River (Brown, 1981; Lindber g and Brown, 198!). The Touchet 
Beds are generally restricted to higher elevations on the flanks of ridges 
and up tributary valleys of the Pasco Bas;n away from the higher energy, 
main-channel flow. 

The number of Pleistocene floods in eastern Wa sh ington and the Pasco 
Basin is not known. Stratigraphic evidence for as many as 12 floods i s 
reported in the Spokane area by Stradling and others (1980). In ..,rk done 
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FIGURE 2-5. Touchet Beds , Pasco Basin. 
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FIGURE 2-6. Floodwater Routes into t he Pasco Basi n. 
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for Rockwell, L. G. Hansen reported stratigraphic evidence for at least 
seven floods in the Columbia River Valley in the northwestern Co lumbia 
Plateau. The Touchet Beds in the Walla Walla Valley are interpreted tc 
represent "about 40" indi v idual fl oods (Waitt, 1980) based on the assump 
tion that each major sedimentary cycle represents one flood. Bjornstad 
(19oo) concluded that these cyc les represented energy pulses in one major 
flood, but he did find evidence for at least two separate floods. Within 
the Pasco Bas;n, multiple, graded sequences of Pasco Gravels and Touchet 
Bed s have been observed in boreholes and outcrop. Whether each sequence 
represents an individual flood or merely changes in the environment during 
deposition is no t known . 

Locally. three sed imentary sequences iden tifi ed in boreholes in the 
Pasco Basin (Brown , 1981) are interpreted to be three separate flood 
events. In an excavation in the south-central basin. three main sequences 
of Hanford sediment are in terpreted to represent multiple flood events in 
the late Pleistocene (Wis consinan, '1.80,000 to 10,000 yr before present). 
Older gravels i n Badger Coulee contain a petrocal cic horizon and are inter
preted as pre-Wisconsinan fl ood sediments. More detailed analysis of bore
hole samples and exposures is needed tc refine the flo od hi story of the 
Pasco Bas i n. 

Clastic dikes (Fig . 2- 7) common ly occur in t he Touchet Beds and Pasco 
Gravels. They are also found in the Ringold and Ellen sburg Formations and 
in basalt. The dikes are generally vertical - to irregular-dipping fissure 
fillings in the host sediments that are filled with clay-to- gravel sedi
ments. The mechanism for the formation of the clasti c dikes is not known, 
bu t they have been interpreted not to be related to pennafrost, desicca
t ion , or se ismic activity (Black , 1979). Most dikes observed appear to be 
filled from above and display intricate fluvial bedding with evidence f or 
multiple, filling events. The mechanism for opening of the fissure may be 
related to loading and dewatering during Pleistocene catastrophic flooding 
(Black , 1979; Baker 1973 ) . 

SURFICIAL DEPOSITS 

Relatively minor amounts of alluvium, dune sand, loess , tal us, 
colluvium, and ldrKlslide debris occur in the Pasco Ba si n. Most of these 
deposits are Holocene, but some may be as o ld as the Pleistocene (Lillie 
and others, 1978; Myers, Price and others, 1979). 

A11uvium occurs in the floodplains of the Yakima and Columbia Rivers 
and in t he Co ld Creek and Dry Creek Valleys. Alluvium below the elevation 
of major Ple istocene catastrophic flooding i s Holocene, but ranges from 
Pleistocene to present above flood level. Some Pleistccene alluvium may 
be overlain by the Hanford formation. 

Dune s and i s present throughout much of the Pasco Basin and consists 
of medium- to f ine- grained sand with minor amounts of si lt. Active dunes 
are present i n the central Pasco Basin and to the north and east along the 
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FIGURE 2-7 . Clas tic Dike in Touchet Beds. Pasco Bas i n. 
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Columbia River. Stabilized, longitudinal dunes occur in the south
central porti on of the Pasco Basin. Dune sand ;s chiefly reworked 
Hanford sediments. 

Talus and colluvium are present on ridge flanks. These deposits are 
primarily Holocene, but are in part Pleistocene at elevations above flood 
level. Basalt landslide del>ris is present along anticlinal ridges. Large, 
partly eroded landslides and landslide complexes are probably Pleistocene 
or older. Landslides in the Ringold Formation along the White Bl uff s are 
predominantly Holocene; however. some large landslide complexes are over
lain by the Pleistocene Hanford formation. Active 1ands1iding on the 
White Bluffs chiefly is related to increased irrigation on top of the 
White Bluffs as well as undercutting by the Columbia River . 

STRATIGRAPHY OF THE REFER ENCE REPOSITORY LOCATION 

The Ringold and Hanford formations overlie the COlumbia River Basalt 
Group in the RRL area (Fig . 2-8 and 2-9). Dune sand veneers the Hanford 
formation in parts of the area. 

RINGOLO FORMATION 

The Ringold Formation within the RRL is composed of the basal, lower, 
middle, and upper units (sec t ion type I), with some interfingering of the 
fanglomerate and side-stream facie s (section type III) in the western part 
of the area (Fig . 2- 2 and 2-3). 

Basal Ringold 

The basal Ringold unit overlies the Elephant Mounta in Member of the 
Saddle Mountains Basalt in the RRL and is chiefly a silty, sandy gravel to 
a gravelly sand that varies in thickness frum 0 to >45 m (Fig. 2-8 and 
2-9). The bedding structure is not known from available borehole data. 
Clasts are predominantly basalt, but include quartzite, granitic rocks, 
metamorphic rocks, and other l ithologies from outside the Pasco Basin. 
The san d fraction is primarily quartz and feldspar. The exotiC litho l 
ogies indicate a through drainage i n the Pasco Basin during deposition of 
the basal Ringold. The dominance of basalt reflects the influence of the 
side-stream and fanglomerate debris of section type III and proximity to 
basal t high s . The un it ;s commonly well cemen ted with si l ica and/or 
calcite. It;s generally thi cker in the deepest part of the Cold Creek 
syncline in the RRL area and is folded with the basalt, suggesting that 
this unit was deposited during defonnation of the Co ld Creek sync line 
(Fig. 2-10). Previous work on the northern flank of the Cold Creek syn
cline suggested that the unit was generally the same thickness throughout 
(Routson and Fecht, 1979; Tallman and others, 1979) and that most defor
mation occurred af ter deposition . 
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The nature of the contact between the basal Ringold and the basalt 
is not fully understood, but it is assumed that regional drainage was the 
dominant influence on sed iment deposition in the Pasco Basin very soon 
after the deposition of the last basalt flow (Ice Harbor Member) in the 
southern Pasco Basin. In the RRL, the Ringold overlies the Elephant 
Mountain Member, but the sediments differ from t he tuffaceous Levey inter
bed between the Ice Harbor and Elephant Mountain Merrbers in the southern 
part of the Pasco Basin (Chapter 3). It is, therefore, assumed that most 
deposition of the highly basaltic Ringold gravels occurred after deposition 
of the Ice Harbor Member. Upon continued deformation, the main channels 
were confi ned primarily to synclinal areas with local slope wash off the 
syncl inal limbs. The uni t includes gravel deposited in high-energy. main
channel environments and associated fine sed iments from floodplain and 
l ocal lacustri ne environments. 

Lower Ringold 

A sand , silt, and clay facies with some gravel stringers overlies 
the basdl Ringold gravels throughout the RRL arca (Fig . 2-8 and 2-9) . 
This represents a low-energy, fluvial unit with some lacustrine facies; 
the unit var ies in thi ckness from 5 to 35 m. The unit is thickest in the 
deepest parts of the sync li ne , generally thins updip, and pinches out on 
anti clinal r i dges (Fig. 2-10 ). Fining, upward , sedimentary cycles are 
observed in grab samples from wells, but the low well density precludes 
correlati ng these cycles between wells. In core, the sil t-clay fraction 
is finely laminated to massive (Fig. 2-11 ) . 

The sand and silt are composed of quartz, feldspar, and mlca with 
lithic fragments of Columbia River basalt and rocks from outside the Pasco 
Basin. The sediments are generally compacted with variabl e induration. 

The thinning of the lower Ringold unit on the flanks of the Co ld Creek 
sy ncline i ndicates that the unit was deposited during or after deformation 
of the Co ld Creek syncline (Fig. 2-10). Ouring lower Ringold time, the RRL 
area, as well as most of the Co ld Creek sync l ine, was a region of low
energy deposition. Floodplain deposits are dominant, wi th some relatively 
thick sequences of lacustrine depOSits. Minor gravel horizons indi cate 
that there was peri odic , minor, channel depos i tion throughout the region. 
The contact between the basal and lower units is generally gradational, 
indicating a general decrease i n fluvial energy. It is not known whether 
this low-energy environment is representative of the entire Pasco Basin, 
wi th subsequent eros i on of the lower Ri ngold sediments on the anticlinal 
highs. or is on ly present in the synclinal areas with coeval, major, 
channel deposition outside major synclinal areas. 

Mi ddle Ringold 

The middl e gravel facies overlies the lower Ringold and is present 
throughout the RRL (Fig . 2-9 and 2-10 ) . It consists of pebble-to-cobble 
gravel with a matrix of sand t silt , and some clay. The unit is up to 
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FIGURE 2-11. Lower Ringold Sediments. Borehole DH-19. 
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100 m thick in the RRL and contains horizons of sand and s ilt. The gravel 
is composed of basalt and quartzite with metamorphic, granitic, and 
porphyritic- volcan ic rocks. The sand fract ion i s predominantly quartz and 
feldspar~ with mica and basalt commonly a significa nt const ituent. The 
silt and clay fraction is quartz, feldspar, and smec tite. The conglomerate 
observed in cores from the 200 West Area and exposed at t he White Bluffs, 
30 km east of the RRl, has a massive appearance with minor imbrication 
of clasts . Cross bedding ;s corrmon i n the sand lenses from cores and at 
the White Bluffs exposure (Fig. 2- 12 ). 

Induration varies from essentially no cementation to well cemented 
by C aCO~ and/or silica (Si 02) . Much of the well-indurated conglomer
ate facles is matrix supported (Fig_ 2-13) . 

Openwork , uncemented gravel is occasionall y found i n core. Limited 
data within the RRL do not reveal deformati on of the middle Ringo l d 
(Fi g. 2- 10 ) 9 but a general, arcuate, concave, upward contac t with the 
upp er Ringold throughout much of the Cold Creek syncline suggests there 
has been some deformati on of the middle Ringold . The variati ons in thick
ness are generally re lated to channels of middle RingOld into the lower 
Ringold and eros ion of t he middle Ringold by post-Ringold fl uvial ac tivity, 
primaril y Plei stocene fl ood channels. 

The contact wi th the l ower Ringol d i s generally sharp, indicating an 
abrupt change in fluvial energy environment . The con gl omerate was depos
ited i n a high- energy environment and the particle roundness and exotic 
lithologies suggest transport over cons ide rab l e distance. The Ri ngold 
Formati on has long been considered to be of Co lumbia River drainage origin 
(Merriam and Buwalda, 1917). The presence of modern Snake River l itho l og
ies i ndicates an i nfl uence of the pre sent Snake River drainage (Tallman 
and others , 1979; Brown, 1981) . Recent studies ind i cate that litholog ies 
of the modern Clearwater and Sa lmon River drainages are present i n the 
midd le Ringold in the sou theaste rn Pasco Basi n (Richman, 1981; Webster and 
othe r s , in press) . This facies is interpreted as main-channel deposition 9 

undoub ted ly recording mult ipl e erosional unconformi ti es and sedimentary 
cycles . 

Upper Ringold 

The upper Ringo l d unit is present i n part s of the RRl as an erosiona l 
remnant overl ying the conglomerate facies (Fig . 2-9 and 2-10 ). The unit 
is composed of well - sor t ed s and and silt with mi nor amounts of clay . Thin 
hori zons of pebbl e gravel are conmon. The s and and silt fract i on i s pri
marily quartz and f eldspar , wi th loca lly large amo unts of mica and basalt . 
Quartz, smectite , and mica make up the c lay fraction. Ca li che horizons 
are comnon and usually are present on t he upper erosional surface where 
the unit is moderately to wen cemented. The unit genera lly appears to 
g rade from the silty-sandy-gravel of the mi ddle Ringold faci es . The upper 
surf ace is erosi onal th ro ughout t he RRL (Fig . 2-9 ). 
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Core samples outsi de the RRL s how alternating sand , silt, and clay 
hori zons similar to those observed in the White Bl uffs (Fig. 2-14). Only 
the lowermost part of the upper Ringold section found at the White Bl uffs 
is present in the RRL. It represents a low-en ergy~ fluvial environment 
with some lacustrine facies, probably a floodplain of a major fluvial 
system. Pebble gravels indicate small channels or perhaps extensive sheet 
wash per iodica lly inundated the area, and paleosols represent extended 
periods of subaerial exposure. Sediments interpreted to be loess overlie 
the fluvial sequence and are inc luded in the upper Ringold uni t. 

Erosi on removed an unknown alOOunt of the upper Ringold in the RRL; 
that which remained was buried by the sediments of the Quaternary Hanford 
f ormat ion. The timing of loess deposition relative to the major eros i on 
of the upper section of t his unit ;s not known . If the major erosion of 
the upper Ringold occu rred before the deposition of the loess , as suggested 
by the caliche horizon below the loess, the loess unit may be considerably 
younger than the underlying fluvial sediments. The extensive ca l iche hori 
zon on most of the upper erosional surface of the upper Ringol d unit . be 
it loess or fluvial sediments, suggests that the s urface existed for some 
time pr ior to deposition of the glaciofl uvial Hanford formation. It al so 
suggest s that very little eros ion took place during Pleistocene flooding 
i n this area of the Pasco Basin as it was generally protected in the lee 
of the Umtanum Ridge-Gable Mountain structure. 

HANF ORO FORMATI ON 

The Hanford format ion. ch ief ly the Pasco Gravels, overlies the Ringold 
Fonnat i on throughout the RRL (Fig . 2-9 and 2-10) . The sediments are made 
up of gravel to sand and represent re l atively high-energy. subfluvial depo
sition during Pleistocene flooding. A th i n sequence of Touchet Beds is 
present at or near the surface mainl y to the west of the RRL. 

The surface of the subfluvial bars is conmonly armored witl-t a lag 
gravel, resulting from the winnowi ng of fine sediments during waning stages 
of fl ooding. Th is has been further accentuated by eolian deflation during 
the Ho 1 ocene. 

Clastic dikes occur within t he RRL. The sur face expression of these 
dikes ;s polygonal -patterned ground with polygons up to tens of meters 
across. 

Bergmounds are very comnon up the Cold Creek Valley and on the flank s 
of Rattlesnake Mountain (Fecht and Tallman. 1978) . These relatively unique 
landforms resulted from the grounding of large, glaCial icebergs on the 
surface of the Hanford formation. thus protecting the underlying sediments 
from erosion during draining of the floodwaters. 

Pasco Gravel s 

The Pasco Gravels range from boulders to fine-grained sand and display 
varied bedforms (Routson and others. 1979) . The best exposures of the 
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Pasco Gravels are in excavations for waste facilities east of the RRL. 
Massively bedded, horizontally bedded (often with fine laminations) , cross
bedded, and graded-bed sequences have been observed in these excavati ons. 
Pasco Gravels are poorly exposed in the RRL . except for one, small , gravel 
pit in the northern part where the gravels are cross bedded (Fig. 2- 4). 
Bedding present elsewhere in the Cold Creek syncline is assumed present in 
the RRL. 

The gravel generally consists of <50% basalt, with some intrusive, 
igneous, metamorphic. and sedimentary rocks. Source areas for the 000 -
basaltic rocks are the glaciated terrain to the north. Most of the sand 
is arkosic. with some horizons containing a relatively high basalt content. ,,,t. St . Helens Set S ash is loca ll y present i n the finer facies of the 
Pasco Gravels . 

The Pasco Gravels are not generally indurated, but some horizons are 
moderately to ",,11 cemented with CaCO~ . These horizons are sometimes 
difficult to differentiate from the Rlngold Formation in boreholes. 

T~ coarse- to fine-graded sequences are recognized in boreholes from 
the RRL . In areas where the Pasco Gravels form or fill channels in the 
Ringold Formation, as many as four, graded sequences are present . It i s 
not kno\IKI if these sequences represent separate floods or energy varia
tions i n the depositional environment during a single flood. Current 
i nterp retat i on honors tv.o disc rete f1 oods and is based on boreho le data, 
which include driller's logs ( lithology, texture, and penetration rate), 
geophysical logs, and stratigraphie position relative to sediments known 
t o represent multiple floods in the south-central Pasco Basin. Both 
graded sequences generally are cOlT1losed of a relatively thin basal unit , 
consisting of poorly sorted silty-sandy-gravel with c l asts ranging from 
pebbles to >30- cm boulders. This grades upward to a better sorted, silty
sandy, cobb le-gravel un i t overlain by sand and silt. The lower, graded 
sequence often has a calcic horizon on the upper surface, resulting in a 
slower drilling rate , and appears to be denser on geophysical logs. 

Touchet Beds 

The Touchet Beds are compos ed of rhythmi cil lly bedded sll t to fi ne 
sand with stringers of coarse sand and gravel . A discrete horizon of 
Mt. St. Helens Set S ash is common . 

Relatively minor, isolated exposures of Touchet Beds are present in 
the RRL. Touchet Beds in Cold and Dry Creek Valleys occur in generally 
protected areas dista l to the main flood channel(s). 

AGE RELATIONSHIPS 

The age of the sedimen t s overlying the Co l umbia River Basalt Group in 
the Pasco Basin is extneme ly important in the detenmination of deformation 
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rates. The Ringold and Hanford f onnations record deformation which may 
have taken place since the last basalt flow entered the Pasco Basin. To 
establish defomation rates, it is necessary to determine as precisely as 
possi ble the absolute age of the sediments. The methods used and results 
to date are dis cussed for both the Ringold and Hanford fonnations. 

RINGOLD FORMATION 

The Ringold Formati on was assigned a Pliocene age by Gustafson (1973, 
1978) bas ed on vertebrate fossil s . Caliche from the surface of the Rin
gold Formation at White Bluffs was dated using thorium/uranium methods at 
>500,000 yr before present, or beyond the limits of the method. Attempts 
to date Ringold ash horizons using fi ss ion-track methods have proved unsuc
cessful because of the lack of heavy minerals and large shards suitable 
for dating. The major emphasis in dating has been on t~e determination of 
the paleomagnetic stratigraphies and relating these to paleontologic data. 

The upper Ri ngold at the White Bluffs conta ins microtine rodent 
fossils, 3. 7 to 4.8 million years old (Repenning, in press). A Hem
phillian (> 4.8 million years old) rhinoceros was identified by Gustafson 
(1978) in the middle Ringold of the White Bluffs just above river level. 
This indicates that the predominantly reversed magnetic section of the 
White Bluffs (Packer and Johnston, 1979) represents the Gilbert Reversed 
Epoch, or 3.4 to 5.25 mybp . 

The upper part of the Ringold Formation in the RRL is interpreted to 
be stratigraphically equivalent to the White Bluffs section. The ero
sional remnant of the upper Ringold 1n the RRL is, therefore, >3.7 million 
years and the middle Ringold is >4.8 milli on years. The underlying Ele
phant Mountain Menber (10 .5 million years) limits the maximum age of the 
Ringold Formation in the RRl. However, in the sou thern part of the Pasco 
Basi n. the I ce Harbor Meni:>er (8 .5 mi 11 i on years) and the Levey i nterbed are 
stratigraphically above the Elephant Mountain Member . Based on strati
graphic position, the basa l Ringold in the Pasco Basin is interpreted to be 
post-Ice Harbor Member (6 .5 million years) in age. Plerefore, the Ringold 
Formation in the RRL is concluded to be >3.7 and <8.5 million years old. 

HANFORD FffiMATION 

The number and age of Pleistocene fl oods that inundated the PasC8 
Basi n is not known, but at least three events have been dated us ing 1 C 
and thorium/uranium methods and the Mt. St . Helens Set S ash horizon . 

Pre-Wisconsinan Flood Deposits 

Grave ls cemented with CaC03 and assumed to be of Ple istocene f lood 
origin are present in Badger Canyon. Three thorium/uranium age dates on 
the caliche from the petracalc ;c horizons in these gravels y ielded ages of 
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200,000 (+250,000 -70, 000), 220,000 (+3BO ,ooO -70,000), and >210,000 yr 
(Tallman and others, 197B). Tnese gravel s may be correlative to flood 
gravels in the Cheney-Palouse ch anneled scabland tract north of the Pasco 
Basin (Patton and Baker. 1978; Baker and Nummedal, 1978). The Cheney
Pal ouse gravels are interpreted to be pre-Bull Lake in age (155,000 t o 
130,000 yr old) (Pierce and others, 1976). Gravels of this age range have 
not been identified in the RRL boreholes to date, but "-8 km northwest of 
the RRL is an isolated outcrop of gravels which have similar field charac
teristics as the Badger Canyon gravels and may be correlative . 

Wi sconsinan Flood Deposits 

The oldest 14C date on the Hanford formation is i n a no rmal-graded 
sequence containing clastic dikes located in the south-central part of the 
Pasco Basin. This sequence was eroded during a later flood that truncated 
the clastic dikes and deposited a later flood sequence. Wood fragments 
from the truncated clastic dike were dated at >32,000 rad iocarbon years 
before present. The upper limit of the age is not known, but wood samp l es 
from flood gravl'!:ls near Wanapum Dam were dated at 32,700± 900 radiocarbon 
years before present (Fryxell, 1965 ). These may represent the same flood. 

The last major Pleistocene scabland flood occurred ~13~OOO yr ago~ 
based on the occurrence of Mt. St. Helens Set S ash within the flood de· 
posits and 14C dates on organiC sediments above and below Mt. St . Helens 
Set S ash near the source (Mullineaux and others, 1977). Mt. St. Helens 
Set S ash is present throughout the Pasco Basin, commonly occurring in the 
Touchet Beds, but also present in the Pasco Gravels. In Cold Creek and 
Dry Creek Val l eys, Mt . St . Helens Set S ash is present in Touchet sed; . 
ments under bergnounds (Fecht and Tallman, 197B). 

Wood from a clasti c dike in a flood bar southeast of Gable Mountain 
was dated at 18 , 705 (+1,515 - 1,275) radiocarbon years. These sediments 
are stratigraphical ly related to the most recent~ major. flood deposits 
and the current interpretation 15 that the wood was redeposited from older 
material. Another factor to support th is conc l usion is that evidence from 
radiocarbon dates i n southern British Columbia indicate that the l ast major 
Wisconsinan advance in the northern United States began after 17 ,500 to 
IB,ooo radiocarbon years before present (Clague and others, 1980). This 
makes an 18,705 (+1 ,515 -1.275) radiocarbon years flood in the Pasco Bas ;n 
highly unlikely, if not impossible. 

In summary, there are three, dated, flood sequences in the Pasco 
Basin: (1) a pre- Wisconsinan flood or floods with a well -developed calcic 
cement, (2) a Wisconsinan even t >32 ,000 radiocarbon years before present, 
and (3) a late Wisconsi nan flood(s) associated with Mt. St. Helens Set 5 
ash ~13 , OOO radiocarbon years before pre sent (F ig . 2-1). 
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SUMMARY ANO CONCLUSIONS 

The post-Columbia River Basalt Group sediments of the Cold Creek syn
cline are co""osed of two major units: (1) Ringold Formation. a Miocene
Pliocene fluvial unit with some lacustrine facies; and (2) Pleistocene 
glaciofluvial sediments, informally termed the Hanford fonmation. Deposi
tion of the Ringold Formation by ancestral streams flowing through the 
Pasco Basin started short ly after cessation of basalt flows. The Hanford 
format ton was deposited by catastrophic floodwaters which inundated the 
Pasco Basin when glacial ice dams failed i n Montana, Idaho, northern WaSh
ington, and southern British Columbia. Minor units include the Pleistocene 
and Holocene talus, colluvium, alluvium and loess , landslide debris. and 
Holocene dune sands. 

The Ringold Formation overlies the Co lumbia River Basalt Group with in 
most of the Pasco Basin. The division of the Ringold Formation into a 
basal, lower. middle, and upper facies, based primarily on texture, is 
appropriate for much of the central Pasco Basin. The predominant texture 
of each of these four facies is as follows: (1) basal--silt.v. sandy gravel 
to a gravelly sand; (2) lower--sand. silt. and clay; (3) middle--pebble-to
cobb le gravel with a sand, silt , and clay matrix; and (4) upper--sand and 
silt. 

In general, three representative st ratigraphic sections can be used 
to describe the lateral variations of the Ringold Formation in the Pasco 
Basin. The centra l portion of the Cold Creek syncline and ItlJch of the 
central Pasco Basin are of representative section type I, the four vertical 
facies listed above. Section type II of the Ringold Formation north and 
east of Gable Mountain is composed predominantly of silt , sand, and cl ay. 
This section ;s interpreted to represent floodplain overbank sedimentation 
throughout Ringold time . 

Section type III is the fanglomerate facies on the flanks of anti
cl inal ridges and includes the talus, slope wash . and side-stream facies 
wh ich interfinger with the central basin deposits of section types I and 
II. Thi s facies of the Ringold Formation is chiefly composed of basalt 
clasts with a matrix of Quartz and feldspar or basalt sand. The unit is 
the result of mass wastage and runoff on the emerging ridges during the 
deposition of other Ringold sec t ion types 1n the lower elevations of lhe 
Pasco Basin. Section types I and II were deposited by a major river 
system which flowed through the Pasco Basin. 

The sed iments deposited in the Pasco Basin during catastrophic flood 
events are informally referred to as the Hanford formation . The Hanford 
formation is divided into two textural facies: (1) Pasco Gravels and 
(2) Touchet Beds . The Pasco Gravels range in texture from boulders to 
fine sand. representing varied energy environments during flooding. The 
Touchet Beds are made up of rhythmi ca lly bedded 1 fi ne-gra; ned sed iments 
deposited in low-energy. slac~water env i ronments. 
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The number of Pleistocene floods in eastern Washington and the Pasco 
Basin is unknown. Within the Pasco Basin~ multiple~ graded sequences of 
Pasco Gravels and Touchet Beds have been observed in boreholes and out
crops . Whether each sequence represents an i ndividual flood or merely 
changes in the energy environment during deposition is not known . Locally. 
three sedimentary sequences have been identified ;n the Pasco Basin bore
holes and are interpreted t o be three separate flood events. 

The Ringold and Hanford formations record the deformation which has 
taken place since the last basalt flow entered the Pasco Basin. In order 
to establish deformation rates, it ;s necessary to determ1ne, as precisely 
as possible, the absolute age of these sediments. 

The major emphasis for age determination of the Ringo ld Formation has 
been on the determination of the paleomagnetic stratigraphy~ and us ing 
paleontologic data, assigning age ranges to the formation. F05Sils from 
the upper Ringold Formation indicate an age of 3.7 to 4.8 million years 
and that the predominantly reversed magnetic section represents the 
Gilbert Reversed Epoch. The basal Ringold is interpreted to be mainly 
post-Ice Harbor in age. Based on these assumptions, the Ringold Forma
tion in the RRL is interpreted to be >3.4, but <8 .5 million years old. 

The nunber and age of Pleistocene floods to inundate tile Pasco Basin 
are not known , but at least three events have been dated. These three 
flood sequences in the Pasco Basin are: (1) a pre-Wisconsinan flood or 
floods, (2) a Wisconsinan event >32,000 radiocarbon years before present, 
and (3) a late Wisconsinan flood(s) associated with Mt. St. Helens Set S 
ash ~13.000 radiocarbon years before present. 
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CHAPTER 3 - WANAPUM ANO SAOOLE MOUNTAINS BASALTS 
OF THE COLO CREEK SYNCLINE AREA 

S. P. Reidel 
K. R. Fecht 

INTROD UCTION 

Thi s chapter describes the stratigraphy of the Wanapum and Saddle 
Mountains Basalts (Fig. 3-1) in the Cold Creek sync l i ne area of the Pasco 
Basin. More information is presently known about flows of these formations 
than the Grande Ro nde Basalt because of the greater number of surface expo
sures and drill holes that penetrate them (Append ix A). Emphasis is placed 
upon primary phys ical and chemical characteristics that were used to map 
the area and to determine the distribution and emplacement history of the 
basalt flows. A dis cussion of the geologic hi story of the Cold Cree~ syn
cline area during Wan apum and Saddle Mountains time concludes th is chapter. 

Basic infonmation on the s tratigraphy of the Wanapum and Saddle Moun
tains Basalts is derived from the study of surface exposures (F ig. 3-2 ) 
and core and chip samples from drill holes. Surface exposures occur pri
marily along the edges of the Cold Creek syncline, where uplift along 
Yakima folds has exposed thick sec tions of the basalt. The spacing and 
depth of boreholes in the Cold Creek syncline area (Fig. 3-2) provide 
relatively good subsurface data coverage for the Saddle Mountains Basalt. 
but only fair coverage for the Wanapum and Grande Ronde Basalts (Appen
dix A); thus~ less information is available. The stratigraphy of the 
basalt and correlations from borehole to borehole and from borehole to 
outcrop are determined by using chemical composition, paleomagnetism, 
and physical characteristics. 

PREV IOUS WORK 

The nomenclature and stratigraphie relationships of the Columbia 
River basalt in the Pasco Basin are based on that developed for the 
Columbia Plateau by Mackin (1961), Waters (1955, 1961), Schminc~e (1967a 
and b), Wright and others (1973), Myers (1973), Bingham and Grolier (1966), 
Bingham and Walters (1965), Brown and Ledgerwood (1973), Myers and Brown 
(1973), Laval (1956) , and ARHCD (1976). Swanson and others (1979b) summa
rized the important re lationships discussed in these and other studies and 
related them to regional strat igraphic relationships. The nomenclature 
and stratigraphi c framework for the Co lumbia River basa lt that i s currently 
used in the region and in the Pasco Bas;n and Cold Cree~ syncline area is 
shown in Figure 3-1. Myers. Price and others (1979) summarized the work 
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done by geologists for the BWIP. The results of a more detailed study on 
the Wanapum and Saddle Mountains Basalt flows were recen tly summarized by 
Reidel and others (1980) . This study related the distribution of flows to 
the deformational history of the Pasco Basin. 

WANAPUM BASALT 

The Wanapum Basalt consists of three members in the Pasco Basin: 
(1) Frenchman Springs. (2) Roza. and (3) Priest Rapids. The Vantage 
interbed separates th is formation from the underlying Grande Ronde Basalt; 
the Mabton interbed separates the Wanapum Basalt from the overlying Saddle 
Mountains Basalt (Fig . 3-1). 

The Wanapum Basalt is typically fine to medium grained with some 
flows containing olivine and plagioclase phenocrysts. The petrographic 
characteristics combined with di sti nct chemical differences, termed the 
"Ti02 discontinuity" (Siems and others , 1974), permit easy distinction 
of the Wanapum Basalt from the Grande Ronde Basalt. 

The Wanapum Basalt i s between 14.5 and 13.5 million years old (Watkins 
and Baksi, 1974) and was erupted from linear vents on the east side of the 
plateau (Swanson and others, 1979a) . It is thi ckest in the central area of 
the Cold Creek syncline (Table 3-1; Fig . 3-3). but thins from west to east 
and over the Rattlesnake Mountain and Umtanum Ridge -Gable Mountain 
structures . 

FRENCHMAN SPRINGS MEMBER 

The Frenchman Springs Member is the oldest member of the Wanapum 
Basalt in the Pasco Bas;n and consists of seven to nine (possibly in 
borehole RSH-l) flows in the Cold Creek sync line (Fig . 3-4). It varies 
in thickness from ~192 to ~229 m (Fig. 3-4). The flows are all medium 
to fine grained and con tain plagioclase pheocrysts. Within the Pasco 
Bas1n, the fl ows can be grouped into Iphyr1c" and "aphyr1c" units based 
upon relative phenocryst abundance. 

The average chemical composition of the Frenchman Snrings Member is 
given in Table 3-2. It falls within the Frenchman Springs chemical t.vpe 
of Wright and others (1973) . but there is no obvious difference in chemi
cal composition between the phyric and aphyric flows from the Pasco Basin 
area. 

The flows of the Frenchman Spri ngs Member near Vantage were sampled 
for remanent magnetic polarity by Van Alstine and Gillett (in Dress) as 
part of BWIP stratigraphic studies. Thei r f indings are comparabl e with 
those of Rietman (1966). Kienle and others (1978bJ. and Sheriff and Bentley 
(1980 ). Van Alstine and Gillett (in press) found that the magnetic polar
ity of the two lowest flows near Vantage. the Gink90 and Sand Hollow flows 
(Table 3- 3) , are nearly identical with mean declinations of 146.10 and 
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TABLE 3-2. Average Chem ica l Composition of Fl ows f rom the Wanapum and Saddle 
Mountai ns Basalts, Pasco Basin . (Sheet 1 of 2) 

Frenchman Springs Member Frenchman Springs M811ber ROla Member 
Pr iest Rap ids Member 

plagioclase phyric flows aphyri c fl ows Rosal ia f low 

N • 43 N • 29 N = 13 N • 15 

][ 10 ][ 10 ][ 10 X 10 

51. 24 0. 37 51. 27 0.39 50.60 0.35 49.85 0. 35 
13.93 0. 29 14.04 0.32 14 . 35 0.37 13.70 0.21 
2.98 0.08 2.92 0.08 3.01 0. 11 3.48 0.05 

12.83 0,44 12.69 0. 37 12.44 0. 54 13.47 0.31 
0.24 0.01 0.23 0.01 0 . 23 0.01 0.24 0.01 
8 . 34 0. 17 8.34 0. 15 B.65 0.20 8.55 0.19 
4. 22 0.25 4.21 0. 23 4. 59 0.31 4.49 0.22 
1. 15 0.14 1.29 0. 12 1. 17 0.13 1.05 0.20 
2.54 0. 14 2.49 0.17 2.43 0. 20 2.50 0.22 
0.53 0.05 0. 52 0.04 0. 54 0.03 0.66 0.02 

Pr i est Rapids Member Lmatfll a Member linatil la Member Wi 1 bur Creek Member 
lo lo flow $il l usl flow lJ'na tl ll a flow Wah luk e flow 

N " 19 N " 26 N " 24 N • 4 

X 10 X 10 X 10 X 10 

49.87 0. 53 54 . 31 0.73 53.65 0. 59 53.43 0.35 
14. 28 0. 30 14.70 0.60 14. 51 0.27 15 . 0 1 0.28 
3.15 0.09 2. 83 0.30 2.99 0.11 1.87 0.02 

12.20 0.45 10. 48 0.92 10 .87 0 .72 9.66 0.21 
0. 24 0.01 0.22 0.02 0.22 0.05 0. 19 0.01 
9 . 00 0.63 6.60 0.64 6. 68 0.37 8 .50 0. 19 
5.18 0. 31 2.61 0.26 3.00 0. 31 4.61 0.25 
0.98 0.11 2. 62 0. 36 2.52 0.1 4 1. 90 0. 16 
2. 45 0.17 2.82 0.25 2.84 0.24 2. 37 0. 15 
0.66 0.01 0.81 0.05 0.72 0.02 0.45 0.01 

- --- - - - -~ -~~ - - - _._- - - ---
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Flow 

Mean, One 
Std. Oell, 

Si02 

"603 
Ti 2 
Feo-
Mn O 
C.O 
M90 

'IO , ZC 
P205 

Flaw 

Mean . One 
Std . Oev. 

Si02 
AL603 
Ti2 
reO-
MnO 
C.O 
M90 

KIO 
, 20 
P205 

TABLE 3-2 . Average Chemi ca l Compos i tion of Flows from the Wanapum and 
Saddle Mountains Basal t, Pasco Basin. (Sheet 2 of 2) 

ESQuatze l Member Asotin Henber Pomona Member Elephant Mounta in Member 
Huntzinger flow Lower flow 

N " 44 N '" 45 N " 67 N '" 23 

"j" 10 "j" 10 1" 10 1" 10 

52 . 78 0.47 51.43 0.82 51.81 0.38 50.76 0.33 
14 . 24 0.27 16.06 0.56 15,4 1 0. 28 13 . 76 0.30 
3. 02 0.10 1.58 0. 12 1. 63 0.06 3.49 0.06 

11 . 68 0.50 8.32 0.54 8.68 0.39 13 .08 0 . 51 
0.21 0,02 0.18 0.02 0.19 0.01 0.23 0 .0 1 
7.65 0.22 10.51 0.69 10.62 0.30 8 .38 0.19 
3.75 0. 22 6.82 0.97 6.73 0.27 4.22 0.14 
1.78 0.13 0.67 Q.42 0.53 0. 10 1.30 0. 10 
2. 50 0.14 2. 16 0.20 2.16 0. 12 2. 29 0.21 
0.37 0.02 0.26 0.06 0 . 24 0.02 0.49 0.01 

Elephant Mountai n Member Ice Harbor Menber Ice Harbor Member Ice Harbor Member 
upper flow ( ~ard Gap) Basin City flow Ma rt indale flow Goose Island flow 

H :. 10 N ::: 8 N " 14 • • 4 

1" 10 X 10 X 10 l 10 

SO.57 0.28 47.62 0.29 48, 44 0.49 47 . 46 0.67 
13.78 0.22 14 .04 0. 21 14.18 0.36 13 . 17 0. 39 
3.43 0.08 3.59 0.04 3.25 nl 1 ~:3~ 8:Sl 13. 26 0.39 13. 54 0 . 28 12 .38 
0 . 22 0.01 0.23 0.01 0.23 0.01 0.28 0,0 1 
8.54 0.13 9. 71 0.28 10 . 20 0.59 8.85 0.11 
4.26 0.24 5. 57 0. 20 5.65 0 .36 4. 31 0. 15 
1. 20 0. 12 0.68 0.11 0.58 0. 17 1. 22 0.06 
2.27 0 . 14 2.23 0.11 2. 30 0 . 13 2.25 0.16 
0.47 0.02 0 . 78 0.04 0.68 0.04 1.49 0.04 

- - -

NOTE: Analyses are in W~%. Samp les are core that was collected from drill holes and specimens from type 
loca l ities. 

*Total Fe expressed as FeO . 

'" is , 
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TABLE 3-3. Paleomagnet ic Polarity of Wanapurn 
and Saddle Mountains Basalts. 

Member Fl ow .or Mean Mean «95 location declination inclination 

Goose Island 51.3 +19.2 11. 7 
33.5 +31.9 13.3 

Ice Harbor Martindale 185.1 -55 .1 3.0 
168.2 -65.0 3.3 

Basin City 317 .0 +34.7 4.2 
319.3 +49.5 6.3 

Site 1 6.9 +59.6 4. 2 
Site 2 14.2 +62.5 8.3 

Elephant Mount ain Site 3 Ill. 5 -25.6 9.3 
Site 4 127.9 -39.5 9.8 

133 . 2 -39.2 8. 6 

Site 1 187.8 -519.1 1.7 
Site 2 186 .3 - 53.4 2.2 

Pomona Site 3 203.4 -54.6 2.0 
Site 4 195.4 -50.6 2.9 

193.5 -52.7 9.5 

Site 1 340.8 +63.0 3.6 
Esquatzel Site 2 308.0 +81.0 11.4 

348.4 +64.8 8.6 

Asoti n Huntzinger 23.7 +80.6 4.5 

Wilbur Creek Wahluke 345.7 +72.1 3. 4 

Umatilla Sill usi 321. 7 +32. 2 2.6 
Urnatill a 324.3 +31. 7 3.4 

Priest Rapids Lola 190.5 -64.9 2.8 

Roza Site 1 214.2 -14 . 7 7.3 
Site 2 184 . 7 -38 .7 7.0 

Sent i ne 1 Gap 5.0 +62 . 8 2. 2 
Frendvnan Springs Sand Ho 11 ow 144.7 +39.8 3.6 

Gi nkgo 146 .1 +42 . 1 2.6 

lChoinier and Swanson (1979) 

2Van Alstine and Gillett ( in press). 
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144. 7° and mean inclinations of 42.10 and 39.8°, respectively. The 
youngest flow. the Senti nel Gap flow (Table 3-3), has a mean declination 
of 5 .00 and a mean inclination of 62.So. Packer and Petty (1 979) 
found that the inclination of the lowest Frenchman Springs flow in core 
from borehole DC-2 (Fig. 3-2) had a mean inclination of 210 and all 
younger Frenchman Springs flows had higher inclinations . Van Alstine and 
Gillett (in press) sU9gested that the lowest flow in OC-2 could be either 
the Ginkgo or Sand Hollow flow and that the inclination of the younger 
flows in OC-2 were much closer to the Sentinel Gap flow. These results 
sU9gest that either the Ginkgo or Sand Hollow flow is not present in the 
Cold Creek syncline. 

The total thickness of the Frenchman Springs Member thins from south 
to north and from east to west aCross the Pasco Ba si n (Reidel and others, 
1980). The greatest number of flows is present near Wallula Gap (Fi9. 3-2) 
in the southeastern part of the Pasco Basin and the least number in the 
northwestern part near Sentine l Gap (Fig. 3-2). In the central part of 
the Cold Creek syncline area, there are between seven and nine flows or 
flow lobes (F i 9. 3-4) . An abrupt th i nn i ng occurs onto the Ratt 1 esnake 
Mountain structure at the southern edge of the Cold Creek syncline. The 
~reatest thickness occurs on the east side of the Cold Creek syncline 
(Fig. 3-5 ) . Due to the similarities between flows, the correlation 
of individual flows across the area is currently not possible . 

ROZA MEMBER 

Between one and two f10ws or f1uw lobes of similar physical and chem
ical composition comprise the Roza Member in the Pasco Basin . The Roza 
flows were erupted from a narrow, linear, vent system in eastern Washing 
ton and northeastern Oregon (S wan son and others, 1975). The member varies 
in thickness from 41 to 69 m. It is distinguished in hand spec imen, typi
cally by the presence of single plagioclase phenocrysts up to 1.5 cm in 
size set in a fine-grained groundmass. 

The average chemical composition of the Roza Member from the Pasco 
Basin is given in Table 3-2. It generally falls within the Frenchman 
Spri ngs chemical type of Wright and others (1973) and cannot be distin
guished from the Frenchman Springs flows on chemical composition alone. 

The magnetic polarity of the Roza Member was determined by Rietman 
(1966) to be transitional, but Choinier and Swanson (1979) found that in 
the southeastern part of the Columbia Plateau, the oldest Roza flow has 
reversed polarity. Van Alstine and Gillett (in press) found that the two 
Roza flows in core from DH-5 (Fig. 3-2 ) have low-mean inclinations (+3.30 
and 7.50 ) , lower than that reported by Choinier and Swanson (1979 ) 
(Table 3-3) . Packer and Petty (1979) sampled the Roza flow from core in 
OC-2 (Fig. 3- 2) and found results similar to those of Van Alstine and 
Gillett (i n press) . 
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The Roza Member reaches its greatest thickness (Fig. 3-6 ) in the 
centra l part of the Cold Creek syncline and just north of Gable Mountain. 
It consi sts of one fl ow in the western part of the syncline~ but is two 
flows or ho flow lobes in the eastern part (Fig . 3-4) . It thins across 
Ratt 1 esnake Mounta in dfld t he Umtanum Ridge-Gab 1 e Mounta i n struc ture, but 
thickens along the northern fl ank of the Umtanum Ridge-Gable Mountain 
structure i n the Wahluke syncli ne. 

PRIE ST RAP I DS MEMBER 

The Priest Rapi ds Member is the youngest member of the Wanapum Basal t 
(Swanson and others, 1979b) and consists of he distinct fl ows in t he Cold 
Creek sync line as e l sewhere in the Pasco Bas;n. In core from the Pr iest 
Rapids Dam s ite (Fig. 3-2), four flows are pres ent, but the three l owest 
are now con s; dered to be fl 0\1,' lobes of the same flow (Re i de 1 and others, 
1980). The Priest Rapids flows were erupted from vents near the eastern 
margin of t he plateau in Idaho (Camp, i n Swanson and others, 1979a). The 
member varies in thickness from 4C to 75 m (Fi g. 3- 7) in the Co ld Creek 
syncline. The older flow is typical l y coarser grained with rare oliv ine 
and pl a9ioclase phenocrysts. The younger flow has small olivi ne pheno
crysts «5 nTll) and fare glomerocrysts or phenocrysts of plagioclase. This 
texture varies from glassy to fine grained with distinct zones having a 
diabasic te xture. 

Both f lows have distinct chemical compOSitions (Table 3- 2). The 
older flow is chemically similar to the Rosa l ia chemical t ype of Swanson 
and ot hers (l979b), wh ile t he younger flow is chemically similar to the 
Lolo chemical type of Wright aed others (1973). The Lolo flow has lower 
Ti02 and higher iron oxide (FeD) than the Rosa l ia f l ow. 

Van Alsti ne and Gil l ett (in press) sampl ed a surface expos ure of 
the Lola flow i n the Saddle Mountai ns for magnetic polarity. The flow 
wa s found to have a mean decli nation of 190.50 and a mean incl inati on 
of -64.90 (Table 3- 3). These data are comparable to the incl i nat ion 
of the Lolo flow i n core f rom DC-2 (Fig. 3- 2) samp l ed by Packer and Petty 
(1979). Packer and Petty (1979 ) also found the Rosa l ia flow in DC- 2 to 
have reve rsed magnet ic polarity. 

The Pri est Rap ids Member reaches its greatest t hi ckness ( Fi g. 3- 7) 
along the northem flank of Rattlesnake Mountain in the Cold Creek syn
c line, but thins abruptly across the structure. I t also thins along the 
Umtanum Ridge- Gable Mountain structure and al ong a small, northwest
trending zone on t he east side of the Co ld Creek syncli ne . 

Both the Rosal i a and Lola fl ows of the Priest Rapids Member are pre
sent throughout most of the Co ld Creek syncline area (Fig . 3-4). The 
lower flow, the Rosalia , is thickest i n the trough of the Wahluke sync line 
(Fig. 3- 2) and Cold Creek syncline, and thi ns across the Umtanum Ridge
Gable Mountai n str ucture and Rattles nake Mountain (Reidel and ot hers, 
1980) . It is thicker on the south s i de of the Cold Creek syncline and 
thins northward, abruptly pinchi ng out on the southeast edge of the Cold 
Creek syncli ne between DC-15 and DDH ·3 (Fig. 3- 4). 
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The Lola f l ow is also thicker on the sou thern margin of the Co l d 
Creek syncline and thins across the Umtanum Ridge-Gable Mountain structure 
and Ratt lesnake Mountain structure. The maximum thickness occurs in a 
northwest-southeast zone that para ll els the present axis of the Cold Creek 
syncline . Ev i dence for ponding and slow coo11 ng along the north side of 
Rattlesnake Mountain ;s apparent from areas where the basalt has a diabasic 
texture. The Lolo flow also pinches ou t on the east side of the Pasco 
Basin beyond the limi t s of the Cold Creek syncline (Reidel and others~ 
1980) . 

SADDLE MOUtlTAI NS BASALT 

The Sadd l e Mounta i ns Basalt consists of seven members (Fi9 ' 3-1 ) in 
the Pasco Basin: (1) Umatilla, (2) Wilbur Creek , (3) Asoti n, (4) Esquat
zel, (5) Pomona, (6) Elephant Mou ntain, and (7) Ice Harbor. With t he 
exception of the Wilbur Creek , all members are present in the Cold Creek 
syncline area. The Saddle Mounta ins Basalt in the Pasco Basin ranges in 
age from 13.5 to 0.5 mybp (Watkins and Saksi, 1974; McKee and others, 
1977 ; ARHCO, 1976). . 

The Saddle Mountains Basalt flows were erupted over a much greater 
interval of time than the flows of any other formation of the Col umbia 
River Basalt Group (Swanson and others. 1979b) and contain a wide diver
sity of petrographic characteristics . chemical types. and magnet ic in
clinations. Vents for the Saddle Mou ntains Basalt have been recognized 
in eastern Washi ng ton, northeastern Oregon, and western Idaho (Taubeneck, 
1970 ; Pr i ce, 1977; Ross , 1978; CartJ;), ; n Swanson and others, 1979a ) . 

Thickness variations in the Saddle Mountains Basalt (Fig . 3-8) are 
greater and more complex than in the Wanapum Basalt because of (1) thinning 
over s tructures, (2) a greater time between eruptions , and (3) the l imited 
extent of many flows. Variations cou ld al so be attribu tab l e, in part. to 
the greater amount of informat ion available for the Saddle Mountai ns Basalt 
t han for other formations (Reidel and others , 1980). 

UMATILLA MEMBER 

The Umat i lla Member consists of two flows in the Pasco Basi n. 
Based upon chemical correlations with the type localities described by 
Laval (1956), tt,e younger flow is the Sillus; fl ow and the older flow is 
t he Umat illa flow (Fig . 3- 1). The member varies i n thickness from 35 to 
85 m in the Co ld Creek sync l ine (Fig . 3-9). 

Both flows are fine grained to glassy with rare microphenocrysts of 
plagioclase and olivine and even rarer silicic xenoliths of basement rock . 
The flows are predominantly entabl ature with a small basal colonnade or 
pillowed base . 
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FIGURE 3-8 . Isopach Ma p, Wanapum Basalt , Co l d Cree k Syncline . Data po i nts shown on t ne map a r e thicknesses measured from borehol es and fi el d secti ons 
Contour inte r val ; s 100 ft. See Fi gu re 3-2 fo r location of structura l features and Tabl e 3- 1 fo r expla nati on. 
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Both the Umatilla and Si llus; f l ows have similar overall chemica l 
co~ositions and fall into the Umatilla chemical type of Wright and others 
(1973). There are distinct differences in chemical composition, however, 
that all ow the flows to be distinguished: The Umatilla ha s higher Ti02, 
magnesium oxide (MgO), and lower phos phorus pentoxide (P 20S ) than the 
Sillus i (Tabl e 3- 2). 

Rietman (1966) found t hat the Umat il la Member has normal magnet i c 
polarity. Van Alstine and Gillett (i n press) found the Umatilla and 
Sillusi flows have near ly identical mean dec linations of 324.30 and 
321.70 and mean inclinations of +31.70 and +32 .2 ° , respec tively 
(Table 3- 3). They s uggested that this indi cates the flows were 
erup ted near ly contelT1lor aneous ly. 

Vent areas for the Umatilla Member have been located in eastern 
Washi ng t on and northeastern Oregon by Waters (1961) , Pr i ce (1977 ) , and 
Ross (1978). The flows of the Umatilla Member entered the Pasco Basin 
from the south and fi ll ed the Cold Creek sync li ne. The overall geometr y 
of the Umati ll a Member is that of a wedge t hat thins to the north 
(F i g. 3-10). The member pi nches out ju st north of the Umtanum R i dge 
Gable Mountain t,end and just east of the Cold Creek syncli ne (Reidel and 
others, 1980). It is much thi nner on the crest of Ratt l esnake Mountain 
and on the extension of Yakima Ridge (Fig. 3- 9) . Thinning is also apparent 
across the subsurf ace ~xtension s of Gable Mountain. Gable Butte, and an 
apparent southeast extension of a similar structure from Umtanum Ridge to 
OC- 3. The subsurface extension of Yakima Ridge resembles the en echelon 
na ture of the Gable Mountai n and Gable Butte struc tures based upon 
th ickne~s variations observed in the Umatilla Member. 

Both the Umat il l a and Si 11 us i f lows are present throughou t mos t of 
the Cold Creek syncline (Fig . 3-10). The Umatilla flow i s the th icker 
flCJn' in the western and southern parts of the sync li.ne, but the Sillus; 
flow is the only flow present in the eastern part and is the thicker flow 
in t he northern part of the syncline. In Fi gure 3-10 , it is apparent that 
the western part of the Cold Creek syncli ne was covered first by the 
Umatilla flow. The Sillusi flow was l ater directed along the northern and 
eastern margins of the Umatilla flow, which it al so onl apped. Th is dis 
tribution was probably a result of the Sillusi flow filling the low area 
formed between the gently westward-dipping, reg iona l paleoslope and the 
northward-tapering margi n of the Umatilla flow. 

WILBUR CREEK MEMBER 

The Wilbur Creek Member in the Pasco Bas in consists of one f low , the 
Wahluke flow, and is generally <30 m th ick. It is typically fine grained 
to gl assy and aphyric with sparse microphenocrysts of plagioclase. 

3-19 



• 
i~ 
~I ! ! 

, 

· • 
0 
~ • • 
J! 
~ 
0 

• 0 
-;; 
• V 

"-
• 0 
~ 

N , 
M 

• !; 
~ 

" • • ~ 

• • 
V • ;;, 
~ • • • U 

~ 

:3 

X 
~ .. • • ~ 
· • 
• ~ • , 
~ 
• 
'" ~ • ~ 
E 

'" • • , ~ 

~ • 
~ <5 iil , 
i • , 
~ V M 

~ 
C • ~ 

~ 

! s , 
M 

w 
~ 
~ 

8 
~ 



RHO -BWI-ST-14 

The chemical composition of the Wilbur Creek Member from the Pasca 
Basin falls within the Wilbur Creek chemical type of Swanson and others 
(1979 b) . The Wahluke flow has a mean magnetic declination of 345 . 70 and 
a mean incli nat ion of +72 .10 (Table 3- 3; Van Alstine and Gillett, in 
press). The Wahluke flow was also sampled from core in OH-4 in the north
east part of the Pasco Basin by Packer and Petty (1979) who reported a 
60 shallower inclination angle. 

The Wahluke flow of the Wilbur Creek Member is not present in the 
Cold Creek syncline area of the Pasco Basin. This flow entered the Pasco 
Basin from the northeast and flowed sou thwest toward Umtanum Ridge. Just 
northwest of the Co ld Creek syncline, the course of the Wahluke flow was 
partly controlled by the leading edge of the Umatilla Member (Reidel and 
others, 1900) (Fig. 3-10, OB- 12 to DH-5). 

ASOTIN MEMBER 

The Asotin Member occurs "as a single flow in the Pasco Basin. 
Thi s was called the Huntzinger flow by Mackin (1961), Myers and Brown 
(1973), and ARHCO (1976). The flow varies from 23 to 66 m in thickness 
(Fig . 3-11) and is best exposed in the northem part of the basin along 
the Saddle Mountains (Rei del, 1978a). 

The te xture of the Huntzinger flow varies considerably throughout the 
Pasco Basi n. The flow has abundant olivine, but sparse plagioclase. and 
its text ure varies from fi ne grained and glassy to ophitic. 

The chemical composition of the Asotin Member varies considerably 
throughout t he Pasco Basin (Table 3-2 ). This extreme variation was first 
recognized by Myers (1973 ) and Ward (1976). The Asotin Member contains 
chemical compositions from two types defined by Swanson and others (1979b): 
(1) Asotin and (2) Lapwai. In Fi9ure 3-12, the chemical composition of 
sampl es from a typical section of the Asotin Member (OH-4; Fig. 3-2) is 
sho~ and the approximate mean and range of the Lapwai and Asotin chemical 
types (from Wright and others) 1980) are plotted. It is apparent from this 
diagram that the Lapwai chemical type occurs at the top and bottom of the 
flow with Asotin chemical type in between and a complete gradation from 
one to the other. This indicates that the t'ilO chemical types are probably 
related by differentiation occurring in the flow at the surface. Myers 
(1973) related the chemical variation to olivine abundance and suggested 
that fractional crystallization of oliv ine is at least partly respon-
sible. Based on sampling of surface exposures, Van Alstine and Gillett 
(in press) determined a mean declination of 23.70 and a mean inclination 
of +80 . 60 for the Asotin Member (Table 3-3). 

The Asotin Member was erupted from an as yet und iscovered fi ssure, 
probably in eastern Washington or western Idaho (Camp, in Swanson and 
others , 1979a). The Asotin Member is confined to the northern part of 
the Cold Creek syncline and Pasco Basin (Reidel and others, 1980). As 
sho'wfl in Figure 3-10, the front of the Unatilla Member was a major factor 
controlling the edge of the Huntz inger flow. The Huntzinger flow is 
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interpreted (Reidel and others, 1980) to have entered from the east near 
Mesa and spread into the northern Pasco Basin. As it flowed south~ a 
topographic low between the northward-tapering flow front of the Umatilla 
Member and the westward-dipping paleoslope channeled the Huntzinger flow. 
The Huntzinger flow lapped onto the Umatilla Member and pinched out on the 
slope formed by the flow front. The Umtanum Ridge-Gable Mountain structure 
also contributed to controlling the southern extent of the Huntzfnger flow . 

ESQUATZEL MEMBER 

The Esquatzel Member in the Pasco Basin consists of one to two flows 
or flow lobes and varies in thickness f~ 21 to 38 m (Fig. 3-13) across 
the Cold Creek syncline. In the eastern Co ld Creek sync line, there are 
two Esquatzel flows or flow lobes that occur locally with a vitric tuff 
between them (in core from OB-1 and OB-2) . 

The Esquatzel Member is plagioclase-phyri c to glomerophyr;c and 
contains microphenocrysts of clinopyroxene. The abundance of phenocrysts 
is variable throughout the Cold Creek sync line area 9 with some localities 
completely void of phenocrysts. 

The average chemical composition of the Esquatzel Member is given 
in Table 3-2 and falls within the Esquatzel chemical type of Swanson and 
others (1979b). Van Alstine and Gillett (in press) indicated that flows 
of the Esquatzel Member have nonnal polarity with a mean declination of 
348.40 and a mean inclination of +64.80 (Table 3-3). These results 
are similar to those determined by Choinier and Swanson (1979) for the 
Esquatzel Member. 

Flows of the Esquatzel Member entered the Pasco Basin from the east 
near Mesa in a Channel that was cut into the Priest Rapids Member (Swanson 
and others, 1979a; Reidel and others, 1980). It is confined to the south 
and east parts of the Pasco Basin and pinches out along and north of the 
Umtanum Ridge-Gable Mountain structure. It is thicker in the western Cold 
Creek syncline area north of the Yakima Ridge subsurface extension. It 
also thins across the subsurface extension of the Yakima Ridge and Rattle
snake Mountain structures and pinches out j ust south of the present crest 
of Rattlesnake Mountain. Flows of the Esquatzel, Asotin, and Wilbur Creek 
Members exited the Pasco Ba sin in ch annels to the west (Goff, 1981; Goff 
and Myers, 1976; Reidel and others, 1980 ) . 

Several factors probabl y controlled the distribution of the Esquatzel 
Member in the Cold Creek syncline. First, the margin of the Huntzinger 
flow of the Asotin Member formed a barrier that prevented the Esquatzel 
flow from spreading across the northern Pasco Bas in. The channel that the 
Esquatzel flows occupies near Mesa is probably part of the same channel 
that is now filled by sediments along the southern margin of the Huntzinger 
flow in the Cold CreeK syncline. The Umtanum Ridge-Gable Mountain struc
ture was a structural high that influenced the spread of the Esquatzel 
flows to the west, as indicated by the absence of the Esquatzel Member 
west of Gable Butte and in OB-12 (Fig. 3-10). Rattlesnake Mountain was 
also important in controlling flows of the Esquatzel Member 9 as evidenced 
by i ts pinchout near the present crest. 
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POMONA MEMBER 

The Pomona Member was erupted from dikes near Orofino, Idaho (Camp, 
in Swanson and others y 1979a) and has been dated at 12 mybp (McKee and 
others, 1977). The member consists of one to two flows or flow lobes in 
the Pasco Basin and varies in thickness from 37 to 56 m (Fig . 3-14 ) in 
the Co 1 d Creek sync 1 i ne area. 

The texture of the Pomona Member is relatively uniform across the 
Pasco Basin . It typically is fine grained to glassy with wedge-shaped 
plagioclase phenocrysts and rare olivine. 

The Pomona Member has a distinct chemical composition (Pomona chemical 
type of Wright and others , 1973) with little overall var iance (Tab l e 3-2). 
The member has reversed magnetic polarity (Rietman, 1966; Choinier and 
Swanson, 1979). Thi s polarity was corroborated by Van Alstine and Gillett 
(in press) who also found the Pomona has the tightest inclination and 
declination grouping of any flow analyzed from the Columbia River Basalt 
Group . The Pomona Member has a mean declination of 193.50 and a mean 
incl i nati on of -52 .70 (Table 3- 3) . It is proposed that the Pomona Member 
within the Pasco Basin may be cOl11lrised of two separate fl ows rather than 
two flow lobes. This premise is supported by the fact that the two dis 
tinct and separate flows of the Umatilla Member also have nearly the same 
chemical compOSitions and magnetic declinations and inclinations. 

The Pomona Member is present throughout most of the Pasco Basin and 
reaches its greatest thickness in the southeast portion of the Cold Creek 
syncline and just north of Gable Mountain ( OC-14; Fig. 3- 2) in the Wahluke 
sync line. The Pomona Member thins over the Umtanum Ridge-Gable Mountain 
structure, Rattlesnake Mountain , and the subsurface extension of Yakima 
Ri dge. 

The vo lume of Pomona l ava that was flowing into the Pasco Basin was 
considerably greater than that of the Umatill a. Wilbur Creek, Asotin , and 
Esquat zel Members. This volume overcame any effects of flow edges and 
topography, and the Pomona flow buried the topography of t he Col d Creek 
sync 1; ne and much of the Pasco Bas i n. 

ELEPHANT MOUNTAIN MEMBER 

The Elephant Mountain Member consists of two separate flows: 
(1) Elephant Mou ntain flow of Waters (1955) and (2) Ward Gap f l ow of 
Schmincke (1967b). It var'ies in thickness from 0 to almost 46 m i n the 
Cold Creek sy ncline area (Fi9. 3-15). 

The texture of the flows is med ium to fi ne gra i ned with abundant 
mi crophenocry sts of plagioclase. Where lava ponded, the flows exhibit a 
coarse-grained texture. Both flows {Table 3- 2} fit the Elephant Mountain 
chemical type of Wright and others (1973). 
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Choi nier and Swanson (1979) and Rietman (1966) reported that the 
Elephant Mountain Member has transitional to normal magnetic polarity. 
Van Alstine and Gillett (in press) sampled surface exposures and found 
that both fl ows yielded a mean decli nation of 133.20 and a mean 
i nclination of -39.20 (Table 3-3). 

The Elephant Mount ain Member is stratigraphically younger than the 
Rattlesnake Ridge interhed, but in many areas, an invasive relationship 
between basalt and sediment has been observed. Both Elephant Mountain 
Member flows pinch out in the northwest part of the Col d Creek syncline 
(Fig . 3-10). The member is thicker in the eastern part of the Cold Creek 
syncline area and thins toward Rattlesnake Mountain . The lower Elephant 
Mountain flow has a greater lateral extent than the upper flow (Ward Gap 
flOW), but pinches out before reaching the OB-ll/0B-12 area (Fig. 3-10). 
The Elephant Mountain Member defines the top of basalt (TOB) in the 
western Cold Creek syncline area. 

ICE HARBOR MEMBER 

The Ice Harbor Member is the youngest member of the Saddle Mountains 
8asalt present in the Pasco Basin and was erupted f~ vents on the east 
side Of the basin 8.5 mybp (McKee and others, 1977). The member consists 
of three flows (Fig. 3-1): (1) Basin City, (2) Martindale, and (3) Goose 
Island. The flows of the Ice Harbor Member are generally no >30 m thick. 

The flows are typi cally fine to medium grained with glomerocrysts and 
phenocrysts of olivine, plagioclase, and clinopyroxene. The overall pe
trography of the flows varies. Olivine occurs primarily in the Martindale 
and Basin City flows, while the Goose Island flow contains glomerocrysts 
of pyroxene and plagioclase. The average chemical compositions for flows 
of the Ice Harbor Member from the Pasco Basin are given in Table 3-2. 
These flows comprise three chemical types for the Ice Harbor Member 
(Swanson and others, 1979b). 

Choinier and Swanson (1979) sampled flows of the Ice Harbor Member 
for remanent magnetic polarity. They found that the Goose Island and 
Basin City flows have normal magnetic polarity, while the Martindale 
flow has reversed polarity (Table 3-3). 

Two flows of the Ice Harbor Member are present in the extreme 
sout heast portion of the Cold Creek syncline: (1) Martindale and 
(2) Goose Island. The Martindale flow is present in ODH-3 and DC-IS 
(Fig . 3-10), but the Goose Island flow is present only in the most 
northern one, DC-15. The older, Martindale, flow front controlled 
the younger, Goose Island flow. forcing it along the lower topographic 
area between the Martindale flow front and the regional paleoslope. 
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ELLENSBU\G FORMATION 

Intercalated with and overlying the flows of the Columbia River Basalt 
Group in the western and central Columbia Plateau in Washington are sedi
mentary beds of the Ellensburg Formation (Smith , 1901; Schmincke , 1964, 
1967a; Swanson and others 7 1979b). As a unit. these sediments are rela
tively thick along the western margin of the plateau and thin eastward 
onto the central Columbia Plateau. Within the Pasco Basin, Ellensburg 
sedi ments are primarily interbedded in the Wanapum and Saddle Mountains 
Basalts . The lateral extent and thickness of the sediments generally 
increase upward in the section. 

The Ellensburg Formation of the central plateau is composed of two, 
major, and distinct lithologies of different provenance (Schmi ncke. 1964, 
1967aj Swanson and others, 1979b). One includes volcaniclastic sediments 
deposited as ashfall and by tributary rivers flowing onto the central 
plateau. The other includes clastic, plutonic, and metamorphic rock 
derived from Rocky Mountain terrain that was carried onto the plateau by 
westward-flowing, ancestral rivers. These two, major lithologies OCCur 
either as distinct or mixed deposits within the Ellensburg Formation of 
the Pasco Basin. 

The nomenclature used for the individual interbeds within the Ellens
burg Fonmation in the Cold Creek syncline is informal and is based on 
upper- and lower-bounding basa lt flows (Fig. 3-1). Therefore, discussions 
of individual units are restricted to those units with consistent upper
and lower-bounding flows. 

VANTAGE INTERBED 

The Vantage i nterbed is comprised of sed iments lying between the 
Frenchman Springs Member of the Wanapum Basalt and the Sentinel Bluffs 
sequence of the Grande Ronde Basalt in the Pas co Basin. Thi s interbed is 
the lowest, relatively continuous, Ellensburg unit in the Pasco Basin. 
The Vantage interbed is ~24 m thick in the northwestern Pasco Basin, but 
thins to the southeast and locally pinches out (Fig . 3-16). The north
western area probably represents a low that formed between the regional 
paleoslope and the Hog Rench structure , which was a topographic high 
during Grande Ronde time. Saprolite formed on the Grande Ronde Basalt 
beyond the area of sedimentation during this time. 

The thicker sequences of Vantage consist of arkosic sandstone locally 
containing thin, clay stringers with a clay cap. The thinner sequences of 
Vantage consist of clays which are altered tuffs. 
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MABTON INiERBEO 

The Mabton interbed is stratigraphically below the Umatilla Member 
and above the Priest Rapids Member in the Pasco Basin. The Mabton 
interbed is thickest in the central Pasco Basin area and thins in all 
directions (Fig. 3-17). Vertical lithologic and textural changes in the 
Mabton 1nterbed are relatively uniform. From top to bottom, the interbed 
generally consists of (1) a well-indurated, lapilli tuffs tone, locally 
baked; (2) a fine-grained, tuffaceous , clayey quartzitic sandstone; (3) a 
quartz;t1 c to arkosic sandstone with interlayered, tuffaceous sandstones 
and siltstones; and (4) commonly a thin, basal, silty clay . 

COLO CREEK INiERBEO 

The Co ld Creek interbed refers to the sequence of Ellensburg sedi
ments that occur stratigraphically between the Esquaztel and Umatilla 
Members of the Saddle Mountains Basalt . The Asotin Member partially 
controlled the distribution of part of the Co ld Creek interbed. Three 
separate units of the interbed are identified on the basis of bounding 
flows. These intervals are the umatil1a-Esquaztel, umatil1a-Asotin~ and 
Asotin-Esquatzel intervals. 

Umatllla-Esguatzel Interval 

The Umati lla-E squatzel interval is the thickest interbed and has the 
largest areal extent (Fig . 3-18). This interval is divided into two tex
tural facies: (1) a finer grained~ tuffaceous sandstone facies and (21 a 
coarser sandstone and conglomerate facies with tuffaceous siltstone and 
c lays. The coarser grained facies follows an arcuate trend that is sub
parallel to the flow front of the Asotin Member. The coarser grained 
facies represents the high-energy, main channel of a fluvial sys tem which 
is interpreted to have flowed parallel to the flow front of the Asotin 
Member. 

Umatilla-Asotin Inter val 

The Umatilla-Asotin interval which has a small. lateral extent 
(Fig . 3-19) is generally thin, <6 m, or not present. Where present, 
the unit is composed chiefly of tuffaceous si ltstones and tuffaceous 
claystones. 

Asotin-Esguatzel Interval 

The Asotin-Esquatzel interval is generally thin «3 m), but in the 
vic inity of DB- 15 along the southern margin of the interval. it thickens 
to 29 m (Fig. 3- 20). North and south of Gable Mountai n the interval 
consists of tuffs and cl ay, arkosic to quartzose sand stones, and basaltic 
conglomerates. The interbed is not present along the Gable Mountain 
structure. 
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SELAH INTERBEO 

Interbedded between the Esquatzel and Pomona Members of the Saddle 
Mountains Basalt is the Selah interbed (Fig. 3-21), The lateral extent 
of the Selah interbed ;s restricted by the lateral extent of the Esquatzel 
Member. Lithologically and texturally, the interbed is a variable mixture 
of silty or sandy. vitric tuff, arkosic sands, tuffaceous clays. and lo
cally thin stringers of predominantly basaltic gravels . The upper portion 
of the Selah interbed 1s a vitric tuff commonly fused to a perlit;c vitric 
tuff by the overlying Pomona Member. Opaline silica and pepperite are 
COrTman at the Pomona contact . In the northwestern Pasco Basin, sediments 
judged to be equivalent 1n age to the Selah of the central Pasco Basin 
consist of conglomerates containing plutonic and metamorphic clasts. 

RATTLESNAKE RIOGE INTERBEO 

The Rattlesnake Ridge interbed (Fig. 3-22) is bounded by the overlying 
Elephant Mountain Member and the underlying Pomona Member. The interbed 
is present throughout the Pasco Basin, except locally on portions of 
structural ridges. In the Pasco Basin, the Rattlesnake Ridge interhed 
varies up to 33 m in thickness and can be divided into three facies based 
on lithology and texture. The first facies occurs in the central Cold 
Creek syncline area and generally consists of three units: (1) a lower 
clay or tuffaceous sandstone; (2) a middle, micaceous-arkosic and/or tuf
faceous sandstone; and (3) an upper, tuffaceous siltstone or tuffaceous 
sandstone. The second facies is a single, tuffaceous, sandstone-to
siltstone unit and occurs where the interbed is relatively thin . The 
third facies occurs on the northwestem margin of the Pasco Basin. Here, 
the Rattlesnake Ridge interbed generally consists of three units. The 
upper til«) units are similar in texture and lithology to the first facies . 
The lower unit, however . is a conglomerate with plutonic and metamorphic 
clasts. On Yakima Ridge, the Rattlesnake Ridge interbed thins with only 
the upper tuffaceous unit and. locally, the conglomerate unit present. 

LEVEY INTERBEO 

The Levey interbed is defined as the sediments between the Ice Harbor 
and Elephant Mountain Members of the Saddle Mountains Basalt. These sedi
ments are the youngest Ellensburg sediments in the Pasco Basin and are 
found throughout the southeastern Pasco Basin fnom DC-IS to Wallula Gap 
and from Ice Harbor Dam to Red Mountain (Fig. 3-23). Along its northern 
extent, the Levey interbed is a tuffaceous sandstone which is known to be 
5 to 9 m thick. Exposures of Levey interbed along the southern and western 
margins of the Pasco Basin are <6 m thick and consist of a fine-grained, 
typically tuffaceous silt or siltstone. The Levey interbed has been 
locally oxidized by the overriding Ice Harbor flow{s). 
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MEMBER THICKNESS VARIATIONS IN THE 
RE FERENCE REPOSITORY LOCATION 

The members of the Wanapum Basalt show very little thickness variation 
across the RRL (Fig . 3-2 and Table 3-4). Both the Reza and Priest Rapids 
Members have northwest-southeast thickness trends across the area, but the 
Frenchman Springs Member shows no apparent pattern. The total thickness 
variation for an individual member is <10 mt with the Frenchman Springs 
Member having the most (10 m) and the Roza Member having the least (3 m) . 

Considerably more variation in thicknesses of individual members 
occurs in the Saddle Mountains Basalt (Table 3-4) across the RRL. The 
Umatilla Member has 20 m of variation across the area . with an abrupt 
change along a northwest-southeast trend in the northeast part of the 
area. The thickness is relatively constant across the rest of the RRL. 
The Wilbur Creek , Asotin, and Ice Harbor Members are not present in this 
area . There is a lS-m- thickness var iation in the Esquatzel Member along 
a northeast-southwest trend 1n the RRL . The Esquatzel Member 1s t hicker 
in the northeast part of the RRl and thinner in the southwest. The Pomona 
Member has only 10 m of variation and this occurs along a northeast
southwest trend. There is an anomalous area of thinning near OC-3 
(Fig. 3-2) which has an apparent northwest-southeast trend. The Ele
phant Mountain Member has a 21-m-thickness variation across the RRL, also 
with a northeast-southwest trend. The Elephant Mountain Member thickens 
across the zone of thinning in the Pomona Member near OC-3 . This member 
is relatively consistent across the rest of the area . 

TABLE 3-4. Variation of Member Thickness in the 
Reference Repository Location . 

Hemb ~r Thickness trend 

Elephant Mountain NE-SW 

Pomona NE-SW 

Esquatzel No"" 

Asotin Hone present 

Wilbur Creek None present 

Umat ilia NW-SE 

Priest Rapids HW- SE 

Roza NS to NW-SE 

Frenchman Springs None apparent 

• Th lckness rang~ 
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1 to 3 m 
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MODEL Fffi THE EMPLACEMENT OF WP.NAPUM AND 
SADDLE MOUNTAINS BASALT FLOWS 

The lateral extent and thickness variations among individual flows of 
the Wanapum and Saddle Mountains Basalts in the Pasco Basin are the product 
of the collective interplay of four factors: (1) volume of each flow t~at 
entered the basin, (2) location of flow marg i ns of previously emplaced 
flows, (3) effect of uplift and subsidence, and (4) regional pa1eos10pe. 
The flow eruption and emplacement rate and rate of uplift and subsidence 
are so close ly related that a detailed evaluation of the f low history and 
structural development of the basin during the late Miocene is possible. 

Based on the extent and thickness variations of the basalt flows, it 
is apparent that the Pasco Basin and Cold Creek sync line were active struc
tural feature s by at least the begi nning of Wanapum time. The combined 
rate of uplift and subsidence in the Pasco Basin was calculated for the 
period of time over which the Wanapum and Saddle Mountains Basalt flows 
were erupted (Reidel and others, 1980) and found to be <80 m/million years . 
An assessment of the contribution of uplift versus subsidence was made by 
extrapolating Swanson and others' (1975) regional paleoslope i nto the 
Pasco Basin, and using the extrapolated surface of thi s paleoslope as a 
datum. Based on this datum, both the rates of uplift and subs idence were 
found to be <40 m/million years. These low upl ift and subsidence rates 
combined with a re lat ively rapid eruption rate for the Wanapum Basalt 
indicate that only a small amount of re li ef on the Yakima fold structures 
was present when flows of this formation were emplaced. These rates also 
indicate that any structural relief existing and developing in Grande 
Ronde time would have been obscured by the large volume of lava which was 
erupted over a short period of time . A much greater length of time 
occurred between the erup tion of Sadd le Mountains Basalt flows, allOWing 
more relief to develop along the structures during periods of volcanic 
Quiescence. Consequently, the topography exerted greater contro l on the 
thickness and distribution of Saddl e Mountains Basalt flows (Fig. 3-10). 

The westward-dipping, regional paleoslope also controlled the extent 
and thickness of the flows that entered the Pasco Basin. Typically, the 
thicknesses of flows with large volumes that entered the Pasco Basin and 
ponded against the Vakima fold structures were controlled more by the 
topographic relief on structures than by other flows. As a flow ponded 
against a structure, the eastern flow margin encroached on the paleoslope 
until the topography was buried and the lava could flow unhindered down 
the pa1eos lope. 

The volume of the individual eruptions contributed significantly to 
the i r lateral extent. Flows of great volume were typically able to bury 
the topography. so their lateral extent was nearly unaffected. The extent 
of flows with volumes that cou ld not f ; 11 the basin were significantly 
aff ec ted by the topography produced by grOWl ng struc tures and prev i ous 
flows. The Wilbur Creek, Asotin. Esquatzel. and Ice Harbor Members were 
of such a suffiCiently low volume that they were greatly affected by the 
topography. The margins of previous flows combined with the existing 
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structural relief to produce channels. These channels controlled stream 
drainage during the eruption of flows and after the f lows were emplaced. 
As a result, each new flow ponded in low areas caused by the edges of 
previous flows, the structural relief~ and the paleoslopes . The extent 
to which a flow spread beyond these low areas was controlled by the volume 
of lava available. 

Unconformities between the basalt flows of the Co ld Creek syncline 
are of two types: (1) angular unconformities and (2) paraconformities. 
The angular unconformities resulted from onlap of basalt flows onto struc
tural ridges on the margins of the Cold Creek syncline. Gentle tilting of 
the basalt flows occurred as the ridges grew and, as younger flows were 
emplaced. they onlapped the ridges at relatively shallow angles. Angular 
unconformities « 100) were produced between successive flows. In the 
central part of the Co ld Creek syncline, very little structural rel ief was 
produced, but other previously mentioned factors caused limitations on the 
extent of the flows. Here , paraconformities are the predominant uncon
formity; these occur predominantly between the Saddle Mountains Basalt 
flows. 

The overall geometry of the voluminous flows fits the present geometry 
of the Cold Creek syncline. The present structural asymmetry of anticlines 
with steep north flanks and gentle south flanks is reflected in the thick
ness distribution of the large-volume flows that filled a similar shaped 
basin in Wanapum and Saddle Mountains time. The thickest parts of the 
flows are on the south side of the syncline. with thinning over Rattlesnake 
Mountain and the subsurface extension of Yakima Ridge. and with a gradual 
thinning toward the Umtanum Ridge-Gable Mountain trend. The westward
dipping paleoslope and the geometry of the f lows suggest that the asvnmetry 
of the present structural ridges is probably Similar to the geometry of 
the ridges in Wanapum and Saddle Mountains time, except that the Miocene 
Cold Creek syncline had less relief. 

SUMMARY ANO CONCLUS IONS 

Basic infonnation on the stratigraphy of the Wanapum and Saddle 
Mountains Basalts has been derived from a study of surface exposures and 
core and chip samples from drill holes. The Wanapum Basalt consists of 
three members in the Pasco Basi n: (1) Frenchman Springs, (2) Roza, and 
(3) Priest Rapids. The Vantage interbed separates this formation from the 
underlying Grande Ronde Basalt. The petrographic characteristics. 
combined with distinct chemical differences, permit easy distinction of 
the Wanapum Basalt from the Grande Ronde Basalt. The Wanapum Basalt 
(13.5 to 14.5 million years old) is thickest i n the central area of the 
Cold Creek syncline, but thins from west to east and over both the Rattle
snake Mountain and Umtanum Ridge-Gable Mountain structures. 
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The Saddle Mountains Basalt consists of seven members in the Pasco 
Basin: (1) lInatilla, (2) Wilbur Creek, (3) Asotin, (4) Esquatzel, 
(5) Pomona, (6) Elephant Mountain, and (7) Ice Harbor. With the excep
tion of the Wilbur Creek Member. all members are present in the Cold Creek 
syncline area. The Saddle Mountains Basalt in the Pasco Basin ranges in 
age from 13.5 to 8.5 mybp. 

The Sadd le Mountains Basalt flows were extruded over a much greater 
interval of time than the flows of any other formation of the Columbia 
River Basalt Group and contain a wide diversity of petrographic charac 
teristics, chemical types, and magnet iC inclinations. Thickness varia· 
tions in the Saddle Mountains Basalt are greater and more complex than in 
the Wanapum Basalt because of: (1) thinning over s tructures ~ (2) greater 
time between eruptions, and (3) limited extent of many flows. 

Intercalated with and overlying the fl ows of the Columbia River 
Basal t Group are sedimentary beds of the Ellensburg Formation. Within 
the Pas co 8asin~ Ellensburg sediments primarily occur interbedded in the 
Wanapum and Saddle Mountains Basalts . The latera l extent and thickness 
of the sediments generally increase upward in the section. 

The Ellensburg Formation of the central plateau is composed of two 
major and distinct lithologies of different provenance. One incl udes 
volcaniclastic sediments deposited as ashfall and by tributary r ivers 
flowing on the central plateau. The other includes clastic~ plutonic, 
and metamorphic rock derived from Rocky Mounta in terrain that was carried 
onto the plateau by westward-flowing ancestral rivers. These two major 
litho logies occur either as distinct or mixed deposits within the 
Ell ensburg Formation of the Pasco Basin. 

The lateral extent and thickness variations among individual flows of 
the Wanapum and Saddle Mountains Basalts in the Pasco Basin are the product 
of the co ll ective interplay of four factors: (1) volume of each flow that 
entered the basin, (2 ) location of flow margins of previous ly emplaced 
flows , (3) effect of uplift and subsidence, and (4) regional paleoslope . 
The flow eruption and emplacement rate and rate of upl ift and subsidence 
are so closely related that a detailed evaluation of the flow history and 
structural devel opment of the basin during the l ate Miocene is poss ib le. 

Based on the extent and thickness variations of the basalt flows, 
it is apparent that the Pasco Basi n and Co 1 d Creek sync 1 ; ne were ae t i ve 
st ructural features by at least the beginning of Wanapum time. The rates 
of uplift and subsidence in the Pasco Basin were cal culated for the period 
of time over which the Wanapum and Saddle Mountains Basalt flows were 
erupted and the rates of uplift and subsidence were found to be <40 m/ 
million years. These low uplift and subsidence rates~ combined with a 
relatively rapid eruption ra te for the Wanapum Basalt, indicate that only 
a small amount of relief on the Yakima fold structures was present when 
flows of this formation were emplaced . These rates also indicate that any 
structural relief existing and developing in Grande Ronde time would have· 
been obscured by the large vo lume of lava which was erupted over a short 
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period of time. A much greater length of time occurred between the erup
tion of Saddle Mountains Basalt flows, allowing more relief to develop 
along the structures during periods of volcanic quiescence. Consequently, 
the topography exerted greater control on the thickness and distribution 
of Saddle Mountains Basalt flows. 

The present structural asymmetry of anticlines with steep north 
flanks and gentle south flanks is reflected in the thickness distribution 
of the large-volume flows that filled a similar- shaped basin in Wanapum 
and Saddle Mountains time. The thickest parts of the flows are on the 
south side of the syncline . with thinning over Rattlesnake Mountain and 
the subsurface extension of Yakima Ridge and a gradual thinning toward the 
Umtanum Ridge-Gable Mount ain trend. The westward-dipping paleoslope and 
the geometry of the flows suggest that the asymmetry of the present 
structural ridges is probably similar to the geometry of the ridges in 
Wanapum and Saddle Mountains time, except that the Miocene Co ld Creek 
syncline has less relief. 
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