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The Pase • Basin is a lar ge to •• graph i c 2nd s t ructural 
depression which has been a d e • o c enter for u p t o 300 m o f 
n o n -mari n e . elas tic sediment s sin c e (an d p r ior t o) th e l ast 
erup tions o f Co l umb i a River basalt , dated a t 8 .5 Ma. The Pasc o 
Bas in borders the Yakima Fold Belt within the s e miarid , cen tr al 
Columbia Plateau. It is elongate and ar c uat e in map view 1 due to 
change of trend in some of the structural elements bounding the 
basin (Fig. 1). The Pasco Basin is defined by the area east of 
the Hog Ranch-Naneum Ridge anticl ine, south of the Saddle 
Mountains, and north of the Rattlesnake-Wallula alignment CRAW>, 
a ser i es of northwest-trending ant iclin a l rid ges and domes. The 
Pasco Basin merges to the east with the slightly tilted and 
relatively undeformed Palouse Slope. 

'-The stratigraphy within the Pasco Basin h as b een unraveled 
since the 1940 's when a variety of -engineer i ng geology and 
geohyd rologi c activities began. These included the Columbia 
Bas in Irr i gation Project (Grolier and Bi ngham, 1978 ), the siting 
of nucl ear power plants <WPPSS, 1981; wee, 198 1; PSPL, 1982), the 
storage of defense nuclear wastes (Brown, 1959 ; R. Brown, 1960; 
Brown and Brown, 1965; 8ro~n, 1979; Newcomb and others, 1972; 
Tallman and othet-s, 197 c7' ; F;:ou ts·on and Fecht, 1979), and 
ground water resource e v~ luation (Brown, 1979) . Since 1976, the 
Quaternary and 6lder deposits have been studied to teit the 
feasibility fo r disposal of radioactive wastes in a geologic 
medium (Myer s and Price , 1979; 1981; DOE, 1982~ 1986). 

The purpose of this s~ct ion is to ~evi e w an~ update the 
Qua~ernar~ strat i grap h y of the Pasco Basin based on previous work 
as well as recent stud i es b y the authors. Interpretations 
preiented herein are b a sed on a variety of methods including 
geologic mapping (Newcomb and others, 1972; Gro l ier an~ Bingham , 
1978; Rigby and others, 1979; Lillie and others, 1978; Myers and 
Pr ice, 1979), ash ch ar a cter iz a ti on , paleomagnetism, and numerical 
age ._d ati ng (LI-ser ie s , thermolumines cenc e (TL>, and c arbon-14). 
F:ei;u.l ts o f -::ige dc.•.t i ncJ 2.n d t e .pr·i1~ a cha1-·acter i z a t ion, 1 oc:atecl on 
Plate 1, are presented in Tables 1 and 2, respectively. 

GENERAL STRATIGRAPHIC RELATIONSHIPS 

Th e Quatern a ry sediments, up to 100 m t h ick within th e Pasc o 
Bas in, are differentiated primarily on the b a sis of textur e, 
composi ti on, and sedimen tary st r uct u re, a n d to a lesser e x t ent o n 
other ~ed imeGt • l o q ical feat u res ( Table 3). The disc uss ion in 
this paper focuse s _• n d e posits a ssoc i a t ed with c3t2clysmic f lood , 
fluvi al, and eol i a n p r oc e sses . Whil e other Quat ernary d e~os its 
are p res ent (e.g ., co ll uvium, ma~s wasti ng deposits ), t h ey a re 
l oca li zed a n d r e l at ivel y in s ignificant 1 aG d t h e refore, a r e not 
d isc u ssed furth2r . For t h e p urpose o f disc uss ion o f sedi men t ary 
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fac ies, the Pas e • Basin is subdivi ded into three stratigraphic 
·:::.: .. th p ,- CJ \/ :i. n C: t::..•:; =-~ :: th~:-:., \ l ) C: C::~:r-·1 t. 1.-· -~·•.1 I:::. Ci.:;; i n ~ ( :? ) bi:?-. ·:5 in ffi<3, ir- q :i. n 'J a.n d ( ::::; ) 
,-· 1 c1 q ;,;,:· t. ,:;, 1-- r·· c:\ :i. r-, .. 

CGTACL.YSMIC FLOOD DEP~SITS 

Cataclysmic flood deposits , mostly derived from th e sudden 
out pourings of glacial Lak e Missou la (Bretz , 1959) , are 
ubiquitous bel ow an elevation of about 250 min the Pasco Basin. 
They are divided into a coarse-grai n ed and f i ne-gra i ned facies 
(Tc:-l.blE? ::::;) . 

C• arse-Grained_Deoosits 

Coarse- grained cataclysmic-flood deposits l i e i n or 
immediately adjacent to the ma in c a t aclysmic floo~-channelways. 
Two types of coarse-grained flood deposits are recognized ~ a 
we ll -sor t 0d facies and a p oorly sorted f acies (Tabl e 3). Based 
on reversed magnetic polarity (Matuyama ) , a min imum age for ihe 
oldes t catac l ysmic flood deposits i s ear l y Pl e i sto cene, i. e . , 
pr i or t o 0.79 m. y. B. P ( J oh nson , 1982) . Re versed - pol ar ity flo od 
deposi t s are p reserved wi t hin t he Pa s co · Ba sin a s we ll as th e 
Chan ne l e d Scab l an d (Fig. 2) . Old flood grave l ·s ·on th e Ch a nne l e d 
Scab l an d , pr eviou s l y identi f i e d in Pa t ton and Bak er ( 197 8) a nd 
Baker a nd Nu mmeaa 1 ( 1978 ) , are located ~ t Ma r e n go , ' Re ~er e, 
Macall, ~n d Ol d Maid Cou l ee. Th ese pr o b ab ly cor re late with 
reversed j 1 o • d deposits at Poplar Hei ghts, Vern i ta Grade , and 
Yakima Bluffs within the Pasco Basin . 

?'.-)t l ec:1st one mi cl d l f:i.• F' l ei st.ocene ep i sode of c a tac~ l ysmi c 
flooding is i ndicated by poor ly sorted gravels with normal 
pol~rity capped by platy to massive, carbonate-plugged K 
horiz • ns 1 charac terist ic of Stage III to Stage IV pedogenic 
carbonate development (Gile and others, 1966; Machette, 1985). 
Pedogenically al t ered flood depos i ts o f this age occur along the 
top ._o-f c:,. p1,. omi n ent floocl t.en,.i::\CE' i::tl "' 1 40 m i n t he southt.--Jef~te1r-n 
Pasco Basin northwest o f Wal~ula Gap (Plate 1) . Flood d eposits 
of this age are also present at the Oak Street , South Bombing 
Range Road~ Ki ana Quar r y, and Lesl i e Ro ad localiti es (Fig. 2). 
A min i mum age for the calcrete, samp l ed from n ear the Les l ~e Road 
locality and det e rmined by the Th/U dating method (Ku and others, 
1979), is about 0.20 Ma (L ab nos . RHT-10, RHT-11; Table 1). The 
timing of this f lood episod2 is therefor e middle Pleistocene 
(0.20 and 0 . 79 Ma) . 

C• ars9-qrain e d f lood gr2vels associated with the last (late 
Wisconsin ) ecis• d2 of Missoula f looding locally overlie older 
flood deposits. Dc•• sits •~ this age are widespread throughout 
the basin and c haracterized by weak soil development , limited t o 
filaments an d thin coating s af carbonate on the undersides of 
gr ave l clasts (Stage 1). 
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Fine-Grai n ed _ De• osits 

Fine-grained cataclysmic f lood deposits com• rise the most 
extensive and vo luminous Quater n ary-age unit wit h in the Pasco 

These deposits, which c onsist mostly • F si lt and/or s and, 
arP di vi d ed in t • two facies: { ·1 '1 

' .t. , a plane-lam i nated sand fac ie s 
and (2) a rh y t hm ite facies~ also referred t • a s Touchet Beds 
( F lint, 1938) . Plane- l aminated sand, most common in the central 
basin, grades later a ll y into sl ac k-w a ter rhyth mite deposits 
towa rd basin margins. Because plane-laminated sand occurs bot h 
0ithin flood grav els and at the bases of proximal rhythmites 
(Bjornstad, 1980; Bunker, 1980) it is con sider ed a transitional 
facies between th e coarse-grained and rhythm i te flood facies. 

Three pl a ne- laminated sand sequences were exposed in a recent 
excavat ion within th e c en tral b as in (F i g. 3). These sequences 
ma y correlate with the early, middle, and lat e Pleistocene flood 
episodes, discussed above fo r coarse-grained flood deposits . The 
uppE•t-mo<:::.t unit c:onti::,i ns', thE! Mount St. Helens II set-S II tephr a. 
couplet (Table 2), dated at 13,000 years B.P. (Mullineaux and 
others, 1978). Th e two lower plane- laminated sand sequences are 
capped by weakly developed and bioturbated B horizons, suggesting 
distinctly different ages . Additional evidence for three . 
separate flood episodes lies with a elastic dike in · the middle 
unit, which is neatly truncated along the contact with the ~pper 
unit (Fig. 3). _ The middle unit contains an abundance of 
fine~grained Ringold For mation (Neogene) rip-up clasts, 
suggesting this unit was der ived from a scabland flood that 
entered the Pasco Basin fro m the northeast via Ringold Coulee 
(Fig. 1). Wood from within the elastic dik e h as been 
radiocarbo~ dated at }32 ka (Lab no. C9 190; Tab le Ll. The lower 
unit is at about the same stratigr aphic position as the . 
magnetically reversed flood sequence described b y PS PL (1982), 
and th er e for e is probably early P leistocene . 

The sec o nd type of fine-grained flood deposit, fhe rh ythmit e 
facies, consists of graded beds of plane- to ripple-laminated, 
san~ and si l t deposited in slack-water areas marginal to the 
central Pasco Basin. Rhythmite s range from 3 to 30 cm thick and 
oft~n contain a distinctive series of turbidite- like sedimentary 
st ruc tures <B a ker, 1973). Rhythmites in the southern and eastern 
Pasco Basin are reported in Bunker (1980, 1982) and Bjorns~ad 
(1980, 1982), respectively. Mos t rh y thmite sequences in southern 
Washington are o f lat~ Wisconsin age exc e pt at two locations 
wh ere older sequences are p reser ved. Ol de r sequences have been 
ob s erved at Cummings Bridge (Bjornstad, 1980 ; WC C , 1981) and 
\{ {::i, k :i. rn CJ Ei l U. -f f ~==, < f=· i ~1 <.::. .. r:, 13. n d LI, J • 
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Alluvium from several maj • r rivers ( i.~ . Yakima, Snake, and 
Columbia) is repr2sent0d i n the Pasco Basin at least since the 
late Tertiar\ (Fecht and o t her s, 1985) . Mainstream alluvium li es 
be t ween the Neogene Rin go ld Formation and Pleistocene cataclysmic 
flood deposits within the central Pasco Basin. Quaternary-age 
alluv ium is differentiated from Ringold Formation by less 
cementation and weathering, and from flood deposits by greater 
degree of roundness and basalt content of gravel clasts, which is 
between that of Ringold Formation and flood gravels (Tab l e 3). 

A thick sheet of well-rounded and -sorted gravels, referred to 
as Pre-Missoula Gravels CPSPL, 1982), disconformab ly overlie the 
Ringold Formation o ver much of the central basin. Based on the 
magnetic polarity and stratigraphic position, this u~it is 
.. , I'" ·r <C'l ,, •• n ,, .. :·, .,. ,:::, d· t· r· , .• r.., r.:., :· t"' ·1 ,1 1~:• 'I ,:·, 1· , .. t Or• (:::, r1 ,::, 1· r·1 .. " 0 i\ c· -- (~ ',;: d .; r1 g ·t· r· ,, I ... , •. .• I ••• c:_ \ 1_J 1 t:;_ \ •• i,;_ • _J _j ,;;. . ~-:::. t_\ .. T .1. "'-· . _,. \._ ... ,_ , d\:J ,~ • r, L .J J. l _ ...J ./ c:t., I 

Alstine (1982), the upper part of this unit has reversed polarity 
overprinted on normal polarity; an indication that deposition 
occurred during a normal event (either the Jaramillo (0 .90 to 
0.97 Ma) or Olduvai (1.67 to 1. 87 Ma) within the Matuyama 
reversed epoch. Pre-Missoula Gravels were interpreted by PSPL 
(1982) as deposits of older cataclysmic floods. Although the 
upper portions of this unit may be flood related , we believe the 
lower portion to be more characteristic of mainstream alluvium. 

Mainstream alluv i um of probable early-Pleistocene ~ge is 
e:-:po~-;t::•d 2.l ong Cold Cn=!E•k in 2. r· emn,;.•.nt gr·avel b;:1.r (Pl ate 1). Th e 
gravel bar, up to 45 m thick, probably r epresents t he surface 
expression of Pre-Missoula Gravels present in the subsurface a 
f e v-i' k i l onH::~ters to ·Uv.:! ec.:i.st. El. se~•;he1··e, early Pl ei '='.tocene 
alluvium is preserved at Yakima Bluffs (Fig. 4) where mainstream 
all0vium (perhaps equivalent to the Pre-Missoula Gravels) is 
o ver l a in by a sequence of reversed (Matuyamal overbank deposits. 

Mainstream al luvi um was deposited during the relatively long 
time intervals that separated major cataclysmic flood episodes. 
How~ver, with the possible exception of the Pre-Missoula Grave ls , 
preservation of these deposi±s within the Pasco Basin is rare. 
Borehole studies and mapping of large-scale surface excavat i ons 
by the authors have failed to reveal mainstream alluvium between 
episodes of cataclysmic flooding. The lack of mainstream 
alluvial deposits is explained by either limited distribution to 
narrow ch annels near the present-day rivers or, more likely, to 
scouring of pre-flood river channels b y cataclysmic floods, which 
removed most of the mainstream alluvium deposited b etween floods. 

Si_destream_A\l.uv\um 

Th in ( (/ = 10 m) deposits of sidestream a lluvium lie along the 
basin marqins where ephemer al st r eams - have erGded into the basa lt 
r i dge ~ and/ • ~ the Rin gold Formation. S idestream alluvium is 
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transpGrted and r edeposi ted as basal tic g ravels mixed with 
\/ c:.. 1- \;r' i n q .:-:i. rn CJ L.l r·i -t:. ~=- CJ ·f s:::. ;_:;.t. r·1 cl .::-. n ci ~~; i 1 t ( ff, C) st. 1 ~~/ ,~ e !rJ c:i r· k E:· cl 1 C) r; .. ? ·:::. ~ .. :\ i n th E: 

form o f alluvial fa n and/or f l oodp l ai n G8p • sits. 
At least three 0ges of sidestream ailuvium are r ecognized 

pale• s • l develop ment, inclusive te• hra horizons , and their 
stratigraphic relation shi p with other units. Th e oldest 
sides tream uni t, rarely exposed and onl y in t h e ridge terrain , is 
composed of a sequence o f weathered~ subangular to subrounded 
basaltic alluv ium cap ped by silcrete . The silcrete f ormed dur ing 
late Plioc e ne and/or early Pleistocene time, perhaps under more 
humid conditions (Summe rfi eld, 1983). A second younger 
coarse-gra ined sidestream alluvi al unit is locally present alon g 
exposed basin marg ins . Unlike the silcrete-cement ed unit, this 
unit i s composed of angular, unweathered basalt clasts, c e mented 
with one or more car bonate horizon s rangin g from Stage II to IV 
in carbonate d eve lopment. Carbonate-cemented sid~stream alluvium 
is estimated to be early to late Pleistocene in a~e. This is 
based on correlation of loess units interfingered with sidestream 
d e bris to loess of known reversed and norma l magnetic polarity. 
The upp e r age of this u ni t is tentatively constrained at about 
75 ka, based on a Th/U analysis of pedogenic-carbonat e CWCC, 
1981) at Finley Quarry (Fig. 1). 

The youngest sidestr eam alluvial unit typically shows minimal 
soil development and overlies carbonate-cemented alluvium 
throughout the ridge and basin margin terrains. Sidestream 
alluvium contai~s both layers <G and B) of 11,200-yea~-old 
Glacier Peak (Mehr inger and others, 1984) and/or the 
6600-year-old Mazama (Wilcox, 1965 ) te~hra (Table 2). 

Eoli an deposits i nclude dun e sand and l • ess . Dune sand, 
derived fro m the reworking of flood deposit s since about 13~000 
years ago , blan kets much of the east-central Pasco Basin. Both 
actiye and stabilized cresentic-shaped dunes have formed by 
prevailing wind s out of the southwest. Loess, on the other hand, 
occurs in sheets that mantle muc h of the upland areas surrounding 
tGe central b asi n (Plate 1). Loess, which accumulates more on 
the north and east (downwind) facing slopes of ridges, may ~ttain 
thickn esses of 30 m o r 0 • r e; h owever, most loess dep osits range 
from 5 to 10 m thick . 

A total of f ive diff eren t-ag e l oess units are recogniz e d 
wi thin th e Pasco Bas in (Table 3) and are referred to, informally, 
as L 1 through L5. These uni ts ar e differen tiated • n the b asis of 
( 1) position with respec t to • ther stratigraphic units, whi ch 
i nclud e sl • pewash, s ides t ream a lluvium 1 and s l ack -water flood 
ci E? p o ~,; :i. t c,; , ( 2) co 1 or: ~ ( ::~:) ~=-Di 1 d :c>.Vf:.> l opmr::::n t , a.n d ( 4) p -3. l 1::?om E,.(] n r2t i c 
polarity (Table 3). The oldest l • ess unit CL1) i s di st inctive ly 
ver y c o mpact, reddish yellow (7.5 YR-7/6), and u sual l y capp ed b y 
a silcrete. The in fe rred age of Li i s lat e Pliocene to ear ly 
Pleistocene based on its siliceous character and the position of 
Ll with respect t o the overl y in g unit (L2>. The chemical nature 
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and stratigraphic position of the silcrete suggests that it 
predates Quat er nar y -age calcic pale• sols. This unit occurs ..• .I~ 

.;:;, I,_ 

c1 n l ··:/ .::1 ·f r:: ~,.•.J s- c: Ei. t . t . i:"::~ r· ::::: ,.::I l i .. :, c:. {'::<.1 :i. t:. .i. E' ·:::; .i n t. l· ·, f::.• . t ·• i cl t.;j E.1 t. '='=~ r· 1: -- .::t i r"! ,. 

Unit L2 consists of compact br • wni~h yel l ow (lOYR-6/6) lGPS~ 
capped by a K horizon, consisting o~ as much as 4 m of • lat y 
(Stage III to IV) pedagenic carbonate. L2 is present in Sni vely 
Basin where it overlies Ll , and in isola ted o u tcrops at Vernita 
C:) j·-· (-3. cl G? a. r·1 ci i::;: -3. d -~-:!. 1-·- i·-1 i J 1 ( F' i c;j .. l ) n £{ ~:-:i. ~3 e d (J n j_ t s; p 1:~ E: cl CJ fn i n -:3. n t ·1. -.. / 

reversed polarity, L2 i s interpreted to be e arly Pleistocene . 
Minor normal-polarity intervals that occur within L2, at Vernita 
Grade (Fig. 2) for example, probably represent either the 
Jaramillo or Olduvai normal-polarity events within the Matuyama 
Epoch (0.79 to 2.48 Mal. 

Unit L2 may correlate with reversely magnetized loess that 
occurs at lower stratigraphic levels in the Palouse region 
(Foley, 1982). Elsewhere, a well-sorted, massive, pale brown 
loess, described from boreholes in the west-central Pasco Basin, 
may also correlate with unit L2. This unit, also ' referred to as 
E,a.rly-"F',:,.lousE," soil (D. Br--01,,w1, 1960; Tallmdn cinc:l oth,?r-=,i 1'7'79), 
lies between a highly weathered Ringold surface and cataclysmic 
flood deposits. 

A third loess unit (L3) consists of a compact, yellowish brown 
(lOYR75/6) loes~ that is up to 7 m thick. It contain s multiple 
paleosols consisting of both well-developed argillic B horizons 
and ·platy, c arbonate-plugged <Stage III to IV) K-horizons. This 
unit, :common in r iclge tet-r·ain, is prob a.bly equivalent to the 
middl~-to-late-Pleistocene Palouse Formation that lie~ east of 
th e Pasco Basin (Newcomb, 1961). Normal magnetic polarity 
combined with Th/U numerical age dates on pedogenic car bonat~ 
(lab nos. C4002~ C6682-C6685; Table 1) suggest this loess unit is 
bet~een 7~,000 to 790,000 years old. 

Unit L4 consists of multiple cycles of loose to weakly comp a ct 
pal~-br • wn (10YR-6/3l loess. This unit contains weak t • 
moderately well deve loped B horizons with thin coatings, 
filaments, and nodules of carb onate (Stage I to II). At least 
one t~phra (Table 2) is associated with L4: the Mount St. Helens 
"set. M" c ouplet (:l.'.::l.1 000 - 20,000 y1rs. B.P. (Smith, 1'-7l30)). Ba.sed 
on teprn-a c1.nrj cart1on2.te 2.ges"I L4 is middlE· to 1 -::<.tE-? 1,,Jisc:onsin 
c~20,ooo to 75,ooo yrs B.P.). 

The youngest loess unit within the Pasco Basin, L5, in c ludes 
loess deposited durin g and since late Wi sconsin time c~20,ooo 
years B.P.). Characteristically, it is loose, well sorted, and 
pale biown (lOYR-6/3) in color. Soils atop or within unit L5 
normally show only a simple, weak A-C horizon (Baker, 1973). 
Carbonate d evelopment i s limited to filaments and thi n particle 
coatings (Stage I). Tephra from three sources are associated 
with t he L5 unit: the MouGt St. l·- 1;?.1.i:::ns 1 'S:-F::t: '.:3 1

; ci:Ju.plE1t (cjr-

triplet), Glacier Peak (layers G an d 8) and Mazama (Table 2>. 
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Pasc o Basin and s urrounding area fur t ~• re~sons . One r e ason i s 
due to a significant dr •• in base level following de •• siti • n of 

~~~r~~~~~~d 1:~;~:t:~7c ~R;r • ==~~~' b!::~;s:::~~:~ :~dt~~h ~::; 1972; 
Pl i o c ene . Th e cau se o f t h is i nc ision Cup t o 150 m i n t h e P a s co 
B,,:1.~;ir·, ) ic::', u r·, kn u\-,Jr-, c'(t t h:i.s t i ffi f:? ( F"ec:h t f~ t a l., 198~3 ) but i s 
probably due to a change in clima te and (or) tectonic activity. 
A secon d reason is the sub sequen t e r osion and redistribution o f 
Pleistocen e (and old e r) dep o sits by cataclysmic flooding. An 
upper limit on the ag e of inci s ion is 900,000 years bas ed on a 
d a te o f basaltic lava f r o m Hays t a ck Butte which lies near the 
pres e n t bas e lev el in the Columbia River Gorg e (Bela, 1982). 
Do wncuttinq wa s probably reg ional in extent (Fecht and oth ers , 
1985) s ince e v idence for a simil a r event is reported for several 
oth e r ar e as in the Columbi a Bas in (Cochran, 1978 ; Tolan and 
Be e~.; on., :1.984). lnc:Li.cation~3 a n ::' thE1t base 1E'Yve1 has remained 
relatively constant following late-Pliocene and/or early 
Pleistocen e incision. 

CONSTRAINTS ON FLOODING WITHIN THE PASCO BASIN 

Cataclysmic floods inundated the Pasco Basin several or more 
times during the Pleistocene. Net erosion by these floods was 
minima l and probably only associate~ with the earliest floods; 
later floods only partially incised into older flood deposits 
b e f~re backfilling with dep o sits of the most recent flood. 

At least thr e e major fl ood ing episodes (e a rly, middle, and 
late Pl e istoce n e ) are recog n iz e d in the Pasco Basin. The s e 
episod e s ar e dis t in gu ished b y c h a ng e s in ma g netic polarity (Fi g . 
2), truncat ed e l ast i c d ikes, a n d s o i l d eve lopme nt at o o flood 
s eq u ences . However , many more minor flood events probably 
occurred du r ing each o f these major epi s odes . Decipher ing the 
histo~y of cataclysmic flooding in the Pasco Basin is 
c omp licated, not only b y fl o ods from multiple sources (glac i al 
Lak~ Missoula and Lake Bonnevill e ), but also by the fact that 
paths of Missoula floodwate r s migrated and changed course with 
the advance and retr e at o f the Cordilleran Ice Sheet (Craief and 
Underberg? 1984; Baker an d Bunker, 1985). Th e best record of 
floodi n g is pr e serve d for th e l as t Miss oula flood which 
app a rent l y came do wn t h e Co lumb i a Ri ver (Wai t t , 198 2) . 

The evidence for cataclysm i c flooding in t he Pasco Basin, 
besid e s the sediments themselves, incl u de high-water marks and 
fai n t strandlines along t he basin margins. These were left 
b 0:ih ind D.!c, c:1. r .. E•~.:,u. l t .c;{ h yd:, .. D.u. l i c: c:la.rnm i ng ;:,1.n cl t h ;:2 f Dt- m-=•.t ion of 
' ' L..i-J k r:,? L.EH i ·:::.; ' ' ( P1 1 1 :i. <_:;c:.; n , l ·~::~;::~;) b F,?h i nd V.l .::.:<.1 1 u. l i:•. Ga.p (Fi. q. 5 ) • L.a k ,:? 

fell' .. m;;;i t i u n ms:Jy h "''·'/1,,1 in :i. t i a.t f.:!cl i n t hE• Co 1 u.mb i E•. Pi ··,;e1·- Gon;Je 1 
however, a s i ndicated by similar high~water marks both a bov e and 
b e low Wa llul a Gap . Hi gh-water ma r k s for La ke Lewis, i nf err e d 
from ice-r afted erratics on rid g e s , range fro m 370 to 385 m, 
which is 2 0 to 35 m hi g h e r t han repor t ed previ ous l y (Bak e r, 1973; .,, 
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ph• t • lineaments b e tween t he 245- and 305-m levels along th e 
n c)r· th r.:a. st. ;._? r · r·1 ·f J. .::"i.n k c1-;= F\.::;·i. I:: t 1 c:· :-:::.r·1 •='· k E.·:· ivt ou.n ta.in.. r'; -fl C)c,d CJ1··- i c;_1 in 1 S:1 

inter r·ed ba~ed on exposures in trenches that cross these 

af typical lake deposits ove~lyinq fl o od deposi ts suggest L~~P 
Lewis was short-lived (W a it t, 1980). 

Flcl• d deposits are distr i buted such that coarse-gra i ned 
deposi ts li e towar d the cen ter of the b as in and fine-grained 
deposits toward the margi n s; a sim ilar pattern was most likely 
repeated du r ing most fl o od episodes. The two coarse- grained 
facies~ poorly sorted and well sorted (Table 3), are generally 
conf i ned to re latively narrow trains within or near flood 
channelways. Th e plane- laminated sand fac ies occurs as a broad 
sheet over most of the central basin. Paleocurrent indicators 
within bed s of pl a n e -laminated sand are un idirecti onal, general l y 
south or west, wi thin the Pasco Bas in (Fi g. 5) . . 

Rhythmite facies occur in s lack - water areas arciund the margins 
of the basin and were deposited by multidirectional currents, 
including up v alley. Individual rh y thmites fine and thin both 
l ateral ly and vertically (Bunker, 1980; Bjornstad, 1980). 
Occass ionally, within late-Pleistocene fine-grained flood 
sequences, rhythmites o v erlie plane-laminated sand facies, but 
not vice versa. Multiple floods may be represented where 
evidence for subaerial activity (e.g., airfall tephra, 
bioturbation, and/or ~olian sand} li e between r hythmi t es . 
Similar observafions have been reported by Waitt (198b) and 
Bunker (1982). In contrast , similar evidence for subaerial 
exposure has not been observed within the plane-laminated sand 
facies. Poor ly sorted flood grave ls lie bot h above and below 
sla~k-water deposits? whereas the well-sorted floo~ gravels are 
generally only present above slack-water dep osi ts. The following 
is i simplified flood model b ased on th e above observations. 

SIMPLIFIED CATACLYSMIC FLOOD MODEL 

·-A generalized model for tbe th e last Missoula flood in the 
Pasco Basin consists of three phases: (1) large-scale erosion, 

, followed by (2) deposition associated with lake filling, and 
finally (3) depos ition and erosion associated with lake retreat . 
Previous flood episodes show a similar pattern of erosion and 
deposition. However 1 the distribution of facies probably 
differed depending on where the ma in f loodwater s enter e d the 

b "'"':; j_ n. 

Th i::.! -fj_;--·s;t E:::f-FF!C t flooc!vE•.·::.er·<:.; hc.,1.d o n the bEiSin '+=•.s t o C.c:1.USE~ 

extensive erosion, d • wncutting! and reworking • f preexisting 
deposits. Floodwaters that enter e d from the north (Othello 
Channels and Esquatz e l Coulee) and east (Cheney-Palouse tract) 
carried large volumes o f Columbia River b a salt and Palouse loess 
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I . -

while fl •• d s mov ing d own the Co lumbi a River r i pped up a nd 
reworked l • • s2 alluvia l and qlaci2l o ut ~ash d epos its. Within t he 
1=· :.::.t 1

:::, c:: c:i E~ -:::-. ~~- :i. r--1 ,, CJ 11 t . h ~:,;;., C) t I ... , E::7: ,,- h E!. n c! ,, + 1 (J ,-:::, d "'"'J I:':1• "I':. 1:.:: 1···· =.. t ii CJ s: t: 1 \/ s c .~:, u. i,_ E· d i n t ·=' 
weaklv c • nsalidat~d, older flood deposits, th 2 fluvi ~ l-lacustri ne 
F'. :i. r·1 lj C• 1 cl F. rJ i•· · ffi a. t :i. c:; r·i •.1 E:i. r-·! cl ·t.. c.1 -:·::•;_ } '::?: ·:::. ·=~- f:~: r- e ~< t. 2 r .. 1 t ~ b a.:::; -::1. J. t:. E.1. r ·, d 1 CI F::· s ~:; ., 

Wa~i.n • _ Lake_Lewis_Phase 

Floodwaters enteri n g the Pasco Basin quickly exceeded outflow 
at the narrow constr i ction in the Horse Heaven Hills (Wallula 
Gap) and/or the Columbia River Gorge. This resulted in 
hydraulicall y impounded floodwaters that formed a short-lived 
lc~.kE:' in the ba.s:.in t-·E,ferTt'?d to a.s "L.ake L,::2 1,,,is" U-Ulison

1 
19:T5). 

As the lak e filled, poorly-sorted flood gravels rapidly aggraded 
due to rising base level and waning current velocity along the 
bed. 

Foreset-bedded, poorly sorted gravel deposits in the eastern 
basin suggest this area was strongly influenced by flood-water 
from the northeast down the Snake River (Lindberg and Brown, 
1981). These floodwaters were either associated with a Missoula 
fl o od Cs), directed d own the Ch eney-Palouse s cabland tract, or 
perhaps a Lake Bonnev ille fl ood (Ma lde , 1968). Depositi from th e 
Lake Bonneville flood, the last of which occurred about 14 ,000 to 
15,000 y1r':3. B.P. (Sc ott cm d other-s, 1.982) ~ h a.ve not bE.~en 
positi ve ly identified within the P~sca Basin, : probably because of 
ero s ion and/or burial by later floods from Lake Missoula. 

A~ay ~ram aggradin g f lood channels plane-laminated sand was 
deposited. Eventually, as the lake r ose, the c entra l basin was 
ext~nsively covered by a sheet of plane-laminated sand. Along 
the margin~ of the basin, in backflooded valleys, ~l • odwaters 
deposited one or more rhythmites. Rhythmites locally overlie 
plane-laminated sand, as on the downstream sides of flood bars, 
f rn--· e>: ;=.,.mp le. 

The number of floods represented in any part icular flood 
sequence is debatable (Baker and Bunker, 1985). Waitt (1980, 
1985} proposed that each graded bed of a rhythmite sequence 
r e p resen t s one of 40 o r more, separate floodi n g events from 
gl ac i al Lake Missou l a. An alternative h yp o thesis for the 
development of rhythmites is thr oug h transient flood surges 
during a single flood (Bretz, 1929; Baker, 1973; Bjornstad; 1980, 
1.982; E<unke;r, 1.cm2; F: i gby, J.Cji:3'.2). 

Based on distinct unconformities, only three major flood 
episodes (ear l y, middle, and late Pleistocene) are recog nized in 
the Pase • Basin, although the occassional presence of weathered 
h • riz • ns, eolian material, and/or teh • ra includ ed within 
r h y·t h rn i t E' -f a.c :i. E•':; '::,1 ... l,] CJ 1:=,•;;;t th e1- t:'2 1.,,.JE:'l.-· r-2 mu. l ·i.:. j_ pl e l c.•. t e F 1 E, i ,,, i.:. oc: en e 
f l (Jc:1ci ~:; -:-J. ~:~ v•.Ji::: J J. ,. :::·:; t ro :i. J ~~}r.. =7.1 • / .. _ .~, ,::::r·i c. i:.~ for·- rnu.1. ti r.:i l e + 1 cJCJcj i. n {J i. ~:; 
absent, however 1 within sequences of plane-laminated sand, 
although t h is may only signify erosion associated with succeeding 
+ loc:1c:l!s. 

P,q r~J (· c,-..cl at :i. on 1,, i th i n L.,::1. k r:': L..E:,·'• :i. "-', cl i::::c i'. eE~. SF,cl r:'I s th t-=: 1 -='· s:, t • ·f th E, 
flood waters entered the basin. A broad, sou.theastward-proqrading 
delta, referred to as Priest Rapids bar (Bret z, 1928), develo• ed 
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.:::\ ~;:. + 1 C} CJ d i.r .. ! .::::·:. t E-! ir· ::~. r:::: >~ p 1:::'i. n i:j r:~: c:1 b r::::: \/ C) I ··1 ,:::! E:\ + l Cj t"-1 C O n ~::. t 1- i Ct. i (j n ,'::\ t f ; en t i n f.:~ 1 
Gap . This bar~ which probably began to farm in th e ear l y 
Pleist • c2n2, aggraded during subsequent fl ood s rea c hinq its 
pre~ent height (26 0 ml in the late Pleietocene (Fig. 5). 

Waning_Lake_Lewis_Phase 

La k e Lew is began to recede • nee discharge through Wallula Ga • 
e xceeded the amount of floodwater entering the basin, probably 
within weeks or less of flood initiation (Baker, 1973) . Floating 
icebergs conc e ntrated in slack-water areas, where they became 
~;tt-i=.,.ndt:0d E:i.nd H;elt.0:.•d, lF:':avin(J hF2hind bergmound<:=, (f=ig. 5) -=•.top th e 
rhythmit e facies CFecht and Tallman, 1978). As Lake Lewi s 
drained, flood waters b ecame channelized as current energy along 
the bed increased, forming a network of anast • mosing channels 
(Fig. 5). Several well deve loped eroded flood ba~s (i.e., 
terraces) formed in the centr al basin including Priest Rapids, 
Cold Creek, and Gat:ile Mountain bars . . With the drop in -local base 
level, the waxing-stage aggradational plain that filled the 
central basin~ was incised. This is ref lected in the central 
basin where floodwaters moving southeastward incised into the 
aggradational, plane-laminated sand plain leaving behind a 
hanging valley at the mouth of Ringold Coule~ (Fig. · 5). Mast 
elastic dikes, ubiquitous in flood deposits throughout the Pasco 
Basin, appear to have formed through forcibl~ injection during 
waning stages~? flooding (Black, 1979; WCC~ 1981) du~i~g this 
time. Finally, as the last floodwaters drained from Lake Lewis, 
reworked well-~orted gravel facies (Table 3), lacking elastic 
dik~s? were deposited in a n a rrow train extending from Sentinel 
Gap to Wal1ula Gap and from near the Yakima Horn tq the Columbia 
pi \,-'C?t"- • 
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Pla.tE' :I. Quater nary g2ol • gy • f the Col u mbia Plateau . 
fr o m RH0-8WI-ST-4 (Geologic Studies of the Columbia 
Plateau) and u npub li shed Fecht maps . 

Fi gur· i:2 1. 
FirJun::: 2. 

Figur-e -:; 
._, u 

o d istribution of Quat ernary stratigr aph ic units 
(early and middie v ersus late Pleistocene flood 
deposits; alluvial fans; l • ess; landsli de debr is ; 
colluvium; alluvium; active versus stabilized 
Holoc e n e dune sand) 

o locations of analytical dat a (tephra 
characterization, C- 14 1 LI-series , TL dates) ti ed 
to Ta bles 1 an d 2. 

Loe 2.t 1 on t·l c1.p 
Correl a tion of pr-e-Wisconsin floods for t h e Pasco Bas i n 

and Channeled Scabland 
Stratigrpahic relationships among f lood deposits ~t the 

FMEF site. At least three flood seq u ences are 
i nterpreted based on e r osional unconformities at 
A c\nd B. 

Figure 4. P h otomosaic trace of the Yakima Bluffs exposur~ 
Figur-e 5. Late-eleistocene cataclysmic flood features. foi the 

c ent r al Columbia Plateau 
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TABLE 1. AADIOliETRIC AGE OATES ON QUATERNARY DEPOSITS IN THE PASCO BASIN 

RlfT-42 
OH-21-88.6 
C4002 
C6102 
C6129 
C61 32 
C6133 
C6259 
C6664 
C6674 
C6682 
C6683 
C6684 
C6685 
C9052 
C9116 
C9260 
C9264 
C9278 
C9279 
C9286 
C9286 
C9288 
DH-24-84 . 6 
DH-25-86 . 7 
DH-26- 74 . 5 
RHT-10 
RHT-11 
RHT-37 
RHT-6 
1114-7 - 129 
1115-14-164 . 2 
C927B 
C9279 
C9279 
OH-21-88 . 6 
DH-24-B4 . 6 
DH-25-86 . 7 
DH-26 . 74 . 5 
RHT-37 
1114-7-129 
1115-14-164 . 2 

Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
Th/U 
TL 
TL 
TL 
TL 
TL 
TL 
TL 
TL 
TL 
TL 

NENE 11/8N/28E 
NENE10/12N/25E 

NE24/1JN/31E 
SESW29/BN/ JOE 

724/12N/28E7 
S6/ 12N/2 37E 
S6/12N/23?E 

SIISE6/9N/28E 
NIINll4/7N/29E 

19E/12N/25E 
SE4/14N/29E 
SE4/14N/29E 
SE4/14N/29E 
SE4/14N/29E 

NIINE 29/9N/ 27E 
NE16/9N/28E 

NIINE29/9N/27E 
S11111125/( 9N/28E 

12/12N/25E 
12/l2N/25E 

7Center29/ 1JN/29E 1 
7Ceftter29/ 1 JN/29£7 

SENEI/ 10N/27E 
IIENE3/12N/25E 
SES£l/12'1/25E 

IIESE22/12N/25E 
SENll25/911/ 28E 
SENll25/9N/28E 

?NIISll10/9N/27E7 
SWNE11/1JH/27E 

SWSEI/ 12N/25E 
S11S111/ 12N/25E 

12/12N/25E 
12/12N/25E 
12/12N/25E 

NENElO/ 12N/25E 
NENEJ/ 12N/25E 
SESEJ/ 12N/25E 

NESE22/12N/25E 
7NIISll10/9N/27E7 
SWSE1/12N/25E 

SIISll1/12N25E 

t n runcate c ut c 
Pre-Wisconsin flood gravel 
Sldestre1• alluvhl gravel 
Loeu over pre-Wisconsin flood gravel 
Alluvial fan 
Pre-Wisconsin flood gravel over Touchet leds 
Flood grave 1 
Flood grave 1 
Flood gravel 
Loess 
Al luvlua 
Loess 
Loess 
Loess 
Loess 
Flood grave ls 
Reversed flood gravels 
Flood grave ls 
Flood gravels 
Burled Pleistocene alluvhl fan 
Burled Pleistocene alluvhl fan 
Cold Creek terrace gravel 
Cold Creek terrace gravel 
Pleistocene alluvl,. 
Sldestre1• overbank alluvl,. 
SldestrH• alluvhl gr1vel 
Sldestrea• alluvhl gravel 
Pre-Wisconsin flood gravel 
Pre-Wisconsin flood gravel 
Pre-Wisconsin flood gravel 
Loess over Ringold ForNtlon 
Sldestru11 alluvhl gravel 
Sldestream alluvhl gravel 
Buried Pleistocene alluvial fin 
Burled Pleistocene alluvial fan 
Burled Pleistocene alluvhl fin 
Sldestrea11 alluvial gravel 
S1destream overbank alluvium 
Sldestream alluvial gravel 
S1destream alluvial gravel 
Pre-Wisconsin flood gravel 
Sldestrea11 alluvial gravel 
Sidestrea11 al luvhl gravel 

*Probable age In thousands of yurs . llulllUffl age In parentheses 

> 
115 +/-10 (230) 
82 +26/-19 

>350 
95 +/- 10 (173 +20/-15) 
88 +/-9 (205 +45/-30) 
34 +/-3 ( IOI +/-10) 
37 • /-J ( 45 • /-3) 

114 • /-10 (221 +40/-25) 
>400 

109 +60/-38 
136 +39/-51 
76 +/-6 

241 +73/-47 
122 +34/-25 

>210 
92 • / - 8 (205 • / - 20) 

>400 
>400 
- 44 +/-8 

127 +19/-16 
142 +97 /-52 
164 +1 nf. /-!10 
65 • /-10 

111 +39/-26 (>600) 
>157 (240 +40/-30) 

110 +33/-28 (240 • /-40) 
200 +250/-70 
220 +380/-70 
145 • /24 (230) 

>500 
155 +lnf./-88 (>400) 
122 +75/-47 (>600) 
400 • /-65 
290 • /-27 
JOO +/-33 
288 • /-71 
823 . 3 +/-158. 9 
171.1 • /-20.9 
333.2 • /-J0 . 9 
280 +/-60 
370 . 2 • /-57 

19.4 +-4 . 1 

Wood fra1J111nts 

Carbonate-coated gravel 

Carbonate- coated gravel 
Carbonate-coated gravel 
Carbonate-coated grave 1 
Calcrete 
Siliceous calcrete 

Carbonate-co1ted gravel; reu• ple of C9260 

Carbonate-coated gravel; reu• ple of C9052 
S1•e u RHT-10, RHT-11 

Calcrete 
Calcrete 

Same as RHT-ll, C9264 
S111,e IS RHT-10, C9264 

Carbonate-coated gravel 
Carbonate-coated gravel 
Carbonate-coated gravel 

Ca 1 crete 

' , 



opewu 
BB82019 Slopewuh 
8882023 Ofsphctd 1lopewuh 1n recent hnd111de 
C612J Post-flood 111uv1uet/loess 
C6124 Post- flood 11luvh•/loeu 
SWL-83-69 Corfu hnds11de 11g pond; 19' depth 
SWL-83-70 Corfu hndsltde 119 pond; 19' depth 
B8817 Slopewuh 
BB82022 Slopewuh ind/or loeu 
CI007 Alluvl,_ 
C5003 
C609J A11uv1,_ 
C6094 Alluvl.., 
C6095 Al lu,I,_ 
C6096 Alluvlu• 
C6652 Dune 11nd 
C6653 Loeu 
C6656 
C9071 Dune 11nd 
C9076 
C9083 
C9233 Foreset•bedded In flood dtpo11ts 

~ C9302 Talus 

M RHT-28 Dune 11nd 
(0 SWL-83- 63 Corfu hndsl1dt 119 pond 

LO SWL-83-65 Corfu hnd1ltdt 119 pond 
I C6099 Loes1 below Touchet lleds 
~ RHT-30 Flood 9r1vtl 
Cl.) BB82028 Shck-.,.ter flood depo11t1 

3: BB82035 Shck-... ter flood deposits 
8B83017 Shck-.,.ttr flood deposits 

al BBB JOIB Shck-w1ter flood deposits 

0 CIOIB Touchet Btds 
C5001 Loess ::r: C5004 Loess 

a: C6100 Touchet Beds 
C6104 Between Touchet Beds 1nd loess 
C6127 Shck-... ter flood deposits 
C6128 Touchet Beds 
C6463 S1nd lens 1n flood gr1vel 
C6654 Loess 
C6655 Loess 
C9087 Touchet Beds 
C9281 S11 t 1n prospect ptt 
C9290 Slack-w1ter flood deposits 
RHB 11-1 Touchet Beds 
RHB 14-8 Touchet Beds 
RHB 23-1 Touchet Beds 
RHB 29-1 Touchet Beds 
RHT-25 Touchet Beds 
RHT-26 Touchet Beds 
RHT-29 Flood gr1vel 
RHT-32 Loess 
RHT-33 Touchet Beds 
RHT-34 Touchet Beds 
RHB-llF Older shck-.,.ter flood sequence 

TABLE 2. SAMPLES OF QUATERNARY TEPHRA FROII THE PASCO BASIN 

Results 
1c er ti 

SWNWJ6/IIN/28E Ghc1er Puk •a• 
NENEJS/JlN/28£ Ghc1er PHk 

?SENW28/ 12H/28E7 Ghc1er Puk •e• 
?SENW28/12H/28E7 Ghc1tr Puk "G" 
NENlll0/1511/27£ Ghc1er Peak ... 
NENIII0/1511/27£ Ghc1tr Puk 

SENW3/12N/28£ ....... 
NWNll 36/ IIN/ 28£ ........ 

W22/1311/23E ....... 
SW35/ 1311/36£ ........ 

NWSW30/8N/ 30£ ....... 
NWSW30/8N/ 30£ ........ 
NIISW30/8N/ 30£ ........ 
NWSW30/8N/30E ....... 

Rtchhnd L1ndftl l ....... 
SENE6/13N/28E ........ 

NESE6/6N/29E ........ 
HEH£ II/ 1311/ 26£ ........ 

?Dry Ck. V11ley, up fro• R1ttlesn1kt Sp . ? ........ 
?Cold Crttk Velley? ........ 

S£15/9N/28E MIZIOII 
1511/23£ ........ 

NWSEl7/9H/27£ ........ 
NENIII0/1511/27£ ........ 
NENlll0/1511/27£ ., ....... 

30/811/30£ Mount St. Helens "M" 
NIISEZO/!IN/ 25£ Mount St . Helens "M" 

11/1211/25£ Mount St. Ht lens "set s• 
S£24/IIN/28£ Mount St . Ht lens •set s· 

S£35/7N/32£ Mount St . Ht lens •set s• 
SES£29/13N/25£ Mount St , Ht lens •set s· 

NW6/6H/25£ Mount St . Helens "set s· 
SWS£12/IJN/37E Mount St. Helens •set s· 

27/12N/33E Haunt St. Helens "set s• 
SESW29/8N/30E Mount St. Helens •set s• 
SESW29/8N/ 30£ Haunt St. Helens •set S" 

NEN£25?/12N/24E Haunt St. He 1 ens •set s· 
NWNE29/ IZN/25£ Haunt St. Helens Nset S" 

NIINE1/9N/27E Haunt St. Helens •set s• 
SEN£6/13N/28£ Haunt St. Helens "set s• 
SENE6/ l JN/ 28£ Haunt St. Helens •set s· 
SESWl2/9N/26E Haunt St . Helens "set s· 

NWSE I 5/ IIN/26£ Haunt St . Helens •set s• 
NENEJ/ I ZN/ 25£ Haunt St. Helens •set s· 

WNW18/6H/34E Haunt St. Helens •set s• 
SWSW5/6H/34E Haunt St. Helens "set s• 

NENE32/7N/33E Haunt St . Helens "set s· 
NENW29/7N/ 32£ Haunt St , Helens "set s• 

SWSE 30/l 3N/25E Haunt St . Helens •set s· 
NWSE17 /9N/27£ Haunt St . He lens "set s· 
NIIS£20/9N/25E Haunt St. Helens •set s· 

Haunt St. Helens •set s· 
NESEl4/9N/27E Haunt St . Helens •set s• 
NESEl4/9N/27E Haunt St . Helens •set s• 

. SE35/7N/32E Unknown 

In hndsltde 1c1rp 8' below ground surflce 

Second fro• botto• tephr1 hyer 1n ser1es C6093-6096 
Second fro• top tephr1 hyer 1 n ser1 es C6093-6096 
Top tephr1 hyer 1n ser1es C6093-6096 
Botto• ttphr1 hyer In serlos C609J..6096 

5 foot depth 
10 foot depth 

Underltts Nount St. Helens "set s• 

Lower tephr1 of couplet . 

Upper tephr1 of couplet 

Upper tephr1 of couplet 

Upper tephra of couplet (RHT-34 • lower} 
Lower tephr1 of couplet (RHT-33 • upper) 
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