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ABSTRACT 

The Basalt waste Isolation Project was established in 1976 as part of 
the National Waste Terminal Storage Program, now the Office of Civilian 
Radiation Waste Management Program. The objective of the project is to 
assess the suitability of the Columbia River Basalt Group on the Hanford 
Site as a repository medfum for disposal of co!Mlercial high-level 
radioact've waste. As part of the geotechn1cal characterization activities, 
the projcc~ has been studying the stratigraphy of the basalt and associated 
sedimentary sequences and the structural evolution of the Columbia Plateau. 
Included in these studies is the investigation of the effects of deformation 
and volcanism on development of stream courses of the Columbia River system 
on the plateau over the past 17 million years. This investigation is part 
of on-going studies to understand the geologic history of the Columbia 
Plateau as it relates to the siting of a repository on the Hanford Site. 

Over the last 17 million years, stream courses of the Columbia River 
system within the Washington State portion of the Columbia Plateau have 
evolved primarily as a result of the effects of volcanism and deformation. 
Repeated eruptions of Columbia River basalt in early to middle Miocene time 
formed a vast basaltic plain and obliterated the prebasalt drainage system. 
Major streams during this interval were flowing westward, apparently near 
the periphery of the evolving plateau ar,-1 through a broad lowland in the 
ancestral Cascade Range generally south of the present-day Columbia River 
Gorge. Stream courses were controlled regionally by the westward dipping 
Palouse Slope and the constructional topography of Grande Ronde flows and 
locally by emerging structural topography. In middle Miocene time, a 
similar drainage system existed on the plateau that was periodically altered 
by eruptions of Wanapum Basalt. In middle to late Miocene time, major 
streams formed a well-integrated river system that flowed in a centripetal 
pattern from the surrounding highland across regional paleoslopes and into 
the central plateau. In the central plateau, the stream courses were 
controlled by the topographic relief of developing structures and 
constructional topography formed as the result of eruptions of Saddle 
Mountains Basalt. The major streams joined in the central plateau and 
flowed westward through an ancestral Columbia River Gorge in the ancestral 
Cascade Range. · 

rn late Miocene time, following the Columbia River basalt eruptive epi­
sode, stream courses were controlled on a regional basis by the major paleo­
slopes and locally by develoi 'ng structural basins. \~ater gaps developed 
through structural ridges bounding the basins. Streams deposited thick 
sedimentary sequences in the basins until about the middle Pliocene, when 
streams began a period of degradation. Major aggradational and degrada­
tional events are postulated to be the result of base level changes that may 
have resulted from Cascadian volcanism near the present-day Columbia River 
Gorge. 

During the Pleistocene, glaciers that impinged on the northern Columbia 
Plateau and catastrophic flooding that emanated from ice margins and pluvial 
lakes obliterated much of the secondary drainage and caused temporary or 
minor changes to the major stream courses on the Columbia Plateau. 
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INTRODUCTION 

The Basalt Waste Isolation Project (BWIP) is investigating the fea­
sibility of using a thick, layered sequence of the Columbia River basalts in 
south-central Washington as a host medium for high-level radioactive waste 
disposal. This project is sponsored by the U.S. Department of Energy (DOE) 
in conjunction with the Office of Civilian Radioactive Waste Management as 
mandated by the Nuclear Waste Policy Act of 1982. Rockwell Hanford 
Operations (Division of Rockwell International) serves as the prime 
contractor to the DOE for operating the BWIP. 

This investigation is part of geotechnical studies designed to develop 
an understanding of the geologic history of the Columbia Plateau. The 
objective of this investigation is to determine the effects of deformation 
and volcanism on stream courses of the Columbia River system on the Columbia 
Plateau over the past 17 million years. 

The present-day Columbia River system drains an area of ~670,000 km2 
and covers portions of seven states in the northwestern United States and 
part of southern British Columbia, Canada. The system drains the 
intermontane basin between the Rocky Mountains and the Cascade Range. In 
the heart of the intermontane basin, the Columbia River and two of its major 
tributaries, the Snake and Yak;ma Rivers, flow across basaltic terrain of -
the Columbia Plateau (fig. 1). On the plateau these rivers flow across 
broad sediment-filled basins and valleys, and through spectacular water gaps 
and gorges deeply entrenched into the basaltic ridges and highlands. 
Exposed in and overlying the basalt sequence are extensive fluvial and 
lacustrine sediments, buried paleochannels and paleocanyons, and hyaloclas­
tites and pillowed basalts that mark the courses of earl i er streams and the 
presence of ancestral lakes . These features, often many kilometers away 
from present river courses, suggest a long and complex history of drainage 
development on the Columbia Plateau. 

Since the late lBOOs geologists have studied the paleodrainage of the 
Columbia River system on the Columbia Plateau. Earlier workers, notably · 
Willis (1887), Smith (1901, 1903), Bretz (1923, 1959), Warren (1941), Waters 
(1955), Mackin (1961), and Bond (1963), provided important observations and 
discussed the position and age of river courses before many of the strati­
graphic details of the Columbia Plateau had been unraveled . It 1s important 
to note that many of their interpretations are still valid today. Recent 
advances i n strati~ aphy of the Columbia River Basalt Group have led to a 
better understanding in the position and age of ancestral stream courses 
within Washington State (Schmincke 1964, 1967a; Swanson et al. 1979a, 1979b, 
1980; Myers/Price et al. 1979; Rigby et al. 1979). To date, the most 
definitive studies of paleostream courses on the plateau are by Schmincke 
(1964, 1967a) in the western and central plateau and by Swanson and Wright 
(1976, 1979), Swanson et ai. (1979b, 1980), and Camp {1981) in the eastern 
plateau. 
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Figure 1. Location and Physiographic Map of the Northern Part of the Columbia River Basalt 
Province, with Map Legend and Letter and Number Keys. {sheet 1 of 4) 
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LEGEND 
!FOR FIGURES 1 AND 3 THROUGH 131 
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Figure 1. Legend fnr Figures 1. and 3 through 13. (sheet 2 of 4} 
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RIVERS AND LAKES 

A SNAKE 10 SENTINEi. GAP 40. COLUMBIA RIVER 

8 CLEARWATER 11 WAHLUKE SYNCLINE 
GORGE 

C PALOUSE 12. PASCO BASIN 
41 DEVIL'S CANYON 

D ST. MARIES 13. PASCO SYNCLINE 
42. SPOKANE 

E ST JOE 14 RATTLESNAKE 
43 REVERE 

MOUNTAIN 44. M~C.ALL ;. SPOKANE 
1 S, WAI.LULA GAP 46, MARENGO 

G COLUMBIA 
16. WALLA WALLA BASIN 46 LOWER MONUMENTAL 

H SANPOIL DAM 
17 NANEUM RIDGE 

NESPELEM 47, OLD MAID COULEE 
18. KITTITAS BASIN 

J OKANOGAN 48. WARDEN 
19, MANATASH RIDGE 

K METHOW 49. WALLA WALLA 
20. HOG RANCH 

L LAKE CHELAN STRUCTURE SO. PENDLETON 

M ENTIAT 21 . YAKIMA CANYON 61 . WENATCHEE 

N WENATCHEE 22. UMTANUM RIDGE 52. ELLENSBURG 

0 YAKIMA 23. CLEMAN MOUNTAIN 63, CRESCENT BAR 
p WENAS CREEK 24, COWICHE MOUNTAINS 64. GEORGE 

a NACHES 25. SELAH GAP 55. WINCHESTER 

R TIETON 26. YAKIMA RIDGE 
WASTEWAY 

s KLICKITAT 27. BLACK ROCK VALLEY 
56. PRIEST RAPIDS DAM 

WALLA WALLA 67. YAKIMA T 28. SUNNYSIDE GAP 

u GRANDE RONDE 58. SUNNYSIDE 
29. RATTLESNAKE HILLS 

59. PROSSER 

LOCATIONS AND FEATURES 30. AHTANUM RIDGE 
60. CHANDLER 

1. JOSEPH PLAINS 31 . UNION GAP 
61. PASCO 

2. NEZ PERCE PLATEAU · 32. TOPPENISH BASIN 
62, GOLDENDALE 

3 LEWISTON BASIN 33. TOPPENISH RIDGE 
63 MALDEN 

4 TROY BASIN 34 SNIPES MOUNTAIN 
64, BADGER COULEE 

5. UNIONTOWN PLATEAU 35. SATUS BASIN 
65, WATERVILLE PLATEAU 

6 l sEZLEY HILLS 36. HORSE IIEAVEN HILLS 
66. COLUMBIA VALLEY 

7. OUINCY BASIN 37. SATUS PASS 
67. CHENEY-PALOUSE 

8. FRENCHMAN HILLS 38. SIMCOE MOUNTAINS SCABLAND TRACT 

9. SADDLE MOUNTAINS 39. UMATILLA BASIN 68. YAKIMA BLUFFS 

Figure 1. Letter and Number Key. (sheet 3 of 4) 
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- RIVERS AND LAKES 
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BEEZLEY HlllS - 6 PENDLETON -50 
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WINCHESTER 
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Figure 1. Alphabetical Key (sheet 4 of 4) 
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The purposes of this paper are to (1) summarize the geologic evidence 
for ancestral stream courses, (2) present the Neogene and Pleistocene evolu­
tion of the Columbia River drainage system, and (3) demonstrate the dynamic 
interaction ~etween geologic events and paleodrainage on the Columbia 
Plateau of Washington State since the onset of Columbia River basalt volca­
nism ~11 m.y.B.P. Emphasis throughout the paper 1s placed on south-central 
Washington and on post-middle Miocene units where the authors have been con­
ducting extensive field studies. The paper builds on previous observations 
of paleostream deposits and their inferred courses, and attempts to deli­
neate the main courses of ancestral streams and define the geomorphlc and 
structural features that have controlled the positions of ancestral streams. 

GENERAL STRAT[GRAPHIC RELATIONS 

The Columbia Plateau is composed of a series of _ thick Miocene tho­
leiitic basalt flows that are, in places, interbedded with and overlain by 
elastic sediments of Miocene age and younger (fig. 2). The basalt flows 
collectively form the Columbia River Basalt Group that consists of five 
formations, four of which are exposed in Washington State: the Imnaha, 
Grande Ronde, Wanapum, and Saddle Mountains Basalts (Swanson et al. 1979a). 
The lmnaha Basalt is restricted to exposures along the Snake River Canyon, 
whereas Grande Ronde, Wanapum, and Saddle Mountains Basalts occur throughout 
much of the Columbia Plateau. Sedimentary rocks of Miocene age interbedded 
with the basalt in Washington State are designated as the Ellensburg 
Formation (Smith 1901, 1903) in the western and central plateau (Waters 
1955; Mackin 1961; Schmincke 1964, 1967a, 1967b; Waitt 1979; Swanson et al. 
1979b) and the Latah Formation and related sediments along the eastern 
margin of the plateau (Pardee and Bryan 1926; Kirkham and Johnson 1929; 
Griggs 1976). In the western plateau, the Ellensbu~g Formation, in part, 
overlies the basalt sequence (Russell 1893; Smith 1901, 1903; Waters 1955; 
Schmincke 1967a, 1967b). 

Overlying the Columbia River Basalt Group and ~iocene sedimentary rocks 
in topographic and structura 1 lows of ~lashington are the Miocene-Pliocene 
Ringold Formation in the Quincy and Pasco Basins (Merriam and Buwalda 1917; 
Newcomb et al. 1972; Grolier and Bingham 1978; Tallman et al. 1981}; an "old 
gravel and claytt unit in the Walla Walla Basin (Newcomb 1965); the Pliccene 
Thorp Gravel in the Kittitas Valley (Waitt 1979); gravels equivalent i~ 
lithology and age to the Thorp Gravel in the Yakima Valley (Bentley 1977; 
Rigby et al. 1979; Campbell 1983) and gravels of the Lewiston Basin (\iebster 
et al. l9B J. .-'/ 

The Quaternary strat1graphy is dominated by Pleistocene glacial 
oeposits along the northern margin of the plateau and glaciofluvial deposits 
that occur in topographic lows of the plateau and in the Channeled Scabland 
of the eastern plateau (Bretz 1923, 1959; Baker 1973; Baker and Nummedal 
1978; Rigby et al. 1979; Myers/Price et al. 1979; Waitt 1979). Flooding 
rlo~m the Snake River Canyon In the late P 1 e is tocene from Lake Bonnev 111 e 
resulted 1n deposition of gravel in the Lewiston Basin area (Swanson 1984). 
Loess and dune sand of Pleistocene and Holocene age blanket most of the high 
terrain of the plateau {Russell 1893, 1901; Fryxell and Cook 1964; Rigby 
et al. 1979). 
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BASALT SEQUENCE 

Tim LOWER MONUMENTAL MEMBER 

Tih ICE HARBOR MEMBER 

Tern ELEPHANT MOUNTAIN MEMBER 

Tp POMONA MEMBER 

Te ESOUATZEL MEMBER 

Ta ASOTIN MEMBER 

Tw WILBUR CREEK M':MBER 

Tu UMATILLA MEMBER 

Tpr PRIEST RAPIDS MEMBER 

Tr ROZA MEMBER 

Tl FRENCHMAN SPRINGS MEMBER 

Tek ECKLER MOUNTAIN MEMBER 

Tgr · GRANDE RONDE BASALT UNDIFFERENTIATED 

Ti IMNAHA BASALT UNDIFFERENrlATED 

CRBG - COLUMBIA RIVER BASALT GROUP 

SMB - SADDLE MOUNTAINS BASALT 

WB WANAPUM BASALT 

GRB · GRANDE RONDE BASALT 

18 IMNAHA BASALT 

SEDIMENTARY SEQUENCE 

Ogd GLACIAL DEPOSITS 

Old PROGLACIAL FLOOD DEPOSITS 

Oep . EARLY PLEISTOCENE STREAM DEPOSITS 

Qeg CLARKSTON GRAVELS 

Tt THORP GRAVEL 

Ttt THORP-TYPE GRAVEL 

Trf · RINGOLD FORMATION 

Tge - .. OLD GRAVEL AND CLAY '" UNIT 

Tsm - SNIPES MOUNTAIN CONGLOMERATE 

Teg · CLEARWATER GRAVELS 

Teh - CLARKSTON HEIGHTS GRAVEL 

Tnl - NORTH LEWISTON GRAVEL 

TI · LEVEY MEMBER 

Trr - RATTLESNAKE RIDGE MEMBER 

Ts - SELAH MEMBER 

Tee - COLD CREEK MEMBER 

Tma - MABTON MEMBER 

Tse - SQUAW CREEK MEMBER 

Tv VANTAGE MEMBER 

Tui - UNNAMED INTERBEDS 
IN CLEARWATER EMBAYMENT 

Tlf LATAH FORMATION 

Tit - LATAH -TYPE DEPOSITS 

Tel ELLENSBURG FORMATIO N 

Figure 2. Nomenclature. (sheet 2 of 2) 
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IDENTIFICATION OF STREAM COURSES 

Ancestral stream courses on the Columbia Plateau are delineateJ using 
the distribution, texture, and composition of fluvial sequences, as well as 
erosional features, intracanyon flows, hyaloclastites, and pilloded basalts 
associated with the basalt sequences. Stream courses are most commonly 
delineated based on the distribution of fluvial sediments, which occur 
either as narrow and well-confined channel deposits or as broad extensive 
sheets. Commonly found within the laterally extensive fluvial sediments are 
narrow trains of gravel that are inferred to mark the main channels of 
ancestra l streams. The composition of the detrital sediments i s used to 
determine the general provenance of the headwaters of major streams and 
their tributaries. Volcaniclastic sediments were derived princ ipally from 
the volcanic terrain of the southern and central Cascade Range to the west 
of the plateau. Sediments composed mainly of plutonic and metamorphic 
debris were derived from the northern Cascade Range, the Okanogan ~ighlands 
to the north of the plateau, and/or the foothills of the Rocky Mountains to 
the east of the plateau. Metabasalt clasts present in interbeds and supra­
basalt sediments in the Lewiston area, on the Palouse Slope, and locally in 
the central Columbia Plateau serve to distinguish the major streams draining 
the northern and northeastern Columbia Plateau from major streams draining 
the eastern plateau. Fluvial deposits composed mostly of basaltic sediments 
are generally assumed to have come from streams that orig i nated on the 
plateau or whose drainage area is m~stly within the plateau. 

In places, narrow steep-walled canyons have been carved i nto the basalt 
by streams. Ancestral canyons eroded into basalt were particu larl y common 
in the eastern plateau of Washington during the middle to late Miocene 
(Swanson et al. 1980; Camp 1981) and were later filled with lava t o form 
''intracanyon flows." Traces of the intracanyon flows are important evidence 
for defining the position of ancestral streams (Swanson and Wright 1979; 
Tolan and Beeson 1984). During the Pleistocene, narrow steep-wa lled canyons 
were also scoured into the basalt by catastrophic glaciofluvial floodwaters. 
These channels generally remain only partially filled with sed iments and 
form the anastomosing channel s of the Channeled Scabland (Bretz ·923). 

The intraflow character of basalt units also indicates the presence of 
ancestral streams or lakes. Hyaloclastites and pillowed basa l ts ~nat 
resulted from the rapid quenching of lava upon entering water (Fuller 1931: 
l~aters 1960) are common to many flows in the northern and western Columbia 
Plateau. The areal extent of these features aids in defining the oosition 
of ancestral streams or l ~~es and has been particularly usefu i i n defining 
major stream drainage du r .ng the emplacement of Grande Ronde and .~anapum 
Basalts. However, hyaloclastites and pillowed basalts are not commo nl y 
associated with ancestral streams in the cent ral or eastern Co lumoia Plateau 
except on the immediate margin of the eastern plateau. Apparent ;y, lavas 

· that were eru pted in the eastern plateau commonly dammed the upper reaches 
of streams on the Palouse Slope and the lavas flowed down essent ial ly dry 
stream channe l s (Swanson et al. 1979b; Camp 1981). 
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CONIROL OF SlREAM COURSES 

Geo logic features control 1 ing the courses of major streams on the 
Columliia Plat eau include (1) the broad, gently dipping regional pal eoslopes , 
(2) co ns tru ctional topography developed by the emplacement of lava fl ows and 
vol caniclastic debris and, less commonly, by sedimentary sequences, and 
(3) structurally uplifted ridges and subsided synclines and basins. 

Three major paleoslopes have provided the primary control for stream 
drainage on the Columbia Plateau in Washington State: (1) the westward­
dipping Palouse Slope on the easte r n plateau, (2) the southward-dipping 
Columbia Sl ope on the north, and (3) the eastward-dipping Cascade Slope on 
the west (see fiq. 1). The Palouse Slope is the most extensive of the thr eP 
paleos lopes. Du r ing the emplacement of the Grande Ronde and Wanapu m 
Basal ts, the Palouse Slope wa s the dominant topographic feature of the 
p lateau. It extended from the foothil l s of the Rocky Mountains and ge ~tly 
dipped westward to the ancestral Cascade Range (Swanson et al. 19 790 ) . The 
Columbia Sl ope , which gently dips southward into the Pasco Basin (S chmi nck e 
1964, 1967a) formed as the result of subsidence of the centra l Col umbid 
Plateau starting at least by early to middle Miocene, but ap pa rent1y had 
little effect on stream courses until about middle Miocene. The Cas ca1e 
Slope is unde rlain by volcaniclast ic and pyroclastic debris that was 
tr anspo rted eastward frJm the ancestral Cascade Range onto the pla teau . 

Emplacement of lava flows and deposition of sedimentary detritus fo rmed 
constructional topography that forced realignment of stream courses. Basalt 
flows dammed streams and led to the development of streams runn i ng maryinal 
to f low fronts during most of the Columbia River basalt eruptive ep isode . 
In the western plateau du ring the Miocene, volcanic eruptions and eastward ­
flowing streams in the ance stral Cascade Range aggraded vo lcanic lahars and 
vol caniclasti c sedi ments out onto the plateau and into the major dra inage 
channe l. In the Ple istocene, catastroph ic floodwaters de po s i ted thi ck 
sequences of gravel tha t c logged and blocked drainages in the Pas co Bas in 
forcing streams to establish new courses. 

Fo lding on the Col umbia Plateau has resulted in the shif t i ng of stream 
courses away from develo ping structural ridges and into adjacent de ~e lop ing 
structural lows and in the entre nching of st reams into structura l id ges . 
The shift s in stream cour ses resu l ting from deformation ra\e oc curre d main ly 
a lo ng the marg ins of the plateau and i n the Yakima Fold Be l t of the ~est ern 
plateau wh er · fold ing has bee n most exte ns ive . There are ~crtions of tne 
Columbi a and Yak ima Rivers th at are antecede nt to t he uplift of the Yakima 
Folds . The antecedent stream~ have incised deep gorges arc wa ter gaps 
between structural basins. The easter n pla teau has rema ined re lati ve ly 
undeformed exce pt for th e gent le westward-dip ping Palouse Slope and the 
bas ins in southeas ter n Wash ington. Streams on the easter n pl ateau are con­
sequent fl owing essentiall y westwa rd down the Palouse Sl ope . 

10 



RHO -BW-SA-318 P 

DISCUSSION 

FARLY TO MIDDLE MIOCENE 

Grande Ronde lava erupted from fissures in the southeastern Columbia 
Plateau between 16.5 and 15.5 million years ago (McKee et al. 1977; Long and 
Duncan 1982) and inundated the intermontane basin between the Rocky 
Mountains and the ancestral Cascade Range (Smith 1901; Waters 1961; Swanson 
et al. 1979b}. Streams flowing in a centripetal drainage system into the 
intermontane basin area prior to Grande Ronde eruptions were obliterated by 
repeated advances of lava (Bond 1963; Conners 1976; Waters et al. 1981). 
Flows of Grande Ronde Basalt built constructional topography that formed a 
rather featureless westward-dipping regional paleoslope (Palouse Slope) 
(Swanson et al. 1979a; Landon et al. 1982). The constructional topography 
had sufficient relief to cause the establishment of new river courses along 
the margins of basalt flows. The rapid eruption rate of Grande Ronde Basa lt 
allowed insufficient time for development of a well-integrated drainage 
system during most of early to middle Mioc~ne time. 

Exposures of Grande Ronde Basalt on the margins of the plateau and i n 
the present-day Columbia River Gorge area exhibit colonnade-entablature 
jo inting that in places overlie pillowed basalts and hyaloclastites (Ful l er 
1931; Waters 1960; Bond 1963; Tabor et al. 1980, 1982; Tolan 1982). Vesi­
cular flow tops of Grande Ronde flows are frequently eroded. Sed imentar; 
interbeds in Grande Ronde Basalt are abundant and decrease in thickness and 
abundance from the margins onto the center of the plateau (Griggs 1976; 
Bentley et al. 1980; Tabor et al. 1980, 1982). In the central pl ateau, 
Grande Ronde Basalt is known only in deeply incised canyons and from drill 
holes. The basalt sequence is typified by colonnade-entablature joints with 
few hyaloclastites or pillowed basalts and by the relative absence of ero­
s ional features or interbeds. These observations of the internal character 
of Grande Ronde flows suggest that most major stream activity was restric t ed 
to near the margins of the plateau. There is evidence based on local va ria­
t ions of flow thickness and rare, thin sed imentary interbeds from boreho le 
data in the Pasco Basin (Raymond and Til l son 1968; Myers/Price et al. 19 79) 
to suggest the presence of local lakes and possibly small streams that 
formed a poorly-integrated drainage system in the central Columbia Pla te au 
during t he ear ly to middle Miocene. 

Sedimentary i nterbeds in th e Gr and e Ronde Basalt along the nor t heas:ern 
pl ateau form part of the ~a t ah Formation (Pardee and Bryan 1926; Grigg s 
1976) and re ·lated "Latah- :ype" units (Kirkham and Johnson 1929; Bo nd 1963 ) . 
These sediments range from c laystone t o f i ne -gr ained sandstone, wi th lam i ­
nat ed siltstone predominant. Coarse -g ra i ned sandstone and conglomera te are 
also present, but are less abundant (Griggs 1976). The sedimentary inte r­
beds are mainly composed of arkosic detr i tus derived from older crystall i ne 
t errain to the r1orth and east of the present -day plateau. Interbeds tha t 
occur along the western and nor thwestern plateau form part of the El lensburg 
Formation (Smith 1901, 1903; Mackin 1961; Waters 1955; Schmincke 1967a, 
1967b; Waitt 1979). Ellensburg sediments range from claystones to conglo-
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me r,1les with siltstone dnd s,indstonc most common. fhe Ellensburg sediments 
consist of ar kosic material in the northwe ster n pldteau and entirely volca ­
ni c l.1 sl ic mat eri,11 fdrth er west (Swr1nson 1967; Hcntley et al. 1980; T<1bor 
el al . 1980, 1982). 

Based on observations of fluvial sediments and the internal char acte r 
of l>dsalt fl ows , Grande Ronde lava dammed streams flowing from the sur ­
roundi ng high la nds, forming a deranged dra inage pattern with shallow, fresh­
water lakes devel oped behind lava flow fronts on the plateau margin. Small 
lak es , marsh es , and possibly small streams were present in the central 
platea u. Ponded water and low-energy fluv ial environments aggraded f i ne ­
grainerl sediments and formed bogs and marshes, as attested by the abundance 
of organic deb ris mi xed with fine-grained sediments. In pla ces , cont i nu ed 
drainage into lake s resulted in the format io n of streams that de posi ted 
co1rser-g rai ed sediments. The ponded water and stredms ~ere repeated y 
inundated by sub~eque nt lava flows resulting in the interca lati on ~f basalt 
and sediments . Subsequent to each eruption, strear11s during eMly t o midd le 
Miocene time ~ere probably flowing margina l to var ious basalt f lo~s in an 
oft en poorly-integrated ancestral Columbia River drainage system (f ig . 3). 
Streams in the northern and western portions of the forming plate au gene r­
a l ly flowed between the Grande Ronde Basalt margin and the south-s opi ng 
Ok anogan Hi gh ands from northern Idaho across northe rn Washington, as sug­
ges~ed by Wi lli s (1 8P7) . Here, the Columb i a River essentially has rema ·ned 
in the same positio n along the northern margin of the Colu rib ia Plat eau si nce 
i t wa s establ i shed during emplacement of Grande Ronde Basa l t. Ance s tra l 
streams continued to flow near the plateau margin southward al cng the foot­
hills of the ancestral Cascade Range, whire arkosic sands transporteo from 
north of the ~la teau apparently mi xed wi th , and were diluted by , t he ~olc a­
niclasti c and pyroclast ic sediments derived from the ancestral Cas cades 
(Swa nson 1967; Bentley et al. 1980). In the ce ntral plateau, sma ll akes 
and apparently small streams were probabl y controlled by t he Palouse Slope 
and the constructional topog raphy of basa l t flows. Streams that rl ra ·ned the 
area of the Columbi a Plateau during this t ime flowed through a broad ow in 
the ances tral Cascade Range at the pre sent -day site of Mt. Hood (Beeson and 
Moran 1979) and on to the Pacific Ocean. 

MIDDLE MIOCENE 

A hin::..; i n Columbia River basa lt volca nism at the 2rc of the Grande 
Pon~e eru ~- i ,e episode is represented by sediments of the Vantage Mem oer of 
~he El lens.iu ,,. ? Format io n (Mackin 196 1; S1-1anson et al. 1979b). \·lest ,:' he 
present -d af Dasco and Qui ncy basi ns, fluv ial sediments of t he Vantage Member 
occur bel~een the Gr ande Ro nde and Wanap um Basa lts . South and east of these 
pres ent -day oasins, a hig hly •t1eathered flov1 top, or sa proli te, caps t , e 
uppermost f low of Grande Ro nd e Bas alt (Swanson and Wrigh ~ 1976; Swan son 
et al. 19 79a ; Myers/Price et a l. 1979; Gardner et al. 1981) suggest ing ii 

lengt hy inter lu de o f rP. rhaps severa l hundred thousand years between the end 
of _he Grande Ponde volca ni c episod e and renewed Columbia Piver Basa l t 
volc anism . 
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West of the present-day Pasco and Quincy bas :ns, the Vantage Member is 
composed of fine -grained arkosic ,rnd volcc1niclc1stic sediments (Mil ckin 1961: 
Diery and McKee 1969 ; Myers/Price et al. 1979; Bentley et ,11. 1980) . The 
volcaniclast ic sediments increase in abundance westward and in the u~per 
Wenas Vall ey , the Vantage Member is composed of entirely ~0lcaniclasti c 
debris (Schmincke 1967a). This suggests that tributary streams draining the 
volcanic terruin in the ancestral Cascade Range were flowing onto the 
western portion of the forming plateau. The presence of arkosic sediments 
in th e cent ral plateau suggests that the ancestral Columbin River had been 
di~erted from near the margins of the plateau southeastward into the centra l 
plateau area (fig. 4). 

The presence of volcaniclastic sediments on the western plateau i s 
probably due ~o (1) deposition of thick sequences of debris by eastward -­
flow i ng streams from active volcanic terrain of the Cas cade Range, or 
(2) up lift of the ancestral Cascades relative to subsidence of the plateau 
as suggested by the offlap of Grande Ronde Basalt, or (3) both. 
Di stribution of sediments over mu ch of the wes tern pl ateau suggests that the 
streams probably were initially flowing over a rather broad, flat pla in 
before becoming confined to relatively narrow courses. 

The diversion of the ance stral Columbia River from its former margina l 
course to a course flowing onto the plateau near Wenatchee was origi na l ly 
interpreted to be in response to lavas spreading from two converging l ava 
flows (C ha ppe ll 1936). Subsequent workers have measured numerous north- and 
northwest - trending basalt flow directions in the northwestern plat ea~ , su~­
gesting a lava source to the south or southeast that i s consistent with the 
location of dikes for Grande Ronde Basalt in the southeastern plateau 
(Swanson e t al. 1979a). Also, mapping in the northwestern plateau has shov, n 
that feeder d ikes present in the Cascade Range and the northwest margi n of 
the present -d ay plateau are not sources for Columb i a River basalts (Swanse n 
1967). The east-dipping, foreset-be dded pillowed basal ts mapped by Chappe l 
(1936) apparently are local features and do not repres ent a lava sou rce t o 
the west (Svianson 1967). 

Another possible hypot hesis for rliv ersion of the ancestral Col ~bi a 
Rive r onto the pl at eau is uplift of the We natchee Mountains, a hypot~es·s 
that was rejected by Chappell (1936). Recen t mapping southeast of Weratchee 
suggests that the ancestral Col um bia Rive~ was diverted onto the platea u as 
a result of uplif t of the Naneum Ridge structure (Sv1anson et al. 1979c) . 
Upl ift of the Naneum Ridge structure created the Wenatch ee Mountains and the 
broad Hog~ ~nch s tr uc ture of Mack in ( 1961). Evidence for s tru ctures co n­
trolling the diversi on is found i n the thickness and composition of tre 
Va ntage Membe r sout h of Wenatchee. Fi e ld mapping has shown that the ~a nta~e 
Member th in s bo th eas t and west of the course of the prese nt- day Col~mbia 
Rive r from ( rese nt Bar to the Saddle Mountains (Gro li er 1965; Grolier and 
Bi ngham 1978; Alto 1955; Tabor et al . 1982). Loca lly , t he Vantage th ickens 
in stru ctural l ows , and thins and pinches out on structural highs where a 
Hel l -de veloped saproli te is often orese nt atop Grande Ronde Basalt . Tr.~se 
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observations are consistent with structurally controlled topography 
developing throughoL 1t the Columbia Plateau by late Grande Ronde time (Reidel 
1978; Beeson and Moran 1979; Camp and Hooper 1981; Landon et a l . 1982). 

The ancestral Columbia River, once diverted onto the plateau, appar­
ently flowed southwest across the plateau and through the Cascade Range to 
the general vicinity of present-day Mt. Hood (Tolan and Beeson 1984) (see 
fig. 4). The main stream channel followed the southwest trend i ng Mt. Hood 
syncline into western Oregon. 

Stream drainage on the plateau was abruptly changed by re newed Co l umbia 
Rive r basalt volcanism. Wanapum Basalt erupted from fissur e systems in t i1 e 
eastern Columbia Plateau in the middle Miocene f rom ~15.5 to 13.6 m. y.B.P. 
(Mc Kee et al. 19 77). The Frenchman Spr i ngs, Roz a, and Priest Pap id s Members 
of the Wanapum Basalt form much of the surface of the presert o1ate au . 
Emplacement of ~anapum Basalt continued to build the construct iona hi gh of 
the westerly dipping Palouse Slope. However, the central pla t eau was 
continuing to subside in the middle Miocene, .as evident frcm tre ~andi ng of 
flows in structural lows (Reidel et al. 1980; Reidel and Fecht 198 1). 

Init i al eruptions of Frenchman Springs lava engulfed t he ancestra l 
Columbia River and ancestral lake(s) in the western plateau. Th e lowe r~ost 
flows, termed Ginkgo flows (Mackin 1961; Bentley 1977), contain th ick hyalo­
clastites and pillowed basalts at their base that are area1·1y extens iv e f rom 
east of Wenatchee southwestward to the Columbia River Gorge (Ma cki n 1961; 
Lefebvre 1966; Oiery 1967; Bentley et al. 1980). The emplacement of Ginkgo 
flows apparently restricted a deranged ancestral Columbia Ri ver to a course 
in the western plateau (fig. 5). 

Overlying the Frenchman Springs Member in the Yakima and Va ntage areas 
is the Squaw Creek Member of the Ellensburg Formation (Swanson et a l . 
1979b). The member consists of diatomite in the Vantage area and grades 
wes tward i nto sandstones ar.d conglomerates composed partly cf \ Olcanic i asti c 
detr i tus and partly of plutonic and metarr.orphic detritus (Mac ~'.n 196 1) . The 
diatomite facies of the Squaw Creek Member is interpreted by Ma cki n : o 
represent the accumulation of diatoms in a lake impounded by t he up permo st 
fl ow of the Fr enchman Springs Member in the Vantage area. 

Erupt ion of the Roz a and Priest Rapi ds Members of the ~anac ~m Bas a l t 
appare ntly ma inta ined st ream courses on the wes t ern Columb i a ? l at eau ' n 
Wash ington. The western margins of the Roza and Priest Ra pid s f lows app ar­
entl; continued to r es' -i ct the south-flowing portion of a deranged a~ces­
tra l Columb ia River ano east-flowing tributaries from the ar-c est ra 1 Cas cade 
Range to the western plateau. In the ncrthern and northeas t er n plateau , the 
Pr iest Rapids flows encroached on the plateau margin and i nund at ed th e 
St. Joe and St. Maries Rivers in the Benewah Embayment. The Pr ies t Rapids 
flows filled the river channe ls in the embayment and older channe l s cut into 
the Latah Formation and Grande Ronde Basalt near Spokane (S~anson et a l . 
1979b). Farther southwest near Malden, the basal Priest Ra pid s f low is pil­
lowed ov er a wi de area (Griggs 1976), suggest i ng that the lava damned and 
inundated a local drai nage system that was flowing westward onto t he eastern 
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margin of the platedu. However, the ar ,cestral Columbia River and its tribu­
taries in the northeastern portion of the Columbia Plateau reestablished 
courses along the northern pldtedu margin. 

In the southedst Columbld Plateau, the effects of emplacement of 
Wanapum or GrJnde Ronde flows on drdlnage ( i.e., the ancestral Clearwater 
and Salmon Rivers) fror. 1 the Cledrwater Embayment are not accurately known. 
However, the absence of lnterbedded sectlments and erosional features 
associated with Grande Ronde ancl Wanapum flows on the Palouse Slope on the 
north side of the emerging Blue Mount,1ins suggests streams draining the 
Clearwater Embayment may have br.en flowing south during early Miocene time. 

MIDDLE TO LATE MIOCENE 

During middle to late Miocene tlmr, Columbia River basalt volcanism was 
waning, and flows of the Saddle Mountains Basalt were areally restricted to 
ancestral river canyons and valleys in the eastern plateau, the subsiding 
central portion of the plateau, and river canyons through the ancestral 
Cascade Range (Myers/Price et al. 1979; Swanson et al. 1980; Waters 1973; 
Tolan 1982). With less frequent basaltic eruptions, a relatively well­
integrated river system deposited sediments over extensive parts of the 
central and western plateau (Mason 1953; Laval 1956; Schmincke 1964). 
Deformation within the Yakima ~old Belt of the western plateau, which was 
largely masked by earlier frequent and voluminous volcanic eruptions, formed 
subtle topographic features of sufficient relief to control the distribution 
of Ellensburg sediments and Saddle Mountains flows (Reidel et al. 1980; 
Reidel and Fecht 1981). The subsidence of the central plateau, which was 
initiated at least by the time of Grande Ronde flows, formed slopes gently 
dipping toward the structural and topographic low of the central plateau. 
These slopes also contro:led the distribution and thickness of sediments and 
basalt flows. 

As the central plateau was subsiding, the ancestral Col umbia River 
began entrenching itself to about its present position a long the northrrn 
and northeastern margin of the plateau (fig. 6). South of Wenatchee, the 
cou rse of the ancestral Columbia River shifted from a southwesterly cours e 
a long the flow fronts of Wanapum flows to a more souther y course as a 
result of continued uplift of the Hog Ranch struc ture. The r lvrr ~~s 
s ifted to a course flowing south down the forming Columh1 r1 Slo p~ (S r. hrnin,:lr c 
1964, 196 7a ) and through the structural low in the Sadc11e Mou n't..1ins ,1t 
Sentinel Gap. Latenlly, the river was controlled by the Hoy R,in,.h <;tru i: ­
ture t o the west ar,c. the Palouse Slope to the east. The t imi ncJ of thr. <,hlft 
appears to have preceded the eruption of the Saddle Mountains fl ows, 1> ,l'>fld 
on the abundance of arkosic sediments that are present within thP t,11,ton 
Member of the Ellensburg Fo rmation in the Pasco Basin and vici ni ty 
/_Myers/Price et al. 1979; Reidel and Fecht 1981). Follow ing thr. shift to,, 
southerly course from Wenatchee to Sentine l Gap, the Columbi,1 River he4,1n 
entrenching i nto its present position as a result of cont ·nued uplift of 
r idges and subsidence of the central plateau. 
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On the western Columbia Plateau, the Yakima River and its tributaries 
began forming an integrated drainage system after the position of the 
Columbia River was established east of the Hog Ranch structure. Eastward­
flowing streams in the Yakima River drainage developed as they were ab le to 
overcome the constructiona l topography of basalt flows that harl ceased 
encroaching on the northwestern plateau. E·11ensburg sediments were 
deposited in the developing Kittitas Basin primarily by eastward - flowing 
streams that were laden with volcaniclastic sediments from the ancestral 
Cascade Range. South of the Kittitas Basin, between Ellensburg and Yakima, 
the Yakima River, which apparently meandered over an ancestral lowland , 
began entrenching a course across the rising structural ridges of the Yakima 
Fold Belt (see fig. 6) . The antecedence of the Yakima River to the fold 
belt has long been recognized (Smith 1903; Calkins 1905; Waters 1955). 
Apparently, the entrenchment of the Yakima River resulted from the combi ned 
effect of uplift of ridges and subsidence of basins in the western pl at eau. 

The remaining discussion of middle to late Miocene ti me will he pr i ­
marily directed to the Yakima Valley and Pasco Basin areas, where the 
emplacement of flows and deformation of the plateau has had a pronounced 
influence on drainage development. The discussion is based on the intervals 
between eruptions of Saddle Mountains Basalt. Intervals are used in this 
paper for convenience rather than formally and informally named interbeds, 
primarily because flows are not as areally extens ive as the sedimentary 
deposits. 

Post-Umatilla Interval 

Stream drainage on the Columbia Plateau in southern Washington follow­
ing emplacement of the Umatilla Member is reconstructed from (1) the rem­
nants of the canyon-filling Wilbur Creek Member, (2) the position of the 
established courses of the Columbia and Yakima Rivers in the norther~ pla­
teau, and (3) the distribution of Ellensburg sediments along the margi n of 
the Umatilla Member in the Yak ima Valley. The Wilbur Cree k Member ~as a 
relatively small-volume eruption that was confined to an ancestral stream 
canyon in Washington State and, therefore, defines the position of that 
stream (see fig. 6). Wilbur Creek lava was erupted from fissures in the 
North Fork area of the Clearwater River in Idaho and flowed down canyons of 
the ancestral Cl earwa ter dra i nage into the Lew iston Bas in (Camp 19 76, 198 1). 
St ream grave ls occur be neath the v/i l bur Cree k Member in the Clear~ater 
Embayme nt (Camo 1981} . ~i lhur Creek l ava flowed out of th e Lewiston Ba s i n 
in a northwe c; ~r ly d irect ion and ont o the Uni ontown Plateau around t he 
rising Blue Mountains, ancl then westward down the Palouse Slo pe fi l ling the 
ancestral Clearwater -Salmon Piver canyon (Swanson et al. 19 79b, 1980). At 
Warden, the intracan yo n remnants of the Wilbur Creek Member trend southwest­
ward across the nort hern Pasco Basin and westward to Yakima (Bentley 1977: 
Myers/Price et al. 19 19; Rei del et al. 1980). In the Pasco Basin , th i s 
ancestral river was controll ed within the structural low of the develop i ng 
Wahluke syncline and he l ~ee n the rising Saddle Mountains t o t he north and 
the thick (~45 m) fl ow - fr ont of the Umatilla Member to the south (Reidel 
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et al. 1980; Reidel and Fecht 1981). The Columbia River, flowing south 
through the Saddle Mountains at Sentinel Gap, apparently joined the 
ancestral Clearwater-Salmon River in an area southeast of Priest Rapids Dam 
(see fig. 1 and 6). The course of the combined rivers between the Pasco 
Basin and Yakima continued to be controlled on the south by the flow-front 
of the Umatilla Member and to the north by the rising Yakima Ridge. In the 
Yakima area the combined Columbia/Clearwater-Salmon River joined the 
ancestral Yakima River to flow in a southwesterly course possibly through 
the Grayback Mountain paleocanyon to the Columbia River Gorge area where the 
streams occupied the Bridal Veil channel of Tolan and Beeson (1984). The 
southwesterly stream course was generally controlled by the western margin 
of the Umatilla Member to the east and the syncline of the northeast ­
southwest - trending Yakima folds of this area. 

Post-Wilbur Cree k Interval 

The position of major stream courses during the post-Wilbur Creek 
interval (fig. 7) is very similar to that of the post-Umatilla interval (see 
fig. 6). The similarity of positions is due to (1) lack of sufficient 
volume of lava in the Wilbur Creek erupt ion to disrupt drainage development, 
(2) the maintenance of the same structural and constructional controls 
during both intervals, and (3) the short period between the two intervals. 
Stream courses during the post-Wilbur Creek interval are mainly defined by 
the canyon-filling and minor valley-filling flows of the Asotin Member 
(Swanson et al. 1979b, 1980; Myers/P~ice et al. 1979; Reidel et al. 1980). 
The Asotin Member erupted from a source area in the Clearwater drainage 
(Camp 1981) and flowed down the ancestral Clearwater-Salmon River canyon 
from the Lewiston Basin across the Palouse Slope to the Pasco Basin (see 
fig. 7). In the topographic and structural lows of the Lewiston and Pasco 
Basins, the Asotin lava overflowed the river channel and spread laterally, 
partially filling the basins (Camp 1981; Reidel et al. 1980; Reidel and 
Fecht 1981). The thickest section of Asotin basalt in the Pasco Basin 
( ✓67 m) is located just north of the approximate margin of the Umatilla 
Member. The thick section of Asotin Basalt is interpreted to correspond 
with the former position of the ancestral Clearwater-Salmon River, although 
no extensive sedimentary deposits are known to be associated with the post ­
Wilbur Creek interval. The courses of the Columbia, Clearwater-Salmon, and 
Yak ima Rivers from the central plateau i nto the present -day Columbia Ri ver 
Gorge area remained essentia l ly unc hanged from the post-Umat illa int erva l 
(see f i g. 7). 

Post-Asotin Interval 

Following the eruption of the Asotin Member, the ancestral Clearwater ­
Salmon River reestablished a course on the Pa louse Slope ✓25 km south of the 
river canyons formed during the post -Umatilla and post-Wilbur Creek inter­
vals (fig. 8). The ancestral Clearwater -Salmon River incised a canyon into 
the Palouse Slope that is now preserved by the Esquatzel intracanyon flow 
(Swanson et al. 1980). The new course was located near the present-day 
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Snake River be twee n the Lewist on Basin and Lcwer Monumental Dam. Following 
the pos t -Asotin interval, the ance stral Clearwater - Salmon River continued to 
r ees tali lish ,tnd entrench its cours e within a few kilomet er s of tfie present ­
day Snakt. Riv er (Swa nson et al. 1980) as the ce ntral plateau continued to 
subsid e . 

Th e course of the ancestral Clearwater-Salmon River, as determ ine,! by 
the di stribution of the Esquatzel Member, loses definition as Es qua tzel 
l avas spread lateral ly and ponded in the subsiding Pasco Bas in . However, 
the course can be defined by elastic sediments under lying the Es~uatzel 
Memb er. Th ese form part of the Cold Creek interbed of thP El len sbu rg 
Formation and are divided into t~o di stinct te xtura l fa cie s: (1) a fine­
grained , tuffaceous and arkosi c sandstone and mudstone fa cies arJ (2) a 
coarse-grained sand stone and conglomerate facies (Mye rs /P r ice et al . 1979; 
Reidel and Fecht 198 1). The coar se-grained fa cie s follows a ar:1.;ate trend 
across the bas i n that is subparal lel to the fl ow fro nt of the ~sotin Member . 
The coarse-grained facies is interpreted to r ep rese nt the ma·'1 - cn annel 
deposits of the ancestral Clearwate r -Sal mon Rive r wit h the fine-~rai ned 
fa cies mainl y represe nting overbank and early post-Asotin flu vi al de posits. 
The course of the ances tral Clearwate r -Salmon River in the Pasco Ba sin was 
controlled wi th in the t opograph ic and structura l low alo ng t es ut ern 
margin of the Asot in flow front . 

At the we stern marg!n of the Pasco Basin , the ancestra - e!r~ater­
Salmon and Columbia Rivers in post-Asot in time joined in a ~oor lJ defined 
area , probably near the east end of the present-day Yakima P.i ·ge , to fl ow 
we stward out of the basin . The combi ned-river course to tr.e hest i s defi ned 
by remnants of the Esquatzel Membe r that at least part ia l 1 - · ed the 
eastern port ion of Black Rock Valley between the rising Yaki .a Ridge and 
Rattles nak e Hills (Myer s/Price et al. 1979}. Esquatzel flows nae not bee n 
mapped west of about long . 120 ° W., ou t since the Yakima Ridge a~d 
Rat tl es nak e Hills were emerg ing, the combined course of the 
Co lumbia/Clear1 ater-Salmon Ri vers wa s probably conf ined bet~ee : nese 
basal ti c ridges to the vi c inity of Yak ima. At Yakima, the co~n • ed 
ancestral Columbia/C lea rwa ter-Sa lmon Ri vers joined with the a ces·ral Yakima 
River to flow southwe stwa rd to the present-day Columbia River Gorge area in 
a cours e similar to t hat of earlie r intervals in middle to l ate '·ioce ne time 
(see fi g. 8) . 

Pos t-Es ql'c1L'.e l_J '1 erval 

The course of the ance stral Clearwat er-Salmon River duri~_ ~he post­
Esquatzel interval is de fined by the canyo n- filling Pomona ·'.e:- er (Swa nson 
ct al . 1979h , 1980 ). rhe posi t ion of the river \vas essenc·a _. co incident 
with it s former position du ring the post-Aso tin interva l (fig . 9) . Withi n 
the Pasco Basin, Pomona lavas spread laterally and inu ndated : he basin . 
Be neath the Pomo na Member in t he basin , extensive sedimen~ary deJos its occur 
that form the Selah Member of the Ellensburg Formation (Myers /P r ice et al . 
1979) . lhe Selah Member is composed of vol caniclasti c and ar ko s ic sediments 
that range in size from clay t o gravel . The Selah gravels are ~ncwn to 
occu r in three areas of the Pasco Basin and are important i e- ·~ing the 
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courses of main through-flowing streams. In the northwest portion of the 
basin, a gravel train can be defined from Sentinel Gap in the Saddle 
Mountains, southedsterly around the east end of Umtanum Ridge, and then 
westerly over the east end of Yakima Ridge. The Selah gravels are mainly 
composed of basdltic, plutonic, and metamorphic clasts. In the southwestern 
portion of the Pasco Basin, Selah gravels are exposed on the north fldnk of 
the Horse Heaven Hills and lie beneath a thick (>60 m) Pomona Member (Bond 
et al. 1978). These gravels lie between the Umatilla and Pomona Members 
and are mainly composed of basaltic clasts. The small nonbasaltic fraction 
consists of a variety of metamorphic and plutonic clasts including a few 
metabasalt clasts. In the southeastern Pasco Basin, an outcrop of basaltic 
Selah gravels is exposed immediately northeast of Wallula Gap (Gardner 
et al. 1981). These gravels also lie between the Umatilla and Pomona 
Members. 

All three Selah gravel deposits differ sufficiently in composition to 
suggest deposition by three separate streams. The distribution of the 
northern gravel train corresponds closely with former courses of the ances­
tral Columbia River during middle to late Miocene time (see fig. 7-9). The 
composition of these northern gravels also appears similar to other depos i ts 
of the ancestral Columbia River. The ancestral Columbia River during this 
interval flowed essentially in the same course as during the post-Asotin 
interval. This course was probably controlled by the northern margin of the 
Esquatze l Member. 

Gravel deposits in the southwestern Pasco Basin are composed of dif­
ferent lithologies than the gravels in the northern Pasco Basin and are 
interpreted to have been deposited by the ancestral Clearwater-Salmon River. 
The course of the ancestral Clearwater-Salmon River is believed to have 
flowed from the Devil's Canyon area southwest across the southern Pasco 
Basin, through the Chandler area, and westward into the lower Yakima Va ll ey. 
In the Pasco Basin, the ancestral Clearwater-Salmon River was forc~d south 
to a position apparently controlled by the southern flow front of the 
Esquatzel Member and in the Chandler area by the ris i ng Horse Heaven Hi l ls. 

The basaltic Selah gravels that were deposited in the southeastern 
Pasco Basin are suggest i ve of a stream that originated on the Columb ia 
Plateau. It i s speculated here that these gravels represent the ancestra l 
Walla Walla River which flowed westward along the front of the Horse Hea ven 
Hills or al ong the series of rising brachyant ic lines that now form the 
southeaste rn po rtio n of the Rattlesnake Hills. 

Post-Pomona Int er val 

The ancestra l Columbia and Clearwater-Salmon Rivers that jo ined in t he 
Pasco Bas i n in the earlier intervals of middle to late Miocene t ime appear 
to have diverged during · the post-Pomona interval. The course of the ances­
tral Columbia Riv er through the Pasco Basin during this interval is wel l 
defined by a gravel train that i s preserved in the Rattlesnake Ridg e Menber 
of the El le~sburg Format ion (fi g. 10). The gravel train is present f rom 
Sent inel Gap southeast around the east end of Umtanum Ridge and sou thwe st 
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across the east end of Yakima Ridge. The gravel train is flanked by fining­
upward cycles of sandstone and mudstone that thin and grade to mainly Sandy 
mudstone, anrl mudstone on to the eastern and southern margins of the Pasco 
Basin. 

Southwest of the Pasco Basin, the course of the ancestral Columbia 
River shifted widely across the Rattlesnake Hills based on the widespread 
occu rrence of gravels mapped in the Rattlesnake Ridge interbed by Schmincke 
(196 7a). The ancestral Columbia River joined the Yakima River in the pre­
sent upper Yakima Valley between about Union Gap and Toppenish R'.jge and 
then fl owed across the eastern part of the Yakima Indian Reservat ion 
(Ben tley et al. 1980) . The combi ned cou rse of the rivers c. pparent ly flowed 
southwest in the paleocanyon and into the Bridal Veil channel of To lan and 
Benson (1984) . These paleocanyons ha ve been partially fille d by Pomona 
lava. 

The main course of the ance stral Clearwater-Salmon River has be en only 
tentatively defined in the central Columbia Plateau during the Post -Pomona 
interval. Based on examination of boreho l e samples and surface expos ures of 
the Rattlesnake Ridge interbed in the Pasco Basin, there has be en no evi­
dence found to establish the ancestral Clearwater -Salmon River from the 
Palouse Slope westward across the Pasco Basin. Lithol ogi es of gravel clasts 
of the ancest ral Columbia River we st of the Pasco Basin were also eAami ned 
to determine if the Jncestral Clearwater-Sal mon River may have j oined the 
ancestral Columbia in the cen tral plate au of Washir.gton Stat e . Key li tho­
logies of the ancest ral ClearNater-Sa lmon River (e.g., metabasa l ts) are 
absent, suggesting that the ances tral Clearwater- Salmon River did not f low 
across the central plateau. It is beli eved that the course of the ance stral 
Clearwater -Salmon Ri ver ma y have been diverted south of the Pas co Bas in 
through Horse Heaven Hi lls, probab ly at Wallu la Gap. 

Th e course of the Clearwater-Salmon River through Wallula Gap is , i n 
part, based on the occurrence of a grave l unit exposed near the crest of the 
Horse Heaven Hills on the we st side of the Gap. The gravels are composed of 
a mi xture of basaltic , metamo r~ hi c (includi ng metabas~lts) , and plutonic 
rock s , in similar proportions to gravel deposits in the ances tra 
Clea rwat er -S almon Rive r drainage on the eastern Columbia Plateau. These 
gravels are main-channe l depo si t s of t he ancestral Cl ea r .,ater-Sa1 on Ri ver. 
At Wallula Gap , the gravels form an unna ed interbed of the El lensburg 
Fo rmati on that pa rtial ly f ills a canyo n erod ed into th e Umat i la ~emoe r and 
are capped by the Ice Harbor 4ember (basa l t of Mart indale) Jf r. e Sa dle 
~ou ntains ~asalt (ARHCO 1976) . The age of the gravels is ot ~e i con­
strai ned . Field mapp i ng in the Wa l lula Gap ar ea on the no rt f lan of the 
Horse Heaven Hills ha s not revealed the pres~nce of exo t ic gra e ls withi n 
inte r beds beneath the Ice Harbor , Ele phant Mountain, or Pomona ~embers at 
othe r iocaliti es (Gardner et al. 1981). Howeve,· , gravel s in the same st ra ­
tigraphic position and of similar composition occur 10 km northeast of 
Wa l lula Gap along t he prese nt- day Wa lla Walla River. The occu rrence of 
basal ti c gravels in the Selah Member immediately northeast of Wallula Gdp 
(see po~t-Esquatzel inter va l) suggests t hat the unnamed interbea is probab ly 
post - Selah in age . 
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If the gravels at Wallula Gap are in part, post-Pomona i nterval in age, 
then the westerly flowing ancestral Clearwater-Salmon River was probably 
diverted to a southwesterly course along or very near the flow front of the 
Pomona Member in the southeastern Pasco Basin (see fig. 10). Diversion of 
the ancestral Clearwater-Salmon River across the Horse Heaven Hills at 
Wallula Gap may have been in response to constructional topography built by 
the emplacement of the Pomona Member. The river course through the Horse 
Heaven Hills was apparently controlled by the southern flow-front of the 
Pomona Member on the west side of Wallula Gap and by a structural low in the 
Horse Heaven Hills at the Gap, based on f i eld mapping of Gardner et al. 
(1981). 

Southwest of Wallula Gap, the ancestral Clearwater-Sal mon River prob­
ably flowed southwest i nto the forming Umat i lla Basin where t he r iver was 
captured by a r i ver system draining north -ce nt ral Oregon. In the Umat i lla 
Basin, the major river was probably controlled in the form ing Umatilla syn­
cline south of the southern margin of the Pomona Member. This course is 
based on the occurrence of fine-grained sediments in the Rattlesnake Ridge 
interbed within the Umatilla basin (Shannon and Wilson 1972, 1975). No 
coarse-grained elastics associated in the Umatilla Basin with the river 
system of the post-Pomona interval have been observed that contain 
lithologies diagnostic of the ancestral Clearwater-Salmon River. The lack 
of these sediments rr :,y be due to erosion and reworking of fluvial sed iments 
in the area over the past 10.5 to 12 m.y. The major river of the north­
central Oregon system is assumed to have flowed west, parallel to the axis 
of the forming Umatilla-Dalles syncline and through the Columbi a Hills at 
the present-day Columbia River water gap. The water gap is i nterpreted to 
have been an active major stream course through the Columbia Hills since at 
least the beginning of middle to late Miocene time. This i nterpretation is 
based on the absence of erosional features, intracanyon flows, or coarse­
grained elastics of late Miocene age elsewhere across the Columbia Hills. 
This ancestral river joined the ancestral Columbia-Yakima River between the 
Columbia Hills Water Gap and Hood River, Oregon, to flow through the 
ancestral Cascade Range. 

Post-Elephant Mounta i n Interval 

Following the Elephant Mountain volcani c episode that inundated much of 
the central Columbia Plateau, the ma j or ancestral r i vers rees t abl ished 
courses in about the same posit ion as the cou rses of the majo r r ivers i n the 
Post -Pomona interval. 

The presence of the ancestral Columb ia River in the post -Elephant 
Mountain interval is de fined by the widespread occurrence of stream gravels 
that overlie the Elephant Mountain Member f rom the Sent i nel Gdp area south­
west to the Columbia River Gorge. The gravels incl ude the quartzite gravels 
of Warren (1941), Snipes Mountain conglomerate of Schmincke (1967a), and 
"gravels of the ancestra l Columbia River " of Campbell (19 79) and Rigby 
et al. (1979). These ancestral Columbia River gravels are composed of 
quartzitic clasts as well as plutonic, basalti c , and other metamorphic 
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clasts. Russell (1893) and Waring (1913) first described the 
occurrence of quartzitic pebbles in the southwestern Columbia Plateau. 
Warren (1941) suggested that the gravels marked the former course of the 
Columbia River from Sentinel Gap southwest through Satus Pass and into the 
Columbia River Gorge. Waters (1955) demonstrated that Satus Pa~s resulted 
from local stream capture and not from a course incised by an ancestral 
Columbia River. The relatively broad course of the ancestral Columbia River 
south and east of Satus Pass in the Go ldendale area was determined by 
Schmincke (1967a) and Rigby et a1. (1979) based on the widespread occurrence 
of quartz i tic gravels. 

The general course of the ancestral Columbia River during th 2 post ­
Elephant Mountain interval can be defined by the distr i bution of 
"quartzitic" gravels from Sentinel Gap area southeast around the east end of 
Umtanum Ridge and southwest in a broad path over the Rattlesnake Hi ll s t o 
Sn ipes Mountain (fig. 11). The course of the river over the centra l 
Columbia Plateau was not controlled by flow margins as occurred in many of 
the earlier Saddle Mountains intervals. Near the center of the path of 
"quartzitic" gravels, an erosional canyon has been cut in and through a 
structural low across the Rattlesnake Hills. It is speculated here that an 
ancestral Columbia River may have cut a channel into the ridge for ming 
"Sunnyside Gap" during uplift of the hills after emplacement of the Elephant 
Mountain Member (see fig. 11). 

During this interval, the ancestral Yakima River was flowing south f rom 
Yakima through Union Gap in Ahtanum Ridge and southeastward into the uppe r 
Yakima Valley (Toppenish Basin) (see fig. 11). Sediments deposited by the 
ancestral Yakima River were mainly composed of volcanic debris. Immediatel y 
south of Snipes Mountain, the gravel train is composed of a mixture of 
volcanic, plutonic, and metamorphic clasts, which represents the combined 
courses of the ancestral Yakima and Columbia Rivers (Schmincke 1964). The 
combined rivers flowed southwesterly toward Goldendale and into the present­
day Columbia River Gorge area along a course suggested by Warren (1941). 
This is consistent with the southwestern current directions measured by 
Schmincke (1964) and the mi xed lithologies of the gravels. 

The westerly flowing ancestral Clearwater-Salmon River on the Palouse 
Slope was flowi ng in a southwesterly course along or very near the fl ow 
front of the Elephant Mountain flows to Wallula Gap (see fig. 11) . The 
river course through the Horse Heaven Hills was apparently control led by the 
flow front of the Elephant Mountain Member on the west side of Wal lul a Ga p 
and by a structL al l ow in the Horse Heaven Hills at the Gap, based on f iel d 
mapp i ng of Gardner et al . (1981). South of the Horse Heaven Hills i n nort h­
central Oregon, the majo r stream of this region flowed west paralle l to the 
axis of t he Umatilla-Dalles syncline and through the Columbia Hills Water 
Gap as during the post-Pomona interval. 
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LATE MIOCENE TO MIDDLE PLIOCENE 

The ancestral Clearwater-Salmon River apparently continued to flow 
through Wallula Gap during the late Miocene to middle Pliocene (fig. 12), 
although sediments indicative of an ancestral Clearwater-Salmon River course 
have not been found west of the Palouse Slope. The composition of gravel 
clasts indicative of the ancestral Clearwater-Salmon River are rarely found 
in the Snipes Mountain conglomerate. The absence of the clasts in the 
Snipes Mountain conglomerate suggests that the course of the ancestral 
Clearwater-Salmon River was probably maintained across the southeastern 
Pasco Basin through Wallula Gap. The course was probably controlled by the 
constructional topography built by the Ice Harbor Member (Myers/Price et al. 
1979; Gardner et al. 1981). 

The course of the ancestral Columbia River was restricted to the struc­
tural lows of the Pasco Basin and lower Yakima Valley and was controlled by 
the structural topography of rising ridges and constructional topography of 
the Ice Harbor Member. The southwesterly course of the ancestral Columbia 
River across the Yakima Ridge and Rattlesnake Hills was apparently diverted 
by combined uplift of these ridges and sub~idence of the Pasco Basin. Com­
pared to the post-Elephant Mountain interval (see fig. 11), the n~w course 
of the ancestral Columbia River was shifted eastward around the east end of 
Umtanum Ridge and into the central Pasco Basin (see fig. 12). Extensive 
gravel deposits that overlie ~he Elephant Mountain Member have been 
encountered in drill holes in the central Pasco Basin (Fecht and Lillie 
1982) and mark the course of the river in the central basin. These gravels 
are over 30 m thick (Brown and Brown 1961; Routson and Fecht 1979} and are 
lithologically similar to gravels found along the former course of the 
ancestral Columbia River over the Yakima Ridge and the Rattlesnake Hills. 
These gravels form the basal Ringold unit (Routson and Fecht 1979; Tallman 
et al. 1979; Myers/Price et al. 1979) and mark the beginning of deposition 
of the Ringold Formation in the Pasco Basin. 

Within the central Pasco Basin, the basal Ringold gravels essent ial ly 
terminate north of the Ice Harbor Member margin (see fig. 12). In the 
southern Pasco Basin, the basal Ringold gravels are only locally present and 
attain a ma ximum known thickness of ✓ 2 m (Brown 1979). The basal Ringold 
gravels have been considered to be, in part, equivalent to the Levey 
interbed of the Ellensburg Formation that l ies beneath the Ice Harbor Member 
(Brown and Brown 1961). The Levey consists of the arkosic sandstones and 
mud stones that do not coarsen near the marg in of the Ice Harbor flows. The 
basal Ringold grav~ls are probably not a lateral equivale~t to the Levey 
interbed, but were rleposited after emplacement of the Ice Harbor Member. 
The age of the basal Ringold gravel s must be less than the age of the Ice 
Harbor Member, which has been dated at 8.5 m.y. (McKee et al. 1977) and 
which also marks the general end of Columbia River basalt volcanism. 
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The course of the ancestral Columbia River southward from the central 
Pasco Basin is defined by a series of thin remnant gravel deposits exposed 
on the southeastern slope of Rattlesnake Mountain and on the north flank of 
the Horse Heaven Hills near Prosser. These gravels overlie the Elephant 
Mountain Member and are lithologically similar to the "quartz il ic" gravels 
on nearby ridges and in the central Pasco Basin. Based on the trend and 
similarity in composition of these gravel deposits, the ancestral Columbia 
River is interpreted to have flowed from the central Pasco Basin southwest 
into the lower Yakima Valley (Brown 1966; Fecht et al. 1982) (see fig. 12) . 

In the lower Yakima Valley, the ancestral Columbia River joined the 
ancestral Yakima River in the same approximate location as during the post ­
Elephant Mountain interval, which was between Sunnyside and the east end of 
Toppenish Ridge (see fig. 12). The combined course of the ancestral 
Columbia-Yakima River to the Columbia River Gorge area was similar to that 
of the previous interval (see fig. 11). 

The shift of the Columbia River to a course flowing through the Horse 
Heaven Hills at Wallula Gap has long been debated by geologists. Warren 
(1941) thought that uplift of the Horse Heaven Hills defeated the former 
course of the Columbia and Yakima Rivers and that the courses of the rivers 
shifted eastward to a lower path across the ridge at Wallula Gap. Waters 
{1955) argued that the Columbia River was defeated by accelerated deposit ion 
of volcaniclastic sediments from eastward - flowing streams draining the 
Cascade Range that forced the ancestral Columbia River to the east. 
Schmincke (1964 ) observed that "quartzite-bearing" gravels strat igraphical ly 
overlie the volcaniclastic sediments and therefore, volcanic debris could 
not have diverted the ancestral Columbia River eastward. Waters (1955) 
observed flows of olivine-rich basalt of the Simcoe lavas erupting in the 
area of the Simcoe Mountains (see fig. 1), that had filled former stream 
valleys and eroded into the Columbia River basalts and the Ellensburg Fo rma ­
tion. The presence of the widespread gravels of the Snipes Mounta in con­
glomerate over the Horse Heaven Hills and the absence of a canyon that was 
typical of earlier river channels suggests that channel incision by the 
ancestral Columbia-Yakima River across the Horse Heaven Hills was 
interrupted. Whether the Simcoe lavas repeatedly blocked the Co lumbia­
Yakima River drainage across the Horse Heaven Hills and forced a more 
easterly course needs further study. However , we have evidence to propose 
that continued subsidence of the central Columbia Plateau centered in the 
Pasco Basin and uplift of the Yakima folds, specifically the Horse Heaven 
Hills, were important components i n the diversion of the Columbia Ri ver. 
Field mapping et j borehole studies have demonstrated continued subsidence of 
the central Columbia Plateau since at least the early Miocene to about the 
middle Pliocene (Routson and Fecht 1979; Myers/Price et al. 1979; Reide l 
et al. 1980; Reidel and Fecht 1981; Tallman et al. 1981; PSPL 1982). Once 
the ancestral Columbia River overcame the constructional topography of the 
Ice Harbor Member, it apparently flow2d southeast in the trough of the Pasco 
syncline of Newcomb et al. (1972). South of Pasco, the river was capt ured 
by the ancestral Clearwater-Salmon River channel. The Yakima River was also 
diverted from a southwesterly course across the Horse Heaven Hills to a 
southeasterly course down the lower Yakima Valley and into the Pasco Basin 
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through Badger Coulee {fig. 13). The diversion of the Yakima River occurred 
at about the same time as the Columbia River, based on the absence of sed i­
ments consisting of distinctly volcaniclastic material in the area where the 
former combined Columbia-Yakima River crossed the Horse Heaven Hills. 

Following the capture of the Columbia and Yakima Rivers, the rivers on 
the plateau continued to aggrade sediments in the developing synclinal 
troughs and basins and to scour ever-deepening gorges through rising basa l ­
tic ridges. Deposition of sediments in structural basins continued on the 
plateau until about the middle Pliocene. The continued aggradation of the 
sedimentary sequences is due to a high relative base level that resulted 
from (1) the absence of Columbia River basalt volcanism that formed cJn­
structional topography on the plateau except in the area of the Clearwa te r 
Embayment (Swanson et al. 1979a; Camp 1981), (2) continued subsi dence and 
folding of the plateau (Caggiano and Duncan, 1983), (3) uplift of the 
Cascade Range, and (4) possibly volcanism in the Columbia River Gorge area 
that repeatedly choked the Columbia River with hyaloclastic debris and l ava 
flows (Tolan and Beeson 1984). 

In the western Columbia Plateau the Yakima River and its tributaries 
deposited the Pliocene Thorp Gravel of Waitt (1979) that unconformably over­
lies the Ellensburg Formation in the Kittitas Basin. South into the 
Toppenish and Satus Basins, the Yakima River and its tributaries depos i ted 
sediments similar to those in the Kittitas Basin. Here the vol~an ic sedi­
ments of the Ellensburg Formation are unconformably overlain by these gravel 
deposits, which formed fluvial terraces and fans along the basin marg i ns. 
These gravels may be equivalent to the Thorp Gravel (Bentley 1977; Rigb y 
et al. 1979; Campbell 1983). 

In the easte r n Columbia Plateau, the ancestral Clearwater and Salmon 
Rivers deposited the North Lewiston Gravel, Clearwater Gravels, Clarkston 
Heights Gravel, and perhaps the Clarkston Gravels in the Lewiston Bas in 
(Kuhns 1980; Waggoner 1981). On the Palouse Slope the ancestral Clearwater ­
Salmon River deposited gravels that are found below the Lower Monumental 
Member of the Saddle Mountains Basalt (see fig. 12). The Walla Walla River 
and its tributaries deposited an "old gravel and clay" unit with gravel 
clasts derived from Columbia River basalt (Newcomb 1965). The "old grave l 
and clay" unit is up to .r l80 m thick i n the l~alla Walla Basin. 

In the central plateau, the most extensive fluvial depos i t of l at e 
Miocene to middle Pliocene age is the Ringold Formation (Merr i am and Buwalda 
1917). The Columb .a River and its tributaries from the Pa louse Slope 
deposited mainly fine sands, silts, and clays up to 165 m thick i n the 
Quincy Bas i n (Groli er and Bingham 1971, 1978). South into the Pasco Basin 
the Columbia, ancestrnl Clearwater-Salmon, and Yakima Rivers deposited up to 
360 m of Ringold sediments . The sediments are composed of gravel, sand, 
silt, and clay that can be informally subdivided into four or more units 
based on texture (Newcomb et al. 1972; Brown 1979; Tallman et al. 1979; PSPL 
1982). The upper Ri ngold unit, exposed at the White Bluffs in the northeast 
Pasco Basin, is composed of mainly fine sands and silts that contain micro­
t i ne rodent foss i ls 3. 7 to 4.8 mil l ion years old. These ages are consistent 
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with a long period of reversed magnetic polarity believed to correspond to 
the Gilbert Magnetic Polarity Epoch (3.4 to 5.12 m.y.8.P.) (LaBrecque et al. 
1977; Mankinen and Dalrymple 1979). A rhinocerus belonging to the 
Hemphillian (>4.8 m.y.B.P.) was identified by Gustafson (1978) in the 
underlying middle Ringold conglomerate. The basal Ringold gravel, pre­
viously discussed, is interpreted to be post-Ice Harbor age (8.5 m.y.B.r.). 
Thus, the Ringold Formation is concluded to be between ~3.4 and 8.5 million 
years old. 

The age of the other aforementioned sedimentary deposits of the late 
Miocene to middle Pliocene interval is, in part, time equivalent to the 
Ringold, based on dates and stratigraphic position (Tallman et al. 1982). 
The Thorp Gravel in the Kittitas Valley has been dated at 3.64 = 0.74 and 
3.70 t 0.20 m.y. old (Waitt 1979). Bentley (1977) and Campbell (1983) have 
interpreted the old gravel deposits in the Yakima Valley to be equivalent to 
the Thorp Gravel of the Kittitas Basin. The ages of the gravels in the 

.._, Lewiston Basin and on the Palouse Slope are, in part, constra i ned by the 
Lower Monumental Member that is dated at 6.0 m.y . in age (McKee ct al. 
1977). Therefore, the gravels are, in part, time equivalent to the Ringold 
Formation (Webster et al. 1984). Fi nally the "old gravel and clay" unit in 
the Walla Walla Basin has been interpreted by Newcomb (1965) to be, in part, 
equivalent to the Ringold Formation. 

MIDDLE TO LATE PLIOCENE 

The deposition of Ringold sediments in the Pasco Basin ended rather 
abruptly, based on the major incision of the Ringold Formation by the 
Columbia River system, the preservation of a largely unmarred Ringold sur­
face in the eastern and northern basin, and the absence of post-Ringold 
deposition over the top of this Ringold surface (Newcomb 1958). The age of 
the incision is dated between 2.0 = 0.22 to 3.4 m.y. The younger age is 
based on a single thermoluminescent date from the calcrete that caps the 
Ringold surface on the White Bluffs. 

The Thorp and Thorp-like gravels of the western plateau also were 
deeply incised, based on the remnants of terraces and fans resting high 
above the Pleistocene and present -day Kittitas and Yakima Valley floors. 
The gravel deposits in the Lewiston Basin also occur above the present -day 
basin floor. It is suspected that the timing of incision of Ringold, Thorp, 
Thorp-like sediments, and possibly the gravel deposits in the Lewiston Basin 
i s related mainly due t r, the similar magnitude of the incisions and al so 
that by the middle-to-lute Pliocene, the Columbia River system in Washington 
State was well integrated. 

The cause of the base level change that precipitated these major inci­
sions has been speculated on by earlier workers. Flint (1938a) and Newcomb 
(1958) suggested that waters of the Columbia River were impounded or perhaps 
periodically impounded beh ind the rising Horse Heaven Hills and eventually 
spilled over and incised a path through the structural and topographic low 
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at Wallula Gap. However, geologic mapping in the Wallula Gap area by 
Gardner et al. (1981) indicates a relatively slow and continuous rate of 
uplift of the Horse Heaven Hills since at least middle Miocene time. This 
rate is consistent with uplift rates in the Rattlesnake Hills and Saddle 
Mountains (Reidel and Fecht 1981). In addition, there are stratified (i.e., 
fluvial) sands and silts in the upper Ringold unit of the Pasco Basin that 
are intercalated with lacustrine facies, which rule out a totally lacustrine 
origin for the upper unit. It is believed that the Columbia, Clear~ater ­
Salmon, and Yakima Rivers were flowing through Wallula Gap essentially 
continuously with some temporary ponding since river capture in the late 
Miocene. Therefore, the cause(s) for the major regional baselevel change 
must have occurred downstream from Wallula Gap. 

Recent work by Tolan and Beeson (1984) in the Columbia River Gcrge has 
demonstrated that the course of the ancestral Columbia River, which i s 
defined based on the occurrence of the canyon-filling Pomona Member and 
sedimentary lithology of the Troutdale Formation, was continually be·ng 
inundated by large volumes of high alumina basalts and volcanic debris from 
the Cascades, which aggraded the Columbia River canyon and forced tr.e 
Columbia River to a more northerly course through the Cascade Range. The 
new course of the Columbia River was established in about its prese nt-day 
position near where the Columbia River basalts lap out against old ro(ks of 
the Skamania Volcanic Series as defined by Trimble (1963). The Columbia 
River eroded a new channel through the Columbia River Basalt Group and 
rapidly incised into the weathered and altered Skamania Volcanics (Tolan and 
Beeson 1984). Erosion of the new channel is estimated to have started about 
two million years ago with the onset of Cascadian uplift (Tolan and Beeson 
1984). The entrenchment of the Columbia River is .speculated to have caused 
a lowering of the baselevel and initiated headward erosion upstream into the 
Columbia Plateau. Although speculative, the geologic events and the appar­
ent timing of the events in the Columbia River Gorge appear to explain the 
major regional depositional and erosional events on the Columbia P ateau of 
Washington State in middle-to-late Pliocene time. 

By the late Pliocene, the Columbia and Yakima Rivers were established 
in very near their present positions. Also, in the late Pl iocene or early 
Pleistocene, the Snake River was captured by a tributary of the Sa lmo n River 
to become a part of the Columbia River system (Wheeler and Cook 1954; 
Webster et al. 1984). This capture completed the final major shift in the 
paleodrainage of major streams in the Columbia River system. 

PLEISTOCENE 

During the Pleistocene epoch, continental glaciers repeatedly advanced 
and retreated from British Columbia into northern Washington and occasion­
ally impinged on the northern Columbia Plateau (fig. 14). Along the glacier 
.margins, ice temporarily plugged drainages, diverting the Columbia River to 
more southerly courses and impounding meltwa ters in glacial lakes. Plugging 
and diversion of streams caused by glaciation had minimal and temporary 
effects on the drainage system in the Kittitas Valley, Waterville Plateau, 
and Columbia Valley. However, failure of ice dams impounding glacial lakes, 
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particularly Glacial Lake Missoula, released tremendous volumes of meltwater 
that catastrophically flooded major portions of the Columbia Plateau of 
Washington State. The major floods obliterated much of the secondary drain­
age system of the Palouse Slope and caused minor changes in the course of 
the Columbia and Yakima Rivers in the Pasco Basin. 

In the Kittitas Basin, till and outwash accumulated during three 
Cascadian alpine glacial events, which are defined as the Lookout Mountain 
Ranch Drift (pre-Kittitas Drift in age), Kittitas Drift ( ✓ 130,000 to 
140,000 yr in age), and the Lakedale Drift ( ✓ 10,000 to 20,000 yr in age) 
(Porter 1976; Waitt 1979). Glaciation in the upper Kittitas Valley and 
deposition of outwash into the central Kittitas Valley had little effect on 
the course of the Yakima River on the Columbia Plateau during the 
Pleistocene. 

In the north-central Columbia Plateau, the Okanogan Lobe of the Cor­
dilleran Ice Sheet (see fig. 14) encroached onto the Waterville Plateau 
(Salisbury 1901; Waters 1933; Flint 1935). The Okanogan Lobe periodically 
impounded the Columbia River in the Columbia Valley to form temporary lakes 
(Glacial Lake Columbia) and resulted in the diversion of the Columbia River 
to a more southerly course through a series of coulees south and east of the 
Waterville Plateau (Bretz 1923; Hanson 1970). The diversion of the Columbia 
River was temporary and upon retreat of the Okanogan Lobe north of the 
Columbia Plateau, the Columbia River reestablished its course along the 

., northern margin of the plateau in its previous channel. 

The most significant change to -the drainage system on the Columbia Pla­
teau during the Pleistocene resulted from catastrophic floods that emanated 
from glacial lakes. Failure of ice dams that impounded glacial lakes 
released large volumes of meltwaters, which flowed across the Palouse Slope 
and into the central Columbia Plateau. Fluvial erosion associated with the 
flooding created a spectacular landscape of anastomosing channels, immense 
cataracts, and deep plunge pools of the Channeled Scabland (Bretz 1923). 
The f looding also created immense grave l bars in areas marginal to the chan­
ne ls , and depos i ted thi ck sequences of glaciofluvial deposits in the basins 
and major valleys of the Columbia Plateau (see fig. 14) with the exception 
of the Kittitas Valley. 

At least four majo r catastrophic flooding events have been recorded on 
the Col umbi a Pl ateau: two pre-Wiscons i nan events and two Wisconsinan events. 
Three of the events may inc lude one or more floods. The flooding events 
have bee n ana l} .ed us i ng paleomagneti c measurements from fine-grained flood 
ma teri a l or capping loess horizons, uranium/thorium radiometric age data 
f rom super imposed ca lcic ho rizons, and tephra data. 

The oldest known ca tastrophic flooding event occurred prior to 
730 ,000 years ago, based on the reversed magnetic polarity associated with 
f lood deposits at two local i ties. The first locality is the Marengo site 
(Pa t to n and Baker 19 78) loc ated in the Cheney- Palouse scabland tract. At 
Marengo , t he f lood gravels are overlain by a loess that has a measured 
rev ersed mag neti c polari ty (Van Alstine 1982). The flood gravels are 
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believed to predate the last reversal in magnetic polarity (Matayama Epoch), 
which ended ✓ 730,000 yr B.P. (Mankinen and Dalrymple 1979). The second 
locality is along the Yakima Bluffs in the lower reaches of the Yakima River 
✓9.5 km upstream from the confluence with the Columbia River (see fig. l}. 
Exposed in the Yakima Bluffs is a rhythmic series of turbidite-like deposits 
resembling late-Wisconsin Touchet Beds (Flint 1938b) that are underlain by a 
fluvial sequence of earlier Pleistocene age. Both the "Touchet Beds" and 
the upper fine-grained unit of the fluvial sequence have reversed magne tic 
polarity, indicating an age of >730,000 yr. The Marengo and Yakima Bluffs 
are the only two early flood sites that have an established magnetostrati­
graphy. Other old flood deposits at Revere, McCall, and Old Maid Coulee in 
the Cheney-Palouse scabland tract are tentatively included in the early 
flooding event, based on the correlations of Patton and Baker (19 78) . The 
old flood deposits at George and Winchester Wasteway in the western Quincy 
Basin are also included in this early flooding event, based primar·ly on the 
weathered clasts and the superimposed petrocalcic paleosol that caps the 
flood gravels at both localities. The distribution of old flood gravels 
suggests that the early flooding event initiated the formation of ~he 
Channeled Scabland, but apparently had little effect on the course of major 
streams during glacial periods. 

The second major flooding. event includes a series of gravel deposits 
that are commonly capped by a superimposed calcic paleosol. Two samples of 
calcic galeosol have been radiomet, ically (uranium/thorium) dated at 

+250 +380 -~ 200 _700 thousand and 220 _70 thousand years old (Tallman et al .. 978). 
Fine-grained silty sand lenses interbedded in the gravel character istically 
have a normal magnetic polarity that corresponds to an age of <730,000 yr. 
The age ·of the second flooding event is interpreted to be betweer :200,000 
and 730,000 yr before present. The best exposures of deposits fr c~ the 
second major flooding event occur in the southern Pasco Basin where the 
gravels form a terrace that unconformably overlies the Ringold Fcrmation. 
Gravels of this flooding event are also exposed in the northern ar.d eastern 
portions of the Pasco Basin (see fig. 14). 

It is in the Pasco Basin, during the first or second major f lcoding 
event, that Pleistocene flooding has had the most pronounced effect 0n major 
stream courses on the Columbia Plateau. The Yakima River apparent ly aban­
doned its course through Badger Coulee in the southern Pasco Bas in to its 
present course after the Coulee was plugged with a 30-m-thick se cL ence of 
flood gravels. A flood origin for these gravels differs from the 
interpretation of Bunker (1980) who believed the gravels to represent the 
combined course of the~ ilumbia and Yakima Rivers through Badger (Julee. 
The gravels are interpreted to be flood deposits, based on the presence of 
large-scale foreset beds and abundance of many subangular clasts of basalt 
mixed with a variety of exotic lithologies found in recently excavated 
gravel pits. Also during one of these flooding events, the Columb·a River 
channel that had been established between Gable Mountain and Gable Butte, 
east of Umtanum Ridge appears to have been diverted around the east end of 
Gable Mountain to near its present-day course. The pre-flood river channel 
is plugged by a large flood bar formed south of Gable Mountain ard Gable 
Butte. 
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A breach along the northern shoreline of Lake Bonneville at Red Rock 
Pass near Preston, Idaho, resulted in torrential waters flooding down the 
Snake River and onto the Columbia Plateau (Malde 1968; Swanson 1984). This 
was the third major flooding event on the Columbia Plateau. The flood, 
which occurred ~14,000 to 15,000 yr ago (Scott 1983), must ~~ve resulted in 
the flooding of river courses to the Pacific Ocean. However, sedimentary 
deposits formed during the Lake Bonneville flood are only known to occur 
along the southeastern margin of the Columbia Plateau. In the Lewiston 
Basin, flood debris formed various bars marginal to the present-day Snake 
River. The Lake Bonneville flood apparently had little, if any, impact on 
stream courses in the Lewiston Basin or elsewhere on the Columbia Plateau. 

The last major flooding event is the classic late-Wisconsin floo d or 
Lake Missoula flood of Bretz (1923) that innundated much of the Co lumbi a 
Plateau of Washington State (see fig. 14). The flooding resulted in the 
latest scouring of the Channeled Scablan,d and widespread deposition of g la­
ciofluvial sediments on the Columbia Plateau (see BrP.tz 1923; Bretz et al. 
1956; Baker 1973; Baker and Nummedal 1978; Waitt 1980). The age of the last 
major flooding event is rl2,000 yr, based on the occurrence of Mount 
St. Helens Set "S" ash found within the upper part of the late Wisconsin 
flood sediments (Mullineaux et al. 1978). 

The three proglac ial catastrophic flood events referred to here may 
represent one great flood in each event as Bretz (1923) proposed for the 
late-Wisconsin flooding or multiple floods as demonstrated by Waitt (1980) 
for late-Wisconsin flooding. However, flood events and associated glac ia ­
tion resulted in only temporary or minor changes to major streams on the 
Columbia Plateau. Catastrophic flooding (except from Lake Bonneville) 
created the Channeled Scabland and destroyed the pre-Pleistocene secondary 
drainage network on the Palouse Slope. The Pleistocene events res ul t ed in 
the latest major sculpturing of the plateau landscape, and essent idl l y t he 
final positioning of major stream courses, with only minor local sh i ft s 
occurr ing during the Holocene. 

SUMMARY 

The evol ut ion of the Col umb i a-Ri ver drai nage system on t he ( Jlumbi a 
Plateau of ~ashing to n 'n the last 17 m.y. ref lec t s th e geolog ic histo ry of 
the plateau . We have updated an i nt erpreta tion of th e evoluti on J f t he 
Columh ia Ri ver sys tem and def ined the geomorphi c and structura l features 
t hat have con t rolled t he positi on of ancestra l s treams. The sequence of 
geo logi c eve nt s and t he result i ng drainage system for various t ime in t erva ls 
in t he l as t 17 m. y . are summari zed bel ow. 

42 

....... , .... ,,, .......... . .. ·•· ........ \, , 



RHO-BW-SA-318 P 

EARLY TO MIDDLE MIOCENE 

Grande Ronde Basalt was repeatedly erupted from fissures in the eastern 
Columbia Plateau during the most frequent and voluminous episode of Columbia 
River basalt volcanism. The flood basalts flowing westward down the Palouse 
Slope inundated the intermontane basin between the Rocky Mountains and the 
ancestral Cascade Range. Evidence of major streams was located mainly near 
the margins of the plateau where major streams flowed between the construc ­
tional topography built by the accumulation of basalt flows and the sur­
rounding highlands of pre-Columbia River basalt age. Major streams were 
·flowing westward around the margins of the plateau before joining to flow 
through the ancestral Cascade Range through an area south of the present-day 
Columbia River Gorge. Because of repeated basaltic volcani sm, integrated 
drainage did not have a chance to develop in the central plateau before suc­
ceeding flows covered the area. Drainage in the central plateau was poorly 
integrated with only minor evidence of small local streams and shallow 
freshwater lakes, marshes, and bogs. 

MIDDLE MIOCENE 

The beginning of the middle Miocene is marked by a short time interval 
of volcanic quiescence over much cf the Columbia Plateau, represented by the 
Vantage interbed. During this interval, continued uplift of Naneum Ridge 
diverted the ancestral Columbia River to the east near the north-central 
part of the vast basaltic plain. The diversion of the Columbia River lead 
to the development of an ancestral Yakima River in the northwest plateau. 
Renewed Columbia River basalt volcanism resulted in the eruption of Wanapum 
Basalt that again inundated the Columbia Plateau. Stream drainage during 
this volcanic episode was similar to that of early Miocene time with major 
streams confined to the perimeter of the plateau and local streams, lakes, 
marshes, and bogs in the central plateau area. 

MIDDLE TO LATE MIOCENE 

Columbia River basalt volcanism continued to wane during the middle to 
late Miocene with only period ic eruptions of Saddle Mountains Ba~alt. Sub­
s idence of · the central pla t eau and cont inuing deformation of portions of the 
plateau fo rme d t opographic featur es that were not being continuously inun­
dated by basa l t f lows a· dur i ng the Grande Ronde and Wanapum volcanic epi­
sodes. Saddle Mountain~ Basalt was erupted fr cm fissures in the eastern 
plateau, primarily in the Clearwater Embayment, and flowed down ancestral 
Clearwater-Salmon River canyons. The intracanyon flows define the drainage 
channels of ancestral streams. The intracanyon flows, in conjunction with 
gravel trains within t he Ellensburg Formation, are used to reconstruct the 
paleodrainage sys tem i n the southern part of the Columbia Plateau of 
Washington. The ance st ral Columbia, Clearwater-Salmon, and Yakima Rivers 
were control led by struct ural relief developing on the plateau and around 
the constructi onal topography bui l t by emplacement of flows that spread 
later al ly i n t he central Columbia Plateau. The ancestra l Columbia River 
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flowing south down the Columbia Slope and the ancestral Clearwater-Salmon 
flowing westward down the Palouse Slope joined in the central plateau to 
flow southwestward to the present -d ay Columbia River Gorge area . The ances­
tral Yakima River joined the combi~ed Columbia and Clearwater-Salmon in the 
developing Yakima Valley. Lat e in the Saddle Mountains vol~anic episode, 
the ancestral Clearwater - Salmon River was diverted into the southern Pasco 
Basin and through the Horse Heaven Hills at Wallula Gap. 

LATE MIOCENE TO MIDDLE PLIOCENE 

Columbia River basalt volcanism had essentially ceased, but continuerl 
t ectonic deformation of portior,s of the basaltic plain resulted in the 
deve lopment of prominent structura l ridges and lows. The major streams 
fl owed within the structural basins and synclinal valleys and in water gaps 
through structural ridges. Near the beginning of this interval, the ances ­
tral Columbia and Yakima Rivers were captured by the ancestral Clearwater­
Salmon River channel to establish the entire Columbia River system through 
the Horse Heaven Hills at Wallula Gap. The capture may have been the result 
of plugging of the cornbir1ed ancestral Columbia and Yakima river channel by 
the erupt io n of Simcoe Volcanics in the Goldendale area, and/or continued 
subsidence of the Pasco Basin and aggradation of a sufficient thickness of 
sediments to overcom 0 the constructional topography built by emplacement of 
the Ice Harbor Member. Following the river capture, the ancestral rivers 
ag1raded sediments i~ the basins of the Columbia Plateau until the middle 
Pliocene. 

MIDDLE TO LATE PLIOCENE 

About middle Pliocene ti me , aggradation of sediments in the structural 
lows of the central Columbia Plateau ended rather abruptly and the rivers 
started a period of downcutting . The history of aggradation and erosi on of 
sed imen ts has been previ ousl explai ned by deformation along the Horse 
Heaven Hil l s. Howeve r, the slow rate of deforma ti on of the Horse Heaven 
Hills apparentl y allowed the Columbia River system to maintain a channel 
th rough Wa l lula Gap during uplift of the ridge. Since de formation along the 
Ho r se HeLven Hi l l s appears to expla ·n only a part of a major regional 
basel evel change obse rved hroughout he plateau , anothe r hypothes ·s is 
~roposed . As proposed by lol n and Beeson (1984 ), the ancestral channel of 
the Colurr ',i a Rive r in the Cascade Range •:,as inundated by high alumina 
basalts a.,d o lcc1nic deb r is from the Cascad e Range that resulted in a higher 
ba se level and r egional aggradatio n of sediments in the Columbia Plateau. 
This led o the Col umbia River establ ishing a new channel in its present-day 
posi ti on ~z m. y ago . The incisio n in the Columbia River Gorge, resulted in 
a lover base level and incision i nto sedimentary deposits in the Columbia 
Plat eau. , l so , ~z mill ion years ago, the Snake River that flowed south of 
the Col um bia Plateau was captured to become part of the Columbia River 
system . e capture essentially linked the f ina l segme nt into the Columbia 
Riv er sys: em . 
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PLEISTOCENE 

Glaciation that impinged on the northern Columbia Plateau and cata­
strophic flooding that resulted from the failure of ice marginal lakes 
caused only temporary or minor changes to the major rivers on the Colu~bia 
Plateau. At least four flooding events resulted in the last major 
sculpturing of the plateau and essentially the final positioning of major 
stream courses. Only minor local adjustments in the major streams in 
topographic lows have occurred during the Holocene. 
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