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,,_ nklnttt al four Jiff,,n,1 it1lr•11f1•1111iu11, nf 1t..1 nlrllftfdinal'J' •-I~ of 
n,rJ,_l •"'I •"1••~1;.,n;,l 1~1•11,,.,.,.,,1 r;o•h·111 \\"a•l,iu,:1,.,,. Ilic "("han..,·lnl S.·al,l;o,..l", 
lt1clir-.. 1n 11~1 ricwuu.J)· 1k·(uii1ivc Ji.acuuolic clu1,uh·1. lo:ul ,...c la-u fuw,J. 11'is lliaJy, 
dralinc wilh Mw dala, brcrl,· lrom ulrn"w l'u:n·.a1i<.,s :a11J dctaikd t111iocrap!.ic n1a1• 
made by the U. S. Jluruu of Rccbn1ation In ck\·clopin; 1hc i;ral Columbia Buin lrrica• 
tie111 rro,lecl, rctuma to the tarlin& of the four intcrprclations: th:at ch:anncled acat.lsnd i1 
alniat wbolly the ~ of cat:a11rophic flonJin~ of cbcw • ·atn ac:,_ this part 
of the Columllia l'btau • ·liich rc-dl' 11fl':bri:al v:allc>-. into an an.,11omosinc con111lcs 
of ""'"t riwr ch:anncla wilh huCl' cataract,, dC'C'f' rock h:asins, and b:a,1 attaininc m:acni• 
tucks unknown tbcwhl'lc on nrth. 

The DCW mcknte Is lw·ld 10 ntat.lish litrnly the fulluwinc poin11: 
(l) Some llrvclural t.:aaiM of the rqie111 did not haw tatcrior drainasc prior to arrival 

of clacial watu. 
(2) The IIL~d hilll called ban bJ Drl'la (l92Sa) have 1he shapn, 111rface inarkinp, 

llructura, and topo;raphic lilualiclM (IOlll1,ll' only fur tuhlluvw coutructiocw clcJ-itL 
In n\Apiludca and bouldcry com1,o,i1:on, the)· arc ,,,; 11•ai1. 

(3) Several q>isodcl of nl:aJlrophic d~hs•~ 1"',·c orcurttd acrcu chis r-rt al the 
Columl,ia l'btrau. 

(4) 1"hc Columbia Valley ll.i11in1 lhl' pl:alcau has had tllffl('&rablc floods in • ·hicb lbe 
scabbnd cnin1•lt1 Jid nut share. 

(S) Succnu,-c lloocJa have bl'cn diffcm,lialcJ 01111 Ly lopoerapl,ic Rbtiona of 1hci, 
record•, nol by diffCffnlial • ·c:a1hcrin1 and crowon. 

(6) Brei& did not 0Yl'rn1irna1c 1hc n1a1nituJ.: of lhc crOlion by 1bcw 11-alcrs. 
(7) The ailtin& IClbbnd fc:alurcs c1111tradicl lhc thlff btcr intcrprttalionL 
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1MnODVCT101C 

The platnu character of nllcm Wilhinc• 
toa is determined by the Miocene Columbia 
River basalt no"·s. Jn northern and c:a1tc:rn 
mari;iul portion1, illandlikc: hill1 of much older 
cry1tallinc rocks project abo,·c: the ceneral 
plane surface. Locally, foldinc :and faullinc ol 
the bualt ha,·c made: 1troncly uprcucd cor• 
Ncation1, uplifted littlc:•erodcd linear tracts, 
and drprcncd arc:11 of only incomplete fillinc. 
All rclid fc:atura, , .-hc:thcr di:istroph~ cro
t"lnal or depositional, arc interruptions of a 

~ ,caiona,1. ,outll~$'1jl\'~~--'~- oU!~a~l_!!~U 
~b.02n- . 

f: 
The orii;inal low,lyinc basalt plain received 

ftuviatile and bcusuine scdimcnt1-Ellcns
bur1, J.at11h, early Jtingold (?)-before re:• 
corded dd~ation or cr01ion. After folding 
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lnc•h ol Chtney•Palouse tract . . . .. . 

and tam• wnthcrinc and erosion, similarly 
derived sediment, were depo1ited in llNcturaJ 
basins and are still ftat-lyinc. The Rincold .. 
fonnation in the: ruco buin ii the outstandinc 
record of thil time. Considered to be of Ple~to
cenc ace solely from its IC&nty vmcbrate 
remains, it shows no evidence of contrmpo
raneou1 i;lacia tion. 

Ovcrlyinc &JI these older formations is an 
utcnsi,·e, thick 1ilt mantle, lhc "Palouse soil,. 
Most of il ia dearly ol loalial orisin, but a 
detailed history hu nol yet been deciphaecl. 
A rollinc to hilly topocraphy, made mostly 
by stream cr01ion but some by wind, appcan 
to have eaistrd on this mantle durinc the time 
of acaimulation of the dust and hu subse
quently become much aiorc ·m:uked. Calci(acd 
and reddened 1MC1, even calichc layen, are 
known deep in the Ions. A •·idcsprud aub-
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no evidence or coatcmpo-

,ne older formations is an 
: mantle, the .. Palouse wil." 
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11 not yet liecll deciphered. 

lopocraphy, made mostly 
l.ut -e by wind, appun 
thit m:intlc durinc the time 

,I the dust and has sutiw: 
urh more marked. Calcified 
~•~-en caliche layen, are 
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111rface calidlc was formed after lonaial d~
tioa bad pu,scd ill nwumum. Jt czist1 also OIi 

older rocb where aot locw-<'O\"effd. 
The scaLlancb are clacial•river ciourMS wbcre 

the ~ and other lcdimcnu wm: 1.-cpt 
oft the basalt cbie!y alor,c Pttebcial drainacc 
line, and the bAlalt illlll wu notably eroded 
in placa. In thne clacial-rivcr ciouna .re 
utenaive 11ream· pavcla of the aamc ace and 
oricin. Only the northrrn edce of the plateau 
was inv .. kd by the Cordilkru ice sllfft. 

In the luwcr reachn ol Snake River canyon, 
in rasco basin of the Columbia, and ia lower 
Yak.iana and \Valla \Valla valleys are wide-
1pread lacu1trine 111ts-the Touchet beds
also contffllporancou• with claciation in hich• 

5 lands to the north, east, and west. The Touchet 
2 lilts record a "Lake Lewis" backwater pondinc 

either from a crcat blocbde ia the Columbia 
eorcc acroa the Cascade Rance or from a low 
stand ol this part of the continent and an 
estuary from the Pacific. "I.Ake Lewis" is only 
• ccneral term for possibly 11Yeral Pleistocene 
pondinp of the Columbia and its tributaries 
in the southwestern part ol the plateau • 

111c term ehannded scabbnd ,ns Cirst used 
by nrcta (l92Ja; l92Jb) for the rcm~rkal,ly 
ana1tomosi11c sy,km of clacial-rh·cr courses 
distributed over an area approaimately 125 
by 125 miles on the plate~u.1 Bretz (1927a) 
noted that: 

"11lc dwulclcd acablandl ••• conr almoat 2000 
aquarc lllilcs .. . ol the platnu. They arc eloncatc 
tncta, oriented with the pntlc dip liopc of the 
u~dttlyinc ba•.alt ftows, -ily bare rock III with a 
thi• cover ol coane basaltic n1bblc conuuanly 
.-itll e&n)'OIII in them, and arc hounded by steep 
slopa ol tbc dttp locsaial soil ol the plateau. They 
constil'!lC • curious a~,t~nc pallem, the 
down-d,p convcr~nca 1nher1ted from an earlier 
IIOffll&1 drainace rattem and the divcrCffl(n, 
equally numerous. produced by cmuinc ol di\·idcs 
al this okttt pattcm. There are hundreds ol tracts 
al tbc h'chn- lons--covcrccl areas in the K&bland1 
lroia a fraction of 1 11\uarc mile to m•ny 1-nlhil~ 
in catn,t, all Ji!IClllltaR11oNS and bnuu,kJ l,y 1 ,c 
aultlanJ 1re11. 1'he 11«1• niarciual SS...IC'I in loc11 
arc In atrikiuc cgj1lfut 10 the ccntlc SS...,n or ,,1,. 

1 Alter the appunllCI ol 11 moct titlft by this 
Hthor and S papen by writns .-ho did not acnpt 
Ilia lntcrpreta~ion ol the ori,i!I ol ~ha11n!lcd scat.
land, the details ol this dc6n1t,011 stall sat11factorily 
mcomra11 all erosional and moat depositional lea• 
lura ol ~hannc!ed acabland, ~npt 1111 one writer's 
uplanacaoo whaell has been vacorously rcjecteJ by 
eve~ else KqlWllted witll tbe recioo. 

older clraiMc, ~tlcftl IUfflYUIC wi&hi• ftd i.laied 
lract. C.an>._ an ~ sat.bads are •ult~ and 
1na.&oeoee,nc. ---cir • ill w tracu, deep 
CUl,-S _. IMJlow - UftWIII _. dividiac • 
labyrialllia,c lulliaa aboat ban nd 1i:...- ::.: 
buttes 1111lilte an, olllr. It id lllfface • the n.rtL 
... n.c. can,- ire latcrpmcd as dlanncll, -
valleys, llncc the tcr• 'daanacled ac:altland' •. 

Thia definitioa dealt only with eroaional 
featur". But the cbcial river1 that "chu• 
nclcd" the 1ablands also leh de1eosits whose 
d,:nartrr, the le:1dinr. thrme in tliit llur1J, ii 11 

otr.aor,li11:uy u that of the eru1in11al forms. 
1lle cbci.ll watc:r that made the Kal,land 

crossed the prqL&cial divide alone the hish 
northern margin ol the tilted plateau, found 
cradients or 20-25 feet per mile in the pre• 
cbci:11 drainace ways leadinc south•·estward 
down the dir slope, creatly enlarced them, and 

• croued minor divides among then, to make the 
anutamosis. At some ol th111 croulnp an• 
yona 4o:>--900 feet deep ~re eroded by caU• 
ract r«r"w:~. Empty roclt buina more than 
100 feet ckrp and not ol plunce•pool orici11 
ocaar in ma11y placa. The glacial rivers which 
••·ept the lnessial cover' off the underlyinc 
basalt ind lc:lt the sharply eaprcued mar;inal 
scarps, dl"ICC:ndinc frum the mature tO(lO;raphy 
or the l(lns "islands" to the essentially wrc 
basalt ol the channd floors, are also ro:corJed 
by crcat mounds ol basaltic debris, chirny in 
the Quincy SlNCtural basin and in portions ol 
the canyons ol Snake ud Columbia rivers 
which discharced westward. Any 1atislactory 
theory for the cmcsis of this unique assembl~c 
or land forms must uke account or all these 
features and relations . 

Four distinctly different eaplanationa, bued 
on field studies, hl\·e been proposed durinc the 
past JO years. At least three theories utilize 
enoui;h arrucntly supportinc Cicld evidence 
to have t.ccn accepted amonc ecologists ac
quainted with portions or the rci:ion, but each 
h:is l:1ckrd sufficient evidence to eliminate its 
rh·als. 

Field study oa which this paper ia based ii 
the execution of a lone-cherished plan by 
F,eu to restudy the rrcion •·ith the later 

1 Where uMd without qualificatloo In this paper 
"locss" illdudcs both the thin, fairly rKfllt locu 
m&11tli11c the mature slopes of tbc "Palouse topoc• 
raphy" and the Pleistocene Palouse soil, iuelf 
larsdY loasial iA oricia. 

:() __ __...,J ____ ,__ __________ _ 
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rival i11kr11rrt.11io,111 iu mind. TI1e a;f\-al C-,!um• 
l,ia Ilasin lrrit;;ation l'ru~.:l in the wntn11 
part of the sc:ibbnJ comr,ks has mad.: n<w 
data avaibblc from the utculi,·e new aca,·a• 

lmJ J. .. ,aa,iJ. more lha11 CU'->' inspecuoll, 
r11wc tlia11 dctail,:d 1tuJy of limited portioaL 
One major 1ihue ol the record ~-er bdore 
adcq112tcly treated ia the topocraphy, com• 

FIGOU l.-1""111.X MAP roa MOST or TIii: Qt.-.u,uscu:s Rua:u1:11 TO Ill TUii P.u-u 
United Stales Ccolo.iul S11rvcy. 

tion1 and detailtd topocraphic maps by the 
U. S. llur.·:iu c,f Rrrl:1n1:it~1n. 5'•,·rul n~w 
q11adrani;lc IOJN>£raphic m:ir1 by the U. S. 
Ctoloa;inl Sun·cy h:ive :irr,carrd, :ind the 
rnl ire rci:ion h;is been pho1o;r:11,hrd liy the 
U. S. Drrt. of Ai:rirulturc. The field work w:is 
carried out with thrrc men workini: toi:ethrr a, 
a check on a "rulin;-thcor)·" tendency. 

1ne fin:illy accertcd theory for the ori;in of 
this asscnibl:ii:e must consiJc:r the entire area. 
1ne elrphantine ch:iracter of channeled sc:ib-

position, and 1tnicturc ol the scabland river 
d,·1~itt , the lndin; thrmc of the pl'ftfflt 
r-,p,:r. A. C. Waters, well acquainted •·ith the 
sc:il,l:ind, wrote the authors th:it "the best 
thini; you r:i.n do to convince your rradcr is to 
bes:, cajole, eHn bro"·bcat him into ,a.:1, 
looti11i at the rq;ion's topo;r.iphic maps". 
J. H. ?llackin, also -r.ell conversant • ·ith the 
f,c:ld, said that "to unJentand the scabland, 
one must throw away tntbcx,k trc:atmc:nt1 of 
river work". A d011btinc but open-minded 

• 
---------·-------··· - --·--··---· 
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reader ii bffdly warned. Maps arc rq,c:atedly 
listed for his critical cumination. 

Ac1t!fo,n.£DCll£NTS 

The field npcnscs of Dretz and Smith have 
bttn lar;cly defrayed by a crant from the 
Penrose Dtqunt ol The Gcola&ic:t.1 Society or 
Americ:i. Additinn:il runJs \\"tre pro,·idcd by 
the University -,r Cl,ic.ai:., and faciliti,~ by the 
Uni,·crsity or K:in1:1s. Thirty-four field days 
in 1952 were devoted by these hro authon to 
this stu,'y. Nell, a rnident ccolo;ist or the 
Durcau or Rc.:l:im:uion (or 5 yc:ars, already 
~~ much critiul inlonn:ition and m:any 
ori;in:il ickas, :and both the Jlure:au o( Rcclam:i• 
tion and The: Ccolo;ial Societ)' o( America 
cordially acquiesced in n,:ildnc him a coauthor 
after the pr-,ject cr:int h:id bcc:n appro\"cd. 
1nc District !llanai:ero( the Dure:iuo( Rccl:ima• 
tion, J\lr . H . A. rarker, and District Ccoloi:ist, 
Mr. W. E. \\':alcou, i:cncrously provided m:iny 
facilities and i:rantcd the use o( any i:eoloi:ic:il 
data the Durc:i.u JlOSstSSed. I . S. Allison, R. F. 
J,"lint, l.cl.mJ llnrlM:ri:, l.:iurcnce 1'oolc:~, A. C. 
Trowbridi:c, A. C. W:iters, and A. O. \\'oo<ll-,rd 
ha,•e critic:illy read an early draft ol this Jl-lrer. 
For all usistance :ind co-opcr:ition, the: writers 
arc very cr:itcful. Smith :acccrted the role in 
the field of skeptic for all i<lcntiftc:itit ns :ind 
interpretations. Dfftz admits th:it he served 
well. Howc,·er, for the st:itcments in this parer, 
unless qualified, thm: is unanimity o( opini9n 
amonc the three authors. 

PaEVIO\.'S lllVl:STICATIO:-.'~ 

(Drrt.z) 

Co,trol Discussion 

IAii:hton (1919, p. 34) first rrcocnized the 
scaLlands :is a:l:lci3l•rh·rr courses. l'3r.l,-c (192?, 
1-· G.'16-687) thol'::ht the scaLl:inds a prnduft 
o( gl:ici:al ice, idrntifyinc the bouldrrr, un• • 
sortecl deposits :is 1ill and i;l:aci:al drift :and 
rrjrctmi: floMini: ice and runnini: w:ittr as 
11:cnts. Breu (1923-1932) i111cri1rct.-d l,oth the 
rrosion:il k:11urc, and the de1.osiu :is 1he 
rnult or :a brirf but enormous disch:iri:c: or 
cl:acial water, trrmed 1hc Spol.:ine flood. The 
streamways we.re i.itcrpreted as channe!s, not 

valleys. TI,e mounded cravcl dcpoaits ,were 
called river t.ars, ahhou;h far larcn than any 
other known ri\'Cr-channcl dtpOMts. Dttt& 
1trc-sscd contcmrw,r:incity ol diteharsc throu;h 
all the cl,an1H·l1. Jenkins (1925) arrro,·ed ol 
the conCt'J•I that the narrow \\'allula C:itcway,. 
where the Columl,i:i crosses the Horse 11::i,·cn 
Jlills an1idir~ t.c:low the pl:itc:au scaLl:ind, 
h:id 5"n·e,1 :as a bottlenrck fot an ucr1sive 
1111:intily of i:bci:11 ..-:ah:r, the S1inhne flonol, 
th:t.t ciu~d fl,,.,Jinc Lack up Sn:ikc Riv,·r to 
1.cwiston, lttalu,, and c:vi:n farther. 

Durinc the nine years when nrcu's parers 
weri: :ap1,cari11i;, n,:1ny voicn \\'rre r.ii,.,•,I in 
upostul;,t~m. some rccorJcd in l'r, -C<'<"•lin;;s of 
the Croln;ic:il Society or the \\':i,hin;ton 
.4.cadcn,y of Scil'nccs (V. 17, no. 8, 1927, 
p . 200-211) and in the Journal or Crolo;y 
(V. 35, no. S, 1927, p. 461-468). The grnrral 
tenor was th:1t lhis he=y must be gently but 
firmly starnr,cd out. 

Jn the wrll -ori:aniud "discussion" (ollowinc 
a lrcture Ly Rrrtz before the Crolot:ical Society 
of W:ashincton in 1927, W. C. Aldl.'n suucstcd 
(not prinh,) in the rroceedinl:' :above noted) 
th:it the rock l,uins mii;ht l,c coll:ipird lava 
c:1,·cs, :ind s;iid "it seems to me impossiLlr that 
• •. thr Coruillcran ice . •. could, under an)' prob• 
able conditions, ha,.-e yiclde..! so much w:ucr in 
so short a t ,,.,...e". lie asked for "repc:ucd flood• 
ini:s o( much sm:allcr volume" and su~estcd 
that contemporaneous dC\·clopmcnl or all parts 
was an erroneous intrrprruition. James Cilluly 
s.:iid "that thr actual floods in,·oh·cd at :inr 
given time ...-crt or the order o( mai:nitude o( 

the prcscnl Columbia's or at most a (cw times 
as 1:iri;r seems Ly no means ncluded Ly an:, 
C\'idencc :as yet prcscntcd." 1 C. R. ?,l:ansf,cld 
s:iid "it docs not seem to me to be ncccss:iry to 
assume that all thr scabl:ind ch:inncls • ·ere 
occupied t.y ..-atrr al the same time .. •. The 
sc:1l,bnds scm to me better e~pl:lined as the: 
clTects o( 1,caistcnl pondinc and o,·rrRow o( 
marginal t:bcial • ·atrr ..-hich changed tlarir 
position or their pl~ccs o( outlet from time to 
time throui:h a 10mc,·.h:1t protracted period." 
To csc:1pc t. : idc:L of cnntcmpor:ancity, O. E. 
Mrin,.rr su::;;n1cd th:it "lilting and f-,ldini: 
h:we occurred . . . si11cc the cuttinc of the 

1 TLc 6rst live or Drct,'1 paptrs wrr, thrn in 
print. 

~~---·--·-------- --------·-·----- .. ·-----
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rlcisl!)(tnc ch:mncls" (brincinc channel heads 
lu lhc: S."lrne level) and giJ lhat "bdore a lht'Ory 
l11al requires a 1ttinincly impouible qua111i1y 
ol • ·aler is accq,1c:d, every effort should be 
made lo account for the uislinc !calurcs wilh• 
oul em.,toyin1 so violent an usumplion." 
G . 0 . Smill1 said (not printed in lhe discus
sion) tl1:it 1he locssial scarps mari;ininc sc .. b-
1:ind uaclS mi;hl Le the product of r:iin•·ash· 
and erO!oion Ly wind ri5in; up over lo•·cr 
b:is."lh clilh. 11:ot prinlc:d in the discu~sion also 
was a sucgc:slion lrom JI. C . Fcr;uson th:u 
river ice: jams m:1y have caused some ol 1he 
hi;h-levcl divide crossinp in 1he anastnmosis. • 

E. T. McKni;ht, who shared in 1he discus• 
sion, l:lter 1ha1 year (1927) puLlishc:d tl:iboratcd 
objections lo the 0ood theory, he and his 
sponsors prrferrinc to believe that certain 
cl:icial stream courses entrrinc Columbia Ri\•cr 
in ,i·c:slern Franklin County (lhe Koontz 
Coulc:e croup) (Fig. 17; Pl. I) are hancin1 
because that river has widened its valley in 
posti;laci:il lime, not because the: claci:11 Colum
bia's surface was al or near the IC\·el of 1he 
coulc:e mouths when they were m:ide. Like 
Meinter's criticisms, McKnich1's had 1he meril 
of \,cine L:isc:d on pcnun~I c1periencc; he, as ~n 
un.drri;r:idu:uc:, h:ivin; "hc:ld the rod" duri11c 
the lnpocraphic mappini; of 1hrc:e IS-minute 
quadrani;lcs on the plateau. 

Brelz responded to these suuestions and 
criticisms in the prin1cd "discussion" already 
nolc:d, also in a reply lo McKni;ht (1927a) and 
in a paper (1928c) de~·oted 10 all 1ltc:rna1ive 
hypotheses C\'er sucgcsted at that time. Al• 
thoui;h several conlrihutcd idcu were accept• 
able modifications ol the orii;inal Svakane 
Flood interpretation, a Pleistocene ututrophic 
6oodinc ,i;u insisted on. Until 1930, however, 
no p!ausiLle source for the enormous quantity 
of •·ater demanded in so short a time had Leen 
found. Dretz later (1930:\, p . 92) ascribed the 
Kalilaud 0oodini; to an aLrupt failure ol lhe 
ice dam which ponded Cbcial Lake Missoula 
(Pardee, 1910, p . 376-386). • 

Jlardini; (1929), alter spending a day with 
Breu during the ficlc' season ol 1928 and lcarn
ini; that Lake Missoula wu to be proposed as 
the source ol the 0ood water, rushed lhal 
stalc:mcnt into print, wilhoul consul1a1ion or 
acknov.·lcd;mc:nt, a lew months before llretz's 

------· -· -·--·-•---··--- -·-- .. 

announcrmcnt. Allis,,n (1933) proposed that 
the 0ooding ns caused by a blockade ol 

· 0oatinc ice in the Columbia &orCC 1hroui;h tlie 
Cascade Mountains, and that this blockaJe 
gradu;\lly crew upstrc:arn unlil the normal 
mcltv.·atc:r di\Chari;e from the Cordilleran ice 
sheet was "diverted by the ice ol accessory 
blc.cbdcs into a succession of rouln ~cross 
scconda,y drainai;e divides at incrcasinc alti
ludl-s, pruducini: scablands and prrchcd i:ravcl 
Jqiosits al1111i: the diversion roull-S . ..• " Allison 
fav<1r~,1 a br,d~lide as the initia1inc cause of 
the ColumLia blockade, "with lrcctint: ol lhe 
river (or the water-ice mi:uure) and the CIHI· 

fincmc:111 or the ice in the n:urow and 1<1111cwha1 
cr0ukcd i;ori;e as con1ribu1inc causes." "The : ..... 
formation within the Columbia R iver gorce ol , 
an ice jam, capable ol v.·ithstandini; the prn-

1 

~e-o~{t: ~~:~nci~rh~ps l_l~, _l_e~t o(. 
water IS a hercule:1n requirement but the field 
e'vrdfnU-lttffllinc'ici~bl)' io -dtffland it." • -• 
Ficl~f ltu_d_Y f~;his thcoi)' W&i lifflit~d to a~eu "·: .- .• 
south and wcsl ol the main K:ibland . 

E . T. Hod1,e (1934) puLlishcd a brief ll3pcr 
on lhe or i; .in ol the \\'ashini;lun scablands, 
listing a long and complicated seriu of late 
1·erti:11y and rleistoccne events in the rti;ion, 
in\"oh·ini; ice j:ims durini; three i;l:ici:itio>ns, but 
did nor SU(l()Orl hi.. proposed bi~tor)" v.·ith lic:ld 
evider.cc. 

Flint (1938), uudyin& especially the Cheney
Palouse tract, denied lhal glacial-stream ,i•ater 
at1aincd any great volume al any time or 
place, :isscrtinc lhat "this dischar;e down the 
Cheney r:.k,usc tract wu less 1h:in 1h:i1 ol the 
Snake Jfo·c:r tod:iy." llis thesis wu that durinc 
normal disch:ir;e ol Cordilleraa mc:ltwa1cr" 

• Flint pul,lished (1937) a revision ol the drift 
border as shov.·n in Plate I of this paper; h• placed it 
farther 10<;1h so that it ovcrlar,ped scabland al the 
bcaJ of lht Chtncy-Palouse tr:oct. This r:viwon •·a, 
Lased o~ t•·o criteria; (I) smoother .io('n and lowtr 
relief ol 1hc northernmost Palouse hills, and (2) 
Jbc i:illy dtri,·cd erratic bouldtrs and pa1chh ol till 
1n lhe aJdcd territory. llowcvcr, typical llttf>I)' 
1loped, 6nc-tc:atured Palouse 1opocr1phy in places 
far from the rtaciated area r,adca into tracu of 
lower rtl icl and pntlcr 1lopn. Moreover U. S. 
Production and :llarketinr .\dministration's mo
~in I, 5, a!ld 6 for Lincoln County, \\'ashinrton, 
sho" no conua,t in lopo;rar,hy or land use l.etwccn 
the t"o sides of flint's mi1,u1cly lobatc gluial 
marcin acr~u this tract. Ins· ad, a marked I.tit ol 
clonc:ited, suLf>arallcl locuial hills south ol this 
bound:iry urcnds • ·ith equal d~vcl;,pmcnl, spacin&, 

-·-------- --· - -·-· ·•···-·-· • 
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risinc pondf'd water i11 Pasco Lasin (Lake 
Lewis) at the conffucncc ol the Yakima, Snake, 
and Columbia rh·en (Fie, 17; Pl. l) auscd 
a cradual acaracl:llion with 1ilt, a.and, and 
crave! o\"rr the Cheney-Palouse tract and 
Lroucht a1-t the di\-idc crouin;s. Implicit in 
his \'ic"·, allliuugh not specified, were corn• 
parahlc drposition and intcrOuve crossin; 
thruughout the entire acabl:ind. J.owcrinc or 
Lake Lewis then allowcd the continuinc norm:il 
discharcc to remo,·e the fill in l:n;e part, to 
snrp the bordcrinc locui:al hills, and to make 
the sc:il,bnd. V:arious specific :aspects· of 
oroi:cny, epciroecny, volcanism, and cr:111:ition 
• ·ere uplorccl as causes for the JlOndin;, and 
"\·alid possil,ilitics" were seen in a d:11n m:idc 
by bndslidcs or l,y a Mt. llood ,·:alley i:lacier. 

Allison (19-11) louncl Flint's f,11 hypothesis 
out or h.irmony with the constructioll.ll forms 
and str:atific:ation of the m®ndcd ;r:avcl de• 
posits, incorn·ct in corro:l:itini: J..:akc J .. ewi1 
with deposition ol rn°'t ol the cr:a,·d cJ,1s..sits 
in Snake ki,·er c:1nyon, :and dem:andin: of the 
stre.ims crodin; the fill "dccidcclly almorm:al, 
if not iinJlO!lsil,le, l>ch:a\'ior" alon; the Cheney• 
Palouse tr.icl. lie ag:i in ur;cd th:it only the 
ice-j:im theory could expl.iin the channeled 
sal,land. 

~d~-(!.?_:12)_1ound hich-:cd~y_d_~its, ~~
like forms, gi.'lnt current ripples, st roncly 
m:ukeJ channels, and severely sco11°red'i.ilic:1111 
iii aome ol the ,·:allers occupi~ by -Glacial 
1.i!Ze· Missoula in western ~font"a°n:i. lit postu• 
lated failure of the 1:ake's ice d:am, \~·hich caulcd 
& sudden, creat lowcrin;. Stronc currents :arc 
indicated by unique gi.int current-ripple m:arks 

and orientation north,.·ard lor 12 miln into his 
claciatcd area, lnlf'Cction or the nonhwntcrn por• 
tion ol the Rc:mlm qu:i.Jr;1n;lc, m:ap (U. S. Ccol. 
Survey, 19~2) • ·ill \>tar out thi1 criticism . .\lw, m:i.ny 
cbci:\tNI crr:i.tic l,ouklrn hnc bttn found :alun; all 
scaLbncl rh·cr rout,-s, alons ti..: C':olun,l,ia Lcy.~od 
the tcahl:and, and, inJccd, l,acL.nU3tcd up the 
\\'ilbmcttc valley of .,..ntcrn Orr;on. Furthkmore, 
larcc here "ne•11" or the1e LoulJcn wi:h an :accom
pan>·ini; n~trii or till · :arc C111tci311y numerou1 in 
l'uco L:a•in 7S n,iln or n10rc down the Columl.i:a 
lrorn the W>uthcmmOlt known i;l:tci:i.l drill i11 si lH, 
kccausc ol thnc facu, !'lint', rcv~on dncs not 
carry conviction, and the 1928 "'-'l'l'in: of the drift 
border by Jlr,:U i1 follo11·cd in l'l:atc I. In the ah
scnce ol any end mor:aine and ol ,.·dl -markc<t ground 
moraine on the J•l:atc:au c:ait of Cr:a n~ Coulrc, pre
cision in m:l('f""C the drill borJcr lor thi1 :area 
prol.al,ly i1 in1pouil,lc. 

that attain amplitudes ol 50 feet Uld have 
wave lcn1th1 of u muda u SOO fecL rudee 
l!lid Mthinc ill this paper al-t disposition 
of the SOO cul,ic miles ol water the lake con• 
tain!'.!1, -110,.·evcr, 11 csc.ipcd • ·cst,.·ard-~ 
ihc nouh end ol the BittC"rrool Rance into 
lrfaho and thence could ba,·e. cone ooly c14>wa 
the Spohnc Valley toward the heads of the 
channeled scabland. 

llol.l,s (19-13 ; 19-n) presented another the
ory, 1t:atin,: tbat (I) a lobe ol the Corclillcraa 
iu 11,n:t had almost co,·cred the rrcion, (2) 
sc:al,l:rnd ,..as a pruduct ol clacial scourinc, (J) 
the rod: l,:isins "'ere clac~lly ph,cl.cd, (-l) the 
l~s, cenerally considered pr~!,l.lnd in age, 
\\'.IS actually d.-(lOsited by anticyclonic winds 
oil the i~ durini: retreat ol bis lol,c, (5) n111-
tilated mor.i in•" recorded :at least five 11a;cs 
of reu.::i t, and (6) the ch.inncl cornrlc::i: 111·11 

the product ol clacial-Lorder draina;e, each · 
retruul 11:ace dcvclopinc new ch.innelw:aya 
acru,,s frci.hly csposcd sc.~l,land. llol,l,s' inter• 
pr.-tation ol 19U (un:ahered in 19-17) was 
l,.iscd on inadequate field study and is con
sidered to l,c inv.ilid. The P:.lousc locss occurs 
in hundreds, ol sarp-boundcd, isl.ind-like tracts 
scparat in; or interrvptin; the sabland chan• 
ac.-ls, and these Karps sharply trvnatc the 
older mature topo;raphy ol such islands, lcav• 
in; m:any ol their v.illcys hangin;. Rcddcncd 
zones :and aliche 1.iyen •:ith root c.ast1 and 
molds, art buried deep "'ithin the locss. Hol,ba 
•·as the only investigator ,.-ho iritcrprcted any 
land l11nns of the scalilands II moraine n:lics, 
and he made only the !,land 1tatcn1ent that they 
cx:st in specified pl.ices, citing no evidence to 
sho,., th:at they arc ;lacially built deposits and 
m:il:ine no eommt>nt on how urlier students 
could ha\'C misscd them. ~ctu.illt .. !!sscri~ 
& "mar.inc" in tlic Lottom ol one ol the ch.an• 
nels (Epl,rata) lo,-Giand Co~lec··. ::itrr acrou 
tl,c Q.; i11cy ;ravtl fi!!. r..ei;:irdin; the sequence . 
of !,order drain:a;cs, he required his glaci:il 
rh·en succcssi\·tly to ab.lndon open ,,.._. 
rout<"S for l,ithcr ones as his lol,c retre.itr.d, ar.-1 
he used one route (Pro\'idcncc Coulee) that hu 
no sc.iLl:.r.d, i;laci:al ri\'er gra\'el , or errat ics and 
is fa r too hi;h !or his purpose. Finally he Jell 
some c.f the l,cu -dcvclopcd scabl:ind (J)rvm• 
heller, 01~.clln, Motes Coulee, Lower Crab . 
Creek, Palouse-Snake divide, Columbia and 

·, - --------- --------------
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) so feel and have 
mu ... 11 .soo fceL rardce 

., · P3lltt about disposition 
iln of ,.-ater the lake...£0.E,;. -~--------: -;·, capc:d westward around 
,i,c lliueuoot Rani:e into 
'"'Id h),·e i:one only down 
,. imurd the heaJs of the 

l7) rrncn1ed anulhctthc-
) a luLc of the CorJilleran 
,t co,·trcd the rei:ion, (2) 
luct of i:bci:il scourin&:, (J) 
• :icially plucked, (-1) the 
... i~red rre'.'Cablimd in a:;e, 
i1t:d t.,y ant icyclonic winJs 

:,:lrc:it of his lol.,c, (S) mu
curd,-J at least live 11a;:cs 

1 the ch:inncl comrlcx was 
.,ci:il-LorJer dr:iin:ii;e, each 
·,·rlopini: new ch:innelways 
~ scahl:ind . JloLl,s' iuter-

(un:ihered in J9H) was 
1tc field study and is con
;,t. The ralouse lo.:ss occurs 
IL•l.ounckd, i,land -likc tracts 
111pt ini: the sc.ibl:ind ch:in• 

::i~:~'t h:irµly ~runc.ite the 
:r ·· of such islands, lca,·
, ·:i ,:ys h:ini;in;. Reddened 
1:iyen wi1h root casts :incl 

:. qi ,.-i1hin the locss. llol,l.,s 
,t i;;.itor who interrreteJ any 
sc.11,1:incl,; as mora ine relics, 
lu: libnd statement that they 

;,1.icrs, citini; no evidence to 
~ s:l:iciall)· built drposits and 
,·nt on how earlier students 
11,.·m. ~!.,~~~y_d..,scrilx:d 

.: 1..,11,,111 of one of the cbn-. 
: c; ...... Cnul,·,: W; ler :i'cross 
. i,11. R.-;,;.uJ ini; th.: S('~uencc . 
~,·s, 1,c '"'lu ir.-J his i:laci:il 
· r ti, at.:ind11n open /r.,•c, 

-:irs as hi, lul,c retreatt•d, and 
ll'r.,,·i,knc,: Coulee) th:it h:11 
11 ri..-r i;r:l\'d , or erratics and 
r h:s 1•urr,>><:. Fin:illy he ldt 
•!,··:,·l .. 1..:ct sc:il,l~nd (Or~m-

\1_'."r\.,~~ulec, Lowe~ Crab 
:. J"·,Je, ColumL,a :ind 

·-·--- ·- -----

l'kF.VJOUS INVES'flG.\TIONS 965 

Snake River valleys} outside the limits of his 
lobe. 

R. L. Lurbcr (1944}, dealinc • ·ith the 
Touchet beds- i., ., line stdimcnts in cnn- • 
ticuous· p.~rts of Sn:ik°c, Walla \\':ilia, Yakim:i, 
anJ ColumLia , ·:i llr)·s, ascribed l,y Fli11t and 
Allison to de1-i1ion in Lake Lewis-bricOy 
Ji,..' usscJ · th,: .. ri;; in ·or\\';isliini;ton scal,b,iJ. · 
llc · fuu1i,(nl,j,·C1ions 10· tlie intt-rprrt:ilion• ·of 
llret7. au,I Flint and accl·ph:,I Alli,.. ,n's ice• 
j;11n theo,r. 

A re:1tl,·r familiar with Drcu's earlier 11uLli
ca1ions will (ind ~,·rral revi~ioM of inttrpreta
tion in this p::ifl('r, the most strik inc one being 
aLandonment of the term "the St,okane Flood" 
and a ckm:ind l,y all three :iutl,ors for se\'cr:il 
sc:il,lanJ floods . Ol"·iously the prc54:nt p:ipcr 
cannot be si,nply a series of uscrtions and 
denials. Field e\'idence must be presented in 
sullicirnt dd:i il to allow the r,·:ider to jud:;c of 
ils appropr iltcn,·ss :ind :i.t,·qu:icy for accom-

concern the aLility of Flint', low-cradient 
1trc2n11 of mc.der:ite 1ize to detach a;rut 
boulders from ~drocl:, to transport them for 
miles, then to rcmo,·e the fill and to m:ake the 
rui:;:cd, ch:innrl-Lottnm sc:il.,land topo;:raphy 
:l<!<llci:,tul with "rcsiJu:il" hills of a;ra,·d . 
~~_ithout . a . c .. n1rm1nr:incous "Lake Lewi~",·; . 
who~c ri•~ _!:au-rel 11,c ai;r, radaiiun and :. host ........ ' 
i,iii11ed i:ite s11l>< i• lc11cc . ·uu,-;;d . the· . c·ro,;~;, 
j:1in1 '1 11 ,...,,y li:h rw ·1.,i;ical fo~1ul:11iu11° 
)h.·11101hlr ,1t~,,. th-1t ,,.,. crtl\' l·I .. u ·n111;at1h' ' 

arc ~tr,·a rn cul 11-rnn-s is fuwl;1111l'utal f.,r l,is 
the,,ry, :ind ,c_.1,1:ind forms Luri,·J under i;r:i"d 
:ire un:illow:il,lc.) 

All i,on f)O\tubtcd a prcscaLl:ind i:r;wcl -tcr
race sph m in Lo,·.-cr Snake Ri,·cr canron, 
erosi..,n:il remnants of which ,nrc suLnn"ially 
sh:ipcd Ly the i;laci:il water from the scaL-
1:inds. (If correct, there must ~ comparaLle 
but unmodili,-d 1errac,-s in the can}'On ur,
strc:iiii .. fiom· entr:incc of the· scabl:ind rinrs. 
fo the krr:icrs moJ ifi~d by the i;lJci:il Snake, 
there should be aLundant well-worn Snake 

Sw,,.mary of Oritinal J,:ttrprttatio11s Ri\'Cr•typc i,cl,Lles. In unmodified cores or 
' .·• I., ,- ~ ·.,•; .. ., · · · · · these dq>0si1s cement.Ilion :ind/or wcatherini: 

(I) The I'alouse _IQcss_ of the bas:ill 1,l:iteau would l,c atc l·s~ry e\'idcnce.) 
is ol,lt·rth:i",i' ti,e sc:il ,bnd. (Acc,·pt<·d l,y :ill (7) The structure, composition, and topo• 
critics :ind writers except IIoLLs, who thou;;ht it i:r;.phic cxr,rc; ~ion of these dr·posits record ~ub• 
cssent i:ill}' contemporaneous.} Ouvi.11 ori;; iu JS ri"rr b:s of i;i;;Jntic siie. The 

(2) The sc:ibland ch:inncl complu hu Leen unJr:ii ncd f<,s!e dcprcssinns amoni: a,,d l.,d,ind 
m:ide Lr i;l:ic:al watrr enterin:; and modifr ing these i;rlnl hills, the midchanncl loc"1i,,n of 
rrq;l:ici:il dr;iin:ic.: linl's on the .!£~~s n,:crsd_ many, ar,d the numrrous hui;c curm1t -ripple 
J•l:it r:iu . (Onlr llnLhs h;is a v:iri:int intcrpret:i• 111:111..s cr, ,.C,,rmini; to their shapes uc uradc
tion .) .- 1.1-•' • • • •· '· • ·•· · · · ' _- : ·:Oi:t blc t\' ;.J-.ncc (or L..ir ori,in. (T>('nicJ by 

(J) The scal,land rod;. b:i : ins ha,·c l.,ccn m:i4c Fl int , Gil! uiy, lfod:;e, and the sron'°rs of 
by gl:icioflu" ial rrosion, chiefly Lr pluck ini: in ~fcl~ni.;l ,t. Flin t claimed that they arc '.er
the column:ir basalt . (lloLl,s has dilrcr~d, raced r.-nin:i ,.u of once-continuous fills, and 
asscrtini; i;l:ici:il rluckini;; .-\Iden h:is si:::;;estcd Gilluly c:illccJ the ir long forcscts evidence for 
th:it they mii;ht be coll:ipsed l:i\'a ca\'crns) dclt.i ic or i~ir. ; :l. l! ison accepted them &s suh-

(-4) The downstrc:im -fac ing cl iffs interrupt• flu\·ial lc,rrr:s, :. IL l,ou i;h h :s concrpt canMt 
ini; ch:innd floors are :ib:inJ.,ned cat:ir:ic1s. expla in the micl -nilC}' loca t ion of many .) 
(lkuicJ l,y no cr itic .) (S) The si,., ifar :ilti1ude of the upper limit 

(5) The loc-ui:il sc:irps borderini; sc;ibl:ind of i;lJciJ.I w:i tcr in all scJblJnd channel hrlcls 
ch.innrls arc m:iri;inal steepcnin:;s made by and the an:utomosini; p:ittern ind icatr approxi
i;lacial rivers. (Only C . 0 . Sm i1h h:is cxrre!'!ed matelr con1cmpor:incous function :n:: at s.Jmc 
douL• .) · t ime o,·cr tl ,e entire arra. (Stron:;1)· quest ioned 

(G) The sc:iLl:md i;r:i,·cl rkposi ts :ire cnn- Ly Alden, Gilluly, Hodi;e, M:ius!icld :ind 
tcmpora nrous wi th the ch:inncl in:;. (Fl int de- ~lein1,·r, :iccq ,trd by Fl int and All i$0n. t:\'i• 
murrcd, Lcl ie" in;; the ch:innrls Wl·re made d~nce for cr,11 t rrn1• •rancity at some sl:1:;c in 
durini; rrmo,·:il of former complrtc flu\'io- sc:il,l:.nd t,,,t .. ry must be expected at con
gl:ic ial v:illey fills. 11,e critical i1ems here ,·crcwc:-s of ck ,nncl, with scpuatt hc~ds.) 

-- ---···--- -· .. -· ·- ·- ·-·· 
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(9) The many minor divide aouinp were 
chae to a 111l1ici,.-11tly ;n::1t vol11111e of ;bci.11 
water to lill pce-c1i1tinc valleys up to ovcrtNw 
1itcs. F.2rli.:r valley-train deposits may have 
been a £actor in ovcrrlow. (Denied by Alden, 
Flint, Cillul:,, lloclac, Mansfield, and Meinzer. 

.1-1int 11,rci(ic;.Uy shallowfd the preclacial val
leys with Ouvioclacial dc:posit1 causfd by deep 
baclr.wah:r (uh Lewis) beyond the plateau 
until spillover into adjacent valleys occurrfd; 
this b<:lore basalt scabland was made. Allison 
usfd loc:il ice jams to niake local · impoundincs 
and spillovers. There appears to be no third 
rason:ible alternative. Evidence !or the Oood · 
concq>t must include demonstration that a 
sener:il rail n"cr existfd and that ice jams left 
no deC.nite local rrcords or their actual uist
ence.) 

movements. 111c onl:, other ahcmativu an 
that ice ja- l,loct.,-d thrc:c ol the Jou, dia
charsc:ways at a time, In a rot1tin1 1equmce, 
or that the buin once had an alhivial lill 011 
•·hich the glacial stream shirted from one 
dischai.:eway to another.) 

(13) Upper Crand Coulcc'1 dry can)'Oll was 

made Ly cataract recession complctcl:, throush 
a prctl:acial divide. (Denied b:, no critic.) 

.\ (10) !e~:raltfd _s~o~~-~~d wa~C!:•transported 
!. ': -•' 6ner sediments back in v:illeys, tributary to 

• .. ,.J. iabland eharinels,. that. did -not" earry .. i:l~ciaJ: 

(I~) Water £or scabland makins came rrom 
the Lu"ti111 or the glacial darn impounding 
l.:ikc Missoula in western Montana. (Jtcjcclcd 
by all nccpt r;ArJce ,..ho discovt'rcJ evidence 
!or lorrcntiaJ cmptyin& o( a larcc ~rt o( the 
lake. TI,crc is little field evidence at or near 
the da"miue~ iii p;~·,:~ a catastrophic Lurstinc." 
·but the lake water certainly dischari;ed west.' 
wlrd:- Acccptancc-of,'c.v[dence· ro,· scaLland 
floods ·entails· acuptance of the 1tron1 prob-· 
ability. or-a direct causc-:ind-clfcct relationship. 
(Since ·this ns written, Alden hu indicated a 
"J,Crhap," acceptance. Sec footnote U .) '\ ' . waler cli~h:iri:e were-the .. consi:ciiiencc ·or ~c!Z. 

I nocidiiii: t.a:iausc· or the crc.,t ·;ulumc arid dcptli 
, . : in" the 1n~in channels. (Denifd or ii;nored Ly all 

(IS) The IClll,l:inds cast of Cran4 Coulee 
•·ere ucriLcd to & pre-Wisconsin (Spokane) 
glaciatil.n and Crand Coulcc's completioa to 
Oood dischari;c durini; the Wisconsin claciation. 
(llodce announced three different alaci:itions 
during sabland development, • ·hile Flint 
claimed that the S(l(lbne drilt is Wisa>nsin 
in ai;e .) 

: · ' uuCAllisn_n.aiid nint.) 
, . -' (11) D:in, high-level channels, tribu.tary 

'.:; I•\ ' · valley-mouth deposits, and a "Portland delta" 
• ! fr'~ • record the Rood waters dcscendi111 the Colum
. \ :-,,,.·· :·· ~--' bia beyond the plateau, crossinc the Cucade 

·' · · ~ Ranae and entcrina a Columbia valley estuary. 
. ~• '· (Allison, 19.33, and Hodge, 193-l, denied the 

! · • Portland deposit AS a delta; Piper, 1932, denied Ad1011c, S""'"'a,, •I Nt111 b1dt11t1 •"' 
' \ the Rood orii;in of tributary mouth deposits · · /Jtlut,ctolio,u 

'. : I near The Dalles, Allison and Flint bclic\'cd a Chances and elaborations in Breu'1 eulier 
dam (l:indslidc? Mt .. Hood slacier? ice jan,?)_ ; interpretations include: 
blocked th~ Columbia Cori;e across th, _Cas• :....::, (I) tentative idcn1 i(acation or some sravels, 
cadcs. llar;h-le\'Cl, berg-rah~,. i:_l:icaatcd both h ilh-lcvel and bur:ed, u remnants or 

' ' 

• '• ! ,I 

\, 

bouldtrs have been Roatcd to pos,taon III lower l,I d I t h . ,. prCSCA an norma ou wu ; 
ColumLaa and \\ 1llamctte valleys_ but perhaps (Z) rccoi;nition or a he:ivy caliche on the 
arc not all contemporaneous . with scaLl~nd Ions and older deposits in p:irt or the rcsion 
makini;. The dam must remain hypothctic:il as the marker !or immcdi:itcly prncabland 
until JeC.ni1ivc cviJene;e for its IOC:1ti.ln is t h . • . · , , ., , ·. . . ' r ) opncrap Yi • ' I • : A ; • • • 

found on the wa.111 o the gori;e. , (3) disc:overy of siant current-ripple marks 
(12) Only a grc:it Rood could have caused on bar deposits in nine different ch:innel-ways, 

simultaneous disch:irce or the thr.-e i:reat JisuiLuted iA more th:in a doztn localities 
cataracts and one enormous hich•gr:idient spill
way out or Quincy buin. (Sin1ult:1neity denii:J 
or ii;norcd by all opponents or the fi~ hy
pothcsi•. and the Cour accordant initial dis-
chari;c levels uplaincd by Mcin1.er as a 
fortuitous levelinc up by suLscquent earth 

r:1ngi111 lrom the northern to the southern, 
and !rum the eastern to the western sides or the 
c.>mplc1; . 

(4) establishment of the river-bir oricin or 
the di$continuous mounded srl\'el deposits in 
scaLland channels Crom aerial photoi;raphs • 

'-·-------·--------------
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~- -.,'fit_ r ahcmativa arc 
~\. .. c.~· of the (our dis

*• ia a ,o121inc ~eace, 
..ace u4 111 alluvial 6U OIi 

suuia shifted from one 
.c:.:hcr.) 
.d C11Vlcc's dry canyoe wu 
~c, uion completely throuch 
(llfninl t,y no critic.) 

c.,t.bnd ~kine camMl'Offl 
c clacial dam im(lOundinc 
:rstcm l(ontana. (Rejcctnl 
,,. "h., discovered evidence 
,·inc o( 1 tirgc p:arl o( the 
e fa,ld c,·i<kncc al or near. 
,,·c a uiasti~i,iiic buntinc,. 
· ccrt:iinl>• disch:ueed wes~
· .,r r,·i.lcnce (or· sabl:and 
pta~ce or the suonc prob-

0 

lusc: -and-cllecl rrlationship . 
. 11,:n, Alden hu indicated a 
nee. ~"C rootnotc 43.) 
,vis cnt or Grand Coulee 
a pre-Wisconsin (Spokane) 
,nd Coulre's completion to 
:n: the Wisconsin claciation. 
'. ·three different claciations 

~~'~rent, while Flint ~oe drift is WilconsiA 

.,, •I N rw £n41,u1 .,., 
t,, /rdolion, 

,borations in Breu's earlier 
lude: • 
::11iliatioa or some cravels, 
"J l,ur:d, u remnants of 
.I outwah; 
or :a he:i,-y caliche oa the 
1•~i1s in part or the reeion 
-r -i~mciliatcly prcscal,land 

t t ,. : , I I ••".' ' •, • I 

1 °,:ianl current-rirJ>le marks . 
nine diffcreat channel-ways, 
,re than a cwzen localities 

rio11t--rn to the southern, 
rn II) the • ·ntern sides or the 

:it or the river-bu oricin or 
r.il)Und,·d cravcl deposits in , ·J :aerial photocraphs 

I 
I PllEVJOUS INVESTJCATIOSS 967 

,,.kca by the U. S. Acriailtural Adjustment hich. l:vcntually its retreat ntendcd the 
/ Aiinistrati.:m, the U. S. Production and · kncthenini; goq:e acrou the divide into the 
Mukttinc Adn1inistration and ii. T. U. Smith, prcglacial Columbia Jlivcr valley, and thus the 
hora the detailnl topocnphic maps or the cataract destroyed itself. Scabland ttc0rd:a of 
U. S. Dureau of Reclamation, and from many the cl11cial rin-r, made before much recession 
ca.tensive new excavations; had occurred, uist oo the rira or the corce 

~ -'.· (5) rccocnition or lhc occurrence or several ne:irly 1000 ftct above the ftoor. SuLsidiary 
;uccessive tloods, the earliest recorded only m cat:ir:icts a1oni: Loth walls, one of thnn as wide 
the Columbia val:ey, the second invol.vinc as ?-.i:ii;ara anti three times u hii;h, tell some, 
perhaps the entire area, l:itcr ones restrict rd t : thine oJ the l,rudth or the Grand Coulee 
channels alre:i,ly derpcncd, and the: last one i:l:icial ri,·cr Lefore cataract recession narrowed 

.. aeain limited to the Columbia valley-; it ,o a minimurn ol a n1ile. (Srt Drct&, 1932.) 
' .:! (6) rccoenition that Touchet silts were not · These brief itrms• will indicate the macni1ude 

contemporaneous • ·ith sc:ibbnd m:akinc. · or this scat.land river across the Coulee mono-
'.·• . ·,• •• ': -~: . • ~.-• .' . : .' .• , . • : :: _... clinc. Alone tl,e lo•·cr or southern h:ilf of Grand 

Gu111D CoULU AND Qt:INCY BASIN · Coultt the Sln.·am spread • ·idc:ly, enormously 
tr.larc~d three small, prri;lacial drainage•·&)'S , 

Jlo/1: Cro,il C,ulr, (4 1htd1), Jf111t1 I.ah, and m:1de a hucc: new corce by qu:1rryinc out 
Othtllo, Qwi··c1 onl ll'iHthtJltr qucd,. , the fracturrd basalt alone about 10 miles of 
U .S.G.S.; K.4-S7Z0, 1/,ufl I ond Z, U .S.B.R. the monocline's steep limb. Minor structures 

(Breu, Smith, and Neff) 

C,onl Cevltc 

A tandnn canyon 50 miles lone and more 
thaa 900 feet in m:111imum depth, Grand 
Coulee is the grc:itest scabland channel. It is a 
glacial Columt.ia River's detour • ·hen the 
river's prccl:ici:il course wu dammed by a lobe 
of ice pulhir.g southward from the cap:icious 
Okanoi::in Valley (Pl. I). Striae and mor:iinc 
relia nc:ir the head of Grand Coulee show that 
it had present drpth before the last invasion 
by the Okanoi:an lol,c. Grand Coulc-e hu been 
ecnerally accepted II l:argdy a recessional 
cat:aract.eorge (Drcu, 1932), its northern h:a!f 
eroded across a previously intact divide, its 
southern h:iU excavated alone the strike or the 
sterp limb o( an asymmetrical ffcxurc, the 
Coulee monoclinc. 

11ae northtrn, or Upper, Coulee was in itiatrd 
.,,here: the gl.ici:il stream casc:ided soa,e 800 feet 
down the sln-p southeastern slope of the: mono
cline.• \\'hen this casc:ide migrated north 11r 
the Cr:icturrd and steeply tillrd ione into hi!:h, 
fl:at-lyine b:iuh, it be-came a typical rccruion,.1 
cataract (Steamboat Falls) nearly 900 (eet 

• Burnu of R.~lamat ion rsplontory d1illin11 
found a crurl ,lilkd 1,1l11nr.e pool al this plare whose 
l,c,11r.m is 300 feet lower than the scaLland noo, im
mediately downstream, just 10Uth of lhe n,.ure. 

involvnl in tl, is anuto-nosin; course were (our 
nearly e&Sl·•·cst anticlinn (Jlii;h Hill, Trail 
Lake, }'into Ridge, and Soap Lake) ,-·i1h 
scparatine sy11cli11cs. Their hicher portions 
stood :it.o,·e th.c ,..ide-spreadinc river, but lower 
p:a!ts were croued Ly nooc1s and ::rcall)· crlldcd 
to make fi,·e add itional anyoncd courses 
Qasprr, LcM re, Unnamrd, Dry, an<! I.one 
Lake) over a Y. idth, including the "'"nodin:il 
course, or at.out 15 miles. The disch:.ri:e or all 
these entered 1he e:llcnsive Quincy slructural 
a:1d topo;r3phic buin, largely covered it with 
b:al!lhic er:. vcl , and made four immense simul
taneously opc~ting sc.abland dischargcways 
(Crater, Pothole5, Frcnchmu Sprint5, and 
Drumheller) kad ir.g 10 the Columbia valley 
west :and so:;th-..·e5t o( Quincy basin. 

Trail Lakt Ar.tic/int onl B11tllfl Sy,iclint 

One of the most significant tracts or this 
Lower Cr:and Coulee area is the denuded 
portion ol Trail Lake ar· :cl ine • ·itb Bacon 
srncline 10 the sou1h (Pl. 2). Over a width of 
5 miles, the glacial noods swept up the gentle 
northwestern anticlin:al slope and dC5Ccndcd 
the stctp s.ou thcastern slope to enter the pre• 

• The concl:.11ic,,,1 rttardins Cnnd Coukc arc 
ba~ on dc1aii1 set forth in' another put,lication 
(Rretr, 1931 ). Sot t.2vinp; been spcci6cally chal
k ntcd by critics, tt.c field evidence •·ill not be 
repeated here. 

_(}_ ___ _ 
·-·--·-----------------

-----------



. 

-:,,·· . \ 
~-~-
.... . 

. ~-· 

• -;t· • 

. ..,; 

..: 
. -~. 

-~ 

·:, 
, 

() 

I, 
I. 
I. ,. 
h 
I; 

I 
I 

1· 
I ., 
ll 
•' I · 

:\ 
:1 
• ' ,; 
'• 
I 

i . ' 
• . ; 
; I 

; 

,, 

-·~-- _ -.; _. ~--~•.-c.:.,._,_ ______________________________ _ 

, 
(.--:~': 

961 RRliZ F.T AL.-CIIANNELED SCAULAND OF \VASIIINCTON 

claNlly unchained 11:acoa syncliM.' App:ar• 
n1tly, this 1tructur11l basin was llill filkll with 
IUIK"riMNII snlimn,tary ruc:k, C'llf'l,nl with 
Ions. On a basin lluow at al,out IMO f1.-n A.1'., 
the lint gl:aci:al disrn.,rcc aaou the antidinal 
crc:st dq'IO!litrd 100 feet ol b.,131t cravc:I (with 

aai&, btanic·catancu. Oac, at the hnd ol the 
Umoa, ... ,,1 C11111tt, uJ r•-trc-attd al,out 4000 fttl 
whm the: lu& di.charp: to crnu the a11tidinal 
cr~t aut..idnl. It is a spkndid nan1ple ol an 
abandonrd waterfall with three alco,•e heads 
(l'I. l) whose diff1 are 100-150 f«t hi;h, a 

w 
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1' IOfflC erratia) just south of the cre1t, buryinc 
I.--;) a locss with a olichir~ upper zone. 11ie alti• 

tude of thil high grnel 11.lt pro\"C'I that there 
was, as yet, no deep Lo•·er Cr:uid Coulee and 
no Dry or Loni: Lake (Sprini:) Coulee outl.:t 
notches in the syncline', rim. 

cataract supplied only by a sheet of water flow. 
inc di.:agonally updip across the unchaMelcd, 
ccntle northern sl.)pc of Trail Lake anticline.• 

Bacon synclinal basin lflPlrcntly carries a 
recurd of four rpisoc!C'S of clacial-.-atcr da
ch:ar;c in distrfuutary falhion out of Upper 
Cr:ind Coulee across Trail Lake antidine: the 
first rccnrdrd b)' the high i:ra,·rl llat, the scc:ond 
anJ thirJ b)' the t•·o broad ban just to the 
southwut •hich lie 50-200 reet lower, while 
the; fourth completed the 'Cnnan,ed Coulc-e 
catar:ict's recnsional i;orge immediately WC1t 
of the scarp of the lowest bar and 150-200 feet 
still lo•·cr. All three scarps in this cra\"el-cov
ered tract arc erosional, but only the hichcst 
can l,e considcrrd a trrrace scarp. . 

Thil 1nbland gra,·el deposit in Bacon syn• 
clinc was once·e1llcd a bar (Hretz, 1932, p. 2~). 
1"he lower southern and wntem p:artl :ire 
mounded ban (J-"i;. J), but the hi;h 11.lt-toppcd 
1iortion ii only a remnant or a bri;cr d~-rosit 
(Ms. 2, J), pcrh:1111 an outw:a5h 11lain; its 
presfflt barlike outline "ll-:lS the result of erosion 
by later i:bcial disct=;c across the Trail L:ake 
antidine when Dry and l..onc Lake coulCCI 
were bcinc notched into the rim or the Bacon 
syndine. ~di rCJJOrts small remnants or gru·el 
on the north slope of Pinto Rid:c (the sou1h.·rn 
side or the syncline), al about the 1:m1e altitude. 

Dccpcnini: of these notchn ii CC1nsiJerrd to 
have caused eventual :c1noval of most or thil 
cra,·el and the underlyinc scdimrntary mate• 
rial in the structural basin from the steep 
southern basaltic limb of the anticline. Three 
or four 01C:1d•~ bc;an to conccntr.ate the slu:•t 
of glacial ,..a,cr, and these, rcc:cdinc north pf the 

'Discowry ol two feld,rar-k:lrinc flows in the 
Col .. mhia Riwr l,a,alt of c:1~tcm \\':1.hinctnn (\\'. 
JI. h•·in, un1•ubli,l1c•I nunutcript) hu =•~ f'UI• 
ail,le a det:1i"-.I ttruclural n,n,,,.,nc Ly the Jlu, •. ,u 
ol Rccbffl:llion for the ColumLia )lalin J•rnjcct. 
1"he )lurc:iu's map .i,ows that the Uttf'C'' fdd,~r 
R,,w in llacnn syncline is 1375 led A.T. in th~ ccntr:il 
.,art ancl 170(1-1775 in 11,e cnlcm a11cl w~tcm lc,w 
l.'ldJlcs. 1'Mir 2-foot i11kn·al contour mar• sho.ot 
brnchinc only Ly cbcial-ri,·er channel, cut iuto 
thae uddlcs. 

B:icon S)-ndine's bottom scabland at the 
soutlowcstcrn outlet hani:s bct•·ecn 100 and 
150 fttt above the floor of Ltnore Canyon-Dry 
Coulce ,. ilh no sui::C'Stion of c::itaract dcnlop
ment at the junction. Thil seems to record 
drcpn,i11c or the can>·on-co11lec after the last 
tloodin: of Bacon syncline. If so, the 1reat Dry 
Falls cataract croup (-400 feet high) at the 
h~:.d or Lo .. ·cr Crand Coulee: (Breu, 1932) it 
youncc:r than the Unnamrd Coulee Qtaract, 
and a filth rpisode or discharcc down Crand 
Coulee is indic:atrd. 

Jt may be: that Lenore Canyon never carried 

• Ano1her, at the bead 'ot Lone_ Lake Coulee, ii 
clostly 1ur:1llrltd by the Main Canal. Dftioitc a 
tunn.-1 al.,..,t 9000 lttt lone throuch the anticlinal 
crnt, the e>NII waler, altn tmerclnst, drOfK IC.S 
feet in hall a a,ile to pa11 the lite ol the ancient 
eataract. 

\ • 
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;. l<c~•e c.itatacta. One. at the hl':ul nl 1lw-

· ..J, 
... , 

, -;\ ...,, 

J 

a tbrouch stream from IAwcr Grand Coi&lce 
to Dry Coutre; that ftooJs across the rav:ai.cd 
country north of the c.inyon were divided by 
the un111l,mr-r,:C't1 rortinn of Jlich llill, part 
cuing •'-i.l tc, J...,wcr Grand Cnul .. ~, part r .l 
to Dry Coulee. Su111iurtinc this ilk-a is the 
narro,Yncss :ind l:lck of b:ln in mid-length of 
the canyun, and the ak,ence of a continuous 
cradicnt. 

SIIOt IAlt, 

The So:lp Lake anticline, southernmost sub
aidfary !Jkir trcndinr eastward fn>m the Coulee 
monocline, had a small, antecedent dr.\in:l;:e• 
way across it which glaci:ll watcn obliterated 
in making the lake basin. llc,we,,er, SC\·eral 

· ntilcs of this prci;lacial sueam~·.iy ~n be 
identified farther north, cast of the creat mono• 
clin.,I uis (Drctz, 1932). The Purcau of 
Reclamation found rock bottom 21"' feet 1..,clow 
the l:ike surface, with 109 fc:ct of cl:ici:ll-river 
cravcl a~ve it and S-1 feet of posti;l:tci:J mud 
abo,•e that. 

Gravel deposits of the Quincy bsin consti
tute the notched southern riff: of the basin 
7S-2S0 feel above the present · lake surface 
(Fip. 4, S). Thus rocL. bottom in the mouth o! 
Grand Coulee is 290 feet below the lowest 
i;ravel surface , niilcs to the south. \\'rre the 
rim restored, and the fill under the lake rc
mo,·~d, there ~·ould be a hole in Lhe ;lacial 
river ch:innel 3-IO-t65 feet dcq,.1 

The mouth of Lower Grand Coulte, :here• 
fore, has discharged a prodigious str~:im out on 
the lower land of Q cy basin (Fig . .; ). Because 
tributary Long L.,ke and Dry coulcts proliably 
once fur.ct ioncd at the same time, and their 
combinrd widths uc:ir the mouths are about 
1 }~ milNI, any estimate of the m~i;nitude of 

• Silts conta.inins fresh-water uiells alone La!:c 
Lenore and S....p !-'Ike record a p011glacial humid 
clim:il< wl,~n the S.u11 ul.c dcprcuic:.n hdd a n,uch 
la.r~r bke ,.-i1h o,·crOow down ~OCk)· !'nrJ Ch~nnel. 
Such a b l c n,ust h.wc •1tcn,kJ north,.ard a.lln01t 
the full lrni;lh of th,: I.owe, Coulee. 11,c closed c!c
f1rcuion cor,taininc Soap 1-'lkc thin intlu,lu all the 
othff lakes for 25 miles to the north. J•rc~nt infil. 
tration of irrigat ion ,.-atcr is rai,ini; the lc•·cl of 
Soap 1-'lh and, u11I= chcckrd Ly incrcunl c,·~i•-O• 
ration fro,n c•~ndcd surface and hy i~t ~; ctpllon 
"·ells, n,~y suLn,crce the city of x ~p 1-'lke and re• 
ntaLli,h a continuous lake in J.o,.·cr Crand Coulee. 

Lowc:t C,afld Coulee ri- al a late functioninc 
musl be currc:ip011din;ly incttasc:d. 

Gr:ind Cou .. ·c water, on cmc:rcin& from ill 
rock-bound coune, sptad widdy ill Quincy 
basin, :.;,.J ll,c ulen,ivc 1ravd d~1-it thu t 
records a crcal ~ccrease in transi-tinc ability • 
1"he back slope, northward do"-n to Soap Lake, 
is a smooth, 1uLlluvial, equilibrium pru(Je 
bckin1 in ravines, terraces, scarps, channch , 
b:!rs, or the i,un,mocky lt>po;r:iphy left Ly 
stranded ice blo~ks (\\'atcn, 1933). · It is a 
slope adjusted lO the volume, vtlucity, and 
load of tliat crul river's last llood. \\'as this 
11<>1.e ert11.ion:llly developed in p,c,·iously de• 
posited i;ra,·el, or is il a depQSition~l pr-,f,le of 
that clacial _- '>Od? 

Qi,inc, Bo,ia 

At least SOO square miles of this lari;e, strut• 
turill depre..ion :ire co,·ercd • ·ith gravel and 
sand brc.u:;ht in chicOy by Crafld Coulee and 
U1lficr Crab C:ttk i;lacial riHn (l'l. I). The 
D\aitimum known thickness is 128 feet. The 
gran·I, t:kc: that elKwhere in this WuJ:iini;tor. 
corr.plea c,f clacial streams, is but little ,.-e:ilh• 
ercd and in but few placrs ia incipiently - - • 
cemented . lL! cl,a!.ac_l~.i~!.!£!!.l~ish l>I~~. ' ' · \ 
about u "~rii:~1:_4sJinalLao1:r~I_! .!!!!!!1~ · --:,._1 
cru, her. This is true for the olJcst ,r.i,·,:I as well - · -
as for the youn;csl. F.xccpt in ont pl:icc, the • 
amount of ... eatherinc ~ince dcpo1ition c.innot 
be used to indicate rtlati\·e ace. Freshnns of 
the i;ra,·cl indicates derivation from below the 
zone of prrglacial wc:ltl:erini;, estimated by 
Neff to a,·era~c 25 feel in .he irfi:ation-projcct 
area . • Suincd and Frtially iuduratcd daY.!. 
and s:inds conuining shd!s, bone1, and ..-ood 
c~oul in _2.l:icesilo~-ihe b;,,.sin's _2!1ati;i~ 
(Schwcnncscn and Meinzer, 1911). These arc 
older th:ir. the sc.al,land gravel . Above the IC\·c:I 
reached Ly i;l:icial strcan1S, near \\'inchcstq_· 
and ~.1 incf aiidsoitthto-~~a;j.!~l_s.._ 
the~e oldc: i«!r;cnis·c:ir~che as much :s 
IS feel thick. 1 n many pl~ccs-· th,;u;i;;;°i'ih~ 
scabland a "similar calichc overlies locs.s, Ellens• l' 
buri:;-R,ii;i,1d, Coi;r;{i;ji-Ri~e; b:i~·1i: ~~d • 
;cn"irntcrol"oem'tls-:-sa1,1a·nd ~nd and 
;ri"wdcpoiiiicon1r;ioniy contain frai;ments of 
calic:he L"J l no·..-here pcisscss a c.aliche cap 
ill Jilu. A bca\"y c.aliche is bclic,·ed to Jis• 

- 1------:----------------
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tin,uish the prcscabland 111rfacc o,·er much of 
the rca;ion. 

Althou1h the 111rface of the Quincy buin'1 
acabland ,ravrl deposit bas an eut-wnt cron
aectional relief or nearly 200 fret, owinc mostly 

eastrrly slope or the ,ravel plaiD, the lowest of 
which, Rody Ford, contai111 w- Lake in 
ill southern part. Ill derpnt part la linUOl&I 
h'ke a river channel, but ill broad bicber loor 
is a complu of anutomosine smaller cbanneb . 

F1cvu 4.-)IADI Ponaox or Qc1xc:T Burx 
Shcnrinc the three channels luuinc frnm Soap Lakr acrou thr cravrl ~11 and the A-shaptd heads el 

minor channch .. Fron1 U. S. Jharcau ul Rcctan.a11on tuiio::,~vhi.: niav IU,S720, abcct I. Contour intrrnl 
50 fttL. 

' to later channeline, aU parts south of the 
notched rim or Soap Lake basin have a fairly 
unilorm, eradual, aoutheasterly slope down 
toward Drumheller Channels, the lareest and 
deepest of the four elac~I spilhvays out of 
Quincy basin. The basin fill has no slope toward 
the three western cataracts. 

Three definite channeb traverse this aouth• 

A barchan-dune belt hu dammed the drcper 
:cntral part of this channel and nwle the lal,;e. 
This poadinc 1,as brought out a peculiarity 
JIOllcucd al1,0 by Ephrata channel, the hichCJt 
of the tl,rcc-thc existence or tributary channeb 
(Parker, Lewis, and Pelican horns or bays) 
• ·hicb head on the crave! plain south of the 
rim of ~ap Lake basin. If Moses Lake level 



•• -. ~-~-····.i . 
·.\SIIJNCTON 

hr Jwl plaiD, the lowest ol 
,. 1tai111 Moses Lake ia 
. h• deepest part ii 1inuou1 
,cl, ~t ill broad hichcr floor 
,utomosinc 1111alltr channels. 

~ ........ .. , 

IN 

I fill -a11d the A-shaped beads of 
.. sJ 20, sheet I. Contour interval 

t belt hu dammed the deeper 
.is channel and made the bile. 
1.a l,:-,u;ht out a peculiarity 

,. l'.phrata channel, the hii;hcst 
uiucncc ol tributary ch:inncls 
&:\J Pelican horns or bays) 

'. he s:ra,·el plain south of the 

c 'J· JI Moses I.akc level 

GRAND COULEE AND QUINCY nASIN 971 

(IOH feet A.T.) were raistd to 1100 or JISO 
feet A.T., these horns would kncthcn north• 
ward, and more horns would a1,pcar, &I shown· 
in Fii;ure 4. None of thm11 however, would 
reach across the Soap Like rim. At llS0 (el't, 
one would rrach up F.plirata channel, and, if 
8oodci to 1200 feet, that channl'I would also 
have tributa.ry horns. 

U only those hairpin contour loops indicat• 
ini: southward-sloping surfacl'S arc drawn, from 
thl' Burrau's tnpor,raphic map JU-S720 (as N 
in Fie. 4), the entire crave! fill travtncd by 
the three channels is seen to posscss this char• 
actttistic. F.loncated and subpar;&ltcl clos.:d 
buins in them arc common. Whether the 
croovcs arc separated by constructional forms, 
or erosion under sheets of ,.-ater across the 
entire plain has made them, or both processes 
have operated, these northward-ta1>ering chan• 
nels or i:roo,·cs cannot be explained as post· 
crave! di,section by local runoff. 1llry must 
have been made under glacial water llowini; 
southustward -across the b:nin. 

Fii;urc -I could have been drawn with about 
half as m11ny similarly oriented Id selected to 
s!iow the very reverse topoi:raphy, that of 
pro•-s pointing northwcst,.·ard. The combina
tion of prows and i;roovcs appears to make a 
cood case (or erosional orii;in under a wide
spread i;lacial torrent, thereby requiring a pre• 
c:ristins: unaccented gravel plain. Dut structure 
cannot be ignored in interpretini: the origin of 
these forms. An unparalleled opportunity to 
study structure was afforded by the 17S milrs 
of canal ncavation completed in 1952 and 
the many lari;e gravel piU made in develop
ment of the Columbia lJ:isin Project • 

. Douldcrs, mostly basalt, are embarassini;ly 
abund:int in some pits, requirini; ncavators to 
discard a lari;c portion of the gravel, and arc 
very obvious in spoil heaps aloni; canals. 
Column:\1 outlines arc common, the greenish 
patina of a prcglacial weathering rind surviving 
in large part on pl:ine or concave sidl-s, and 
fresh buall shoNing chiefly on bruised and 
bauen••l projectinr; edccs. l\fosl of thcin arc 
distributed sporadically in cobble or pebblt 
gravel, its constituents usually not much ,.•orn 
but •·ithout weathered surfaces. Man)' boulders 
may have been carried by floating ice, but the 
boulder-laden Ice of scabland knobs and buttes 

in the wsio indicate the operation of tome 
agency ca,~t.lc of tnrinc boulders loose. One 
tari:e cm·d pit (Sec. 17, T. 20 N., R. 29 E.) · 

· shows t•·o scat.land knobs at the bolloni. The 
large quantity of rejected boulders in the pit 
came almost entirely from the basal part of the · 
30-foot sccti<.n . Enry•·herc that the bou-,m of 
the gra\'CI is known alone the two decr,cr 
channels, tl,c older sediments arc lackinc, and 
the i;ra.-c:I rtit\ directly on un,.·cathcred scab
land b:isalt . 

The commt;n fore-set beddinc of tht basaltic 
crave!, containinc erratic material and caliche 
frai;mcnts, is not ord ,nary current loir scttinc 
in horizontal coi:rscs of limited thici.ncsscs; 
it is more like dcll11ic fore-set structure ntcnd• 
ini; throuch the entire uposure and dcpo~ited 
at the angle of saLility. Only the higher, natter 
tracts commonly ha.-c: neuly horizontal bed• 
ding. The long fore-sets arc found in uc:iva
tions on strep slopes where thry dip either in 
conformity with those slopes or at 10mc ani;lc 
between the sk,pc direction and south. (F.ll• 
ampks : rl,e \r;i1011· ukc ro:id cut appro:i:i
matclr in~~, . G, T. 21 N., R. 28 E., the Lanon 
Air Field pit in sec. 31, T . 20 S., R. 26 E ., 
the Columt.,a Sand and Gravel Co's pit in sec. 
S, T . 19 !\ ., R. 28 E., a pit a mile north of 
Moses l..11ke to ·.•:n in scc.11, T. 19 S ., R. 28 E. 
and the hui;e pit in the south edge of sections I 
:i.nd 2, T . 17 S ., R. 28 E.) 

The Quir,cy basin gra,·cl deposits are lcr• 
ractd only along the deeper port ions of the 
Rocky Ford channel, and only the creek and 
la.kc indicate a meander pattern in any put 
of any cl,annel. The notch of Rock)' Ford 
channel in tt,e Soap Lake crave! rim is I 10 feet 
101.cr than ti.a: for Ephrata channel and SO feel 
lower than the col at the head of \\'illo,v Sp:ini;s 
channel. A post-flood clacial Grand Coulee 
river (a detoured Coh,mbia) and/or dilchari;c 
of a post·i;l:tc~ l:.L:e in Lower Grand Coule.: 
may well r.ne been responsible for the only 
normal strca.m-,·allcy pattern in all of Quincy 
basin's or, ir,deed, any other sabland ;ravel 
deposits. 

1"hc high,: b->ttom portions of Rocky Ford, 
dtt(\l'Sl ar.c! -.·idc~t c,f tlic three channels, pos• 
scss tht s:rn:c a!,crr:ir.t pattern ol anastomosing 
minor chanr,d i, A-shipcd heads of chAnnel 
croovcs, a.'t.:;r.~:.r.ct of cloni;ated closed basin, 

·. _.. '· ----------~ ------·-··--··· ----
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974 BRETZ ff AL-CHANNELED SCABLAND or WASHINGTON 

ia ti.- croons. and boulda-1trcwa ucas 
that Quincy ba.ia hu O\'ff 1DC11t of ill bichn 
aurfaccs (Fie. 6). 

Evaa if the three channm acron Quincy 
basin are sequential, u is succntcd by thrir 
diflcrinc altitudn. the channcli11c must ba,·c 
started • ·ith all three, unless we lllC an im
plausilllc, unrecorded rotatinc sequence o( ice 
dan11. They •·ere made undrr a ftoocl o( adc• 
quatc volunir to 11,read initially ovtt the entire 
cravr.l surface, a flood · well recorded in the 
ho"'s of Ephrata channel. But this western 
channel was too far offside to be deepened H 

much u the other t-, hm:c wu not occupied 
by btcr 8oocb that ulCd and dttpened Rocky 
Ford and Willow Sprinp channels. Brause 
Willow SprinG£ channel enters Rocky Ford at. 
accordant sradc, constitutins the dcpreuions 
for the horns of l\losn Lake, these two channels 
mu1t have functioned contemporaneously to the 

end of the cluial ftoodine, """" thoui;h the col 
of the bud of Willow Sprinp ii SO fcct hichcr 
than that of Rod.y Ford. The need for larcc 
volume is ai;ain obvious unleu • ·e can believe 
that unrecorded ice jams in proper sequence 
determined the auccnsion. 
T- major poinll remain lo be deared up: 

the senelic conditio111 for the cravel , ... 1 into 

which tbe three cllallllda were traclaed, ud tlae 
RUOII fc., thia treachin& Kn111 I lract of earlier 
clacial-riva dcpoaitioa. 

West ol Ephrata chanDcl, a IG-miJe width of 
unchaMekd plain, underlain by basaltic uad 
and a;rar.ule cravel only, lies 2S-7S feet bipcr 
than the Ephrata channel bud. It may be a 
remnant of prcGood outwalh once 611inc almost 
the entire width of Quincy buiD. But east of 
F.plarata chanrwl, no remnants of such a plain 
sun·ivc lri.m the lint episode of lrmchinc. The 
two ur.land tracts wparatinc the three channels 
differ in altitude by 60 fttt . Both have the 
A-shaped croovc heads on their 10uthcra . 
slopes, undrained drprnsio111 OD their summits, 
and lone cmtle llopcs ucept • ·here later 
trrnchinc has encroached on thnn. The wcstera 
upland h11 a subsidiary summit 70 feel lower 
and more suik.ini;ly strc.amlincd. The writers 
can aplain these broad hills only as bavinc 
been 111lilh1vially molded and in no way owinc 
their forms to sub:icri.al crosioo. But uncct• 
tainty rrmains II to what uteal lhf)' ..-ere 
act11ally built up where they stand. 

The reason for the trcnchinc in Quincy 
basin's &l~cial river depoaits by later rivers of 
the same ct.uactcr is found in the soutlicastcm 
outlet lo the basin, Drumheller Channels, and 
is treated in the followinc section. 

Pun l .-UNNAMED COULEE AND ASSOCIATED GRAVEL DEl'OSITS 

F1ovas 1.-Vcrtic&I atrial pboto sbowin: 1.avel dr~ts. Top is -tb. Sbadows laD to tbe kfL Soutll
eutcra slope ol Trail Lake anticline cu be uaccd diaconally auou tbc plaolo, fr- tbe lo,o·u left, by mcua 
of tbe northwest-facinc cliaL 11M A-sba~d small acabbnd bills in D1idlnictb ol tJic coulH are also eroded 
port~ of 10Uthea1t-diP1iinc basalt llows. The bich crave! rcauu::t is ~d on an lidn, tbc cutcra and 
bielac:1t Karp ha vine bcrn cut tbroucb the cra,,cl and the undttl> ,n: luna • ·1- calicbe cap i1 shown by tbe 
white line alone tbc acarp. Two succcuivcly younccr crave! dt~11, with «.nvu topl, lyiq aoutbwnt of 
the bich crave! ren1nant, are bars, left by 1..lCr llood1, cub bccominc scarped u tbc ou1lct1 to Dacoa •YD• 
cliD&I valley •·ere deepened. The cataract alcova all bead in the umc llat-lyinc flow and y,rnumat.ly date 
from the wt floocl . Compare • ·itb riatc 2. l'botoera1,hs A:\k. 9A-9 and II , Ar,. Adj. Adm. 

FIGUU 2.--0liliq11e aerial photo:uph, showins unchannck d acablaud lcadin1 to tbc DDrllwn111101t 
catara« alcovn. Shadows fall to tht richt. Look.in: nortlu:11. Pt....10 by H. T. U. Smith. 

1'1.An 4.-GIANT CURRENT-RIPPLE MAJl~ 

F1 .. 1111& 1.-T- miles tall of Odessa. KDown to tbc write~ oaly from I.be Procluctioa 111d MarkctiDI 
AdmiAiitration's aerial photozrapll AA0-66-247 (hcrcwi1b rtp,odi,c~) and from dncripti- of tbc 6,1 _,Ii of the road by Lincoln Co. ollicials. Scaled on the photocra;.h, tliae ciut aarrcnt ripple marks bav1 
wave lcn;ths of al.lout 250 feet . A conlidcral,le part of the ctacial 1tream here was a Cbcncy-ralo1111 dis
tributary. 

FIGVH 2.-Chauriel Aoor _,Ii ol \VardeD cataractL Wbe11 tt.ne ripple marks wen mack, Drumheller 
carried a 1lacial rivn 9 miles wiJe. Plloto t.y As, Adj. Adm. AAH 4A•50. 

------------- --·------
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Shadows fall 10 tN llfL Soutb
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T. U. Smi1h. 
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DRUMIICLLF.R CUANNl~LS 975 

DaUMIIELLER CIIANNF.LS 

Jf•I•: C•r/11 •"' 01idl• ,,,.,1,., U .S.C.S.; 
R4-S7Z0, '1,ut Z, U.S.B.R. 

(Breu, Smith, and NelT) 

This tract or scalJland (Pl. 7; Pl. 10, li1. I), 
the detpcst disch:ugew:iy out of Quincy l>uin, 
is an almost unlJcl ie,·aLle lah)•rinth of rock• 
,,,.allcd canyons, ~sins, and buttes al>out 9 
miles wide and 12 miles lone, eroded IS much IS 

JOO feet deep in the foldrd ba~lt of the Lind 
llcxurc and lhe Frenchman Hills anlicline. Its 
magnitude and complexity cannot be cxpla inrd 
without lhe concept of cnorn,ous discharge 
across it fr n Quincy b111in, but its hi.tory is 
more complicated than has ever been outlinrd. 
It appc::n to record at icast thrtt t imes or 
channclin1 in bedrock unprrcedcnted cxcrpt in 

1 Wuhini;ton scabl:and. 
~. Folded with the basalt 0ows of the French

¾~ man Hills · anticline .-a.-an ovcrl>·in~ weak, 
...::} 1edime11ta formation. · Portions of it hl\·e 
. survive all ter erosion· and crop out low on 

the ant icl inal flanks. Sul.iscqurnt to ddorm:i: 
t ion and n,uch suu:1cri:1l erosion ume drposi
tion of l:iter Rin:;old scdim~nlS, st ill fl:11 iy ing.11 

·- ··--·-- · --·--• . ------ -
11 Nea considers Low Gap (alt. I.SID feet A.T .) . 

, ·, Jn Frenchman Jlills ai1icline· (sc·c:""ll, T. 17 N., R. 
. '. _.IJ4 E., Beverly quadranr;lc) to 1,c a wind rap record• 

-- anr drainai;c out of 1 ·, urly Quincr buin. This view 
requires two post , Ellensburi: uplilts ~p:1ra1ed by a 
lone interval of er~,ion durinc wbkh the early fold 
was reduced lo a r. aturc lopo;:rar,hy. n ,c inlerpre-

_J_!_~~~p()"an mt.a in_ that the lite or J>nim• ,; ••• • 
hcllrr ch:mnrls C'lrr~ct 1uch a cover 1a·hcn the ' 
~ i ~il~ci.,1:river_ disch~rce out of the closed. 
Quincy l>uin occumd and that the earlier 
ch:mncls tw4:re 111pcrimposcd from that cover.u 
Both cast and wc~t martins of the channeled 
tract arc sc, rps ir, ..:ctimrnt.ary rock, in pla«.-
niore than 100 ftt~ hi;;h. One 111rviving hill of 
this rock, SO fret la i;;li and sin1ilarly s:arpcd, 
stands about 2 miles out in the com1.!u . Jn 
the 12 miles of Druml,cllcr's lrni;th, bucs JI 
these scarps dcsctnd froi:, IJOO to 9~" feet 
A.T . on the rast side and t,1 about E,00 feet 
A.T : on the west ,idc. Although water m:i.y 
have lapped up soniewha. on these sari)', 
the much greater 1a·ukncss of tl,e sedimentary 
rock than that of 1hc undcrl)· inc b:lsalt indi-
cates that scarps were undoubtedly er.xlrd 
back and channels concspondini;ly widened 
until the contact of the two formations " _, 
essenti:illy at the edge of the tor :cnt. By t i · ·. 
a:sumption, the surface cradient of water 

talion is b:i.scd larccly on the uistencc of Ill feet 
· o( und, cl.,y, and calid.e in the floor of the cap. Its 
bu:ih Roor i, :il,uut 175 fut above th, surface o! the 
Quincy basin f.11 a n.: :c cfott LI)· north , and ai,pro, i
n1a1clr 375 fret Ldo• tl,c 11,l!J sumn,il a n,ile 10 11,c 
1a·cs1. The-lack of strc~m ,ra,·el in tbe t~!'l is taken 
lo record an interval of sublidcnce and Kdimcnta
tion lollowinc 11,c cr~on but p~ccdin& the ucond 
uplift whirh made the closrd b:isin tbe rucial 4oods 
found. lly this vinr, the SNimcnts in the cap are 
early Rincold. Culver (l9J;) thouch t 1ba1 10me 
"Rincold" ,.-as ,!de1 tllao 11:c f~ ldinr of Frcncbmao · 
Hilb . 

"Suucstcd by J. P. B:Jwalda but, in error, re• 
jccted by llrctz (l~!!c, p. 21!). 

PLATE s .-DARS IN urrt::R CRAB CREEK V.-l. tLtY 

F1cuu 1.-\\'ilson Creek valley floor a mile above junction with Cr:ib Creek. l.ookir.c aoutbwat. Grain 
6cld cr011td by road m:i.y be identi!icd in Fii:orc I of J>l:itc 9. Photo l,y II . T . U. Smit~ 

F1Goa11: 2.-Dar l'\o. I , lookin; 10u1hwa·d. Vccetat ion pattern outlines :be currc:1: -ripplt marks. Foue, 
witb ,uhivate<I field, lies bct"·ccn bar top and forccround sobland. Anot~,Cf C11l1ivatc: tract, in 1-cr Id:, is 
In the blocked mouth ol a prnc:1bbnd culch marked Vil in Plate 6. Bu without a nun,!.cr oo Plat• 6 lies in 
ancle between Wilson Creel: and Crab Cr erk, and ill nood-crodrd, ISO-foc.t ~l,P !aces obwrvcr. Nol visible 
in photo;rar,h arc 1ian1 current•rii,plc marks on summit of'this bar. J>hc.10 by H. T. t.:. Sn1i1b. 

PLATZ 6.-DARS IN UPPCR CRAB CJ:r:Er. VALU:Y 

Bar No. 2 depend& from scabland al UjlSlrcam end, tapers out in midval:cy. t:odraincd foue oo IOUlla 
aide is nearly as wide 21 creek-occupied valley bottom beyond the bar. Ur.rtce>;::.:ud until 1tcn from the 
air arc the r ianl currcnt-ripr,lc marks on this bar. Photos b)" II. T. U. Srr.i:h. 

F1cu1111: 1.-1.oo•.inc northwest 
F1c:1111: 2.- Lookinc ,.-est 

----------· 



...... •· 

'J 
~ - .. 
~ 

.. 

I 

r1 
' I 

II 
:·1 

t.c; . ~ 

' 
I 

' ~-~ ! I 

I 
! 

1j I ,, ,, . 
11 ! 
!1 ! 
' . l 
I: 

':J 
I 

;·,~ I 
.._ -·- -· 

976 BRE'l'Z ET AL.-CllANNELED SCAUJ.ASD OF \\'ASIIINC1'0N 

w5! 1 ! ! • - s - -

M•• 

h .... , :-
en, 

t 

H 
0411 

H -oeu 

.. : 
. 

'·1 ,; I 
MCI 

I I· I : 

·• J 
''" 1. 

• · .. .. : . 

"°' 
HII 
0011 

HII 

o,o, -o,o, 
o,~ 

0011 

0011 

°" on, 
OUI 

OHt 

~ 

-~ . . -

• II : 

.. 
• 

... 

"' 

0 

! 
i • 

., . . 

.:; ,. . 

.:; 

... 
w .., 
:. 

ncapinc down the IOU .hem slope ol the anti
cline ~ :~cd the 111rprisini: fii:ure of lG-.50 feet 
pa mile. Yet the volume or :he 6nt dischari;t. 
Y,hich rtmovcd the overl)·ini: ICdimcnts, · v.·u 
wfficicnt lo c!tmand a width ol 9 miles t.ct.-een 
Luundinc IC.alps. nrumhcllcr at this r:ulitsl 
st:ai:c: \\;&San uuaorJin:irilr "·i,le c..:.uJe o,·r r 
,he «lgc-s <.r ll,c lilted ba~t flows. 

Some l,uah also was trodcd durinc this 
lir~l cpiMA!c. n,crc arc two ali;ind.>nl-d cat&• 
r.ocl1 anJ rccn,iuu:il curcl-s in 11,e ru1rrn p.ut 
or the i:ruup, 34 n,ilcs suulhwc-st ol \\'arJcn 
(Othdlo <4u;,Jrana.le), one on either siJo: or the 
isol:itcd hill of ICdimcntary rock. One cat,u;act 
briuk is 1270 feet A.T., the other, l :?30. 1"1ch 
is about .SO r«t liii;h. 1111: • ·n1ern one h:is lost 
its • ·cstcrn portion ~use or subsequent 
dccpcnini: to make rock l,;isins 200 rc.:t lo•·cr 
in the b:isalt. At comp;iral,le altitude and • ·ith 
similar hc i;lit is part of such a atuact :it the 
sc~rp b;isc on the west side or the cc,rnplex, its 
c:as1crn portion destroyed l,y btcr cbnnclinc. 
\\'i1h a , ·c:ry minor cha1111c:l juu ea~l of. Warden, 
they arc the only rttords or the li"l glacial 
1.ircam erosion in bar..:ilt al l>ruml,dicr Chan• 
nels . (Fig. i; )'I. 7 .) 

A sic11ilic.ant item in unc.. :stM.dinc the 
mtchanics of scal,land c.ataract retreat in the 
vc:r1i01ly jointed b.as:ill flo•'S is the u islence 

- or a dike with irrr;ular Lut nrarl>· horizontal 
colum11s hold:ni: up the c:i,:crn Warden ala• 
ra.ct lip. Plucking wa.s not rnorcd here, retreat 
stop1 .. -d at the dil.c, and no horseshoe out line 
ol the l,p dc\'elopcd. Drumhcllcr'. grcal dcc~n
ini: OCC\lrrcd .... , st or this dike. 

The 300 lcct ol deepening since 1hnc \\'ardcn 
ca1~racu c.pcra:cu is :issii;nc<l 10 the unic la1er 
cpiSod~ that uw Tiacon syncline nc.tch~d aficr 
its hii;h cr"vcl •·as dcposit,d, an.! Quincy 
b:.sin's cul>· cra\'cl deposit channeled. Thi, 
later dccj.cning at Drumheller caused lhc re• 
, .• sal o! bc:h. ·. ior or claci.al waler traveninc 
<.t11incy basin. The Warl.!cn cataracts arc rclia 
ol an early K&Lland Ooor in Ilr11mhcllcr, prol,. 
ahly corrcl,·· ·" with the hii;hcn i::a\'cl in th,• 
So.lp 1.:.1.c rim. Sequence in channels is well 
sho"'n in scclions 10 and,13, T . l<i ?,, ., R . 29 E., 
v·hcre the cl~nncl ;ic:low the Warden cauract 
is cul oa l,y, and hangs IQO led above, a l:ucr 
and dccp<:r channclini:. The floor of the hnc•· 

------------· -----·· -------· 
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c ciern 1tope of lhe anti• 
sll ·1; fi"'re of 30-.SO fret 
,·111~ ' o1 the lint discharce, 
he ovcrl)·ine sediments, wu 
nd a width of 9 milt1 bct•·ecn 
»~-·tielltt at this earliest 

.iorclinarily • ·idc ca1aJe over 
tilled bualt Rows • 

.I~ •·as eroded durin& this . 
·n: are t•·o aband,rnrcl c:ita• 
nal a;orl'-a in the rnlern 11;1rt 
· miles 10ulh"'·nt of WarJcn 
,;k), one on ci1hrr 1idc o( the 
Jimmtary rock. One ataracl 
t ,\.T., the othcr,.1250. r~ch 
,ia;h. The • ·e11trn one has lust 
tion bcauiC of subsequent 
::e rock b:asin1 200 feet lower 
comparable alti1ude and with 
part of 1uch a cataract al the 
, • ·est 1ide of the complex, its 
'cstroycd by lattr channclinc. 
-r channd just cast of \\"arden, 
· y recordl of 1hc first i;lacial 
, l,asalt al Drun1hdler Chan: 
7.) 
iirm in unden1andin1 the 
bl.ind c:itaract rrtrrat in the 

I t; ·•11 flows is the rxistcnce 
· ,;J but nearly horizonlal 
up the eastern Warden cata• 

: w:11 not C:avorrd here, retreat 
il;e, and no horsnhoe outline 
ed. Drumhclkr's a;real drcpen• 

t of lhis dil;c. 
: dccpcninc since these Warc!~n 
d is aui;nrd to the ~me later 
: Jluon s)·nclinc notchl-cl alter 

V,U dcrosit.-d, and Quincy 
.lwl dC'J""'i' ch:annd,·,I . This 
it Druml,dlcr cauml the re• 
·>JI of i;laci:il water travcrsin; 
:ic \\"ankn cat:ir:icts are relics 
and fi<JOr in I>rumheller, prob
• ·ith the hii;hnt a;ravel in the 
S.-qurncr in channels is ,..,II 

t. 10 and ll, T. ICI N., R. 2~ Z., 
:cl 1>4:low 1hr. \\'arden cataract 
I h:u,;;s 100 !eel auove, a later 
. uclin;. The 0l.lOr ol the bani;• · 

.' ... .. -: 

I , ' . 
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inc channel shon ciant current-ripple marb 
cr1. 4, fie. 2) . 

A dam (O'Sullivan) 3}S miles lone, mn• 
1tructrd by the llurcau of Reclamation acrou 
the entrance to tloe lowest of the Drumhelltt 
Channell, will impound ,ntcr up to 1052 feet 
A.T. and thus r:iise the lc:vc:I of Moses l.:,l.,e 
a feet. A hu;e a;ravcl pit in the south part of 
stctions I and 2, T. 17 ~ -, R. 211 l~. ,..as studied 
before it w:1s submcrc, .I undrr this rcscn·oir. 
1111: 1•il is iu 1hc 0.<t ahovc the c:aMcrn sc;irp 
of the unilctl ){oc:l;y Fut.I anti W illow Sprini;1 
channels, a sc:irp suLscquently cut into b>• 
local c:lr:iiu:ige from I.ind Coulee. 

The cra\·c:I i1 mos1ly of well-worn pcl,Llcs but 
cont;,ins cuLLk-s and uoulders up to 2 ! S feet 
in diametrr, s.>mc spor:idically distribu1cd, 
othrn accrc;ated in strata. Caliche pebbles 
and i;ranulcs arc well distributccl but not 
conspicuo111 constituents. The structure 
throuchout th~ -10-foot section is th:it of a 
delta, • ·i1h lone uninkrrup1rd, south-d ippinc 
fore-sets c:ipJK'd b)• a ft-w fret of top-sets. Alti
tude of the bt is 1pproxima.1c:ly 1085 feet, 
JOO kt"t auove the ncar-hy Jo,.·est chlnncl 
f:,>0rs leading to J>ruml ,.-lkr. 11,e sc:irp is as 
clearly c:rO!.ion:il here a~ it is in the l;i1 itude of 
J\Jos,-s J.:-.!.c. 11,e dd1a dcrosit 1hrrc:l,1rc is the 
southcrr.most portion of th:it upper Oat and 
antedates latest u~e of both the Rocky Ford 
and \\'illo"· Springs ch;innels in i:ravc:I "'Id 
erosion of the dc:cp· , t of the Drumheller 
Channc:ls in bas;ilt. The 1070 cont:ict of l . ,>
sets on Core-sets records the approximite 
bottom al the t ime of dq,osit ion. It was auoul 
200 feet lower th:in 1hc initial di~ch;ir;c o\'er 
\\"ardc:n cat:iracts. This 200 feet of erosion 
could ha\·c occurred clurin: the first disch:ir;e 
southw:ird out of Quine)' l,;isin, but more prob
al,I)· the ,t.·lta•is :i b1rr O\'crl:iy (~:iy, :it Ephr:ita 
cha111H·l ti1n..-) 011 lhc: sou1l .. ·rn port i1111 o( 
Quincy b:u.in"s c:irli<·~I :inti hii;h,-st a;r:in-1, with' 
thc cont:ict as yet unro:co;niicd. 

\\'h;ilcvc:r its ace, thrre w;is a basin here ,to 
recc:ivc the deita. The 1.,a~lt of Lind flexure · 
dips l--:low all trench ing at th is place:, but the 
lt'diment;ary cover must once h3\'C 1>4:en pres
ent. Only flood erosion of a ch;innd-uouom 
hole coultl h:i\·c mnovc:d 1his well; rock brfore 
Drumhdlc:r w:is no1chc:d Ldo,v :iuout I 060 kct • 
Known 1hickncss of i;ravc:I in this "3sin is 

121 fret. TI,us the: dccprr, Lit .. r ch&nMlinc in 
Drumhdlc:r, contemporantOUs with Rocky 
Ford ancJ Willow Sprinp late channc:line, 
amounttd lo more th:in 100 feet. 

.'.ttrmpts to establish a profile northward 
from the \Vardrn cataracts to the hi;hcst cravd 
in northern Qu incy liasin han not bee,, s;itis• 
factory Lccausc terraced surfact-s arc: lacl; ing. 
.1\ corrrla.t ion, howevtr, vcms logical, and, if 
corrccl, it appc:irs th:it a bri;r pro1>0rlion of the 
scahbrul a;r:i,·d f,11 • ·11 made dur ini; 11,c fiut 
flood Jown Grand Coulee, Crab Cr..-rk, and 
other i;l:icial tr iLu lar:cs to the basin. 

If th is be correct, then cithrr the spectacular 
erosion in Gr:mcl Coulee w.:as consum,nall'd 
early, or crc:it quar,1i1itt of bas;iltic cld,ri1 
went across and out of Quincy basin during 
later floods. That 1hc second altcrnati,·c ia 
correct is stronsly 1u:ccs1cd by the amazing 
number of enormous granit ic uouldcrs alone 
the Rocky Ford and \'; iUow Sprinp channels, 
some or tlic:m 10, 15, tven 20 feel in diameter. 
The granite, far less co:ispicu'ous in the: hisher, 
olclcr a;rl\'cl and ia the earlier abandoned 
f.phr:ita cl,annc:I, prnumi Lly came do,.·n 
Grand Coul,·c after iu i;rc:it up~r ca1:1ract 
h;id rc:lrt:ill·d !,JSl Slr:111:Loat Rock and un• 
covered the: suL-~u:t ,~:ini tr. hill tops now 
·so conspicur,us in the t:c;.d of the i;rrat coul~ 
·cnrc:tz, 1932, Fi;s. 33-37). 

Urn• C••• Catt~ 

Jf afi: Rf-57 ZO, 1ktd J a,,d G-511J, U .S.'/1 .R. 

(Urcu, Smith, and NclT) 

Gmoo! S1otr,,:t11I 

Several 1:laci:il rinrs entered Quincy bnin 
from the ras t (Pl. I) . 1ne larscst wa1 Upixr 
Cr:iL CrN:k, 1,·:i J ini; southwc:st w:ircl acrou 1hc 
north.-ri, diviJc lroni 1t:e rr~i;lacial Sp.,b1.~ 
ancl Columbia \·alleys. Sma!kr but hii;hly sic
nificant ones were Rocl;y, Rowcrs-We1>4:r, and 
Lind coulc:cs, distr il,ut:irics lrom 1he large 
Chc:ncy-1':alousc tr:ict. 

Cral, Creek carril d the dischar1.1e of se\·en 
i;lacial rinrs !rt:n the northe:isl and fi\·c: 
s;iill-ovrr d istriLut ,, ric-\ !rc.m the Chency-l'a
lousc tr:ict . Ahhou;::h :t already h:id I v:illey 
drep in basalt , at S(' '."'\e t ime Cr;il, Creek h:id 

·:~J ___________ ._ ____ _ -------------·------•··----
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two broad, uncanyontd, spillover distributaria 
across the upland south of it and leadin& to 
the east side ol Quincy balin. Ont theory 
(Flillt , 1935) alls (or so much aurad:itioa t.y 
clacial 1trc:1m1 in precl:icial valleys th!lt water 
spilled acr011 interlluvr trut1. Later rcmov:il 
ol most u( such r,11 h:ss largely restored capacity 
of the oricinal valleys. Upper Cr;,.b Creek 
valley contains great gravel deposits which, by 
th:it theory, arc but terraced remnants or such 
a (,II . An uccllent place to test this idea is the 
vicinity of ~'ilson Creek's ·unction with Crab 
Creek, located w ere t e sup I inc i;ro
ductd the dtst{ILJuUry oxcrOsm-

Plate 8 is a 2-(oot interval contour map or 12 
sections in T. 22 N., R. 29 E., made by the 
Bureau of Reclamation. The sabl;ind i:eoloi:y 
on it wAS mapped by Bretz and Smith. Bret& 
(192Sa; 1928b) has published descriptions and 
figures of these deposits, identifying them as 
ri,·cr bars so gre:uly uceeding the n,agnitude 
of known ri\'cr bars th:ll some ahemative 
accmed c:ill,d for. Dul this extnordin:irily 
rc,·ulinc map and the accomp;inyini: acri:al 
photoi:r:aphs should m"ke clc::ir the impossi
bility of dclending :iny altc:rn:iti\'e. 

B:ar No. I, directly north or the town of 
Wilson Creek, h:as a broad summit 120 (eel 
above nlley bottom -·ith linear undul:uion1 
transverse to \'alley lcni:th and averagini: JO 
leet high and 250 ket :ip:irt (rt. S, fii;. 2). The 
uf!Slrcam (ustward) slo~s or the low ridges 
are between 7° and 9", the downstrum slopes 
are 19°-22". No uca,·ations exist. Onl/ ·ne
dium-sized pebbles lie on the surface. Aerial 
photorraphs sho,T the pattern or these asym
metrical undul:itions to be that or current 
ripples, 11>·e:1kest at the ,nds (:uthest' from the 
center o( the vallty, stroncest on the brink of 
the descent toward that v:allc:y. Two sh:allow 
undraintd sai:s lie between the ripple-marked 
top of the bar and the scabland wall north of it. 
This bar t:lpcrs :ind lowers toward the ol,\'CSt, 
continuint: to hug the north wall of Crab Creek 
valley but havint: another shallow undrained 
aag on its north side. Two capacious ra\'inCS in 
bault were blocked by the bar's i:rowth, and 
subsequent drainage has cut much narro"·er 
ravines acr011 the gravel blockade. 

Bar No. 2 (Pis. 6, S) lies along the SOl:th side 
or the creek valley opposite the western end 

ol Ba. No. I. It can be well scn from State 
llii;hway 1. It extends watward rr- the 
scabund ledce carryin& the hii;hway, lyinc 
alm01t •holly out on the valley lloor. The rouc 
liet"·cen it and the ledceco~n about 40 acrts 
and was a closed depression 11)..1,& (rel dc:q, 
before the railroad i;rading. 

A crave! pit low on the north slope ol the 
bar shnws uninterrupted deltalike (ore-sets 
dippint: diagonally down the llopc and down 
valley. Another pit, at the utreme east end, 
close to tlie t.ase or the basalt cliff from • ·hich 
the deposit depends, shows an anticline-like 
structure of steep, long fore-sets for the lull 
hcii:ht or this end of the bar. Highly ani;ul:u 
basalt boulden up to 8 (eel in diameter lie 
almost y.·hcre they fell (rom the downstrum
(acing cliff into the growing gravel deposit. 
This bar summit is more than 60 feet above the 
fosse on :he s :·uth and ne:arly 60 (ttt above the 
11:at valley bo11om on the north. The down
stream t;i~ring end is a quarter o( a mile out 
in the valley from the nearest scabland wall. 

D:i.r Ne.. J (Pl. 8), also on the south side of 
the valley, ihares with 1'0. 2 in enclosing the 
fosse Lack o( and between them, and rises 9-' 
r«: al,,,ve that depression in a qu:artcr of a 
mile. It is m .. de irre;ular Ly a scabbnd shoulder 
,,.-hich projects northward into it and rises 
above it as a knob or bare rock. Just beyond 
that is a small (osse in the bar summit. Thence 
the bar tapers down to valley l,ollom with 
another fosse, an ei;hth or a mile wide, between 
it and the scaL!and or the valley's south side. 

A larie i.hallJw pit on the bar summit shows 
no structure b:.it rev~als many larce, angulu 
bault v,uldm, S~ (eel in dwneter, and one 
6-foot c:~nite boulder. The ren1aindcr of the 
deposit is composed or pebble and srnall
coi,t,le crave!, ra ,:ly well worn, with almost no 
sand or i,anule ,;ravel. The nearest upstream 
source (or basalt boulders is a knobby scab
land t.e11ch J!l00-4000 (cet distant, its summit 
no higher than that or the bar. Ir this gravd 
hill is a constructional (orm, these boulders had 
to cross the (osse and then be rolled "' the 
stoss end or the bar to the summit, nearly 100 
feet hither. Ir i: be an erosional remnant, and a 
strum bed such u Flint has postulated once 
uisted for them to travel on from the scab
land knc.l,s, ~ldtn S and 6 (ect in diameter 

• 
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moved more than hall I mile on no cradicnt 
at all. Tran,portation by ft~tin: ice mu,, be 
invoked unless the clacial ri~r bd a velocity 
competmt to move them· either oa a level oc 
rvcn11p:rade • 

The vallcy ·bouom between Ban No.land 
No. 4 (l'I. I) is rtdu~ to only a third or a. 
fo11r1h uf it, avcuge width in this township. 
1nis naraows, confmtd only by cravcl, is in• 
eaplicablc by the fill-and -disscction theory. 
F.ven the cn,pty fossc snuth of the west e:,d of 
nar N-,, l ii nc.u.ly twice as wide a, the nar• 
ro•-a occu11kd by the cr~"t"k. 11,e outline of the 
prnuhland valley is readily rccoi;niztd folln 
Plate I, and the narrows immcdia-tely· becomes 
11nden1andable if nu No. l's distal taper 
crew downstream from an anchoracc on the 
acabla!ld sho11ldc:r in its . mid-lc:ni;lh. Cron• 
sectional room for the central bottom current of 
the glacial rivrr •·as provided on the proximal 
end of Dar No. 4 where, over about 40 acres, 
the deposit grew only 20 fret above the valley 
bottom. A third of a mile farther dolwn valley, 
the summit of Dar No. 4 is ne:irly 100 feet 
above valley bottom on either side. Lencth of 
the cravcl hill and accomp:rnying lone is 2 
miles. The slre:amlcss f·.•ne to the Mrlh is 
nearly twice as wide u the crc:ck-occupic:d part 
of the valley Qo:ir. nar No. 4 tin in mid-valley, 
docs not make coniact with either side except 
at the very head. 

This ~r is defended by I splendid eumple 
c,f "trenched spur buues" (Dretz, 192Sb, p . 472, 
Fie. :ZJ) where the tip of a precl:icial divide 
between the main valley and a tributary from 
the nrrlh could not be tolerated by the clacial 
river and wu plucked and notched by bouom 
currents into a lir:ear i;roup of ui:.ed scabl:ind 
b11ttcs. The Creal Northern Railro:id traverses 
the leni;th of the fossc and crossrs this divide 
tip by OU~ c;,I the notches cr1. S) Only simul• 
taneous functioninc of all the n, 1'hcs could 
have produced or nuintained the width of the 
fosse at its ustern end. 

111nc strcamli1ml ban assuredly arc ,not 
terraces with outlines softened by subsequent 
slope wash. 1'hc.-ir shapes and their fosse de• 
prcssions cannot be due to leisurely erosion by 
late-clacial or posti;lacial s1rcanis. nut m:iy 
they r.ot be rcinn:,nts o( & fomicr \·alley fill 

which b~came coui:ed into the prrscnt topoi:· 

ralJhy beneath a llood or l!oods ol the character 
read from Crand Coulee, Quincy t.uin, and 
Dru1nhcllcr Channels~ ?,by not the bu furm1 
be cr01ional instead ol dcpositioftal1 The com
position and structure and the e:sistence of 
fos~e seem to debar that interp,cution al10. 

Thew (calurcs do not fit Allison's icc-j:am 
thco1y whe,eby properly located blocbdcs in 
the claci:al river laterally del?urc:d the ncav
ini: water around the eden of the d:ams to 
n,:ikt tl,c sc.,bl:ind walls and to erode and re• 
build mnn:mls of an old~,, hii;li level cra\"d 
iutli b;,r lurms. Allu.011'1 idea woulJ l>.-ttc.-r 
cxpl:iin tl,csc features of Up11er Crab Creek if 
his ice j.am w.:re placed somewhere up!lrc:im, 
and the alte::\lions ior whid. it • ·as rcs11:insible 
were asc-ribcd to a ffood inc d:>wnstre:im when 
the dam finally cave way. Judi;cd by his inter• 
prctation o( trenched spur buttes in Snake 
River a.nyon, he would m:ake those of this 

· tract cithc.r abandoned µrei;lacial co11rscs of 
Crab Creek or ice-j:im "run-arO\lnds." 

Dul these Cr.1b Creek bns are not bicb 
enoui;h on the v;.llry slopes for Allison's theory. 
They are not perchnl, their bucs arc eui:nti:ally 
on 11 ,e ,·.1lley l,,Jtt.Jm, !00-200 kct lower than 
the Lc.ttr,ms of most or the notches. They do 
not contain any old i;ravcl materials and ue 
emb:irr:iss incly in the w~y whcrc,·cr one m:iy 
wish to p!:ice an ice j.1m. The (uturcs near 
Wih,c.n Crer\ cannot ~ thus up'.aincd. 

A comparison of the topocraphy, composi• 
tion, ar.d stru~ture of these scabland cravcl 
drposits v·11i, remnants of an ntcnsive, dttp 
cra'"cl f,1: in Yakima \'alley near Ellensburc 
are illurr •-.atini: . Drainai;e an:u of Yakima 
River al.,ove EllcMburc and of Upper Crab 
Creek arc approximately the $.lmc. The Yakima 
Valley dep.Jsit is definitely older than Crab 
Cree!; cravcls, but b-:>th, consiJcrnl as once• 
continuous nllcy fills, have Leen sulijecttd to 
erosion t.r i;l:icial and post.:1:ici:il water. 

TI,e Yakima crave! is terr.1ced in two very 
..:•.finite levels. The lower tcrr;ice hu as Jlat a 
surface as the modern nood pl: in. ErO\ion by 
loc:.I runol! is CS\entially nil, and the: terr;,ce is 
,.- ·• \t ine i ·.,·ay only frr,m latcn.1 allick by the 

river. This is the identical prolctJure of the 
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611-and-cut theory. The upper tcrr:icc has a 
disa«tn.l marcin ol n~lure ~ wt, badt 
from the van~1•ward ed:c, is almost as flat u 
the youncc:r h:rracc. n.~.,c arc no rc:,iJ11.&I hills 
isolatc:d un the Ullf'C'' trrra«, and unly one wu 
1em on the lower. ll st;anJ, so nc:ir the brc;ik 
bctwc:cn the two terr:ices and h:is such i;e:,tlc 
slo~ that il clearly is but an outlier of the 
u1•pc·r flat. 

M:my hii;bwlly cuts show ti,: cr:ivc:I of both 
tcrracrs tu be wdl surh"J 11nJ • ·di wurn , far 
more 10 th:in most scabl:ind i;ranl. There arc 
10me includc:d sand lenses and str:ita of sm:ill 
buuld1:rs. Sort ini; and wear r~mblc th:it 
1y1,ic:,I of !cal,l:md gr:ivcl only near \;;.salt cl ilis 
along the narrower p:irt of Yakim:i V:illey 
abo\·e EllcnsLuri;. Herc the i;r:iv1:I m:iy Le 
rather rubbly and contain lari;c, ancular 
boulders, ob\·iousl)· fallen from thcsc cliffs 
during the ai:grad;ition. Stratificati.:>n is hori
iontal almosl e\·c:ry•·h~rc, •·ith only sh:illow 
lore-sets if any. !'.othinc rescmbl inc the lone 
fore-sets of scabland cra\·cl wu ICffl. 

The dendritic r,:ittcrn of the sln,,c SC'f':1r:11inc 
the t .. ·o tear:iccs r~1:mLlcs noth ing in sc:ib-
1:ind i;ravc:I tor,oi;r:iphy. D issection of the 
Y:ildm:i Valley fill here is a te,;tl,ook u:1mµlc. 
Comparison of topoi;r:ir,hr, composition, and 
structure with sc:iLland i;rncl dt'p()sits is all 
contrast! Yakima Valley ne\·er h:id a Lake 
MislOula type of flood, and no b:irlikc fN ms 
• ·ere rradc durini; deposition or d issect ion of its 
gravel. 

Bors in ll'i/1on Crt~• l'allry 

Ban up Wilson Creek \ ' alley a short dis
tance e:ul of the m:ippcd :ire:i c.arry enn 
bcttcr-de\·cloµcd i;iant current r i('plcs than 
thoiC on liar ?<.o. I; muimum relief is. ne:uly 20 
lcl'I . They occur at three levels. rani;ini; from 
the brr:1d vallc:y Louom itself to the hi;hcst 
bar summit \\here they arc clo.>sc to the ui,pcr 
s.cabl:and, 150 feet abo\·e the nllc)' tlQPr. 
Ripples o( the lowest i;roup have wa\"C leni;lhs 
a\'Crai;ini; 300 lcet (PL 5, fii; . I ; Pl. 9, Iii;. I) 
and arc most conspicuous "here parti:ill)· sub• 
meri;cd in a flood- irri;ated tr:ict. Drc:u·-.c two 
dc:finite erosional sc:ups in G• .1 \·cl SC'J>U.1 tc lhc 
three ripplc-bcarini; surfaus, thrtt 0oods arc 
read from this topoi;r:aph)' . r.1cep1 for cuttini; a 
D.lrrow trench, J><)Sli;lac i:11 \\'il10n Crt ck has 

dune nothina: lo modify the valley Ooor, and 
csisttt•~ c,f the ripples across the entire bottom 
pru\·es that the bst i:lacial river to use this 
r.>ute w:.s not one of the leisurely mcandcrini; 
alre:ams of t "lint's cooccpt.• 

Giant current ripple m:irks arc dilT1cult to 
sec :at i;roond level, c,·cn aerial photo;raphs !:iii 
to record tl,<m if the surface carries a cood 
cover of s.:i;c Lru'1, (l'I. -1, Iii;. I). The ri11pln 
)hm,·n c .. ,.,r a L;&r :.wul 2 mil~ e;is.l uf 0.1,·,.a, 
r.,mc 25 milo up Cr:aL Creek !rum Wil,;un 
Creek jur,ct ion. Tbc:rc arc ll of thm1 in a 
d is1:1ncc or 3300 feet . The clear depiction north 
ul the str~ i;;l ,t c:nt-wcu line, a r,i:ul, is due to 
a Lrush lire ,J11,rlly l,i:forc lhe plu,toi;rapla was 
taken. llrush on the south s.iJe or tlic ru.1d was 
not burned, and the ripples show 10 fli111ly 
that thcr could well be overlooked. 

The 11·rilers do not rest their cue for cnot• 
mous i;l:ici:il ri\·ers on current ripples alone but 
:arc c.>n\'inced that only P:arJl-c's interpret&• 
tion (l 942) for the Lake Missoula features will 
account lot the ripple marks nut Wilson 
C'rcd: to,•:n.11 

DLACC Rocc Co~LtE 

Rtfrrcncc has been n1:adc to two wide tracts o( 
not m:a·kcdly canyoncd sc:abland in the down• 
stream an1,le between Upper Crab Creek \·alley 
and Quincy basin, hii;h ahove both lowl:and 
tr:icts (Fi; . 8; Pl. 1) . The 10111heastern of thcst 
di\·ergcnccs , Bl:ack Roel,; Coulee, takes off from 
·he creek \'alley about midway between :'>larlin 

• Fli~t c:amc cloM 10 rrcopwnc ciut current 
· riJ1J1IC1 ~,.d thus to drstroyinc any nlidity his 
hyrothc>is then a~arcd to l)O'IHL On iu:c 477 
(l'IJ i-1 he sa.:~ " litre anti there the 611 surfacn (c,1 
his. 'uosioc.:al rcma.:ants'J arc marled t.y faint ride~, 
U('I to w:,·cr:il hundred lcct Ion;, 20 to 50 lcct Lro:ad 
and a lcw lcct hi,h. It is quilc poniLle 1~.:at s.omc of 
these arc al lust in ~rt constr11ction:il. .•. " But 
" none ol thuc forms, nen ii constructional, cor.• 
111\t itutn, in itw:11 evidence of d«p s11c:an11". 

11 Suwc;i:cous "s:ind ,uvcs" ol this size have 
~en 1.nc,wi; in the !ll ississi('l('li Ri.-cr lor more tb:in 
50 )"C:lrS func and t:i,kn, 19l0), in flood "'.llCrl 
60-90 lcct dccr·· Dul t.orh rci;rcssi,·c and pro;rcs.ivc 
1,· .. :hu ,·cs 1:l, to ,...,..,vc u ftood ,·clocit)' :and dcp1h 
drcrcav cDu:hcr, l?ICii . The features here detcril.cd 
did survi,c , therdt.rc UC true current riprln- U_n• 
ripfllcd c, ri; ia.~I surlacn of scabl:ind r rnc d(flOloll 
;,;,;,:,,r_cr.t :,- t: id nc.t u pcricncc a 1U111cirntlr t. i;h 
Lotton, ,·clc,cit y at cl<>!c of deposi tion. An interest• 
ihr 1iclc!:1l,1 c.n tl,c hi'1lraulics .,f thnc cl:ic:i:il ri ,·cn 
,..,II ar ,pur ,. hc-n t•.c ,,ant current ripvlc• arc civcn 
urclul dcuikJ i:~d,. 

-------- -------------·-·--·-···--
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,,...:..a the , ·alley floor, and 
., ,,.,., the entitc wllom 
.an ;lacial ri,·cr lO use thi, 
· ol the kisurdy rncandcrini; 
· tnntq>l." 
rirltlc maria are dillicull to 
, c.-cn aerial rholo;r:iphs fail 

: the 1urface carrirs a eood 
h (Pl. .t, lie. I). The riprlcs 
al,vul 2 miles cast o( OJcs~, 

i• t·ral, Crn-k fr1Nn \\'il11o111 
n .. •rc arc ll of thnn in a 
C't. 1'he clear depiction north 
l·•·rst lint, a road, is due 10 

y 1,c:lore the photni;r:ipb wn 
,.., '°'-!lb 1idr ol tlae ro:id w:is 

the ripplrs .tiow so faintly 
"·di l,e ovrrlvokc:d. 
not rest their cue lor cnor-

• on cur: nl ripples alone Lui 
~, only ,"ardcc's intcrprct:i• 
, J.:ikc Missoula lc:uurc:i will 
• ripple m:irks nc:ir Wilson 

.. . .... ~ . 

:tn made lo ,.,-o wictc tr:ict, ol 

)°'t""'t~-1eabh1nd in th.: down• 
. , per Cr:ib Creek , ·:illey 
~. 1i;h abcl\'e both lowl:ind 
I). The southeastern ol these 

;. Rock Coulee, takes oa from 
l""ul mid.,·ay between !\1:irlin 

•iC to rcco;ni%inc ci:11,t cvirrnl 
lo d~ro)·inc any validity his 
,1,-:.rtd 10 pos.ns. On p:1:c H7 
.re and tl,crc ahc 611 surbcn (ol 
,11111 arc n~rlcd t.y fain I riders 
rnl lttt lone, 20 to 50 lttl Lro.'ld 
.. his f\Uilt p,,;,il,lc 1b1 tome of 
.a ,~,, con•trucliuu>I. .• • " llul 
nu, r,·rn if cun,truction!'ll, con• 

: c,·i,1.:ncc of Ji.:,·11 llh:~nii". 

"'"'' "ans" ol thi• si,c h:ivc 
· ~I i-M-. .. i1•1ti 1,.:.i, ,:r fur llk\fC th:1n 
•J l:~1,·n, l?l;I), in 11....J • ·at.·rs 
.- t l~tb h ·•tl n•i\'I~ 2nd pro;:rc·s.aih·c 
•,:r, .. ·c , . l\.••I ,·clocil)' aud dq11h 
1•,1•1, . l :. , l,a1 .. 1<1 l,crc dcscriwd 
'. ,, ,. arc lrue current ripr'"· Un• 
:b,, 1 c.f_tcal,l:inJ crave dcposiu 
,I ,.,~11,ncc a suOiciently hish 

'. c!-~ "' llq,oiition. An inttt<SI· 
· I >•_lraulics of th= ctaci~I ri\'tfl 
l.c c1a11t ,urr,111 ri11plt1 arc ci\'tn 
.i..!)· 

!::) 
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(Krupp) and Jrhy and mten Quincy h;&sin 
al-,ul 12 milca IOUth <A the btituJc ol *I' 
Lake. lt1 altitude at the dinri;cnce is more 
than 250 feet abo,·c C;ab Creek valley bottom, 
and al its junction with Willow Sprinl:$ trench 
it hancs 200 feet. Jiut D1:1ck Rock Coulee 
drainace d,-.:s not enter the trench. .\houl 
3 miles short of the brink of the eastern Willow 
Sprini;s surp it -turns south,..-ard and flows 
par;,llrl tu, but oii to/ of, the scarJJ to enter the 
mouth of Rocky Coulee. In like m;inrer, 
drainai;c from some .IS square miles or adjacent 
scaWand north of Black Rock cou!cc is de
toured s.outhward • ·ithuul crussing the scarp 
(1-'ii;. 5). 

Jllaclr. Rock Coulec debouches on a high 
ba~lt flat thinly coverrd with seal.land grnd 
whose altitude stroni;ly suggrsts cnntcmpo• 
ranc:ity with the high grnd srparatini; the 
threc channels in Quincy basin. Furthrrmore, 
this scaliland brtwrcn Crab Crrck and the 
basin is not vii;orousl)' uprrssc:d, and so:ne is 
• ·cathcrc:d down into a coarse· residual soil, 
unlike any basalt in the lower sabl:,nd of the 
rci;iun. IJl:ick ltod: Cou!=e and its auociatcd 
hii;h sc.Lland (Fii:. S) is probali!y an early 
flood record. The broad summits of the Cr.ab 
Creek bars, streamlined in conformity with the 
valley shape:, arc hii:her th:ln sonic of thr rock 
basins and intricate channels of 1he scaliland 
fartl,cst • ·est on the interf:uve brtwrcn the 
creek ,·alley and QuinC)' Ilasin, and are about 
as hii:h as butte lops o,·er most · • :h:it tr.act 
Both the giant ripples :.nd the sabland b:.sins 
required adequately drcp • ·ater for their pro
duction and must be contrmporancous. The · 
bars are oriented ior a deer~r part of the i:lacial
rivcr current, • ·hose dirc:c.inn was determined 
by prri;lacial Crab Creek ,·alley in bault. In 
these: rclatioush ips is con,·incini; t\'idrncr that 
the interOu\'e O\·c:rno,.- was not due to a Crab 
Crc:c:lr. ,·alley (,II or an ice jam at the time but 
resulted from a volume that demanded more 
capacity for its channel than prci;laci.al drainai;c 
had ever m:ide for ill valley. Upper limit of 
scal,h,nd at the foot of lorssial sc:irps on this 
intrrOuve is 1500 feet A.T . Floors of nrar•by 
valley•bottom fossac arc at about 1250 feet . 
The i;lacial river • ·as more than 200 kct deep 
at this pl:.ce. 

Crab Creek valley ,..as dammed at ill en• 

tran,e into Quincy bas.i11 late in saWand ha· 
t11ry t.y a cra,•cl ckpolil with ,astward•(up
,·allcy•) dir,pinc fore-sets recordinc backfill 
from Dry Coulee (Fie. 5). Silts overlyinc the 
lower K.aW.and cravel for 10 milca or more up
stream show that the rn:rk . valley was ponded 
as a con1oCqucnce of the l,.ir·l,uilJing. The i:ravcl 
darn, cul in section · l,y Slate llighway 7, is 
at least 5~70 fctt lh.~.k. Cul, Crcelr. hu 
subse<jucntly cut a nMrow culch throuch ir . 
1'111: t..1cH1lling episode must post-d:atc: all 
glacial-river dischari:e down Crab Creek. It is 
to Le corrclaled with the last funct ionini: of 
l>r)' Coulee, later th:in the dctp nolching in 
the • ·est saddle of ll.1con s)·nrline. It must 
postd:.tc corn1,lctio11 of Upper Gr ,,nd Coulee'• 
rcccssic.:i.11 corce aud the final upture by 
Graud Couk:c of :all Cordilkran cl:,ci:al drainacc 
to cross t?,e plateau . 

Althouch constituting a llat•torpcd and still 
near.ly cr;m(llclc valley (,11, . the cau,.·ard-dip
pinc fc.1c-i.c:t1 of I.his Crab Crrelr. deposit and 
the silt, ult ol it debar its interpretation as a 
record c,f Flint's hypothetical ai:gradation. It is 
also irr.v-!.s il.,lr to n.pl:ain as the consequence of 
any ice jam. The gravel was carried 11pN//ry in 
a l:irgc t Lac ial-rivcr course. 

With tl,is vallt)'•moutb dam is correlated a 
wcll -mar:.cd bar crossed by S,ate llii:hway 7 • 
mile •·n: of the scarp of the dam. It lies almost 
in the mi:lc!le or Dry Coulee, its summit at about 
the same alt itude as that of the dam. The bar 
top is JC, feet above the channel on the w,"!t , SO 
fret :ib-.ve lhat on the cast, and 80 feet above 
the t.oac.r.i of a closed dcprcuion immediately 
upstru:r •. A p:l on its western slop: shows lone 
della ic fc.:e -scts di;,pinc west toward tt.c smaller 
of the t -.,,·o bounding channels. 

Roca.,·, nowi:as-Wtaca, AND LIND CouLi:IS 

JI ops: JI 111u I.oh, Otlrel/11, Scltroi, ll'lttclcr 
, .. .:d. mop, U .S.C.S.; R4-57 ZO, 

J & Z, U .S.B.J-:. . 

(Bretz, Smith, and Neff) 

The lower ends of these coulres arc crossed by 
siphons of the East Low Canal (Pi. I) where 
r:i.can.1ioc and topocraphic mappini: by the 
Dure:1u o! l<eclamatic.n have rrvcaltd some in• 
,tructive ~ct:a ;I, of the Kabland picture. All 
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. -)tin bte i11 tcal,l&AJ his• 
, 4'11sil with eutward-(u!)

: f~rc-wta recordiA& backf,U 
• (Fie. 5). Sills ovcrlyinc the 
rncl for 10 miles or more up
t lbe creek valley was ponded 
of the bar builJin1. The crave! 
1it,11 by State Jli;hway 7, is 
ket thick. Crab Creek has 

t a narrow culch throu;h ii. 
episode must post-date all 

'larce down Crab Creek. It is 
" ·ilh the last functioninc of 
~ than the deep no1chin1 in 

of Bacon 1)-ncline. It must 
:ion or Upper Grand Coulee's 
: and the final aplurc by 
lll Cordilleran clac:ial drainai:e 
au , 
tituti111 a ht-topped and still 
,·alley lill, the eutward-dip• 
this Crab Creek deposit and 

: debar ils intcrpret:llion as a 
hypothetical accradation. It is .: 
, npbin u the con;cqucncc or 
; _ravel wu carried ~p,'l:lley in 

: er course. 
cy-moutb dam is correlated a 
c~ by State Jlighway 7 a 
c.:n,111 the d.un. It lies almost 
Ir)· Coulee, its summit at about 
: ;.s that of the d:im. The bar 
~~ the channel on the west, 50 

111 the e:ist, and 80 feet above 
closed dcp«':uion immediately 
, n its western slope shows lone 
lip11in; west toward the smaller 
'.inc ch:innels. 

. -\\"ur.a, A!,"D LIND C.ouu:u 

·_.~,, Otlatll•, Scl""I, Wlactlc, 
;, U.S.C.S.; R-1 -57!0, 
& l, U.S./1 .N. 

t, Smith, and Ncf1) 

, of these c,,ulccs :ue crossed by 
:.nt t.,,..., C:\n:il (Pl. I) where 
t,,,,..;rapl1 ic m:ipp:ni; by the 

~.-.. ,~;n h:wc rcvc:ikd some in• ~'Jc scal,l:ind p:clurc. All 
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three coulccs arc distril.utarics from the ntcn• 
sin Clmu:y-l'alousc tr:1ct and in rr~ahl:ind 
time all hudc-d "n the •·est side of a divide 
-..·hich was croucd durinc the scat.land mat.inc. 
t'lint (19JS) maoc this divide crossinc possible 
by acr.ra,linc the Cheney• !'alou~c tract with 
ctaci:il outwa~h 1l,1,ositcd under ordinary c:in• 
Ji1ions, di,putinc Drt:U who h:iJ earlier re• 
pc:ateJly called fur enormous volume to uplain 
the divide crossincs. 

The entrance or Rocky Coulee to Quincy 
basin is n:mowcd to an di;hlh of its • ·iJth a 
mile farther upstream and :ibout a fourth of its 
avcrai:c widrh for the first 10 miles al,ovc the · 
constriction. A closed depression occupies the 
cuulcc Ooor for the lint 2 miles upstream. Its 
bollum is 100 feet lai1l<1r than th:it of \\'illuw 
Spri11gs channel half a mile to the west, :ir,d its 
drainage (when it ovcrOows), after pa.nine the 
constriction, turns south and nows p:irallcl to 
the Willow Sprini:s ch:1nncl, bul cm top of 11t, 
,corp, nowhere more than 3 miles b:ick (rom the 
brink, until the scarp dies out at.out (i miles 
to the south. E\'cn thrrc, Rocky Coulee's dr:iin• 
age continues its laler:il course, refusing to joiri 
the main dr:iin:ige south out of !\loses l.:ikc for 
5 more miles :111d lin:illy entering Drun1hclkr 
Ch:inncls :is a p.ut of Lind Coulee di!cl1:\rcc. 
~ ·1s, with Dl:ick Rock Coulcc's detoured 
drainage there is a total of IS miles of this 
anomalous St>uthw:ird Oow closely parallel to 
the Willow Sprini:s ch:inncl but well above it 
and no•·hcre descending its scarp. 

The torocraphic map sugi;csts, and field 
cumination proves, that Rocky Coulrc dr:ain• 
ai;c, beyond the cor.strictcd entr:iracc to Quincy 
basin, is kept from ,pillini: over the Willow 
Springs chan: d scarp by a loni;, low b:rricr of 
sc:ibb,nd . :a\·el which tops the scarp and slopes 
centl)" eastward away from it . This b:irrier is 
most pronounced 2 miles southc:ist of Most1 
J~,kc tnwn where cro~sed by U. S. Jlichway 10. 
t"icurc 6 shows :i form rc:.cn1bl inc :i wide spit 
pointc-d south • ·ith lincers rccur,·cd e:istw:i,d. 
The highw:iy cut on its eastern (lee) cdi:c shows 
only loose b:is:iltic s:ind :ind gr:inulc i;rncl. r-.o 
structure i~ revc:ilcrl. On the O:it in,mcdiatcly 
to the e:ist, ro:iJs idc and irrii;:ition ditcl11.·s show 
caliche i11 Ji/u for several miles e:istw:ird, :ind 
only the lack of a l~ial cover here suci:csts 

alteration by glacial w:itcr. 

Jlircttly cast of Moses Lake town, a larce 
pit in this barrier shows coane• material at 
1190 rci:t A.T . wi1I, some bouldc,. of basalt and 
caliche but no interbcddcd sand or silt. 1lle 
conclusion that the ~rricr is a natural le,·ce 
type c,f bu :ind that it ;rcw latcr:ill)• c:ist,nrd 
011 to a hii;hcr mari;in:il surface seems incsc:,p:i• 
Lie. '11 ,i, !.aturc ,.l,ich constricted an,I Jc• 
tuureJ Rc.dty and 111:iclr. Roclr. coulecs is II p.:ut 
of the hict, i:ravcl plain, older 1h:in the deep 
channdini; across the b:,sin. \\'here crosM"d b)· 
Jlii;hw:i)· 10, it is 80-100 feet lower lh:in the 
Warden c.11 .,r.:ict li1,s . J-:i1hcr it w;is built ahrr 
l>ruml,dlcr h;id lic.:n C,lll!iidcr:il,l)' dccpnicJ or 
it w:is dq .. :.sitcd in waler 75-100 h-el J,·q, . The: 
l,ar form is rcaJily iJcntifiaLle for G or 7 miles. 

The lower fr•· miles of nowcrs -Wcbcr Couke 
(Pl. I) carri,-s " silt deposit, ,.-di uposcd in 
ro:1d cuts alone U. S. Jlii;hway 10 cast c,f Ilic 
calichc-conrtd plain abo\·e•notcd and CCIII• 

spicuous :is far cast as Schrai; (12H fetl A.T ., 
l'I. I) . Tht dc1,osit consisu of ahern;a1 inc silt 
units, one finer than the other, each pcrftc1ly 
sorted, each with crinkly laminae that· look 
like wc:1k current rcc"lrds. The fintr-tc1lur,·d 
men:Lcr :, i,rc,·ailingly 1hickcr, reaches a max:• 
mu:n of IE inches, :ind is ligh1cr-colored . The 
co:11•er si!t grades up into the finer . Dcri:• 
depos ited knsn of coarse sand cont:aininc non• 
bu.,lt pcl,Llts :ind a i;ranilc boulder 15 inches 
Ion; ind :c:.tc deposition in glacial • ·ater. 
• These i :lts lie only a Ii• lie lower th:in tlae 
Warden clll:iract lips and should be corrcl:ited 
with thc:r functioning. Ponding north of and 
below 1~c 12 50 \\' arJcn sill stems to be r~ordcd 
,.-h ile nor.nood gl:ici:il dr:iinai;e • ·as arri .. in; in 
Qo.;iney L.-,,in, pcrhJf>S during the closini; sta;,-s 
of the firH Oood episode or the early st:ii;cs c,f 
the sccor.d . 

Lind Coulee is crossed by the Cut Lo•· Canal 
-I miles c:ist of Warden . Two siphons arc to be 
used, a scabl:and butte (the summit of Lind 
0,·~ure) in mid-coulce carrying a short stretch 
of 011<:a c:in:.1 between them. The south end of 
tl:.c southern siphon terminates in a gra,·cl de• 
posit (:iltitude 12-17 ket A.T .) on the c.,i.lce 
slopes ..-l ~re ncava. '?ns uposc a 20-foot sec• 
tion soon to be oLlitcra~cd by back lillini; ." The 
mltcri.1! is all fmc grlvcl atid co:inc s:ind, per• 

"f.Jpl:>r&iion lot foundation, here p«nctratcd U 
led of ,r:avcl. 

-------
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bars 20 per cent calichc: bits, the remainder 
bluish-black b:isalt, stratified in rq,utcd 
courses of short fore-scls ll'hich 111·i1hout ucrp• 
lion dip away lr-'m the open Lind Coulee a11d 
toward lhe ::!;:m:nl, sm:ill, lrruul:ary nlley. 
:·he topoi;raph)· herr looks like a roum.kd-ofi 
terrace, and, at first i;l:ince, lhe structure 1•11.i 
composition seem lo supporl th:it interprel:l• 
tion. 

llut the Irey lo undenl:.ndini; the deposit is 
in the cnnsi. trntly 5- to 10-dei;rec coukc-w:ird 
di11 of the difkm1t IIC'arly horizontal courses. 
They dit> parallel lo 1111: surface slope, each 
course inclint"d in the opposite direction to that 
ol its component lore-sets. All slr il..cs p:u:illd 
that ol the slo1,e. The deposit is a typical ri\'Cr 
bar marginal lo the central current, its 11ccre• 
tions swe11t hack up and out of tl,e main cur• 
rt"nt and add~d 10 the accumulation in a pro• 
t,ctcd re-entrant. The bar originally d:unm,-d 
the minor !riLutary here and extended at lc:ist 
3000 feet lar,hrr down•coulce, gradini: into 
liuu material \\'ith less-marked str:llilic:llion. 
It n,usl d:itc: b·,ck to the function;,,i; or \\':inkn 
cataracts. 

Twenly•fi\'e macs farther up the coulee and 
a mile c:ist of the town of Lind, :it the junction 
of two glacial rh·ers (Pl. I), the floors of three 
pits in scaLl:uul grnv·d arc: so conred with re• 
jected bouldc·rs that onc: may cross without 
strppini: ofT Louldcrs. They a\'era:;:c 3 feet in 
diameter, a few . re 6 feet . Almost all :ire clc:irly 
from l:iri;c•c\llumnc<1 L:is:ilt knoLs in sii;ht up 
the couke. :\mong the l,ruiSt"d uul unroundcd, 
unsmoothrd L:i•llts w:is one an:;ul:ir granite, 
J !eel in diamcu:r. 

Al Ritz\'illc (Pl. I), near the dh·crgrnce of 
one of tl,cse eoukcs from Cow Creek valley in 
the Chcncy•l'alvuse lr:ict, a poorly sorted, 
Luuldery gr:i\"CI lies on the floor hall a mile 
downstream from a low, ch:innd•bollom, L:is:ilt 
i..nob. The \ 'Cf)' little-worn boclders :ire fortu i• 
tously diMriLutt·d in the deposit. Some :ire S , 
lc:ct or more in di:imetcr. One 3-Coot q.;;.rlzile 
boulder w:as found . Poorly dC\·clopcd forc -sds 
dip down alon;: the ~..,ulcc. 

Al Ralslun (l'I. I), near the diveri;cncc oi .he 
other couke !rum Cow Creek \':llley, is a sim il:ir 
sho•·ing or Loulilcry gravel on the ch:innd 
floor , with lr:i:;mc-nts up to J Cc-ct in d iameter . 
1'hl·re :ire no b:1s:11l outcrops 11c:1r by. Neither 
here nor at Lind or Rit1\·illc is there any Lody 

of liner, 111·c:ll-so1tcd materi.il. It is all coane, 
com~raLle, ucc1,t for the boulders, to that 
shown in 1:1int's Fi.;11re Z or Plate 2. 

Doth l{:ilw,n anJ Ritz\'illt tell the s:in,e story 
th:it 111·as rea,I at I.ind. Cl:iciAI lorrenu caplLlc 
of tcarini: l:irgc l,l<,c:O:s o! ••~ll loosc and tr:ms• 
po:t ini; tlu ,n lll<,r,i; t~.c lo"· gro1d i,n1s ol the pre• 
gl:lcial couh·s lrlt tl,tsc r~cords. Such Louldcry 
stream dd, ris dc·ri"c c.! and tr:.nsportcd on such 
£r .. olienb (al.,,ul 25 lt ; t per mile) cannot Le 
h:,r111oui1,·.J ,-. i1li J"! ir,t's lhcory uf mod.-ra:e 
strcllllS. 

floors of the coulce heads near Riu\·illc and 
R:il , tun h:in;: 50-i3 f,,l aLo,·c the Lollvm of 
Cow Crcd; nlk y, which is L:•t a mo.l if,rJ pre• 
glaciai drJinai;c w;.y . R)' the hypothe,is here 
ld\'<>e:llrd, the lari;c: scaul:iud tract w.s under 
w:itrr 1ln p c1101:i;h lo reach the lop of the 
former di"idc-s in lc.."!s. These boul :l, rs .,..ere 
dislodi;c·J from r,arer.t ledi;es Ly :he di,triLu • 
l:H)" strc:ims Ir, fr t abs.cnce of steep a:r~rlirnt, 
011I)· i;rcl t , ~h:rr:c "' .! I suff cc for the vducity 
indicated. A l,a!>Al: bench 1l least 50 !rel .iLo,,e 
the c,,ul,·c n,;or ll J. i;, (! c:irric-s sclLh nd cr:ivcl. 
This hi.;1. -ly ,,, c. d:, ,-'~ •crvssini; d istril.utlf)' 
~t .. iuld h:1,·c Leen a~1r:d , ncd al the \'try bcg,n• 
nini; uf ll ,nt's d:!"-'Ct i,rn episode, :ind its 50· 
foot fill shuuld st 11! I,,: int:ict . 

IC sc\'Cr:il flo.:,.!s tr.wcrSl'd the Chcocy-Pa
lousc lrlCI, some c.-:c;x-nini; of Cow Cr,-ck's pre• 
i;bci:11 \':ilk)' 1,: ;;;,1: '.;.· occurred. The c,·idence 
ll the mout i, c,f ~ -"·, rs. ,\\'cl,cr Coulee is th.it 
no O\IO<l came d;,.- :: ;: from the Cncr.cr-P:ilou!>t 
tract af ter the i ;: : .::g rp is,>,Jc:, w~. ich i, corrc:• 
lated with 1t-.~ :i:!~ :::~ ir. Qu incy ti.nin. There:· 
lore, lhc·~e ~ .. ;; t-.. 1:,-,:: ;, di!t ri~u tuy coulct'\ Le
i " en Cr:1 L Cretl: ,;~. the ;.o: th and \\':isl,tucna 
C.iul .. c on li,c sr, :.:h :1:e l,d icnd to h:L\'C Lnn 
occupied or,!;· d.:r ::.; ~:: ur'y scal,la!'ld m:1kir.i; . 
II so, rc ::,u ·. ~I o'. a::y hr;10:hcL ica! i; r:1\·cl fills 
muSL Le dl ted l: o~. thlt slr.ie c:irly episode, 
before the ho wc ~ ' : cber s:l ts were d~positc:d. 

WtSTtltS r .o.r 07 Qt:1-.:cy DASl!'f A~'l> 

ADJACC~T Cc.~n:111A R1\'ta \'uLt , 

Colodum Pa:s, Jf;lcca, Qui11cy quad. ,i1op1, 
l' .SG.S . ad l'.S II. I< . map R4 -Si!0, 

si;rc: I 

(!J re':7, ~mi th, and :'-df) 

D:ibcock H,C r>, er;rtcn rid;;cs constilule one 
long, luw, ;.u:~ .. •.•,1.:h, structur:il cle\·:1t ion 
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ha1,s 20 1-rr crnt uliche hits, the rnn!\inJcr 
hluish-1,1.,ck li:111.,lt, 1tr:atif"·d in rc111 .. :akJ 
courtoN of .i-t rurc-kl& • ·hk"h withc>ul CI.C11)• 

tion dip away rrl)m the open Lind Coul,c and 
tow,ard the adjacent, smo1II, uilNtary ,·alley. 
The topocr:arhy hrre looks like a rounJl'd-olT 
trrracc, and, al lint ;lance, the ,truchm: and 
composition seem to surrort lh!\t i11 ttrprct ... 
tio.,. 

llut the kry to undcntanJini; the d, !"')tit is 
in the cnn~i~tently 5• to 10-Jci;rce coulee-w:irJ 
dip or the dilterent ncarl)· hori,ont:al courscs. 
1'hey di1, p:ir:illcl to the surface sloi,c', rach 
course indinl'd in the •f'f'osilt direction ,u th;1t 
or it, component fore-sets. All strihs 11:&r:il,d 
that or the slope. 1"he drposit is a typical river 
1,:ir mari;in:il to the ccntr:il current, its accre• 
1ion,· sm·11t L."ld, 111• and out or tlie n1.ai11 cur-
rent · :ind :idJ..·J° 19 th~ :iccumul:u~•n in :i W_,. 
tectrd rt-•i:r,trant. TM· u."\r or.ii;jn:ilJy · d:immed 
thc minor· tr-ihut:iry l~rc :in<l"rxtcnd1:.cl- :it l.c:i-st 

JOOO le.ct· far1l1er down-coulee, \:r:i.dini; i11t'o 
finer matcri."\I •with lcss,mukcd str:1tilic:it1un. 
It must date back to the runctionini; or \\'udrn 
ut,m1cts. 

Twrnty-five miles f:irthtr up the coultc and 
a mil.: e:ist of the town of Lind, :i.t the junct ion 
or two glacial ri,·cu (l'I. 1), the iloors of thr,·c 
pits in sc:1Ll:1nd ;ra,·cl arc so covered with re• 
jcctcd t.ouldcn that one m:l)' cross without 
steppini; olJ boulders. They aver:ii;c J feet in 
diamell·r, a few :i.re Ci feet. Almcst 1111 arc clurlr 
from brcc-columncd b:is:ilt knol,s i11 si:;ht up 
the coulee. Among the bn:iscd but unrounded, 
unsmoothcd b:t!\."\hs w:is one :in;:111:ir i;ranitc, 
J lcrt in d iamctcr. 

At Rit1.ville (Pl. I), ne:ir the diveq;encc or 
one of these coulces from '.ow Creel.: valley in 
the Cheney-Palouse tract, a pc.orly ~rtcd, 
bouldery gran·I lies on the 11oor hall a mile 
downstrc:im from :a low, ch:inncl·Lollom, b:is:ilt 
knob. The very lillle•worn boulJers :ire fortui
tuu~ly distril,utrd in tl,e d.-po; it . Some uc .S 
feet or more in d::imetrr. One 3-loot q11:i~t1. ite 
l,ouldcr w:is found . l'oo:I)" dC\·clopcd lore-s.- ts 
dip d<>wn :ilonc the Mulee. 

At R:ilston (l'I. I), near the divcri:encc of the 
other coulcc !rum Cow Creek valle)', is :a sim il:lr 
show·ini; or bouldery gravel on the chani:d 
,~.:-or, " ·ith lrai;,nents ur to J feet in di;imr trr. 
There ~re no Las:ilt outcrops ne:i.r Ly . ?\'either 
here nor at Lind or Ritz,·ille is there an)' LoJy 

of liner, • ·1:ll-aortcJ material. It is all na:irse, 
C<J111p:ir:il,I,·, ucq,t Cur the bouldrrs, to tla.tl 

,h.,•n in •1int1
1 •·i£ure 2 of i'l:ite 2. 

Doth Ralstun and Ritzville tell the ume story 
that ..-:is re11d at Lind. Glacial torrent, capable 
or tearini: l:lri:t Llocks or ~ult loolC and trans• 
port in; them aloni; the low ;radienls "' the prc
i;laci,I ctoultn Ht tht'k rccorJs. Such Louldcry 
,tre:im dcLris deri,·cd and tr:ansrorted on such 
grJd i(nts (~L<.ut 2.5 reel per mil.:) cannot Le 
h:irmoniud with flint's theory or n,oJeratc 
streams. 

Floon or the coulcc hc:ids ne:ir Ritzville and 
lt:il,tun h:in: 50-75 feet :iLo,·c the bollum· of 
Cow C:ed.: v:illey, which i, but a modilicd ~re• 
;l:aci:il dr:.ina;c wny. Ry the h)·pothcsis here 
:iJvoc:it.-d, the lui:cr sc;abL"\_nd lf;ict w:is under 
\,::it.:r d,·cp enou;h- to r.::ich the top of the 

. fur-mer d ivides in lo<-ss. These. liouldcrs were 
J,; l:<XJi;,·d f,rom -p_;rr,cnt led:;cs by-· the di,trjl,u, 
tary:r11.c:im1,_ In the :i~encc of lll"rp i;radicnt,. 
1111I)' ;rcu v-olumc will s11ff1cc lor tl,c veloc ity 
i11J,;.cattd . A bas:ilt l,cnc.h at least 50 feet abo~·e 
the coulte Ooor at Lind c.arrics seal.land 1ravcl. 
This hi.;h -lyini;, di\' :Je -crv!s in; diuriLutary 
shvuld r .. we Leen aL:indoned :it the \'.-fY Lc;in• 
n i11; or Fl:nt ·s J i~scction cpisC'de, and its 50· 
loot fill sh,, ulJ st ill be intact. 

II 
0

SC\'Cr:il nooo, trncrS.<:d the Chtney-I'a
louse tr:ict , so,ne dcer,cninc of Cow Creek's pre:• 
i;l:ici:il ,·:.Hey proLal,ly occurred. The c,·idcnce 
:it tht rr.outh of Boll'crs-WcLcr Coulee is th~t 
no fl c;c,;! elm~ down it from thr Chmey-P.1lousc 
tr:ict al:cr lhc silt in; epiYldc, ,. h ich is corr,. 
13tcd " :11-. t l-.c first fi<>'>d in Quincy l,.1s in. Thrre• 
lure, t l..-,c hi;:h -ly i11 ;:, di\tr il,utary coulces l,c. 
t,·. ccr. Cr:.b Crcd; ton the n..i rth and \\":ishtucna 
Co1.,lc: o.n t:ie so,.;th arc \,d:c,·cd to ha,·e Leen 
occup,cJ only dur ing an car!y SC."\bland m:il.ini; . 
If so, rcm .:> v.11 of any hy,x,:hct ical i;r.1vcl 611s 
rr. ust t.e d:itcd fr om tl,at ume cir!)· tpi>Ode, 
l,dorc t l.c Uowcrs-\\'~Lc: s:lls were dcp:,s ited. 

Wcsnas Put or Qt:tsc,· DASI!'/ ASD 

:\DJACf.~""T COll"lJIIIA Rt\'[11 \'ALLEY 

ColocL,1111 rass, Jfol,zio, Q,.;.,,-, qwotl . '""''• 
t.: .S.G.S. 011tl· l! .S .B.J<. mat R4-SiZO, 

slitd I 

(Breu, Srr.itl:, and Xcff) 

B:il,cock and r:vcri:rccn ridi;es constitute one 
loni; , Ill,.., north-south, structural elevation 
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WESTERN rART OF QUINCY BASIN AND ,\l>JACLNT <.:OLU)IDIA RlVU VALLEY 98S 

KJUr&linc Quincy t..i,in from Columl,ia kivtt 
v:illcy, cul ir,to lwo by rl'Cl'Ssion :icrun it of lhc 
hucc duuLlc: l'uthul~ ca111r:1ct, nc;uly I H miles 
in tut:il .-iJ1h. (S~, l'l. I) 1"he two rid,n arc 
11clually tlu: luc or the much i:n·atrr uplill • ·csl 
ol the Columl,ia (Tal,lc Mount:iin), 11mttul11lcd 
l,y thr rin-r in m:iint.iinini,: its :111h-c,·J,·nl 
cour,;c. 01 sc:\'trlll s;ip in 1hc c:long111Nl summil 
or this ridgl', t•·o more (Crater and Frenchman 
Sprini:s) :ilso l,c:c:imc: di1ehari:ewll)'S to the Cc>
lumhi:i . JuM \H'Sl of rach 1:11:, the: waler pluni,:,-d 
11:vcral hunJr1:J ki:t uvcr Liu: \'alley's ·ca~11:rn 
wait. 1"wo of 1he c11t11racl1 thus tngrmlercd 
(l'otholes and Frenchm:in Sprin~) rccedrd n
scnti.illy the lull l.:ni;th of tire notch acr<>SS the 
riJi:.:, l,ut the 1hird and small,-st (Cralcr) re• 
tn:atcd so little that its channel in the floor of 
its notch i, SI ill lari:rly int:icl. 

At the head of all thrrc: spillways, the Quincy 
basin surface slopes ustward away from D:iL
cock 11nd f.\'crgr.-c:-n, so th:it ch:111ncl -0011om 
ahi111J,-s arc r,·:idily obt:iined. Cr:ih"r's channel 
hud is 1280, the other two :ire: 1210. liul the 
orii;in:il notches were: so modified th:il cslim11le1 
ol ioilial altitudca found by the discharcinc 
•·ater m:iy \'ary with the ol,sc:rn:r. nrru hu 
long mainlaintd 1hal the c:1t:uacts \\rrc: con
trmporaneous, with the upper limit of strc:im 
t ·•· : ·hini; in c:ich notch at abuut 1300 (lhc s:imc 
a. at \\'ardL-n a1:1r11cts), and lhat 1hc: 70-fool 
highrr al1i1udc of the channc:I to the sm:illrst 
!:ill$ is the: result of 1,-ss ,·olumc: :md Lridrr use:. 

One: of 11111:c: concri,·:iLlc :iltcrn:ilivrs to !1•is 
idea of contrmpor:incous lunclionini: is ~\ein
zer's assumption ol II remarhLlc coincidence in 
sul,scquc:nt w:irpini; which brought the: c:itar.ict · 
up~r limits into 11pproxima1c:ly the same hori
zon1:1I plane:. Another is :111 c:qu:i.lly mnarbl,lc: 
rolaling succession of unrctorJcd ice jams. A 
third altern11live is lh:it, at the time or calaract 
disch:iri;e, the t..isin 110s1esl,('d an evenly i:radcd 
alluvial f,11 leading from 1he mouth of Crand 
Coulee down lo the three ou1let µ1:ic<.-s, :ind 
that shillings or the delourrd glacial (but non
fiood) Columbia on this ai;i;r:idini; rl:iin m':idc 
po,sil,lc: 11 succ~sion in use. Such an occurrence 
wou'.J Le recorded in consider:iblc rtmn:ints or 
the plain L<:l\-.-cn adjacent spillw:iys l>·ing at 
the altitude: of the hii;hc:st ch:inncl sc:us :ind 
sluµini: up 1,;ick into lhe L:isin. 

lJut the slopt of the: plain, 10-20 lcct to the 
mile, is down tow:ir<I lhc southeast all the way 

to f.phra1a ch:innd and Frenchman Jlills. It 
ccnainly i~ nut the orii:iaal slupc or :in outwash 
J,iain lc:adinc to the c:itaracu,. Furlhcrn10rc, it 
is lari;dy unch:inneled and in 25 »root US. 
D.R. trsl hoks boulders ha,·c bcl:n found only 
close to lhe ca1aract1' ch:innel hnds. Its eastern 
(l:lrt is h,·:ivil>· cu,·er1:J ,,,ith L:isahic i.'\IIJ anJ 
granule i;r:avd, and the western p11r: i1 com
rosed mostly or '-'Inds and cl.i)'S wi1h a he:i.,·y 
c:ilichc. T•o calichcs separated Ly s:ind or 
c,·n1rnlr,I i:ravd in some 1,oks indicate pre
scal,l.uul urii;in. The calar .. cl channd hc.,J~ arc 
cul into a calichc c:i.r,. 

111c c:1s1ern poniun m:\y be p.ut or a nom1al 
outwash (11:iin, Lul its slopes in,licatc Jr:iin:igt 
out lhruuch l>rumhdkr hcfo11: J-:phrala d,:i.n
ncl timr, not Ly w:iy ol 1he c:iuracls. 1'hus the 
!:alls may date from an rarly fiJOd, ahc:r which 
orJin:iry mcltwatcr d isch;irgc from Cordillcran 
ice m:iy ba\'C Luill a plain in Quincy basin ad
jusll'J to Drumhcller's drpth at 1hat lime. 
l..:i1er fluoJs lh,·n dntroyc:d all but the ullcme 
•estern 1>art ul this 111:iin. Only 1he lr,-shnc:ss 
of lhc C.&laracl f~IUr<.-S (rl. 10, fii,:. 2) sccms 
out of h.armony with this sequence. -· • 

A i:r11nl deposit with most surprising struc\ 
11111: lies on th is rbin a lc:w mil.-s southr11sl of · 
the hc:id of the Potholes, wdl n1~d in a 
l:ar;:c pit (SW !• Sec. 32, T. 19 S., JI. H E.) a 
mile cast ol the former J'l(llt otr,cs: of llurlc. The 
mall:ri:il is co:irse, wi1h many basalt cobhles 
:ind !'<lme Louldcrs whose diamclrll re:ich HS 
feet . Cal ichc bouldrrs J feet in Jiamc:trr arc 
prrscnl, 11l10 several large i;ranitrs. 1'he s1ra1i-
6ca1ion is domir,:intly hichly indintd with d ips 
1ow11rd the ust, so::thc:ast, and sc,uth, 01to7 
from the ca1a:.ict head . F.ithcr 1hcse arc Lack
set Lc:ds :is su;;;;cstd ~y J. JI. '.\lackin", or lhey 
r.:curd a rcv,·rse 0ciw 1hr11ui;h the Potholes 
notch, out or the: Cc.luml,ia Valley and into the 
Quincy l,u:n; ~ell hcilds this laucr view. Im
brication is so poorly dcvcl,)pc:d that no deci• 
sion :is 10 which w:i.y I.he w:itcr fiowtd could be 
made from 1hc: drposit. JI flow w:is eastward, 
the deliris could h:i. ,·c been obtained ovtr the: 
J -milc sl,ctch between The ro1holl'S ;ind lhe 
pit, at an altitude of al,out 12~0 feet. A con• 
tinuous i;r:id icnt cxislS 1hc:ncc soulhc:ist and 
e:isl to J>rumhcllc:r's d«pc:st ch:inncls. JI the 
flow wu wcst":ird, all debr is must h:i,·c bc:tn 
i1nroned in flci1tin; ice. 

11 rc:nonal commur.iatioD • 
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It is conctivahle 1h.!.t a nc»d do•·n Cohu11l,Q 
tli,·cr, l,ut not auoss the sobbnds, produc..-d 
an ice j:am in the n:uro,n • ·here the ri,·c:r 
crosses the Saddle: Mountains :anticl ine, 20 
milts farther sou1h (Pl. I) . Jf-ver, such a 

,.- j;im woulJ detour lhc C,1lumbi;i lluoJ not aluM 
, . b:acl. through The l'.i1h,,lc:s 11otch but al,;o L:.cli. 

1hroui:h Craler, J.'rcnchm:an Springs, and Lower 
Crab Creek.. furthennort, the S:ac!dle !'oloun
tains g:ip is I!~ milc:s wide and only a mile 1011;, 
and at present depth of the n;uro•·s lhe d~rn 
time would ha,·e to Le 500 feet hish. De
toured discharge ..-ould h:ivc 10 b)-p:alS a com• 
pletc ice lilochde by ,uy of Othello Ch:annds 
at the east end of Saddle Mountains. The low• 
c:sl and largc:st of 1hc:se ch:innels has a 1loor at 
about 900 fret A.T . But ii is d i!Ticull lo bclic:.-c 
that such a d:im ever could exist. This prot.lcin
!tic.il.Durl.,· gravel_ nct'dS further study-:- . . 

l"hc steep, sullied, but larcclr soil-con· 
and caliche-bcarinc slopes dcscmdinc into 
Columbia Valley at the ,_,hem tnd o{ ll 
cock. Ridge (Quincy and Colockum rua q1,; 
rang!cs) have one great dilltd alcove of 
more recent orii;in, rccord::1g lhe 200-foot , 
of glacial ..-att'r over Crater cat.uact. Sui 
position of this cliff and alcove on the c,! 
topogr:iphy wu accomp:in ird by rm1:1l:inr 
the i:ulch into a scabland unyon; \\' ii" 
Sp,ings Draw, whose 0oor su:angrly moui:: 
an ai;cradcd Oat 9SO feet A.T ., h.!.n~ al . 
~50 feet above the Columbia, 2}S miles fr 
the cataract. 

The ht is continutd out in the Colun. 
valley as a terrace for t-2 niilcs on both ~; 
of the mouth of the Draw. Comµosit ion . 
structure arc well uposcd in the mouth wl 
the terrace is a puzzlinc combination of L.:, 

Pun: 9.-GJA:-JT CUkRE.~T-RIPPLE MARI-S 
. ,-~-; . 

Frcuait I .-Cia111 rurrrnt -ri1 ,plc marks at three kvels in WillOII Creek vancy a mile abovcjunnion, 
Crab Creek. Sole 1,o.- cuhi,·a: ion pattern alone cun:act r,f crain firld wilb vallry boucm bar shows m: 
tu,le ol rip11lcs. The da rk aru is a nood-irri,:1t«J al!~l!a f, eld. l'hn10 AAR-JA-SO of Acr. Adj. Adm. 

t·11:uk1t 2.-Stairn,e kapids bar. \'alley call r,f 11,r r:;-,vlr-muktd 1urlace •&1 part ially blocked b) 
cro.,.th, and the tortuous strum mcanJers arc on: , :1: eat . Drainace pattern tall of creek is that of Pa? 
llill1 tllf'OGral'hY. l'roduetion and !\farL:r1inc :\dn: p!.oto AAP-26-IS&. 

Facuu: J.-Giant rurrcr,t ripplr marl.I in S11alr.r Jtivcr va!ley al moutla of lxvib Caoyoo. Producr 
and Markctinc Adm. photo AAIV>A-1 l. 

Pun 10.-DRU~fllf.LLF.R A?- D POTHOLES DISCHARGE.WAYS 

Fact:H 1.-Drun,hcllcr Channels topoi:raphy. IMikir.c south•·ard lror.. O'Sullivan Dam. U. S. B\;: 
of RcclamMion photo. P1222-117-IU. 

~ ,~•;aa: 2.-Sorthcrn alcove o/ The Po1holcs caiaract in 19S... Watu is wutr and lnkap rr- \' 
Can:i.l about 2 milu distant and 75 lcct hicher than u:aract brink. 

Jfot"iludu ;,.,olttd: l.al:e in plun:r buin i, 125 feet deep. Top of bar on nortn lide ol alcowc is 5~ 
feet above lake surface, 175-200 l«t above bottom of r,luncc pool. Bar l«Ksc lar~ly 61led witb talu1. C 
back ol Lar arc, includini: tahu, JOO lcct hi,h. Scarp ol c,:vcl tr:racc alone the ColumLia is ISO fut ~
and its summit is appro, im&1rl)· 250 lret al.ou rh·rr. :-:carrr clia , aerou which bkc diKharccs, is I.SO 
1:igh abo,·c cr:anl terrace. 

Stf"""" i•rolrcd: Cataract originated arrroairr,atr?y at the near rod of tlac plunce bui11. Ils 1 
rctrut • ·as nearly 2 miles. Tip of uie ridce Wf"'Uli~i: tl:e t•·o alcovu is about an c:ch1h of a mile I. 
from the s,rncat,l:i.nd line of clifb. Basalt bench wlow tl::s clifl (part o! bcncb 10u1b lrc,m Crater catar 
is rashcJ L>· rlacial-rh·cr chutrs, rt'<ordinc cuudrs rat~ . ., 1han ca1arac11 and presumed to be of suLCu 
orii:in. Crncl of the terrace o,·erla;,s a little on =Lland ol this bcocb. 

CM,t/otio,01 p,opo11d: Granl terrace has ri1ht ah i1ude al.o,·c the Columbia to lac corrrl&tivc wi1b \ 
Bar and nC\·crly n:i.r. The inconspicuous l>ul rrco;r,iul.lc, very l.~uldcry, ftauish mound buried under 
cravcl is a dump I. vm rarlr ca1:i.ract rrtrrat , con,paral.lc to tl:at at \'anui;e llridcc. Sc:abland beneath 1cr. 
rravel is olJ<T th:1~ 1hc terrace. CaKadc chutcs :arc bier 1han the initial rotholcs cataract. They and 
bar north of the pluni;e b:lsin may d:i.tc from a late lloc.J 01ot c,I Quincy basin. U. S. llurcau DI Jlcclan,:a 
photo P-222-177-J52J7 

..... --~-------------------
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\llf.A~D OF WASIIINCTON I 
r~. l\lllicd, bul luscly soil-covered 
.,I lc-bcarin& llopes dnttnding into the · 
,luinbia Valley al the noclhcrn end of Bab- · 
,k kid&e (Quincy and Colockum rau quaJ• · 
ncks) have one srcal dilled alcove of far ' 
,re recent ori;in, r«ording the 200 foot spill 
cbcial water o,·cr Crater catar:ict. Super • 

i.i1ion of this cliff and alco\·e on the olJcr · 
1101:raphy wu accon1panicd by rtm3kini: of 
~ "''ch ir,to a sabfind unyon; Willow 
.rir.l.' Draw, whOK C\oor 1tr:1ni:dy enouch is · 
, accradcd llal 9SO fret A.T., han.,-s _al ,out 
0 lect above the Columbia, HS miles from 
e utaracl. I 
The C\al is continued oul in the Columt..ia 
.IIC'y u a terrace for 1-2 miles on buth si<lrs 

the mouth of the Draw. Composition and 
ructure art •-ell t~d in· tht mout.h where 
t tcrract is a pu~&lin& combinat ion of buried 

iT-JUPPLE J.IAR~S 

ill \VO- Craft nlk:, a .. ,. aboft junction witll 
.t crain 6cld with v, llt:, bo11om bu ,h°"·' macni• 
, IJ. rboto AAR-J ... ,80 of ... ,,. Adj. Adm. 
,1,ic--nurkcd 1u1lacc wu ~nially Llockrd by Lar 
l. D,ainacc palltrn cul ol crcclr. i, that ol J'~lousc 
·,t,-;.'\1'·26-1sa. I 
,r J at inoutb of Dnils Can:,oo. l'roduction 

>TIIOU:S DISCHARCF.WAYS . ! 
C -tllward lroro O'Sullivan Dam. U. S. Durrn I 

I 
·t in 19S4. Waler ls wutt and lukacc from Wbt 
~•~ct I.rink. I 
deep. Top ol bar oo north r.idc ol alcove is S0-75 
.r1cc-pool,,Dar 1- larply f,lltd • ·ith 1:.lu1. Clifll 
·a,cl ttuacc alone tht Colun,l,ia is ISO Itel hi;;h, 
:a,u cliff, acrot.1 whicb lake discharcrs, is ISO lcrt 

)' at tilt acar tnd of the plunce buin. Its total 
,tw 1wo alcova is abnut an tithth ol a milt back 
. is cli0 (part o( \,cnch 1,0,.11:. lrom Crater calaract) 
<r than cataracts and presumed to be of subRuvial 
of thi, I,~ "ICb. I 

, alo0\"e the Columbia to be correlative witb We-st · 
t, Wt)' boulder:,, Saui.11 mound buried undrr this 
·• 1hat at \'antace TI rider. Scablanu btnu1h ttrract 
: ~ha11 the initial J'o1h"ln ca1aract. Tht)' and the 
.,., of Quincy basin. U. S. Bu:cau o! Rtelania1 ion 
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and 1m1iburitd 1abland knobs, er:aoitic 11ncl, IOUthward past both The Potholn and Fttnch• 
and 1abl:lnJ ~uhic do.:bris, intu which (IO't• man S1>ri11i;, catancll fur tlic full lrncth of the 
el:lcial drain.-.i:e fr.xn the ))raw has cut a narrow Quincy c1u:.Jran1:le (M. ll, fie. 2) . The wrfacc 
culch and become superimpo1t·d on a buried or this btuch dttttnJs from about 1350 rm 
shoulder c,( built. A.T. at the north to 175 at thi. •""'•"-a 11ruc• 

1nc eranitic und, bcntath the ba11ltic de• tural slc.i'r: . Its topocraphy is ver)· inmuctive . 
bris, is part of a Columbia valley f,11 nr.t d,r.. Above 1300-1350 feet, the bench has Clntly 
nitdy idcntif1~-d farther do•·n stream but con• rullini: surfan'\ without outcr0p1, and the dill 
spicuous for miles upsuurn. Thert is but little ovr:rlookiui: it is only a smoothly sle>~, lll'tp 
basalt in its wc:11-sorted, uniform material, and t,illside, also lackine in outcrops. 1'herc is no 
it has very fc.-w and orily thin i:ravcl members. scabbnd in the view. 
h is a rtco,d of a leisurely Columbia's slow South of this, as far &rProairr.attly as the 
111:radation horn river level, 550 feel A.T., up croning of the 1200-foot contour (Q~incy qu:id• 
to rude terrace tops at JJOO feet A.T . Remnar,ts rancle m~p), the bench is defini1cly Kat.land 
back in tributary i:ulchr:s testify to the uist• with buttes and rock buins but vcry few actual 
,nee o( a valley system or prncnt proportions rock outcrops; almost all surfacn arc thinly 
"·hen it was l:iid down, clearly in prescaLland covered • ·ith wc:itherrd rubl>lc. TI,e cl iff a\,o\·e 
tirne. Apparently its di-ction • ·as also well it is 1alus-co\·ercd :ilmost or quite to the sum• 
advanced • ·hrn the fiut ftood dischari:cd over mil, and the talus has a soil and vei;ctatiun 
Crater ut:ir:ict. cover ()'I. 11, fie . l) . 

In contrast is the coarse, vu-, poorly sorted, South of the 1200-foot contour, the bench is 
almost JOO per cent baultic debris in the umc typial, "icc.rously uprcsscd bulle-and -basin 
950.foot terrace, suon;ly fore-set wt or Willow Kalilarid, and the dill is ba!c, actively ero~inc 
Sprinp Draw, cobbly and bouldery and un• • · talus climbinc only half to three fourths of its 
worn to an unusual degree even for lCabland heii;ht (Pl. . I I, fig . 2). 
torrent deposits. The terrace top don not ap• The bench is held up by the ume t.asalt flow 
pear to record a Col11mbia valley bottom at tl,at throui;hout the ranee of thnc contruts, and 
time; it sc:cms better interpreted as a later, the only material obscurini: any r,:.rt of iu 
lateral beveling. The fact that Crater has no surface is a i:ravcl bar onrlapping the $0Uthem 
empty plun::e•pool basin, in contrast with Pot• part of the more subdued sabland and pc,sscss• 
holrs and Frenchman Sprincs, strongly sue• ing a fossc 20-JO feet deep bctw~cn it and the 
ccsts that deepeninc of the two larger notches dirt talus. h is a lateral accompaniment of the 
so decreased Crater's volume that its earlier fresher topography. Herc is saLl.ind of two 
plunge basin could not be L:cpt nushed out. different a;r:s . 

The clil1cd western side or B.ibcocL: and J:,·er• A sm11II deposit . ol eravcl bcloni;inc to the 
crccn ridi:cs is the c:istern w:ill of the Columbia older sc:ibland lies in the west end o( a notch 
'k.iver v:illey. It urrir:s a i:reat rock I ench, lo- across Dal.cock Ridge (sec. 20, T. 20 :"-: ., R. 
cally a mile wide, utendini: from The Crater 23 £ .) which was not reached by elacial • ·a1cr 

Pun 11.-DENCH BETWEEN BABCOCK RJOGF. ASD COLUMBIA RJ\'F.R 

F1cou 1.-Clitr above older scabbnd. Lookin~ nor1bust . rhoto by H. T. U. Smith 
J,·acuu 2.-Clill aloovc youni;cr scaLl~nJ. Lookinc southeast. l'hoto by II. T. U. Smith 

Pun: 12.-SCABLAND JIARS 

Fic:un I. C.M. and St. P.R.R. section throui:h Beverly bar, Jbowinc fornct bcddinc compowd of 
boulders. Lookinc south. Man in photo for scale. ' 

Fac;uu 2.-Ntar Sperry. forncu diprinc into coultc from hii:hcr marcinal 1eabland. 
J'acuu: J.-Nonb ol lluJer. Tcrn1inal pall ol "terrace." Skyline and railroad mark horiiontality in 

tM.vi,w. 
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• 



. , 

') 

J 

..) 

-b 
LU-
> -I • ..J 
( _) 
L .J 

' _) 
l_) 

(. 
.... -

(__) 

a 
0-- .. . 

l 
I 
I . 

' ' I 

-- ---· 

JIRETZ E.T AL.-CHANSELF.l> SCAbl.ASD OF \\',\SIIJNCTON 

(rom Quincy buin. Jt is a bar witt. . .. mva sur• 
(ace (l'I. 13, ft; . 2) al.out SO '.ct .iLo,·c the Kah• 
land lk·nch and it block, ,1,c ml)Uth of the notch 
and dc:tuurs drain:i,?c Jt:.\t it on both sides. A 
1ranitc col,1,1' 11·:1» rl)Und near the top. !,nothc:r 
sud, ,lq-,, :: has ;a cr;an-l-rit ,·:i.1>uS:11c (n,·.,r 
tl,c 1;,. .. :oe:1wra:n sections 17 1,nJ Ill) khn:rn 
I !ju l!1d IJ75 fret A.T. on the nuniC.ll,l;anJ 
nn1 IIH'rn p:11 I of the loenrh. 11,i, ,1,,.._.,.it i~ <••111• 
Jkb<·,I l.ar;;,·lr oC mh.,·al l,:i,:ihit: a;r:a11ulc .:r;awl 
and i;r;initic ..,,.J Lui e<ml.1i11s consiJ,raLk ruh• 
Lly cuLLI.: L..S3h; 1hc Cracmcnts :arc: com pk tel)• 
ani;ul:ir and much ,.-c:uhcrcd. One fresh grani1.: 
boulJ,·r ,.-:is fuuud. The pit is on the slc,pc: c,( ;i. 
1111AII ~&: (a li11le below I JSO lt:et) "hich Le· 
came: a minor, hii;h-lcnl ch:mncl across the 
11011,c:ihbnu ";i.ct :at the h.-i;,;la1 of 1lae e:uli.r 
tloo.lini: uC the Lench. 11,c loc.&11)' d,·riwJ 
c0.1nc m:itcri:al ,us :ilrc:idy luosc, wc:ul,ncJ 
dcLris, :111J the a;r:ini1ic sand :inJ Llui~h -Ll:icl 
.,~ · ..,ulc i:r~nl were: c:uril"J here Lr the current 
th:it Lu, .· tl,e Lt-ri;-flu:ited i;r:inile. 

1'hc s,,1.thw:ard sln1,c ol the: s1rue111r:il bench 
is al,oul .10 !wt to 1hc mill', and its rnliri: ,11r
faee l,.I.,·.,· U .,O 1..-.i .,·;u u11qu.-s1i .. n;il.,I)' S•H·pl 
br tlu: f.rst 1lue,J. Did the C3lM3ClS out or 
Quincy L.nin function al 1h.1t time? 

JI the surl:icc: i;r:nlient or the flr,odcJ Culum• 
b~ w:is 10 k.t to 1hc mile, 1he cliff now no1ch..-J 
br J'othol.:s cat.:iract musl ha\'c Leen ne:irly 
suLrnrri;ed, ar.d Frenchman Sprini;s caur:act 
could h:i\'e h.:id no more than 50-GO k·ct of 
plun;e. A k~~er i;r:idirat • ·ould brini: the fl.><..J 
s1.rfacc enn clos.:r 10 1hc Lrinl or th is sou1h~:n 
c:11:11.1rt . l°n.!~r such conJ;1iu11s, C"r.,1,·r coulcl 
not h:1\'e oi,1ed. l111lccd, ii thtcrc: w:is no cum• 
p:ir:iLle OooJin;; of Quiucy L;isi, :11 1h:11 1im,·, 
the Cr.114"r notch musl h:i\'t carrk,I " :ikr c:1H 
into the l>J.~in ." The c:ilar:icu aµp:ir~ntly Lr· 
Iona; to 1hc St'Cund ~pisodc of f\,oJin:: "li.·n, 
after I Joni; int4"r,·;il ol wr:uhcr;n;, older sc;ib-
1..nd 1,..-1., .. 1200 kct c,n 11.e Lench \\U rdr~,h,·d . 

Th11 1h,·rc \\:IS :1 dd,ris-e:,,1,ty C:olurnl,i:i 
, ·:ilky of pre•c:at dq,th "hen the w~l~·rn CJl:1• 

.. Since the r ... td ,11,Jy by the three a111laou, 
?-rll hu found a moundNI bouldcry dct>Otit e•f"''cd 
in \\'~t C"an3l t«tic,n, at the hnd of the Cr3lcr 
ca1uact ch:11,ncl /SJ:1 ~ S,,e. I~, T . 20 ~ -, k . 13 1-:.) 
1t.h1d. cnut;uns 1E.;l,1h· Lrui-·d cuh.amn;ir fr.l::m"·uts 
7 fn-1 loni; in :i l3rrrlf 1111"°11cJ cr:i,·cl of c:ilicl,c, 
La~II, i11i.-,n,,,. .. 11,1one, and inuct n1.,.•cs of 
1<.n,. He 1.-cl, th:,1 11,i, d,ro-it rttorJ, an n•tw:irJ 
!low 1111011,I, 11,c Crater notch at some time rre,·ious · 
to tl,e l.,t d:ad,aq;c 1<·cstward. 

rans oprratc:d is clear (rom c11rosura made in 
nk,c;otinc U. S. llii;h,.·ay 10 (rom V:lllt• 
IJriclj,c 10 the summit o( Frenchmn Sp,in;s 
c.i1;11:1et. One now can we naost or tlais splcndiJ, 
:aL:ar,doncd •-:atrrfall frum the 11·induw o( t::s 
c ~r . Tl,..- 11,-..H' or the c.11;1.r:ict ak.avi: ii about 
8i5 frd :\.T ., tlac Columl,ia Lclow il is a li1tle 
:al..,,·c: 500. I >d,ris frum the cat:iract m:1ltin1, 
,11111,p.,I uwr i11tu Columl,ia v~ll,·y, UlenJ, 
,1, •.. ," .. t le;ast lu GOO r.-.-1 :\.T. :a11J is •·di ell• 
I"'" J in the hi;,:la,.-:ay's !uni;, di:ia;un.,l cr:idc 
:acrv,~ it l'crh3r,s 1hc: m~t oulslandinc colkc• 
tivn c,( rl' jec1..-J LoulJcrs in any sc:aLland i;ravcl 
1,i1 uc:r,,r1 :it tlac head or 1lai1 i;r;ulc. Their aver
:ai;c d :l111uer is J fcet, a lt:.v rc:ich Ca ket. They 
h:1\'c Leen ru!kd at least a mile rrom some 
l.,ri;,·-cul,un,u:J fluw1 in the c:i1:u:1ct lcJi:cs, liut 
111:11,y still r,·l.lin culumnar outlines with only 
Lru ,k·d, l,;itt.reJ, :ind chipped ed;;cs. TI1crc is 
alm~t no sortinc in the 11it or hii;hway upo
surl-s and no a;i;rci;:iti"n or bouldcn into 
strata . Whal rude str;a1ilie:11ion dues e11ist a, 
lh:al w Ion&: rorr sct1 diwin&: towua and dowli 
i11!u (.,lurnLi:i \'3llcy. A cnnlirmcd skeptic is 
l:L I;, t-, t:;,- lo n,~Le II.is da:p,,!il :a talus! 

h n,3)' we!! Le 1h:it no one short-lived llood 
cc..i;ltl l.:i,·c m.ic!r .iU thcie c.:i1:ir:ict .cars. Cer• 
1 .. ir.:,- no Cood of the nu;nitu.Jc rccurJcd could 
Le :r,c.:c th1n shon-li,·rd. }Jo .. ·cnr, it is almost 
ct:t;. ,n that lhc: cataracu were contcmpora• 
ncr,us, and surclr no rh·er of moder:ale size is 
rccc,rdcd by the double rotholn ca1ar:act, IH 
111 :ki; -.. i, lc. The: debris spilled into the: Colum• 
L::i :1 J'r~nchrn.in Sprin;s is · >t a rtcord or 
n::.:.v c,r.iuri,-s of slow c.:it:ir;act retreat. The 
w.i/:t.c lip of Po:holc, Lre:iks into a series o( 
~n:~ ::.:r chi;te\ (A.-\lt-SF-19~ :and 195, also 
t.: .S h k. JO-foot cc,ntoi.r m:11,) is c\·idcnce th:it 
tl:e l::n di"h:1:;c o'"cr 1his ca1ar:ict was or 
l, ; ><.::.u! '"c.lumc. Thii; may record the shrinkini: 
bst su;;rs c.r a flood or a later, sm:iller llood. 
lhi: it ,,u 1hc !.1st d ischui;c: O\'Cr Frenchman 
S1,:::-:;,' southern c:it:ir:act th:it dumped the 
~r c:n r1.LLle into a dchris -empl)' Columbia 
\':ilky . 

Mosr.s Couu:t 

Jla,1: Jlo!ac~ 11104., US.GS. 

(Bret& and Neff) 

M<MS Coulee, scc.,nd only to Grand Coulee 
in nia:;ni1udc, enters ColumLi:i ,·:illcy only a 

-------··•·-·------------·----· ··-· . . ---- --·· 
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I ii. .. J, lrona upasurn 1113dc in 
S. lliclawaJ 10 lrom \'anlllge 

~ 1Ut11111it ol Frmc:hma11 S1,rincs 
- can ICC IIICIII ol this splendid, 
.1krl.1D from the •·indo,• of lais 
: ul the utaracl alNvc it al,uut 

11:e Cilun1l,ia t..·luw ii is a linlc 
:\"l,:is (rom the cat;uac:t m:ikiui:, 

i11to Caluml,ia valky, utrnds 
tu 600 Im A.T. and is • ·rll ex• 
lli;hway'1 lone, dia;onal cr;ide 

~l'I the fflOll out11andinc collc:c• 
J wuldcn in an)' 1<al,tlnd i:r;ivc:I 
M Mad ol this craJc. 1'hcir avrr• 
ii 3 IL-ct, a few ruch 6 feet. They 

''"' at lcut a mile frum wrne 
,In. ... , in the c,1t,1r.1ct kdi;L-s, but 
· ain columnar outlines with only 
r.-d, and chipprd cdi;n. There is 
:ini; in the pit or hi;hw.1)0 rspo• 
, a;crq;ition of bouldrrs into 
ru,lc stnti(rcatiun d,'>CS uist is 

ofNcta d~lf'UIC toward and down 
, \

0,1llc)·. A confirnu:·J ~La·ptic i) 
• ,:::il.c this dc1»5it a t:ilu,;! 
· Le that no one short-lived flood 
ul.- ·• these ataract sc,111. Ccr• 
: ;f~mai;ni:ude rccorJ.:d could 
-~,-ed. Jlowc,·er, it i, almost 
the c.tancll wrre contc.-mpora• 
r.-1,- no ri,·er of modc:r:1te size is 
he duul,le Potholes catar;ict, I H 
,c debris spilled into the Colum• 
.man Sprini:s is not a record of 
-s ol si.,, .. utar:act r~·tr.::it. The 
i l'uthoks br.-:ala into a s.:rit'S of 
, (A.\R-~F-191 and J9S, al;o 
••t c,,ntuur m:11,) i. e,·i.kncc that 
:\f;':l' O\'\"r this Cll:lllCt was of 

·:c. 1'hi, ma,· rccurd the shrinkini; 
.a ,1 .• .,,1 ,,, a btc:r, 1n1:1lh:r n~. 
~ t .. ~t di-ct.:ui;,: o,·cr 1-'rcnchm;in 
: •:n ut.u:ict th:it Jumped the 

0:.1., a dd,ris -cmpty_ Columbia 

•.1,. t~ Cot·Ltt 

• ,. :: :; I q1111d., U S.G..S. 

,;r ~" • I :. :,,t !'.cit) 

:-::) ! •.r.ly to CranJ Coulee 
· ' ' ' ·a,,l,ia nlll-y only a 
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' •·•c.u• E 9.-Sr~111:1,er. 1s CuA!O,a:L O,•ca.,no:-i, Qi:1:;cv llu1N Ah"D £~-nross 

fc"· mile, upstream from Crater cat:ar:ict (rl. 1,). 
:\lthnul!h ils hc:1Jw.1rJ connections wi1h the 
rrsl of tht" t•latc:iu scaLlancl complex :uc br;:c!y 
cnncr:,lecl by dc·i,osits of tire l:itcst Ok:ano:;:in 
1, ,1 c tu cr.,n the Colum!Ji:i, there is fair C\·i• 
d, n ~c uf ,1 ~c;il,!and surface :it :itoul 2-100 lcct 
A.1•. l1Cn,·:1th the·drilt :i, far south as the couke 
he:id , l,ut no f:lrthc.-r. TI1e well-developed tcr• 
min:il mnr:iine of this lo!Jc l,locl:s ~foscs Couke 
:it 1l,e cros~ini; (10 miles from the hc:icl) with 
hills h:1\f :i~ hi::h a~ the coulc:-e is deer, :.11d a~;;,,-

cialc.-d outw:ash ;r:a\'CI extend, down•coulcc for 
a (cw n,ik, in ullcy-tr:ain fashion. The i;rut 
co:·1cc, tlic1cforc, alrc:idy ui11cd in csscn1i:1lly. 
fuh den lupnicnt l,cf,.,c this btnt i;lacial trans• 
i;rc;.•ion on tl,c 1,l;i1c:1u and mu51 prcd:ilc the 
later events in Gr11td Coulee historr. 

At thc dd,c,i:churc 111 Moses Coulee into the 
Colunil,i:, \'alky arc rrrnains of an e11orm11:is 
dcpo~il of vcr}' li11lc: •" ·orn Louldcri, S.1nd, and 
i;r:1\'d 1 nc:irl)· :ill l,:1!..llt; its fore-set structurr 
irulicah'; a oacc•Cumplcte Llc,cbde of tl,e 

........ ·- · ----- ----·- -· ··- ---·. -· 
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1rnlcr valley. l'rcsun,cd morai11e topo;r:ipl,y 
just upstream !rum this t.locl:..lJe and 011 the 
'-lmc siJe c,l the ri,·er appears · to recurd cun• 
trn1por:111«,us ;llci.,I ice in Ci.lumLia ,·;illcy. 
llrru (19301,, p. 381) h:ts su1:i:r~1,·J that_ this 
was rnaJc U)' a \\\·natchi:e \':ille)' i;laci,·r pu~h
ini: oul iulu Colu111!ii;i ,·alley. llut l'a;;c (19J'J) 
has since shown th:it any such 1:laci.:r must 
date lurlhl'r l,;ick than 1111: 1:ite Wiscr ,n~in ad
vance ol 1hr Ok:.no:;.111 loll<', :inJ it~ ,Ir ill sl,uuhl 
show p1011.,u11ci:J we:1theri11i;, a l<-:Hure it docs 
not 1x1u1.-ss. Its drLris, furthermore, is csscn
ti.ally all bas:.lt. l'erh:ips it is a record of ice 
blocl.:s floated down from ,. brealup of the 
Okanoi;:i.n lobe. 11,e early Culumbia valley 
flood recorded on the lxnch west of Ilal,cocl; 
Ridi;e probaLI)· entrrc.-d the master nllry ,· i;i 
Moses Coulee. 

CouJ:t.ATIOS or F.:\"ESTS A"-"D StQl't:Set:S 

TIIUS FAk l'll.tsr.xu:u 

(Dreu, S'!'ith, and Kell) 

Ins!'('cti,m ol 1'1:ile I and f il:ure ~ shows 
that, d111i11i; and :i ft.-r the q,i,--.1 ..: ,d,ich s:iw 

Ephrat:1 ch.,nnrl eroded, w:i!er had ce: sc:-d 10 
reach the thrc:-c western cataracts . .-\ provi 
sional chronolo1;y frc,m dat;i thus far s1:bmi1ted 
therefore would include (F ii;. 9) : 
(I) The e:irlicst flood ini; on the TI;ibcock bc:nch, 

appuently before Grand Coul ee bd been 
initiated 

(2) The e:irlicst recorded platr:iu !1ooding (be
c:iusc ol an r:irl)· Obno;:in lol,c d:im) " ith 
(a) Operati"n of Cr:ind Coul.:e :1 nd Cr:il, 

Ca-..-k ;l:ic i:11 rivers, · 

(b) C.H:ir:ict ni:11. ini; :it the thr,-c western 
~pillw~ys, 

{c) Deposition ol the hii;h gravel of Quincy 
basin, 

(d) Op,: r:ition of Illack Rock, Rocky, 
Ilowcrs-\\'eLcr, and I.ind cuulces, 

(e) lkc inn ini;s :1t \\':irden c.,1:1r:1c ts of the 
Drumheller spill :1cross the nn1c ol 
Frcnchm:1n II ills anticline. 

(J) The flood "'h ich in iti:md the three cl,an
ncls across Qu incy basin :ind today is re• 
corded c,nly l.r the Ephr:it, ch:iuncl ( the 
three w,-stern catar:icts :ind the lour e:istern 
,.,ulccs tl,cn :11..JndonecJ ; Drumhciler ,kep
rncd) 

(4) The: flood which used only Roclr.y Ford and 
Wilk.. Sprini:, channels, and rontinutd the 
dcrpc:n in; ol Drumhdltr Ch:inncl, (Upper 
Cr.I, Crc-1:k still functioninc) 

(5) TJ,., bs.t fluo.J d .. ,n, Gr:111d and Dry rou• 
Ice,, makini: the 1.Jppc:r Cr:1ll Crt't'k dam 
:11,d :1dj::.c.-r.t Dry couke L:ir (Stc:imw:it 
r,lls 11<-s:rc.red, nawn syncline 's wc,tcm 
notch left h:inc inc, ,II Vli,l:ind channels, 
t:.,t i,( Cr;i 11.J ('i,ulcc ,l.;.11du11r1l) 

(C,) 11,c {in;:! fl..oJ down Cra11J Cuuke alone 
which con-:plc:rd the gr~at Dry Fall, cat&• 
r:ict ;::nd S<i.1p ul.e l,uin and used both 
the \\"i!.i<,,.· Sprin;s and J.:.od:y Ford ch:in

ncls. 
The venial succession of bars in Wilson 

C:ccl. v;iller ~,ould d:ite from the second, third, 
and fourth lk,o.:!;, because dcrpcnini; o( the 
cl,anr;ch lCTCIU 1!-ie Quincy ~sin f,11 permitted 
1rend,i r. i; l,;icl: uj'l Crab Creek :ind because: at 
st:1;c 5 Cn.l, Creek ,·:.llry w:is Wocl::idcd t.y 
Dry Cou lee i;raH!. A seventh flood is rrcordcJ 
by the Ilc:ver!y bu at the junction ol Lower 
Cr:il, Cr,c ~ ad C'o! urr.!J ia R ivcr. 

Lo1>'l.:ll. Cun Cun: 

Jfo?S: Bt':<Tly, Doy!s:on, Corfw , OtlrL!/1, 
Ol!d s,,,,,,.a; u .S.G.S.; R-1-iiZO, 

rhea Z; U .S.E.R. 

(Breu, Smith, and :-;ell) 

Discbq;e 1c:ou the nose: of frcnchman Hills 
(site e, / ur.;:-:: !-.dler Channrls) entered an e:ist
wl·st sy r:c::c.: ! n !:cr l:,ct,.rcn this .1nticline on 
the ::v:,rth : r,d Slc<.lle ~!0un1.1i11s lnticline on 
the sou th (PL I ). The !)'nclinc deepens and 
bro.1drn~ <'2.U·.nsd from the Columl,i.1 to the 
Ch.1nnel1; c~scer.t of the surface ol the bas.alt 
.1lon1: its uis is ibout 250 feet in 27 miles. The 
Jlur,·:.u o( Re-:: i~:-r.at i,,n trrms this r:istcrn low 
brv~denii,g the Othello L.1sin . The scarps in 
sup~rl,;i~ lt scc:mcnu l>oundini; Drun,l,cllcr 
Ch.1 nr.c!; co:: :i:. uc west1nrd .iioni; the syncline 
(or lovrr,e rr.:l cs .ind male it cleu that Othello 
b:nin ·n1 s:::J 1.iq;cly f:llc.-d ,.-hen the c.arlint 
scaL'. ~r.c tood lrri,·ed. The top of the L:isalt 
lay so lo...- i!'I the center of the basin th:it it 
esc:ir,cd t:.: terr ible trcatmenl meted out to 
thll 1.pr3iscd in tr.c Ch.1nnels uc:i. There is .1 

plane tr~c t c, / sr.vcral ~u:irc milc:-s in tl,c l,o1tom 
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artalu valley. Prnunicd moraine lotiocDr,hy 
just up1lrcam hum lhil t.locbdc and on ll,e 
same side ol the ri\·cr awc:an · to rccurd cun
tnu1,oran«,u1 gl:lci:11 ice in Cwuinl,ia , ·all.:y. 
Jlrcu (19.](M,, 11. 38-1) h:as sur,t-ntrd 1hat this 
was n1:adc t.y a \\'l·n:a1cl11.:c \':allcr gbci..·r J>U~h
ina: oul intu Columliia valle)', llut l'a;c (1939) 
h:a1 lincc shown lli:it any such glac~'f must 
cble furthc-r hack than lhc b1c Wiscun~in ad
v1111cc: vi lhc- Ol;ano;::an loltt', :111d ii~ drift shuul.l 
show prouuunc~-d ,.-c::uherinc, a k:uure it d~-s 
not posst'U, lts del.ris, funhermorc, is nsen• 
tially all bas:ilt. Perhaps it is a rccord of ice 
blocb floaled down from a breakup of the 
Okanogan lobe. 1'he early Culumbi:a , ·alley 
flood recorded on the bench ,.-csl of D:al,cock 
Ridge prob;iLI>· enlrrrd the mai.acr ,·:alley , ·ia 
Mosn Coulee. 

COlllF.l.ATION OP F.vx:..-n Ai."D StQl'J:SttS 
TIIUS FAk Pacsr.xuu 

(Breu, Smith, and Neff) 
,• . 

Insrccti,m of l'l:11c I :111<1 Fi1:ure ~ 1,hows 
th:it, du, inc· and :ih,·r 1hc cpi,...._1._. "l,ich s:nv 
Ephrata channrl erod1:d, water h.1d cc:scd to 
ruch the lhrcc wnh:rn catar:aclS . .-\ pro,·i
sional chronolo;y from dat:a thus far submitted 
ll1ercfore ._-ould include (Fig. 9): 
(I) The rarlinl flooding on the nabcock bench, 

1r,parcnlly before Cir:and Coulee h:id bern 
initiated 

(2) The earliest recorded platc:au l'loodina (be• 
cause of an rarly Ok.1nui;an lol,c dam) with 
(a) Oper:ition of Grand Coul.:c and Cr:il> 

Cr.-..:k i;lacial rin,n, · 
(b) Cataract n,aldng at the thr~"C "·cslrrn 

spillw:ays, 
(c) Deposition of the hii;h ara\'c:I of Quincy 

b3sin, 
(d) OJ,..-ration of Dl:ack Rock, Rocky, 

Dowcrs-\\'eLcr, and I.ind cuul~cs, 
(e) llrginnini;s at \\'arden c.·llaracls of the 

J>rumhdlcr spill across lhe nose of 
Frcnchm:an Hills anticline. 

(3) The flood ,. hich initiatc:d the three chan
nels • cross Quincy b3sin and today is re• 
corded only Ly the J-:11hr:ui. cha11nc:I (the 
three ,.-,-stern cataracts :and the foua eastern 
c11ukn 11,cn al,anduned ; ))rumhcller deep
ened) 

-------------

(4) The Rood which used only Rocky Ford and 
Willow Sl)finp chaMffl, and continllfd the 
dCCJ>minc ol Onamhl·llcr Channeh (Upper 
C,.,t, Cn-ck still functioninc) 

(S) Tl,c: Int n..-.J d .. wn Cr:111d and Ory cou
kcs, making the Uwcr Cr:ab Crttk dam 
a11d adj:m·nl Dry coulcc 1,u (Stc:am~~t 
Falls dt-str<-rcd, n •wn syncline', western 
notch kit h;incinc, all 101.t:and ch:anncls, 
t:.U c,f Cr;111<l C"11ulcc al..l11,lu11t'd) 

(G) 11,c f,n:al 11-,oJ down Craiul C11ulcc al
,.·hich comr,letrd the great Dry Falls call• 
ract and S<i:lt> Lake Lasin and used both 
the Wilkiv.· Sprin:s and Rocky Ford ch:an
ncls. 

The nrtial succession oC ban in WillOll 
C:cck vallc,· s.110\lld dale from the second, third, 
and fourth lll>Ods, l,ccause dci-pcnini: of the 
channels :acrc,u the Quincy basin fill permitted 
trcnd, ini: L:ack up Crab Creek and because at 
st:a:;c S Crat. Creek ,·:allry wa1 l,lock:aded by 
Dry Coulee gruel. A se,·enth flood is recorded 
by the Deverly bu at the junctioo ol Lown . 
Cral, Crul: and C'o!uml>i:t Ri\"Cr. 

Lowu Cua Catu 

Jto,1: Br.at,, Bo,lltOJC, Corfu, Otlutto, 
0114 S•yr110; U .S.G.S.; IN-;?ZO, 

drat Z; U .S.11.R. 

(Breu, Smith, and Neff) 

Discharce aaoss the nose of Frenchman Ilill1 
(site <-f Dr1.mhdlcr Channels) entered an east• 
west sync: ir. ll nllcr bc1,.·ccn this anticline on 
the n,:,rth ar,d Slddlc ~fountains anticline on 
the $0uth (Pl. I) . The syncline dccprns and 
bro:adcns cast,nrd from the Columl,ia to the 
Channels; cncc::t of 1hc surface of the basalt 
alone its uis is about 250 feet in 27 miln. The 
)lur..-:iu of Rc-ci,mation term, this u11em low 
brc,.~dcni11g the Othello l,asin. The scarps in 
su1Y."rl.asalt sediments bounding Orumlieller 
Ch:anr,c:ls coctir.ue wcstw:ard along the syncline 
for 1<1mc miles and make it clear that Othello 
b3sin was sii!I lari;cly (:lied ,.-hen the earliest 
uaL!:.r.d flood lrrind. The top of the t.asalt 
lay S,() lo-..· in the centrr of lhc basin th:at it 
eS(artt'd ti,: terr ible treatment meted out to 
that 1,praiscd in lhe Channels are:a. There is a 
plane lract c,f several square miles in tl,c l,ouom 
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.. h,Kd only Rockr Ford .ind 
!:• :i.nnds, and continued tl,e 
..i . . mhcller Cl,.innel, (Upper 

I; uill functioninc) 
!.,od d°"·n Crand and Dry cou

:1c the U~r Crab Crttk dam 
nt Dry coulee l.,u (Stc:imLo:it 

-.,red, Bacon syncline•~ western 

ti .. 111:in;, all sul.,l.111d ch:inncls, 
.ntl Coulee ab;indoncd).. 
:l,,od down Crand Coulee alone 

p!.ttd the great Dry Falls c:it:i-
0.1p L:ike ~in and used both 
Sprincs and Rocky Ford ch:1n-

l succnsion of ban in Wilson 
nuld date from the second, third, 

cxh, because dc,·pcninc ol the 
. the Quincy b.isin C.11 permitted 

up Cr.ib Creek .ind IJ<-c:\use :it 

-:reek v:illcy w.is 1,locbdcd l.,y 

.wl. A SC\"enth flood is recorded 
: b.ir at the junction ol Lower 
I Columli:i River. 
.:~;;.~,-.::. 
1\n Ca . .- Cuu: 

rly, Boylston, Corfu, Otlit!Io, 
.111~.S.G.S.; R.J -Si:O, 
,1,r~ U .S.B.R. 

rz, Smith, and :--:efT) 

·,H the nose of Frcnchm:in Hills 
'.kr Ch:i.nncls) cntrrrd 1n c:ist

. ,lier Lct"~en rhi, lllticline on 
~.ulcllc ~lount:1ins l11ticli11e on 

I) . 11,e ~ynclinc c.kq,rns :i11J 
.11J (rr,111 tli c Culuml, i1 lo the 

. nt of the surface of the b:is:ilt 
.1l,.,11t 250 f,·ct in 27 rniks. The 
:m.,ti,,n krms t),is <";l.Slcrn lvw 

Cl:h.-111'1 \,:,sin. The sc:1rps i:i 
!.rn~nu l.,,undin; Drumlieller 
-"~ \\c,i.,·.1rd ,,l,1nc the syncline 
:.,.,t m.11:c it cle:ir th:i.t Othello 
!.:r .:,· Ir :.llcd "lien the earl iest 
:niwd . The top of the l.,:i.s.:ilt 
' ., r~nkr ri( the l,:isin th:,t it 
::. l,!c trc:11r11cnt meted out to 
· :!.c Ch:uu,d; a rr:i . There is l 
., :~t ~11u:1rc mil,·s in the l,ottom 

'J . 

·-'\ 

•. I 
! 
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ol 1.he S)'ncline rie:ir Corfu where the ori;;in:\l h:,.. 

~It surface, althou;;li Jcnu<kd, v:as not crwcd. 
Lower Cr:il, Creek, after p.is.ing !><lulhw:,rd 

throui;h f>rumhdler Ch:rnncls' lowest ga,h, 
turns wrstw:\rd and follows this srncline, 
ai;:i.inst the pitch, to thc Columl,i;i ; dc-sccnding 
aLout 100 fr:-et in 25 miles . \\\·_; t of the Corf.i 
fl:i.t, the sy11dine has well-dcvdoped !C~l,:and 

all the w:iy . Some k:\turci of lh;s ;;l:.ci:il rin·r 

ch:inucl <kscrvc ex:imin:it ivn "ith rrkr,nce tu 
Allisou's thcorr of ice j.1ms. 

One of these fc:,tures is Natural C'arral 
(Sm)·:n.:i, f,,rmcrlr Red Rock , qua<lr:111 i;lc) . 
Anothrr (sh:ir<·d Ly the Smyrn:i. and Beverly 

qu:1J r.1ni;lcs) m.:iy Le e:ilkd the Jericho coukc 
(fii;. 10) . lloth arc .iccessory later .. ! c:inrons 
sc:mip:ir:illcl to Cr:i.l, Creek with looped cour,cs 
bJck in hii;ha sc:\bl:ind slopes lion; the: north 
side of the synclin:\I ,·:illc)' . On the maps th~y 

look like dct.1urs for l>rp:i~~ini; short, "ide ice 
j:,ms. llut ncithrr one \1:\~ :rn c:i.stcrn (up~tr,·:1m) 
connection ,·. ith the m:i:n ch:,nncl cvn-.1,:,ralilc 
to the r,111:\i11Jcr of the "run -around" c:i.nyan, 
.ind :it neither pb.ee i., there :iny 11:irro,1 n,·», 
shallowness, or crookedness in the main v:,llcy 
fa,·ur:ll,!i: fllr initi:,.tin~ :ind 1n:'li11l:linir ,~ :in ii:-c 
j.,111 . J"uril .. ·11110,..-, rl.c :-;:,rur.,I (" .. ri . .l l.,1,·r:d 

c.anyun is only 3 miks l011~, allu" in ; f,,r o:d!· :l 

short j:,m in ·e r.ii, Creel: , :ippH,·nt ly l'•o shc-rr, 
like Saddle :\lount:\ins £:q>, to pro,·i.:k the fric
tional locl.: in; e,f ice on ice an<l 011 shn!e Iv main • 
tain :1 <l:im for 1he m:iny r,·:irs rec;u ir,·d if 1 

niwer:i.t d)' prv1.011ioned gLic ,:i l ri,·cr eroded 
the Corr:il c:i.:iyon . 

The Jer icho l:itcr:il c:inyon (F ii; . 10) is IJII• 

d1:1n, its lu !;d ll'lit:;t h ol I) ni il c:s :~!i1111 >l cc,m• 

1,ktdy Lr .. l.,·11 i:i 1,·: ,1 i11 111 idl, 11;:rh l,r 11,c di ,

l\'l"··11.1n,l· t Ll · :'..,; ur t l1\,' ~111\h :,:L.. ;:ii11 ~: \\; ,ll. 
I ts fluvr :,t this l,r,·akd .. wl\ is Gtl feet :\lov, c Cr:,l, 

Creek a mile to the south, yet it s ephrn,rr:il 
dr1in;,,cc rails to (,rn.l th\! &-lP ~nJ r ,) C'!. 1\:l w,; H, 

i.,.ualld tu Crau Cral:, to encl in l d.-,, cJ <le • 
p:c»ie,n only 13 fee t :il,o,e t he er.ck. Thi. 

closure is due to Cc-lumLi:i R i"cr's I: .:Hrl )" l,~r. 

a latr fr:,ture once tntir..ly Ll,,ck ir.;; th e C r.iii 

Crcd. v :ilky mouth, Jn<l rll'Jlt wi1h i11 ., b t,·r 

pu:ii;r:iph . 

T"·o scquenti:il ice j:ims therefore \\Ould be 

requirrd for nt:\kin:; the Jrricho t:i.ndcm c:11,y.in 
& " run-around". \\"h:it should 1,e the r,dd c,·i• 

dcnc<.", other : l::in m:ipp:iL!c forms, to ~upport 

the in: -j:1111 tl,cr,ry? :\lliYln (1911, p . 673) cited 
" '11,.: Jo;,,·us of 1,ilcs of icd.o<:ri;-r.1fH-<l till on 
tl,e llvrtl,,·lU n~nk o( R:i.ttl,, r. :ikc llills anJ in 
Cold Creek \";,lky" as proof th:it i;rcat qu.1nti• · 

t i,·s of L,,ri;, reached the ,.-idc P:isco b:isin. 

The:)', "' ith iwbted Leri; "nests" &ud lune cr
r~ tic l,.,._ :,lcr; in so rn .1r;y 1,bcrs in the sc.t,. 
land,, He irrdut:il,lc niJ, 11 cc far :il ,und:1111 
fl., ,.:,: .~ .;!:ici.,1 ice (stc llrrt,, l'JJ0I,, µ. ~10, 

F i;; . i i l:, J, where clos..·lr spJetd, "'" rqu:illr 
g-,o<I n ·i, lt-n ce f.,. , . . t i;ruunJin; ol bq:c num
Lcr, v! d.c,.c L..-r~;. In P.uco l,lsi11, tl,q· oL,·i

ou,l y dr,i;,J ashore in l wide iemipon<lnl tr;ict. 
1f <l,·:. •c'. y p:il Ll'd in a n.ur,,w ,·~llr)', there 

shm, i.! I...:: al l<.":ist :is i;....,.! :. r.:cnrJ . 
\\",th tl ,i; criterion in m111<l, the two Lro:idest 

anJ tl:.t tt~t l,uttc tops enclosed l,y the~c loopt·<l 

late::.! c:. n;-c.11s were tr.1vcr,ed . :--ot one crr.1tic 

\\'lS fu<. :id, r,01hi111; Lut l.,::.re or ne:irl)' b:irc 
L:i,.,lt. Be, ,: ice never m:idc in ice j:irn aloni; 
this sc:,'..!:.,,J route. River ice, also ulo(d I>)' Alli• 
son ~r.•I (:,",red 1,y Lupher (19H, p . 1493) for . 
d:\1 111:. i• , ;; u ,d Jc1ouring i;l:.ci;il streams, ,.·ould 
inc ,•;1 .. ~ly tnp m:iny of the abu11d.1nl bcri;s, 
and a mar;in.11 rtcord ol this should 1ourvi,·c:." 

11,.:' . ~: .. : .. : .,! Corr:,I and Jer ichu l:i.ter:il 

c,., ,) .. :. , c. . :cy i'.""'l c,·id,ncc tl: ., t 11 .. ·r a rc aiilr 
c1 .l.~r~ \ :: . ..:: .:\ c..C prcs.cal,::.nd <.!:.,i :i :toc w~rs 
:ilrc.1 •1y CJ: thruu.:h the st-dim.: ::1 :1 ry rud. into 
1,:is:i lt. :\I: the minor gulches enteri11:,; th~m 
fr0111 r,.:1.~ hmC11 !lilts lo the n.:irth h.1,·c either 
h:11, 0::: ~ or srrongl)· m:irl.cd k11 icl.point junc
tiv; ,;, L·~: :! ,, ir i;::,dicnu ,1,,oH the ju11cti..ins, 
proji-c:,d s~ .. :hw:,rd toward C:a.L, Creek, f,nd 
t he L; ; _!~ " :;bnd" Luttc lups too hi;;h. They 
\\ 1. f \.: ::::,;..~:: :1.• , tu \\l'Sl-nu,,ing rr. i11 <J r !,lTl::Lnl• 

w;i,·, 1. .. : ::. ,.r ~::d ~1111i1,.1: .. t:d tu Cr.,L Cr,•,-l,;, 

in 1hr !'. --·,: ,.f tl: c 1y11di11:1l \'~! k r llfOIIIWJ)'S 

:i11c, ; : :.,i lv C":r ~l .111<l Jcr iclio c~ :1 yans . 

Thl,t mi:.o~ ~ulcl :es were in cx:stcncc when 
the t..

0
1,,·,: sc;il,!,.r.d flvod Sl\ , pt the supcr

h:isa!: s,:. :~cn::i'.y 011 the top u{ the ruck ter

r:icc t! ., y :~ . .: :~c ,nd Cv\"C: cJ tl,l-; r c:ist ern ":.II. 
wir h : : ,cr-t.:.: deposits whil e lc~\'ini; thei r up
strr:11,, -:ac :,.0 "~ l! s nc:uly t..ire L.1~:111. Lower 
Cr:d, Crtd .' , l:\t~ r:.l loops :i:c pr,·scJl,l:inJ loe:il 
dr,,i,,:,~c E:.cs " 1,ich , mudi(,cd Ly O\'cr,d,dmin;; 

flnr,J C:,cl-.. 1r~,·. I.ad be;;un to i;ro"'· into an 

"To c,,,'.~i~ <h e Othello diver,:~cc Lr an ice j:irn 
in lowlf c,,•, re•1uires a 1011 ro tl,c ~am 200.;oo ket 
aL~,-~ !! .~ . .: L:.~ll "i~Llnd' lumruiu. 

:· ~ -----· ·-· ·---·-------·- -·- --- --·--·------
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.,. h,Kd only Rocky Ford .ind 
ri• anntl,, and continued the 
v4 . • mhcllcr Cl,.innel:1 (Up1.cr 

I: uill lunctionin,) 
!-aod do•·n Grand and Dry cou

nc Ilic Upper Crab Crcdt dun 
nl Dry coult"e l,u (Stc.iml,o;it 

·,ired, Dacon ,ynclinc•~ .,..l'1tern 

11.11,i;in;, all so.t.land cl1:11111cls, 
.nu Coulee a~ndoncd).. 
tlood down Grand Coulee alone 
p!.iNJ 1hc great nry FJlls c:11:1-
0.lfl I..11.e Lasin and used both 
Sprincs and Rocky Ford chnn-

succ:nsion of bu~ in Wilson 
nulu date from 1hc Kcond, th ird, 
och, bc:ause dc,·1-cn ing ol the 
. the Quincy wsin f,11 permitted 

up Cub Creek rnd L.cc:iuse ;it 
-:reek v;ilky WlS t..lochdcu t..y 
. ,·t i. A seventh Oood is reconkJ 
: wr at tl,c _junct ion ol Lower 
I Columl~ River. 

, , " \.• 
- ~ •Z> ._ .., 

1,u Cu,• Cuu: 

rly, Boylston, Corfu , 0//u!lo , 

·';~.S.G.S .; R.-Ui!O, 
1£ <..I U .S.B.R. 

rr, Smith, and :"\clT) 

·.,., lhe noK al Frcnchmln H ill s 

!Irr Ch.innrls) ente red an eJSI· 
., lier t..et\\~cn th i, Jn t icl ine on 
~ ... Idle ~lount:iins J n t icl ine on 

I). 11,c srncl iric Jrq .. ·111 J11J 
.11J fr,.m the Culumt. i:i to the 

. nt of the surl:icc of the b;is;ilt 
Jl,.,ut 250 fl-ct in 27 m iles. The 
\tn.1l i,,11 tt.·rnu ti.is l'l.Sh:rn lv \,. 

C i:h,-11., 1,.1\in. The sc:irps in 
I.menu l.,,undin; Druml,cllcr 
.we •H,t'A·lru ,,J.,n~ the syncl ine 
>1.•I m.il:e ii cleJr 11,:11 Othello 
!.er.:,·lr :.lkJ v, hcn the carlieH 
srr iwd. The top of the l.,;is.:ilt 
:., ccnkr or the t..Jsin 1h:1t it 
·: :I. le trc:i1111cnt 11.ctcd out to 
• :!.c Ch:uu,d; :irc:i . There is 3 

•<:~I v1u:uc miks in the Lottom 

'J . 
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al t.he syncline 11c:ir Corlu wher,: the orii; in:11 l.,;i. 
s.:ih sutf:icc, althou;;h J1.:nuJtJ, v:.u not truJcJ. 

Low,r Cr:il, Ctcd,, aftcr p.is;;ini; ~uthward 
1hrou1;h l'lrumhl'lkr Ch:inncls' !owe-st i;a~h, 

turns wrstw:iru :ind follows this syncline, 
ag:iinst the pi1eh, to th1: Culumt..i.,," d<"SCcndin& 
at.out 100 f('ct in 15 miles . \\'r, t of the Cor fu 

Olt, the syndine has wcll -dcn·lopcd 1e:i1,:a nd 

;i.ll the w:iy . So me fc:iturei of th;s .; b ci:il riwr 

ch:inncl Jcscrvc cx:im in:it iun " ith rdcr .:ncc tu 
Allison's thco r)' of ice j;i.ms. 

One of these fc:11ure5 is :\'atur:il Corral 
(Sn1r:n.i, f1,rmcrl)· Red Rock, qu:iJr:ini;k) . 
Anni hrr (sh:irl·d Ly the Smyrn;i. and llcvcrly 
qu ~dr.inglcs) ml.y l.,c c:ilkd the Jericho coulcc 
(Fig. 10) . lloth arc :iccc-ssory latcr .. l c:in)·ons 
\Cmip:ir:illcl to Cr;i.l., Creek with looped cour;cs 
b:ick in hii;her sc:il,l:rnd slopc-s lion;; the north 
side of tl,e synclinal v:ille)'. On the m:ips tlary 

lool.: like dct ,1urs for u r p:i~sini; short, "idc ice 

j:ims. llut ne ith"r one h:1~ :rn c:istcm (up~tr.·:im) 
cnnnee1ion v.i th the m;i :n ciunncl cun-.1,:,r:ililc 

to the r,111:i inJcr of the "run-around " c:. nron , 
and u ne ither p!Jec i~ there :inr nJrro" ncii, 
1hallownc-u, or crookcdncu in the mlin ,·.11lcy 
fa,·ur :1 l,k fur i11 iti:i t in~ :lnd rn:1 i11t:1ini1 ,~ :in i, c 
j:1111 . l'ur d,\'1 11101,· , 11,c :'\:itur.d C»rr..l l.dn:d 

onyun is onl y 3 rn ilc, Ion.; , Jllu" in ;; f,H u:ili· :i 
short j:im in Cr.ti , C reek , .,ppHcn tl y 1,,0 sh(•rl , 
like S:iddlc :\lount:\i ros r :q,, to pro,·id~ the fr ic
t ion:il lock in :; c, f ice on ice ;in<l on shr, ,c tu 111 ai n
t:iin l. J:im for 1hr m:iny )'l·:irs rr q u irtd if a 

nH,<lcr:i.t c!)' pr'-1"' ' tioned i; l:. ci;,l ri,·c r crv<led 
the CorrJl c .. :iyon . 

The Jericho IJterJI c:inyan (F ii; . 10) is 1:111• 
dL·11, , iu tu : :d k11:,: 1h or ') ni iks ~ltw ,,l c, ,,n• 

1,lct, lr t.r .. l. ,·11 in t v. ,, i11 111 i, ll , 11 .;t h l ,r 11, ~ di ,

:li'tk·.11 .111c'-" th,·:1.: \. tf tl u.: '>'•llt h r...-t ... ;11i11t,: " :lll. 
It, l1uvr at tl ,i, l,r,·:ikd,,wn is (,0 feet a l"',." Cr:, l., 

Cr.:ck a mile ta t l.e south, yet its cphr111er;,.I 
drJ inacc fails ta (,11J the .;.,p ~nd r ,ir s ' ' " ,·. ,·st , 
!J.H:ilkl t.:i Cra b Cr,·rk, lo end in l ci ,,, cJ J c
p:c»ion on ly IJ feet Jt.o,e the cr . d :. Th:; 

closure is due ta CC'lumt.i:i River's li,Hrl )' L:1 r, 

a l:\ll" fr:iture once ent ir,·lr l,k,ek ir.;; t he C rab 

Crcd. vJ llcy mouth , :i nd cl .-:i lt wi th in a b t,·r 

pu:icr:iph . 
Two scquent i:\I ice j:ims therdorc \\Ould be 

requ ired for m:ik in ;: t he J.-r icho lJndcm c~ 1,yun 

a " run-::iround" . \\' hat should t..e t he C.dd c,·i

dcncc , other : b u m:ip1 ,J.Llc forms , lo ~upport · 

the icc-jJltl llier,ry? :\llison (1911, p . 67J) cited 
" '11,.: J .;1u11 of 1,ilcs al icd.trg-r.ift,-<l t ill on 
tl,c nvrtl,clSI 11:.nk of Rlttk,nlkc llills an<l in 
Cold Cr,·tk v;.lley" as prool th:it ere.at qu.inti• · 
l i,·s of l-<:q;s reached the ,.-idc I';,.sco b;,.sin . 

They, " it h iwlatcu L.crs "nl'1ts" and lone er
ratic t,. ,._: ,kr; in so 111 ~1:y 1,bcr; in the sc.l,. 

land,, He irrd utJl,le cv iJ, 11 cc for ll ,und:1111 

n .. :, t ir. ~ .;b ci:-,1 ice (su Bret, , l'JJOI, , µ. ~10, 
F i;; . ~i J ,.J , where cl c,sdr spaced, ,re rquJlly 
gu0d n ·i, k :i cc f, ,. , . e i;rvunJ in; of lari:e num• 
l.,c r , .,; 11.c , c Ln:;;. In I'.iscc, l, isin, t l,q · c,l,,·i-

01"1}' tl r, f:,J :ishr,rc in J. wide scm iponJn l tract. 
If J ,·: .•c!:, p:1lll·d in a n.irr,1w ,·,illry, there 
shm,: ,1 I,.;; it lcJst J.S i;vv..! ;. r.·c,,r<l . 

\\" ith ti. is criterion in mrnu , t he two t..ro.idcst 
anJ 11:. ttt~t l,ullc tops enclosed l ,y thc~c looped 

late::.! c:. r,r011s were trJ.Hr;ed . :'\at one err.Ilic 
w:i; fu .. nc!, r,c,thini; bul t.irc or nearly b;i.rc 

l.,1, . .lt. li ce .; ice never m:i:le an ice jJm along 
th is. sc,'..1 :., ,J rou te. River ice, also uKd l.,>• Alli
son :.r.<I f;, u, rrd l.,y l.uphcr (1914, p. 1493) for 
d:11 111:.i•:;: rnd Jctouring i;l~c ial streams, .,.·ould 
i11c,·i1~Lly tr~p m;i.11y of the abund;i.111 ~r;s, 
and a mar;in;il rl"Cord al this should sur\'i\'e." 

Jh ,:', :--: ., :~:.,! Corr~! lnd Jcr ichu l:.teril 

c."• i ••:. , c .. :, y t'.•"" l e,· id~:i ce t i:., : t h,·r :ire oi il r 
c 11 l.1ro \:: .-.: :. i s cA prcscab::.nd J r.1in:1;;c w~ r, 
llr1.: .1 •! y CJ : t l.ruu ;:h the Sl-dirn,:: :t .iry r .. d:. into 
uJs~ll. :\I: 1hc m inor gulchc-s entrrin~ th1.:m 
fr ,:,111 f r~nd ,mcn llills to tlic north h.i,·c e ither 
h~11 ~::: .; or s t roni; ly m:irkcd lm ic\;po inl junc
t iu :, ; , l, ·a : :!:. ir i; r:i<l icn~ .t..o,·c t he junct i.:ins , 
projt·c: . d s-:. -.:hw:i rd towJrd CrJl., Creek, f,nd 
the L~s. !: " ,;iJ~d" butte tups too h i;;h . Thry 
\\ l r...: : : ::.~: :. : :\•, lV \\ l'~l -11u \\ in g rr. iur,r S.lTl.::ln\• 

,u1·, r. .. :; :, ,.! ~: 11 ! ~u11 i1,.1:.1:,•I lu Cr.,l., Cr,·rk 

in 11,r 1'. . • ·.: ,.! t! :c sy11din~I , J !i-: r strn mwJ)'S 

:i11c, ;:: .J lv c .. :r.il l llU Jc richc, CJ :i yons . 

Th,,c mi:.tl~ ;; u ld :cs were in n :s1cncc when 
t he l-.i

0
l,,·, 1 sc:i t.l~r,d nood S\\ ( [)l the super• 

has:i!t ~- ~:::1c:i :a:y 011 the to;, u( the ruck trr
r.:icc: t!...y (:-.C~iC •11<l c..:>vc:~c! l l1l•: r C:l5lcrn \\ ~n~ 
wit h ,: .cr-b: c!q)()~ i1s wh ile lcJ,· ini; their up• 
stre :, r:, •'lc :: .;; "- l ll , nr:i rly t are l, .1 ~~lt. l. o"cr 
C r:il, C!l , I.. ', b t,: rJl loop, .1 , c p r.-scJ t>bnJ local 
dr:,ir ,:,~: !::.cs" h ich , nu,<l i(,cd l,y o,T r" hd m in;; 
fl ,.,,,J d,,c r. ~r~,·. l,ld bc;;un to 0ro...- into •n 

"To c, ,. !.:. lc. the Othello divcr,:~c• t.y an ice j~m 
in lowtr c~1~. rer1uircs :i tn\l to t ti c 1.!~ m 200 -.lOO fret 
aLu,·.: t!.: . .: L:.~ ll ' ".!.~nd' summits. 

·J :· -·-·-----···-· ·------------------ --·---------
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... h,std only Rock.y Ford .1nd 
~i• ~nntls, and continued the 
..i .. . mlrcller Cl,.1nnrl,; (Ui,1.cr 
I: uill lunctioninc) 
:.JOd d°"·n Grand and Dry cou
:ic the UPJ1Cr Crab Creek dun 
nt Dry coult>e Lu (Ste.1mLo.1t 

·.i)·ed, Bacon syncline•~ ,.-cstern 
h .. 111i;inc, all suLland ch.1nnds, 
.ni! Coultt abandoned).... 
1l, iod down Grand Coulee alone 
p!.lrd the ,real nry Falls C.lt.1• 
O.lp ukc win and used both 
Sprincs and Rocl:y ForJ ch:in-

1 succrssion ol bus in Wilson 
nuld date lrom the second, third, 
cxh, bcause dc..-pcninc ol the 
. the Quincy 1,.tsin f,11 permitted 
up Cr.1b Creek Jnd Lcc:iuse ll 

-:reek v.11lcy w.1s Llocbd~d Ly 
.nl. A sc,·enth nood is recordcJ 
: ~r at the junction ol Lower 
I Columli.1 Rinr. . ~: \., .. 

- ~ -r> ' --

1,n. C.Aa Clttic: 

rly, Boylston, Corf", Otltt!lo, 
,~.S.G.S .; R.4 -Si!0, 
,l J U .S.B.R. 

11, Smith, and ~elf) 

· u•I the nose ol Frenchm.1n !Iills 
!Irr Ch.1nncls) entered an eJsl• 

• ,liq• Ucl\, ~en thi; .111ticline on 
~ ... Idle ~lount:iins .111ticline on 
I). 11,e ~rncline Jrq•rns .111,J 

.11,J frnm the C .. lurnl,il to the 
. nt ol the surface ol the b;n.111 
Jl,,,ut 250 1..-ct in 27 miles. The 
1111.lli,,11 l\·rms 11,is e.1s1crn l.,w 
< 1;h,·llll \,:isin . The sc:1rps i:, 

!:n,..-nu \..-,undin:; Dru111l,cllcr 
...... lH.,t .. ·.1r<.I ,,l,,nc the syncline 
:.r.,I m.11:e it ck:ir 1lr.1t Othello 
!.,r .:,·Ir :.llcd "hen the earliest 
arriwd. The top ol the l,.1s..1lt 
:. , c..-nt..-r ol the L:isin th:it it 
:: .I.le trc:i1111en1 11,eted out lo 
· :! .e Cl,a1111..I; arc:i . There is .1 

.,: .. t ~•1u:\r.: mil,·s in the Lottom 

'J . 

·-. 

I 

.:: I 
-__ !: 

' \ 
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ol the syncline 11clr Corlu where the ori1:in:il ~
s..1lt surface, .1lthou;;h Jcnu,kJ, v; :u nut cruJ.:d. 

I.ow,r Cul, Cr.:d., alta ~s;inc !>vulhw:ird 
1hrou1:h Drumhdlcr Ch:1n11cls' lowest g.t\h, 
turns wrSl\\":ird and follows this srncline, 
ai:;.1insl lhc pitch, lo th<: CulumLi:1 : drsccndin, 
iLoul 100 lrct in 25 miles. \\\·:\l ol the Corfu 
n.1t, the sr11dinc lras well -d.:vduprd ~c:.1,::inJ 
.1l1 the w:i y. Some k:iturei ol tli ;s .;bc i:,l ri\'\'f 
ch.1nncl des.:r\'e ex:imin.1tiun " ith r.:k r.:ncc lu 
Allison's theor)' ol ice j.1ms. 

One ol these fe:ilurcs is :S:itural Corral 
(Smyrna, r,,rn,crly Red Roel:, quadr:1111;le) . 
A not hrr (sh:irt·d Ly the Smyrna ind Jle,·erly 
qu , Jr.ini;les) may Le Clllcd the Jer icho coul.:c 
(Fii;. 10). I.10th arc .1cccssory la1er~l c:in)·ons 
semipar:ilkl lo Cra l., Creek with lo<>pcd cour,es 
b.lcl: in hii;hcr sc:ili\:rnd slopes .1lon; the north 
side or the syncl in:il \'llle)' . On 1hc maps tl,ry 
look lil.e dc1,1urs 1.-r l,yp:i•sini; short, "idc ice 
j:ims. llul neither one l,;i~ an e:.stern (up~tr,·:-.m) 
connection v.ith llie rna:n cn:inncl cum1,.-.rJlik 
10 the r,rn:1 i11Ja ol lhc "run-around" c:.nyon, 
:ind :it riei1her i,1:.ce i., lherc :iny 11.1rrowm·», 
ihallownC'U, or crool.edncss in the m.1i11 v.illcy 
fa,·ur:ll,lc fur i11ith ti11~ :ind 111:1i11t :,in ir,c: :in i~ c 

j.1111 . l"ur1l .. ·1111or.·. 11 ,.: :"\:11ur.d C",• rr .d l.>1,·r.,l 
onyun is only 3 rn ik; 1011;;, .11\u" i:. ; fM u:il :· l 
short j:im in Cr.ii, Creek .. 1ppls,·11t l)· 1,,0 shMI, 
like S:iddk :\lou111.1i11S pp, to pro, id.: the fr ic-
1ion.1l locki111: c.l ice on ice .1n<l 011 shnrc tu main
tain .1 J:im lor the n1:1ny yc.1rs rec;u irrd ii & 

mu<lcra td)· l"'-1'°' tioned glac ,.11 r: ,·.r eroded 
th e Corr.11 c,1:,yo11 . 

The Jer icho lltcr:il c:inyon (fii;. iO) is tlll· 
dl·1n, its tv: ;d ln 'i_; 1h of i:> n, iks :il1w ,, L ('1, ,n • 

1,kt,lr Lr .. l.n r i:i t"·'' i11 111i,\I, 11,;th l,y 11, .: di ,
lJ•1k·.1 1:inc'-" tl., ·rl.: u( t in.: '>nuth rt..: L., ;,1i11~: \\ :,:t . 

I ts flwr :i t th is l,r,·:ikil,"rn is GO feet :,l,v,·c C'r:.l, 
Creek a mile to tl,e ~outh, yet i1s cph.-111erJI 
dr:iin:11:e f:iils to r .. ,J the i;.1p ~11d , ,,cs ,,:i ,·,,·st, 
µ.ualkl lol Cr:il.1 Cr,-rk , to end in l ci,,,eJ c..l e
p:.~ic,n only IJ feel .1Lo,c the cr.<k. Th :i 
closure is due to Ct'lurn l, i:i R i\'er 's I: ,nrly L~ r, 
& l:it r lr:-.turc once ent ir, ·l y l,lr,ckir.~ the Cr:ih 
Creel. \'.llky rnoulh , lnrl rlt·:ilt wi1h i11 ., l:i1.-r 
pu.1cr:iph . 

Two scqucnti:1I ice j:inu thcrclore l\Ould be 
requi rc<l lor rn:il.inc the Jericho t:indcm c~1,yun 
& "run-.1round". \\"h:11 shoul<l Le the i,tld evi
dence, other :bn rn:ipp:il,lc lorms, lo ~upport 

tlic in·• jlm tl,er,ry? :\lliY>n (1911, p. 67J) cited 
" '11,.: ,fo,,·JI\ vi piles ol icd-<,rc-r:ilt,-<l till on 
tl,c llurtl,c:ist fl:.nk ol R:iltk,r..1kc llills 1.nd in 
Cold Creek v,llcy" as prool th:11 i;rcal qu:inli- · 
l i,·s ul L,:r i;s reached tl,c ... -idc I',sco b:isin. 
1ncy, " ith i,;,,l:i tcd l..cq; "11csts" u,d lune cr
r~ti, L,, .. :,kr; in so 111 .,r:y 1,bcr; in the sc,l,. 
land,, ,re irrdut.11.h: c,·iJ, 11 ce for .1 l,und:111t 
n ... .i :: .~ ;;b ci~ l ice (uc Hrrt ,, l'JJOI, . µ. 410, 
Fi;; . i i li>J, where clvsdy ~p,ctd, ,,r cquJ!l)' 
gu0rl tv ;. fl'n cc (ll . •. e ;,rvunJin ;; ol bq:c num• 
Lcr, <.: d. c,.e l,n~; . l11 r .\SCv l, Jsin, 11 .. ·r c,l,,·i
ou,ly dr,f:,J :ishr,re in .1 wide iemipondnl tract. 
II ,.k:. •c'.y pa,~td in , n.irr,,w ,·aller, there 
shm,;,J l..:: ll lc:isl JS gvv..! :. r.-corJ . 

\\" :1 h tl, i; criterion in mrnJ, the r wo Lro:idcst 
an,J thtt,~t l,uttc tops rncloscd l,y th,·~e loop,:rl 
lat,·:~l c:.~.rons were tr.1\'Cr;cd . :\"ot one err.1tic 
wJs fu L. nc!, r,othing Lul Llrc or ne:irlr buc 
LJ, . .l t. Be,~ ice never rn:i:k .1n ice j.1m aloni; 
th is. ~c:,:..:~r,<l route . River ice, aiso used U)' Alli• 
son ~r.d !:, " ,red l,y l.upher (1914, p . 1493) for 
d:11 111: .i•:;.: • r.d Jctourini; i;l:.ci:il strc:ims, ...-ould 
ine,•;1.~lr tnp m.111y ol the .Lu11d-111l lw:ri;s, 
&nd a m.1r;in.1l rrcord ol this should sur\'i,-c." 

!\,.:' , ~: .. : ~:al CorDI .1nd J,·richv 1:.tcral 
c ... ,i ... :. , ( .. : :r i'.•ovol e,·idc:icc ti::,: tl .. ·r lie oidy 
c1,l.1r;;~ ::. :..: : .: 'l c.,( prcs.cal,::.nd <.!: .1i n:'.j._;C w~ r s 
J lr.: .1 •!1· CJ: th rvu;:h the S\-.:li m.:: :t.iry r .. ck into 
1.,:is:i lt. :\I: the minor gulche1 enleri11;; lh.:m 
lrvrn r , ,.,~limeu llills tu the nvrth h.1"e either 
h~11 0::: ~ or st ro111:ly m:irked l..1: ic~poinl junc• 
tiu: ,;, L·a: ;l:, ir i;:~dienu 1.l,o"e the junctivns, 
prn j,·c:. d s~.i.;:hw~rd tow.1r<l C::. l, Cree\.:, find 
thr L:; _!: '",; i:i~d" uutte tops loo hi;h . They 
\\lfc.: tr ::.:.~.:. : : .. •> lv \\l'!)t •ilv \\ in g mi11 r, r stn::in\• 
'""·: , .. . : ::, ,,! J :id ~"11 i1,.1:.1:c1 tu Cr.,L Cr,·,·k 
in li, r i~ - .. ·.: ,.f I he sy1 11.: li11:·d \ .1! k y \lr c.::uuw:1,ys 

lllC\. :~: .J l u cv~r.ll :i11t.1 Jc: icl10 c:.:1yons . 

Th\,c m::.v~ ~ulcl: e~ were in o :~lcnce when 
the l-.i0 l.s,t sc:,L!.r,d flood S" <' Pl the super• 
h:is:i lt sd:::-.ent:i,y oil lhc :op ul the ruck ter• 

r.:icc t! ... y :~ . .: ;iC incl cv,·c: ... J Ll,, ... :r C:lSlcrn \\~n~ 

with ::,er-l.1: co:pmilS wl,i!e lc.1,·in s the ir up
stre~r:,-:Jc:C .;:: ,. 111 ; nearly t.:ire l, .1~ .,11. Lowa 
Cr :.! , Crc , ~·, !:-.t~rJI loop; 1:c pr,·;c:iLIJnJ loc.11 
dr:,ir, :,~~ l:: .c~ "hich , nH,d if,cd l, y OH f l\ l,d min:; 
nn, ,d c!,,,~ .. 1r;:,, l,.1d bc;;un to sro"'· inlo an 

"Tott ~,:~;~ the Othello di••q;: •cc t,y an ice j.1m 
in 1owtr C: l~, re,1uires .i tnp to tt,c ~~m 200 -~00 fc-et 
al,u._-~ t!. ~.c L:.~ll "i~Llnd • iumru it1. 

:· ~-·-· ·---···--·----------··---- --- --·--·------
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1.0\\'Ek CIC\11 CREEK 993 

anutom01i, like lhat s.o well devdop<:d in 
Drumhdlcr. 

Pcrhal" the present coune ol Lo,·cr Crab 

Ju linc-:ir form narrows aod lo,.-cn s.outhward 
for 1 !~ mil,~. It is actually n,acic of two parallel 
t.ar rid;:,~,. ith a linc:ir closed de1,rcuion almost 

F1cun 11.-nr.n:11.,· n .. 
Moulh o/ Cr&t, Crrrk ~1~,i~I river ch,nnd . l':1rt o/ '"Cuhrn,l,ia. P.i ·, ,: Print Rapics lo Roclt hland Dam, 

\\'asltincton " ni,p . t.' . S. Gcol. Survcr, U. S. llure>u o/ l{cd~r,-... 1, ~r. ~,.d Su.le ol Wul-.in(lC'n. Contour 
in1en·,I on L,ud 10 !cct. 

Cm:k is, lil.c that of Lower Grand Coulee, 
wholly of glaci:il-torrcnt exc:i , ~l ion in the frac
tured basalt of the steep liml, of a fold, ~nd 
the;~ lale1;i.l canruns out in the middle of the 
struclural ,·alley ,re mod ilic:itions of th~ ml in 
prccb.c i:d drain:ir-: ..... ,y. 

The Beverly \,:u (F ig. 11) is defended l.,y 
K:il,llnd at the l:i>Slre:im ani:lc between the 
Columbi:i Rh·cr and Cr,L, Creel. ond orii;inally 
m:1de a d:im acro;s the mouth of the creel. 
\':Iller. Its prllxim:1! end is 125 feet alio,·e the 
Coluinhi:i ~nd ~lmost 100 !ect ol,o"c 1he sump 
in ." ·hich the Jericho l:itcr:il c:.nyon tcrmin:itcs. 

a mile loni: t.ctween them. Sil:.J on the Ooor of 
Crlb C:ccl. ,·,Ile)' prove th.,t the creelr. was 

ponded Lr the l:.lr. The enc:. has since cut a 
n:irruw r:l\-: ~.c 40 f~t deep acros.s the low 
southern cr,d c,f the deposit. 

Coinpo~ i1 ion ,nd structure of the bar arc 
wdl shown i~ a railroad cut nearly .30 feet deep 
,cro!s ll· hi;·::, northern part. The ,· cstcrn 
ride~ is 1 ,de c.! much co:irwr rr.;i.terial t~. ; • the 
e:istern one. The ri,·cr,•: ard slo;ic is ai,n~l 
"lic.!l r of Lvuldea J-<i fc~t in diameter. ne 
Lo<lr of th: s rir.;e shows Ian,, lee (c:is: ,. :rl) 
fore -sea, v,rne of them almost entirely a: ti~ ' 
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anutomosi, like that 10 wdl devc-lopc.-d in 
Drumhrllrr. 

Perhaps the pres.en! course ol Lo'll'tr Crab 

lls linr.1r lorm narrow, aod lowcn IOUlhw:ud 
for ! !~ mil,, . It is actually made of two parallel 
IHr ri.1;.:s with a linrar clOICd deprnsion almolt 

F1c:11•1: 11.-flr.n:an n .. 
Mouth ol CraL Crcd, ~l~ci:11 river channel. !'>rt o( "Culuml, i.,_ P. i , tr Pritst Rapic!s to Rock Island Dam, 

\\'ul,incton " ni:ip. U. S. Grol. Sun·e>·, U. S. llurr:iu ol Rccl~r:-.:. t,on 01,d Stat< ot \\'ur.inctrn. Contour 
intcn·.11 on Lind 10 feel. 

Creek is, like that of Lower Grand Coulee, 
wholly of i;l:ici:11 -torrent cxc:\\ .it ion in the frac• 
lured b:is:ilt ol the strep liml, of 1. fold, :ind 
thcs.: la tcr.11 c:inyvns out in the middle of the 
structural ,·.1lley .1rc mod ili e:i t ions of th~ m.1in 
precl:ie id dr:iin:ir~ way. 

The Beverly l,:ir (Fig. ! ! ) is dtfended \.,y 
scal,l:ind at the u;istre:im :ini;le between the 
Columbi:1 Ri\'tr and Cral, Creek and or i:; inallr 
m;idc & dam acro;s the mouth or the crrek 
v:ill cy. I ts prux im:.t end is ! 25 feet :ilio,·c the 
Coluinli i:i :ind :ilmost 100 feet aLo\'C the sump 
in ,.-hich the Jer icho l:itcr.11 c,.nyon tcrmin:ilcs. 

a ni ilc Joni; t.ct'tlr~n them. Silu on the lloor of 
Cr.11., C reek ,·:.! Icy pro,·e th:it the creek "''as 
ponded l,y the t.u. The ace;; hu since cut & 

n:irrv"; r:I\ ::;e 40 f~t deep across the low 
southern cr,d c,( the dc~it. 

Coinpo~it ion .r:d structure ol the bar arc 
wdl sho,n , i~ a ra il rnad cut nc:uly 30 lect deep 
.1cro,, ti· h i; i- : : ,. northern rurt. The ,· cstern 
rid1;c is 1 ,de c,! much coarwr rr.:11crial tt: ~ the 
eastern or.c. The ri,·tr,•:ud slo;,c is ai,nost 
" l,c,!lr ol l.,c,uldcn 3~ fe~t in diame ter. ne 
Lo<lr or tl,:i; ri~;e shows loni;, Ice (c:is:,· rri) 
lore -sets , sr,rnc c,r them almost entirely 0 1 l,r 1 

· 

------------------------·--------·-__ .... . -
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anutom01is like that M> wdl devdop<:d in 
Drumhtlkr. 

Perhaps the present course o{ Lo"'·cr Crab 

Its lintar form narrow~ aod lowen southward 
for I!~ mil,-s. It is actually made of two parallel 
t.ar rid;;.:s with a linc:ir closed deprruion almost 

Frcv,t: 11 .-nr.n:u,· n .. 
Mouth o/ Cral:. Crrc!. cbci~l ri,·cr ch:innc l. !'~rt ol "Culuml,io. P.i,,r Priest Rapics to Rock Island Dam, 

\\'asl,incton" n1:ir,. U. S. Crol. Sun·c)', U. S. Jlurr:iu o( J(ccl~r:-.;.1 ,on ~,.d St.Uc ol \\':isr.inct<'n . Contour 
intcn·:il on Lind 10 feet. 

Creek is, like that of Lo,,." Grand Coulee, 
wholly of i;l:\ci:11-torrent cxc;\\ ,1tion in the frac• 
turcd b:is.,lt of the steep liml, of a fc,ld, :111d 
thcs.: l;o 1cul c:inyuns out i11 the middle of the 
structural ,·alley :ire modif:c:itions of th~ ml in 
precbci::I dr:iin:1,~ w:iy. 

The Beverly 1,:ir (F ig. 11) is defended 1,y 
sc:il,1:ind at the Ui>Stre:im :111i;le between the 
Columbia R i,·cr and Cr:il, Creek :ind ori:; in:ill)· 
m:idc a. d:im acro,s the mouth ol the creek 
":ilky. Its prnxima! end is 125 lcct ahO\'C the 
Colurnhi:i ~nd :ilmost 100 fee t al,o"e the sump 
in ,.-1,ich the Jericho l:iter:il c.onyon term inates. 

& ni ilc loni; t.ct...-ecn them. Silts on the floor of 
Crab Creek ,·:ille)' pro,·e th.u the creek was 

[)Ollcled 1,y the br. The crec-. has since cul a 
n:irruw rl,-: ~.e 40 fee t deep acrou the lo"· 
southern cr.d e,f the deposit. 

Cornpo~ition and structure of the bar are 
well sho ,•:n in a railroad cut ne:i.rly 30 fee t deep 
:icrois ti· hi; · 7:, northern ~rt. The ,·cstern 
ridi;~ is 1 ,de c.! much coarser rr.:itcrial t~.: ~ the 
eastern or.e. The ri"crward slo~ is aiin~t 
\\ l,o!! r oi Lvuldcn J-<, fc~t in d~metcr. ne 
IJoc!r of 11 ,,~ rii: ;;c ihows loni;, lee (els: ,. rrl) 
fore -lell, y,rne c,( them ~lmost entirely 0 1 Ii~ 1 
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den up to 5 feet in di-meter (Pl. 12, {ii: , I). 
01her l,oulJcn lie cml.,cdJ,d in cul,l,I.: i.ra,·el. 
11,e d,·l,ris in these ddlali\.:1: l.,cJs, dipping cast 
up Cu.I, Crttlr. valley, was rollc-d up the gentler 
Columl,ia '1opc ol the l,ar and over the summit. 
Ckarly the Columl,i.l has l.<.·m tk1.·p euc.ui:h and 
sw ift rnwi:h at some t ime- ;incc Crali Cr .. d, 
c .. a,cJ l'~iryini; a i;l:1,·ia l ri\'Cf to lhr""' this 100, 
fool l,.ur icr acr~ the 1ril.,11tuy'~ moulh. 

The Ile\'erly l.iar is nearly JO milc-1 down• 
str,am from 1he i;i:111t curr~nt rippln on \\\·st 
nar (nr,11ly 01'J>os i11: Crater calar;ct, l'I. l; 
llrctz, J')JUI.,, p . 400) whose :iltitudn rani:e 
from l~O lo 250 lcrt :it.o\'e lhe Columl,ia and 
up to i50 feet · :\.T. The i;iant rippln a11C.l the 
bar are r,rol,al,l)' c0nlrmpor.1ncous. 

The Ile\'C'rl)' l,ar is 20 mik-s south of Potholes 
a.taract, and its top is al,out (,QO feet lower 
than the al.errant, cast-dipping i;r:ivcl near 
liur\.:e. lf the two i;ra\'cl dcposi1s, each record
ins a i;rcatly flooded Columl.ia af1cr the plateau 
r;lac ial riHrs had c~as..-d lo flow, "·ere Cllnt,·m
poranrous, and if the Columt.i:i then had a 
surface i;r .. rlient of JO feel to the mile, water 
was 400 feet derp over the top of this bar. 1'he 
two drposiu arc not 111:c,·!sarily of 11,c s:11 :ie a~c, 
l,ut 1h .. rc is no r,·:isonal,lc alterna t ive c,pl:\na
tion fur lhe or i:;in c,f 1he llc\'Crlr dq>OSil. Saddle 
;\lou11t:ii11s i;:ip cuuld not have t.c,·n Llochd 
v.-hcn it was made. lleciuse the \Jar was built 
alter the last functioning of Lower Cral, Creel. 
i;lacial river, this Columl.iia flood mu,t post d:il e 
lhe bst of Grand Coulc~ 's d ischaq;c. It is lo 1.,e 
addcd to 1he floods p reviously listed, and per• 
haps to l,c corrc!a1cd with 1he l,rr:ik -up of the 
Okano:;an lol,c dam dc:scril,cd l.iy \\'atc:s (1 933, 
p. iGJ- 820) . 

The mora ine!ike topoi;r:iphy in Columl,ia 
valky just up~trc.1rn from rrn1ai11s al lhc :,los,·s 
Couke t,locbdc is Ld \\ ccn 2i 5 :i11J .300 feel 
QLol'c the ril'rr, not :::.v hii;h to l,e corrd at,·d 
.,,.ilh the llcvcrl)' l,ar deposit :ind the: \\'est 11 :,, r 

currrnt ripple: m:11 ks . 
One 111:1)' t.cst l'i su:i l:ze the excessive cr-,s ion 

al .ms l.o,·.cr Crab Creek U)' comp:irini; the 
charaetr.r of Saddle ~fountains :ind it s a<l j:\cc:ll 

syncline c~Sl o( the Colurnl,i:i (llnerl)· and 
Smyrna quadr:u,;;lc maps) wi1h th:il \\CSt of 
the Colunil, ia (llorl:;t1;11 quad rau:;lc n,:ip) . Tire 

altit :Jes o( the :inticl:nal summit and al lire 
top of the l,,1sa lt in the srncline on l,o1h sid~-s 

of tl,c: rinr :.re al,c,ut the Jame; the rrlid ap
pru,im:il,'1 1300-1~00 !eel. Along l.o,o·cr Cral, 
Crc:clt , i;lacial -Slre:im m,sion has l.iitten a c~
nd intu the basalt a mile wide 00 the bottom 
(f:.r in uc~ ol the crcelt 's ne1.-ds), "hercas 
MSl c,f the ri,·n lc,cal Jrain:ii;e alnni: tloc syn• 
di,,c l,;,s rnad..- u11I)' :i n:.rru"', \'-sha p<"tl ,ulcb 
Uuhll!vn Crn k) ;i tl,ird uf :,, no ire " iJ~ at the 
tc,p.11 The Chicai;o, ~l ilw:iulrc: ~nd St. l';ul 
r~ ilro~d, crc,~s in i; the ColumLia 550 fccl A.1·. 
(Lr oo l;:c :ilt i1uJ.-), fullu ,H the: n0<.,r of Lower 
Cr:,l, Cn-,k cl1:11111d e:iSl"arJ lo cli111l, on ly 200 
!..-ct in 20 miks. On lhe ,..c,l side of lhe ril'er, 
1his r .. ilruad cl irnl,s nc:.rly 500 kct (:n a Ions; 
di~r;on:il) to i;ct to the syncl in:il Ooor on l,:isalt 
011ly 2 milc-1 in a direct line from li re rinr . 

The steeply tilted and pc.,ssiLly l:iultcd north 
face 0f 1he SadJle ~founta ins an ticl ine ,.,,t of 
the rinr is as wdl alii:ned as the cast side. RO(k 
ou1crt.f,\ and i;rowing talus arr :ilrnost com• 
pk td )· bck ing on this sc-,rp. A co,·rr ol soil and 
n;;rt:uiun mC1unu lo the sun1n1it . Short i;u!cbc-s 
furrc, ·., tl,c: slofl(' , hut lhcy show few if :111y out• 
crops. T he dcl.ris-covc:rrd front descends •·ith 
i:r~tiually d«rc:isin:; i loPf, m:ikini; a co:i•p icu '. 
ous c,,.,, ·'"" prvi,le . . -\t the sunin,it, this slvJ .C 
pa ~,c:~ in n1osl 1,becs ,.·i1hout a lorcak into a 
smvo:I, , cc,,wcx profile o,·er lhc tC1p . 

I:.Jst of the Columl,i:i., the n,,nl1<·rn fa.cc of 
Saddle ~lountains is cliltrd al,o\'C an act i"cly 
i;ro,·: ir,; talus which in placn hu mounll·d on lr 
h:11! 1·: ly to the mmmit, 1500-1000 feet ll.O\'C 

Cr:.l, c,~-1.: Ch:innd floor . 11,c talus cuer,ds to 

the botto:n of th is channel and has no cono \' C 

prof,:c . Le.oily , \;,r,dslidc is a mukcd fclture 

ol the lro:. l. .-\ slide~ m il ~ wide Lc: ,·: ecn Cor/u 

and T~untor, (Cc.d u quadr~n;;le) exte nd ~ [rum 

the Lt. t :c.in of th e sc.11 p to the very tvp, l ) ~ 

mi les iro the ho rizunt.il and 1200 feet \' c:rt ic:ill )' , 

There i, roo su;:;: ,-st ion of slid :; west of llic 
ri,·cr ; no u10<lcrcuu ini; t.>· :, i;rcal i;l.•c iAl river 

occurr~d tlotrc . 
:'.lt l,ou;;h no {icld evidence is l.nown to sup

port :he ,dca, lhc T:iunto11-Corfu slide m:,y 

have Leen i fa.ctor in iniliat in; the Othello 
:. lo:rnnds dinq;cnce (Pl. I). II so, :in under• 

"Jc,n r. son Cr,-,,lr. hu l..ttn worl:inc 1hrou,h ail 
post-udo,r r. ·,tioc. rionc. lAwcr Cr:il, C1cck, "I' I'> th~ 
tintt 1..l cJi ••en1on ol ,1.,c~l "~tcr do"" Gr:u.d 
Coulee , •f•j,Clr. lo l,:i,·c l.l:cn scared)· l:ir;cr ll,:in 
Ji,hn!>Dn. 

I 

--- - ----------------·- -·~---- ---------- . ·--------
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ders up to S feet in di..meter (Pl. 12, Iii:. I) . 
Other l.oukk·rs lie cm~dJ,d in culililc i;r.1,•d. 
11,c: cJi:Lris in these ddL,1fil.:1: lic-ds, dippi11g e:ist 

up CraL Cr""k valley, -..·as roll('(f up the i:rntlrr 
Columbia slo~ o( the: l,ar and o,·rr the: summit. 
Clurly the: Columl.i-l lu1s lit·m d,"t·p t·11ough a11d 
S\\' i(t c-nw;:h at somt• tirue .; iuce Cr;il, Crn·I.. 
n:i,cJ 1·~,ryi11i; .1 gl:i,·i:il rin·r lo thruw rhis f ()(J. 
fuot L.urii:r .:icn~ the tril,utuy'i. mouth. 

1nc: ne\'erly l,u is nc.:irl>· JO mill'S do\\'n• 
str,·.:im from I hr i; i.int curr.:nt rippl1"1 on \\'t-st 
Dar (nc,,dr OJ'pos itc Crater c.11ar::c1, l ' I. l; 
llr,·tz, l'JJOI,, p. ~00) whose ahitudc-s r;incc: 
from 1$0 lo 250 fcc-L :il,o,·e the Culunil,i,1 :ind 
up to i50 fceL •A.T. The: i;i.:int rippll'S :inJ the 
b.:ir Ari." 1,rol,,1!,fy contrmpar:incous. 

o( the ri,·cr :iri: abuut the umc; the rdicJ ap
pru.,im:it,-s IJ00-1500 feet . Aloni; I..o,.·cr Cr;i~ 
Creci:, gl.1ci.ll -stre.:im rrusion h.15 liittcn a c~,. 
nd intu the basalt a mile "·idc oa tlic bottom 
(far in uceu of the: crcrk 's net-ds), ,. hcrcas 
"Ut of tire: ri,·cr loc;il drain:ice alnni: tl,e syn. 
d i,,c l,;i s 111;iJ,: u" I)· ;i 11-< rruw, \'-1ha1•·1l i;ulcl, 
(Jul11,~on Crn k) a third u/ .:i n,ire I\ iJc at rh«
lc,p .11 The Chicago, :\I ilw:iulc-c a11d St. l':iul 
r.o ilro:id , croHiui; the Colunil,ia 550 {,·ct A.1·. 
(Lr 11 l;:t :ilt iruJ,·), fullo\\s the nnw o{ Lower 
Cr;,I, Cn,k cl ,:11111cl c:1 sh,;i1,I to cli111l, on ly 200 
kc-t in 20 miln. On 1he -..·c,1 side o{ lhc ri \'c:r, 
th is r .. ilru:id clir11Ls nc:irlr ~00 f,·ct (:n a Ion, 
<li:.i;on:il) 10 set to the synclinll noar on b.1~1t 
011ly 2 miles in a direct line lrum the ri\'tr. 

The steeply tiltrJ and pc,ssil,lr faulted nor th 
lace o{ the: SadJlc: ~rount:iins ant icl ine 1-cst o( 

the ri,·u is as 11·clf al ii;ned ls the c:ist side. Rod; 
outcr1,r~ and i;rowing talus a~ .1lrnost com. 

pli- tdy l:id: ini: on th is sc:.up. A co,·cr of soil and 
,·1·;;l'l ;i1 iun mc>unts to tl,e summit. Short gu lches 
furro ·., rl,e ilorc, hut thry sho\\' fcw if .:i1ry out
croJ>s. 'J'he dcbris-covi:rrd front dcscrnds ..-ith 
gr~rlually drcrc:is in;; •lope, mJkini; a co:1•picu: 
01a, c,,, ,, , ... ., prulilc. At rhc sunin,it, this slor-c 

The Dr,·c:rl>· L.u is 20 mik-s south of T'othol" 
cat:ir:ict, :ind its top is about GOO lcl."t lower 

than the: .:iLcrrant, c:ist -dir,ping cu"i:I ne;ir 

l:lurl.e. If the two cra\'d deposits, e:ich rrcord
ins a srcatly flooded ColuniLi:i :iftcr the: pl:itr:iu 
i;l.:icial ri,·crs had u;is.:cJ to flow , 11·.:re cunt,·m
por:ini-ous, .:ind i( the CoiumLi:i then h.:id .:i 

sur(;ice i;r;irl ient of 10 fceL to 1111: mile, w:Her 
WH •00 f~t det"p o,·er the: top o( this b:1r. 11ic: 
t..-o d<'JI05 ils :1re not ncc,·!s.:irilr or tl,i: s;11:ic :1 i;e , 
l,ut rl1<·rc is no r.·:1sun:11Jle .1ltcrra.11i vc c- .,pbn.:i 
tion fur the or i; in u( rt,c lle"crly 1kposi1. S:1dclle 
Mou11ta i11s i;:,p cuuld not h:iv.: lic-,·n Llockcd 
11·hen it \\',15 m.1de. lleciuse the b;ir w:is buil t 
after the !,,st functionini; of Lower Cr.11, Creel: 
gl:ici.1! ri\'cr, tl, is Columl,i;i {load mu;t pc,s11.fa1c: 

the b st o/ Gr:ind Coulcc 's discl,ui;c. It is to l,e 
addi:d lo the: {loods pre\' iously listed , a11 d pcr
h;ips to l,e corrc!:ired with the l.rc:i k -up o/ the: 
Okano:;an lol,c: dln, drscrilicd uy \\';itc:s (1 9JJ, 
p. iGJ- 8:?0) . 

The: mor:iinc! ike topoi;r:irhy in Columl,ia 
v;ilky just ursrre.,rn from rrn1a i11s o{ the ~-los,·s 
Coul,·e l, locb<lc is L,:11-.cn 1i5 luJ JOO ki:t 

.:iLo\'c tl ,c: ri\'er, not t ;,,, h ich to l,e corrd .:it,·d 
-..·ith thi: Ile\'crlr l,;ir deposit :ind the \\'c-st ll:ir 
c11rr,·11t r if'ple n1:ir ks. 

One 11 1:1 y lic-H \'isu:i lizc the excessi\'c cr.;ision 
al.Jnc l.o"er Cr:il, Crn·l: l,y comp:i rini; t he 
ch:iract cr of S;i<ld le :\ I oun tlins :ind it s :idj.1 cc:it 

syncline c::st o/ the Colum Li:i (llc\'erly and 
Smy rna quadr:i11 1; li: ma ps) ll'i lh th:it \\ es t or 
the Coluni l, ia (1lu)'l, ti.u q u:1dr:i11:; li: m;ip) . Th e: 

alt i t :Jes o{ the :i nt icl :11a l summ it and o{ the: 

top o{ the l...1s.:i lt in tl,e sy ncl ine on buth si<l~-s 

p:i!~c~ in n,ou 1•!:iccs "·ithout a lirc:ik in to a 
s1110<,: f,, c<,11\'cx prolilc o,·cr the top. 

l:.~H c, { the: Columbi:i, the n,,, tl1<·rn lace: o( 

Saddle ~fountains is diJ!c:d aoo\'e :in act i"ely 
i;ro,·: ir,; t.:ilus wh ich in pJ;iccs h.15 mount,·d only 
h:i lf 1·: :iy to the iummit , 1500-~000 feet l f,o,.e 
Cr~L Cred,: Channtl flc.or. 111e talus cxtc-nds to 
the !x. ttom o{ th is ch:inncl and h.:is nc, conc.:i,·c: 
pro f. !c. T.c.c.:i lly, l;. r,dslidc is a marhd fe:i t urc 

o{ the lror.t. :\. sl ice 4 mil~ "'idc l.c : l'.' ccn Corfu 

a11d T:iun:or, (Cc,r(u quadr~n;; lc) extend s Crum 

the L<..t:u,n of rlic scirp to the very lup, I J~ 
niilc-s i11 rl. c horizcmtal :i11d 1200 feet \·c11 ic:1ll)·. 

There: i~ 110 su.;~,·st ion o{ slid : .; 11·cst o{ 11,c: 
ri\'cr ; nc. uri<lercutt ini; l.r ,1 i;n·at glac ial river 
occur r~d tl,c·rc. 

Altl ,ou;;h no licld c,·idc:ncc is l:nown lo sup
port the idc:1, the T.11.rnton-Corfu slide m.1y 

h:i "c Leer: a fac tor in init i.11in;; the Othello 
.: Jr:,nnds di\'crccncc (T'I. !) . If so, .:in under-

11 

J~hn w.n Cn~k has lJttn "''orkinc throu;h all 
post -<.Jd,, rr,·lti~r. tirne. l .<>wcr Cr.:il, Creek, "fl l'> the 
tinic ~, di,·cri,on o/ ~l;1c i;if 11.:iter do"" Cror,d 
Coult ,·, •r•l,>C:.r . to 1,,,·c l.~en scarcdr IJr;er tl,:in Juhn~n. 

. -·---------------· --·····---- -------------·--
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den up to 5 It.ct in di.lmctcr (Pl. 12, Iii;. I). 
Other l,oulJcn lie c1111KdJ,d in cuLLt.., gr;i.\'d. 
11,e dd,ris in these ddL.:i.lil..c 1,c,Js, dipping c:ut 
up Cra\, Crrdt v.:i.lley, ,.-as rollc-d up the gentler 
Columllia sloi,c o( the l,ar and O\'Cf the summit. 
Ck:uly the Columl,i. has l,c.'"n d,,·p e1111u1,h :a11d 
sw ill rnw;:h at some 1i111c ;incc Cr;il, Cr,.-\, 
c,·a,cJ ,-~irying :i.1,l:11:ial ri\'Cr 10 lhruw this 100· 
fool l,.1rri" :icr05,5 Lhc 1rillu1..ry•~ mouLh. 

1ne ne"crly \,:ir is nc:irlr 30 milc-s down• 
str,·:im from the i;i:111t current ripplc-1 on \\'i-st 
Dar (nc :11l r opposite Crater c:11.1r::ct, l'I. I; 
llrctz, l?Jou, p. 400) whose .1h itudn r:inge 
!rum l!i0 to 250 feC't .11,u,·e the Culumlli.:i. :ind 
up to i50 fcet ·:\.T . The i;iant ripplc-s .111J the 
bar arc 1,ro\,:al,ly contC'mpor:intous. 

The Dc\'Crl>· l,u is 20 mill-s south of l'otholn 
c:at:1r.1ct, .ind its top is allout GOO feet lower 
th.in the :i.l,err.nt, c:i.st-dipping cr:i"d ne:i.r 
liurl..e . I! the two i;ra\'d deposits, c:ich record• 
inc a i;rcatly 0oodcd ColumLi:i :i.fter the pl:ite:i.u 
i;bci.11 ri,·,rs had cc:is.:J lo now, were eunll'm• 
por.1nrous , :ind if the Colum\,i:\ lhcn h:i.d :i 

surf:i.ce cr~<iient of 10 feet lo the mile, w:i.ter 
was •00 feet deep 0\'er the top o( this b:1r. 1ne 
two dq=iu arc not ncc.·!s.:i.rilr Ill the s:11:1c ai;e, 
uut thcrc is no reasun:il,lc :alternative npbn:i• 
tion fur the ori; in vi the lle\'crly di-posit. Saddle 
;\lou111ai11s g:,.p cvuld not h:w.: l,c,•n Llocl.cJ 
... -hen iL w:is m:i.de. llcc.J.use the bu l\':lS built 
alter the l;,st functioning of Lower Cr:il, Creek 
i;l:icial ri"cr , this Columui.1 nood must ix,st<late 
the bst of Grand Coulcc 's discl,:aq;c. It i,; to Le 
added to the floods pre\'iously listed, a11d per• 
h:aps to \,e eorrc!:i.1cd with lhe Lrcak -up of the 
Okano:;an lobe d:,.m drscriLcd by \\'Jte:s ( I 933, 
p. iC.3-820) . 

The mor:iine! ike lopoi;r:iphy in Columl, ia 
v:alkr just up~trcJm from rrn1ai11s ol lhe ~.los,·s 
Coukc 1,locb<lc is Ld,-.ci, 1i5 :i11J jQO feet 
:ilxh·e lhe ri\'er, not :.,.., hit:h to Le corrd:i Letl 
-..·i th lhe lle\'Crl}' L:ar tlcposit anti the \\'est U:ir 
curr,·111 ripple mJr l.s . 

One 111:\)' l,c~t \' iSull ize the exeessi,·c rr,.s io n 
al.Jns 1.o,•,cr CrJ l, Creek U)' co:np:irinc lhc 

ch:naclr.r or Sat.Idle ~lount:iins lnd it s :i<l j.1cc:-1t 
syncline e~st of 1he ColumLi:i (Jlcvcrly an<l 
Smyrna quadr:111!:lc maps) with tbt \\C'St of 

the Colurnl,ia Olorl;lun qua<lr:11, ;lc ni:ip) . Th e 

altil J es of the :int iel: nal summit and of the 
lop of the l,;is:i.lt in 11,e syncl ine on lxith i.itl,-s 

of lite ri.-cr :iri: alxi11t the ~me; the relic! ap
pru,imall~ 1300-1500 feel . Aloni: 1.ower Cr:i.b 
Crcelt , i;l:ici:il-strc:im crU1ion h:is llitten a cha»
nd into the ba\:llt a mile wide 00 the bottom 
(far in uc~ o( the creel•, net,h), .., hen:n 
"lSt of lhe ri,·er lc,c.1I drain:ice alor11: tl,c 1yn
di11c has 111;i<l, uuly :i 11:.rrvw, \' -sli:11,.,I culcl, 
U..ilu,!011 Crn kl a 1hir<l uf :i n,i ic "iJi: at the 
tc,p . 11 The Ch ica co, ~I ihnulcc and ~ t. 1':iul 
r" il ro:id, crv!sini; the Columl,ia 550 feel A.1·. 
(Lru i~~ :ih ituJ ,·), fv llu"s the n0<,r of Lower 
Cr :, I, Crt·d, cl1l1111cl cast":i.rJ lo cl irul, on ly 200 
krt in 20 n1il.-s. On the ..-c,l side of the ri,·er, 
this ,~ ilr..iad clin,l,s nc:irly 500 ket (:n :a loni: 

di;.i;on:i.l) 10 i;ct to the srnclin:i.1 noor on l;:isalt 
011ly 2 milCi in a direct line from the ri,·cr. 

The steeply t ihcd and pusi.iLly [:iultcd north 

lace of the SadJle ~lount:ains anticline "est of 
lhc riHr is as wdl aligned :is the c:isl side. Rock 
outcrc,ps and crowing talus arr :ilrnost com
pktdy bd.ini; on this sc:.rp. :\ eovrr o( soil and 
n.;t lJt iun mounts to the sun,mit. Short culc~ 
[urrv·,, tl, e slo~. but they show few if :i11y out• 
crops. The dd,ril-covcrc-d front dc:sccind, • ·ith 
i;r~<iually dccrclsins •lo~. making a eo,i•p icu'. 
ou, c,,,,, '"·e pruf,le . .-\t the sumn1i1 , th i, slcrr,e 
pa! \~ in most 1,llcrs -..·ithout a hr.al.: into a 
smvv:lo, cr,n"ex pro(,lc o,·er lhc top. 

l:l~l c,f lhe Columl,i:1, 1he n,,11h,·rn face o( 
Sadtllc ~lountains is di/Ted alx>n :in &cti ,·ely 
i;ro,·: ir,; t:ilus which in pl:iccs h:u mount,·d onl)' 
hllf v:ly to th e summit, 1500-1000 feet :il.o\'C 
Cr:.l, Cre,.-1,; Ch:innd !le.or. 11,e talus extends 10 
the t.<.110:n of th is ch:inncl and h:is ncr conc.:i ,·e 
prof.:c . L.:.c.:illy, la ndslide is a ma.rhd klturc 

of 1he [ro:.L ... sl ice~ m ii t"S wide Lc: 1·: r en Cor!u 

and 1';.un:or, (Cvdu quadr.n:; lc) extends !rum 

1hc L<,1:vin of tl ,e sc:irp lo 1he very lc.p, I~~ 

miles i11 1hc horizcr111al a11d 1200 feet \'Crt ic:1llr. 

There i~ 1,0 su;:;:,·st ion of slid :; west of the 

ri\'er; no u11<lcrcult ini; \.oy :1 i;rcat i;!ac ial river 
occurr,d 11,cre. 

Alt l,ou;h no /icld c,·idence is L:nown to sup
port :he ,tlcl, tloe Taunto11-Cor/u i.lidc m:i.y 

have ~en a factor in ini1 i:ati11; the Othello 
::. 1iannds d i\'Cq;rnce (Pl. 1). H so, :in under-

II Junr,,on c,.~ .. hu \.ottn workinc throu,h all 
po,1 -tldo,rr: ·,ticrc. ti,nr . !..ewer Cr:il, Crrck, UJ• I'> th~ 
time ~, <.li vcn,on of ,1;1ci~I ,,.1.,cr do"·" Cr:u.d 
Coulee, •J •i,,c:. r. to l.a,·e L.en scared>· ilr;cr tl,ln 
Juhnson. 

~. ---------------••· --·· ···--------------·-·-· . ··--------
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: •~ the ume; the rrlirf ap
o J ln:1. Alunc Lowtr Cr:ib 
11.:.m cr01ion ~s biurn a ch:in• 
,:ilt a mile • ·ide on the boltom 
ul the creek's nc-cd,), •.-1,crc:a 
,·r lunl Jrain:ice alunc the syn
unly a nurow, \' -sh:ipcd culch 
.) :a third of & mile wide at 1he 
, :ii;o, Milwauktc and St. hul 
·•t the ColumLia SSC l,,;ct A.1'. 
,·), lollo,.-, the Ooor o( Lower 
nncl rastw:arJ to climli only 200 
. On the ..-rst siJe of the ri\'er, 
ml,s nc:uly .SQQ /n:t (in a lone 

: tu the srnclin:il n<>-,r en L:i~1lt 
:a Jirc-ct line Crom the ri\'er. 
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;11«1 and possiLI)· faulted north 
lie '.\fountains ant icline we,t of 
. II ~licncd as the rut side. Rock 
rowinc t.alus arc almost corn
n 1his sarp. A ro,·r: ol soil and 
,Is to the summit . Short gulches 
, hut they show Co, ii any out• 
>1-co,·rred front d~-scends .,.-i1h 
,sine slope, mat.inc a conspicu
:,lc-. ,\t the summit, this siopc 
1•l~crs without l lirc:il. into a 

0 

1iruf1le O\'er the lop. · 
ul; ·~,, the northern C.1.cc or 
ns. Jilftd auo--c .an acti\'ely 
.ich in pl:iccs hu mounted only 
,umn,it, 1300-2000 feet lUO\'e 
·,n,·1 floor. The t,lus c1lcnds to 
is ch:innd .and hu no conclve 
~nJ,lide is :a m:irl.cd k:iture 
.Jc~ miles wide Lctwc:1:n Cor(u 
·,rlu qu:idr:in:;le) extends fror.1 
:,e sc:irp to the ,·cry lr,p, I!~ 
:c,n t:il :ind 1200 feet \'ertic.:ill y . 

~ntion of slides west of the 
,ltinc \,r a i;rc:it i;l:ic ial ri"cr 

d,I c,·iJcncc is known lo sup
he T:iunton-C'orfu slide m:iy 
11,r in initi:itini: the Othello 
~cc (I': I) . If so, an under-

-: h:i, Lcrn "·orkinc tluourh all 
~'J· !J,w,r Cr:ib C,e r~ . ur, !~ the 
' • ~l~eilt 11lttr down Gr11 ,d 

· l,~,c l.cen sc-:irce!r brccr rhn 

J 

F1c11•1: 12.-:'>IH or Onlr.LLO C,usl\"1:U 
Interval for conlinuou, contours 10 feet, !or tl,-hcJ contours 2~ !:=t. From U. S. Durc~u o{ Rcc~mation 

topogr:i~hie m:ip R~ -5710, sheet 1. 

cutt ini; ol the mount:iin front by an e:irlier 
flood down Crab Crrck aloi,e seems requirtd . 

Afaps: Co111ull, l:.ltopia, 11.iuford, Otl,c/lo oud 
Scootwcy La l:t , U ..S.G.S.; R./ -j;"!O , 

slittts ! aud J ; U .S.B.R. 

(Dretz, Smith, and !'\c!T) 

Two i;roups of i;l:icial-ri"cr ch:inncls le:id 
soulh and sc.uthtrcsl from 01hello l,:isin (l'I. I); 
the Othello i;roup (!-"ii;. 12), crosses the uis of 

the S:iccle ~-!our.ta:n u.: :ciine (much u Drum
hcllr: Cl.:.r.~.t!; c:>Y-~ :l.e rrcnchm:111 liill\ [old), 
and Llie tli,1 rih-.;L:i ")' Ku'J:i ti i;rour, (f ig. 17) 
crosses farther \c.Ju~ h ,.·~t , tra,·cnin& a pl:iin of 
scdimr11 tHy rock , R ir:,-,1".l fnrm~tinn) to rc~cl, 
the Colun,Li:i. valley i:i l:>e Pasco ~sin. They 
carried \\'lter f:om Q-.; :ncr bsin th:it !aikd to 
follow tt.e Lo" er C::.:. Cr~l. eh;\llne;. The 
crossir,i; ·::as rr.ace 1t :~.e eastern low termin:il 
portion o( the a::t ic': 11 c 1nd wu initi:ited on a 
co.-cr of sccEn, cnt.a r;· r,,c~.- in p:irt Colded but 
more l:ir ;; tl y oi ur.ic.iCl·~ r~,r. ;old. Deep trcnch
in i; inlo tl.e d:forint~ \,;•.:. !: flows Lcnc:ith has 
m:ide r,art c.! Othc lic. C, .• r.r.cls almost u wild 
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: •~ the umc; the rdid ap
o J IC'Ct. Aluni; Lo,nr Cr:ib 
11.~n, cr01ion ~s billrn a ch:in• 
•:alt a mile •·idc on the bottom 
vi the c:c-ck's ncnh), • ·htrc:is 

,·r lunl unin.icc alunc the syn
"nly a narrow, \' -sh.11xd i;ulch 
.) a third ol & mile wide al the 
, .1i;o, Mih.-aukc-c and St. I'aul 
·,c the Columl,i1 550 t..ct A.1'. 
,·), lollows the nnor or Lower 
1111cl raslln.ru lo cli111u only 200 
. On the • ·tst siuc ol the rinr, 
1111,s nr:irly 500 lc:ct (in a loni; 

·. tu the S)-nclin.11 nu.1r en l,.1!\.1lt 
:i Jir«t line from the rinr. 
;11c-t.1 and 1,ossilily faulted north 
lie '.\fountains 1nticli11c wc;I or 
. II :ilicnc:d as the rut side. Rock 
rowinc talus arc almost corn• 
n this sarp. A co,·r: o( soil and 
,ts to the summit . Short i;ulchcs 
, hut lhfy sho,~ Cc..- ii any out• 
ii-conrcd front d~-sccnds -..·ith 
,,ing slope, maldnc a conspicu
:i lc. At the summit , this siopc 
J•l ~cn without .l lore:ik into a 
pru!ile o.-er the lOfl. 
ulr~1, the northern /;ace or 
:a . J,ilfcd &UO\'C an acti \'cly 
.ich in places has mounted only 
~ummit, 1500-2000 feet .1bo" c 
·,,,. ·I floor. The t;olus extends to 

is ch.1nncl and has no con ca vc 

~nuslidc ~ a m:irkcd lr:nurc 
.Jc~ miles wide l,ctwC'Cn Corlu 
·•rlu qu.idran:;lc) extends from 

:,c sc.1rp lo the \'Cry lop, l ! ~ 
:c.nt:il ;ind 1200 feet ,·cnic;i lly. 

~,·st ion ol slides west or the 

. llin; t.r a i,;rc:it i;l.icial ri\'er 

d,I "'·iucncc is lno,m to sup-
1,c T.iunton-Cor fu slide m~y 
tllt in init i:it ini; the Othello 

:ice (I': I) . II so, an under -

-: h:11 ken "·orkinc through all 
~' ; · J.,,,.._., Crlb Cree~, up ,., the 
r, ~IJC1l l \I lttr do,.·n Cra r,d 

· '•JH 1..-cn K:>rcclr l.uccr thln 

J 
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Interval for cont inuou, contours 10 feet , for ,bsheJ contours 2, /:~\ . From U.S. Dure:iu o{ Rccbmation 

topogr.1phic m:ip R4 -5720, sheet 2. 

cull ini; or the mount:i in front by an e:irl icr 
flood down Cr:1b Creek aloi.c seems rcqu in ·d . 

Orm:LLO "-'"D 1':oos.z Cot:u:i: CIIA!',SELS 

Ala('s: Co,111<!/, l~/topia , // ,111/ ord, Othello 
Scootcucy Lal:t , U .S.C.S. ; IN-5;' ! 0, 

shuts 2 and J; U .S.B .R. 

(D rctz , Smith, and !\' c!T) 

oud 
' 

T wo croups of i;l:ici .11 -ri"er ch.1nncls lc.1d 
south and scuth\\·es l from Othello u:isin (l'l. I); 
the Othello i;rouµ (Fii;. 12), crosses the :ais of 

the S.1cclc ~-!ounta:n ar.: :ciine (much u Drum• 
he ller Cl. ;. r. t.c: ; er~• :l.c r rcnchm:in Hilh /old), 
and the tli,tr,b-.; tary Kc.onti i;rou{'I (F ig. 17) 
crosses f:.rtl ,cr 1ou: f, ,.·~•t , tra,·crsi:ii; a pl.iin ol 
sediment:.')· rock ,Rir.;: ,.,!1 fnrm:.ti<'n) to rt:lch 
the Colun ,~i.1 \'alley i,i the Pasco b.nin. They 
carried w.1 tc r from Cta :ncr b.1s in th.11 failed to 
(ollow tl, c Lower C::.:. Creek ch.u1nc,. The 
crossirq; \·:as rr.ace ll :!-,c eastern low tcrmin.11 
port ion o{ the a:: tic' ir,c and \\"IS initi.itcJ on a 
CO\'Cf o( m i:n.t :itar ;· ,,_,<',:,. in p:irl folded but 
more 1:iq;d y oi ur.fc.idl·~ r~ir, ;old . Deep trench• 
inc into tl, c c!dorn1l~ !.,; •.~!: flows 1,cnc.ith has 
m.1dc 1,ar t r,{ Othcli,:. C:.l r.r: cls almost 1S wild 
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: •~ the ume; the rtlid Ar>· 
o J (~1. Along Lcwtr Cr:ib 
11,:.m cr01ion ~s bilttn a ch:in
•alt a mile "'·ide on the bottom 
~ the crttk's ntnh), -..·lorn::u 
,·r luoi Jni11.1cc alunc the syn
unly a 11:irro"·, \'-sli:i1x-d i;11lch 

.) a third ol a mile wide at the 
, .1i;o, Milwauktt and St. hul 
·,c the ColumLia 550 !..ct A.T. 
,·), lollo", the nnor o( Lol\'cr 
1111cl castwuJ to cli111l, 011ly 200 
. On tht "'·est siJc o( the riHr, 
1111,s nt:uly 500 r~t (in a Joni; 

: .tu the srnclin.1I n.,.,, en liJ~11t 
a Jir.-ct line Crom the ri\'cr. 
;1tr-c.1 and possilily l.1ultc-d north 
lie :\fountains anticline we,;t o( 

. II ~licncd u the cast side. Rock 
rowinc talus arc almost coin
n this K3rp. A con: o( soil 1.nd 
,ts lo the summit. Short gulches 
, hut lhty sho\Y fc--..· if any out
iJ-conrtd front dL-sccnds -..·ith 
,sine slope, makin; 1. conspicu
:ile. ,\t the summit, this s;opc 
J•l~ces without .1 l,re:il.; into a 
11rulilc over the IOfl. 

ul: ·~. the northern (,1cc of 
:is . Ji/fed al,o\'C an 1.ctivcly 
.ich in pl:iccs hu mounted only 
iumn,ir, 1500-2000 fret :ibove 
·,11,·I 0oor. The t.olus extends 10 
is ch.1nncl and hu no concave 
l&n<.Jslidc is a m.1rked lc.1lure 

.Jc~ miles wide l,ctwttn Corfu 
·,rfu qu.1dr:in:;lc) extends lror:i 

:,e SC;irp lo the \'Cry tr, p, I!: 
:c.nt:1I :ind 1200 feet vcrtic.:illy. 
;.;ntion o( slides west of the 
.tt in; Lr a i;rc:Jt gl;icial river 

d,I c-,·i<.Jrnce is I.no,.,, lo sup
he Taaunron-Cor fu slide m~y 
1,,r in init iJtini; the Othello 
:1cc (l': I) . If so, an under-

., h~, ken 11·orkinc through all 
~:c. IJ.wr, Cr:ib Creek up t,:, the 
r! ~lw1c i~I \\Jtf'r do~·n G,a11d 

· I,~,• 1..-en sca,cr lr l."ccr than 

J 
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Ftcuai: 12.-:'>!Ar or Onn:u.o Cuu,i,.-i:u 
Interval for conlinuou, co111ours 10 feet, for ilash«J contours 2~ !: ~!. From U. S. Bureau of Rec~m&tion topogra1,>hic map R4- 5no, sheet 2. 

cuttini; o( the mount:i. in front by an e:i.rlier 
flood down Cr.1b Creek alor,e seems rcquin·d . 

Ona:LLO A.'"l> F::oosrz Coi:Lt& CtrA,-S&LS 

J./of's : Comult, Eltopio, ll,rnf ord, Othello 011d 
Scoolt11ty Lo l·t , U .S.C.S .; R•/ . j;"!O, 

1/rct11 ! 011d J ; U .S.B .R. 

{Drctz, Smith, and Ne!!) 

T...-o groups o( cl;iciJl-river ch:i.nncls lcJd 
south and sc.uth\\·cst from Othello L:i.sin (l'l. I); 
the Othello crouµ (Fii;. 12), crosses the uis ol 

the S:i.cdlc ~-lounta:n ,r. : ,d ine (much u Dn.im
hcllc r Cb r.~. c!; cr<l!~ :!.c r rcnchm•11 H ills lold), 
and Ilic <li,tr:h:.:1.1,;- Kc.ont.i ,,our> (F ig. 17) 
crosses f:i.rtlac r sou:1:,-·c~t. tr:a\·cnini; a pl.:iin of 
scdimc111~')- rock iRir.;:'>!-i fnrmlt inn) to re.1ch 
the Colun,!.. i• ,·:allcr in the Pasco blsin. They 
c.1rric<l \\'l tcr from Q:.: :ncy b•sin 1h;it failed lo 
follow 11,e l.owrr C::.:, Creek channc-;. The 
crossir.i; ,·:u rr.ace 11 t!,c eastern 101\' 1crmin:i.l 
port ion of the a::t ic:iri c and "·u ini1i.1tcJ on a 
CO\'cr o( scrl:m en1.1r:; r,...c k,. in pJrt folded but 
more Llq;tl y of ur.fc.id<--.; r~ ir. ~old. Deep trench
ini; into tl ,e ddorn,c'.! L;~~I: nows l,cnc:i.th has 
m:ide ;,art e,/ O1hcli ,:, C:. lr.::cll almost .s wild 
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a ,cat,land tni~r.11,hy u Drumheller, .ihhoui;h 
only :1 lhirJ :a, " ·idc and a fourth :is loni;. 

The oulstandiua: r.x-k l,,lsin or Othcllu Cun• 
nels, co111ai11ini; Scootcney L.,ke in the bullom 
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Ci.nndl (l'I. I). The J>lain (raradisc 1-l;m) owr 
luult cbti.'\I dr:ain:ii;e channc:1, rrotn the War
drn c..l:.r:acl~ 10 Washtucna Coulee. 1be "·cs\• 
facinc scarp is almO!ol continuou, Crom Lind 
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f'1c:uaE IJ.-l'auuLu At.11v,.i (nui:uo Cu.u.,u:u 
Looi.inc north. a-!\or•h,:i.,t -~uthwcst l'rof,!e acrui. l,u<.I of Channel,, th>lwin; four tucccvi~c chan11cl 

floor,. T;aunton-:\nson trrrl,~ l'ruCilc, Joth"il , dr:i.wn fur~ J•l t .• llcl '"'" tcCtion 2?, n,ilcs farther north .. ·nt. 
1,-Nc:i.rl)' r~,t-wcst prof,ic "her~ Cb:inn.ls tr;1n1<·ct 51<.IJ :c ~l011nt:iin1 anticline. Ahout 7 ciiks 1011thc»t 
of 14.-ction in Fii:urc a. 

(Scoolenry Lake map), has a closure of 135 
fret .11 Like J)rumhdler, Othello Ch:mneh hu 
a sc:irpcd rcsidu:il hill of the oncc-o,·crlyin; 
1edimen1:1.ry rock, ~o:c 1bn a mile :icross. :ind 
its summit nearly 200 feel aLove the hi;:hcH 
adjacent L:is:i.lt sc;.l,1;1nd. F.ast of this hill, 
Othello's l:\ri;cst channel is a mile wide :ind 100 
feet deep in the sediments Lut is floored Ly 
b:is:i.lt (Fii;. 12). 

East ol Olhello Clanncls is a pl:i.in a !cw 
miles wide detcrmincu Ly 1hc fl:it-ly ini; Rini;nld 
form:iti,m and cc,ns1i:u1ini: a pr<Jminent to~
i;r:iphic feature frc,m \\'ard,·n 20 mik-s sooth to 

11 \\'hen the irri~ation rroject is comrlctctf, thi, 
ro::k li:i!in "·ill Le f,llcd to ii. northern ~ill, S10 feet 
A.T . .. -i1h a minor rck:r,·oir, and a ch;anncl in 1hc 
aouthern and hicl,er rirn "·ill l,c c1c:1,·:itcd iO kct 
in ma,imurn depth !1,r 1200 feet tLr1,ui;h ~1~lt to 
kaJ th:lt ":1.ter w,utl1 .. ·:11J. llottom w:iter in the 
Othello 1:l:1.ci:i.l ri.-cr here lk, .. eJ 200 feet ,,phi/I !or 
th:1.t di!tance, )"Cl continued to pluck 1,as:ilt !,1,m 
the cl1:umcl liottom :1.nt! C.ltr)" it :1.w:iy. 

Coulee to Es,quatul Coulee, and its base de• 
scc:,ds 200 feet in 20 miles. 

The northcrnmO!ol S miles of Olhello Chan
nc!s divcri;encc (O1hdlo qu:idr.in.le mai,) lies 
in the O1hcllo b:i,in where the recr,rd is lui;ely · 
in l,rold tre:1che1 wi:houl La~lt K:1.Lla.nd but · 
with :iLundant e,·idcnce of Ilic m:i.;nitudc and 
1ra1osv,r1ini: aLil ity o! the i;lac~I disch:ircc. 
Herc lour dist inct, succrssive, lerracclil.e ct.an
ncl -lloor lc,·cls, scp.u;.ted by sc,ups, are rec:oc• 
nit~Lle in tl,e field and on the llurc:.u o! Rccl..
m~ ti•>n co>ntour m:ip R.a -5720, sheet 2 (Fip. 
12, 13), t:\ch youncer one trenched into the 
botlom of the immc<li:itel)· rarl ier one. All these 
ch:111:icls s.hiftcd soutlnn:itwarJ, in the plan: 
of the cross i.cction. The youni;est, still intact 
and full o! undrained dcprcuions, has no ,.,.. 
ti1111ous ,,cdiwt of ils b~uom for iu 8 miles or 
kn;:1h . .\ little Carther north, a remn11nt or the 
hii;h, st ch:mncl 01JOr, the Taunlon-Anson \er• 

race, lies :icainst lhc facco! the mountain (sea. 

·•· - . --- ---···-- ···-- ·- ··· - . ··-- . ---- -----·--------·-·-·- -· -·· .. .. 
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,n 20 miles. 
:nost 8 miles or Othello Ch:an
(Othello qu:adr.:in;le map) lies 

uin where the record is b.ri;cly 
-� without bualt sc:iLb.nd Lut · 
c\·idence or the mai;nitude and 
ility or the 1:laci:il disch:iri;c. 
:t, successive, tcrracclil.:e ch:an• 
ic�r.atcd l,y $C.:lrps, :ue rccui:• 
Id and 011 the llurc:au or l�ecl:a
n,.:11, JU-5720, sheet 2 (Fii:s. 

•"lllni:cr one trenched into the 
••ncdiately c:arlier one. All thL-se 
: . tuuth'll·est\\·ud, in the plane 
:":"· The youni;cst, uill int:act 
·a1ncd depressions, has 110 con• 
"' its bot.om ror iu 8 miles ol 
-'Uher north, a remn:inl of the 
r\....,r, the Taunton-Anson ter• 
t
Je ol the mount:iin (sct.'1. 
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10, II, U, 15, T. 15 N., R. 2& 1-:.) :and drvps 
oil 100-150 Ccct di1ectly to the oottom ol the 
lowest channel. 1nil terrace � surfaced "·ith at 
lust 28 fttt or i:ra,·cl :and Louldcr1. 

These channel lloo,. are str�wn with Loul• 
ders. F.xc:intori found L;,s."\lt Llocks so l:arce 
th:11, cHn with modern cquipmcnt, the l,oul• 
d,·r,; could 11111 l,c mo\'td wilhvut l,bstin;:. Th�y 
must h:a\'c come from nrumhcllcr, u:wdlinc . 
acrou the scdimcnt:iry rock then floorini; 
O1hcllo l,:isin for 10 miks on a �r:idicnt of :iLout 
15 feel to tl,c mile. Not one of the ch:in11cl ter• 
races records a leisurely river or moder:ite sizr. 

Another si;nific:ini Cc:1ture err this Lro:1d, 
hc:adw:1rd p:irt or the Othello di,·er;,·nce is a 
low, line:ar cr:a\·cl mound a little :al,ovc 1110 
feet A.T. m:iri;inini; :a p."lrt ol l':ir:idisc rl:.t.ts 
on the: Lri11k ol i1s w�tcrn SC."\r(l. A mile e:ist 
of O1hdlo tuwn 11\'0 :icti,·c (lits in it showed :al
mosl 110 boulders or L.iS;&lt l,ut m:iny or calichc. · 
The i;ranl is forc-sct-LcdJed :ind dips domi• 
n:intl)' southostw:ird di:ii;on:illy aw.:iy from the 
hichcst ch:11.ncl, ll tb1: top ol whose l,lu!r it lies. 
Jmmcdiatcl>• cat or this deposit, the 1:1:ats h:ave 
calicl,c in pl:ice 10 1he i;r:i�s rc,ols. This rr:a\'cl 
cunsliluhs :a rl,:1nnd-m:1rci1: bu, :a kii.d ol 
natur:il lc:\'ee, lil:c: the one sou1hc:ill ol �losrs 
Lake town :ind is, ins<>lar as known, lhe hi;hcst 
record or 1:l:acill v.·ater usin; O1hello's sc:il,l:ind 
ch:inncls. The descc:it from the brink ol \\":irden 
catar:ict to 1his pl:ice ii 1-1 feet per n,ilc. Jiu"·· 
C\·er, the surface i;r:idient or the ri,·cr r10b:1Lly 
v.·35 ,:rcatcr Lcc:iu!e lhc first altitude is on 11. 
ch:inncl floor, the second is a ch:inncl-m:ir�in 
record. Al,scncc of bl!.llt boulders su;:i;rsts th:it 
the levee b:.r :intc-J:itcs cxca\":ilion in L:as:alt at 
Warden c:it:ir:icts. 

This complex of ch:anncls :across the c:utcrn 
tip or the S:id<lle �lc,unt:iins an1icline (Fi;. 12), 
com1r0scd of 1hrrc western, c:inyunlike, plr:illcl 
slot� cut in b:as:ilt :ind one mile-wide, cqu.,lly 
dec11 ,��trrn cl,anncl cr.xl.-d bri;dy in -..·c::ak 
scdimenl:iry rock (Scootcney l.:ike qu:idr:111cle 
m:ar), poses a problem of orii;in and succl·:;;iun 
in development. Onl)· ii 1hc pre;;laci:11 surface 
ol tl-• scdimcnt:arr co\'cr :at the site or the 
Ch:anncls were low,�t wl,crc the n:arrow notli1cs 
dcnlopcd would :inr such i;:i�hcs in h:1!:111 be 
made. Only ii ,1.1cial w:iter d,·m:indc.:I i;r.·:ilcr 
.,..idth th,111 tlie J miles :icross the bas:ih portion 
or if 1hcsc c:ishes were choked with ice would 
di!-CC"\·cry of the sc,ft-rock roulc occur. llut Ly 

the time tl,is h:ippcncd the deep, slutlike an• 
yons :111d rock L:,sins wcrc "scnl�"\lly cu,npktc . 
nownstrc:.m sill� or two or tl,cm arc Lut 10 :ind 
JO feet hi1:her th:an the L:is.alt floor ur the 10ft. 
rock ch:im,cl and one is 50 fret lower." ?\o 
d,·1:iilcd sucn-ssion or r<·pc:itcd noods through 
Oth.-11., is d,·terrnin3l,lc :it µre>Cnt, but p,.,t,. 
:al,I)' tl,c L:,�i11 l,.,J 110 prq;l;.ci.,1 uutld :ind 
1.nwer Cr�I, Cr,·d cl:\ci:,I cbnud must d:i1e 
frvm the i11ceptio11 of O11.dlo Ch:annd,. 

In tl.c: l,·c c,r tlic isolattd hill in 11,c midJlc uf 
the Oll.dlc, i;rvup is a Larlikc mound, t�pcrini; 
to :a poi:,t :ilr011t 4 miles Carthc·r south (Fii;. 12) . 
It ha, :i c,,rc <>f J{in;;.ilJ l,ut is hr:i,·il>· nncerc:d 
wi1h sc.1Ll:.t.11d i;r;inl. Its n::ipp,·J surface h:as 
the • · •11c su�c:;,ti"e A's as arc sho\\'11 in the 
cu, .s c,r the Jlurc:iu or Rccl:i111:11ie>11 topu
r.r: ... .: m:ip lur the hills scp3rati11c the three 
Quiuc)' Lasin cl,:anr,cli. l11<·y indic:ite suLflu,·i.&I 
mol.tin; l,y :i currcut cros;,ini; di:icon�lly wulh• 
wes1w:ut! from on:n�w out uf 1l,c eastern 
ch:annd. :\her n10IJ,r.i; ume the uarpini; and 
possil,ly I 00 lect of ch:an:icl decpcnina: C"n c:ach 
side to m:il:e the Upcr Corm. The dCJN"it ·m;&y 
he c,,:np:ral,lc in o::;;:n ,,., the l.i;;h i;ranl rem• 
n:1t1l i1: J!Jcr,:i sy;iC:::,.c. 

llcyc.r.d tl,c end of tliil L:irlikt Co11n, all 
Otl,dlu cbnnds l,cco:ne c.ne, 1hc Rini;.,ld hav• 
ini; l,el·:; !·,:cpl c,([ the b:is.:ilt for a width of 10 
miles :ar,d a C0\'er of i;ra\'cl left, intc-rrupted by 
a rew rr.iMr sc:iLla:-.d tracts .• ,bout 10 miles 
south c.! the isolated },ill, this "'idc, stream• 
swept tract breaks 1:p into scp3rate ch:\nncl• 
w:iy; "ith fbt-1or,;.cd, s:ccply sc.irpcd, pro•·· 
poiutcd, i�::.lltcd t.:::, or Rini;old scp:irati11c 
them. Jacl::.ss �lour.t:iin (Ehc,pi.. qu:idr:ini;lc) 
is tl, .. s•,,.;:l:crnm�l c.f thcsc rrsidu:il clc\'ations 
,d,ich di. :dul tl,c utl,dlo Ch.innds disch:iri;c, 
r:irt roir,;; soulh,.-c!twud into lhc Koontz 
C1.111lcc irour anrl r,:irt soulhr.15tw:ird inlo 
E,11uat1d Cuulcc, l,111 both evcntu:illy rc:icl,ini: 
I':,�.-., L��'" (Pl. I). 

The Koont: Clianucls (Fii;. 17; Pl. I) consi.L 
of t"o [ro,..1,s, c.nc "itl, ch:anncl hc:id, u much 
u 2CY.l ket hi.;hc-r tbn, and truncatcd by the 
sc:ir!Js uf, tl,ose of 1l,c lower croup. This trunc:i• 
tion rcc ... rJ. at lci•.t two cpisodcs of i;l:ici:al• 

" O::c r:-.u�t l,c or, l.i, cu;rd in dulin� wilh bot• 
tom �:;dic,,t or t�.nc ur,con,·enlion:il i:•�nl ri,•cr� 
Thi, !,IJ.fr,;: lu,,·cr, du� ,,-irram ,ill mu,l Le t,,13nccd 
•��in.i ,,, u:•�lrl:in, �1; !.CJ feet hi,1.cr th�n the t.u/t• 
rod. c1,:.t,l,\: 1u::-d. 
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river dilcharci: out or Othdlo Channd, and 
acrou the Ri11;:ul.l 1,l.,in. 

\'ct these li�l11:r Koonu d1annel1 do not 
rccord lh� e11rlicst i;l.-lc�I diKh:ir;c :icrou this 
1,fain. �tr.:�ms th�l 111 .. dc nu d1:mno.:l1 kit a 
•·idC!l1,read m:mtlc or loouhl.:rl.::o» calich.: and 
11:&s:ilt 1,;411d and gravel, con1aini11i: crauitc:, 
quarbilc, and RingulJ pd,t.ks, and overlying 
calid,c i11 situ, .SO rcct or n,ore abo\'C the floors 

, ol the hi:;hcsl Koo1111 channds. 011 th.: su111mit 
• ol \\'l,it,· lllulls, onrl0uti111: the Colu111l,i;1 5011 

kd 1,duw (in T. 10 :u,d 11 �-, I{. 211 ;mJ 2'J 1:.), 
this i;lacial str.::1111 dd,ria is lurc:-s.:t-1,ultl.-J, 
dippi11g up 10 1.5° S. :ind SE. lts altitude, 900 
feet A.1'., is onl)' 200 lcct lower than the n:uural 

_ lc\·CC Cl�l ol Othello town, nearly 2.5 miks up-
sll.:am. 11,e Lcddiui: a11d m:intlc char:ictrr 
prove tli:it l,cri; tr:mspo, t:1tiun w:is nol in
voln-J. \\':is this c::irlit-st r.:cord on the Rini;..,!J 
pl:iin made l,y orJin:1ry mcltw:itcr stre:ims? Is 
it to Le g1oupcd with the hii;h i;r:ivcl ol ll:icon 
syncline, the unchanuclcd, t.oulJcrlcss s:inJ :ind 
cranule i:r:ivrl in western Quincy oosin, and 
the fine crncl app:ircntly underlyinc the 
marl.rd 1,;irs in W:ishtucna Couk-e? Js it rx,s
siLly prd\ood outwa!h:" DiJ it come from : 
co111pkt.·ly f,11.-J \\"a!htucn:i inst,·:id ol Othdlo? 

Th,· k:iturd,·H 0:it lrJ.nr:.c<I 1,y the l'oth,,1,·s 
}:ast C.111:11 (Fii;. 17; l'I. I) 2 miks wrll ol ::'.ln:i 
(Sco,,1,·11,·y 1-il.c c111a,lr;111.;I.:) h:is :i soulh\\Jrd 
,lope and, on the llurc:iu ol lkclam:ition con• 
tour map, carriu numerous A's al contour lo.,ps 
like those in Quincy L:isin. The Oat is co,·crc.-d 
•·ith :iLout 10 l«l ol \'1,;ry coarse gra\·cl con• 
Uinini; mlny 1· to 2-loot l,oulders :.nd locally 
on:rlyinc r1;m11:in1S o( :Kini;old. This cr:inl 
came frvm Othello Cl,:1111,ds :inJ w:.s carried 
at least 5 miks on a gr:idicnt ol aooul 20 feet 
to the mile without the dc:\"d,,pmcnt ol channd:1 
or L:in. I l seems th:it the ne:ir-Ly ch:innds in 
bar.:ih and Rin;:,,ld did not then exist ·and th:it 
the flood w:itcr w:is too he:ivil)' laden to do any 
dccpcnin;: on this i;radient. Corrd:ition ol this 
11:it with some o( the hii;hcr, h11ni;ing �ntz 
channds seems fcuiLle and ...-ould place it in the 
record of the second disch:iri;e out ol Othello. 

II A Jlure:lla ur Rccl:imation tnt 11it in S\\' H 
S«. 5, T. 11 N., I(. 2'J r-:., lour,<!, in doccndin� or<lcr, 
S feet ol un<l)' silt, 11.7 lcrt or coJ.rtc uncl with 
caliche crncl, 2 kct or line, und)' MIi, 5.J lect or ha
s:ih un<l and c:iliche lr:ii:mrnu, b<-ncJ.tb "l,ich 1.-:11 
at le»t S lcct or very con1r:ict c:ilicl,e. 

.., 

Ir correct, there was no orca \\'uhtucna
LWjiaud Coul<-e at that time. l'rl>bablc Rine• 
olJ icdiml'nt, Lcncath 1cal.land crnd in lower 
WuhtucM indiatc th:it the pl:itcau drainage 
l)"lkm was well devdof"11 in b.is:ilt before 
I< inc .. lJ d,·posit ion. This p:ut ol the p,c
:Ki111:vlJ \\'ash111cn11-Esq11at1.d Cavitt may 
h:.,·c l..-cn ,till unexhumcd whc:n this ICCwid 
i;l:i.ci.al disch:iri;e took pl:ice. Or it 111:iy haw 
held_ a nonn:il out"·ash ol prcfluod acc. 
ltL-c.u.,\·:.tiun came: alter tlq10,i1iv11 of the 
i;ranl ca1• on the O:it ,...-11 ol M,'>l and •·n 
,:ITcctcJ Ly i;laci.il OuoJ wa,cr. Sc:i.Lland chan• 
nds were also initi;itL-d in later stages ol this 
second tlooding althoui;h most or them were 
dccpcn,-d durinc l:itcr 0->0ds. \' oun;.:cr L:irs 
supcrposcd on older L:i.rs in J-:squ:itzcl, dc
scril,c;d in l:itcr p:ir:ii;r:ipl,1, require :it le:ist 
a !oorth lluoJ . 

T�c northcrM1ost Koonu chaMel docs not 
re:ich the C>lumLia. lt opens westward o, a 
lti11;;,,ld pl:iin :it ahout 800 feet A.T. (Ilanlord 
Cjn:idr.11,i;lt: m:ip) which dL-iccnch to 100 feet 4 
or S miles farther •·est and there terminates 
in tlic \\'hitc nlu!Ts summit (Fi;. Ii) JOO feet 
:il.v\'c 11,c riv�•- This channel hu a sm:ill dis• 
tril,ut,r>· L:.::;i:ii; :i!.o:.it i3 feet liii;htr at both 
end,; 11,�rdorc it is not to l,c cxpl.iin,:d &I & 
sh:illrn,�r contcmpm:iurous spillw:i)'. 

Thnc ch.,nn.-ls dilT�r lrocn all others of the 
i;ruup in failin; to reach the Columbia l,luffs. 
Lack ol channclini; acrou the intcrvcninc plain 
indicates th:it a Columbi:i flood CO\'cred the 
OJ.t when they functioned. 

All other Koonu ch:inncls reach the blua 
summiu a few miles farther s.outh and ha,·c 
h:ini;ini; moi.:ths. In Ju. 2S E. and 29 F.. (]bn
(urd and Scootency I..ake qi.::idr:ini;lcs) deeper 
ch:inncls trunc:ite shallower ones to provide 
nvtd,cs in the dill sumrnit r:ingini; !rum .525 
to 7i.S feet .-\.T., all within a 4-mile len;:th o( 
the 1,lu!T. :-;01 all difitrences in altitude c:in be 
imputed to dilTcrini; dcpll,s ol water in con• 
tcmporJ.ncousl)' op<:ratini; dunnel, and do not 
seem adequately explained Ly a lowerini: or the 
Columbi:i durini: one episode ol Koontz channel 
activity. From tlic ch:i.nncl-mouth relations or 
the entire i;roup, there appear to h:ive been at 
k:1st three cp:s.<,des, e:ich succc�tlini; one find• 
in; a k,wer lc\·cl ol w:iter (or deLris) in the 
master valley. 
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EAIILIU FLOODl!'.G IN QutsCY A~"l• 

Onu:u.o DAs1s1 

(Dr.-ta and NdT) 

For ,implici1y and cl:irity, disch:iri:e or 
Wauh:n cat;u, :ts !,as Lttn presented as J),'lrt 
of ~he: c:uli, ·,t 1:b,c1:1I 11n10uw Imm Qui .• cy 
lia,1111 c11i11ci,l,·1ot wi.th th;.l un·r 11,c: tlun: 
Wl'S!~rn cat :\ racls :rnd with the di~un·o:ry or 
L:is.,ll in anr outlet channrl bottoms. This was 
the writers' iukrpr\'lation in 1952. :-;dT's 
sulosrqurnl sh11li1-~, howo:n:r, 11:i\'t u11C11\'o:1nl 
c:vidrnce of carlirr :ind hi.:hrr n,>Odin.;~. the 
n·cnrtl :ip11ar,·11.ly co11\'inci11i; lout 1101 ,ktaikil, · 
anJ with some correlations unco:rt:iin. 

Nefi's e\'idencc: consists or- hul'!drc:ds or 
erra1ic lilocl.~ on the north slope or Fro:nchm:in 
Jlill~ anJ 1he cast ~lupc or )1:iloeocL-Enr;:r.~n 
RiJcc, sume in clusters, some \\'ilh usocia1,·J 
crncl, up to 1360 ket A.T . In aJJition is ·a 
sii;nilicant little strum-cut notch acro, s the 
Evergreen summit a mile north or Frenchman 
Sp~ing catar:ict, its noor at 1350 ha\'ini; a 
deposit of wcst-dippini:: lore-set i;ra\'Cl S kct 
thick and terminatin:; at the wcstrm end in a 
cirquclikl' ,,·:ilrrf;,II alco\'e, well show .-. on 
Sheet 2 or the U.S .D.R . m:ip R-! -5720. 

A kw Loi: !<krs l,;\\'e Leen r(,uncl :it a com
paral,lc altitude :il.>n0 the rast side of Qu incy 
Lasin, :ind :i tract !e\'cr:il miles wiclc (e:isl •\\'CSt), 
drnudl'J of its l'alousc: loc!s down to a caliche 
zone, marc ins the \\'illow CreeL-:'>lo!cs L:il:t 
trench from Rock)' Cciulcc to \\":irden and lies 
Lclow an alt itude of awut 1350. 7ius .~:it has 
almost no southward i;rad icnt !or the 15 milc-s 
of its lrni;th, and it d isappc:irs in the l.llitu,k 
ot the c:i t:ir:ict. It rcappr:irs :it a lnwer ;:hilude 
cast or Olhello town, south of 11,c Fr,·nchman 
llills and I.ind structures, with a c:iliche (':1\'e• 
ment undtr a thin lc,css, and tl,ere !,:is stream 
gr;1\'cl up 10 I ICiO feet . .\ .T . 

These Lv:.:ld.rs :i nd th is flal in n\l inev t.Min 
100 f,·et h ii;h ,·r th:in the W.ucicn c:i~:ir:i;t l ,ri :,l:: 
inJic:ilo: tha t lht ,dimcnlary coHr at thr si;e 
or l>run,lic!l,r was surTic icnll)· tl,ic\;. :,n,l , ·.~· 
teu~ive to h:i"e Lr i, Oy lu·ld l,;ic\; the Lolly of 
water rt·spons il,lc for 0ol.1tiu11 of the Loul<la• 
carrrin; licr:;s :inci the scc,ur of 101:ss fr.>m the 
tlat . There mu~t h:\\'e l,een :idcqu.:ite , ·olume to 
suppl)' 1his d iscbr,:c :inJ the fnur spill, acr 
Ual,cod. -Evc1a;re1·n, three or which Lcc.11111: 
gre.:it car:iracls in l:o1er 0oo:ls. 

·---·----·------- .. 

Othello 1.ia~in h:a, some erratic boulden on 
the "'uth sluJ.c ol l'rcachm:in Hills up to 1160 
fret anJ app:irrntly must li;i,·e Lc\:n sulT,cicntly 
cncl,.,,..·,I for lhcir lluu1ion. 1'he rcsidu;al l,ill 
in the rniJJlc or 0th< llo Channc:l is good tvi• 
dencc tl,:it this I.a.tin's M>ulh rim originally 
stood l1i1:h 1·11ou,:l'I I.or such clO!urc . .-\ low 
s11111mit 1lhlcl1 <,11 rrrndunan llills (xc. 21 
T. 17 ~-, H. }<, l:. Smyrna map), :ihitu<lc :iLou~ 
IJi0 ket A.1'., Hp:iratcs Loulden :it 1360 on 
the nnrcl, from Loulci,·rs scarcdy 2 milc-s distant 
Clll lho: , u111l, :11 1 ISO. ,\ 10 foul i;r,·:ilrr dq,ch '>I 
n.,.,J wakr i11 Qu i11cy L.,sin would h:iH s1,illcJ 
:irru,,; tl,i:i 1,rq;! ~ci:il di\·i<lc . Siner the c:olichc 
cap in the 11\JlCh is i~•~ct :inJ th,·rt i, no scour 
on the slnr,c Jown to 111\0, w:110:r in the ·l,a~in 
:appau·nl,)' nc,·cr has s: ,,o,:J. hi;hcr th:in. 1360. 

O1h,·II" Cl,J 111 rd, ~~u :i.n :a ccrss,>ry- stre:irn 
ch:11111d am, ,, SJJJ:c ~l.ount:iins rid-;:_c " -ilh a 
noor at 1150-11(,() in a notch oricinally. 
hottomld :it 1190 c.r k!S (fig. 12) . A 11c ii;hwr
i1o:: no1ch r, .,,,r,d :t 1210 was not u!l<'d . The 
two lie a l ... J l J rr.:l c-1 ·.,e,t of the n,:i,n Othdlo 
scaLland (:,cv t c~.<')' L:.ke qu:idr;.n;lc map) . 
Dischari;c lhrou;h the ch:innclc:d notch :ippcan 
to h:,,·c g,, :.c· ~-, ·.":: ;. ~.c.~r-Ly, hi~h •lc\'d Koontz 
ch:uind i i, ; ,~c- -\'.':i.: :! : :"'. : i~nc. 

At the l ::, ~ c.! : 1.:1 e., ~!,rs t -rccorclccl Olhcllo 
ba5in i1vve!. ::; \\ .:~. ri.z.d1.:rcc :\Cross SlUJlc 
Mo11 :, tains :., :s, ,<::.(~ :-:o well -op.:nrd Lower 
Cral, Cr.·d .: , .-.lky t. :;1<J or the w.1ter i:ap or 
the Colun:1, ;~ f·.:: ! :: ,-.n~ "·:is clv!N. )'on<.l in; 
in l'a;C-> ~: i :: .. .1 1. -: ::.~:dore in the pp, cannot 
e~pl:iin the d :ic: .: :;! M>uthw.1rJ :icross tl,e 
anticl ine . l'c,,1 iLly t:,c: sr.:at T:iunhm-Corfu 
sli,k ,•:a• a l:.ctnr , L.: it is ~uch n,Mo: proL. t,l c 
th:it the cc,~r;c c.! !.•,·.·: er Cr:ib w.1s st ill l;.rgrly 
unnc:i..-a :u! l,d,, .r : )-.r. k\'d c,! the Ro1\·,.I Slupe 
a Lr.,:iJ s: : <; c: :.;:: l t . : :,:e :il,o"c I I ~0 

0

:inJ som~ 
25 milc-s l~r:'.,c: ,.(·!: lr. ic::it:nn of l,och I.owcr 
Cr:iL and Cl:!.,!'.; c:.: :: :i r!s ~r-.,~rrntly came at 
th is tin,e . 

\\',.sir. t: ~sA Cot:tr.1: 

.\laps: /lc i: tc , Cc,. ,:r.':. F.:1opiJ l/J.;s, Wasl1t11rna 
q:,J.!1.:i: ;> i;:.:; : . ('Sr. S., 1'.J -5i:0, sh.ct 

J , t:.SJJ .R. 

(!: :, :z ac.d S~1:lh) 

l1r.: i,:;;tc 

Gbci~I c!r:. i:;: .;c 1::.c,1 the north entered the 
pre1:bciJl l' a!vo.;;: r .:-.~r nllcr in mid-lrn;th 
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and follow~! il for about 2S miles, dc:nudinc 
more: than 7S0 squ:uc: miles of the: Cheney• 
Palouse· suhbnd tract. 111 the vicinity of 
JIO<'!ll'f a11d W:ishtua,a, where the r:il.>usc and 
Snake: rivcrs werc llowini: p:irall,:I and al.out 10 
n1ilc:s ap:irt, tlae distrihution of sahla11J sho,l's 
that a laree portiun of this el:ici:al w:itcr 
CKapc:,t southward from the ralou.c \'alley 
across the di,·idc: and entered the canyon of 
Sn:ikc Rinr, makin; sc.,bl:inJ of the di\'ide tnp 
(l'I. I) . l':ilousc: River t0<l:1y is ddoured from 
ill former cuur:.c alone nuw strean,lcs,; \\'.uh• 
tucna Coulee into a strikini:, joint-determined 
scal.1:lnd can)'on which cuts throueh the pre• 
elaci:al Ji,·iJl'. For sonic rl"awn, perh:i~ in• 
complete r~.no,·:il of Rini;olJ fall or of 111e.
sabl:ind i;lacial outw:ish in the old course, 
W:ishtucna Coulee could not c:irry very much 
of the 1:l:ici:11 w:itcr. Bretz insisted th:it the: 
di,·idc cros~inc ,us bcc:iuse of a \'olumc far too 
1rea1 for \\':ishtucn:i's opacity. Allison would 
doubtless upl:iin the short-cut by an ice j:im 
50me"·hc:rc down the: al.:indoned valley. Flint 
spc:cifially rckrrcd the spillo,·er to an aar:i.da• 
tion of the lower ralousc Valley (W:ish\ucna 
Coulcl') until O\'l'rfi<>\\· was inevitable. He 
supposed "a \'l'f)' low route" a\'ailal,le acruss 
the bre:ichcd di\'ide. \\':ishtucn.1 Coul:c hu 
another sc:ibland short -cut to the Sn:ike acron 
tl,c: di,·ide, 15 miles farther west-the stre:amk-ss 
Dc:,·ils unyon. 

Nc::ir Conn.:11, about 35 miles do,m Wash
tucna Coulee, tl1e ch:iractc:r of the old \'alley 
chani;l'I considerably with entrance near that 
to"·n of gl:icial drainaec: !rom Othello Channels. 
11,c:ncc: downstre:im, it is known as F.squaucl 
Coull"e. Some hith•·rto undescril,c:d :ind some: 
disputed k:iturcs of W:ishtucn:i-f.squ:iL~cl a.re 
sii;nificant for a successful theory for the ori;in 
of sabl:ind. 

Slaircar, Ra,i41 011d its Bo, 

Staircne Rapids b:ir, 1-3 milc:s north (lf the 
town of \\',uhtucna (t·i;. 1-1; l'I. I; \\':is!11ucna 
quadr:in;le m:ip), litt in the mouth of a 
tributar)' entl'riui; from the north :it the he:id 
of the ab:indoned portion of the: prcsc:1bl:ind 
Palouse: ri\'er ,·:alley. The h:ir w:is m:ide by :i 
sm:ill, di\'Cri:ent strand of w:iter rsc:ipi:i; • ·ei.t
ward from the: Cheney-Palouse: tr:ict and 
enterinc \\'ashlucn:i :ilon;: the short triLut:ary to 

the: old Palou1e. The deposit, 1SO feet thick, lies 
in the last 2 n1iks of this trwutary but docs not 
m.ake cont:ict with lhc: cut lidc. Flint (1931, 
p. 478-479) nottd (I) south-dippini; fure-tc:ts ia 
this l.:ir as constitutin; "more or Ina Oat-lyinc 
lenticular courr.es" inst~d of delta Con-sets, 
(2) 1err11c~-s on the south face: of the: dcpolit 
wt,id, Jlreu had dl'SCril,c:d as a dell.alike: front, 
(3) cut-arad -till l,c:ddin;, and (4) failure: o( fore• 
sets t,, p;,rallcl. the: eastern slope, also in• 
t~r11rt1r,t by nrc:u as a construction.al fronL 
I It ,,ontludcd that the deposit is but a remnant 
ol a more: utcnsivc: valley fill , and held that 
the unfilled ustern part of \he tril,ut:uy vallc:y 
111u111h ,.·:is the result of sul,"'ttucnt dissection 
bccausc: he found "a thin l.ut distinct cu,·erinc 
of itlentic:il m:iteri.1" on the e:istern slope. 

At:ison (19U, p . 69) accepted Flint 's intcrprc• 
tati<>n althou;h he upheld Jlreu 's \'icw th:it the 
eau~m front h:id "construclion:il le.Lines .. . . " 
bcc;.use c.f "a rcsh:ipin; ... . (byJ a l:iter dis• 
cl,;.ri;e". 

t1 int 's interpretation of Staircase: Rapids bar 
cont:iins faulty rtl50ninc and ii Ill serious 
connict •ith se..-cral lines of field e\'idrncc: . 

(I i JI his ceneral p icture is to l,c: iutern.:ally 
cc.m:!tcnt, his episode of ai:i:rad:ition must hnc: 
bc;,;1.n , in this rq;ion, with dc1,osi1ion :it the , ·cry 
bottom of the preglacial P;,lou~ \'.alky and ilS 
eqll;.lly dcc:p m:ijor tributary, Co•· Cm·k, • ·hich 
enlcn from the: north. For the S1aircasc 
di, cri:cnt spillo,·c:r to occur from his " sh:illo•,t"" 
Chcney-l':1101:sc: ri\'er, the /loor of Cow Creek 
\':i lle)' !,ad to l,e ai:i:radcd until it w:is dose to 
the a!titudc of the di,·idc: at the head of the 
St;.ircas~ triLut:i.ry (Fii;. 1-1). At pr.-scnt tl.at 
wu:.a:J re(ju ire n:arly 400 feet of fillin;: in Cow 
Cree;;, .,.:alley. TI, is ficurc: should l,c: reduced Ly 
wbtc:,·e• dcepcn ini; th:it valley h:id d1lri11c 
scat.land makin;. The: three ri\'al in1erp: ,ta• 
tic.ns, however, consider present depths c.! the: 
main p:ci;lacial \'alleys larctl>· to d:ilc from p:c• 
sc:iL!:inJ time. 

Or.I)· i:radi:ally could main valley bottoms 
hl\·c t.ecn ra ised by the procedure on • ·hich 
Flir.t insisted . Thus the mou1h of the Staira" 
tr il,:.t:iry g11lch • ·ould inevi1auly h:i,·c become: 
b:,ck-r.1:,-d from Washlucn:i 's risini: (ill Ion; 
before the: ~.tpids could take: ori~in. Four 
hu rad:cd feet of r,l!ine in W:ishtucna " ·ould !.nc: 
b:1ck-s.lld tl,e tribut:iry mouth 100 fo:ct l,i.;hc:r 
th:in tl-,e prc,.cnt top of the: deposit .tnd "·ould 

·• -·· ·------··· ·-- - ·-·- · ·- ---- ·-· -·----· . --
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~ve produced only ~ck-dippinc forc•sHs, i( 
any. Only at the nry Lut o( 11int's e1,isodc u( 
a~r3d3lion could 311y ,13ci;il w:.ter h3\'C: ~n 
detour.,I frtJm Cnw Cr.-.·k d,mu St:iirC3lil'. It 
•·uuld h:in: (ounJ the liulo: \·.1llry mouth 
already f11lcdl 

(2) The hc:id of St:1irc:1sc R..p;di, interrupted 
by a small locssi,.J isl:1nJ, is J~~ miles wide, anJ 
the brink o( the uppcrn•tJst falls is t<,23-1630 
feel A.T. The "wr" surC:ace, -I mik-s down• 
stream, is 1300-IJ25 kct A.T. 1-"lint tool. th:il 
surface and ;i;.suciah',I tl,i,, 1;r;"·d to tho: ,:;1:;l 
tu loc: "r.·mnants or a cunli11uou~ fill cr;hl,-J to 
the fill in \\'ashtucn:1 Coulee". The ,r.1il iL·nt of 
any fill 3)011: the Stairc:isc: tril,ut3ry \"31ky 
therefore W3S 73 feet or more to the mile. It 
c:in be reduced to about 50 ket b)' considcrin; 
the "b3r" sur(3ce ori.;in:ill>· to h3\"e been 100 
kd hi::h,·r . J-:n·11 ll1ii i,; :in imptJ;.sihl)· sh·.:p 
i;r:idicnt. A prtJi,oncnt mi;ht c,,nc~i,·c ther,-forc 
th3l this ch:inncl ne,·cr h:id a f,11 upstm1m lrtJm 
the "L:ir", that it,; scahl:.nJ w:1s 1113Je duri,it 
the grncral 3:;gr:id:ition, not aft,:rw:irJ as }-'lint 
bdien:d. 

(J) It is impouible howevu to adjust this 
ahcrnati,·e to the f,ll -311.I c.:t tl,c.,r~· l,cc:iu ,;c :1 
ruilc w,-st of the h,•Jd of the l~:l' :J s th~ w.:stcrn 
J>:nl <,[ thi~ <liHri:c111 Cl,cney-Pal.,u~•· strand 
enten.-d its own sq,:ir:itc sp:lh·;:,y :It clo;c to 
1(,15 !.-ct ,\.T. (Fi;;. 1-1). Fur l'lint 'J Jh:ill""' 
.-:1:icial rin-r enr to rc:ich the h..-:iJ of this 
,nsternmosl str:ind, a fill m·:11!)0 50 Cccl thick 
mu,t h:1\'1: ,·xi,t.-d "her.: tl,e Ul'l': 111,oi.t cat:ir.~cl 
l,rinl. uuw s1:111ds. Thus :i or: cc-c,mtinuous fill 
alon; the Stairc3sc tribu t.uy to the "liar" is 
dem:ind,·d, :ind its ,r:idicnt must h:i,·e been 
r,carly 90 Ccct to the mile, insk:id of, hi, 
e~tim:itcd 13 feet Cor the :1:;i;r~J.11io11 in the 
Chcncy-J';,l.,us~-\\'uhtucn::1 tr:ict. 

(·O There i• . howc,·o:r, ,:o c: ~J icnl shown on 
the topo;r~('hic m:ip for tl,c entire 2-mile 
k111,th 11f the "l,:ir". lnsll·Jd , .1n unrlraincd sa; 
a mile l,111; occupi,-s the ,·.:. llr)· l,,,uum :11 the 
lund of the liar :ind, upstrc:im !rum it, ~C5cenl 
o,·cr thi: R:ip ids is 3.50 feet in a trifle mor1: 
th3n 2 miles . 

(5) Furthermore, the b:ir top is 100 ket lower 
th:in L:i!-t's of Jr,cssi:il sc:irp; J n. ilcs d i,1:int, 
almost dir1:ctl)' :i.cro!s \\':i -!1turn.1 Coulee. lly 
Fli1n's \'ic"" the n:,t•t.>ppcd gr.1\"CI mnnant in 
this l'rokctcil 1,lace should Le as hi.;h :is 11e:ir-Ly 

scarp l.lsn, HOO fret A.T. Fr- Flint's 
1:r:.dicnt1 the ori;;i113l wrCace c,l tlais deposit. 
"·wld h3,·e Le-en I JO feet still hi;ber . 

(<,) TM onl>· two scabbnd chanw • ·hich 
cou'J l,:n-e carried clacial ntrr to erode the 
inner ,·alley alone the rut side ol the t.ar have 
1,..-~J, Lut 2S kct l<>wer than th~ lo"· lirink o( 
the ur,1,,:rmost Stairc;uc [31Js. \'rt the d1:J>OSit 
1,35 lrt11chcd (?) 150 ket deep and not by 
St:1 i1c .. ~ discharge. ~or can the suflJ'OSCd 
tr,-,., l, i11; l,c .t\Crihcrl tn rostcbci:il s1rean1~ for, 
al.,· . ..- 11 ,a ju11c1i,,n of the small ch:rnnds "·ith 
S1~ i,,J>~, the: l.itter c:i.rri"' run,,n (rom n,orc 
lhl11 JC, square miles, the furmer from only IJ. 
l.lc .. en squ:ire mill-s ol S1:iirc.lse posti;laci:i.l 
dr.i ir,:11:c enters the closcJ d..-vr.-ssion :it the 
head of the blr and has nnt yet obli1erated it. 

(7) The two minor channels bcctJme one on 
the lk:;;e-\\'a!htucna quadr311gle boundary, 
I! 2 r.:;Ic:s nr.r1hc:1st o! the L:ir. In each, a linle 
:iLo"e the jur.ction, there is a nat-toppcd, un• 
J i,,cwJ g:a.-cl Oat (al H()I) and IHO feet 
A.T.) wd, stttp, down .. :illcy-facinc terminal 
1l01,._-1, and lure-set l,cch dnundin:·about 100 
fttt to :in cinpty channel Ooor. Cr3dienl thtnce 
,J ., .-. ,,;: r. :. r:: is 7.5 fc..:t in the l'j niik-s, termi
n:.: ;1:.; i:: the silt -filled 0:1~ with intric:ite 
ni t·;. : ,c!c : ; l-,c:il!y d:.mnicd Ly one o[ tl,c Stair• 
c:1 ,e l,~: ·s lvl.ltions (rl. 9, fig . 2) . Gullyin; in 
1li is l'..:.l s!,""' IS Ccct of posti;laci.11 silt and 
s.. 11J ,-.- ith root c.,st1. A b,ri:e ,·crtcLr:il bunc: ,-.u 
:ii ;,,, Cvui.J . t'pstre:im Cron\ the gr:inl n:11s arc 
lu·.,· I,_: dc:mitc sc:ilib>· bas:ilt outcrtJ;is, one 
k ,J~c c.:.::. : i:utin£ a watedall more than ~O feet 
hi~h ·.-:::h a plun.;e blsin reco;n:Z3Llc on the 
ll.1;"-·c:~;,~.;C rr. :tp. 

Tr .. ·,c fe:.:i.rcs record the same kind and 
t i: :.c ~! o~,: ricncc tl·.lt is written in Stairc:iw 
lb i,:u! .1 :.d cc.:r,r,lct tl )· di5pr,,,·e Fl int's theory 
for t l: e G: .; in o! the 150-loot trci.ch alun,side 
ti :c S:.~::'-"!se t..ir. 

(b1 Fi:.~::)·, the volume ,nd velocity o( this 
mi11vr · i.! :·,..:r.;, 11cc Nuld nc,·er, l,y }lint's 
i1::ari,rc: ~: ion, b\'e m:ide the giar.t cum:nt 
ri1,;,:, ! c.:: t!tc Lu top (Pl. 9, f.;: . 2) . l'he deeper 
par t c.! t l. c dcrosit could be a rcinr . .1nt of pre• 
flve,d , :,,,:r.: :u outwa~h (bri;cly rcmo\'ed from 
\\':~!.: .;::.::. its.:11) and modified b)· latc:r Oood 
wz.tc :, ~1 .1.! iison thought, but, if so, it mun 
h.1H l,.: -; :, a b.1clJ1II. 11,c s<,uthw:ird dip of it 
f, .rc-~·. :1 d:,cs not :i;rce with ll,"is \' icw. 

· - · . ... -·- ··--··--·---·•-- · 
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1~0ll"~t A.T. From Flint's 
,r 'T surface of this deposit 
:1 ,.,., feet ,till hii;her. 

.- h,·o scabl:md channds 'A"hicb 
,i,-,1 ;bci:11 watrr to erode the 
ni: the cut side of the ~r have 
.1 lo•·er th3n the low l,ri11k of 
Suirasc falls. \"rt the deposit 
}J 150 fed dttp and not Ly 
1ri;c. Nor c.an the ,apposed 
ribcd to postclaci:11 streams for, 
.ion of the ,mall ch;rnnds with 
11tcr carries runolt from more 
miles, the former horn only 13. 
miles of Staircase posti;lacial 

. the dosed drp1<-uion at the 
and has not yet ouliteraled it. 
ininor ch3nncls br-Nme one on 
!ltucna quadrani;le bound:uy, 
:ast of the bar. In uch, a Jillie 
ion, there is a Oat-topped, un• 
I ftal (al 1400 and 1440 feet 
p, dowrwalley-facin; terminal 
.ct l,cdl dcscendini: about 100 
· channel Roor. Cradi.:nt thence 
· _; feet in the I H miles, termi• 
si'it-lilled Oat with intricate 

: Jammed by one ol the Stair• 

'')"~- 9, 6i;. 2) . Gullying in 
I. J of post;l.ici.11 silt and 
u.ti. A b.ri;e ,·erteLral bone was 
:r.·.,m from the i;ra,·cl fl;\ts arc 
· >C:lLLy Las."llt outcrops, one 
: a walcrf.ill n1ore th:111 40 feet 
n;e ~sin kcoi;niz.iulc on the 
,. 
• record the s.ime kind and 
cc that is written in Staircase 
1~ctcly Jispove Flint's theory 
: 11,e l.SO-luot trench aloni;side 

,c ,·olume and nlocit)· of this 
cc could ne,·er, br l-1int 's 
~a,·e m.ide ~e giant current 
.r lop (l'I. 9, f1i;. 2). The deeper 
sh cou!.! be a rcmn:int of pre• 
.t11·:1th (bri;cly remo\"ed from 
i) an,) moJ ificd by bier Rood 
·1 11,nu.;ht, Lui, ii so, it must 
~ill. The southwud dip ol ii 
,: :ir.H·e •·ith this \'icw. 

J 

\\'ASIITUCN.\ COULl:E 1003 

Allison's throry cannot uplain the S1airC:1sc 
dinri;cncc unlC'>S the Chwry-raluu~e u:ict 
• ·as blocked with a huc~ ice jam in pl:ice of 
}1int'a f,11. For the ,n"ilernmost distril,ut:uy 
s1r:111J (item 3) tv haw op,:ratcJ, :1no1h..-r ice 
j:im must h:1\'e furn1cd along the skplil:e 
caM:adc, 3}~ miles wi,lc and neMly 50 !,·ct 
thick :at the up1.cr cu,I. 11,e w11n<lcr is, h.-re 
and elsewhere, that 11r,ly the larger stre:imw:iys 
became clo1:1:cd; th:tl minor ones c:irried on :all 
the flo:iting ice which cnlcr..-d them or wl·re 
sa,·ed Ly timdy failure of the n,:ajor cl,:im.d>' 

LlockaJcs. 

Other Dt['osi/1 

The U. S. Croloi;iul Survey m:ip (195~) of 
Hus qu:adran:;le sl,ows l:ir::e p:itchtS of i;r:i,·cl 
(Qsu) :associa1ed with cm:ntially bare L:is;,lt 
(TcL) along Loth siu,·s of \'.':ishtucM Coulee for 
12 miles southwest of thc coulcc head. ~c:ir 11,e 
head, i;r~ ·: cl•co,·ered :irr:is cxtend :a mile L.1ck 
on top of the prc:;1:ici:il coulce Ltun~ :rnd touch 
the base of locssill sc:.rps at HOO feet .o\.T. The 
materi:il is domin:mtly s:ind, gr:inule ~r.l\'el ; 
and co:irser L:is:.ltic ckbr is, subani;ular to s1:L• 
~oundcd :ind slr:itif,cd i .. thin lcnticul:ir lure• 
sets. It oL,·iously is the m:ir:;in:il Jcpo,il o! tl,e 
hii;hcst flood, more th:in 100 feet .1LO\"C Lldi 
summits :ind -100 feet abo\'e the coukc floor . 
Rccognized in the map descrip1ion :is sc:il,l:ind 
i;ra,·cl, it is as hich n locssi:il sc:up l,:i~cs 
margining the l'~l011M:•Sn.1ke di\'iJc sc:1Ll:111d 
and therdore cannot recorJ an e:irly \"alley 
train in the coulce. A c:,mpar;iLlc i;r:ivcl• 
covered arra on this divide summit, 5-6 miles 
dist:int, south ol lloopcr (shown on Starl,uck 
geologic m:ip), r.::ichcs I 320 fed ,\.T. 

Directly south of Washlucn:i town, a loc.:il hill 
of i:r:i\"cl rises !rc.m the coulce noor (:il,out 1020 
fed A.1'.) to :i summit more th:in 1200 fid 
A.T. (:--1~ H Scc. 33, T. IS ~-. R. 36 E .) 
(11:ias and Washtucna qu:1dr:1n:;les). It lies in 
the lee (west) of sc;,.1,1:ind knobs on the south 
side of the coulcc, bul i1s summit st;inds !rrc 
from the coulee w:ill except at the hc;\J . It is 
h:llf a mile Joni;, as is thc lone Lctwecn it :ind 
thc ,.-all . 1ne drp.:>sit tcrmin:ites to thc west in 
a rather aLrupt!y t:ipcr ing nose between the 

fosse :ind the coulcc floor. 
1nc Srx,bnc, l'urtl:ind, and Sc:ittle R:iilro:id 

has m3de a long cul 30 lttt dcrp throui;h the 
hill's l11wcr, northern cdi;e, and, allhouch 
structure is no loni;er decipherat.le, corn1111Sit ion 
is \\CII shol\n. Therc is none of the 1ize 10rting 
011 "hid, rlint L:1;.·J his throry of ai;i;r:id.,1.ion 
Ly n1t,ckrate strr:ims. DoulJers up to S, 10, 
even 12 fctt in d,:imeter clc;uly arr Lrokt-n 
culu11111s from 11,c )C.1Ll:i11J kru,l,s at t l,e 
proxini :il c11J . :--o 1tr:il:\ of LoulJcrs arc indi• 
cated; Ilic Lig pieces l)·ini; ;.t random in the 
coLl,le arid 1,:LLle gravel. .o\t the dist:il cr,d of 
the !,ill tlie ;,1lkri.,I is all v,cll-ruundcJ pcl,Lle 
cr:i,·c!, tt,c (,11cst m:itcri:il of the en1irc 01ovsure. 

1nis i:r.1 ,·cl t.ill, st:indini; almost lrrc from 
contact wi1h the coulce wall anJ p;ut i.,lly en• 
closin:; :in unf:lled tr:ict L.ick of it, " .,s m:idc 
by a sc:iLl:u,d rinr faowin; down W;a,htucna 
Coulee. It is not perched on the v;allcy w:ill . Its . 
summit is 75 lcet lower th:in the l,,wcsl sp i! Jo,·cr 
:icr~ tl,c I·~lousc-Sn;il:c di,·iJe. The fo~sc i~ in 
n11 sense a 1:1:II;· of r.ostsc:iul:inJ origin. 11,e hill 
is a l,;ir 11! c,,:.r~e dc1ri1us in the protected lee of 
knous ,. hid, c1,1,1rit.uted boulders to it only 
under ,~.e urce ol a stream adrqu:itc to detach 
and trar.sr,r,rt 1hm1. That strum was at least 
WOkn rl•·r;, 

At Si,crr>· (cir ~.tc.\d:im) sidini; (rl. l ; rt. 12, 
fii;. 2; lb:a q1:.1 : ranclc) a drposit ol fine• 
textured, ~ .. ,: •Wrlrd i;ra\'el, with a few str:11:i. 
ol nut• to c;;; -sizcd pebbles, ma)l, the north 
wall of \\·as!,tucna Coulle. 1"csturally :.nd 
topoi;r.1pJ; ic:illy it would fit 1he {,11 -.:i nd·cut 
theory, Lut ia structure i, th.:it of 10111: l11re
scts dippir,;; 10° 1hroui;hout thc entire -40 !c.ot 
pit w;ill directly j ,;/o the coulee f,0111 the hii:her 
srnub1,J ki:.; ~-s. The Jip p:ir:illcls the slr,pe Lut 
is a little steeper (uc 1·1ir .. , I'!. 4, fii;s . I, 2). 
The lurc-sc:s, rc:ich ini; to the Louom ol tt,e 
cuulee, J.ir11,·e th.it \\'ashtucn:i had no (,II 
(:above prt"sc:i t t.ottom level) whcn these fore• 
sets wue n,:ide. The \'allep,·ard slope is 
esscnti:illy conslruction:il. It m:iy h:1\'c a core 
of older i;ra ·,cl. 

There arc two gravel deposits near 'le cast 
end o! \\':ishtucna l...1kc (l'I. I; Haas qu:id
r;a11i;lr) . 0 .. :, at Harder sid ing, is :ibout a mile 
loni;. It li,-s :i:;:iinst and l.ui;cly co,·crs the 
north w.1II ol tl ,c coulec. ~o section w:a 
:iAorJcd, Lu t the form is si;~i(,c;int. The dC;')Osit 
h:is a fl:i:t ish top " ·hich Lrc:ih smoothly o\·er 
i1110 a steq, ":.llrp·::ird slope. nut tl,at top is 
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not level! Along its length, it ~l'-i•t"I clown to 
the '"'°"t, anu the d<"Jl.lrh1re (rom horizont:ility 
is 3• (rl. 12, fig. J). In other -.vorJs, its ust cnJ 
lirs appro,r:m:llcl)' al the top o( the coulce wall, 
and it. west end, a mile Jistant, nc.t lar abo,·c 
the bottom. Should such a form be calkJ a 
terrace? 

n,e other clc:,osit nur the 1111.c lies south 01 

Wacota Sidini in the Ice of scaLl:ind c1nincnccs. 
hs surface slupcs even more stttrly westw:ml; 
the · .. :,·pncss incre:asing at the tcrininus which 
re:,cl,l-S l:.kc level at hii;h-watcr st~t;l-S . A pru• 
fusiun of Lii boulJcrs li<-s or 1hc Ouor of the pit 
in this deposit, but nu structure was !ctn. The 
form and sizr :ire perfect for suLOcvial sh:iping_ 
of Oood debris loclgcd in this rtace. The location 
down in the buin of this l:.kc- ,.-il~out outlet ~s 
an a .. ·l.warcl fact to fit intc nint's theury. 

About midway Lctwccn Kahlotus and F.~tes 
(Connell qu:11lr:111i;le m:1µ) a large gr:i,·cl 
deposit conccals t'.,c northc-rn scabl:\nd w:ill for 
about a mile. Tlm-c pits in t:,e base of its slope 
yield a well-sorted, pc-:1-s izc gr:ivcl. The 
b4:dcling at the wrst end of the deposit dips 20-
toward the vallcy throui;h 40 fttt of exposure:. 
In :i. few 1,l:icrs i11tcrrup1i11.; ~!1ort lure-sets d ip 
aw:iy Croir the valley. Two o:hcr pits ~•1ow loni: 
lore-sets with a 5-dcgrcc dip tow:.rd the v .. llcy 
and a 5-dc;rce dip :ilon; the nlle)', rc
spcctivcl)·. ·n,c top o! this ~cposit, abo,·c which 
is sc:al,l:ind, is fl:a11ish :ind descends wcstw:arcl 
• ·i1h a J-decrcc slope tl,rouchout its lcr.,·:h 
and tapers out for no :apparent local reason. 
Should :his form and structure be intcrprckd 
as simply a terraced rcmn:int of :i once
continuous fill? 

Just ,,·est uf Sulfur I.al.ell in W:i~htucna 
Coulee (l'I. I; Connell qu:ulr:11,i;lc m:ip), a 
smo, :lily rounll .-<l, e:ist-wtst elonc:itcd, cra,·d 
hill :aLout h:i ,. a mile loni: stands out on th.: 
coukc noor. Its tor is more th:in 50 !eel abo,·e 
tloc adj:iccnt cuulC'C Lottom, mere th:in 100 
Ice\ al,<>vc ncar•L)" Sulfur l.:il.e, ~,nil more than 
JO fret :iLovc an un,lraincd deprcs, ion (:i 
fc,ssc) on the north si,lc o! it. 11,erc are no 

• A 1eriou1 n:aw in J-1in1'1 crrl:lnation, noted by 
Alli\Ofl, is its failure to :ieenunt lor the Sullur J.:al.c 
devrruion. The b~wn is 12 or !J miles lnnc :and 
more tl,an 100 lrct dctp in 11,t t.o11u111 G! 011c ol lhc 
vallc)·s .-:l,01c f,11 lot l,clic,·C'd was rcr.iu,·cd 1,y lalcr 
11.,ronal i;lacil\l river ,. . .,,1: . Jt has b~rc sulilanJ 
bullcs in rniJ -cl,anncl at the ll\l.c. 
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cxr,c,. J <l-S. Most uf this 11e:a1ly mid•WMel hill 
is lo"·cr than the site of Cunn. 11; i.1 otl1cr 
v,<1rcls, it stands ,,,... in th.: lone, closed de
rrcssion of \\'a~htucna Coulee. It is not 
"pcrcl,cd" on the nllcy '1opc1. Bau a.re 
equiliLrium forms in strc::im bee! •. Some may Le 
<,( crosi,:,u:il oricin, \lo~fKd from olo.icr alluvial 
dtfY.>sits . !,_t only a stream cap:iLle of mal:ini: 
the 12-mile k,ng, 100-!oot dtrp depression 
cuuld ~.:i.vc SC\. ptured tlois hi!l lrom a for:ner 
cur,1ir,uou1 v;.11,·y f,11. 

A f,11 in tl,c muutlo o! 11:ird,-sty Coulee (l'l. I), 
which enters \\"ashtucn:a !ruin the north just 
c::ist of tlois mid-channel hill, has a n:at, level 
top close •o 1100 feet A.T . anJ rc~u on bault 
in the i;ulch at :ibout 950 !cet. Much of it i1 
i;r:iaulc crave! of bluis.h-bbck b:is:i.lt, bul it h:is 
str:au o! nut• and e"•size µcLLl~s . There arc 
cvl,l,!cs and •:n:ill boulde: s of qu:iruitc and 
cr~r, i:e on the coul<:e floor. Sections arc poor 
;.:id she,•· o:.!y iuclistincl borizont:11 l eddin;. 
!luri•.,: t.er.c.i th por1ion. of this gravel arc silts 
and lln'.!s, the Las:il v:irt cont:iininc :i. thin con
clomcnte o! b:lS:llt and lhe whole tal.CD to be a 
rtl':lnl !l t of the R:n;c.ld form:11ieon. I( _so, 
Jb,du: y Cc.:: ' ce w.,s 1 nllt-y crudrd in bas:ilt 
r ;scr, ti:il:y to prcsc:nL dc;,1hs when the r .incold 
wu d~r,;sittd . 

.1.lthou,h there is no definite lmicl.poi:it alone 
lo,q: Jr., rdcsty, there is a pronounced n:irrow• 
in, ... I.ere t!ie stre:im enten and crosses this 
i;rl,·cl (,'.!, a r.:irrowncu that h:is persistL-d •·bile 
and since, accc.rJini; to the 611-and-cut theory, 
\\":~:1 tucr.a Coulee was cswntially cluncd O\ll 
Ly tl,c s;.i ~sc.;uent erosion o! a distriLutary 
frvm the O.cncy-ralousc tract . 'rrenchinc of 
tl,c i;r:.vcl ck;, ;it h:,s con!ril,uted to f,llin; of 
the Su!:u: ukc depression ,.-hich ne,·erthcless 
is s:JI 100 !cct deep. Debris !rom lfardr ty 
car:nvl tct o.:t o! th:it hole. 

The f,'.! at the mouth o! Hardesty hu a soocl 
tcr~.1cc iurr.-: 1.:0 !eel :ibovc the lcvd -o( the 
Cc.:i:idl '"1,;oc:.:idc" ahhoui:h more than 100 
Ice: t..: low t!'le base o! locssi:il scarps. lls 
co:T",j)OS :tio~. ::.dicatcs cons:ini;uinity ..-ith those 
other " ter:accs" -.hose flat tops slope down• 
co .. lcc. Its cr,r.~triction of the tributary v:illcy 
sce:-:,s q-~;, , c.-Jt o! harmony with ti , · ,,icturc of 
e~;::,::l: ::,· -. ~::.;>!etc v:i!ley re -uca,·ation o! 
\\";.~l .t1.c~.~ !..ya ri,·cr ol moclcr:ate size. 

k:inlcs:.,:..c Cc.ulce (Pl. I; Connell quad-



:ly mid-channel hill 
ConMII; in other 

J:e lone, clowd de
Coulte. It is not 

.. sl<'r,es. Ban are 
.1 Lt-u._ Some may be 
I lrom older allu,·i:il .. 
-n capable or makinc 
,ot deep drpression 
:s hill lrocn a lom1er 

1rdcsty Coulee (Pl. I), 
. lrorn the north ju5t 
hill, hu a llat, kn-I 

T. and rc,u on b:isalt 
50 leet. Much ol it is 
;,!:\ck b:isalt, but it h.i. 
;ize pebbles. Thc:re are 
'den ol quartzite a: j 

Joor. Sections are poor 
,ct horizontal bcddinc • 
. sol this i:r:ivel ·are silla 
rt conuinini; a thin con
! the v.holc taken to Le a 
i:f,._:"\[ormat:on. If _so, 
• J:r eroded in b:i~lt 
depths whc:n the Rin;:old 

t:1=&ni;e knickpoint along 
~ a pronouncc:d narrow
;, enters and crones ttis 
i:ss that has persisted "la ile 

. to the till-and-cut theory, 
*II eucnti:illy cle.inc:d out 
e,osion ol a distributary 

'alouw: tr.act. Trcnchin~ , . 
~ ·ontriLuted to f-lling of 
·prr.,ion which ne,· rthclc!, 
ctp. Debris fr.im JlarJc;ty 
:'"ll hole. 
iOUlh ol Hardesty has a cood 
feet abo,•e the lc:,·cl of the 

!e" although more than 100 
~sc ol locni:11 scarps. Jt ; 

~tcs consani;uinity with those 
•·hose llat top~ slope down• 

:ri~tioo ol the tributary ,·alley 
c.· ,iony wit~ the picture or 
11l•~vallcy rc -e:tC3V3tiun of 

1 river or moderate size. 
C11ulec (l'I. I; Cnn!'!~h qu:1J-

. J 
' 
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r:incle ma1•) e11h-rs \\'ad1turn:1 :1i,out 21S milt-s 
e;,st of Cunnc:11, auJ its Ji~.:har;:.: tlu·nn· 11,,ws 
t.asl (upv .. lky) for 4 mil.-s to enkr Sulfur l.:ike. 
Its mnu1J, contains a i:ra,·c:I dcpo,;it 111.,de back 
in it liom tlae l:ar;;er ,·:i"•:y. A pit here shows 
Lt-dJinc forc-s : : up 11,.: 1ribut:1ry out of the 
m:1i11 valley for the ful' laeii:ht of the secti.in, 20 
feet. ~v hori1.or,t:1l members were SC'Cn. Some 
ol the · fore-sets arc at the angl,: of st:1l,ili1 )', 
others a liulc less steep. /\ se:im of h.;!11-
colorrd sand confomis pcrfrctly with fc,rc-set 
gravel above :111d bcluw. Under the blui~h-bl:ick, 
lore-sd, fin~ gr;,nl is a foot or ~" or old~, • 
st,incd and ~ohcned gra\'c:I :ind s.1nd with 
horizont;il l,cJtlin;, taken to be :i b:is:11 pJrl of 
the Rin;;r,ld. On bo1h sidu of the coukc 
mo111h, the 101> of this deposit is a rour.ded 
!urm with a Jquu,iun, m,w dr:iineil, up to 31) 
feet de• :'I bctwem ii anJ 1he sc:11,lanJ wall 10 

1he north. 

. . ,. EsQUATUL COt:Ll:E 

Jlaps : Co1111c//, 1-:ttof•i.J, Scoott,:ty 1.Jkt q1,:14• 

,3,,,t,s, U .S .G.S.: R-1-5720, sl:.-rt J, 
u.s.n.R. 

(Rrctz, Smi1h, :ind !'\dT) 

rrovidc:nce Coulc:c, enterin; \\':ishtucn:i• 
Esqu:itzcl at Connell (Pl. I), is shown e\'en uy 
the 50-foot contour interval of the Connell I to 
125,000 topc•.;r:1phic m:ip to h3\'e a pror:ounced 
n:irrowing bc!.:,w · 1000 feet A.T. l'ro,·iJencc 
C'nulce cro•"''S lhrcc form:11io11s. 11,c ,·:111.:y is 
mal urdy nJlCn on tl,c l•ll'~S·CO\'er.·J hii;hcr 
L:1,:1lt counl r)'; l,rcnmcs :1 r:winc :icru,~ ::Lout 2 
miles or Rin:;olJ (P:1r:1dise Fl:its topo;r:ipl,y) ; 
and, at its entrance into \\'a!>htucna, n:irrows to 
a trtnch ac1u, s :i l,:ick !ill c,f i;r:1\'Cl occuprinc 
the ra,·inc moulh. L~ni: unintcrrup• ·J forc -sc'\ 
dipl'ini: di.11:nnallr up 1hc coulce for tl.c full 
height, :ibout 40 feet, of 3 section :ilon; thr 
Conndl llrancli of the ~.i:thcrn l':ic ilic R:iil
ro:id arc clrady ,·isiLlr frc,m the hi;;hway :i mile 
dist:int. Nci1her these nor an)' o:la.·rs or the 
lone, •inbrok,·n fore-sets li~tcd al,nn: c:111 Le ex-
1,l:1ined :1~ parts of a gr:idu:1lly ,:rowin:; , ·allcy
tr:iin deposit. Can 1hey rcas .. n:ihl)· Le i11-
lt·rprcted ;is crosoni:il rcn,n:1nts of dd1as::1 

u Oral suc~nt inn from J;imc, Ci!luly iu 192i, as 
an :illempl 10 t·,upc from tlic l,:,r l·YJ"•''·••,;,, 

Pils in this deposit sl,nw th.:at the l0111: fore
ICU u11co11fu1111:1l,ly u,, rt;e r.11er grav..-1 in "laith 
orJin:iry cros!<•l.c,IJini: occurs in nr:irly hori• 
2u11tal cour~:I about 2 fed 11,ick. 11,csc courk'I 
di;> about s• NJ::. Th..-y may u:eord rarlicr, 
nnnlluvd d,·posi1in11. Tlut it is difficult 111 explain 
this trench ir the gr;wcl is J•rc fl, ,. •I u1akss t~.e 
almost compktc clca11i11i; vul c,f \\'.:a ·.~·•Jcna is 
ascril,cd to flood ero,iun. 

Connell st:in,I\ on 3 fill ,,! fine grnd which 
conslituks a di\'iJc in ti,e old , ivcr , ·:alley 
(Connrll qua,lr.11,;:lc m:, p) IJr:iiua~c f•om 
Providrnce Coulee g.,...s southwest down 
Esq11:11,cl Lut ru1a -c,li :it C-onm•:, .,!so goes ust• 
'l\'arJ 11p \\':i~htucn;i, d~;,cc:nding more th:sn a 
hunilrcd feet in 7 miles to re;ich :ilhlioc: Sulfur 
l.:ike. It is ISO lecl lu ~asalt ;it C.innc:11. lluw• 
l'\'cr, the :ahiluil,· of this mid -cuuke di\'idr, 
:iLout 1150 kct A.T., is far too low to .:allow 
consi,lcrati .. n of 1his fill :1s 1he blochdc which 
c.:au!cd the DC\·ils C;,nr.:in short-cut to 11,e 
Snake becinnin; .:at 1250 feet, or the P.:al•,u~r 
Canyun tt;uistetion 1•. lwsc: hii;hcsl sc:11,1:ind is 
about 1400 J..ct. :\,cording to Flht's thec,ry, the 
Co1111d: !ill c:in l,c o::ly :in rrosinn:il rtmn.:ant ol · 
;. \':lllcy dq1<,1 :t , . !. ic .. ori1:i11::.lly n; -.;s: b.,·e 
rr;icl,cJ to thc h;"l•cst ~cal,land :it th:it t.; ,•.-:,, 
about 1100 rcel ,,.T . A risin:; i;r:i<licnt of s::ch 
a f,11 up-, ·:illey would account for 1hc: tw-> 
c.:anyor:ed di\'ide crossin:;s, De,·ils at I :' .•O kct 
and Palou~c :11 1400 feet. 

Part c,f Coii:.dl is Luilt on a lnw, rc,undrd, 
gr:ivcl mnun,I in mid -valley, compn~cJ lar,;cl)' 
of i;ranuk rr:iHI .:and certain!)' n,,1 the ,Jcpo;it 
ol :i \'ig,,r,,,a s:rc::.m. t\'idrnre of mid-\'::.lk)', 
i:,•n1lc-currc-11: ,kposi1i,,n h:is been con~i!tcr,tly 
sough 1. 1.~1, ·., I ,1t-r-~si1s in prolcctcd J>laces 
were unaccq,t:..Llc. 111is si1c of Co1111d! c,,mts 
ne:1•est 10 .:a::!wcrin;; the dem:ind. The trans• 
pMlir:; c· ·rent , howc\'cr, may r.ul ~,3\'C come 
do,.-n \\'.,~htucr.a Contour m:ips Ly the U. S. 
Gcc,lo;; :c:il $-.;r,·cy and the U. S. B'-'rc~.u or 
Recl:.m.:ari .. r: sr.ow a ll:111 ish tr;ict which 
drscrnch c.:asl\\';irJ Imm the Olhcllo di\'eri;cr;ce 
th:it enc.rs 1l,c mou1h of \\';ishtucna and the 
hc:id of r.~q~:itzcl. It be;ins :i.l,out 5 miles 
w~st of Cc.: .r,dl :it 950 feet A.T. :inJ dcsctnds 
I 00 fret in rcachini; that town. Cr,r, I inurd 
farthc·r t ;: •: up \\'::1~htuc11:i, the ~loj"C c! ,· ;:cnds 
anothrr l(t) feet in 7 miles to Sulfur I..1ke. Lack 
of :i,k'J~:, ,c 01 ·isurc.; :ilon; this 12 -n: :!c slope 

! . ·,. r.i,L_ ________ j ________________ _____ . . --- --
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rtndc.-n an inttrprttation sptcul:ative. Dut the 

nurlr coutinuou, :md nr:uly unif.,, 111 slupc 
and the clwractcr of the 1lt-p01it in pits at 
Coamdl sui:i;est tl'-1\ il is a rccc.rd of b:lcl,;
fillin;: fr,1111 Othdlo disch:uge su~ucnl to 
\\'u~hturna', i:1.,cial rin-r. 11,is w,,ut.l hdp 
uplain the. Sullur JM,kc d,•t,rl.'ssiun. Sihs o,·.:r• 

lying co:u~ scaLland gravel at the l.:i.ko..- m:I)' Le 
conll'mpor:1ncous with d1·posilion or the b.urier 

or may n c,,rJ a IIO$ll:lacial l;,ke. 
Su1•1N11 liu;: tl11: , ·i,·w th;,t the i;ra,·d at 

Conndl a11J in the mouth or l'ru\' iJcuc.: Cuul,·c 
came fru1n the west (rrom Othdlo Ch,umds) 
arc strong tastward components in the Ion; 
fort ·Sl.'ts dipping L.lck up Pru\'iJencc .1nd the 
occurrence or othl.'r ca1,tward-dippi~10 fore-sets 
in a small pit 11ol far west or the railr.u:id 

scctiun. 
One seriuus objection to this intcrpret:uion is 

th:11 the Comirll dq10sit is mor,· l il;c a nllr)' 

bouom f,11 tl,an a ddta. :\no>thcr i:; th:it the 
Lcdr.lin:; in :,. ~hallow pit at Cu11ndl is lor.: -sct . 
wc.h, ard . It is cuncci\':1ble, howc\'.:r, th~l the 

divergent strimd from Othello Chann~ was 
sucrerr.l,·d L>• rrnewcd lunctionini; o! a ~!Jci:il 
\\";i~htucn:i wh ich rewoahd the uµp.:r r,:irt or 
the cuukc L,011om dcpusit, gi,·in; it the .:iL.-rr;int 
slope ;ind a supcrfici:il fo : t •kt srructure with 

westward d,1,.
11 

U11lile Washtucn:a, F.squ:1tzcl Coulee varics 
grr;.tly in .,..i,hh, r,uai;inc from an cq;hth to 

three quutcrs of a mile between .-alls. The 
tu,.·11s i.r Mesa (Scootcncy J..akc quaJranclc) 
and JJtr,pi& (t-:ltn:1ia quadr:ln;;lc) mark. t11·0 

11.,rrc..,· 1-l.,cn, ~11J th,·r, ~re tlul.'C uthl.'rs I,~, 

stril..in; . TI1eir si;:nif,cance lies iaa the massive 
graHI dcpoi,i" conui1uti11i; ,·cry local hills 
whid. con~trict the old valley in these narrow 
plan'\. Th,·y .1rc not "perched" deposits. 11iil 
,l in,••, ,,· ,· 1,.tw,·rn l:>1111:111..t :111d Wasl,lucna it 

a .tu~,1 cou-.c:qucu.;e ur occul'aliun, at kut frum 
·:t.t,~ 1011thwud, by one or the di,·er,ent 
strJnd1 !upplicd.from Othello Ch:mnds. 

T"o of these cr.a.vcl hills o,·,rlilppini; the 
coul1:c ,.-;.Us, one a mile suuth or ~1na, the 

:ar,J th,. 1itcr1. It ocC\lrs on the liopcs ol Old !-bid 
Cc...lr:c, a triLut31)' r11t<1in~ C5,11u.a.t1d fr .. na the cut. 
l.11 a!: ituJc, 10:-0 lcct A.T., i, aLout alaJt ol tlic 
birt~u.sc3l,l3n«J in the l3rcrr ,·all.cy. Flint rrportcd 
a 11 Su, i° hori,on "cc.:ais: inc of J to S fret ol calichi• 
(,cJ si!: 3:,J f,rm ,.,,re calicl,e", un<.lcrl3in b)· a domi
n311t l)' i.:aul1ic ,r3,·cl r3nginc 111,m cran11lc-s up to 
l,ou!~tr\ l lrct in dilmctcr, and onrbin unconlorm
al,ly l,y lc.uc!ict "ll1. Qo1arui1c and ulic-1,c r,cbbln 
and ~nd ,.-i1h lcld,part, micas, tic., occvr in the 
cor.~ ·!.~::Lly d~.3~·rd t. ..... ,h i;ra,·cl . Fore-Kl bt1l<!inc 
dip, t-1i..~t. ·.H·! ~ ..... .1 : J , r'.r,\\·n a:t1n: Old ~f.iid c .. a.ile1: . 

ll. : t hr:c is no 1e3!. f3nd in 1hi1 coulcc nor any 
1CJr1, •!..:.urn!cd nc.tc!i at the hc3d ,.t,crc cbcial 
,.at<r mi01,t ha\'f o,·crRowc<.I lrom \\'ub1 .. cna 
Co.!.c ar,d intrc.<.!:.ictd :he lorcicn n~tcrial. 1'llc 
cal;cl,c rap al10 KIi lhe d,~it 11•.ut !rum all 1cab
land rra.-cl ever docriwd. :-=c,·trlhclcn, it pr<>~Lly 
r«ords a mdt•·attr stream acro11 the r,13IC3.&. Its 

11 A crncl dc('lO'it alone the hichway 4 miles J.r .. ~: !.o:.klcrs indicaac ,·icurous crowon sor.,r,.·hue 
dircctl)· 101.1b ol Conndl is only tcnl3ti,·ciy inter• cn:~. ,c, and t~.c cl!iche pcl,blrt ,ui;~~t a urcam 
1>rt1cd by llry;an (1927, p. 27), Flint (1938, t_:!,:>~:.:_:c_:r3:i iar!.acn al,o,•e ,·3llcy w11c.m1. 

PL•TL 13.-SCAJ:L.-\~r, r,c,·.\ILS 
Facuar. 1.-Shoulclcr Lar. Note p;a ral!cli1m o! ripple n,1:k s ..-;:h gr1,11·inr (northern) front o! bar and 

thtir utrnwon lrom summit <.!own southern and wcstcrr. ,,,,• oft to cor.i: ,:s:t t lac crcnulations shown on 
llu, 1npo;13l'hic n,;ap (m ri::. 21) . rrvduction 3ncl ~h•lt : :~; .\ c ::-. 1,L:~ CCll-16-197. 

FICl'II: 2.-f';art <>I bench wtwecn n:>Lcock ki,1&~ ~r,d Cc,~r,:!,,a i,; ia: . 1nrcc cunlr3slcd 1urlacu ate 
shown: (I) ahc northern put \\ithout sc~Lb,.J, (2) ol,kr ~. ?.:.,.J. a,,J ' 31 yo~ ,. ,cr sc3l,J:.nd. TT-Trinidad 
orCraltr tcrr~cc. \\'SD-\\'illow Sprin;:1 n,~w. C-cr3nl ;,i: . n-,,anl L:ra-1oo.:iatcd ,.itb c.?J.:r sc;.!,\;.nd. 
0-cr3vd ni:.,i:in;il to y1>un1,cr sc3l,b:.J . :-=or1hw31J cue: . .;~" of the lo·.·,cr clifl ur, inlo the mo~th o! 
\\'illow C"rn·k Tlr:>w shu\\l th:11 Col:.n,l.i3 \'~II,·)' :111J tt.c IJ ..... 1.3.! l' '"'"t <.lrpths t..:lorc any 1ul,land 
,.-3~ m3,lc on the l~ 11d1. U. S . .-\rmy 3, ri:,I ph<1t.1;:r•1•h. 

PLAlF. ,~.-11.\RS :-=t::rn ~:r:s.-. 
r1cu•1: I -lnltrruptrd p:inor:ima ol ttrminal portion o! t,3; w111l, of 10 .. 11 . Lookini; north. Fort-set btd

din; lor lull hcii;ht ol each pil di111 as ,1.,,..n L)' ;arro\\S. O,.!, s!:cJ. t cd ,}i•·c b:,1 occurrcd_Luwccn wron 
kit anJ c,?Jcr i;,:i,·cl on richt . l'lu,to Ly II . T . U. Smith . 

F1ci;•1. 2.- ·F3CC ol l,ar 1101th ol t.rnn. !.""Ling .,,.,1 ar,,. 1~.,;. in ; t~.c ;:.'.;h across it, the U,ulh•·ard 
1loi..: ul tt,c kunmil, anJ the Ju" n-c-,11 k a: t;a1,..1ini; uut ol the .;< ,(,'..i t . · ·t,o:o r,;· II. T. U. Sn1ith. 

t'acu111: 3.-·lli;hwar 11:clion tl,rc.1.c:, \,31 11ur1h ul to ,.r •. l.w~i:.c s?.th. Struclurc ,ho"' that ,·alley• 
warJ ,lope can only 1,c con1tructio11al. l'hoto by II. T . C. s~,i;h. 

--·-·----·-•···--·-------------··---· 
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otMr a mile nonh, ha,-c cscdlcnt sections 
(l'I . 1-1). The IOUlhcrn hill is 50 f,.ct hi;h at its 
blunt, d011·11,·alll0

)' krmin11s • ·here it stand~ lrl-C 
from, but parallel to, 1he valll-y wall. On the 
vaDepard ~. the hill has three or four 
lateral Jobations aat l,y the hichway anJ one 
by the railroad. EYl"ll better sections arc 
afforded l,y lwo larcc pits. 

All these cuu show .lone, uninterrupted, 
dcltalilr.c lure-sets Jip11inc do"'·n,·alley. 1nc 
l:ui;.-r rit wall (1'1. U, ri;:. I) ~hows -10 ,·crtic.,I 

fcl.'l of Juch 1,..-J" J i1•pi111: aLout 20• anJ slrikiui; 
csscn1ially taui;cnt tu the cur\'cd end o( the 
hill. 1111:rc arc no horuuntal strata and no 
cranulc gra,·el, sand, or sill mcn,wrs. The 
cra,·d is all moderately coarse and moderately 
worn l,asalt, wilh some col,blcs and a few 
boulders . 

The form of the deposit is equally en• 

lii;h1"11inc. 1lle hiU'1 cloneattd, rounded 
sumniil parallda the- ,· .. lk-y •·all, a sac or r....c 
M:l':uatini: th .. •n . 1'1,e untcrraced .-alley slope 
acainst • ·hich the l,ill r,-sts is ol cra,·el, or at 
lcilSl is cu,·en:d wilh cravel. Jt is marked l,y 
broad shallow cull~,. features ,rhich the hill 
itself docs not ponns. F.sposurcs in this 
sl~htly cul.lil-d nllcy slope show a 6ne• 
textured i;ra,·cl w;1h l.ut few mcJiuru to bri;e 
pc:bl,lcs. The fine: i;ranl is apparcnlly older 
thau the co>.1r.c. \'c-t thl'rc arc dc:fini1e con• 
structiunal mound i11i:1 on its slii;luly cullicJ 
surface, and ooth J,·1.usits arc judi:cd to 1,c 
l,ars. 

The deposit nunh of l\fcsa hu a culd, cut 
throui;h it (fie. IS; r1. 1-1, lie. 2). It is.a hill or 
i;r11nl Luilt ai;air,H hii;h.:r, cra\'c:l•conred 
slopn, a luue with its ccr:tral P3rl still un• 
drained lyini; Lctwccn. The hill summit 

run: IS.-GRAVEL BARS SOUTII OF SN.-\1.E Rl\"E)l 

Phola1 b)' II. T. U. Smi1b 

F1cu11: 1.-rit KC:lion i~ 11onhwnl ~tl of •houl<Jc, t.ar. False anJ lrue f0tc-iod l,cddi11; i11 lown lch. 
One lic,·ct. Ilic olhcr. Nule a f<n« l•·> in ••i;u1" l, 2, and J, 

Frc~u 2.-l'it KC:tion about hair way down bar front 
Frcuu J .-ri1 Kction al toe or Lar 
•·rcuu 4.-1',icl:lc Lar 5,0uth of Lyon• ferry 

Pun: 16.-SCAUL\ND n:ATU>lES IS MID•WlDTII AND :.IID-LESCTll o•· 
CIIENl:\'•l'.-\1.OUSE TR:\CT 

Facuu l.-Scabland wilh lacuial blandlo. Scarified but Dal dcq1l)· channeled scabland with twa KarpCd 
and prow•11Din1nl locssial i,lanJ, carr)·ini: unmo.Ji&rJ minor prcclacial drairu;c 1.ncs above llood limitL 
One of 1hc,u al.o bu a n,inor channel acron il. Li;ht areas arc wheal 11ubblc, dark u.-u arc 1um111Cr fallow 
ar (,clJs newly 1,IO\O·cd. Part of T. 16 and 17 N., R. J7 £.. Frc,m l'rod1mio11 ariJ :.1a,l.ctin1 Adm. mmaic 7, 
Adan11 Ca., \\'uh. 

•·1c1:u: 2.-Ciant current ripple ma,l;L The local 1abland "channel" i, IJ,i mile1 wide Lct"-ccn lwo 
1m:ill lonsial ir.Jands, i,arl of uch .i.o..·in;. A lar;cr "channd," containinc 1Luc ii !;inc!s , is S-9 n,ilcs • idc 
and is bounded l,>• t,.·o Lui:cr i1la11dL Overall ,.·idth or lhe Chcnc-)·•r:ilousc luct al 11,i, p!acs, Jo..-nstrnm 
ftoni all di111ib111a,y routn nc•11t \\'a,h111c1u CO\ll<C, is aLoul 15 niilcs. 1-i;urc 1 lh,"'' the ccncral character 
al i,la11J a11d 1eabland ,elation, a few miles farther south. 

\\idlb of the ,mall "channel" of the IJ:lrlicular "Jllcam" which lch the cc,nccntriully curved current 
rirplcs is a qu.ulcr of a n,ilc, arr1oxima1tly tlut ol S1tal.e l!h·cr in OooJ to.Jay . It appear, lo Le the rrod.::l 
ol a la1cr an,! 1111aller Oood • ·hich he1c trav<rs.:J a11J incis.:J an earlier i;r;.nl d,1-~.;1 . Ou the ri;.hl is a douLlc 
IU'l•, the "l'flCr p.ul in lu.:u, the J..,.·,r in the older ,,,.,.,1. This 1i1'1•lc--1,1arlrd "cl,.r.n,I" i, only i,an of 
an ana.1oniosis, tl,e cravcl scar,, and ripl'lcs or a conttmporary"thanncl lhowo or, the lch . Rclid or tt,e 
tntcmblc dcn,and•d 1111cc cu,vn in the railro.id to reduce i;raJc,, lwc, of them sho-,·D in 1be phota. Tbc 
bicher crave! dcpowl c,-, the rii;ht is thu, ,ho,.·n to have a Lraadly 1ou11dcd krmir.1a o! ~,. not terrace, 
character in the kc of ,be locuial isbnd. r,ur.lt . 11111plicd by lhe c.:-1. and St. J•.r:. .R., indicate tbal the 
railroad cradc rises 20 l«t i11 crUbinc r,u,n tlic ,.-u1 wdc ur the area tu ,ounJ tlic tip or the !.a, to 11.e call . 
Scaled !rum the photui;rapl,, tin: wave kui;th ur lh,-sc: 1ipl'l,·s is 200 I.ct. ,\l'l"•"''""ld)' Sec. IS, 1·. 11 N ., 
k . JS t:. 

1'1od\lCliOD aoJ Markctinc Adm. Jll,010 AAr-1c.12s. 
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unJuJ;&tc-s thruuch minor 1:11:s and swdl5 that 
fall into a fi:itti,h Jirulil.: when ,·ic:wl-J from an 
equal hei1,ht on the opVoJile lide or the couke . 

and stril,;o 1.arallcl to the frontal slope. CobWrs 
aud LuulJ.-,. arc not aLua.d.aut, Lut pcl,l,le1 are 
lari:e almost throui:hout. A pit at the south, Ice 

•·1c11a1: 15.-liu J\.ouu or ~IUA 
Showinc the n:i.ttish fr« tcrmi:iu, (contou" iOO 10 i -10) :i.nJ the ur.<Jrainrd low: (6i0 cor.tour) . Part ol 

U. S. llu1<·:1u o( l{rcbnt.i tion ni:11, G-5HJ, contour int.-o·:il 2 fret . 

This profile descends southw:ird, dowuv:illcr, 
\\ ith a slope of -t•. The hill n:irrciws :ind lov.-.-n 
to its terminus, free from the nllcy slope. 
Ovcr:ill lcu:;th is 3000 feet. 

The ro:id :iloui: the i;ulch alTor,1. four cood 
K'Cliuns, all of ,, hich sl,ow c.kh:i-lYJK" fore -sea 
from top to l,c,,110111 (l'I. 1-1, Ci;. J) witlc diµi 
i,rc,·ailiucly or 20° toward the nllcy Lottorn 

end of this vallryside hill shows rather fine 
1,r;ovcl, with spr, r:i.dic srr.:111 Louldus. It al,A 
shows a lens of silt and und J feet tl.iclt, lyin; 
horizont;,lly in tire i;ranl. This coulJ wdl l,c a 
deposit in :i ciuict w:itc~ hole in thr Ire of the 
b:ir durinc its i;rr,wth . :\ few days at tl,c most 
would suffice for iu scul:n;. · 

It i,; arcu~d here th:it the fore-set Lcds do not 



,\".\Slll~CTON 

:" qe frontal slope:. Cobbles 
n _}'ndanl, 1,ut pd,l,les nre 

,11cM~t. A.pit at the south, Ice 

-~inrd lo11e (SiO contour). Part of 

!lf)"lide hill shows rather 1ine 
••r.&•lic 1n1:1II Loulders. It also 
,,:1 :ind und J ket thick, lying 
the i:rncl. 11,is could " ·ell Le a 
:,•t ":lier hulc in the Ice or the 
:-:1Hh. A k" cfays at the most 
: its !tlllinr;. crrjt the fore-set beds do not 

ESQUA'I"ll:J. COULEE 1009 

record addi1io11 of their gravel ,_,, the slope: 
from al.«e. The conuiLuting current wn 
flowing horizontally p:ist the i;rQwing wr face; 
the gravd "·as Ua\'elling mon: lari:dy aloni 
the slope: than dr.1:11 it. 

The irregularly mounded valley slope back 
or :ind aLo\'e the fos~c hn t.ro:id, shallc.w gullies. 
11,e hill, "l,i.:h is intrrµrrll·d as :1 youni:rr 
d,·posit, has only a kw narrow short i;ullirs, 
othrr than the lr:mscctinc i;ulch. 

Neither ol the l\lua li.us has a sc:iLb.nd 
channel lc:iding to it. The erosional (l.lllcrn of 
the adjaetnt upland in both cues is dongatc·d 
sulirarallcl to E~quatzcl and the two Lars. 

Ju~t ~outh ol Mua, Esquah.cl Coulee Lrc:iks 
up into an anutomosing p:\llern ol channels 
which at Ehopia, 8 miles farther downslrc:im, 
is S miles wide. Jack:ln :\lount:iin, an isol:\led 
Rini;uld hill in this complex, st:inds 200 lctt 

\\':ishtucna gl;,cial river was then ftowini:, 
Cppcr Gr.ind Coulee had nol yrt Letn cnm
pktcJ ur wu trmpor .. rily Ll,xkcd Ly the 
O1::ln->g:in lobe. 

Theie channels clearly record a post-Tou-:het 
t1oodin1 down Esquatzcl, and, ii Allison is 
correct in m:ikir.g Tc.uchct sila youni;cr th.in 
tl,c Sn:ilc C:inyon gr:wd b:ir~, Tou~liet (i., . 
L:oke I.rwi,) scdiment:iti<Jn, :ihhoui;h gl:ici:il, 
must Le inll·rll<MI in :ii;e. 

PASCO IIASIN 

Jlap1: Co,·ote Rapid1, EJto/io, llo.,fo,d, P01co, 
Pritsl kr:piJ1, r,osur 011d 11'.il!:.!J q110J, 

,a11ilrs; t' .S .C.S.; a11d JN-5i N, ,;,ut Z, 
U.S.lf.R. 

(Breu, Smith, and ~elf) 

aLo"e cl<Js.-d, channel-bottom depressions on All plateau scat:.1:ind drainai;e, cnttring the 
l,uth sides. The course ol the precl:ici:il [squat- ColumLi:i to the · west and tr.e Snake to the 
icl m:iri;ins the ca~tc:rn side or the complex :r.outh, cc.n,·cr:;c<! to the )';.sco L:isin, the lari;cst 
(1· ig. i 7) . itost of these interconnected ch:innrls and deepen <,( tl,e structural-tc.1>0:;raphic 
co1wrri;e a ·little south of J-:hopia, Lut here basins or the rci;ion (Pl. I). l\nrly 500 square 
another brc:ik-up of [squatzel makes two miles of it lies t.clow the 500-Coot cunt:.ur. 
dominant, di--.:ri;ing ch:inm·ls, :ilnlOsl cqu:illy The Cc.lumloi:i Ri\'cr :it 1ts outlet, the \\':illula 
drrp :and sq1ara1ed by a brn~d hill of Rini;old ?\:ir:o"'s :acro!s the Horse llr:i\'en Hills anti• 
S miks lnni; and 200 feet abO\'C its bounding d ine, is 300 leet A.T . ScaLbnd extends up on 
channels. The e:istern channel, deepl)' filled the w:ill:. c,/ this n:irrows to 1100 leet A.T. or 
" 'ith sand :ind gr:ivcl (U.S.Il .R. borini;s), more, Lut the b:i.sin upstrc:i~,-ly empty. 
apparently records the prei;laci:il P:ilouse. Flint b.:lie\'cd (1938, p. SI 7) the high 
Beyond this hill ch:inntls dis:ippcar in the W:illul.i sc:al,l:ind was m:icle because the P:a~co 
Ll<Jws:ind of the l':asco lowl:ind. b.:uin w:as (,lled wilh debr:s up to "at least 

This complicated gl:icial -ri\·er channclin~, 900 !~cl". Ttis fill v,as er prui;l.ici~I orii;in 
well shown by 10-loot contours on the U. S. bi.:t w;u earlier th:in tl,c rise ol l.al.c Lewis, 
Dure;,.u c.r Reclam:ition m:ip R~-S720, shed J i .t ., urlier than :l,c v:alley-filling, loess
(su also I::lt<Jpi:i :ind \\':illul:i qu:idrani;le m:l()S, scarpini;, 5caLbnc!•l"1~kir,g episode. It mcsl 
U.S. Geol. Sun·cy), extends frum 730 feet A.T. h:i"c c~uscd aci;racfati r,n in tribut:iry valleys 
near :\ks:i down to an altitude ol 500 fret in a Llck on tl,c p!:itc:au, but al,out thi\ Flint 
distance or 17 miles; :ill of il is well hclow the J;:l\'e no c!et:iils. Hc,wcn-r, most ol th is c:irly 
hii;I, knl of t..,l.c Lewis :is ddincd L>· ,-\llison Llsin :ind nlley fill, its c:iusc unspecified, was , 
and Flint. rcmuvcd Lefore tl,e widely d:striLut,d l.1cus-

Thc t,i·o Mrs:i b:irs stand down on the main tr ,nc Touchet silts (contc111por:mr<>us wit~_!h~ 
channel floor. \\'at,·r in P:i~o L:uin :ipp:lrcntl~· p!:1tc3U£rmljv.-irc dcpos:tccfin J.al.:"i'!.cwis, 
did not then, nor l:itcr, re:ich the 1100-C<'<•! n.-,rd~re l,do·: p!:itc:iu sul,land cro,ion oc-
sc.'\L1,nd ch:inncls :it the summit ol the \\":illul:i curred. • h ,·-· 
wateri;:ip clilTs, 9 miles distant . Yet the compli- . ,..The high Wallula sc:it.land, ahhou£h "well 
catcd ch:1n11clin; w:is done by a very l:iq;c -~ dc,·clopcd", is th~s much older than :inr other 
glaci:il river :iltcr the Touchet silts were ' in the ent ire rei; ifJ:: . 

dl'positcd, :ind proL:iLlr when Loth Othello :l.ni"- .o\llison (l?:I) asmtcd that the sublluvi:illy 
\\':ishtucna were contributing to Esqu:itzcl. JI molded i:r:il'cl dci,osits associ:ited with 

------·--·--------·----
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1abl:1nd in Snake River canyon had been de
rind !roan "hii;h-terrace remnants" of & 
1inclc:, grr&t, rrnul,land · terrace systrm 
which he cum:lilh:d · with "terr.lets" in the 
l'uco luwland anJ, wilb d.:cliuin; devalion,._ 
lart!1tt du,m the Columbia. lie: ,·isu.:i.!:zcd tliis 
system as fallin; the Lasin .up to 700 or 7 SO 
fret A.1'. Dul he w:1s unsure: of the: time of 
dissection. ll could h.:i.,·e occurred tar "ordi
nary ero~ion •. • between two distinct i;l:icial 
stai;c:s" or it could h.:i.vc: h:ippcncd "durini; a 
sini;lc: st:igc of glaciation before the Lake 
Lewis-ice-jam stai;e \\'U reached" (I'. 71). "11 
Lake: Lewis and the: Tou.chet lacds arr later 
than much of the i;ravcl, then the: rise anJ de• 
cline of I.:ike I.c:wis c:1nnot lac the c:iuse of the: 
drposition-ci.c:i,·ation sequence in 1-·:int's fall 
hyrothc:sis . J\,_s~ilily 4k.c: Le.~~[~_or_ c:quivalt:nt .. 
ar1>t"ar1:d twice . . . " (p. c.G), but 1\llisun could 
"Grid. n-;, ~-,:iil~ncc: to support this idea. The 
cau~ of the r:1rlil'r alluvi:ition is not st:1tcJ . 
An ice j:1m in \\'allula Narrows is sui:;ested 
!or the (liltcr) I JOO.foot scabland :ind 90().foot 
cra·,d .!,·posits &l \\'allul, Narro,.·,. 

Brc:1u~e the l\l.,,--:.ic f.nera Commission 
had done: much construction in the northrrn 
p:irt of the l'asco lowl:ind ~inc.: the !:1st field 
study there, permission to enter the restriclcd 
Hanford :irea :ind ex:imine the open pits w:is 
secured prior to the present study. nccau~e 
lir<"U's earlier d~-scriptions of lurms &nd rcl:i
tions h:id not e:irried conviction to s..me 
gcoloi;ists th:i.t the i;ra,·cl hills there, were 
ciant river b:i.rs, it w:is hoped that pcrh:irs 
compositiun and struclur1·s shown in· tlie 
A.J-:.C. exc:ivations would du so.11 :\lost of lhc 
c:xra,·atiuns seen were sh:1l! "lw :ind ol,scurcd, 
but data from th<"m sup;x,rt llrctz's iclc:i of 
bar orii;in . .-\ pit in a high i;r:iwl tail to G:aLle 
Mount:1in (SE 1~ Sec. 28, T. IJ N ., R. 2i F. ., 
Jl.:i.nford qu:1dr:1n;lc) showed that lhe fl:it• 
tish-toprcd dq.,,sit is composed ul coarsr s:ind 
of mii,;ed L:is:altic and i;r:1nitic dclaris, hori• 
zont:i.lly bedded, , ·err C\'enly stratified,• and 
carrying a cover ol coLLly and bouldcry 
gr~, cl. It is :in rrosiunal rcmn:1nt cxlcndini; 
from :about G50 feet .t..T. down at least to C.00 

u No mapt ..-ere :illo..-td in the restricted arc:i, 
and tlac r~d sr~tcm bd t.ccn so i;rcatly altrrcd 
liner the Cnn,mi~sion took o,•cr th.tt ni:inr loc:1tior:s 
could Le only apr,rcuimat.:d. In aJ<li11~n, many 
ro:1d1 \\ere closnl to i,ri,·:itc c:i.n. 

feet, its . · reamlincd share bcin; the result ol 
the a;laci.:i.l Culumbi:i's erosion ,.·h.:n the moun• 
l&in ,..as an island in the ri,·c:r th&t made the 
associ:1ted crc.:i.t L:in. 1t. is pn-sumably ol 
l!!~-~!'1,I?~. aa;e and m&y well be correlative 
\\'ith tl,c: v:alky f,11 of a;ranitic sand at and up
stream from Cralc:r. The cnanc O\'erlay on its 
sun,mit and i.l.:.1.cs is a d,·ri\':atin: lr11m the 
scal,land of the mountain, acquired wl,en the 
dcq, cl1:in1od~ (400 :ind -125 feet A.T .) on either 
side o! G:al,lc S°lou~t~ln .;.:"re made arid this 
dt:po~it ol line a;r.ivcl shaped. ln lhis scr,sc, it 
is a tcrc:ace, trldlc-cl to b.u form and arr,1orcd 
with sc:iLl:ind i;ra,tlTh~·- CulumL~ Ri,·cr 
surface just alao,·c Coyote R:11,iJ,, ~-S n1 iln 
upstream from these cn,rty ch:innds (sec Breu 
19271,), is 400 feet A.T ., and the streaml ;ned 
i;r.wcl hi!ls-i., ., bars-which shut thcm off 
from the river arc 100 !.-ct hii;her. A ; princ 
in the bouom ol the dn·pnt dt-p1<-u,on 
(400 l~~t A.1'.) Cuctu;ites with ,t:ii;,-s oC the 
CulumLia. Ri .. er. · 
- ·The "t, , r:1ce" io the ,.-cstern part of the 
Co)-otc R&pids quadran;lc". is shaJXd like & 

i;ll·:11 s1,it projrct ia;: southe:istw;ud across 
r:11 ,;:cs 25 and ~(, 1:. into the lo\\l:ind from a 
h igh L:a, .. lt anticline (Umt:inum Ridi;c) on the 
l'rit:st Rapids G..::adr:ini;le (Fi:;s. 16, Ii). At 
the west cnrl, th is "tcrr:ice" has steep scarps 
d,-sccndi1oc ?00 feet tuw:ard the north :ir,-' 125 
kct tuw;ud the soulh. Its broad summ,t is 
SOO feet A.T . here: but descends :1lnni; iu 
lcni;lh al,out 100 feet, and its sc:irps become 
more ;mtly sloped toward the southeast. ln 
mid -lcncth it is cut across by & ch:1nnel 50-iS 
1.-.:t <lc,·1, . Its lcni;th, IJ miles, projects more 
than la;alf w:i.y :cross the ColumLi:i nllcy 
Lolluan, sc~ratiu; the ri,·cr on 1hc north and 
nonhcast from alaout 50 MJUUt' milrs of lo\V• 
l~nd known :IS Cold Creek \'alley lo the south. 

Three: pits and one road cut :ilTorded M'C• 

lions in lhis "lcrracc". Two r·its i.ho·:.-cd well• 

worn , v.·cll-sorted r-elaLlc: :incl cobble a;r:1vcl , SO 
J)<'r cent Llui~h•L:;acl; b:1•1;l, with a few 
bouldsrs. Th~. ~ddini; is horizontal wilhout 
t\"Cn shallow fore -sets. Tl .. hii;hcst of the lhrce 
'j,fts (~ppruxim2tcly. i~ !\E J~ Sec. J4, T . 1l 
K, R. 25 l:.) on the Lrink ol the 200-loot 
nortl, 1·. :ard c!~c,p -c.!i toward the ColumLi:, has 

• .. t.:1oed by All i1,0n in rccon,t111ctinc t,is Pasco 
b2si11 Gil . 

.. - ---------·- - -· --------- -------··· ------
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:1td~ bcinc the rnult of 
,I,' osion • ·hen ·lhe moun-
J ri\'er tl~t rnade the 
~;L !( is prnurnal,ly of 

and mar ,i·ell be correlative 
.JI or cranitic .and at and up-. 
r.-r. The coarse overlay on its 
,.n is a cierh·ati,·e lrom the 
:11,,untain, acquin·d •hen the 
<I and US ket A.T .) on cithtr 
,,untaln -re rnade • ,;-d this 
,wl shaptd. In this sense, it 
l\"ll..!!..barJ9~m and armored 
ran·I. The Columbia River 
e Coyote Rapids, 4-5 rniln 
.,-,e empty channels (,ct Dreu 
-cl A.T., and the streamlined 
, 11.'lrs-•hich shul th~n oil 
.re 100 fut hii;her. _A sprini; 
of the deepest deprnsion 

tlu · uat'! with stai;n of th~ 

Ila the western part or the 
1u:adranclc" is sh.iricd like a 
·ctlnc aouthc:uh,·ard across 
• t:. into the lowl:lnd !rom a 
·:ne (Urntanum Ridi;c) on the 
,.irlrangle (t"ii;s. 16, I 7). At 
• •:• ··ace" hu 11ccp SCU!'IS 

·.:• ·-ird the north anJ 125 
sc,~ · . Ju broad surnrnit is 

,ere but dncends alone its 
1 f,·et, and its JC ~rps Lccome 
,-cl to•·ard the southeast. ln 
ut across by a channel 5~7S 
,;th, 13 miles, projects more 
lcr,m thr Columbia ,·alley 
•: the ri,·er on the north :ind 
'""'' 50 , qu:irc n1iln or low• 
·IJ Crcck \"alley 10 the south. 
t-vne ro:id cut aITordcd scc
race". T..-o 11it1 showed 'll'CII• 

rc-!,blc :ind cobble i;r:ivel, 50 
-1,1:ick L:is.,lt, •·irh a few 
,IJi11i; iJ horizonral •·ithout 
It!•· The hii;hest o! the three -
I>· in XF: !~ Sec. 34, T . 13 

:i the Lrink or the 200-root 
-ii lo•·:irJ the ColumLia I 11 

,,; '" rccon11ruc1ini; bia J'asco 

7,'.}•------· 
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only lone dclt1&likc fore-sets dip;,inc south• Mouoo,; arc larct'it and most numtrous close 
ward, a"·ay from the rinr :ind into the 1kposil. to their "l'l,cr lin,it,.m.J,~t A.T. Auo,·c that 
Much of i11 ntaleri.ll ~ con1110s.·J of fa11:- arr only 11ray rrratic l,oulJ,.-n, up to 1100 feet 
tnturcJ, dirty i;ravd ahcrnatinc with ck.n, A.T. T•·o l'l•i .. .Jn of Lera; Rotatiun \11111 Kem 
opcn\\'orlt coLLlc i;ra,·1.:I. ;llould.,r1 of b:.~ll indic1111nl . Ueuus.c n ·tn the massive l,crcs r~ •. 
and '"anite 3 fret in dilmrtrr and onr blsalt" quirtd fur ·,;J~!f>Ortin; ti,~ matrr:al of these 
buul<l,·r 8 kl'l in di:1~11,1.:r i11,licatc tr:1r..;10r1;i • . liri:cr .. 11 il<"I. \\'ould h:udly cround in 225 fret 
t'ion 1,y ll<>atinc ice. lkcausc: the fre,hncss ui' of -;;.·1u.~ pru1111,1 1ul~idcnce c.f tl,c llocx! 
iiicm:111:ri:d a!,o. indic:tln a Sl':llil:u,J dl'rh·a• whik 1 .... ,1:;·11ill ,u;~h":d in the Co!J Cr."tk 
liun this "kri:ac.:" w:1s :ul,l,·,l 1,,, ii 11,1l \\hull)' j .. ;11,li111:· k'\;~,. · r~11uirnl. The al,u111IJ11Cc of 
l,uil~. 1luri111~ i,;c;il,laml l~ry.; l,c:ri:,, ti,., cnurmuu,; 1i1c i111.licakd, anJ 1111: 

•n,c kc 1lupe could t.c: ex.,nii1n·d in section pruLal,lc Lrr,·ity of the e11il0dc app,:ar • , 
in onlr one pl:1ce, the ,trrp drop-ofl aw:i)' d,·m:11.,J SJll'C~l cc:-iditions for rclc:i~ Iron, 
froin tl,e Colu111l1i:1 ;al llu: ~uu1l11:a~t h'rn1i1111~, p:ir.,nt i;lari:il ice (a Lurstini; I.ah ~tinnula 
.&pvroxim;.tdy in l'\W !~ S1:c. jj T. 12 N., IC d:1111r) :.s well u !pc:ci:il cu11Ji1ions fur tl,cir 
2C. E. The loni: road cul here show•·d 011ly lr:m,1,c,1 lation. The li1hulocy of fra1:me1111 in 
loose:, dark, coarse s.,nd with fc:w coLhlcs and the till (llreu, 19301,, p. 410) stroni;I)' su~t'i!S 
lx.uldeu, m':11c:ri:1I typical ol Ice slo1,cs of dcri,·atic,n frum Dd1i.&n tcrr:inc:s cf nor thern 
.caLl:ind L:i.rs . Jl.o structure 1hc,wc:d to chc:dt JdJho and wc:Hc~n ~:in:i. ~o route from 
that inlcrpret:ition. Sp,,hr,c: acr0's the sc:iLl:inds to Cold Crcc:k 

The chu:icter of "Cold Creek \'alley" on valky cuuld ... , 'd ut:ir .. cts and cuc .. ,ln 
this Coyolc R:11,ids qu:idrani;le mull not Le v.·hcre Lrc:;.k-ups would be prob:.Lle. !ucernt 
neglected in understanding the uri;in of the th:it 1hc dd: ,·cry of Jr~•~ numbcn. or gi:inl 
"terrace". The creek, dr:iinir.g :about SO square lTc;j;s to rnco Lasin must have itquired Ly• 
miles o( the hi;;h, :irid hlsllt countr)' to lhe p:i~s in;: of · the !~.1!..,;nd ~i~:~r · routes, 1hcre• 
v,est, h:is Luilt :i l:iq;e fan \\'here it ent.:rs the rure a · 1,,p alon; an. unblucbdtd Columbia. 
",·alley", a fan th:11 spreads out :iLruptly Xir -aud· ,, iier currrnu· prob:iLly c:iu.,.:! their 
from a width of hall a mile al the head to ei!!hl ci>llcctic.n on t~.e west 1ide· of Loth Puco ·and 
times that width in a distar:ce ol 3 mil.-s; the Quincy b:isins. 
creek Lecomini; lost in its fill. ·, . ~e propor• · · The lui;csl bar 1ravel deposit in ruco 
lions (Fii;s. 16, 17) show th:it the •·valley" is Llsin lies a few miles 11pstrc:1m and across the 
onl,· a p:.rt of the lowland, a tr:ict p:irtiallr CulumLi:i from the Ct.Id Creek L.lr (Fie. 17). 
cnclosrd Ly the i;iant, spit-like form . It re- It cover. most of the northern hall of the Priest 
m:i ins for oLjc:ctors ID show that Cold Cr1.:dt R:11,idi. qu:idr:111;:le, and its contours 11iccly 
\':ilh:y, the 50 sr111:1re -n,ile arc:i lrinc in the fit ll,r inside ol the ur,ilo:m ~ drcrcc curve 
Ire of this "krrac.:'' (Cnrote R:1pids, 11:inlord, n1:1dc Ly the ri,·cr . A !ummit ar,·a of aLoul 
rasco, and Prosser qu:idr:ini;lrs), c:in pi>SsiLly 20 squ:.re miles is c:nclosed by tht 800-loot 
be :in ero,ion:il product of Cold Crrek, n . it con:uur and rc:i.che-s UC. feet :\ .1'. more than 
n1ust be ii the "lrrr:irc" is but a rc:mnanl o( a /-100 ktt :il.o,·e the ri\'cr. £1."pl for the Co
, ·:11, 0: )' b.>llwm f,I: . It is sicnificant tl,:11 1hr. lumLi:i J1.i,·cr undtrcuttinc :ilonc its 101.thcrn 
,:rl·:11 culkc1ion of icl"l,rri: _n,ounds of i;l:ici.1I m:1ri;in (a 200-loot clifl) and al its upstrc:im 
till "" lo\\:I Fl:1t (llr~tz-, J930l!._J1. ~ 10; ,\lliw!.!,, cont~ct with Sa.le.lie ~!ount:iins (a JOO.foot 
.!2!!.LI'· C.i3) is less lh:in 10 miles farther wuth, Llull), there arr ~ntiall)' no muks of rro• 
lying in the: protccll'd Ice of lhis spitlil..'t de- sion on ill ,mooth, roundc:d lorm. ~o Lener 
pc.sit and txtrndini: from (i2S lo 623 ket A.T. placr for survival ol terraces cut durin; re• 
Cold Crerk \':illey w:is in cxistcnc.: when these :,uw:il of a i;ra,·cl 611 in 1':isco Lasin c:1n be 
Lcri;s sir dcd :it ahitudu u ·;,rtsrntini; tl,e :ishd fur . \'rt two tra"crs,-s and the 10-loot 
full verti,.11 r:incc of the "terrace". contou" ol the C.S.ll .R. m:ip reve:il no such 
/'Thi, cxtraordi11:1ry dispi.iy ol hundreds ol fo rms. -

/ till mound~, up to ~· lcl·l hii;h, :i.nd 10:) lcct A pit on thr 800-lool conlour near the north 
) or M> in di:imc:lcr, is un:iJ' (lr<>:icl,cd i,)' any rnd of tl, is l'ri,-sl R:.JJ1ds Lar sho,.·s a coar1e, 
l~thcr record ol iccl,cri:s in scaLbnd floods . :ilmos: rntircly L:1~~l1 ic cr:1\'cl. ColumLi.i River 

------------------· 
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.-01 .Qmo1t nun1trous cl11sc 
,: J fect A.T. Abo,·e th:it 
.ll11. uouldcn, up lo 1100 feet 
., of berc llotation thus seem 
c: nm the n1USh·c l,c:ri;s re• 
«tuii" &he. material of these 
1 h.lrdly cround in 22S feel 
:ipl 111bsidmcc. of the Oood 
~ur;j,.,cf in the Cold C'r,-ck 

·,:1111irri:I: The ahun,!.1i.cc .. of 
,out ,iae i.ndiuh,I, a, .. 1 1111: 

c,I the episode appear lo 
conditions for rrleue from 
· (a bur.tini; I.ale Missoula 
, 11,ccial condi1ions !ur their 
he li1holoi:r of frai;ments in 
_;ot,, p. 410) ,uoni;ly sui:1:csts 
11<:hian lerrancs of northern 
rn Montana. No route from 
he sc.ahlands to Cold Creek 
..,iJ alaract, and casudcs 
,.·ould be probable. !1.. seems 
: ol 1rcat numbers of i;i:inl 
uin must have required by
e-at.land· ii~r ·routes, thrrr• 

an unblocb,kJ Colu111l,i:a . 
rn:,;·,; prolial,ly c:iusrd thrir . 
,.·csl side of lioth l'asco ·and 

~/·:).d dCJIOSil in Pasc11 
,ilcs uj)$tream and acron the 
.c Cold Creek bar (rii;. 17). 
:he northern half of the Pricit 
·le, and its contours nicely 
the unilorrf, 90-d,·grre curve 
,·r. A summit area or aliout 
is encl~d by the 800-loot 
'•n 860 rect A.T. more 1h:an 
:,c river. F.:i:crpt for thr Co
'crc:uuinc alon; its southern 
•l clifT) an1d :at its upsur:am 
Idle Mountains. (a 100-1001 
• .. cnti..lly nn n,:irt:s of rri>• 
:la, rounded Corin. ?\o Wiler 
I or terraces cul durini; re
l f,11 i,, !'asco basin c:in be 
·:u lra\'trscs and lhc JO-loot 
: .s .n .R. map rc\'cal no such 

' 1 .!,,ot contour near the north 
·. l'.:11,i.ls bar shows a coarse, 

''Jr:a,·cl. Columbi:i Rh·cr 

'J--- ·- --··--

PASCO _llASIN lOIJ 

---------·---------

t 
.!t 

i .. 
] 
;; 
:,. .... 

• 



. ~ 

1014 ltltF.Tl ET AL.-CIIANNI::U:D SCAIILASD OF \\'ASIIINCTON 

' gravel immcui:itely to the wnl is only SO rcr 
cent basalt . Thus the i:l:1cial Columui:1 w:i~ - --=-- ----. . . . 
carrying pl:lh::iu, , ., . scaul:md, • ·aste :ihnnst 
uclus1v~ly -whrn _the hui;e d•1-i1 \\"3S m:idc: 

-~- --·\ . . \'" ) ' ... . 
< 

"Sonin1 and wear of this i:ra,·d indic:ue sources 
more distant than w:11ls of the S:1Jdlc :'.loun· 

i 

\ tains water g:ip, J--1 miles upstream. The i;:ip 
/ therdorc w:is :ilruJy well orcn.-J :111d dcepl ened when the m:1s,i\'e i;r:1nl Ul'(IUSil w;a~ made. 

l,Jo_;!d~ide cul near the southern rnJ of the 
summ_il fl:il 'sliowcd IO~lheast-dippini; fure-it1s: 
A· few oorings sho,., sand, i:r.:1·,-c1, :ind coLLl.-s 
in· the upf)t'r p:ul of the L:ir but onlr i;ran-1 
and ooulJcrs in the Las.ii portion. At Jrpths 
of .:iboul 100 feet thne rest on Rini;oWcla)' :ind 
s:ind. .. . . . •· · ·· . .. . 

•-A".E.C. restrictions preventtd uamination 
of the southern clilT. JI the deposit is a bar, 
stratific:ilion here r.hould be either (I) steeply 
rast -d il'pini:, ddt:H)llC_ . fore_-_s_ets, or (2) 
ge11tl)0 suutla"·e~r.Jij,j;ini: bcJs p:i rallcl to the 
slorc of the !,:ir, " ·ith sh:1llow fore -sets dippint: 

/ 

into the Lar, as in the I.ind Coulee b:ir al the 
East Lo,Y Canal crossini:. Construction of the 
I'ric-st R:ipids dlm on the Colo111L i3, nc• \\' 
au1lao1i1.nl, should r•·~uh·c th is que,1ion. 

lf this m:iuin deposit l,c con~i,1.-n·d an 
ero!io1i:il rnidn:il, the 18-20 square miles of 
lo..,·1:ind i111111cJi:1tclr bcyond its east-facini: 
M::lrp rnust l,e e>.plaincd. That tract h:11 110 
stre:im, and it cannot possil,ly be a me:inder 
sc:ir m:ide uy the Columl,i:i. 1-:nn the 23-fool 
contour intcr,·:ils of the Ccoln;ic:,I Surny 
maps show clearly that it is another Cold 
Creek \':ilky in orii;in, :in unfilled fossc bch ind 
a v:illey-marcin b:ir. 

This I'ri~l R:ipids uar is oriented :ind 
Str(;imlined for t l.e s:ime i:reat rinr thal 
m.>dc the Cold Creek and GaL!c !\lountain 
b:1rs and in Lut one place shows sicns of auy 
smaller b.:ir form superposed on its smooth 
rinrw:irJ slope. Ju th ic\.:nt'Ss is arproxi-
m:itcl)' the heicht (75-125 ket) ol the ~-mil~
lu11i; l•·C snip. 11,e l"'v arc:i imm•·cl ia 11•ly cast 
of it , unJcrl:1in Ly Hinculd, is ol"· ivusl)' a 
remnanl of the or ii;in.:il surface on wh ich the 
L:ir w:is depos ited. 

A smaller and lower b11r1 product of a later 
a•,.! sm:iller flood, trails :il,out -I miles down• 
sl r•:am from thc- cl ilT in the hur,e L:ir 's southern 
utr~mity. On the U.S.DJ{. map, Li, i. you1icer 

Lar 1011 (l2S lcct abo,·e the river) is shown GO 
Itel hicher th.in the dune-co\"Crcd fossc be-
tween it :ind the low bnd ust of lhc crc.:it 
u:ir. Ytt the low area is 100 ket hii;hcr th.,n 
the h>J• of lhc younger b:&r. 

Dull, the Cc.lJ Creek :ind Cable Mountain 
b:irs, sq,:ir, 1nl L)' .in undrained s.,i:, can he 
i,1.-utif,.,J farther south by linr:ir cle,·:itions i11 
the clunc-crinr•·d central 1r:1ct oC l':isco l>:isin 
(l'ii;. 17). Tl,&: f-,ue of the Cold Cm:k u:ir 
dctn111i11r5 the course of the creek to ill 
junct i<,n with Yakima River. 

Anuther con,picuous b:lsin l>:ir, also with a 
du1 ,c s:111<1 covcr, li•-s just u~t of the Columl,ia 
:ind nc.rthwcst of l'asco (Fii; . 17). Its top is 
200 feet abo,·c the ri\'Cr, its fosse 100 feet 
dt·cp. F.squatzcl Coulec's 111·cstern channel 
enters the !osse, h,rni;ini; 40-50 feet 111.,o,·e its 
fiuor . \\'ere the 1,:ir contempor:ineous with the 
ch:rnnd, tl,e last 2 milcs of the tapering for ::1 
could h:irJly have bcen deposited. 

Thue , ·alle)' forms in the l'asco buin • ·ere 
ne\'cr made cr<>iion.:illr during nornial diucc• 
t ion of a complete valley fill . 

The fr,n11id:iLlc prvLkm of rcmovini: a fill 
in 1h is l.~! 'n, IC. milcs wide Lrtween the 750-
foot c .. ,,1, ,u11 in the latitude of r~sco (Flint 
:l!keJ f,, r 11 ,e M fuot contour), w:is h:inJkd 
Ly l.uth ,\ll i\'ln and !'lint in the moll i:eneral 

. terms, w,1h no comments on lhe surprising 
al,scr;ce ,,r ulcns iv • terr:icc re . 1nanu. Lo,ver 
\'ab,,.i un,c 11o1 r:il \'alley is another l:irce 
l,a~ rn wh ich musl h:ive sh:ired in this fill 
(l 'l. Ii . II~ width ii. much grc.:itcr in proportion 
to iu ttrc:im th:in r:isco b.:isin, but it likewise 
is rm1,1y ~nd i~ unkrraced except close to the 
river. It is qu ite unl ike the strungly 1,rr:icrd 
\'Jl ir.: l \'alley al>o,·e Ellensburg. t·lint :ind 
.-\l fao:i s.;: ;d notli ini; about the pl;ace or lower 
\' cl.ima \ 'Jllcy in iheir theor~lic:il f,lls .D It is 

"Flin t itnored the sal,bnd and ujvalley fore
sets in uSuCi3tcd cravcl bars dcscr iw anti ficurtd 
by krcu (I C,,JOa, p. ~ 12) in the Ch&nJlcr Narro•-s 
at tl,s 11 ,.,.,1i. o: tl11111ruc1ur.1I valk·y; and n1.1cle no 
lo l cvc .. n1cnt on the 1..:l ,l,ly , ;11, \"<nccrini; \'akin•:i. 
\'• ll t y 1lv; .. ~ up to 1100 l<cl A.T. Alli1oOn (l'J:', 
J>. c, ;~), 1,l, t cd an ice jam in the !llarruw1 • ·hich, l,y 
cro .. i,,c l.i~hcr, dc1c.urcJ tlie up,·alley n-.i current 
onlu 1ucc<><i,·cl>· l,i ,t.er, ,ur(;acc1 and thu1 maJc 
p<, ,, i\.!c tl,c -•~ -lc,~t nrtical range c.l 1lti1 very 
loul sul .:J nd. t: r.acc1>u11tal,ly, ho•·cvcr, Ilic lower 
(ear l.tr) l..ln 11c 11 ;1: pcrlccl. Tht IU[ll••f>Oiilion of 
tlic crc.·,i,.~ 11.lo rn ~id 1hcm no hum. 

Wall.l \\ : !la muctural ,·alley, southeast _ ol the 

- ·--- ··-··· --·------------------------



.-t ~ the rinr) is sho11·n 60 

.r jdune-cov.:rnl rcnse l,c. 
t.c ••. 11 land cast or the crc:at 
.7f ar~a is 100 lc:ct h ii;hc:r than 

)-OU n;cr bar. 
!.! Creek and Cable Mountain 

by an undrained s:i.i;, can be: 
-r south b)' linear c:lcnlions in 
·d central lr:i.ct of l'a~co ~sin 
lo.se of the Co!J Cr..ck ~r 
CIIUrse of the :ck 10 ils 

akima River. 
1,i.:uous buin bar, also ..-i1h a 
r, lies just ust or the: Columbia 
or rasco (Fig. 17) . hs tc,p is 

: the ri\·er, its foue 100 fc:c:t 
cl Coulc:c:'s 11·n1c:rn channel 
·, hani;ini; 40-50 k..t al.ove ils 
l,;u co111c1npor~neous with lhc: 

•t 2 milrs of the Up(ring form 
1\·c been drpositcd. 
forms in the Pasco buin • ·ere 
,sionally durini; normal dissrc• 
,·te ulley (,II. 
!,le prublcrn of remov inc a fill 
<, rniles " ·ide lx:twccn the 750-
,, ihe la1i111de of rasco (l'lint 
,oo fool conlour), wu handled 

, a~yinl in the most i;eneral 

• ~~ents on the surprising 
"'" c lerracc remn:i.r. ts. Lower 
ural valley is anothtr larr;e 
11a;t have shared in this fill 
h is much grrater in proporlion 
.an J•asco l,:i.sin, but ii likewise 

· unterraccd ucrpt clusc lo lhc 
:r u11like the stroni;ly terraced 

al,o\·c F.llcnsl,uri;. ninl and 
:laini; al,out the p!;icc c,f lower 
in lheir thtorctical lills.17 ll is 

_I the Kai.land and urvallcy forc
~r.a,·cl l.us descr ;l,c, anJ f,i;urcd 
I•• ~12) in the Ch~r,Jkr ~arrow, 

1,i, structural valky; and naadc no 
ti~ 1'd1LI,- 1ihs ,·~nc<rinc \'alima 
!o I_ I~: f,ct A._T. :\liison (l?JJ, 

• arc Jam an the ~;irruws ..-hich by 
:.a,~••J the up,·allcy Rood cur;cnt 
: hr·,!,cr surfaces and thus niade 

f,~,1 •·ertical rar.i;c of this very 
'·~•·(ount;il,ly, he, ,. c,·rr, the lower 
ii.II , ... rkct. Tiir sa. -,crpoiition c,( 
al~I tl1<•n1 no h~rm. ' 
:ructural ullry, so .. tt.eul ol the 

':) 
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argued here 1h:1t no ,uch fills C:\·rr uis1c:d, 
and it is sui:i;cskd 1h:1t the su~cd corrcl:1-
ti\'C:S below· \\'allula N:i.rrows :ire prol,;il,ly 
older deposits shallowly co,·crtd with fresher 
dchris. Huge gravel mounds compar:11,lc to 
the scabland wrs have bc:en descrilx:d (Drc:11, 
1925; 192!1.,) :ilonc the: CulumLi:1 u far :is 
J'orlland. ~o rcsturly uf th:11 rt·gion w:is pos-
1il1lc durini; the 1952 (,chi sc:ison. 

Allison's S11., kr: Rinr i;ra\'t'I L:in, ahhouch 
older than Flint's tcrracC'S, arc :ilso relics of 
former \':lllcy fills . They nnnol be: rcnm:ints 

of a Sn:ikc ,alley tr:i.in. ConsislenC)' in the ice• 
jam h)'l>ollacsis tlatrdore should postul:ite a 
comp:i.ral,lc prt-sc:it.land aggr:i.dation in major 

\ ':alleys throu:;hout the plalr:iu with loc:11 

1hicknc:sses rqu:11 10 hci:;hts of its l:iri;cst Lus. 

As lhcy :1re prci.c:it.l:i.nd, thc~c ,·:illcy fills 
musl :i.nh'Jatc the div i,lc: crus~ini;,. This, 

" ·ith 1hrir on,..hdmini; pcrcrnlace of l,:is:i.hie 
and calichc i;ravrl, rr4uires loc:11 orii;in on 
the platt·:iu . Thus pl:1tc:1u \':ilkys unrntcrcd 
by r.lacial waler should still pusscss reeor<ls 
or this cpisu,ic . ~one: dues. H tht plateau 
.abl:ind l.:i.rs arc: dt1,osits of i;l:icial s.trram,, 
1hr S11:11..c C:1n)·un L:1n should Le: :iccrptrd :1s 
of the ~am,· rc::(;is. 

The: hii;h \\'allul:i scaLl:ind, 1100 feel :above 
the ri.-rr :ind more than a mile wider th:m the 

lop of thr i;or.;e, w:is :i.crrpted by Allison :i.nd 
•·lint :as ch:11111.-lro :i.nd :1ccompa11ird l,y sc:1l,
l:anc i;ra\'rl drposits. Although r:a.lr:iordin:i.rily 
hii;h, its ahitucle is th:11 .,f the Y:1kima \·alley 
and \\':ilia \'."alla b:uin pcLLly silts :ind drilt,'1 
erratics and :ipproximMcly th:11 of upper• 
limit records :ilon:; the lowrr Sn:tkr. To ex: 
pl:iin these foe,~, Bretz (1925, p . 257) pro
posed th:\I W:illula ~arroJws h:id acted :i.s a 

ColumLia-Snah junction (Pl. I) :also h:is (I) grilly 
sihs up to JO~ frrt :\ .T . or nit>rr, (2) sc:il,land• 
n,~rL:.~1t n:uu.1\•. • w-p~ r!'ltinc it (rum tl,e l!'lt;:l·r v:&lh·y 
and (J) fore -s,·t 1:rlnl conuininr. fc.rci~n Jll·bLlr, 
• ·ith dip u1,.·alle)' a\\a)' from ti ·· Culuml,i;i (llr<U, 
JQ]?, I'• 5.\1). llulh nicn l,:in i~nor,·,t thc:<e f.-;1turi~ . 
Ko thcor,tic:il ice jl m can r,pbin this hrclu,c tl:c 
lorc -srt 1:r3,·c!s lie on 11,c floor uf a n1:\rl.rd l,rnl,l.1,
i111:, 4· 5 miks cut o! the narrows. I II contrl,t "ith 
Yalim"' \"all1)', the \\'3111 Walla t.a~in contain, 
thiclr. d,·rusits o! iilt and line sand dcri.-cd from a 
gl:icial Coluri,l,i:i, with ni:,rlrd contr:isu l.ct\\Ctn, 
and disconlormi tics ,,·plratinc, di•lcrcnt mcmlocn. 
1 he i,asin lf'J>elrs to l::i,·e rt(>e'1ttdl)' Lccome a 
•11:illc,.,· po,t ti ,""I :;1lr . lkt;1il,d study ,,I th,·;c scdi 0 

111,·u_t1 111:iy yidd ii~uir,,:int <lat:& rrs;1rdin~ the 
1:l:ic,;1I (:olu111loia •, f!wJ :ind no11 -fluod opcrirnc,,. 

bolllcnl'ck for the: combinrd volume or all 
sc:1Lla11d rinn, and c:nn announctd the: di,
ch:i.ri:e throui;h the short uuyun as 39 cvLic 
miles per d:iy. 1nis 11rovcd to be the rn05t 
shocki111 of aU intrrpre1a1ion1 wsed on the 
fiood h)'J>0tl,nis, and Breu relrtaled sub
srqurntly, t;,I: irii: rr!uce in possihle posl• 
sc:1Ll:1nd anticlin.u upli!t or ('OSISC:hland 
(;rnd late si:,1,bnd) drq,cr, ini; at the Narruws, 

for ncithn ur " ·hich is there any known iid<I 
e,·idcncc. 

The sc.1l,fand c;n lop of the Wallula gori;r 
walls a11plrcn1ly muSI Ix: urly, ahhou:;h ii 
h:i.rdly sug;:rsts its ai;c. ll " ·ould seem lo pre:• 
d:itc the de\'rluprr.c111 of the Quincy b:i.sin 
c:11:ir:icts which, JOO miles distanl, h:!.\'c 
brinks only JO() fcrl hi:;her. JI ma)' l,c: corrda

tivc with th~ir e:irli,-sl wntw:irJ dii.ch:iri:c: 
:i.l 1360 ft-ct :\ .T . Allison's or Flin1's fills wl)uld 
rt·:idily n •soJ!ve the proLlc:n i! only there were 

suppor1i11c C\'idc~ce for them. Jlut even the 
concept tl,:it sc.:1Ll:md Lars are erosional forms 
d,·n-lopcd in former , ·alley falls c.1n1101 Le 
usrll with l'~scu Luiu's and lower Yakima 
\':illey's i:rc:i.l empty wid:hs confrontint: · us . 
Xor c:tn 11,e h ii;h \\'~l h,IA sc:i.l,bnd, when 
cump:.r,d ,·. ith l>rumhdiu, OLhcllo, rale>usc

S11:il:e divide, Grlnd Coulrc co:r.plex, and other 
contriliutini; sc:1L!:i.nd, possiLly be: a<lrqu:ite 
for the: ice -jam "run-:iro1.1nd" concept. There 
m:ty l,c so111e possiLle coml,in:ition into an 
eclectic hyix,thesis "hich future study ,..ill 
l,ri ni: out . II only one factor Le in,·ol\'ccl, the 
Loukn,·ck idea :;;ain sre:ns most acccptaLlc . 
At thr rate computed in 1925, Lake Mis
soul:i's 500 cuLic milts of ,.:itcr would pass 
throu:;h 11,e \\"~ll1.1l:1 :'\ar:ows in a lillle kss 

th:1n 2 wr.1:s. 

l'AtOt:!E-Ss, 1:t Dl\1D£ ASD 

Esvi,.oss 

(Map1: 1/a,1 a11d !t;;rlu:k topoi,afl:i, 
ai:t! cco!o0ic m~p1; L"..S.G.S) 

(Breu and Smith) 

Cc~t,al 

GlaciJI water, no·,.· i::g south down the 

Cheney-· •~l <,c,se trac:, was in rxccss of the 

:1111011111 \\" .. , i, 11.cn:1 Coi. !,·c could c:irry, :ind ii 

wiJdy on:r.c,_.:cd a stn:ct11r:11ly determined · 
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di\-idc, fSCa('ing ,outhward from Palouw: 
Rh·er vane,· to enter the canyon of the Suake, 
making a sal,land rccord on more than 80 
aquare rniln of the divide summit aud pro
ducing the det·p canyon (top wichh 1250 fed, 
maximum dt'plh 440 ft't'I) by v.·hich Palouse 
River no\Y tnttrs the Sn:ll.e (Pl. l) . Inter• 
pre1:11i<ins of tht conditiuns which cauM"d this 
o,·ernow and c:myonin; vary widely. Four 
new topoi:raphic ni:ips of the U. S. Gcoloi;ic.al 
Surv .. y (ll•·ui;c, · )Iii.as, J.:iCrOIM: 1 S1arl,uck) 
and a cumpklc co\· .. rai:e 1,y atrial pho1ua:r;1phy 
supply some 1.crtin,·nt new d:ita. 

Fliut L<:lic\·cd that any first-m11i;nitudc 
flooding across the divide "·ould find, or make, 
a poudcJ Smake Canyon and would Luild "a 
lari;e dcltaic deposit whose. fortllct l,cds would 
ha\·e an amplitude of hundrt>ds of kct" in the 
deep Sn:ike Ri,·er canyon (1938, p . .513). 
Bcc:iu~ "1101hini; of the kind is found in the 
Palouse Canyon sc:1Lland", Flint Lclic\'cd 
that an c:irlicr proi;l:1cial now had occurrt>d, 
6ndini; ''a ,·cry lo"' rwtc" alrcad,· in cxistc:nce 
across the Palouse-Snake dividt to permit spill• 
o,·cr from "a coniparati,·cly thin fill" in the 
r.louse \'alley. TI1is i;:ishcd the di\'ide 10 
make the Palouse C;in,·on 1r:111scction (I) 
Lcfore the m:ijor episo<le of f,llini; occurr.-d, 
(2) 1,cfore li:ickw:itcr (uke l.cwis) lici;:111 
risini; in Sn:ike Rh·cr canyon to c;iuse the 
deposits at the I'alousc-Snake junction which 
llreu had termed b:m, and (J) l,dore ;iny 
scaLland had Leen made on the di\'id~. These 
"bars" Flint viewed as erosional rcmn:mts of a 
slov.·ly as,:radcd dam, comp:irahlc in ch:ar:iclcr 
to the Chippewa Ri\·cr d,·posit in the Mi!si\• 
sippi Rh-er " ·hid, forms ukc Pt>pin. This d:un 
(SOO ft-ct thick) formed "Rip:iria Lake" u1>
strc:1m in Snake Ri\'cr unyon. Dy coinciJcncc 
alone, J.;il.c Lewis was slowlr risiui; al the same 
time, thus l\·oiding Ion; delta rore•sds in the 
deposits. Such forc•!-t'ts, howenr, do exist. 
t·tint s:iw thtm (1938, p. 479, 481) l,ut did not 
uplain thcm. 

Scabland Ftalurts 1111 tlit Diridt 

With rcfcrcnce to Flint's SUflll<l~c.t """ry 
low IJ,rci;l:icial) route", it is instructi,·e lo 
note that an c:ist•wcst profile along the hii;h 
northern p.1rt or this divide, dr;.wn from :he 

-----··-··- ... ·---------

Hus and Starbuck quadrancle maps (Fi&. II), 
finds the entire 9-mile w'd1h on the summit 
scabland to be 1280 fc:ct or higher, more than 
200 fc:ct al,o,•e the present ai;gradtd ralouw: 
Valley noor, ncept for an tighth ol II mile 
immcdi:irdy adjacent to the can)·.in •·alls on 
tither side, .,,-hrrc it is 1200 fec:t .. •. mile south 
or lht er~, ltction the brink of the canyon 
walls is 12t0 Itel . 1·hc locssial Karps mari;inal 
to tl,is Cr<l!.s M:Clion :ire 120 to 180 kct hii;h, 
ai,d ~, k:.H 100 rut of lo..u t•ruL;,l,ly CU\'Cfl·d 
the di"id.: 101• "l,cn the f,ut i;bcial s1,ill•o\·tr 
occurred. There is also at lent 50 feet or gravel 
in the l>ouom of the prci;l:1cial r.luuse al this 
place. ,-hc;,c facts require a 1hid.11us uf not 
ll-SS th:.n J.50 l•,:t (tu 132.5 ft"Ct A.T.) in Flint's 
"comp:irativcl)· thin fill" lo make the first 
crossini; possil,le. His "vcr,· low route" never 
e1is1cd, and ralousc Canyon cuuini; belongs 
in the ccncral scal,l:ind-makinc tpiM>dc. 

Flint mir.:rr. izcd the size or the ,·ariou1 
cataract alcon-s of this diurict, citing five 
eun:plcs on the divide, not one o( whida. is 
dttp cnoui;b lo be shown on the new topo
rr:ipl,ic m;ips. His ,ui;ument collapses v.·hcn 
the m~p o! JI l" Ranch dry falls (Fii;. 19) 
(lla~s qu:idrar.;lc S. \\". !~ Sec. 29, T 14 N., 
k JG E.) is e1:r.1ir.cd. The c:llar:1ct clifl is 2RO 
,·cr1ic:,.I i,~t !rvan the lowest notch in the li1, 
10 the l,ottorn or the pluni;e pool. Recession of 
the fall, left :he Divin i;orge l H ·miks loni; 
contain:ni; a closed dcprcssic :- equ:i:ly lour. 
:.nd 12& feel deep.ta The waler L. 1t supplird 
tlic JI v Ranch cataract t'\'cn at its nry IHI 
functi,,r,ini: had to cross the but slii;:htly 
cl1l:.nrkd sc:.b!.ind di,·ide at an altitude of 
11SO kct /\ .T. :; more. 

lr.!pcction of the Hus and Starbuck qu&d· 
rar,clc rr.aps !hows several such katurn r:ar 
uccc<lir.i; in nia;nitudc the cumpks cited 
1:,y fl ir.: . Or:e of these (Dc\'ils 1..akc, crossing 
Ste. 17, T. J.I X., R. 37 F..) h:is an 80-foo1 
dr,- :~ lls at the head of a rrccssional i;:ori:~ 
al,out 2 miles lor,i;, more than 100 fret deep, 
aud cc,:ita:r. ,r.i; clc,scd basins with ~0-SO fttt 
of cl<>!ure. "!' e !argl-st and· dccpnt of these 
ltrmir.:itc-s 1!,:-,0\t on the brink of Palouse 
C:1nyo::, i1~ci! 2r.i0 feet deeper at this place. 

19 Or,c cJ f"jr.:', cumf>les (19ll, p. -&90), it just 
wnl ol the D~·.-:r, R...11eh ,.-here one may lool: north
., ~rd ai, the r~:cc 10 the cataract clilt . 



.i· 
.\.~ll~_C'!"O:f . 

k 4'ta11cle ,napa (Fie. 18), 
,. ,.-:d1h on the summit 

!SU ,.d • hichcr, more th.in 
he p,cwnt accradrd ratouse 
,·s,t r« an eichth of a mile 
.ttnl te the can)'Oll walll on 
. it ii 1200 rcc:t . • t, mile south 
:.,n the brink ol the anyon 
. 11'c loasial IC&rpl marginal 
ion arc 120 to 180 fte& hii;h, 
ittt ol lotu proMbl:, co,·tr.cd . 
l~'ft the 6nt clacial spill-over 
; :ilto at least SO rect or cravcl 
the p,qbcial J'al-,usc :u this· 

:s require a thid:n,-u of nol 
; (to 1325 rcc:t A.T.) in Flint's 
1hin (JI" to make the first 
. Jlis "very low roule" nevtr 
1>11.c Canyon C\ltling b(loni:~ 
:;i.l,land-makini; tpisode. 
,-d the 1izc of 1he \"&rious 

or this district, citing five 
.- dMdc, not one of • ·hich is 
be uiown on the new to(lO• 

liia arsumcnt collapses when 
U • Ranch dry falls (fig. 19) 
-~ ·s. \\'. }~ Sec. 29, T 14 N ., 
1i11rd. The cataract cl iff is 280 
n ~owes\ nolCh in the lip 
: 1~::,Uni:c pool. Rrc~ion of 
: llnin cor;c l ~~ milrs loni; 
-'!.:d drprcuion tqually loni; 
q,.11 The • ·ater that supplied 
cataract even at its , ·cry last 

I 10 cross the but slightly 
lnd di,·idc at an altitude of 
,r more. 
1111: Haas and S1:arLuck quad

""' sci·tral such felturts rar 
.a.ni1udc the CLlmplcs cited 
.( 1hc1c {J)e,·ils l.!lkc, crouinc 
X., R. J7 r:.) has an SO-root 
t h~;a«J uf a rcn·uional gorge 
""•• n,ore than 100 reet deep, 
cl,"'"11 Lasins " ·ith 40-80 kel 

· l..ri:,°'l and dn-pcst or thl'SC: 
,.,, on the liri11k ol l'alou1e 
.'I •I f.,el dw~r at this i,lace. 

·•-~u.•nt,ks (1938, p. 4!10), is jusl 
• 1:.inch • litre one m:ly iocl. norlh• 
• ,., 1hc ,auracl clia. 

·J 
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An,.·· dry falls (S.J-:. )~ Sec. l, T . 14 K, R. 
36 E.J tunndl'd thruuch by the Union 1'1&ci(,c 
R.R. l,chn:m can)·ut1 anJ pr.:claci:.I , ·;alley 
i, 100 lcct hii;h.11 

Were it not for late dc,·rlopmcnt or a short 
channd from the uc.nhc-.st, ~120 !.:ct d~-cp 
above the: 11 U Ranch c:.1:.racl and thus an 
incision o1 its lit•, the sheer drop here would 
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F1c11u: IS.-rsonus or Scuu.so os PALOc~i; -SsAi;r; D1V:1>1; 
a-Aloni: 1hc crul of the former di,·i<lc 
~lmn1cJia1cly <l.iwnslrc:im from 11,c ,,.-o ularacu 

Flint also minimized the depth of rock 
b:uins in this d is:r icl, as clsewhl'rc in the area 
of his studr. lie could never h:we seen the 
1...-0 basins l 1~ miks d:rcc1ly sou1h ol Jloopcr 
Junction on the very summit ol the div i<le 
sat.land (5cc. 3, T . 1-1 .'\ ., '. 37 E .) (fi:;. 
20) . The lari;cr one is rin:;ed t,y a 12~0-luot 
hachured contuur and is more th:1n 120 feet 
:lcl'p, and the sm:11lcr one is more than SO feet 
deep tK-low the same contour. These i;rcat 
empl)' holes ace irn~siule erosion:il products 
,-f Flint's Strl':ims that rcrnovcd the till . II 
lher ,ri·ere pre-fill in ace, they would now be 
lull of i;ravcl . Ther cannot be forced into inc 
f,11 -and -cut str"ai1 j:icl.ct. 

11 Triml,lc (1?50) noled a slrikin; joint conlrol 
of lhc shaftel :int.I orirn1:itions ol n•auy ·rock l,asins, 
u,1011" and rori:cs in tl,e l'alouse-Snakc divi<lc Kat.
bnJ, sonic cl11:o<d l.a!i111 100 feel in dcp1h. lie ac• 
c•1••cd them u Kal,laud ft:ilurcs, 1hc erU!-ioMI re• 
SU II of cl:ici:il w:.lrr , l,ul <li,daimrd any "allcmpt 
lo npbin Ilic mcct.:inics ol their erosion." 

be JS0-100 lcet. Figure 19 sugcsll that 
~lore this ch:innel ir. ; OCC\lrTed the calara <" I 

held w:is a c:isc.,de ch~ :e at the northwest cnJ 
of the guq;e . Al i;nmcr. t -,f this chu1c with 1he 
straii;ht recessional i;o:gc is determined by a 
\·er1ical f:.~ !t wi1h 40 to 50-loot down~hro,v 
to the c:m. But the chu It head is close to the 
wcstrrn m:iri;in ol the div:de sot,land, :ind 
the larger volume of ,..atcr came from the 
northc:ut. The lcngthcnir.g diannci, 1herc!ore, 
kit 1he fault trace and he:ided 2-3 miles 10 the 
M11h.:a11. The prof.le of the ,ri·cn ,ri·:i.11 of the 
n:i,·in gorge sho"-s that the cataract b(caine 
m:1rl.cdl>· hicher u it receded alung 1hc last 
h:ill mile of its kn;th by mii;ratin; out of a 
pc~: ~al,1:ind, minor \·;illcy along the f;i.ult . 

llascs of the locui:i' sc:irps bound ing the 
Palouse-Snake d i,·idc scat.land arc HOO feel 
A.T . or h i;her on be.th s ir' ~~ at the north tnd 
ol the wide spillover. Fhnt i;ot the \'Crt ical 
rani;e or 120 rcct or more in summit 1eabl:111d 

;1_· --------------· ------------- - - ·-·- ·••·• --· .. - -··-· -
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Western part of Palousc-Snlh di,·itlc scal,lan,I . lo, H:~! lv;•' ~"f•hy in northwcstun and IOuthrutffft 
portions of :,rra, locui:il islan,ts in central part. Larr.est i, br-c is 1 r.-.ilc lor,G and 500-1000 feet •·idr, and 
tU sc:up~ arc l.'iO 1,·ct hi r,h. J),·rp t., kc ~nr~c is tril.ut ~ry tn t•, t:,~•c Ca!lron a mile l,c,rond n~t~rn fl!~ 
of m:il'. l'arl ol 11:ilS :111J Starl,ucl tu1>0;r:aphic mlj'! , l' . S. G,ol. s~r-cy . Contour intcr.:,I ~O I.ct. 

by ai;i;r:iding an cquh•;ilcr,t amount so th.al a 
ri>1cr v.·ho$C "disch:iri;e \\U less 1h:1n 1h:1t of 
the Sn:ike to<l:iy" could rc:1d1 succcssi,·cly 
hii.her :ind wiJer surfaces. llowever, his ri,·er 
did not m:ike the sc:11>l:ind, it 011I)' scoured 
off the locss. The sc:il,l;ind rdid was produced 
later, while the 611 was bcini; removed, and 
this occurrt"d simply L<-c:iu!.C oricin:il pre• · 
glacial gr:idicnts were l,cini; r~tokd, nol 

l,cc.ausc of any aui;mcnt:ition in di~h:1r1.e. 
H a nc.rr.-.:il ,·:alley tr:. in :,lrcaJy nisttd in 
\\',Hh:ucr.l, it could h:wc Leen a factor in 
cau! i~.i; ovcrl1-,w, but the SO square miles of 
sc:,l.'~:ad c.:. the prq;l:icial l'.alousc-Sn:1l:e 
div ide c.n llC\'cr Le r:1.pl:iined by Flint's theory. 
The :.ci.! t~-st, howeHr, is in fc;.tur.:s on the 
sc.uth si, lc c,( Sr.::ikc J:i,·cr canyon. 

.-'.ll is·m nc,·er srccilically loc.11c:d any ice · 
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in n11rth•·otcrn :snJ south,utcrn 
~,:,: a11J AA 100(, lcet "icle, and 
•"r"" a n,ik locyond nstcrn cJcc 
•)·. Cc.:llour int.r,·~I 40 lrct. 

f :a11i;111r11tatinn in disch:ui;c. 
~11.:r train ah.-:sJy oi,1,·J in 
cn\lld h:a,·c hccn a Ii.< 1<,r in 

~. l,111 the ro squ:uc miles of 
thr l•ll·;;lacial l':ilousc-S11:il.t 
: ~ ei1,l~in,·1l by Fli r,l 's theory . 
l.,1·.~,:n-r, is in katurcs <,11 the 
:::al:c kin·r c:111yo11 . 

r ·':J'•c:ally loc:itcd any ice 

. , 
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j:sn, on thr l'latcau scahl:ind but " ·u contrnt 
with t•·n~r:al ~t:\trmrnt~ r.•i:aulinit "lial woul,I 
hap11<·11 ii th,·)' Ji,l lu11t\ in ;.i tlr:iihJi:l' sy,i.-111 
in\'.i,kd Ii)' mdtw:ah:r slr<·,un~. l~ur tlu: }';1),,u"<:• 

Su:ikc Ji,·idc's sc:iLlaml, he would ob,·iousl)' 

thrm, mlke the hiclicr sc"Ll:md, and cul the 
i.,.•,si:1I scar1;,? 1'0 the writeu, such a mech:i.
i.i)m is i11•l""'11il,I,: la-r.-. Only in const1kh-J 
or ciuul.<:J ,·allc:)'S cout.l j:ims cnr gruw lo the 
r.:quir,d dimcnsi1.ms. }"uuhcrniort, in the 

Fu:uu: 20.-l~oci: )IAs:ss os Sc1n11T or rAL(/l-,l -S S A~ Dr\'roi: 
Basin in south-crntr:11 Sec. 3 is ninrc t!.:in IW frd ,k,p. \\rt i:o: r:.~-~~ o! s. ~Lbr,d in this tract is 400 

feet. P:irl ol 11:\.,s anJ StarLuck to:,1.,: r:.1,l.ic n:aj ,S, U. S. G, 1.,!. S": ·, q ·. Cont,,ur intcn·:il 40 feel . 

hl,·e to Ll,,ck \\':ishturn:i. C"oukc (Fi:;. 2; 1'I I) 
somc\\hcr.: :-.1 ,,:ii; its lcni;th to :i hci;;ht i;rc1t 
cnoui;h to c:-.i: •c the firM spilhl\·cr, cstin, J.t.-<l as 
lit k:tsl 300 l.,·t aluw1: tlic prc:<cnl :\ ,·; r~,1,·,-1 
l'al,,u,.: \':il l.-)" llu<>r, or 1325 lcl'l . :\ .T . 11 .. w. 
c,·.:r, water r..-acl1l'd :an ck,·a t iun c.l 1-HlO 
lr.:t al the L:is,·s n! the loc~si:11 sc:irps ma:.; in in c 
this 9- to 10 m ile wide tr:icl , :ir,d ,\!li~.::.a 's 
thcor)' rcc1uir.·s n,<>rc ice j:ims not al .. 11c i11 the 
i;rowini; r;,l.,i:~e C:tnyon Lut :ilso on ::,c rli ,·i,lc 
tup it,dl to :ivoid the i:; r.·al n ,!i:111c. \\'I. , re 
c:u1 th,·y Le pb.cc<l on th i~ i;rr :-.t wi,lth so tl ,a t 
-..·:itcr would ha\'e to rise to detour :iruu: ,J 

\\'a~h1uc1.:i. Coulee net a sin:;lc !a,·oraLlr pl:icc 
, .. as lour.ii !or the jam called for nor a. ny 
lc:. tur.:; U.c tr.cs.: \\":i.tcrs (1?33, p. 818) in 
h:q ,rchd a~ icc-j:in, records in Colun,h ~;i 
\';i li,·r 11.:in l. ul tl,c p!:itr:-.u . Still further, the 
luc,, i.,I ~L•I)• LHcs :ilong t l. c j n1ilcs of 
\\': ·!ih :cn:i •• lcu;;th cu:istitut, a unilormly 
J c~c, 11<1 ,11 ;; 1,1vf,l~, imp?~siLlc to cxpl:i in ii .n 
ice j~m in tcrr u;itcd the gl:.c::,I ~trc:im's surl:.cc 

i;r:i.li ,n t. 
To cru,k l' ~l•J'JSC C:inyon across thr d i" idc 

dc; ply cn•,1: ;:h to pro" idc a pcrm:incnt re• 
r,,u :i: . .; ol 11.c r;\'cr, :iny icr jam in \\":ishtuc na 

~'~---·----- ·------- --··-·- - --- - · • ..... 
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must han 1icr:1istrd (or been rtpcall:dly re• 
ncwrd) 111·hile Allison', modi:ratdy. ! ;,aJ, 

detoured mchwatcr riv.:r drqicned more th:in 
-400 rl"el in b.-a:ill. 1·he narruw new ruute ,, .,, 
nc,·er (murc th:in lcmpor:uily) clO".,Ko;d wi th 
the aliundant ffo:itini: ice while tlie dam in 
the much widrr pn·i;laci.1I valley co11tinucd le 

be dlective. How c:111 rock basins 100 feet 
dCt"p on lhe Kabl:md summit or the di,·iJe Le 
upl:iincd by Allison's hypothesis? Jlow could 
but1rn:1l'S or. lut-u for the di\'iJe tc,p':1 J:im 
survh·e? lluw, 111·1,rn butlrl-UCS faik,l, cuulJ 
tlie J.2111 i;row lakr.illy to close the i;aps 
seized u110n Ly the nc.,pini: watrr· :inJ thus 
eventu:illy m:iL,e the 9-10 mile width or sum• 
n1it scaLland? The qu:t.ntity or ffu:itini: ic:c 
constantly required or a normally wastini; ice 
rronl to, maint:i-in and c:a.tcnd a dam on this 
broad. sµmmil Jl:ISSCS :ill credibility. F':t. ilurc ·<,( 
a I..,ke M(sSQUl.a . d:t.m n1i:;ht r:ipi.dly rdcuc 
the cnorm~us · qu:t.ntitics or berc ice 1.kmandcd 
by this elaLoratiun or Allison's concept, but 
no Ldicver i,1 rr.odcr.1tcly pruportioned i;l:ici:il 
rivers will "·er :1ccq1t th:it solution uf the 
problem. 

Bars ill S11alt Ca11yo11 

(IlMz and Smith) 

Al lhc Palouse-Snake connuence, Alfaon 
and Flint have reinterpreted the ''b:iu," 
(Bretz, 1928a), disai;reei111: with each other as 
111·dl :is with Jlr...tz. Fidd 5\u<ly in 1952, with 
the :iid of the 11:i:as and Starbuck tupo:;raphic 
m:ips, h:is led to a ,·i:;,nuus rr:iffirm:itiun of 
tlic origin:t.l intc:rprct:ition :ind a dcni:il that 
any d:im or debris or ice e,·cr existed at this 
place i~ Sn:ikt Ri\'er C:in)·on. 

lire!& orii;inally described two gr.::it bus 
al the junction, Loth 011 the south side of 
Sn11ke l~i"er. One was :t. "mid-canyon bar" 
aoout 2 mites lc.n; on the noor of the canyon, 
deposited by i:1:ici:il w:iter nowing tpmultu
Ou!1)' 11p the Sn:ilc. The other w:t.s a hii;h-ly,ni: 
"shoulder bar" in the mouth of Field~ Gulch , :t. 

tributary from the south entcrini; the Sn:ike 
about 2 miles farther duwnstr~:im. The 
shoulder bar w;as made by a oetour of p:t.rt of 
the flood southw:t.rd across the Snake an<l 
thence ,.·cstward :iro~nd the south side of a 
bii;, "scmi•i~l:ited" b:t.s:t.lt hill, there to re• 

enter the S11al.c in the south 111·.lll o( its can)•on 
(l'ic. 21). 

fl int interpreted these bars as remnants ol 
hil Ri.._,r~ Lake d:im, a Sn:ikc can)'OQ fill 
!00 fu:t tl,ick, actually the toe of his 120-foot 
fill on the top or the l'alousc-Sn:ike divide. 
Lah Le11·i1, the ausc of all this ,·alley de• 
i,<,sition, ,..:1, supposedly risini: downst~am 
in Sn;,kc Jti"cr canyon at the same time, and 
tlie rate o! Jeposition at the darn site kq,t 
1,;,(t', so this Jam IIC\'tr dcnlu11o;d delta llruc• 
llu~. 

Jli11t 111·11 a bit reserved about the eompo1i
t i<Jn of the miJ-c-,nron b.:ir, s,ayini: of the 
"ruLLI>·, b.tul . .:, cobble i;ranl ,.·ith huce 
bc.ulJ,rs, too liule size-surted to hu•e distinct 
bcddiu:;" that " it stroni:ly su1:1:csts torrential 

· ~011di1ions" (193.!, p. 513). The deprtSsion 
((~ssc) l:.etw,tcn the b:ir top (2~ 1, nol 150, 

f.ect al,<,"c tlic Sn:ilc) and t1,e b.u:t.h lr.no!..i 
and cl ,lii. 10uth of it , he s..id. wu "unusual" 
(p. ~81) Lut :ippcarL-d to Le comp:irablc to 
" 'deeps' at tl ,c c·i tside of Lends in the river 
du r ::ii; d,w;c• ;c,n" o! his dam. 

All ison (l?il, p. G9-i0) said or the mid
u 1.yv:i Lar that its "top is constnictivn:t.l", 
its " llutin;s arc primary", and the depression 
Lael of it is also primary, showini: "no re• 
scmLl:ince to deeps at the outside of riv.:r 
bcnJ:1 nor to pluni;e pools". "It represents 
th~ top of the (JI made by the '!:\St outpour• 
i:, ; o! g!aci:il "'atcB from Palouse River 
C:i:iy ... 11 " . Although th:it "outpourini;" of 
•·to rrc:ir ,:il" w.rer had to be ,., Snake River 
c;i:.yun, u ::l: cr ,.t,ll ison nor Flint noted tl,c 
!c.r~ -•~ t Lees at the e:istern end of this ~r. 
Tl,cy d i;, ~p tl,e Sr,:ike and tow:ird the de• 
i,r~~~ic.:: .• A!:is<Jn thoui;ht the dcprenion .. ,. .• , 
ld t u,,i,l!cd- L,c:iu~e the arc:A was ocaipicd 

by ice: , d r,,·cn ~i;J:nst the clill by force of water 
l:c,m l':ik,.:sc Ri\'cr c.u:yon and then prutected 
frc,m waning Ly shidow". There is, however, 

• \\'i1b Luphrr (194-4), thty hue ii;nortd the 
ui>1«scc c.! ,~,h up-,·allry lorc•k'ts, r.pnrtrd l,y 
hrc ta tu OCt.: r II far II l.cwiatun. 1:,istrncc of the 
nr•· lby rcr,ll);ical rn.ap (40-loot cont0\lr iatcrval) 
a1,d oC ~~:. le 11,;:hway J should cncoura-c cumina
tion c.f t l,c rtauily acccnit.lc Central l ·crry "~I( 
r. ,Q;ind L:.r" l lsrcl&, 1?29, p. 411), 20 niilc:1 up the 
S:::.kc r,.,,., 1~.c r.11d -car.yo.n Lar. l>c~spitc the author• 
i1y c.f 1l,c rr.a;,, it c~~not l,c ·orrcctl)· d~scrit.cd II a 
SnaLc 1:i, u tcrr;occ. 
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.' i · )south •·:ill or its C:ln)•On 

d•I tlacsc ban u rrmnanta ol 
,1:t d.un, a Snake canyon li!I 
.lclu:illy the toe or his 120-foot 

• of the Palousc-Sn:ikc divide. 
',c cau1e ol all this ,·allty dc
sur,,oscdly risini: duwnslrc:im 
c;,nron at the ~rue time, and 

pu.ition at the dam ~le kept 
,n, nc,·cr dcnlopcJ dcha struc-

!,it rcserwd about the comJ>O$i• 
,id-canyon bar, saying or the 
'tic, col,ble i:ran-1 • ·i1h hui;c 
.ttlc: 1iu-sorttd lo h:i,·c distinct 
"it stroni:ly 1ui:i;rst, torrcnti:il 
'JJ!, p. Sil) . The depression 
:i the bar top (nl, nut 150, 

Snakr) and 1hc b:u:ilt knoLs 
~ of ii, he ~id was "unusu:il" 
.1ppearcd 10 Le comp:ir:ible lo 
c outside or bends in the river 
,n" or his d:im . 
I, p. 6?-70) s:iid or the mid
:it it1 "top is construc1io11:1I", 
c f,rimary", and the dcprc~sion 

:il~imary, showini; "no re
d · • at the outside or river 
p ~c pools". "It represents 
fill made by the: l,nt c.utpour• 

' waten from P:ilousc River 
houi:h th:it "outpourini:" or 
~ter had to be 11/ Sn:ikc River 
:r Allison nor fl int noted the 
l t the ustcrn end of this L:ir. 
the Snake and to•·ard the <le
.on thoui:ht the dcprcs~ion "1.-as 
~cause the art:i •·:is occupi~J 
:i;ainst the clifT by force or w:itcr 
:i,·cr canyon :ind 1hcn protected 
:,y shadow". There is, however, 

" (194-4), thty have ii;norcd the 
b up-valley lorc•K'•• rrr,ortcd Ly 
,s far at ;~,.·ision . t.,istence of 11,e 
,c;.I map (~0-loot contour interval) 
; hway J should rncoura~e cumin:>• 
li ly acccuiLle Central Ferry " h:olr 
: c_1&, 1929, p . 411), 10 n, iln up lhe 
11ul-canyon l.ar. IJ_.pit< 11,e author• 
t cannot l,c corrrctly drs.:riLcd as a ,~,J 

PALOUSl::-SNAKE ntVIDE AND t!':VIRO::s 

__ ._)..._ _________________________ __ ,, _ ____ - .... 

1021 



-• .. '. 

J 

' 

··- - - - -- ------·------ ----------

1022 BRETZ E.T .AL-Clt-\NNF.tt:n SCAJII.A:-.o or WASlll:-.CTO~ 

no summu sla,:ulo1>· on the area from aJj:\cent 
cliOs. 

J-"rom the n1id-c:an)·on bar minor depcnd~nt 
bars ntend ~u1hwarJ, 01n1y frum tlic S11akc 
and L;icl. in the muulh ol a LlucL:.-d, ~n,i;lacial 
triLutary th:it (urm,·rlr c:11krcd the c:111yun 
acruss t!,c north roi:c ol scctio11 6, T. 12 N., 
R. 37 i-:., and now is d.-tourcd wc~tw:ird to 
l-" 1-- ' ..• Gulch. Tl,c h~,a!lands :it the forrm,r 
muuth :ire 111:111;,·,1 scal,l.iml l,utks ri,i11i; 
al>0\'C tl"":.c St>uthwarJ c:~knsio11s c,( tlic miJ
canyon L:,r. f~1ch Luttc h:is a luna; i:ranl 
ridi;c in its kc th:it t:ipcrs out and down o~•o.11 
from the Snal.e. Th-·sc i:r:ivd ridi;,'j :ire gc• 
nc:tic:illy p:irt ol the miJ-c:in~·un b:ir. Their 
cxistc:nc"', m:ii;11ituclc-s, :ind S(l:\Ce ,d:llions 
n·.:ist uot l,c ia;nurrd or slii;ht.-J. The l.11uLs 
rc::ich SOO lcrt A.T., :ind the sou1h-poi11ti11i; 
b:in arc :is hii;h :\S thr mi<l -c:inyun i;ravcl hill, 
731 lcc:t A.T. 

From I.yous Ferry al the junction of Palouse 
anJ S11:il:c ri,·c:rs (S1:uLucl. (jU:idr:in:;lc) a 
c,r~uitous ro.1d m:,y Le follO\n-u to DcRuwe 
R:u•ch (11:i.is qu:icl•:1.n 0 k), just south ol the 
shoulder l,:ir i11 Fields Gulch (Fi;:. 21) . In 
the s,·co:ul .. 11J 11, i. J mi'...-s ol 1l1i\ ro:,J, one 
climLs !rum n:,.1 $-Ii, ,·ntird)' on 11on1crra .. d 
granl, to 11.\I SC.I in the udourcd dni11:i:;c. 
J-:nrou le, conslrucl iunal lorms :uc \"Cf)' ot.,·iuus 
in the muundi11gs and enclosed, u11clr:ain,-d 
dcpressiuns. The stril.in; little "trid.l, b:ir"" 
(Pl. JS, f,:. 4) which dcsc, ; the soi:th• 
west \l "pc ol :a sc:il,l:\llC) hill in SW J, Src. 36, 
T . JJ ?\ ., R. 3G R. lool..s wmcwhat Iii.~ .;i 

6:iuish d,·Lris cone or a ~L•·cp d~trit;il fan, Lut 
it is dlfo1ildy r i,Ji;cf! .:iloni; its lcni;th, its l:itcral 
sloprs :arc much loo :accp to hlrmoni:e "ith 
the i;cntlcr gr.,Jir:,t :ilon; the cr~t, ,mJ its 
bulk is fo~ ;,, excess ol what could I,~ shc·d 
lrom the small section ol the Lasalt hill that 
c•~•~ld contriLL :e. The ritl;cd !. :i or cone form 
""'Unls 3l111o~t to the h :lh,•p The :ih i: u,k ol 
i: ; cr,·st r:in&es li.·hwrn ?!O :i11d JOO() fret. 
11,c J,·1105it ori&inally Llockcd luc:\I Jr !lina;:e 
oO the hill. A gully :icruH its l1ow dist:il rnd 
h3S !p:11,·d purl iuns ol the floor ol the once• 
closed dcpr,·~sion 1,acl. ol 11,e l.ar. The \':ilky• 
ward lat.-r:il slope at the lc·rminu, d, crn<ls 50 

11 to11.: n~rrow L~rs ! tee-ply Jc:HrnJin:i: prr• 
c1i,1ini; slof'('s onJ lf•JK·arini; as tricLk, from a 
distanc~. 

fret lfld flattens out in a 40-acrc d05cd dc-
1m·\\ion show!I on the Start.uck qu:adrana;le 
mlp. 1be dcpt)Sit is composed almost entirely 
c.l liule-worn b.:iult pcLLlcs anJ bwtd~rs. A 
!cw ,·.-•II-rounded Sn.;il,;c Ri\"Cr p.:Ll,lc, were 
l11u1 .. I Tiu.: lurm is th.:it ol ~ sm;all, luc:al Lar 
390 520 !cct u1, on the Lar -moundrJ slope 
:iLu,·c !:.nakc Rinr b•Jt JOO-HO lcct below 
tl,c k-.-d ol Fl:nt's supposed cb.n :icruss Sn:il.c 
J:i"r 1 .111yu11 . The \\ :: lcr tl1lt curinl itsJcLris 
suull, ·· . .. rd du.-11 tl,i, hillside :i..-;i.y (rum the 
S11:,l.c c.:imc O\"Cr the top, 1010 kct A.T. 

The sl,vuli:lrr b:ir and i,nmrJ iatc cn,·iron1 
(Fi .~ 21) ,;er~ car,·!ully cun,incJ for in; this 
field stud)". !'tcnel\,:J uc.i,·;i.tivn i:i the old 
pit o:i tlie north ,iJe .:i!luJrd i;uoJ sections, 
and tl,e h'tK>;,;!•1•h>· of the entire dcp,l~il w.:is 
,c,·n Ly \\.:ill. in;; over it . fhe interpretation 
1h:1t it is a i;rc:11 t;:!u· ·! c! -.;,·,s il c, ,cnti:iily 
,1.-ith o~ii::nal Owllincs and with Ion; dcltaic 
lorc -sc:; dip1,i1,: no:1hw.:ird tr,· .. .-::.rd tlie Snal.e 
is hc:c c:n1,l,a1ic:dly rc:ifi'irmcd .• 

Tt,c r. .. ni~h s~::n:nit ol th;, shoulder-Lu 
dq,-., ,1 :s appro:1.:r:il! cl)" 1000 feet .-\ .T . over 
n,·:.r:;• 1..,1( o! Sec. ~: :ind me.re tbn bl! of 
S,·c. :r,, T. I J :0- ., R. 3G J:. ll is dinr.;ii,,d by 
low li •,clr rid;;cs ;1,., ,J sw:.1,.,, the :: rd id 10-15 
kl't i11 1,bcc·s , ::~p,i;! i•,:c l"l c:1.rl - :11 l\S ero• 
siui,~II)· made L}' 1·. :;,1:Gt.:C1ot ru r, .,a"! . . -\ few 
wcll -•·.,,rn Sr.~kc R:\'CI pcL~!cs ,nrc lound; 
otl,crwi~e the m1tcr ill is :il! linlc-wvm b.iS3lt.• 

P~cr,;;1,i1ion ol :!-:.e tn:e char.lc:cr ol this 
mim,r rd :. f on tl.e s;;n: :-::: : (;'I. 13, F ,g. I) did 
nnl c,,r: .c ur.til urill p!i,,:o~:~phs ,,.re s1udi1:J 
airer 1!.: , .. rilcrs h:.d le!: thr field, hence no 
nll'l!urcmc·1,1s \\CCC rr:lde. S,.,kd Irvin the 

"An· .. ,,.~ All,s,c,r. 's ccrr.mcnt, ~- , ·i: c.t's work is 
the H~t-: ·:. :r: t th.it tt. i, d,01.:"1tr l..ir .. \\:.S lluilt into 
"~h:r j; .:3 Int t.Jc,pj ~: 1t,c rJi,:r of S.,~Lr J!lvc;r 
Ca1,ro,. L;· cur: c·, 11 "b, h ldt the n";-,r va lley a 
sl 111rt ~::. ::.icr, l2 rn:!1..•s: Uf,;!rt~m 1~~.::1 dttourctl 
arour ,<l t! . i: 1,0utl1 ~<!t c,( t!--t s,·mi -is, i.~ ! 1..· d l .i l!. 1 ~-11 
f<,l .\ .T ! "I.,~ !r,c !'.;· .. u~'>n !lit , -.. ::t;· "·u c:,I,. 
stru, hJ Lr ice j.11 ~- " 

u All,,n1o's , ·ic•· 1!'.a111-:t ,;rntl of the shoul<!rr bar 
is b,.:, 1;· reworl.rd, oM, t,i i:h- lr \"CI SnlLc Rinr 
lt:rr:ict.· c:lvcl is 1. r,t c-n:i ~:c. 1 he pr.rrnt.,;:t of °"c!~ 
"·orn c.,,.·1:tucr.11 is sn.:.!I, o( r, 0,.,l,a~1l1 fra; ·,rnu 
tvt·n !r: 1.~ l~cr. funhc-r :-:,o:-c, Snjl.e J~i\·cr c:1n)·on 
f<,r M • .l~:, iS r,-.i!,: , ur• i l~ t." ln\, \\ hcrr A:: iY):/1 SUf'I· 
,-, .... "Jc.,:!, hii;li •k\ rl icr : :\:t 1)'•trn, ah~.., ld Le "tll 
rt. ~or t! , d , t.~\ nc, ! :Jch ~ ;•osits 1t C'1ff".;-,lr~l,:c .2.lti• 
tuLI.-, ll..-, , a the ri, , r. 1 t., 20 c,;lts of 11,is Cln)"~n 
shm·.11 "'• the lhy _. ,:d S:lrk ,; l: Gtol-.,;:inl m~JIS 
(l' .'> G S. l'l~ Ii h.w c Lui one pltch of ,,lwl (Qs• 
Qu~l - 1.l! .'ond) l~ bi;I, ~i 4;0 Itel al,c,a the ri,·,r. 
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., ~ a 40-acrc clowd dc-
,'l Start.uck quadrani;lc 

it ·a. composed almost cntir.-1>· 
.,~It. r~Lblrt and bo,ulJ.:11. A 
J Snlke River pcLLlrs ..,,re 

~• is that ol a wnall, lual bar 
r on t!1c bar-mounded slupe 
:i\·rr but J00-4JO feet brio,•· 
.,•, supposnf dam acrrn Snake 
he "'lier that c;irricd ia <le Lr is 

n this hillside away from the 
r the top, 1040 rttt A.T. 
bar and irnmedi·:c environs 

cudully cnmind durini; 1hi1 
ucw,,J uca,·ati"".' in tl,c old 
h side afforded i;ood sections, 
-flhy or the entire drposit w.is 
-; over it. The in1crpretalion 
,·:ll cravd derosit essentially 
1tlinC'I and 1\' ith loni; dcltaic 
: nonhwuJ t""ard 1lic Snake 
~ny reaffirmed ." 
summit .,( this shoulder-Lu 
·.timatdy 1000 foet . .a. .T. Ol'er 
:cc. 25 and more than ha!( or 
:., R. J6 E. It is dil'miried by 
, :i'ud S\\':iles, their relief 10-15 
irr.possible to cxpla :n as ero
•): ·--::~scqurnt runolT. :\ few 
" .Ir pcbL!n were found; 
, tcrial is :ill !iulc-worn La~lt .• 
,r the true char,1.ctcr of this 
:he s11mmit (rt. IJ, Fig . ') did 
,·r · ' photosraphs were stud ied 
i li:id !ch the field, hc:ice no 
.rerc made. Scaled lrom the 

n's _comments on flint's work is 
l 11111 shoulJrr L.u .. ,..u built into 
,.,,,( •! the cdi;c or Snake r- : :r 
; " ~ h:d, Ith the major ,·al:cy a 
• . '7'•lnl urstrcam [and dctr .• :t<i 
' 1'-< ol the scmi-:.ota1cd bil' 12U 
' <t lluw down tl:c ,·alley ,u, ob·:i,." 
tliat the crncl of tl,c lh ,, uldcr Lar 
,d, 01•1, hi~h-lcvrl 5nale Ri,·u 
' '.'-nal.lc. 1'hc ~rccuta;;c of ,.-,11. 
11 ~n~,11. or nonl.uall lra,mrn1s 

, tl,crmure, SnaLe l<inr ra••)·on 
· • UJ•Jlr,·~n,, • l,uc Alliti0n'1 1:ip-

rl krr>ce l)'1tcm should Le wrll 
~-'cl1 J~·r,osiu at <unip.,uVe ahi
-~•·r, 1 l,c :10 n,ilcs ol 1hi1 Cl~yon 
·) :an,I St>.rl,uck ccolu;ical ma1,1 
,'j,!' !•ut On(' J131Ch o( cr2, cl IQ•· J' HO feet al,o,·c tl ,c ri•<r. 

. _._)._~--
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photoi;raph (Production and :\l:irkttini; Adm., 
CCII IG -197), the crc:~ts of the i;i:1.nt cum:nl 
ri1)flll'S arc ,ii.out 17 5 !c,·t :ip:irt. 

•·rnm 1hi1 summit nat, the !Jar ,urfacc de• 
accnds 200 f,'1:t south .. ·ard :1 1.J '"''•twarJ with a 
convc:x slope which 1hc; lla:u qu.1J ::1ni:lc m:ip 
shows as cr<'nula1,J . Orient~tion of ti: · rid;cd 
crenu1 )OS ch:u1i;es i;radulll)' from nearly 
soulh•IK•intini; forms on the M>uth si,lc to 
,n·st-pointin;, e\'cn north..-~: -pointinc, forms 
on the wot side ol the hill . A little i:ullyini: 
h:11 occurr.:d IJc:twccn the: rirl~cs lo..- <':t the 
slopes, Lui, for the most p:irt, the)' :ire o: ii;inal 
shape, ol the Lar surface.'" 

St'ct' 111~ iu the "1,1 r:iilro:id i;r.i\'cl pit nn the 
SMkc Rin-r face, cut dn·ply :..:1ck into the 
dcpo~it, show the liar 111,tcri.,I tn l,c fMc -~c:t 
!Jeddrd :i.lmost throui;ho1;t (1 '1. 14, f,i;1,. 1, 2, _J) . 
rar.llle! to the steep, rinrward slope ,f the 
gravel hill, the~ long lure-sets arc not , mis• 
inlcrpr,·t ,11 iun or pscudo-lorc-sc:tt in;: due to 

slopcw:1sh . The 100-loot sc:,rp trcndini; north• 
castwud from the piL for :a qu:irtcr of ,1 mile 
is the constiuction:il fr"nt of the depo! :t, 
anlanchini; :is in :i. dune 't is not :in erosion:il 
sc:irp. I:s str ike p:ir:illc!s th:it ol the Ion~ fo r,:
scts i,1 thr pit (flint , J()j!i, p. ;~1. to the con
tr:uy notwithst:ind ini;) and the cloni;lti\Jn o( 
the gilnt rippl,-s . \\':iter, nr.t dcLris, or ice, 
f,llcd Sn.ike C:inyon up to more th:in 1000 
feet A.T . at this place when the'.: lorc-scLS 
,.-ere depositf'<J. Flint olTerrJ no npl:in:ition 
for them . 

In this f, re-set i;ra,·cl is embc,:dcd a &ran_itc 
boulder 51 ; feet Ion:;, its out.11 :., fractu,~
dctcrm ined ,nd only one surface sho"·ini; pre• 
fracture :ahr:ision. Flinl (193S, p -t95~ re• 
1n:arkcd that "In such ~h:.llow scabland streams 
as arc indicated Ly the str:a:i/ic:ition uf thei r 
dr1klsits, on!)' sm:111 p iccc:s of i;l:icicr ict ~.;uld 
Le expected to tr:t\'cl do\\'n the ir kr,i;ths . .. " 
llow sm:ill :a riece of i;l:ic ier (or ri.-cr) ice 
could h:i,·e hrld c,nto th is i:ran i1 e bcouldcr !:>r 
the 75 miles it tr:1\'clhl down the Chcn1·y• 
1':alou~c scahla nrl ri\'cr? .-\ntl nu·:intlcrini; ail,kd 
tc. th,1.t mil1·:t i;e 111 

NA fl•pt:ttin~ char:iclcr of the £io n! current riJ•· 
ph.-, Ken duriu.: the J952 {u:IJ 1.4.~ !-un is c,lcn'-'lt1n 
of thr rirl,cd r~,n,s of :i. Lar summit J v .. n the slu;>e 
tuward the :..lj.1ccnt channel. :'-:, .. her sl,1,rs dow11 
inlo a fo55c nor rrosionally ~upc<.I ,·ali ry11 ard slopes 
have shown 1hi1 lr,lurc. 

·• Anouier cranilc lioulJcr, equally l:irtc, in the 

This shuulJtr bu in the lo,.,cr p -rt of Fields 
Cukh co11/Jih1 /1,c dc!:,1 fore rcll !"liHI 01kcd for 
al the nir,utli ,,r the l'alousc, if the OuoJ thc"ry 
"er,: c,,rrc~t ! ·11,e miJ -c.111)·01, bu is p:irt l • 

th.il "J,·h:i"; the t,:u, tailin;: srouthw.uJ fro1n 
the 1c:iU111d Lulll-S in sections JO :ind JI, 
T. ll N., R. 37 F. ., arc part; the bars along the 
road 10utli frvn l.yons Ferry are p.,~•; the 
"tr id.le 1,,11" i~ part; the bars farther west, 
taperini; soul Ii ward from the s:ima hill arc p:irt. 
The n:111i,I, ~•m1mit ol the shoulder hr with its 
gi:inl curw,t rir,plcs is the 111bJf1n-inl "delta 
top" . .-\II s;r:i ,cl l" rms :11' portions of a depo;it 
made al the wll0tH or the :~ut torrent \\hich 
c:irri~d most "r its d,.,r is ~crou Sn:il.c Canyon 
,111J muc• c,! it ••! for "'"re th:111 .SOO fr, I on I he 
!:tr si, 1-:. \'"!u:nc .111,I \'d,,ci ty or the n,"'d th:11 
m:td,· · ~~c Ll :; ..,-ere &r~.1tcr than anythinc th:1t 
Fl int c.t,je:ted to . 

:\lh~, , :icccptini; this rrm:arkahlc detour or 
clac i:il S 11.1Lc Ri,·c•, n:~de it pos~iule Lr pl:icir.;: 
:in ice j:im ir, the c:in;·o :, just below tlic mout l. 
ol ,tic r .. !o;i s~ ( l' ig. , I). A sl:.;h1 c,., ,st r ict ion 
here mi.;!: t fa,·or the idc:i, but t~.c rl,m would 
hnc to Le !rom three qu:irters of a mile •lo a 
m;Je \\ ide rac:oss th e c:i :. r"r.), :and, tn allow the 
dt!.);i:cf. str( ;, ~1 to :e -er.:cr the c:ir.yo,. where 
it d id, tlic c! :, ,n cou ld ~e c-n! r 2 miles long. Such 
a d~m neH: cr,uld i-,::.\'C h:id c:,oui;h friction:il 
grip on fr.c clr,)•c, r. w:il! s or : :noni; its con• 
st ituent ice l,lr,d:~ 10 ~.::.!.! L:ick ,1 500-foot hc:td 
or ... -:11.:r . Futthtrrr.o:c, :\:~re ..-as eq1.:allr deep 
wate: ., ~ •• :~ d " ·hen the detour rc-cntt'red 
tht' c.i.r.yu:, l,tl .. w ~.:.s d•:n . Abo\'C th~ ice j:im, 
there w:is c. r.:y slack -r::i :er, and thr\Ju;;h this the: 
sr:,.l,l.1 11.! er :,. .- cl bd to lra\'cl '" cross the 
car.yon a ,.1 c! imli to the shc.ul.!cr-1•.i. summit . 
,-\1:i;on's Lyr,;:'- es:.s relll)' requir~ a sc:.1,1:ind 
run -aro:.:.d car.ye,:, a: th is pl:ice, inste;.d of • 
i;r:i"..J dc;,,1:: . 

:\ll is,. c, r.ccds another ice ja,., for his scriuencc 
of c,·er.:s .: t!:e r~l c, ·~•e -Sn:ike junction . r1:i1c 1 
and l'i ;; ·.:r t 19 sl :o·.1 :l.~: the 4-milc " ·ide Dal'ii. 
!'.:. ncl. i)v:l;,,n of :!:c di,idc . ·:il,lar,d, l>·ing 

wes: of 1i-.~ isol:it ~d group of locssi:i.l hills, had 
to k clTcctiHI)' i.,!, :bded to n,:ike the detour 
sout1 u! tl :c Sr.:~ e V •! ' a .1~ . Othcr.\·isc, all 

c~..- ere~~ ~::il,l:.r,: 1· 1 C . ' .h ol lhopcr lies 
as •.i et-. a, l:.c !c:.L!i· .• ~7 ~he o,,.-ldc: . $Lill another 
_:H1 11:-;~• .... kt~ r..:~, 1nu;n1 dl3n\t ;c:r) cr~nite 
t.ould:r l.c\ J r,,::.-1 v.~,t: of Ewan, J5 n,iles down 
alu~; ti.: O .cr.c) -J-.: -.-.. :.e tract . 

·----------------. ------ . ··- --- · - -- - - --· · -· 
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Chcncy•I'o&lousc cl:.ci3l • ·aicr would hav1: 
entered the Sn:ike Lc:low the site o( A' ·i.on', 
anyon d.im, and only Snake Ri,·er w.&ter 
111·011ld ha,·c used the detour. Comin; directly 
(rum a pund,·d Snale, it c<1uld la.ave h;ad no 
cravel ln:id, an,I nu shouldrr h:ir could h;i,·e 
l,c,<'n m:ide. 

P,nctiWa,,d Fields c .. 1,11 

(nretz a11d Smith) 

'l'he noor o( F ields Culch in the hall mile be
tween the shuu:Jcr l,3r ;a11J Sn:ilc Ri,·er is very 
narr.>,v compared k irs .proi,ortions farther up
stre.un (Fii;. 21) . ll is a h:m;;ini; -valky mo1Jth, 
,,d1h •. sh;arp entrcnchnm1t m:, ,:~ suus,·quc.-ntly. 
Its i;r;adicnt is 200 kct to the mile in this 
stretch, six timc.-s :is steep :is in the nut 5 rr.ilc.-s 
upstr<'am. It cle.irly d~s nut record the stre.im 
that pre;;l:lci:illy dr:iincd the 50 contriLutini; 
S<ju:ire miles ol m:iture topc,:;r:iphy l)'ir,i; to the 
south. J: en if a p:trti;il d:m1mini; o( the i;ulch 
Ly the Lu (Breu, 192Sa, p . G59, Fig. S) inter
rupted the i:r:llJicnt , this n:lrro"·ness :incl steep• 
nc~s would i1,J ic:itc th;it thesc i;rcat L.u dcp,: · its 
!.a,·e Llocl.d ;i cap:iciuus lol\'cr course else• 
• ·h<'rc.- , ;,nJ h;l\·e turncJ postsc.il,l;i,.J dr:iinai;e 
into the prcs.nt aLcrrantly n:irrow .ind s:ccply 
craded route. A reconstructed prL'$C3Ll:ind 
Fielas Culch (Fii:. 21) would enter Sn:il.e 
C:i1.1on where the mid-c:in)'on b:ir and other 
hii:her L;irs obviously fit, :ind block an, earlier 
drain:i::c W3)' to the m:iucr str,:.m. Comp;ire<I 
with the v:illcys o! nc i;;hLorin; Tuc.1nnon 
Ri\"c.-r and Kello:; Creek, the width here licl\\'t'en 
basalt hills is ccrt:iinly ,.:equ:itt for the drain
ai:e arc:a , And tl, is L!ocl:rd valley is twice :is 
• ·ide :is the prcscnt une d., ,rnstrc:im Crom the 
shoulder l,:ir. 

Fli,::'s Rip~. ia Lake 

(Breu and Smith) ' 

}' or the !ollowini: reasons, ll,c • ·rilers hold 
t!.a.t Flint 's Riparia L.ikc never existed . 

(I) All road. crouini; the rci;,on where the 
distal portion of Fl int's I 300-foul dam '.;-'ig. 21) 
musl ha\'C l:1i11 1·. ,·1.: tran·r~c:d, and :i !cw miks 
o! loot tr:ivcr..c " ·'• m:,<lc acro.s intcrro:id 
tracts. No rcmnanh o! any i;r:ivel or s:ind 

deposit were found on tlac br~d, thinly loeu
covercd, Las:.lt upl:inds aLovc the summit 
level o( the shoulder Lar, and no sui:ceuion o( 
dd,ris !rom such deposits was 1een in drainace 
w:iya. 1t is quite impossil,le that all tla:it th~ 
r. tir.11 de1>0si1 cuulJ l,.we b~~n c:uric:J o!I these 
hillt1>1>1 • ·h,·rc it 1V;as ori;:u,ally 100-JOO l.-c:t 
tl.ick. 

Only wind, rain, and Slope wash ase availaLle 
a1:e11ts. Jbd they Leen thus t!lc:ctive, tbc.-rc 
wuul,J Le no n ·rn11;i.n1s o( Flint'• f,11 clw:whc:rt, 
nor o! llrctz's b;irs, to theorize aLout . 

(2) The lb:. , u.J St;irl,uck i;,·uloi;iul maps 
{U. S. G~ol. Suf\·:y, l95~), m:idc !or rn:;inccrini; 
use in p·uposcd d:.m construction on Sn:ikc 
lfr,c:r, show noi;r:i\'CI dcposits:iLove :iLout 1100 
kct A.7. 011 the :irc:i co\·crcd by Flint's 1:rpo
thctic:il 1300-!oot d:.m. Tl,e hii;hcst p:irl o! the 
sl,ouldcr t. .. r•s i;ra"tl is 1120 kcl. Along the 
c;ist ; : Jc o! flint's 611 on the Sn:ile-J"alousc 
d;,•ide, altitude ,.r which he showed :as 1350 !eel, 
the S1~rbuck map sh-,ws a r:ii:i:ed p;ittcrn o: 
loc..l dr;i.inai;c i;ulchcs in b:is:ilt, with locsa
c<,vercd ittl<"r0u,·cs (Lut no i;ra,·cl remnants) 
dc:,frr,rlini; l<> :inc! Ld ow 1200 lcct :\ .1" . 

(3) 'J'ne ciant r,p;>l c m;ir;.s CO\'Crini; the 
sl,oul<l •· r Lu's ! ;1:~r~•r.1i lc summit n:it record 
a t1JM!ruction:il !1:r!Jcc:, the ur ii;inal tot• o! the 
dq,o~it, 325 kct l.clc,,.- th~ :iltitudc of Flint's 
d,:1a surlace al thu i,l:ice. 

(4) Flir,t 'sfi~rt 9 (19~8) , showin;thedclta
da: ,1 i:r:idicnt as aLout 13 lcct per mile, alM> 
shows a rcmul:ablc steepening duwnstrc;im to 
30 Itel per mile. The distal m:iri;in o! tl ,c sup• 
~ed dJ1n h:id to be at lust 1300 !eel A.T. for 
IO milr:s "est c,f the Palouse ju net ion in oriler to 
i1r.pou11d Lake Rip;iri:i. 1be uppl'r limit o! 
Sn:ike Canyc,n flood in; S mil<'S larther down
,:relm is cnly 1200. (Su flint 's Fi;. 11.) Hence 
the incrcdiblr st<"cp i:radicnt! 

(5) Ila!! a dozer gravcl-co\'cred lr:icts of lC.O 
acrrs or more, '. ,: on the ralousc -S:i:il:c 
d :\'idc scaL::ind, an shown on the lfaas and 
StarL1:cl. i;cc.lo;; i•:.I mlpi. T"·o closely associ
ated ones, just r Ht o! )'aluusc Ri,·er al.out 2 
mil es ;ibo\'c its m-:.uth (Starbuck map), pu
t i:.11>• Lury ir.terr.~ •.-c spurs o! lhe prei;l:ici:il 
lil•~ll ICIJ";;: '.;ipl, :,· . \',111re nclrtSl Clch olhr . 
th'/ :i • .: scp:ratcd o:.! y by a sm;ill strcam \\' :l _, 
dr.,ini:, ;; !rom l,i;l,cr loess•N\'CrcJ cour . y 
fan l.u ca~l. Two tr ibutaries j<>in, just above 
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,un~ the bro.id, thinly locss
't Jds above the summit 
,ul•.•~• bv, and no 1u;.e1tion ol 
:h dcp,sits w11 seen in drain.ice 
te im(ICl&llblc that all th3t thco
:ould have been urricd of!' these 
it wu orii;inal!y 100-JOO feet 

,in, and slope wash arc avail.ilile 
:1ey been thus rllecti\·c, thC'rc 
:nn:ants ol Flint's till dsewherc, 
us, lo theorize about. · 
; and Starbuck c.:oloi;ical m.ips 
,·cy, l9S4), made for cni;inccrinc 
J dam constru, !ion on Snake 
;ravel drposiu abo.-e about 1100 
: area CO\·rrrd by Flint's hypo
>t dam. The highest p:irt of the 
;ravel is 1120 kct. Aloni; the 
nt •, fill on the Sn:il.c.• P;ilouse 
,r which he showed u 1350 C.:et, 
:1p '. ho•, a r ,gr,~d p.iucrn or 
;ulchcs in b· It, with locss
,·cs (but no .,, , cl remnants) 
1d below 1200 lcct A.T. 
t ripple marl.s co.-c::ng tl,e 
,u>.rc-milc summit 11.it record 
surface, the orii;in:i! top of the 
: : ..iJ.j the altitude of Flint's 
:h.lce. 
urc 9 (191!), showini; the dclll
; about IJ fret J>(r mile, also 
,!.le steepening do,.·nstrcam to 
The distal n1Jri;in o! the sup• 

n k at least 1300 fret A.T . for 
. he Palouse junction in order to 
Rip:iria. The upper lir.,it or 
·, ><><.line S miles farther down
JO. (Stt Flint's Fii;. 11 .) IIencc 
,·p i;radicntl 

:n cr:inl-covcrcd tracts of 160 
lrini: on the l'alc,use-Snakc 
arc shown on the )bas and 
C.ll m.ips. Two closely associ
ut of Palouse River al.out 2 
mouth (Starbuck m.ip), par-
1L,·c spurs of the prci:l~i. I 

r . \\"here ncucst :ach other, 
•~ <>nly by a sm:111 streamway 
ui;h,·r locss-c.lvercd cc..intry 

> Jut:irics join, just aLove 

J-----
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this nam,w pbce. Their 75-decrec divl·rc<"ncc 
upstrcarn (eastward) outlin<"S another b.is:ih 
intcrfluvc spur uf compar,Llc size, lyini: Lc
t..-ccn tlie two. As shown in Flint's Fii;ure J 
(,.·hit"h l,os sorr.e c"nsiJrr.1blc :iititutlc errors) 
this spur hn no crawl co\'er. 11,c ;nap distance 
bet'l'·cen the two cr.1\'el patches is a tenth of .1 

mile .it the "'·est where the tribu1:uics join :inJ 
incfl•:tses upstr~.1m to three qu:uters of ~ mile 
across the gra,•d-free spur. 

"A sincle c .. urse of fore -sets (at least) JS It. 
thick" (Flint) in 1hc 11or1heru dq)()sit, dl-..criL,·d 
Ly llrct1' (1921\:i, p. 655) and contirmcJ Ly 
Flint (193!, p . -179), dips :-. . c.s• 1-:. Urctz rl.id 
this upvalley dip, aw;i>• from the ralousc, :is 
recordini; introduction of the pebble: i;ravd 
diai;onally :icross 1hc top or thr Lurictl spur and 
considtred bo1h dcpi,sits as essenti.illy bars, 
thtir form .ind loc:ition c,,nditioned by 1he 
undnlyinc lvporr:iphy anti direction c,f curr<"nt. 
1·0 Flint, th<"y were crosior,al remn:ints of his 
Sn:1kcCanyo11dam "hose fhttish tops (tcrr:ict"s) 
now lie 125-2S5 feet below its c,rii;inal ~urf:ice 
. ; this place. 

The outstanding objec1ion to Flint'• intcr
pret.;,tion I.ere is 1he inipo, ,:1,1c survi,·.il or the 
clo!<"ly contii;uous "terr.ices" which, do,rn in 
the unitt"d ~tre:un v:ilky, 290-.330 feet Ldow 
the lowest por1ions of the 11:itti,h tops anti GOO 
feet below the ori:;inal surface or his fill, .ire 
only ~00 feet :ip:irl. ny his interpretation, h.iU 
a square mile of orii;inal i;ranl cover for the 
!c:ibland spur, 125 to ne:u!r (,(IQ feet thick, h.is 
been r<"mowd throui;h tbt constric1ed i;ap 
,.-ithout "idruini; it. 

(6) Flint's Riparia Jft,kc received the Snake 
Riv.-r or that time :is well .is ;:laci.,l wal<"r fr,>m 
the l'.ilou~c. 1 !soutlct musr h:.,·e L,ccn.1 consid.-r
aLle ri\'er . !l:othini; in Flin1's t<"xt Jcals specif,. 
cally with this outlet . Iii, Fii;ure 9 h:is an .irrow 
m.irhJ "l.ake outflow" near :he southern 
m:.ri;in of the ddta. Tr.iced on the 11.i:u and 
St:irl,nck i;rolo;;ic:il n,:ips, it tr:iwr,cs a L:i~:ilt 
topoi;r:iphy r:111i;ini; from 810 to 1200 ket .i!ti, 
tudc! The .irmw tl,Nclofl ind icates :in entirtly 
hrpothetical ch.inr,rl .. crc.,s the vanished delta . 
Figure 9 :ilso !hows four "cc,nspicuous aL:in
ooned cl,:i11ncls" acro!S 1hc ! ;tc of the d:im, two 
of th<"m .il,ont a mile Laci: from its bw soutl ,ern 
edge, the 1>thers t"nn farther L:ick. One UVC'> nut 
exist. Two :ire misinlcrpret:ir ions of unaltered, 
prei;l.ici:il S,1udlcs, rel:ited to his l:ikc onl> in 

th:it thry lie li<"low its level. The fourth (in SE 
}{ sec. 21!, T . 13 N., R. JG E.) is truly a sm:ill 
sc;il,l:ind (!;;ch.iri;e rc.utc throuch a preglnci:il 
s.i<IJlc :it HJ.JO feet altitude, a mile northwest 
of n~Ru•e J:.inch and J miles l.;ick from his 
delta's tl,\la.l n1ari;in . It is 32S ket below the 
top or ti., ~uppr,scd dam at this p!:ice. Till·rc :ire 

· good rr,ir,,,r t,u forms at intern!, from the 
a~r.id r r! !!,t at the r:rnch Luildini;s (F,00 feet 
A.T.), (\',l,,ct, :ilso has l,:ir forms) up to the col. 
Th~re :'lie c,·n unfill<J dq,rcuion~ close to the 
summ it, c,.r. ,r .. ,u ,,,kJ d small ~cal,l:11ul lcnol,, 
anti l,;,r l,,~ .•• lls . OL\·i.:iusly, a currcut of 01,od 
w.iter crc,1;<J this s:iddle :it 1000 feet, a part of · 
the onrr. ·, .v "' hen the shou!1cr Lu was Leing 
l,uilt. )I~: ,,l,viously ~!so it did not spill thence 
down tl.c StC(p ra\'inc towa1d the Snake. The 
s~l,la11d r,',tc!, is not a channel and docs not 
rccM<I a:.y ~r.:.ke River course during disst"ction 
o! the· du: .. r u:thermc,rc, its sm.ill c:ipacily falls 
lar ~hon •,! Allison's nel'ds, should he try d;im
min;: Sr,~ <~ (3r.yon t.cluw Fields Gulch Lut 
abovt tlit r:-. ,,u:h o! tt.c r,rri;bci:il tril.ut:.ry on 
the far sid: ,,f the s.id.Jle . 

(7) \\" j :~. a gradient c,f 13 feet lo the mite for 
the Cl. l' :.•.:;• r.:~usc f:! I :.d the top-set hcds of 
h:: p;itl,tt. :.:.l l<i p,r i:i 1.~lc dam (Flint's esli• 
rr,.1tc), t!.~ !., ~e's 01,;tkt rr:ust h.ivc been forct"d 
to skirt ti ,_ f:ir soi.;thern cd;;~ of his Sn:ile 
C:inyon d,.~,·-~it . 1i,is Flint r.:cobnized. Sn:ike 
River tv<.!: ;: , tl.erclore, sh,,uld 1,c in a post-dam 
cai:yon su~.-:r:r:-.jlOscd c,n the bas:ill upl:ind al 
th.11 sarr.c ;':'::.cc, ar.d the prei;l:ici.1I canyon's 
dam sh,, -.. ·~ ~:ill c:r:st. r .. 1 .. ~sc Can)·on (m.ide 
before !.:; ~r,,sodc o! f,llini;) should still Le 
l,uricd ir, r:~vcl, and Pal,>use Ri,·cr should be 
lo!lo" i1,;: . '. ; \\":ishtucn:i Coulee prei;l.ici:il mule. 
k.tc ;id, :i.~ Sr.:le t.:is ir.e\plicaLly flu ·,Hd "I 
the t":.;:crr. ::~~.t o! his dd:a, the l:ikc outlet 
cl imLi:. ; 3'r-J! lcct cr~i,:st tl,e delta's l:itcral 
si .:ipe :o rl :~~:.:c ar.d re-excavate the prti;l.1ci.1I 
c:inyc,r, 3 :,.::.::s north (su Flint's Fig. 9) or the 
011ly i,bce : '. .c ~!:ic i:.l Sr.ah could h:i\'c crc,ssed 
tltc d.·i,:, ._. 1.,-n .it :ts rr.uimum i;rowth. The 
irrc;;ub: I;: :.:!'. )' l:.; llt top ,i;r:iphy shown in 
F i;:urc 2l re . ~ .. ]s .;,ny nc.: ic,n that the post-dam 
Sr .. ·,:e cc,·_:~. v. 1 'le rt ·txcava:ini;, h1wc slipped 
btera!I;- L.. · '.. :r.tc. it5 r,rc;b.ci:.I course. The hill 
summ ,t t,c . cz:1 the IJ,Ri.;we notch ar,d Snake 
C.rnyor. i~ : : ',~ Itel :' . . T . Once c:iui;ht in thr 
r,-,tch, tl,t ::·. er r.c-.er cc.1:!d t.:ive escaped. 

(S) Tr.~:c a,c no sl,<o:c lines for Rip:iria Lake, 
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even of the faintest detectable chuactrr, on the 
soil-m:1n1led i;,·ntl,-r slo11cs of Snake Ri,·cr 
canyun upstream from the dam, ahhou;;h there 
111·:11 ample opportunity for thrm to dcn:lop 
duriuc the i:radual tn:nchinc of th:ll dc:11U$it at 
the mouth of the l'alousc. · !\lost of J-1int's 
Chcney-1'.,lousc sc:thl:md i;ravd waa "kisur.,ly" 
carrirJ oil during th:tt s:mi.: time. 

('.I) There: arc no l:tcustrinc dq,osits on th.-sc 
1lopl-S. There is, huwnrr, a ,,,idd)· di,1ributcd 
m:mtlc of unwrted, unslratilicJ sill conta:nini; 
abundant gr.1ins of fresh b:isalt wi1h nonwsahic 
pc:bLks and boulders txtC'ndini; up to 1300 feet 
ahituclc (Dreu, 1929, p. 407-US). :-:o Rip:ui:t 
L.lkc l)'llC of ponding in Sn:ikc Canyon c .. n 
explain the up-v:111,·>• trnn~portati<in for nc:irly 
7S miles of this pc' · 'y silt. from its source, the 
Chcnc)·•Palousc scau,and ri\'cr. \'ii;or.:>us sur;
ini; up the canyon is.icquired. 

(10) S11aki: Ri,·cr ,·alle)' :ilong,idc and bclu,v 
the summi: of the mi,l,c:111yo11 bar is only IOOO 
le.ct ,,idc, :ind one !,lull is .1ll i;rnrl. II)' the fill • 
,nd-cut hypothesis, this is :i.11 the widrning the 
river has been able to do in the e.1nyon bo11om 
since Rip:i~ia L.ike was draino:,I. In cv:ilr.,st, 
Washtucn:i h:is a bo11om width oi 2()(,0-~SOC, 

feet for m:iny milc:s, 111:tde Ly :t sn1lll di"eri;cnt 
strand ol gbcial w:iter. 1'0 posti;l::ci:il stre:un 
has used the couk-c. Jfarmonizin;: the5e facts 
wilh 1-lint's concept is quite impossiLlc. 

Dc,,ib Ca,iyo" 

Map: Co1111tll Q11ad,,m,lt, l.'.S.G.S. 

(Bretz) 

Streamlc:ss De,·ils C:in)'On, IS miles weil of 
Palouse Canyon, tr:insrcts the s..1n,: \\':ish
tucn:t-Sn:ike di\'idc :ind is subc:qu.il in wiJtl, and 
depth. C:11&rac1 or cascade rcccHion here, as :tt 
11 U Rancl, !alls, made the 4-milc i;nri;c along a 
prrglaci:il t,iuut:uy oi the Sn:ikt. The i;l;,ci;il 
stream m:idc r,o sc:ibl;rnd on top of the ,w:ills, 
and it cc:i.scd to flow 1,clore recession h:id com
pletely cul throui;h 1hc divide. ,.t, r<>ck ~ill at the 
c:inyon he:icl, nearly 100 feet al,o,·c \\':i.slotucna's 
floor, is tunneled throui;h by the S1101.anc, 
l'ortland, :in,J Se:illlc R .R . between c:i.nron and 
coulcc. Summit of the !ill is more than 1)50 feet 
A.T., and the bollom of 1he c:inyon a mile to 
the south h:is :in S00-loot clrpression c,,111011r. 

11,e c..nyon is empty thence to the Snake, but 
its fiarini; moutl, has an untcrraccd, knolled, 
and ritli;ed i:ra,·cl mound risinc neazly JOO fed 
:iLo,·c tl,e S11ake to the south and about SO ft-cl 
aLu, ca once undrained dcprc.sion to the north. 
Tl,i\ rnuuuJ J•r11jrc1s more tli;in a third of tlae 
way ;acr115s tl,c l>',IIOm of Snal:c Can)·on and is 
eutird)' of cranl. The hii;hcst p;ut staruJs 
u,· .. rly in n,i,h, idth of Dc\'ils C:tn)'un. Fii;ure J 
<ii l'btc 9 •"''"' a train of i;i:int current -ripple 
m:.rh Ji.,lf a mile l.:>ni; across it . 

rtint drrivtJ De,·ils Canyon in part by fall, 
relrt:il durini: removal of fill, ori:;inally 1300 
lcct :\ .T . at tl,e canyon hca•I Clu this f,11, lhc 
I>c,·il, C:inyon distrilmt:i.ry lrom the \\'.ish
tucn.i diuribut:iry ini1ially d1·,nndcd 100 feel 
in 4 milts (llint, fig. 11) . E,·cntually it cut 
1t.r11ui:h aLout ~00 itct of bas:ih .11t the hud to 
lc:ivc the 150- to 200-foot cat:ir:ict-cas.c.ide 
dc!.Ccndir.i: from lhe 100-loot sill. Then the 
cany11n route ,os "suddenly" al,:i.ndoncd 
(rlint, 193!, p. 512) . Thcruhcr, all Washtucna 
distriLut.iry w.iter continued down alone prc:
i;l:.cial J:sr,aatzel , subr,lr:illel to the Snake. 

I,1,·.·. nc11ttir.i; in Loth the Snake :ind \\'a.sh
tu~n:,• L~r,u:i.11.cl f,lls was controlled by L.ike 
l .c-, is. :\ t hii;l,csl st:icc, the lake was onl)' 21 
and 25 1nilcs di!:ant . \\'hcn lower.:d to l'.:is.co 
b.:isin :illitudc:s, the suLp:iralkl routes were re• 
specli\'Cly 3S and 41 miles long. 

T<i pro,·iJe an :.dequ:ite cr:idicnt for erosion 
of T1c,·ils Can)·on, by falls or by uniform deepen• 
in;, the.- Sn.:ike ob,·iously h:id g1eatly to outrun 
\\"ait,1ucn:i-Esqu:11,cl in rcmo,·inc Flint's {11! 
while, about the s:,.mc disuncc down alon: each 
ro1.11e, J..akc J.e ·.,·is w.:is the comm<in b:ise le,·cl, 
and Loth stre.:ims hld only i;ranl to rrode. 
This is h:ir~I>· :in acccpt:iLle interr,rclation. 
Tl·· t his nc, ils Canyon di\'cri;cnce en-r could 
h:1\'e contin1.ed dccpcnini;, once it enc<iunlrrtd 
L:1\:,h , is likewise un.:icccptaLlc. Thal the i;r:inl 
mo-.i1,d scm:L!oc:. :n: :he c.myon m<ia.:lh is a 
tcrr:1ccd r~idue <i! ciLbcr Sn:il;c or De\'ih i:ranl 
is denied Ly :Ill its d,:ir.:icteristics. It is anotl_1cr 
sc.:iubnd Lr. The cmpty and rod;-bo11omed 
goq;e was indeed "suJdruly" ab:indoncd t.ut 
by :1 Urc.:im far ncccJing a distribut:iry strand 
from a distriLut:.r)· U::ind of a ri,·er no l:iri;cr 
th:in the Snake. 

To u~e ,\lli,011 11 ice-jam thl-ory specific.ally 
for T>c ,·ils C.:ir.yon, we must (I) Llocl;, d is.ch:iri;c 
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n1•0nct to lhc Sn:ike, L11L 
!1 'Ti~ 11ntcrraccJ, knolled, 
.I a,. 4nd ri•inc nc;uly JOO feet 
10 1he aouth and about -~ feet 

lr:iinNt dcprcuion lo the norch. 
-jcccs more than a chird of che 
0110111 of Snake C.1nyon and is 

.-d. The hia;hcst put stands 
hh of DC\·ils Canyon. Fii;ure J 
a train ol ci:int curmu-ripple 

: l,,n; across it. 
11.:\·ils Cariyon in part Ly falls 
,•ruov:il ol fill, orii,:in:illy I JOO 
onyoa head. On chis fill, the 
distributary from lhe \\'ash
ry init~lly dcsundcd 100 feet 
I, Fie. 11) .. E\·cntu.illy it cut 
··,o feet ol b:is.111 al cite hud 10 
In 200-foot c:il.iract-cscadc 

, the 100-foot sill. Then lite 
• ·as "sudJenly" aL:indoned 
12). Therc:iftcr, aU \\'.ishtucna 

·er conlinuNt down .ilonc pre
:, suLp.u:illcl 10 the Sn~ I.e. 
in both the Snake and Wash
fills ,,·;as conlrullcJ by l..lke 

•I stacc, the l.11..e W.lS only 21 
-1;,nt. \\lien )owereJ 10 l';isco 
:lu,_1 ll":1rallcl routes were re
l .' ..,I« long. 
.1dc4u:i1e r,radicnt for erosion 

,, hr falls or liy uniform deepcn
!l\·iously had grc.1)y lo outrun 
. .111.d in rcmo\·ing Flint's fill 
>.1111e disl:ince down alona: e.1ch 
i, w;is the common b;isc le"cl, 
,,. h:id onl/ !:r.l\'cl to erode. 
:in .1ccr!':.1t,i_.. intert!rt:ition. 
C:inyon dinri;ci:ce e\'cr c.:iuld 
kepcnina:, oncc i1 encoun:cred 
: un;iccq,t:iLle. Th,1 ti:,· i;r&\'el 
~in:: the c:inyon mouth is a 
Jf •·iil,.:r ':11:,l.: or Devils a;r.ivcl 
11 cl ,.u:ackrislic,;, It is .1no1hcr 
he •·nip1r :i~d rock-bottomed 
,I "~uol..!,·nly" abandoned but 
. u,·.:olina: :i distriLutary strand 
11>" s1r:1nJ of a ri,·er no 1:iri;er 

:,', kc-j:im theory specifically 
:i, 11 c ruuu (I) Llocl clisch:ui;e 

_) 
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acruss the )';,lou!oe-Snalc divide, (2) co11,1ruct 
another ice j:1111 in \\'a,hl uo,a wcsl 1;f tl,c l,l·:,tl 
of llc,·ils C:inyun, (.\) L<-..-11 the n:irro\\' c.ln)·on 
hc:id open while nearly 400 feet of deepening in 
b:is:ilt occurs, (4) h:i,·e an ice j;im :!uwn the 
Snake or ColumL~ hii;her th.1n 500 feet A.T., 
and (5) remcxld :111 older lrrrace into tlic gr:wr, 
mound in tht' canyon mouth. Thl'~ arc dirr1(11l1 
rc4uiremenls. 

Fli11t'1 D.-rirati,m 011d Dis1'01itio11 of 
Sc.,l,IJ11d /J.:/,ri1 

(llrc11.) 

According lo Flint (19JS, p. 463), ",·cry 
lillle" of the i;r:i\'cl fr.1c1ion of lhc Cheney
)';ilou~ i:bci.,1-ri\'tr load \\'.IS c:1rried far cnoui;h 
clown 11,e S11:akc to react, P:isco h:uin. D.:po, i
liun hl·i;an prumpll)· in \\':ishtucn., Coulee :ind 
S11:il.c C:inyun; the Jc1ri1us Lcin:; dcri\'cd fr1;m 
"scoured L .. sall on steep gr:idienls, mainly 
along prei;bci:il draina:;c lines" (19.'S, p . 4GS) 
already down in b.1s:ih . These would h:in to Le 
limitcJ 10 Cow Creek, Rock Cm:k, P:iluusc 
River, and :i f.:w 1riLu1:1ri.:s, :tnd woul.! i,wol\'c 
Lui a s,n.,11 area compH,·d wi1h the nt·il rly 101)() 
squ:irc mill·s l 0 \·c111u:1lly s·.1·,·pl Ly (;bri~I 1,·:11,·r 
in the lr;icL of i'lint's stud)'. He vi,uali,cJ th is 
fill as gr:idually cxlcnding ups1rc.1m :ind lin:illy 
rc:ichini; the channel he:.ds. nec:iusc :ill d1:1nncl
bottom b:is:ih h:id b>· th:it time become Lur ie-cl, 
the ch:inncl -hc:.d dt"posirs (rt'quired for his wesl
w:ird di,·ersion of the nor1hernmost dislriLu
taries to Crab Creek dr:i in"s•·) . '.1 to Le sup
plied direc1ly from the ice. Yet their "rcmnanrs" 
arc 65 per cent b:isalt (Flint). 

In Flint's succ.-...dinc episode of erosion of the 
fill, the rcju\'cn:i.ted i;bci:il stre:ims "notched 
and channeled the nc\\'ly c:tposcd b:i~,lt cz
tensively" (1?38, p . 4G~). m:iLinc m,Jsl of the 
scaLl:ind he studied. This ero; ion3l cpiso.1c 
mu~t have pro.:luccd far more b:is..,lt ic debris 
th;in did the e:irlier scourin:; . !\lost of the i;r:iwl 
alreadr dcposi1cJ, mini;l,·d wi1h lhis ne-..·ly 
m:ide detritus, w:is c:irriccl across lite Palou~c
Sn.ilc divide 10 join tlic w.1st .1i;c frc>m 1he /:00-
fool-lhick Rip:iria I.ake d:im. Some entered 
\\'ashtucn:i . All this i;r:ivd eventually went 
down along Ilic Sn:il:c :inc! \\':i~l,tucn:i low:ird 
l':isco b:isin. 

Al,out JO miles below J-lint's d:'lm site, the 

K.11,lanil uf>pcr limits (Secs. 20 :ind 21, T. 10 :-,.; ., 
)(. JJ E) a re .\II() kt! al,u1•c tl,c \·all..y Lo111;111. 
(llerc l-'l i111 l,dincJ th:it 1e.,l,l:u1d i:r .. ,·d 
graded inlo T0uchc1 silts.) An anr:ia:c 1hicLucs.1 
of G50 fret for the JO miles is therefore concti,·
aLlc. A ccncrous cstim:.te of tl,c a,·cr:i.:c v.lllcy 
wiJth irwc,ln·d is h:ill a mile, thus a cr:1n·l
s1orai;e Clp.1cit)' of 2 c~Lic miles . If none cn,ertd 
1':1sco L3sin, this repreSt·nts all the LH:ilt 
waste rcmol'ed from nrarly 1000 sc;uart milrs of 
sc:il,bnd. I::, cnly dis1riLu1ed o,·t'r the Chrllt')' · 
r .. lou~c tr . .cl, it would account f1;r ;iL<,ul ICiJS 
feet ol eros ion . .A.llowina: for 10 per cent or k,, 
(Flint's •·s1 im:11c) of i;bciJI driit in the i;ranl, 
and using Fl int 's pvrvsil)· factor ol 15 per cc:i l 
(1938, p. ~~J) , :he amount ol LJS.lll croJ,·J 
is aLoul n l icct , b.1rrly cnoui;h lo reniMC tlie 
we:ithneJ zone unJ.r the lo,:ss. Hr us ini; 
\\':isl,1uc11a /or :iJJi1ion:il stor:i;;c :1ncl .,y le.w
ing srn:,11 "rernn:ints" in the clt:inntlw;oys, we 
ma)· rel~iu the estimate ol JOH !eel. llul this is 
much I<,<, sr uall to produce the rel ief ma · : Ly 
the scal,br,'1 strc.lms. One cubic mile of gr:i\'CI 
distriLull'J 1;,·cr 11 ,c 60 squ:ire miles of sc:iLland 
on lite !'.llousc-Sn;il:e di\·ide :ilone would' pro
viJc :i fi ll c, ,. ly 66 l,·ct in :i\'Crlce thickness,. 
al,.,ut h.,li •\ deep 3S rtinl 'i, theory rc,1uircs.' , 

This C.,;r. 11,u1a1io11 ;issumes th:11 Snake ;ind 
\\':,slilucna. \'.llleys were orii;inally empty ;ind 
Iha.I 1hcy rcccil'cd cap:icitr fills . ~o!l,ing re
molu)· :1ppr0.1china: 1his qu:intity of i;r:i"d is in 
them todl)'. Flint's theory requires rtmo,·al 
down ;ilong the Snake as Lake Lewis s•1Lsicled. 
\\'here h:is it i;o:.c ii it did not c:itcr and f>:l!S 

throu;;h P.uco L:isin? And how could it Le 
c.:irriccl :icr c,ss the Touchet dcj>OsiLs, durinc 
suLsidcncc of L:llc l.cwis, wi1l,out lca\'in;; a 
record? Tlic complic:1 1rd chJnr.cl inc :n l1;wer 
Esqu:,tul is net th:.t recc,rdccl for \\'.1sh1ucn:1. 
.~ll i, 011, fir ,d:n :; Tc.ucl,et beds o.-.Jy al,o.-e 
scal,llnd c::i" cl, d,·:,ic<l tl,e conlcmporanei1y 

11 The rrr;lacial cradicnt of 1hc Cheney-Palouse 
tr.let w:,.s W-25 feet r, : r mile. Fl ir.t's estin,a lc for 
the slope of his {,JI , •. u IJ feel per mile. Thus the 
,kpo,it 31 lluapcr IW 111ilcs Iron, channel lir~d and 
II 12 1.-rt 11: ,1 1.dei bu to he, ~10 lr~t thick (1530 
feel A.'f .) l,d<,rt l "Y 1c~rat.lation t. r,an 11 the he:id. 
11)· the l imt ~;tn.d.:! ;on ,\·~s comr,lctrd. it w~s th :..s 
n; kct th i, ~ on the d;,•idc 1ummit (12S0 feel A.T., 
2 111ilrs •~ulh ' ll:,r.r"· r) and lherdore had to lap an 
i111pos,il,le 1.,; f,·et up on the border inc l0<.·ssi3I 
K,;ups. A mir,c.r error in his J-"i~urc 8 is th< :,~r sc:ilc 
l,y , ,1,id, tl,e (,() :, ,i;u c.f lcnc;lu mu,11ru no mile._ 

-------------- .. .,. ____ - - - ... . - -
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that Flint d:iim~-d. With this denial, the 111·ri1c:u 
acrcc. 

An outJtandinc in(dicity in Flint's concept 
ol a Chency•P;&louse fill ~ the quantity of 
debris demanded bclore the sabbnd was mldc. 
An a,·cr.1ce thiclmt·,~ ol 100 lc.:1 on the SOO
square-mile tr:i, .t north of Hooper would require 
a v"1umc of 15 cuLic miles. Subtr:icting lor 
porosity :ind gl:icfal · contrihu1io11~, this s1ill 
remains :i fan1as1ic.1lly imp,,,.~il,1.: qu·,u11ity to 
dc:ii,·c: frum sul,jaci:ut LaMll lx:lurc sc.1Llaud 
was eroJ~-J. · 

When Upper Grand Coulcc's·atar:u:t receded 
throui;h the monodin:\I uplift,. the new channd 
head thus alT<.rJed was 800-?00 lc:el lo111·c:r than 
any other in the compl..-x. All other scabl:111J 
ch:innc:ls then ceased functionini;, unless (or a 
pouible very brief late closure of Grand Coulee 
by gfaci:il ice. Hence the rc:mo\':il of !-lint's 
v:illi:y fill, must ha,·c: l.M:cn coml'kt.-,1 bdure the 
opcnini: ul 1l,e lu"· Gr.1nil Cuuln: rwtc. 

A duzen sep.u:ate ,·allo.:ys e.1,t ol Gr:inJ 
Coulee lcd a;l:ici:il water 10 QuinC)' Luin (Pl. I). 
Their supposed fillincs n1ust h:i,·e been carried 
off to that b:uin before Grand Coulc.:'s c:ipture 
of their rh·crs. Ir we ;rant that there w:\S time 
cnoua;h (or this, was there suffici.:nt c:;1p:icit)' in 
Quincy L:isin to contain their dc:bris in :a~clition 
to 111·h:it the grtat Coulee iudl contributccl? 

The prolusion or granite boulders alon; 
Rocky Ford and Willow Spriui;s channels in 
Quincy b:isin i;ra,·cl indicate that they were in 
use before Upper Cr:ind Coulcc's rccedina; 
cataract had re:iched the ColumLi& ,·alley. 
Drumhcll.:r Ch:ir.nels were 111·dl dcq,cnccl by 
Rocky Ford and \\'illow Sprini;s disch:iri;e, and 
Quincy 1,asin's initial stor:ii;e c.,p:icit)' w:is cor
rcspondin;;ly dt'crrascd. Y ct thrrc is cl.::ir C\'i• 
dcnce that Upper Crab Crt'ek i;l:ici:11 ri"cr w:is 
still (unc1ioni11;. By nint's rt':ison in;, it was 
still dischari;ini; a;ra,·cl into Quincy b:isi•,. 

Nefr estimates (frorn U.S.n .R. cl.11~) that a 
"b:irc mini,num" ol 11 cubic miles of rock w:1s 
eroded in m:.kin; Cr:ind Coulee :ind assoc~a1rd 
distribuury coulces, all or it c:micd into 
Quincy b:isin. llc finds that, if this debris h:id 
remaincJ in the Lasin, it would ha,·c mad~ :i 

fill three or (our tirncs :is thick as lhe rxistint: 
drposit of scaLl:ind i:r:i,·el. Thus this Lasin's 
fill, even if rcstou.-d to a pre-ch:inndini: pl:iin, 
c:annot pouihly rt'prescnt the tot:il drbris con-

uibutcd alone frorn Crand Coulee and iu 
scaLbnd complex. Creal quantities must ha,-c 
;one on out Ly way ol Drumhtller, Othello, 
Koontz, and Lowo:r CraL Crttk . Add 111·b.,t was 
yielcl~-d by erosion in these dcq,I)· bitten dis
ch:iri:;cw:i)'S. ConsiJer that all arc l.ui:dy rmpty 
tuJ;,y. !'.ote th:it P:isco b:isin, also ·1:irccly 
crr.1,1y, lies almost immcdi:ittly downstrc:im and 
its hi.;ht"St "remnant" o( Flinl 's or Allison's f,ll, 
l'ri,-,,t lbpiJs l,:ir, ac.o kct A.T., fu1LiJ1 a 
~1.uli,·111 for conti:111por.111cou1 eru.iun o( 

virlu;illy all thC!'e ch:inncls. Where has this 
dd,ris o( the hypothetical fill i;one if not into, 
:ind throua;h, l'.1sco b:isin? L:ikr Lewis Jicl not 
co.,ciuo: 111·ith any sc:iLl:and ftood1. 

Rtlllilion of Floods 

(Bretz) 

JI ftouds of cornparable ,·olume rcpc:itcdly 
s,n·pt 1fow11 the Chcncy-P:alousc tract, sc:iLland 
m:iki :i.: or, the l'aluusc-Sn:il:e divide v:ould Le 
rnumcd e:ich time alon; the pattern left by tbt 
prcced ir.c ftood. 11,is behnior 111·ould Le 
ch:i:, .;ccl or,ly after Palouse Canyon's upptt 
falls (r,c,w <>nly 20 (eel hii;h nc:ar the hc::ad of the 
200-lc,c,t unyon) had retre:ited across the di
,·idc and only if later 0oodini;s could be carried 
oli throui;h it and the old \\"ashtucna Coutre 
route. Did more than one 0ood cross the summit 
of the di,·ide? 

One :ippro:ich to.-ard an an1111·cr lies in rela
tions of Palouse Canyon to the b:irs south of 
Snake Ri,·t'r at the junction. The top ol tl,e mid• 
canyor. b:ir is 130 feet higher than lhc foot of 
lower P;,lc,usc Falls, only S or 6 mile, distant, 
and GO frd l,i:;ht'r th:in the foot of euinct H U 
Rand, cat:ir.1ct. \\'rre these "waterfall" c:in)·oris 
eroded Lmtat/a the deep torrent tbt made the 
b:ir!, or arc they products or a later ftooJ? 

~lanhl·S (1918, p. 2.58-259) h:is drscri!~d the 
intense, quasi-,·ertical, vortex su~tion in turbu
lent streams (his Type Ill) :is kolk action, 
call ini; it "i,rob::.bly the most important macro
;urLulence phenomenon in• n:itur:al strums" 
and "lloe most powerful form o( concentr:\ted 
cr,eri;y .11 work on slrcam beds." Or.cc the un• 
p1r:i!lclcd m.1r;nitude o( scabland str1.:.1111s is 
rc:ili,ed , tt.e kolk, which is csscnti:.lly a ,ub
llu,·i1I torr,:irlo in strutturc and in velocity 
rcl:iti,·c t<> iurroundin:: turbulence, cu re:adily 

.. ...._._.,___________________ ---·--------
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irort'\llrand Coulee and i11 
·s. ~ quan1i1ics must ha\'e 
· "'. • o1 · Druanhtllcr, Othello, 
.-er Crab Crttk. Add w~t was 
Oil la these deeply billen clis
,sider that all arc brgcly em111y 
:i.t Pasco Msin, ••~ l:irgdy 
t immediately downstream anJ 
.ant" ol I-lint's or Alli10n's fill, 
-:i.r, 860 (eel A.T., fodiids a 
~ontcmporancous erosion o( 
·sc channels. Where h.11 this 
;t0thctical fill gone ii not into, 
;co buin1 Lake Lewis did not 
sc:i.bland floods. 

>diliM ., Ftood, 

(Bretz) 

lCIIJJUable volume reputedly 
:bcney-Palou~ tract, 1abbnd 
·_.Jou~-Snake dh·ide "·ould be 
,e along the pat tern left by the 
. Thia bthavior wuuld be 
'itt Palouse Can)•on's upper 
1 f~t high near the head c,f 1lac 
had re1rea1ed across the di

tier •"Odings could be carriecl 
.d~ld Washtucna Coulee 
ha.:.::,g floocl cross tbe summit 

!O\•ard an answer lies in rcla
Canyon to IJ1e Mrs 10u1h of 
: junction. The top of the mid
J feet high;r than the foot o( 
I' only S or 6 miles dist:int, 
~ than the foot of extinct H U 
','ere these "waterfall" canyons 
e clcrp torrent th:i.t m:ule 1he 
llloducts o( a bier fioocl? 
p. 258-259) h:is described the 
ticll, vortex sucti,m in lurbu
. 'J·ypc III) as kolk action, 
!y the most in1por1:1nt macro
menon in· natur:il stre:ims" 
•wcrful !-.>rm of concentr:i.ted 
• stream beds." Once the un• 
:ude ol 1abland stre:i.ms is 
·, "·hich is cssent~lly a sub• 
1 structure and in velocity 
:iding turLulence can re· lily <J . 

l'ALOUS&SNAKE DI\'ll>E AND EN\'IKONS 102'1 

be ac~tcd as the lift inc n1cch:1ni5111 in ua,·a
tinn of 1he grc:i.t rock b:isins.11 

:t.lallhes notes th:it the most effective pluck• 
Ing action of a kolk occurs on downstrc:im
facing vertical faces where c:a,·itation is at a 
muimum. Cdilo Falls, at the hc:ul of 1hc D:illl'S 
of the Culuml,i:i, is 20 feet hi.;h in low-ri\'rr 
slai;.:s Lut J;, ·l'll'::tr,1 durini: fho,ls whrn it 
bccomrs a "suLnu\'i.'11 cataract" with maximum 
kolk action on the same rock in which the 
many scahbnd I.ills were dc,·clor•cd. C:i.11 this 
idea Le utcndcd to include the producli<>n of 
1ubfiuvi:i.l erosion:il fomlS which, after the 
stream h:a1 vanished, look like :abandoned waler• 
fall .:lifls, pluucc pools, and rccession:i.l c:11ar:1ct 
gorges? 

11,c lack of continuous marked channels 
leading across the J>:ilousc-Sn~ke di\'idc to 1he 
se,·eral ali:andoned c:11:aracu is compz.ralilc 10 
the relations of cataucts on Trail Lal:e :inti• 
clinc's 10utheas1ern limb. It dcbus any rc:i.son
able interpr•:t:a: ion of such C.'\t:ar:icu made b)· 
individual slrcJms across either divide. De
velopment beneath a wide shc.:t of water is 
demanded, and this would require sul,nu,•iJI 
origin by kolk :ic1i11n. 

If II U ){Jnch :ind Palouse falls and their 
recessional i;or;;cs arc not explicable by the kolk 
concept, then there must h_:a,·e been some 
01:irked chan:;e in conditions, p:ar1icul:irly in the 
lc\'cl of water or deliri~ in Snake Ri\·er Canyon, 
afler L:ir Luilding :ind before complc1ion of 
sc:ililand canyons, a chan:;e at least su:;:;cstin:; 
t\l>·o episodes of nllOdini: across the di"ide. 

Another approach tow:i.rd an answer is sug• 
gested by tl-.e much smaller proportior.s of the 
short channel leading to 1he 11 U Ranch c:1t:1r.1ct 
than those of Ilic ca1:1r:1ct itself Lefore the 
nolchini: of iu lip. It is comp:ir:il,lc lo 1111: minor 
ch:inncling :al,o\'c the lip of l'otholcs c:11:iract 
and su;;i;csts the same thins, a l:itcr and sm:i.llcr 
ftood. 

The lowest Lrinlt of JI U Ranch falls has the 
same ahitudc as the lop or lhc shoulckr li:i.r, 
ahhoui;h 7 miles farther up the c!Jci:il stre:1n1. · 
Most of the rim of 1hc D:1,·in i;or;;e is only 50 

"Mr. Mauhcs permits us lo quote rrom a lctlcr 
that "as retards kolk adion, the ncc:itivc pr~~11rcs 
involved "·ould c:uily :iccount for eflccti,·e plucl:ini;, 
cs1~ci:1lly in the use of col11111n:ir b:is..,11 whose 
sl,rinb;oe cr:ich would r:icilit:ite plucl.:inc." He 
adds "I lil.:c your comp:irison of a !.:oil.: to a torn:ido". 

(eel higher. Unless the cataract and eorcc arc .. r 
subfiu,·i:i.l orii;in, or adcqu:lle lo"cring of w .. tn 
or debris in Snake Canyon occum·d durini; " 
1i,·cn ftood, this third approach indicates lli;,t 
two episodes of flooding are required for th,..,.• 
relations, the shoulder Mr d:i.1ini; back to :111 

unnutcl,,·rl Lrink of the falls. 
A !uurlh appru:ich li,-s in K:ahl:ind can)'"" 

relations in the vicinity of Dnin Ranch (Fi,: . 
19), west of the lari;e group o( rcsidu:i.l locs.,i:.t 
hills interrur,tiu:: the summil scabbnd of tlw 
di\'ide. Se,·er:il square miles of prcsal,la11,l 
]':ilouse locss lopo;;r:iphy :s between Palou .,· 
C;inyon on 1he c:ist ~• the II U ka111 I, 
ca1:ir:ict :ind DJ,·in Gllr.;c on the wcsl, anJ u 
tend south to the Lrir:I. or Sn:ikc Ri,·cr c:iny"" 
A sm:ill sc:ibl:ind Nuke crones this resi,111 :o l 
tract, from northrast lo scuthwcst, :ind cut,, , 
the sori;c at the Jh\' in Ra::ch. It huds iu a 
i;roup of ir:ei;.ib.r ch:innds '1\-r.i rh arc casc:,d,· 
rhuks rather tl-,:ir. a1:ir:ic1 alcc.,·cs. The 1:i-.1 
mile of this cc.1: lce is wide and gra\'cl -0oon ,I. 
It oL\' iously is a mod;f,cd, minor, prci;l:ili,1I 
tributary c,f 1he Snake, as al10 is the lul •. I 

· miles of the D:1\'in t,,r:;e. 
This tributary's i;rl\'cl fi:.t hani;s, wi1h11ul 

any notc! ,ir:;;, :i!,o;;t 140 feet ;,!,J\·e the ac!j.icn• 1 

granl-covem~ fh,r of D:a\'in i;,;r ;:e. This sc<w · 
too i;rc:i.t to :iscr iue entirely 10 e~ccss depth~ ,,I 
water in the m:iin ch:innd o,·er 1h:it in ti,, · 
tributary. It \Crms ob\'ious that the i;oq;c fl•••' 
w:is lowered alter the td,ulary cc:isr,1 i., fl ,,:,· 
.-\!though waler for L-.th the tr iLu::ar)' c.isc.1d· · 
and the r.1:i.in c.it:aract had to cross the ur, · 
ch:i.nncled di\'ide s:.mmil ::t 12£0 feet A.T . 1~-
fore entcr:n;: ci:hc: ou, the ch:iMcl to ti,• : 
c1taract headed 3 miles lar:locr upsuc.im th :,11 

dicl the C.'lsc.idc cbr,ncl. Also three 011 ,• r 
c.,~c.,de or c:.tJr·:.ct i;orc,~. triLut:i.ry to P:111, , , -• · 

C:any<>n, head :it this ahi1udc within a mili: ,,I 
the II U R:inch ch:anticl he.1d. ,\11 must t,:, ·:•· 
operated aher D:a,·ir.'s tribut.ary cascade cl.ur•: 
ce.ised to function . 

A fifth approicb lies in two sets of i;la<. i:o l 
ri\'er-Lo1tom recr;rds, scp:iraled by a ver1;, :.I 
inlcr\'al or 150 feet or more . . '. ch:i.nncl arr,;;:.•l 
the southern slo;,c of the scmi-isobtcd hill :.:.•I 
i1s ap:.cndcd shr.,,.!dcr bar (Fii;. 21) has a r. , ... r 
at 810 feet A.T ., ar,rrc.x im:itc!y the same ~!•i · 
tudc :is the D:.v in i;or~e lloor al the junct '.• ,!, 
of its br.i;i:'I;; usc:idc-chute triliutary. J, :·.· 

-... ~." --------J .. •--------
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tallCL-S to the Suakc arc 2 and I H milrs, rrspcc
tinly, aml the 111outhin;s in Sn:akc C:111ynn.are 
only 2 mil,·s ar.ut. tn contr."t, th.: !houlJ,·r · 
b:u's fiatti,h summit (at 1000 feet :\.T.) ii IGO 
feet aLo,·e the channel to tl1e south, and the 
cascade chute's ;ra,·cl fill (Lctwct'n 9C.O and 
1000 h·t :\.T.) is 120-IGO ft-ct hi;;ht·a th:in the 
J>a,·in .:or:;e noor. 111cse r.:13tions stron:;ly su;
g,-st that two fiuOds crosscJ the l'alousc-Sn:ike 
di\'ide, the nrli.:r one making the shoulder L:lr 
and tl,e c.iscade-chute fill, the later one fin<lin:; 
luwer lrvcls (of pondL-d water or a drliris fill) in 
Sn:ikc C:1nyon and consc<juently scourin:; out 
1he ch:innd south ol the Lar :ind lowcrin;; tho.: 
lluor oC the gor;;c. The al,umbnce of 1:iri;e 
Louldcrs on the Lrink of the 1'avin terrace 
overlooking Sn:ike Ri,·er and the unf,lled 
plun;;c•1~>ol trench at the foot uC the falls (Fig. 
19) testify that ll U R,rnch c:it:iract w:is 
operating at hi;;h r!T1cicncy to the very rnd or 
the second nuod. 

C-11a:Na:Y•l'ALOt:s1: fiACT Noni, or 
l'ALOl'~F.-SXAl,;E Ill\'ll>t: 

Alaps: ]lc11,c, llnas, I.a(rassc, Sta,l,11ck a11J 
11'0Jht11cni1 q11adr.,114:lu; t' .S .C.S. 

Jlultiplc Sco,pr 

(llretz and Smith) 

A tr:l,·ersc frum Spr:igue to W:ishtucna 
(l'I. I) :ind a re -•·x:1111in:1tiun or tin: \\'ill,,w 
Creek Lar constitute :ill the study gi\'Cll to ~ he 
tr:ict north or the l'alous.: -Sn:ike Ji,·i,k in 1952. 
The tr:i,·crsc w:is m:ide to find multiple sc3rps 
in the l,orderini; llll·:-s l,lu!Ts, !c:1t11rt·s wh ich 
Flint had stressed as "cun~piruc.us" cvi,kncc 
for his episo.le of diss.:ctiun lollowini; tlic: 
ac:rad:uion. Jlrctz h:id no not~s or mc:morin 
rcg:irdinc such tl,in;s. 

Four possil,lc multiple sc:irps were seen in 
this SO-mile tr:i.,·crsc. The lo,n·r memlic, of each 
douLle ":irp was a rounded form, not :i. sharply 
cut licnch, appc:irin:; lnw on tl,e ~lop: :ind hav
ing a narrow tread. Time did nnt permit n
amin:itinn on foot, :111d comments here :m: only 
su;:i;.:,;ll•d :iltern:itives to Fl int's upl:in:ition. 
One sui;g.:s:ion is th:11 low i;r:.nl uar:1 dr.pu;, ited 
:ii;:iinM the L.1sc of the: l01·:s sc.,rps :rnd suh:iC• 
queutly ~c:rp,•d in turn would produce thi,; 

dkct of crosion:il terracing in the locss (M. I< 
fie . 2) . Anothrr su:;i:ci.tion is that muk,-J Las:i.1 
k,1.;,-s 111:t)• l,c rcsf>Onsil,lc.• Another is Law, 
c,11 C"uh-er's n ·p..•rt (1937, p. 58) of pruLabl 
Rinj;vhl remn:mts · in the Lasal portion, o 
"1,r11w-1NinteJ hills." Another, thc.ui;ht to ~ 
51.1';>',rtcd Ly other features of :i p uticul:i r case 
is tl,ll they arc remnants of the prc~caLlanc 
cr.:..~i'l:::11 topoi;r:11,hy, so situated tliat the 
1:(•f"-r, steep slope aprc;,ors to L<:l,,ng to the 
sc:iLll11d cnseml,lc. A fifth su:;i;,~ t i,,n is horn uf 
finJ ii;;; Luricd, c.1lichified zones cl~c.-herr in the 
Paluu~e lorn. Such, ~ini; more resistant, 
Cu1ald r,:uJurc: the dlcct of mult i;,le scups 
• here suLjcctrJ to l:itcr:i.l eros i.,n. A sixth 
:il:cr:i:i:ive cumes rrom lc.catini; Flint's most 
cor,,·inciai; doul,lc sc:irp (his l'I. G, fi;. I). It is 
a rr, ;k l..lck up a narrow nc>nscal,l.,11ci tributary 
of \\"~ ihtucna Coulee and 250 feet hi;;l,er tun 
tl,e ,,,ulce flllOr. Although locssial scarps facing 
the co1.!ce alone this stretch have Lases a little 
h ichr tlnn this, onl>· b:ick f1llin:; could h:i.ve 
c.ccurrcJ here. At the rntrance to \\'a,htucna, 
this tr iLutuy has a hea,·>· gr:i,·cl dc;,osit almost 
as t. :;,l, :is the b:isc: of his douLlc: sc:irp. (Srt 
IL :., ;:«,l,,; ical 111:ip.) The !c.1turc: he: i:tus
tr.1,J is, as he aJmittc:d, a rccurJ only <,( the 
l<,c::I nrum's work, which surdy is post• 
sc:iL!:inJ. 

}l<,wn·cr, double scarps could be produc.cd by 
gbc,:11 -r,,.er st rands• hich did not, ir. 1t,eir first. 
c,per:i:i,,:i, cut down to a u:1.•:ilt n0vr :incl hence 
l:..d r.j ,; 1;,rtu:ii ty in a lat<-r flo.xl :11; tc, dt·crc;n 
i11 lc,,::;s. Tl.is procedure would Lc !:iw,rcd if an 
:id;l ct·:!~ bri;cr strwd had b<:cn deepened 
!i.: :::ci::::!r c!urinc the tim episode to civc 
c,cq,: i,): .::.I i;::idicnt to the sm:allrr 011e in the 
!,·ce>:i d . ln<l,-(:,1, ci.:ht of the douLlc SC3rps listed 
Lr Fl int are closely usoci:ited with such small 

11 ll ,y~n (19.l7) f,curcd a lonsial island in the 
Chen, ) •P1im:!c tr:,et nr:Lr the Ralston di\·idc crou
ic.~: •., , i.;-a:c .\ c,l 1'!1te I, shn,.-s .SO 1.-:t ,! L:isalt in 
the io" ,, , IGf...:S ol its scarp. nrct& .iudicd that bill 
a::.r liry1n bd ullrd his attention to it. To Cd 
50 I« t c,/ l.1 ult r«1uirts me.uuremcnt I rom tbc 
t:. : ttor.i ol I cln,~ly anoc:i3ted sc1l,l1nd channel, 
, ,.J c,r.1y the northern end of the hill h.u any ~ - ill 
ic. the sc, rp. A lo,.·, south-facini.: led~~ of rrcscab
b11d ori;, ~. tr,cul,lc !or a few miles ~tc:ally out 
acrc,u tl:c scaLl.>nd c,n either side, pro,·id.:s this 
l, ,,,..·.l t. L,.,~;h r.trr:\l of the led::c occuncd undc, 
tl.r w:1lh11d river's eras.ion to leave a foundatinn 
o! t.~ • .. l l i11 t•,c ln-..rr p:,rt of the scur. llr)·&n notes 
n,,.,l. i:.~ c.! tl,c Lu.-.h in the sc:irp "by slum., ol soil 
frc..~. i!.r:"·c. 0 
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1 • A'3n, in the locu (t'I. 16, 
, , J:'~ i, th:it 111:asLtd bn:,ll 

.:j;o~1ible.• Another is ba.ed 
,rt (1937, p. SS) ol probable 
.t1 in the basal portion, of 
ills." Another, thoui:ht to be 
,~r features of a particular case, 

r.·mnint1 of the prescabbnd 
r:11,hy, IO situated thll the 
·pt •~an to bcloni:-to the 
k A r,lth 1uccntion is born of 
,lichified ,ones elscwhtre in tht 
Such, bcinc more rcsi,t:rnt, 
the ellcct of r,ultiple scarps 
I to bttnl erosion. A sixth 
,·1 from locatinc Flint's most 
,le scarp (his rt. 6, fig . 1) . It is 
. n:irrow nonscaLland uibut:iry 
·oulce and 250 feet hii:her th:rn 
Ahhouch loeui~ scarps lacing 

: this stretch h:i,·e bases J little 
. , only back nllini; could h:ive 
\t the entrance to \\'ashtucn:i, 
,, a hnvy crl\·el dtf\05it a.I most 
b:ise of his double ,c:1rp. (See 
: 1)1:lp.) The lc:11ure he illus• 
:i1h11illed, a record onlr Ill the 
wo·'· which s.urcly i, post• 

.b::Jrps could be produced by 
.inJs which did not, in their first • 
!uwn to a b:u:ilt floor and hrnce 
r in a later ftoodini: to deepen 
:,,ccdure would be lavorrd ii an 
r ,u:ind h:id been deepened 
:inc the first tpisode to ;i,·e 
.,.Jicnl to the ur,:iller one in the 
. ci;hl o! the douhlc sc:irps listed 
,sci)' associ:itcd with such sm:ill 

:1 f,;:urrd a locnial isb.nd in the 
t::ict nur the R:ilston divide crou• 
1,f 1'1:1.tc 1

1 
,ho"·' !-0 f.:ct of basalt in 

111 iu 10111. llr,11 s111,li~J th3t hill 
! caill,,.I hi, alltnlion to it. 1'0 ~•l 
~, rcC')uir~, n,c-a,urtnKnl from the 
,·rly at-i3ltJ ,ol,b.nd channel, 
:lh~rn end ol the hill hu any W'3h 
~ ..... ,outh-bcinc led~• of prncail,
: ·3l,lc lor a few rr,ilcs laterally ouf 
.ar.J on either lidc, provides this 
r.l,~31 of lhe lcd•c OCC\lrrcd under 
'er'• cro.ion 10 lc°a,·e a found:itinn 
I•• rr ri:ut ol the 1earp. Ilr)·:in notes 
: ,,alt in ll,c w:arp "by ,lun,p ol soil 

J 
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channel, .cpir:iting 1n1:11l )O('Ss isl:rnds, and 

only three face l:ur:t• ch:11111cl\\':1ys. 
Although Allison (19~ I, p. 55) dcscriLcd no 

such topogr:iphic forms, he acc:tptcd Flinl's 
,tatcmcnt rei::uding their common occurrence 
but derived the multiple sc:irps from local ice 

j:ims. 

iilta11tltr Sca,1 

(Bretz) 

Locssial isl:1nds are slrikini;ly streamlined 
with the r:lacial-ri,•er courses (1'I. 16, Iii;. I), :1nd 
most o! them have sh:irp prows pointini; u1, the 
gr.idient; ob,·iously they h:i,·e bt•en made by 
glad:11-stre:im erosion. Rut Jo these n:irrow, 
clonr::1tc:d, rrsidull hills and the narrow, 
elunglled channels sep:1r:ilini; some o( them fit 
the p:illern tl,al would Le kit Ly a sue:im (or 
streams) :1s sm:111 :1s the Snake, n,cindcring on 
"gre!lt :ir..-:is 10 to ~O miles ,,icle"? \\'here arc 
the mc:1ndcr scars in the \nc:1<i:1I sc:irps? 

Flint diJ noie four cx:1mpks of "crcscenlic 
undercut facn :ind slipo!T slopc:s" (1938, p. -17S) 
in 1hr scal,bnd 1krosits, none of w1'ich rcmotd)' 
appro:ichrs the :',t.,s1·$ Lake p:1ttcrn, but he JiJ 
not state, .is he Jid !or mull iplc scarl',, that 
there arc "score," ol c:1~r!'. There is no comment 
in his p:iper indic:itin& th:il the "scarps and 
benches stre:imcut in the 'l':ilousc soil' ... , re
eordini; stre:ims cutlin; bter.illy on various 
proftles" (p. 4 72) Lc:ir an)' me:indcr scars . 
Topographic n,a·ps, a,·ri:il phntogr:iphs, an4 
6c-ld inspection h:ive re\'ealcd nor.e to the 

authors. 
1:1int's "leisurely strums with normal dis• 

trees in al,:inrl,,nrd chinnds led to his ntim:.lt 
o! 1000·20CJO yc:1n for a me:indcr lrior to shill 
acrun the 10 milt (a,·uagc 'll' i«ith) flo.xl l'lain. 
He judi;tcd tt,c Yukon lo be degradinc ill ,·alley 
flo.-.r in the rroccss. Concomitant .-ideninc, 
,.-here mundu1 undtrcul nlley wall!I, ii 
lari:dy in lrozen "\'ul:.c.r, sills", and the i;rc:itesl 

• ·idth aua ir. cd is 35 miles. 
The loa~ial 1,lufTs undercut by t1int', 

Chcney-l1alo11se i;l:icial ri,·cr may well h11\'e 
bt-en simil:irly frozen, but his stream's lnad was 
much cc>:1r;cr than is the Yukon's, its gr:idient 
milch r:reatcr, and volume of water much lets. 
,\ny poBit.lc mtanders thcrclorc \\'CIC smaller 
and less :ieti\'c. One • ·ondcrs h•"•· Joni; this 
scabl .,nd ri,·cr's meanders reqt:ircd for rc!T'o,·ini; 
the great nil of Flint's hypothcs i,-i.t ., how 
slo\\'ly the L:.ke J.c\\'iS dam • ·astcd awa)'. 
\ ':illcy g!:icicr and lanc!;liJe dams in historic 

time h:L\'C bd ,·cry brief li\'ts compared with 
Eirdky's tst :m:itc for one ,·alley-wide mc:1ndcr 
sweep. [pc i:o;;cn)' as fi·st choice for the cause 
of the (,11 -:i:'ll'l -cut stqucnce w·ot:l:1 h3,•e escaped 

this pinicu!ar critici=. 
\\'e C.Jn :.cccj>l hc:wil>· laden, braided, agi;rad• 

ing str, :,1;·,s with s~~dier,ts of 13 feet to the 
m:le (Fl i~.:•s fici:rc) t.ut r.ot de;radinc ri,·crs 
:1pp:ox i::·.:.1,r.; the s:ze o! the Snake " ·hich 
me:rnd~:cd O!'l gr~c! ie:: ts incrc:isin; to 20-25 feet 
per mile. Allison (19~ I, p . ~6) ailed "im
po!-SiLlc" n int's concrpl !or remo\'ing the fill 
he pc,stul3ttti. The writers :l£rcc. Furth~1Tnore, 
the)' Ldicve th:il such stre:.ms could not hiwe 
eroded the bedrock scabbnds, C\'Cn with their 
fin:il hy.!:;ii. lic gradient douL!cc . 

ch:iri;e" bc~:1n their work ol dcgr:1d:1tion in 
many pbces on a fill banked up hi:;h (90 (eel in 
his fig. 4) .ii;ainsl confining Jocssi:il slopes. 
Rcmo,·:i\ of such fill to expose . and in most 
pl:icts to sc:irp, the buried locss app:ircntly in• 
\'Olvcd no norm:11 mc:tnderin;. lndccd, he found 
pl:iccs where the rd:11inl)' coarse stre:im fill 
h:id been rcmo\'cd and prc-f,11, ,,,,uarf',•d sl11pc\ 
of the finc-tc,.,turcd loc.ss "exhumed by rinsing 
rather ,h:in h>• the more cr:1s.tic process o! 
lateral pbnation" (p. 486) . This proce~s of 

"rinsing" is nc.l quite convincing. 
1-:JrJky (1938) w:is impmml Ly the "m:i;ni

tuile and m:inifcsl r:ipi,lit>·" of Yukon River 
1nundt·ring. Reports of rc~idents :1nd ai:es of 

H'il!o-~ Cml: Bar 

(Bretz) 

The r:cw Jlcnge ,nd 1.aCr~se quadrangle 
ma;,s shol\' th:il Willow Creek !lows lrc.m a 
1)1 ,:c:i.l, rno ~urc Palo•Jsc loc,s tor, <> ;;raphy into 
a i: :1 1 nc~r!y a mile wide !Oi.:th "' l.lCrouc. 
The ere, k !l..irts this fl~l in a r:ivinc :1buul 50 
fc~t dec1) :lnd thence enters a n:1rrow ,·aller, 
which it l: :ivcs to tr:i,·ersc SC:lhbnd to the 
l':iloi:sc. The creek still follows its presc.,L~nd 
course, Li:t the marked ,·alley -..·idening south 
o! I.:iCrt!\C is due to co~,\'e:.;cnce there of ~i,: 
or Sc\'en btcr:,I tl:ic i:11 channels (rllm the north, 
separ:itcd Ly elongated locssi:il isbnds (Fig. 
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22). 111rce of the cl~nncls arc bot101ncd on 
~Slit at thtir hc;uls ;11111 the hrOld 021 i~ sur
faced with IJ.,salt cravd. 

The Willow Cleek ~r lies almost at the 
valley's entrance into sabland, in sections 23 
and 26, T IS N., R. 38 F- Jlrel& (1928a, J>. 
617-Gl!) d~scrihed it as a ridj!,•cl i;ra\"l·l dcJIOSit 
once built acr<••,s tlae creek vallrr and sul.J..: 
qurntly trenched throu:;h I.Jy a n.:i.rrow, post• 
i;laci:il i;ulch. 1·1int (19JS, Jl. 478)-findina; (I) 
cut-and-C,11 recorded in lenses of silt included 
in this d"posit, (2) fur\! •~-•~ dippini; l,oth up 
and down stream, and (J) failure of '°me to di1> 
p.ualkl with the surface ~lopt-s-cl:iimell th:it 
this ,·alley b.urier was "a remn:1111 of a former!)' 
continuous r,11." 

Alli'°" (19-U, p. ~-69) ai;rccd with Breu 
that the b.:i.r is constructional and wondered 
"ho,• ordinary streams could ha,·e remo,·ed 
(Flint's) (,II in the scabland west of the liar and 
yet ha\"e left the numerous Palouse isbnds and 
the sc,·en ch:innels across the divide west of 
I..aCrosse except under conditions of ice blocl.
ade"-conditions which he did not specify. 

·· One una,·oid:ible condition was that the ice 
block.1dc mu~t ha,·e been 10 milc:11 from end to 
er.d :icross the entire Cheney-l'alousc tract 
(with one centml interruptini; loc~si:il isl.Ind) 
and about 400 led thick in tlac d~,·p prei;llcial 
Pal-,usc Rh·er and Cow Creel; \'alleys on either 
side of the isl:ind. Another limitinc condition 
v,as that the supply or noatinc ice must have 
been abruptly terminated on compktion of the 
dam, or the dam must have promptly failed; 
othcrwisc the SC\'en narrow channels could not 
ba,•e csc.1ped similar blockading. 

As shown by fore-sets in hii;hw:1)', railrOld, 
and creek trenches, the Willow Creek bar is 
comf)Ol'itc, composed of bas:,lt i;ravd broui;ht 
up,·.1llcr from the west, :ind s.ind and lii;ht• 
brown silt Lroucht down\"allcy from the c:ist. 
A marked di~onformil)' shows tha: there wcze 
two_ episodes of deposition ~rp:ir:itrd Ii)• an 
intcf\·al of erosion. 

The form of the c.ulitr d,posit no loni;cr~ 
csists. Its exposed i;ravcl is l:iri;dy hori:ontally 
bedded but hu castw:ird-dipping fore-sets 
locally. It dammed Willow Creek, causini; l:iter 
deposition of silt on the upstream (e:ist) side, 
lenses of which tongue out west .v:ird inlo r. ::i \"Cl 

• rch:indlcd by the creek duri11g the erosional 

intef\•~t. Tiac creek 1ul,scquently cut a ravine 
throuch tlte d.:1,osit ar.d, as ~hown in the hii;h• 
way scctiun, m..dc a steep, cut-facing l,lua. 

During the IKOnd depositional episode, 
scabland wattt from P:ilou1e River valley ~wcpt 
up lower Willow Creek, eroded tlac "'·est slope 
of the first d•·posit, tOSStd cravel over the top 
11nd down the face ol the 1trtam-cut l,lua to 
build the con,picuous, long, c:ist-dir11ini; fore
sets th:it occupy the whole verticil rani;c of the 
e:ist half of the highway cut. 1ne bar thu, 
rcron!llluctnl a barrier to the creek, one that 
the str.-:1111 l,.u ,.;ain succrt-dcd in brcachi11i;. 
.'l11e rarli.·r d,·1,osit niay al!oO have been a b:ir, 
or it may record a J1tcscabla11d r;iloulC• 
Washtucna valley train, here built blck in 
deltaic fashion into a triLutary vallc>·'s mouth. 

II the l,ar form were only a remnant of a 
former cu11tinuous fill in Willow Creek valley, 
wh)' is it lini;crini: in this narrow pl:iccl" where 
six or seven i;lacial ch:inncls from the north 
disth:iri;cd .1cross it anc! "here the drop today 
is 80 fret aloni; the creek, and 200 feet from the 
bar top, lo the P:iloui.e IH miles all·ay? .Jt 

• should Ion; since have disappeared as did most 
of the cbci:il -rivcr drf)"s i:1, under which Flint 
buried the wl,olc, Lro.:.d, fb.tti1,h Chene)"• 
P:ilouse tr;ict. lts IOC1tic.:i is the last pbce to 
expect :i li ni;crini; rcmr.:11:t . 

Su~wuu SrLts ,--ua PALoou-S!fAl:E 
]DNCTIO~ 

(Brc:z) 

The fill-and-cut or ice-jam th~')' may ap
pear to find support in the slackwatcr silt1, baclt 
in \"alle)"s tributary 10 the spbland anu in the 
Snake and its tr il.Jutar ics urstrum from P;ilou1,e 
Ki\"cr junction (llrcu. 1921); Lurher, JC)H). 
These silts arc simil;ir ti. the Touchrt beds, al• 
thoui;h com.nonly they record currcnts flowini; 
up the 1ril,u1:ui<"s. They do not occur ne:ir the 

"At ~ ltet al,ovc the crtrk, the nvinc across 
thc b:ir i, ~ thirrl to I quarter as 11·ide u the creek 
valley lor the unt 4 milu up11rum, and al 100 lrrt 
1Love, it •i~ le-.;.• than hall u ,.-idc. Summit ol the t.ar 
ridi:c is :it.out JO lcct ~.i,r.er than the creel; at the 
transcction, u1d lcu thar. 1300 fret A.T. nint's f,11 
,..u nc-arly 4 50 feet thick here (1938. p. 478), ruch• 
ini: I iOO lcct .A. .T. Thus n:ore than •00 lcct has wen 
croJccJ aw:ly to leave a r.ulc-,.·idc valley bottoni 
just ur1trr>n1 from tl,is constrictinc ridi;e. at ri1ht 
ani;lu to tbc v:1llcy kr.;th. · 

=- J.11-t _____ . ___ _ --------·- ·-- ...... . · ________ . ··- -- --- •·•· · · .. 
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torrent•made bars in the region of the J"alouse
Snake junction, sui:ccstinc that they are con
temporaneous. nret& has no very definite 
interpretation to m:ike, net-pt that (I) they 
clearly are deposits from cl:icial • ·atcr that •·..s 
llowinic back up the triLut:uics from the 
Chcn<'/•Palouse K.11,1:uid and Snlke Ri"cr 
C."lnyon, (2) they rccord some rhythm or rcpeti• 
tion of conditions, :md (J) they arc only mantles 
ranging throuch :i maximum of 700-1\00 vertic:11 
feet on the slopcs. Thcy a~c not terraced 
remnants of a continuous fill '.:, their ur,pcr 
limits which uc essentially • .. ,~ or fto:itcrl 
erratics up~trc.un in Sn:1ke Ri\· :r canyon, 1300 
feet A .1'. Some cxposurcs in \'alley bottoms 
prob::1,ly arc in materials reworked by post, 
glacial streams. 

1-'rcsh highway sections were available in 
1952 in the Lottom of lower Tuannon River 
,·alley, which enters Snake River just upstream 
from the mid•canyon b;u. Hcre a maui,·c silt 
,.·ithout current l>cddinc appears to be the b:isal 
a1rml>cr. It could Lc a turLidity•currcnt de

· posit. rnsconformal,ly O\'crlring it is ' a fine 
'-"Ind with sc:illcrcJ r,cLLlcs, . some Mnsisting 
ol the m:issi\'c silt, :111d with some thin gr:1\'d 
units. At the blse of this mcml,cr may Le :i 

brccci:i o( the mlssive silt. Ch:mncl cut anJ fill 
is common :ilong the disconrormity. F'ore-sct:i 
record an upv:illcy current. Co:irser n1atcrill 
lies :ibovc :ind intertongucs with this n•emLer. 
This also contains up\·allcy fore-sell. Sorting 
is very gooJ locally in this third member, :ind 
there arc some silt lenses and pcLLh:s of 
lorci;:n rock. 

Equally signiliont but somewhat different 
records of a sur.;c from sc:ibl:ind channels back 
up prcgl:icial taiLut:iri,-s with no other access to 
i:bci:il wat~r ell.isl in e,·ery ,·:\llcy cnt.:ring the 
Chcney• l'alousc u.-ct for 50 miles north or 
Snake lfo·er onyon (Drctz, 1929). The deposits 
constitute a mlntlc or locs.-dcri,·ed silt with 
abundant · ancul:ir i:rains and gr;inuh,s or un• 
,.-ca thered b.1salt, a ,cauerinc or pcLblcs or 
foreicn rock, and some erratic boulders. Com• 
monlr this m:intlc is unsorltd and unstratified 
except loc."llly on \'alley floors. \\11cre bedding 
exists, it commonly rtcords upvallcy currents 
from the sc:1Ll:md. 1'he upper limit in any on~ 
triLutary v:illcy corresponds to the upper limit 
or gl:icial-rh·er w:iter .lt junction with the m;iin 

di~t.arccway. The deposits arc thickest and 
co;irscst in the tributary deLouchures to 
sc.,l,land, and a11y stratification in such places 
is prevailingly fore-set out of the scaLland and 
up tl,e triLut:iry. In numerous places, they 
ar~ moundc-d scal,l:rnd i:ra\·cl drposits with 
lo,,; delta fore-sets compual,le to the ban 
alrudr dcscriLcJ. 

The outst.tnJing koture of this backwater 
silt is the record of rc1,..~•td url\'allcy currents 
durin.; deposition or as much ~• 40 feet of 
m.111:rial. No rccorJ of du1rnvallcy currents, 
except where posti:bci:il rch:\ndlir,i: is proLaLle, 
h.1,·c Leen found . :\ bursting dam farther down 
the Sn;ikc or Columbia would inc\'it3Lly make 
stroni: currents down,·:illcy. The co:incr char
acter o( the material r:cu thc valley mouths 
and its grad;ation, in the farthest upnUc:y 
deposits, into a fine sjJt ,.-ithout s.ind or granule 
i;r:\\ cl units seems to indiatc that it is i;rad:a
ti.:.r.al ,.·ith scaLl:and sediments, but neither the 
f,ll•lnd-cut tl,r-:>ry nor the ice.jam theory can 
.1ccount for the reverse currents, the mantle
Uc ch:iracter or the dC'fl('~its, or the succcssion 
cl c, cuts rcco:rlcJ . J.:cp:jtcd up\'.illcy suri:~-s 
from the sc.:il,bnds coulrl lc.1\·e such a record. 

Pcrhlps two kinds ol L.1ckwz.tcr cpi,odcs :ire 
recorded in these de-posits, both with upv:illt')' 
currents. The well -sorted, wdl -str.1tilicd ,·:illey• 
bottom deposits m:iy Le the consequence of 
n,dt\\&tcr incuC1ion1 from normal \·:1llc)'•trai11 
Luildinc alone the ~in sc:ibl:rnd routes. Be
cause, howenr, lloocil ha .. e all Lut dcstro)·td 
an)' rrcord of \'alley trains, sun·ival of such 
\':allcy•Lottom scdiincnts seems anomalous. 
Furthermore, the ir existence in Sn.11:e tribu
t:1: ics abo,·e the Palouse junction requires a 
J• .louse c.1nyon, an Allison ice d;im, or a Flint 
f,!I in ordrr to ere._. the di,·idc. 

Cu.c1AL LAl(J:S Mrssocu A!."D 

Cott:a D'Au:~£ 

.11 aps: CrttMcrts, JI cdical !Ah, Oal:tsdolt, 
Pacbaddft .\ltn., I'ritst IAtt, Ra11,4,,,,,,, 
Spolt.011c 1911 0114 Spok,mc N E. J9j0 q,,ad
r,m:Iu: c; .S.C.S. 

(Bretz) 

The Pleistocene hiitory of the rc,ion is still 
o:-il)' sl:etched, Lut the y.·riters believe it rtason-
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11,. ~shs arc thickr~t and 
. .~:uy dcl,oucliurcs to 
,1 str:itif,c:ation in such places 
re•ltl out ol the scal,b.nd and 
,·. ln numrrous places, they 
:-:il,bnd ~,·d drposill with 
.cts comparable to the ban 

I • 
. :11: feature ol this bacl:water 
: of rtp(':ited upvallcy '41rrrnts 
,n of u rnuch u 40 fret of 
cord of do,,·n,·allcy currents, 
-ti;bcul tth:indlini: is prol,;iblc, 
:. A burstini: d:im farther down 
lumbu would inc~·it;il,ly m;ilc 
ck.w1willey. The co:irscr ch;ir
. t.:r~l near the , ·alley mouths 
.,m, in the farthest u1w:illey 
·, nc silt ,,,ithout und or gr;inulc 
,,s to indiatc th3I it is gr;i.d;i.
llnd scdimrnts, l,ut neither the 
~y nor the ice-jam theory an 

reverse currents, the mantle· 
i the dcpolits, or the wccession 
1,-d. Rcp:atcd up,·alley surges 
.. Is could lc3\'C such a record . 
;,;,Ii of bacl:watrr ,·pis0<ks ;i.rc 
~ Jrposits, l,oth with upv:illey 
, 1: - ;~·d, wcll -str;itified v;ilky
• ~ be the co>nr.cqucnce of 
:, ions from normal , ·,1,lle)'•train 
the m:iin aabbnd routcs. De
. floods hnc all but destroyed 
,·:illcy trains, sun·i,·al or such 
k ·Jimcnts seems anomalous . 

111:ir uistcnce in Sn;ilcc tribu• 
:e P:ilousc junct ion rrquircs a 
., :in ,\llison ice dam, or a I-lint 
: ross the di,·idc. 

.. l.,u:r_,; :-.11sso1:u A!.1> 

Cott:a J>',\u:sr. 

, rs, .\I ,Jic.i/ I.de, Oal:udolt, 
.l/111., /',iul Late, Roll,drum, 
I .: ,:J SpotJ11t ,\' E 1950 911od
G.S. 

(Dretz) 

,·i.e liistory of the region is still LuJc writers l,clie,·e it re;ison• 
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al,lc to postubte th:it Cbci;il l..11ke l\fosoub.'s 
history includ,·J lt"vcral d.immini;, :ind scnral 
burstini;s. l':irdce (19-12) h:is dL·.cril,cd ci:1111 
current ripples, huge b.,r deposits, and .:really 
M:ourcd 1.,licnts :iloni: :ind north of the 11ano>\¥ 
Clari,; fork \'alley portion c-! the I.:ike Missoul:i 
basin, produced by "a auJdcn failure or the 
ice d:im that ble,d,cd this nlley" :ind the escape 
throu:;h it ol a lari:e \'Cllume ol w:itcr impounded 
in ~he Rocl:y !-lount;i.in Trench . lie calculated 
the disch:iri;e :is ne:uly . 9!~ cubic r:niks_ per_ 
hour, and h is title, "Unusu:11 currents . .. " is a 

• fine u:implc ol undcut:ilcmenl. Cp111inue?us_· 
disch:iri;e at this r:ite would empty the bl:e in . 
:iooul 2 days. nut I~ikc l\fosoul:1 could not 
have been emptied across the plateau until . 
Upper Grand Coulcc's cataract 1ecession v.·:is 

·completed . F.xt<·m iH, thick, ,·:in·cd silts and 
cl:iys, with gbci:11ed stones drop1,cd from 
bergs, prob:il,ly tell or lone -continued occup:i 
tion of the dee-per portions by a much sm:iller 
gl:ici:il l:il:c or bkes. The \':lr\'ed M:diments in 
the Ritterroot Valley portion lie a lcw hundred· 
fret higher than compar;il,le deposits in the · 
Rocky Mount:iin Trench, yet arc farthest from· 
:iny Jolie of the Cordilleran . icc-~hcet . There · 
:i,e · out wash cr.:n-ls ;i.l,ovc silts :ind simib r 
ira,·cls b.:ne:ith silu, ;ind rrbtions \':iry ia 
dilTerent :ir :ns of the very irre:;u!:irly outlined 
bke. l'ardee's illuminating discovcric;• arc. 
only the beginn inc of what e,·entu:illy should • 
·be a series of detailed studies or cbcfal pondin i;s 
in western Montana. 
· lireu h:is eic:imintd the mountain summit' 

at the extreme northern end of the Bi11erroot . 
Rance where the Clari: Fork :ind Pend Oreille 
v:illeys divcr~e southward, (Fii;s . 23, 2~) and 
acainst which the i;l:icial chm lc,r L:11:c l\l issoul:i 

• G. A. Thirl (1932, p. •52-~ 5S) h:u dcscril,ed 
ci:int current rip;,lrs m:ii:te 1,y an obscr.-cd abrupt 
cmptyin,: of a ~linnesota bkt. 1"ht 1ip1,lu " ·ere 
JO to SO feet •1•:>.rl. They !howed size M>rti11c ; co:i"er 
lractiuns "f I ,c dd,ris were left in the ttouzhs u 
" ·innowinG c:1rrird 1hr C.nrr cravrl lurwarJ to the 
errs! c' the ripple. Fore-set 1,c,h.l in:; in the ripples, 
conformable with the Ire slope \\:IS not re1..-,r1 ccl, · 
ahhou,h l'arJce noted and f,~urcd sucl, structure in 
his 1-~'-• !,(i!,51\ub r i:,.nt rippleJ. This item or fore• 
1et 11,uclure i, !;,cl.int l\lso in the :ucunient or tl,c 
prrwnt v.·riters bcc:iu~ no ICCI inns were luunc1 in 
the scal,l:111d ripples, anJ there " ·:is no Of'Jl<>ll1111 i1y 
to niale any. !sritk r ,.ere b;:-cut.l,lc cGllections 
tttn in the lrou~l,s 3,:10111: th: IC3L'3Hc1 riM•ks, f'C•• 
hap1 1,rca.us,c or incnt!~: ,icw,u, c.li!pby, 1t(;rl1:ir,s l,c. 
cau.c tl,e ripf'kJ trncl " ·as alu·,uy " ·ell sizc-wrt,-d . 

v.-:is built (l'rirst L:ilr.c qulJr:inclc n,:ir,, Idaho-
Montana) . There is no notch at ~.oo feet v.·hcrc 
n:i,·is (1921, p . 140) si,ccul:ited on an outlet. 
The aneroid re.ad ~800 kct for the lowest s:idJlc 
5!.'en on the ridcc, a uJdle that has no ch:innrl 
fra turcs.•• l'-o suucstion of gl:icial ice above 
35.>0 kct w.a, found in the northwest l,r:inch 
or Job11so11 CrCl·I: , ·;,lley, the route lollow,J to 
the summ it. The bi.;hrst record found, a granite 
boulder, m,y ha,·e been bcrg-flo:itcd . The 
summit ol the clifTed n01thcrn end or the range 
is 2000 feet al,o,·e l'cnd Oreille ul.:e surface 
only a 111ilc away. TI,e '1cepneu of the ice 
front hrrc m:11:rs fe:i~il,lc a concrpt of c:it:i• 
strophic ,·1111,tyin,or the ble, once ,..-alrni'li;ol 
the d:im hei;:u , and hy..i rlulic quarrying under 
a head ol 2000 fret or " ·ater to.)k o,·cr. Lake 
M issoula proh:il,ly .ue,·er h:1d :i.n outlet, c.tlirr 
th:in ch:111nds across, lc:ibi;cs thruui;li , :ind 
failures of its gl:1ci:il dlm . I bd the dlm rc 
m:i ined int;ict throui;h any o:-ic cllcial cpi\l\dc 
the 1:ike ccrta i:.ly would h:i,·c risrn to the 
lowest s:iJdle. D isch :i. r.;c there would ha\'c 
channeled it and m:idc a striking cascade chl)te 
down the western sln,..c . 

The mult i1,'.i ci1y anc! \'cry i:nm:iturc drvelo;>
mrnt or I.,l:c ~1 i,;m;l:\'s sh~rc lines :i:.;uc 
:ii;:, i11st a loni; st ilL,u:,d :it :iny one le"cl. ,\1 -
thou:;h the hi:;hesl of the series is no stroni;cr 
th:in :i.ny others, the un i"ers.:il !aintncss m:fr be 
due in part to sul>mergcnce as the b:isin bec:ime 
fi lled . If there were se\'er:il fill i:-i:;s a:id empty• 
incs, the wc;.lc and close-set shore lines m:iy 
constitute a composite ai;greg:ite or l:iter 
n,ount:i insitle sct,rin:;s intcrpol:ittd among 
earlier one; , the ,·crtic:il sequence not bcinc or,c 
:il~o c-f t ime as E:i.kin and Honhla (1952, p . 
1361) concc:ived it to l,c . 

Althou~h the late Wisconsin (Polwn) 
mor.iine in Flatl ,c;id \ 'alley mAy h:i\'C been built 
sul>:ieri:ill)· .. -~.en no r end Oreille illci:il dam 
c~istcd, and the shore lines on th is mor:iinc 
iascriLcJ t ,tcr [~ol,!cs, 195~), it du<·s not follow 
th:it there hlc! ne\'cr l,cer, any c:irl icr ponc! in.;s 
in the l..:i ke :">I is1,uul:i w.llcys. The Elmo mor:i in.: 
:il the he:.d or Dlyton na)', on the west side of 
flathe:id l..:il.e :ind contemr,orancous wi th the 
Po>l;on nior:iine, li:is :i few 1:iint I~,1:c !-l is;nul:i 

"1'acl;»i1tl lc Mour,t:iin qul '1 r~n;le mlp, C. S. 
Geo!. Surv,·y, pu!,l ishe<! s.absrtJue r. tly , shows a lo,.·tr 
nddle (;utl,11 "'"th . but it i, 4C.OO h-rl A.T., 4(1) 
fret l, ii;her 111.\1, tht bLt's hii;hc, I shore line. 

-------------
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shore linrs, wherus the v:allev slOf)CS just out• 
aide tlac mnr:1inc arc •·ell scored with numerous 
fairly definite shore linrs, certainly older than 
tl1e moraine. Furthtrn,ore, outw:a~ from the 
nioraine occupirs a trench cut in a ,·allty ftuor 
ol lake ailt. 'l"here may have bctn no Lake 
Missoula in the aouth1:rn p:irt of Flathead 
\'alley • ·hen the Polson :and Elmo moraints 
and lhe Elmo outwash were dcpositrd, but 
there was one before and one ahtrward.• 

• W. C. Alilt11'1 lonc•awaited Pliysiof,.,,,, •"' 
ilociol ''"'"" r/ 11~•'"" Jf ulou .,.J o.lJ<Mtnl •"J' 
(U. S. Ccol. Surwy, l'rof. l':af)('r 231) was distrib• 
uttd just bcfc.re the m:anuKript for the r•rcwnt 
11udy •u sut.mitttd. Al,'en's (1953) eon,menu on 
,:laci21 bkn Missoula and Coeur d'.-\lent and the 
pbtuu sr:11,1:ands involvt the follo,.·inc item1. 

(I) (J>. 15S) Tht 4200-1001 saddle or col :acrou the 
1ummit of the Diuerroots that Davis thought 
mii;bt 1,e a uke Missoula outlet ,..a, similarly inttr• 
prctNI by Aldcn. This idea ii b3scd only on 
study of the 1913 l'riest I.ake topographic map 
(scale I :2S0,000 and contour inten·:al 200 feet). 
Ncither n~n could h:an m:adt a field csamination. 
Alden ,..11 "certain 1l,:11 the gl:.ci:al ict 1bm was 
mort than hii;h cnoui;h lo havc held a bh up 10 
tht lrvd ol this col" (p. 143), l,111 he ol,viou,ly never 
bad 1tuditd the Packi.:addle Mountain quadrani;lc 
maJ!, 

(2) (p. 142) "Thtre •trc proh:at.l)' at least three 
cbci:al 1nvMio11~ of the Purcell Trcnch". 

(J) (1,, IH) "It is prob:il,le that every tin,c the 
)<:ithdrum 11',·nd Oreille! lot.c of thc Cordiller:an ice 
ad,·:\ncrd southw:.rd along the l'urccll Trench, it 
c,o,.·dcd southc:istw:ircl from Pend Oreille L:alc 
b3sin into tht ,·:alley of Clark Fork whOM: drain3~e 
became completely d:immcd .. . (lormins a Lake 
!lliuoulaj." 

(4) (J>. ISS) "Tbere seems to be no doubt that the 
mouth of the corge of Clark Fork ..-as dammed at 
lrast t•ice near the Jdaho-!llontana line .•.. " 

(S) (p. 143) Gl:icial ice " must have cro,.·dtd 
ag:iinst the lo,wcr slopes ol the mountains ..-est 
ol •••. uke Coeur d'Alcne 11nd mus\ h:we ovtrbin 
the 2500-lttt t.asalt 1,cnch ,..cs, of Cocur d'.-\lcnt 
(town!." 

(6) Grand Coulre 111 a discharce route for ,.-attr 
from uke },(i,soula is mentioned Ip. 1~6) undu 
"Pre-\\'i1eon1i11 Glaciation", its sill al the hud 
noted ai 1600 feet .\.T. There is no comment on the 
1in1t or conditions of Crand Coulce's ori~in; only the 
tacit auumptic;n th3t 1hr ,:rc:\t .~:asb t_he'!_ alre:uly 
ui•lcd at lull dcl'th. "Cnder " \\ 1scon11n :>tai;cs of 
Glaciation" Gr:ind Coulee i1 .>i;aiu n1cn1ioncd 
(p. H9) 11 r,:irt of the dischari;t•"·:iy '°' "anothrr 
6llinc of ~l.>ci:il J.:ake !llissoul:a", and it is :-.lso Sl:ilcc.l': 
th:it glac1:1l " "-'Id may "h:ave spilled over the p:irt 
of 11,t 1,asalt plateau south and • ·cs\ ol Spokane ii 
tbe Grand Coulee wu not open". 

(7) (p. ISS) "The rcl:itively sli;ht amount of w:ive 
work recorded alone each of the .. • delic:>lt shore 
lints of Lake Minoul:i ..-ould !crm lo intlical~ that 
DO one stand of tht l:il:c ,..:is ol loni: duration. 11,c 
close spacing of the 1ltore•· .,rs S('CftlS to indiutc that 
the lake lev.-1 nuctuated a n1.,n:.Cr of limes" . .A.brupl 
rcluse of ,.-atcr from "lowering of the ice dam • , '., 

One critic:il rtgion for the theory ol a Lake 
Missoula c:.tastrophic burst is the southwntcm 

prone of the rurcdl Trrnch. It uttnd, from 
the site of the dam to the deep ~ne and 
Columbia nllrys • ·hich skirt the northern 
cd;e ol the 11l:1tcau • ·here o,·crftow into the 
scabland d1a11ncls occurred (Fig. 2-1) . The 
trench, ron~nrd by hii;hl.lnds risiuc aoove the 
plateau level, contains remnants of b.tSllt nows 

that • ·ere l,:icked up into it. It alM> contains a 
crcat i;ravcl d1·p11\it for its full ltni;th southwest 

mii;ht rc~ull in Ooods ol grot macnitudt . . . " ·en 
if Lake Minc,ula ,.c,t only parti.illy duinc-d. F.:icb 
nuy, ~,l,o,,, han bttn the origin ol m:any .. i .. l~nl 
llood1 tl13t o,, 111ppG1td lo lto:c s..-cpt o,·rr thc s.:au• 
bnd1 .• . • " (it:aliu oun). Thus Alden rruratcJ 
slichtly from his 1927 position. 

(8) (p. IGS) The rolson moraine "1nay bave been 
deposit rd in the lake". 

(9) Concerning l'ardee'1 cianl curnnt rippln, 
Alden said (J•• 9G) of the "somrwbal puulir,c lca
turci" th:u "some of tbt numerous snull riJ•r •l ts are 
t.cach ridi;cs or 14n . • • and some .•. m:\y 1.-: due 
10 moderate rrosion of coalcsccnt alluvi:al fan, ... " 
So cencsis lnr the brct riJ'J'ICS, ufl to 50 frrt l,i,h, 
...-:i, propos.:d. The mOI& dnpcrate efTorll le, nupe 
the flood hypotl,rsis can l,~rdly d:are use the aboYe 
i<lcu for tbc current ripples Oil ac.ablarwt ur 
1ummi11. 

(10) .-'Iden admilltd (Pi'· %-97) that on• of P:ir, 
dee', ch:innrl• (l!a:nbo"' t.,•.c rai'), contrmJ'or:in
tous w·ith his current ripples, "l0ul:1 :i, th,,uch it 
.. -ere >.I M1n1C tin1t tr:iver.cd by a ri,·er l,ut iu "l"'n 
eallern end r,o,.. hanp hundrcds of feel al-.wc the 
Ooor of the C.,m:is l'rairie Ruin on tht u•I and 
fbove the bollom lands bordcrinc the Lillk ll!lltr• 
root . • • to the nortbwcst". Instead of rar.lrc I u• 
planation, Aldrn lavortd tither a clacial riHr mar
cinal 10 a ponible Camas Prairie lohc (fvr "hich 
lot.c eiistencc bt ad milled that he could find DO fie ld 
e\'idence), or a normal rivcr in Pliocene or car ly 
Pleistocene time, ill drainare coming from the 1ur• 
lace of a v:inishcd basin f,11 of Ttrtiary sedi:t,cnu. 
llut Pardee dcscril,rd the channel 11 "1ncrcly 
scourcd, CSJ)Osinc the t.cdroclc ,.-hich rem:iin, 
bare .•• • " and II po<..sHlinc "channel depressions, 
Kwral of tl1<·n1 holdiuc ponds or m:ir.l:u". R:ainl,,),. 
Lal:e, IH miles lone, is the brcnt unlillcd depres
sion. A l'liucene or early l'kistocene age for tbe 
ch:.nncl i1 ,·rry doul,tlul indecd. 

(11) The mauive "l,i~b tddy dc~its''. of Pardee, 
earl ier call<d deltas by Campt..cll (1915, p. H~) and 
l~tcral n1or:.inr1 or morainal rml,..nlments by Davis 
(1921), ,\IJtn (p. 1S9) consiJcrcd them to 1,c i;ul:b 
n,outh fills or "lacustrine bus" made al difTtrent 
times durini: J.:ake Miuoula's history. nut h:irmon• 
i~inc their bulkint'Ss w·ith Lake ~.li,soula '• "dclic.atc" 
shor,•'incs is ianpouible. The riclgrd v:allryw:ard mar
gins .. ; their summiu and the undrainrd dcprcnion1 
larthtr bac~ in tbt gulch mo;Jths • ·crt eipl:uncd as 
dut to "w:llling and dcq,cninc" as "pcrcol:itini; 
,.-a1er n1:1y h:ive carried son-.e of the finer mater:al 
down into the inteuticcs . •. (of the co:irse m:iteri:al 
of tl,t dqiositsl". llispos.,I of coanc contributions to 
th('S(' basins frc,m 1uhwquen1 culch trosion •·u nr,t 
discussed. 

=Y-------- - . ---·-·-•-···- ·-· ·- ····-------· -· ··- ·-·---·- · 
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or the d:1m. This re~ion hu b«n cs:1mbcd only 
in rrcC1nn:1iss:1ncc fashion . 

l~ikc )',:ml Oreill~. :it the site o( the d:1m, i:i 
rcl:iti,·clr sh:\llow north or the rntr:ince or the 
nlley (Cl:irk Fork) which containl.'d l.:tl.c 
Missoul:i's westrmmosl portion, :wrr:1i;ing lrM 
than 200 feet :111d conlainini; se,·cr:1I i~l:ind~ 
South or this junction, the L:isin ol the l:il.e 
dccf)<'ns Abruptly lo rc:ich more than 900 fret in 
drplh for ne:irlr 15 milt'1 along the lcna;th :ind 
more th:in l 1:10 feet !or more th:in 5 miles. 
(Stt l'acl.saddle Mtn. qu:1dr:ini;le map.) Its 
m:1ximum depth i~ report,·d to be 1800 ket. 

."'- -·--------- ----··-------·-·. 

The lake sur!ace is 205 I fret A.T. (2011 in 
19~G), and the bottom is therefore 900 Cret or 
l~s ... . T . in the ~uthern p:irt. This i:1 1000 fret 
Jo.,.cr than the l,rink of Spokane Falls nrarly SO 
miles down,·;llky to the ~uthwcst and is IC• 

tl.l:tlly lower tli;in the Lr<lrock !ound:1tion of 
Gr:ind Cc.ulcc <l:im more than GO milc:s still 
farther wrst. 

This dcrp part ol the 1:ikc, constitutinc two
thircls of its total lcni;th, clcmly m:irgins the 
wrMern side o( the northtrn tip of Dittcrrc,ot 
J::u1i;c, one wt\rcu o( the Lake: ~lis~la d:im • 
A clr:in-cut mountain w:ill riscs in 2 miles from 
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><e is 20il fm A.T. (~& in. 
bottom is therefore 900 fttt or 

· S'>Uthem pul. This is 1000 fcc:l 
hrink of ~r,>hnt F:alls nr:i.rly 50 
1ty to the M>Ulh,.·nt and is ac• 
ha11 the bn:ltncl. found:ation of 
d:am 11\(\fe tbr. C.O miles still 

vt of the bu, CD11Stil11tinC two
"'~ lmi;th, clo5cly marcin, the 
f the northern tip of Diuerroot 
llrnt ol the uh !'.liuoub cbm. 
.. m1ain •-:.II riK-1 in 2 miles rrom 
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lake bottom to avrrace ahi111Jn of 4900 led 
A.1'. in Crcc:n Monarch Rid;e. ,.he lowest 
saddle in thia riJ;;e is 4600 feet A.T. (l'ack• 
saddle ).lln. quadr:in;le 111.1p). 1nis ~ basin 
can hardly be a11y1 i1inc but an erosional product 
ol its claci:11 Clll'IC'liC11CC1, ill soulhcrn 1»rt MW 

dc:cply filled wit !1 ;ravel which rises str, ply 400 
fcet above tl .e 'l\·:ater, its stor=~ ketlly .:.:-d 
mwnded from dc~ition a;ainst gl:acial ice 
(l'cnd Oreille loLt-) then occupyinc the !ale 
b.uin. ·nic till oln·iuusly is younccr di.an the 
truui;h. 

lJetwccn the site of L.1ke Missoub's d:am and 
the plateau scabl.lnds, the br;e buin of I.:ikc . 
Coeur d' Alene (Fi;. 2-l) extends southw:ard 
from the J'e11d Orcille-Spok3ne valley, the 
soullnrnttrn prong of the rurcdl T~:nch. 
Stri.itro err:atic l,ouldrrs at m:any pl:acn :around 
thia lake lip 10 2700 L-cl A.T . obviously were 
bcr;-arric:d 10 posit,<>n (Andenon, 1927). 
llul (1dd ex.'lmin:uion of 1he southern :and 
western MOJK'I enclosinc I.ake L1. ·-ur d' Alene 
illows th:al ii nenr h:a,! .an outlet directly to 
the J.btc:au. Its hii;hnt lt"Vcl is to be usoci:ateJ 
with uP(lt'r limits of the sc:ibbnd ch:annel he:ad1-
,.-~l of Spo\;:11,c, )pproxim:\tcl)' 2~00 krl A.T. 
The lake, :al 2i00 fl-cl, h:\d al k:ist fuur times ils 
present are:i o! C.O squ:\r.: miles :md w:is 575 
led dttp.:r. ll m,-y h:we sernd as :a gre:al 
sur;e buin. 

Cbci:al ice has app:irenlly reached southw:ard 
down this southwestern prone of the trench as 
far as the drill dam :at the north end of I.:al.e 
Coeur d' Alene 2J miles distant from J'rnd 
Oreille I.ake. This portion, now dcc:ply ;r:a,·el
f,lled, is streamlt~s Rathdrum Prairie. Al I.:al.e 
Coeur d' Alene the course of the trench turns 
more directly westw:ard (the Spokane \'allry) 
and open• to the b,silt platc:au 3l the city of 
Spokane. llrre another lobe (Sp.'lnglc) crossed 
the mouth or this trench, reachin: some IS 
miles south of the city, out on the pl:ateau. 
l'ro>h:1Ur the 5p.,bne \':111.:r p:ut of the lmich 
,us also iee-fillNI :it this time. 

At S1,ol.:lnc superposition of the river on 'a 
remnant of the b:ault lon;ue th:at origin.illy 
b:acled up the trtnch h:is m:ade the Falls and 
protected the ;r:anl fill up\':alley from deep 
dissection. The fill docs not, however, ha\'e a 
simi,lc: profile. In the Rathdrum Prairie section 
it is traversed by :an empty ch:annel 100 feet or 

murc in dc:11tb ar,d a mile wide, leadinc (rum 
l'e11d Oreille ,.~:.c H rar IOllthw:arJ H uke 
C1>c:ur c!' 1\lcne whne Spokane Ri\·cr, the bkc's 
outl,·t, enters it. In the Spokane \'al~ scctioa, 
which extends thence westward to the F:alls, 
terracclike ckpolits ol aueam cravel, rore•sct 
aw:ay from the main ,·alley, block the mou.,is 
or tributaries, m.ikiuc swamps or lakes in tl,em. 
In the Rathdrum l'uiric section, cocnp:ar:able 
1,onding of tributary IIIOUlhs h:as also 111.1de 
bk,-s (Cot·ur J' .a.Jene beinc onc), but the 
bl11ck1uks ace: in p;irl mor:iinic anJ they 5land 
hii;her than the Pr:airic surface. 

!-"lint (l9JG, rt. 6) considered that the iMcr 
valley followed by Spohne River has b«n 
eroded in an ori;inal fill which, still intact in 
Rathdrum, rem:ains in Spokane \'alley only in 
the ;r:wd Llock:idcs lo tributary moulhs. 
This erosion entrenched the urlr fill :at Spob.nc 
}'alls about 150 feet and at the junction of 
S['IOl.:lne and Co!umbi:a rivers, 4S miles farther 
downstream, as much as 200 feet. Ile also con• 
siclcred th:al the upper profile ne\·er uteuded 
f.irth,r do"n the ColumLia but ended at or a 
liule below 2000 feet A.T. because a lobe 
(Culuml,ia) c,f Co>rd ilkran ice blocked further 
transpurl~liun. llo,v the mcltw;itu p;isscd the 
block:adc and where it esc:ipcd were not speci
fied. The to .. ·er surface, t:e believed, continued 
down the Columbi:a from this junction as :a silt 
and s:ind deposit almost 'l\'ithout ;radient. The 
ponded ...-,-ter was discharged through Crand 
Coulee (after Stcambo:al Falls had recroed 
throui;h the monoclin:al uplift) • ·bile the 
Ok:anog:in lvbe blocked Columbia .valley farther 
west. Flint considered the Rathdrum Prairie 
portion of the Purcell Trench fill ~s the still• 
intact surface o! the original fill . 

Althou,h it seems more probaLle that the 
· lower profile in St,ok:inc \'alley is continued 

upv:allcy as the empty Rathdrum Prairie 
ch:1nncl (not noted by Flint) than that the two 
pro>falc-s con\'eri;c eastward lo become one nc:Ar 
the Idaho-Washington line, 11 he thou;ht, all 
:altitudes and characteristics of the dt()Osil !>how 
th:at the entire sequence is poslscabland, exctpt 
for late functioninc of Grand Coulee. 

There :are still hii;her stream deposits, how• 
ever, lyin; in and margin:11 to the sabl:and 
ch:inntl heads a little .,,-est or Spokane; their 
altitudt-s arc as muci1 as SOO feet above the 

-------
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upper profile in the mouth of the trench. If the 
trench eul ol Spohne contains cotrcbti,·c d.:• 
posits, th:y must l,e the isol:utd outwash 
patchc-1 '11own un Flint's l'latc 6 (1936), lS<>
JSO feel aLove his upper profile. 1'he hia:licst 
of thne fall within the altitude nnge of the 
near-by subland chsnnel hrads. The trench 
Lctwrcn tlic I.like !\Ii.soul• d:un and Spokane 
curies no othrr known dl"f)Oaits th:it might 
record glacial water on its 111·ay lo an)' sc:,.Lt.nJ 
channel head ucepl Gr:ind Coulre . 

Although all the Cordilleran lol,es which 
aourd to the pl:\lcau east of the Okano;:in 
\'111,:y mu,t h:l\'t stood 10111ewhat short u( 
n1uimu111 ralrnl when the sc:,.l,lanJ ch:mnds 
functioned, the dcei, anyons o( the Spol..:ine 
and Columbi.i must still have been Luricd under 
glaci.il ice. It Krms entirely flrob3blc th:it the 
Rathdrum-Spok.ine valler then also contained 
gl.icial ice and therefore ti.at the fiood discharge 
traversing it left no idcntifiaLlc valley-bottom 
deposits. 

n,erc remains the possibility of aosional 
records, lying hi;her on the slopes. Five spun 
on the southern slo1,.: of Spobne \':ilky and one 
s.iddle across the gr:initic hills separating that 
valley horn the plateau to the south :ippcar to 
be significant. One spur is a U31:llt Lench just 
• ·est of the north end of Lake Coeur d' Alene, 
at an altitudc of 2400-2500 feet A.T. Its surface, 
2 miles lone and ne:arly a mile 111·idc, hu tyi,ic..1 
stallland to110cr:aphy o( knobs and buttes and 
ridi;es sl'(\3rated by anaSLomosing channels 
elong:ited par:illcl to the higher valley wall, 
their total relief about 50 feet. That it is not a 
claci.illr plucked surface is clear from the 
char:icter ol glaciated surfaces on two other 
basalt Lcnchcs much ntarer l'end Oreille Lake, 
and in m:iny J>l:iccs alnni; the northern m:irgin 
of the plateau. Gl:ici:il ice smoothed the Co• 
lumLia bll:llt; it r:irc:ly plucl.:c:d except where 
forced to climb north-facing slopes. This Joell 
sohl:ind, 200-300 kct lower than the hishcsl 
drifled erratics in near-by Lake Coeur IS' :\lcne 
,·alley but equally hii;her than R:1thdru111 
rr:iiric, ~pp<·:irs to dem:ind i;l:icill w:iter cs• 
capinc w-.1"·ard between ice on the north and 
the valley 111·all on the south. 

Glacial debris on this bench (see footnote 42, 
item 5) is proLlbly contemporaneous with th:il 
in the lake basin's dam 2 or J miles farther e:1st, 

and therefore belongs to the Rathdnam Prairie 
glacial dtift ol p.i&tscabland {eaapt Crud 
Coull-c:), ,-alley-611 ace, 

Four oorth..-ard-projecting granitic spun 
bct111·ecn the State line and Spokane pouaa 
Ko1md and channeled notches ciosc to the 
hii:her, sleeper vallty slopes. Fl..on ol the 
n<itch,-s range from 2200 lo 2·180 feet A.T. 
The distal tnds o( the spurs are sewrrly 
scruLl,cd whereas hisher llopcs arc noL The 
spur neasrst Si,,okanc, a ridi;e that locally 
fllUOWS the valley to about half, is just south 
of Dishmln (Spokane N.E. quad.). Its terminal 
mil,: li,-s Lct...-,-.:n 2000 and 2500 Ced A.1' . and 
is mostly i.)ar,: and fairly fre1h rock with a very 
irregul.irly rui:osc surface. South of it rises 
a steep dia. Above th.al, the rid&e hu a 
cover of soil with protruding ledi:cs of deeply 
111·eall1ered i:nciuic and i;ranitic rock. The bare
rock part of the ~pur carries Kvcral trans
verse notches, some neuly 75 feet deep and COO• 

taining manhes. As with the bu.alt ledce at the 
nor th end o! Lake Coeur d'Alene, ll1CSC (c:ilures 
arc ascribed to i:lacial watrr ftowifli westward 
l,ctwccn an ice mass in tl:e ,·:alley and the 
ruck)' mounuin side marginini: it. and e.apinc 
across the saLl.inds. No argument for 1reat 
volume can be adv.incrd (or these ch:inncled 
spun, but neither can it be den ied. 

The saddle across the rani;c of old hills pro
truding through the bu.'\lt south of Spokane 
Valley is a brv:id sag containing two col notches 
a dozen miles southeast d Spokane, bet•·cen 
Mt. Moran (3700) and Miu ruk. (S20S) 
(Fis. 24). The railroad station of Mica marks 
one col, lroni • ·hich dnin.ii;e goes north into 
Ches1cr Creek. and southwest into California 
Creek (Crcenaun quadr:1n1,lc map). There is 
some channdini; by cl:1cial v.ater in the deeply 
decomposed sranit ic rock at the cols, but 
oLviousl)· no m:1rkcd current hu c,·er traversed 
the sad,lle from Spokane \'alley on the north 
to the plateau to the south. Erratic material ii 
common llfl to 2550 Itel A.T., but none w11 

found hither • 
Flint (1936; 1937) mapped the Mica sac:iJ1e 

·and moSL ol the drain:1ge area of California 
Creek. as "drifl<ovend"-i., ., tlaciated-with 
Mt . Moran as a nunauk. It seems much more 
prob.able ttat the scattered rrntic boulders 
and p:ucbes of till on • ·hich be based his inter• 
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prctatiou wttc bc:rc-carricd to position. Thc:y 
fall far short ol a "co,·c:r" for Califom~ Creek 
dr:iinacc:, and tlwir uriin limit is nowhere 
known to be: aLcwc: 25SO • 

The ponded water for this Ootation ~·as 
nan,td l.:ikr utah (Rretz, 1923, p. 5112) unckr 
the: imprcssion that it 111·&1 dammed by the: 
Spa11:;lc: loLc: at maximum utent. It h:is lone 
since been reinterprekd as a part of an don• 
sated 1,ody of water just north of thr pbtr:iu 
dh·ide which supplicJ all the sc.ALl;md ch:mnd 
heads. The "outlet" for the: "l;akc" was the 
easternmost channel of the scaLland complc:1: 
{Oakcsd.1I.: qu:idr:inclc) (Fie. 2-1; rt. I), dis• 
charginc southward from the flooded ,·alley 
of north-llowini: I.a tah Crttk by at lc;ist three 
sub~r:illd and suLc:qu:il routes across the 
pl:itrau di,·idc to !'Outhwrst-flowini: )'inc Creek 
and lc:l\'ini: a wdl -m:1rked gbci;1I rh·er cour~ 
(Fig. 24) thc:ncc: for 20 miles down !'inc: Creek 
to its en11:inc1: into the: Chener•l'alousc scaL
land tract. The comliin:uion of features from 
l\lica to the mouth of rine Creek channel rn:ir 
be interf)rc:ted :is the record ol an early floodinc 
out of Spok:lne \ ':tlll·y Lefore much deepen ing 
of the Chency-l'alouse channd hc:iJs h:iJ 
occurred. 

The lour htads northwest of Cheney (Fig. 25) 
cont:iin nine n:1n1rd lakes in rock li:isins :ind a 
multitude of rock-b:isinrd sw:imrs :ind srn:illrr 
lakes. 1-·ive of these: lakes lie l'5scnti:illy on the 
pl:itr:iu di,·idc. Altitudes of ch:mnd-hrad 
floors range from 2300 lo 2U-I feet A,T. With 
other channc:l-he:1d deepening, later floods may 
not ha,·c: risen to the: bottom of the :\fica col, 
2-175 fc:c:t. 

Nc:verthelcss, a marginal mdt"·ater lake 
must h:i"e existed back of the pl:ltc:iu di .. iJc, 
and the al,rupt :irri,·:il of a T.:ike ;\li$$Clula flood 
n1ust h:i"e produc.:d some gradient to ill sur• 
face. Upper limi11 of the: "ukc ut:ih" put 
should, therefore, theoretically Le higher th;.n 
tliosc farther ,nst. Interpretation of ~ica col 
remains uncert:iin. 

Evidence: sul,mittcd in this p~.per (or great 
volume of glacial waler disch:irging :icross the 
scaLland -scarrcd put of the Columl,ia )'l:itcau 

deLars :any view th:it il c:ime from exc~-s~i"e 
meltin: because o! clim:itic amelioration. 
Despite the: present l:ick of convincing e\'id~ncc 
{or torrenti:,I diw:harge l,etwccn the :\lissoul., 

darn site and the scabland channc:I bads, there 
is 110 evidence to contradict the: h>110lhni1 that 
cnorm<1111 volumes ol clui:illy derived ~tcr 
wc:re aLruptly diw:harced across this part of 
the pl:itcau. Acceptance ol Lake AlislOUla u 
thr sourer in\'C•h·rs no further :i•sumpt ions to 
drftnd the idea. 

Tempting sr,ecul:ations arise from the con
CC(•l of a I~,ke ;\lissoula dam Lunt. 11,ey 
includr: 

(I) aLund:incc of ~1in1 ice ri,·en by the 
dam's coll:irsc; 

(2) m:ignitude of individual bercs (Bretz, 
19301,, p . -110); 

(3) ch:irach:r ol turbulence (rxcludinc the 
kolk), as conditioned b>• local claanntl \'olume 
:ind lood and Ly inherited i;radi,·nt and ,·:alley 
shape; 

(-1) varyinc velocity of advancin1 front alone 
difTerent ch:annc:11\'ays, as conditioned Ly di{• 
f.:ring channc:I leni:ths, proporti<'ns and 
gr:ulicnts; 

(5) difTc:rinc time ol arrival of Good lroota 
and crests at vuious convera;cncn; 

(G) bi; in i:ii1i.1tion of ch:innrls with higher 
or ii;i ,,~I sills at ht•:i<ls; 

(7) dif!crcnti:il yielding of nriou, bas:ilt 
flo·. ·. s as conditioned by both ori;inal and 
~uperimposcd structures :iud Ly ,·aryin: 
\'Ulu111cs :and gradients of individual strr~m,; 

(!) possibility that w:ining 1tagcs of a Oood 
made records succcsting successh·e f10txh; 

(?) r,ossiLility that suLglaci:il leahi:e from 
l.al:c ;\finoula m:idc the cxccui"e drJ1th of 
Pend Oreille Lake:. 

The writers have endeavored to avoid • 
p,io,i Sj)Ccubtions :as much as possiLlc. Almost 
C\'Cr)' ari:ument for great volume starts from 
adequate field e,·idcncc. The c:ibr:ict clilTs, 
alco,·n, and plun;e pools, and the hui:c re.ck. 
basins on prc1,l:ici:il di\'idc summits a iu . The 
cnorn,ous, strnm-lined piles of forc•Stt i;ra,·el 
on channel Ooors arc a verity. The i:~nt current 
rip1,ks :arc, \\'C Ldic,·e, unchaller,;caLle. Tht 
U(>\'allcy currc-nts in tr iLutarics cannot be 
dcn ic-d from the record. The scarped loc:uhl 
islands ;allo,., 110 interpretation other than oun. 
l'urthcrmo:e, there w:is a Claci:il Laite 
;\Jissoul:a, 90 to li3 mil.-s distant from, and 
1700 feet aLove, i11itial scaLl:ind channel heads,· 
anil it wu emptied Ly continuous \':alley routt1 
dir.-ctly tow:ard those ch:inncl heads. 

-------------------·-----·-··-- -
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• ~ -• channd brads, there 
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St:MllAl(Y 

(llrclr) 

Brtt1'1 rtood llypotlicsis (19ZJ-J9J!) 

11,e crcatly K.lrm.1 linear tracts ol denuded 
bas.ill intcrbc,·cl in :1 complie:ih:d p:illcrn anti 
cloni;:11cJ with the dip slope of the olherwi~c 
lu.:s;-cu,ier~J 1,bt~.111 of e.istc:rn Wa~hini;tun 
have Lc-c:11 ma.le Lr gl:icial floods enterin& a 
m:1turdy dcnlope,1 normal ,lra in:ict pallern . 
Tiu.: a,lj,·~th·e "clo;11111d.il," fir>t p1upu ... ,I l,y 
llr.-t,: (1 1H2L), :ind u,..,J in a dozen later papers 
implic:s that an rnormous \'Olumc o{ water 
transformed the in\'atkd v:illeys into gi1,:in1ic 
river ch:innds. Such i;1c:it quantities could 
continue lo .1rrivc unly for a Lricf time, and .1 
lari;e volume of ponJ,-d water, c:ip:iLlc of Lci111, 
:i.bruptly rclc:is,·d, is nccclc:d for this intcrpr,·t:i• 
tion. 1.:11:c :\I issuula 's \'Olume of 500 cu Lie miles 
(P:irdet:) L:icl: of :i i;l:icial d:im with one Lunr.·~s 
most vulncr:il,lr situated lo• a cataHrophic 
failure is .:u1,ur J as the source. 1-:.-cn then, rq ,c
lition of Ilic c . .iaclysmic flooding s..·cms iucli
cated by the :imount o( work done I,>• 

the short-lin·d t b cial ri\'ers. Tl,is p:ipcr pre • 
scnts new lidd niJ,·nce LdiC\'eJ to I,<: cu: ,• 
son:int only \\ ith the intcrprc1.11ion of rq,c:iteJ 
foods. Its le:id ini; tl ,cmc is that .he a5soci;ill'J 
mounded gr:nd 1kposi1s h:i,·e conslructiou:,I 
forms, arc i;ii;antic ri"cr bars. 

But lhe dcm:1nd for unpreetdentcd volume 
h:is seemed ou.rai;cuus to conscr\'ali\'e g,·ulu• 
ci, ts, and other hyputhcs,·s h:1,·c Leen ad
, ·.:rncctl to C'~pl.,i11 the ntr;iortlinary crusion.,I 
and deposit ion:il fr:iturcs o{ the \\':i , hi11i;tu11 
sc.11,land. Two of them possess sufficirnt ap• 
r:ircut ap(Jlic.1Lilit>· to h:i,·e secured :iclhcrcnts 

Alliso11's Tu-Jam 1/ypothtsis (19JJ) 

Allison (1933) ari;ucd 1h.1t the scaLl:ind phe
nomcn:i. rcsuh l'd !rom :i d:imminc in Lhe 
Columhia Ri\'er goq;e across 1hc Cascade 
kan1,e, more th:in JOO miles dow11strc:i m lr<> z!I 
the plateau sc.,Llancl. His dam w.11 initi:11cd ly 
~ landslide and co~11>0scd of Leri; ice ,rnd riHr 
1cc. Once started, ti grew up~trcam Ly succ,s
sivc incremrnt~, e\'entuall)· pond ini; the deep 
major \':alleys th:it Lou11d the plalcau a,. cJ 
allol\' ini; i;l:icial stre:im w:i.t<'r of normal volume 
to cross luw pl:iccs in di\'ides o{ the pl:itcau's 

prei;lacial Jraiu:,i;e J)"Sll'm. The complexity of 
the sc:iLl.,oJ µJI h:rn rrc1uin-.l m:111y 01 her ice 
j:ims tu provi.1~ fur Ji~id<: crossings far I her L;ick 
up the pl:ituu s.loµe. Water bypassinc thrsc 
ice jams in "run-around" btrral cl1.l11nels 
casht:d into the Llocl:,d \'.llle)·s' slopes 10 m.1kr 
high-lyin& s~;il,bnd and rcmoddcd oldl'r 
terraces to Corm "perched" Lus . 

:\lliso11 aJ11, i11,·.J that his C:i~~.,dc Corgc d.1m 
must have LtTll 900·1100 frt:t hii;h Lut did not 
point oul az.y f,.-1,J evi1k11ce for il s prcci,e loc.1-
liun 111,r f,,, it~ &;fLll "ru11 -;1.ruu11'1"' Lypa~, 
ck11111ds i11 1111· guri;c \\';I'll,. l\ur ha,· he Jl';,lt 
adcqu:itdy 1. iii, the rc~uhau.t fluuJ ,lo" n the 
Columl,ia (l<iJ2) Lclow the dam "111·11 11,.&t 
grc:i.t 0L,1ructiv11 lin;illy failed . lie nn-cr lo
catccl .111y smJllcr dams t,.,cl: 011 th.: pl .,1,·:iu 
11hhouch he wrote ;,,Lout 1l1c c~cdl~111 n·curds 
lt:ft L)' str:iuJ.:J Lcr1,s in the widest pondini; of 
glacial l\'alcr in 11.c rri;iun, the Pasco L:,,in . 

Allison's grc:itest dam lc:1s1hcncd UJ•\lre:im 
alone the Culuml, i., for 100 miles or more :iLo\'c 
its incq,1i,,11 i11 I-he Ca~ade i;orce. II thickened 
.1s it lc11;;1l 1t ·1ul , .1nd 111.111)' di.-crteJ lat,·ral 
str:in<ls of tl,c gl:ici:il Columbi.l cut notches 
.1nd eh:1111, :-I-. :,~ross inlcrn~, cs Lctwccn entcr
ini; tril ,,,1., 1 y \';,ll.:ys :iz;J n,:ic.k i,:ra l'd .1nd 
rul,Llc "d 11 1r ,J•\", "deltas", ••fans", .:11,d " 1.,ars" 
in \\':lier ,,,,,.d.-cl in 11,r , c \' ;, lk ys. Sc, ·er JI may 
occur at cli r.u cnl al1 i1u1ks in one local ity, Lut, 
lakf'n :is :i wl,ole, ti,,•)' fall into .:i i;enrral dc
sccndini: pruf.te for th is ,alley stretch (Jlretz, 
l'J25) . El'l·r,lu :illy tli is ice jJm \\.1S so 1hicl: 
that the Columl,ia bec:in:c .1 series of ponds in 
tl,oc t1 il,ut :iry \'a lleys , st:iz.di1:i; al :iLuul 1100 
feet A.T . !or 11,e ent ire distance (.-\ll i\vn , 1933, 
p . i22) . !\o oli\'cr;ion channels 11crc m.1t!c at 
this :iltitt..rl1. ; 011ly pd,!,ly silts anJ l,erg •r~!rcd 
erratic l ;l•krs :i11~s1 1he maximum t1uoding. 
llow the cl.c i:illy s1•.01lcn ri,·cr tral'erH·d rt.is 
100 miks of i,u!i .. idu.al btcr.:il pondings on no 
gr.1clim1 is uncxpb i:ocd. How 1hc dil'Crsion 
ch:inr\ds ~n,J i:ranl drpo~its n,·ar the m;, i11 
\'all,-y cstat,_·d nwdi(,ca1ion 11hile the dam w.1s 
i;rowi, ,i; tc, lull thickness is I puule for the 
d,•cpcr p:i r t of th ii, lc.r.i; stretch of l..11:c Lewis 
wa, then almust sul idly iull of ice. The high
ly i11i; silts ar,cl r;,!t~cl Locltlcrs m:iv nut date 
!rom ti ,.: q, i'.-vde of Ji\'Crsion ch;nncls .1nd 
gr:i, d clr;,,, i1~. l.c., \' i:, i; out the I JQO.fr,ot 
records, All i, ,,,:s picture fur this JOO mile~ of 
Colu1 11 Li.1 \ ':.!ky is a;,rc:il ini; Lut bch .1ny 

:•j- ____ _. .. _ ------ ·---·-·· ·-----. -·· ··· - --- --- ·· . ----- ---· 
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positive records of the ice Llocbde itself or of 
a down,·allry rui11 oi water • ·h.:11 it failed. 

Sc;arch w:as m.:ide at \Vasl11ucna Coulee, 
Esquat1.d Coulee, Lo•·er Crab Crc.:k, Upper 
Crab Creek, and l'alousc C:uaron, • ·here divide 
crossini;s or later:,! c:111rons sc.:~mrd lo suia:cst 
detours .:.1u~ed by ice jams i'I the i;lacfal 
stn:uns. No favoraLlc cons1ric1io11s and no. 
records of stranded l,crp were found. lnstcad, 
the U(l()('r limits of the i;lacial rh·crs, recorded 
in 1tcc1,cned slo()('S of the Lordering IOt'ss, 
pouc:ss · uniformly descending profiles along 
such gl:ici:il ri\•cr courKs. 

1.ocal ice jams m:iy have occurred in the 
makini: of the scaLland but no C\'idencc: for 
any h:is been found. Allison implied that 
do"·nvallcy floods frum the inc,·it;aLle Lurstini: 
of such Jams made the i;reat moundc:d scaLland 
granl deposits (rrmoddcd ol.tcc lrrrace;) 
which he rccocni1.ed haJ l.iri:dr constructional 
forms. 

Allison also thcoriztd on a deCJ) llu, ial fall 
in the ca~cious Puco basin. This basin was 
undouLtedly occupied by glaci:11 water up to 
the limits St>ecilicd, but the only deposits which 
mii;hl concdvaLly record his dctrit:i.l f,11 :uc 
hui;c, doni;:ited mounds, 100 lcrt or more 
above the Lottoms of closdy associated de, 
prcssions, both forms !trcamlincd like the b.us 
he identilic:d i11 Snake Canyon, but I> inc out in 
the middle of a ri,·er ,·alley more than IS miles 
wide. The bri;est drpression contains a closcJ 
bash Ho mile lone and more than 50 feet deep. 
lie found only one terracclike cr:i.\'cl deposit 
in the l,.'\sin to fit his theory. 

Flint's Fill llypotlmis (J9JS) 

Flint (1938) propoKd th:it the many dMdc 
crossincs and the abuud:mt !Carps in locn• 
covcrNI tracts LorJcrini; the scalil:mds h:i.d 
resulted from depcsition in the nlleys in\'aded, 
a common procedure of laden 1;1:\ci:i.l ~treams 
but contir,ued here until lu•· di\·iJcs were 
crossed :111J the ple:i.us w:i.s outlineJ. Raising of 
Lase lcvd lo produce this deJ)(.ISition w:is pre• 
sumaLly because of a d:im in tlic C'olumbia 
gori:e, lormcd vroL:iLly by a i;re:it llndside or 
a local \·alley i;l:i.cier pushini: do•·n inlo the 
gori;e. This dam was as inferential as Allison's. 
Flint's i:lacial strcnms across the pl:i.teau were 

shalltow and "only lffl:lll pieces of gbcicr ice" 
ever fio:1t~-d du•·n them. l>urins • ·ast:icc of the 
dam, the clacial streams gradually remwc:d 
tl,c:ir f,lls lo leave remnants (IS ptr cent of 
orii:inal dcposi1s-l:'li11t) which he calltd 
tm;.cu mlldili"d by creep and slO(IC•ash; 
"in nrious st:atc:s or [sul.scqur111) diuection." 
Every l,ii;h-lying minor unit of the pluus •·u 
as "ell cleaned out as the lari;cr, dtt()('r ones. 
Wide•••·ini;inc mr:indcn .-err a feature of the 
di\ ,cCtion on the liro:adcr (10-20-m:1~) tracts. 
The ruG£cd basalt solil:iud, inch.:dins the 
numerous and s1>ectacul:ir rock w,ins, .-as 
n,ade llrccly durini; tllit rcmonl. 

This ColumLia i;ori:e dam must hnc wasted 
••·ay \'cry slowly, fur the nc:i.rly cor.:pltlc re• 
mo\·:il of the fill in 5.C:iLland route, ,.-:i.s all done 
• ·ith moderate qu:i.ntities of clacial water while 
also the valley bottom bas:ilt was lx:ir,; scarifie<! 
(liy mc:i.ndcrini: streams!) into tl,c Luttc-:ind
~sin topoi:r:i.phy charac•erizini,: ic1Ll111d. 

Flint's i•11crpret:i.tion of the cravd drposiu 
associated with the sabland routes as "non• 
p;iircd, stream-cut terraces", unnot be ac
Cll-!td. Many of the "remnants" arc uncullird 
!,ills of i:r:i,·d st:i.ndini; out in mid-v;illcy, 
1...:is~cS1ini; stream-lined lorms, h~,·ing associ
ated closed fossc depressions lictwccn them and 
valley ,.-alls, conlaining Louldery accumul:i• 
tions for the tr:msportation of .-hich his 
"leisurely" streams never could be held com• 
p,:trnt, displayini; internal structures of Ions 
fore-sets p:ir:illel lo the slope lc,r the entire 
hri:;hl of the deposit, and carrying i;ii;antic 
current ripples on their summits c.d channel
side i.lo()('S. Allison, in a later par....:r (1941), 
rccr,:;nind these: i;ra\'cl piles as suLOuvially 
sh:i.pcd individual forms made in favored 
places. 

11,crc are diviJc crossini;s inuplicaLle by 
Fli1,t's risini: fill (Drumhclltr, Othc!I.,, Devils 
C:inyon, Palouse C:i.nyc,n); there "'ere con• 
,~mpor;.neously functionini: spill-..·ays out of 
liasini. (three cataracts and Dri.mheller from 
Q~incy Lasin, Dry :ind Lfln£ I.ake coultcs out 
c,I Ua.con syncline) which, e\'cn with adequate 
ftlls, rcr1uirtd far i;re:ilcr ,·oh:mc <1! ,..atcr than 
Fiint allowrd. 

I-'lirit reporttd that many tocs,ial scarps 
mar.;iuinc the soLl:ind ri,·er roi.tn were 
"multiple" and ari;i.ed that the Lcncl,cd slopes 

------·--------·--··-·-- -- -··--·· 
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SUMMARY 1~5 

recordtd 11:aC<'S in rt'movinc the fill, ovt'rluol.:ini: 
any :1lkrn:a1i,·t l"1!1sil.ilitit~. 

The cxtra<1rdin.,ry pallc:rn of W:indlikc, 
scarp-margined, pro,,r-pointe,1 residual hills or 
Ions isol:itcd in wide areas of scaLbnJ anJ cul 
throuch by narrow, suhp:u:illc:I aca:!'SOr)' i;laci:il 
river ch:un,ds was tu Flint the cunscquc-nCt' 1;( 

his wiJcs11rcJJ :i:;i;r:idation. llut in the cl«::inin:: 
out or all the filled nllcys by l:it.:ral pl:an:ition, 
no mc:indcr sc:irs were ever ldt in the locs!iial 
sc:irps.41 Furthl'rmor~, Flint's mc-clt:ini~m 
"lm:ak~ duwn uth'rl)'" (:\lli>un, l'.1·11, 1'· 5C.) 
wht·n cMh:ir~is or :ill the hii;h•l>·ini; minur 
di\·ergent str:111ds is required or it. 

Flint's arrow wrnt widest or its mark al the 
place 11,·here Allison specified an ice jam in 
Sn:il.:c C:inyon :ll the junction of the Chene)·• 
P:iluuse sc:iLl:anJ ri,·.:r "ith the l:ucer ,·:ill,·y. 
J-"or this distt ict, 1-"lint listed sever:il dry !:ills 
and rock h,,sins, slrt"Ssing their sm:ill J imcn• 
sions (too small to Le shuwn Ly the -io ft . con• 
tour intcrnls of the suh~equcntly pul,lished 
topogr:iphic maps) :s typical. Unfort11n:itc:ly, 
he miucd sccinc dry falls 100 to ne:uly JOO feel 
high, empty rcccssion:il gori;cs with closed · 
depressions in lhl'm more than JOO fret deep , 
and rock L:isins equ:illy deep on the rocky sum• 
mil or the pre;;bci:il di,·ide where a width or 
9 miles w:is swept clc:in of its locss cover :ind 
¾ o or ils 80-squ:ire mile area has no rcmn:ints 
or his fill . 

Flint hypothesized a debris fill completely 
blocking Sn:il.:e Canyon jusl beyond this 
rav:igl'd di,·ide summit. To m:ike a l:il..e 
(Rip:iri:i) to account for high-lyini;, berg
rafted erratic boulders farther up the Snlkc, 
the fill h:id to Le S00 feet thick . ·n,e outlet of 
the l:ike had to be around the soulhcrn low 
periphery of the fill . In the suLscquent d issrc• 
tion of this d:im (durin:; the slow w:is1:irc or his 
ColumLia i;ori;c d:1111), Sn:ikc River un:ic
count:iLly al,:ualoned the lnw mari;in:il byplsr. 
route, where it ~hould hav.: Lcc:<11111: cntrcnchc-il, 
and returned to its Luricd prect:iei:il 1,ori;e •. 

• J\clore one con,mits himself as slcptic:il of tl,c 
Interpretation of the present study, 1,c should tt• 
amine tl,c llcn~c, lbu, L:iCroue and Surbucl; 
qu:11Jra1,i;lc m3ps. A IGf'Ol:f3(1hy prol,:iLly without 
close: ar,proach to r,:11;,lld is111 in his opc11t11cc "ith 
n,aps or h·rr11 i11 i, ,!.·pi, '-·J ,m tlu:m. Son,c: of t lu: 
"i11la.uJ11° (1ni11ur 1•r1,•:i-r:thl:ind int~, flu\·.:., ) h;i,·.: l1~J 
one siJc"" l:uccly r.·mov,d tl ,:at litll( •·•lkyi dr:ain• 
ini; to the Ul'!'OS.tc Mile h:avc Leen 1...:1,c:i,.kd. 

The fill i~ alinost all co11c, and the u.hunwd, 
rucg,·,1 l,aJ:ah lopoi;r.,phy Cnrl,ids any cuncq ,t 
or a lakr:il ,hihini; to Lrini; the Sn:ikc b:ick. 

Cha,acltr of Nr~ Ei,idc11c, (JIISZ') 

The r1t:w "·id<·nce for 1orrential discharce 
eomo:s !rum dct :, ;lcd toporr:ipl,ic m:ips (10 fool 
an«J 2-lu,,t cc.:i tuur intN,·:it.) Ly the U. S. 
Jlurcau of Rrcl:,rnltion ; frum new torocr:iphic 
m:ips l,y tl,c U. S. Gcolocic:il Surv,·y ; fr..,m 
175 mil,-~, ,! n, .,in irri.;.,tiun c:111:.I• uc:ivak .l , 
in llri;c p:irt, i11 sc:iLlaml i:r,,HI dq•osils ; lr<1m 
dozens of llri;c, rec.:nlly opened granl pits; 
and from ac:i:il phot<>:;r:aphs not a,•:1il:1Llc 
during any c:.rlicr study. 

·n,c :irriJI 1,hoto;rlphs reveal i;iant currtnt 
rippks on mo:.:r.dcd i;r:i,·cl dcposi1s interpreted 
:is i;ig:intic riHr b:irs, essentially unmodifieJ 
suLnuvial cc.r;struct ion:il forms. 

Long, delt:i l:lc fore-set bt'ddini; parallels the 
slopes :ind rx tcnds throui;hout the Lolly of 
m:111y ·or tl,l i.c L:.rs. The liiq;e quantity or 
tr:in~poucd \;,uldt'U in some b:in and their 
huge si1.c arc impossiLlc products or Flint '• 
un·:uns . 

Records o! :,;,c~tcd dct.:iclel il.:e floods ha\"C 
been found " '::! <fa lriL:.: tcd throughout the 
whole sc:il,lar.~ c.;:nplc,; . The western ~rl of 
the scaul:ind (G::1 11d Coulee, Quincy Lls in, 
adjacent Coiur:-,Li& valley) has had at l~st 
seven ffuods , (.·.-~ down Gr:and Coulee and t wo 
a!Tect ing tlic Cc.:1:mLi:i .-allc)· alone. These arc 
account<-d for Lr repealed burstings (and re• 
constructior,si r,! the i;lacial ice d:im or I.ah 
l\l issuul:i i11 the rr.c.unt:i ins of western Montana. 
AliituJcs ~r.,J tor,o:;r:iphic relations between 
the lake :inJ ti.e plalt:iu arc in consonance wilh 
the idt:i . S1r iJ.. ::.; records that the '31.:c wu 
:ibrupll)' ,·n,;: i~d {i; ilnt currtnt ripples, 
severely scour-d '-lli~nu, huge \J:irlikc depos.i i., 
l'arJce ICJ-l 2) stroncly surpon th :i. t in
t.:rpro:1:11 iun . 

fLOOD CoUU.ATIOSS 

(Drc11) 

Corrcl:it iu11s r,f ~II the pos\ulatrd floods arc 
not )" l"l r.-., .. il,~ ,. Tr. c b : ~st n»u<J :icruss QuinC)' 
Lasin c:imt' 1r ~:-:1 Gr:111d CoiJ' :c :alone, .inly 
:after ll, :. t dt t r, canyon h:id been cul com• 

-------------·- ·----· ---·- ··- ···· ---- ·•··--· ·- ·- ·- -.. ·- • .. .. ·-



.. 

, • 

... 

) 

10-16 llRETZ F.T • • 4L-CHASNEL£D SCAllL\ND Ot' \\'ASIIISCTOS 

I 
I 

' I 
I 

I 
I 

' I 

plc:tely acrou the pbte:ui's hii;h nortl,,·rn edi;c 
and only "·hen the Ok:inog:in loLc, hvldin; an 
ad\·:tnc.-d 1J01ition :icroH the Columl,~ \·:alley, 
pre\'Cntrd ne:11,c or thr ;!:lei.al w:uu around 
the north\\'cslrrn f13rl or the pl:uc:iu. This. e\·ent 
is gcncr;.11)· con;iJcrcJ to Le c,f l;.le Wisconsin 
age. At that lime only Jl'\.'p,•r Drumhdl,·r :inJ 
Othdlo ch.a1111ds anJ 1.o"w Cr,!, Crc,k opcr
:ih'J ,lownsu,·:un frum Gran<I Coulee. 11:ick
f,llini: in 1111: muulh ul U1'1..:r Cr:il, Cn:ck a11J 
pcrh.11"' in lower \\';i,hlu(l1:I Coulee \\:li con• 
tcmpor:incous with it. 

Bret& has argued th:it all channels in the 
scal,land complex functioned ,ontempor:inc• 
ously until Grand Cuu!.-c's grQt gash w·as 
completed. With this interpretation, Flint has 
agreed (1938, Jl. -16). Rut the new " ·iJcnce of 
deqicnini: ol wmc channels durir.; a succession 
of 0,>t,c!; rend,·r;, th:it concept in\".alid for later 
occup.,tious. Th.: idr:i is not yet 10 l,c dismis~-d 
for the e:irli,·al r.·e<,rdcd floodin; . It is L:m•d on 
altituJct of up1icr 0uod limill ;.t the ,h:innrl 
head, on the hii:h nortliun uli;e of the tihtd 
plateau. About a dozen de(inite channel heads 
arc disuil,ut,·,I ~long aLuut £5 n1iks of this 
di\'iJe, :ulll the upper -li111it ah :t1:d,s (hi:;hr.t 
sc."ll,l:u11I, loc~,i:il sc:up L:ises, :inti icc-r:iftcd 
crr:ilia flo:itl'd li:ick in minc,r \·:ille)"S in the 
locu) lil' Lct\\'ccn 2-150 :and :?5$0 ket. A.1'. 
(Jlrl't&, 192!\l,, l'I. 5). Althuui;h thnc are not 
precise markers, there is no c:umul:\1 h·l' de
cre:isc in their altitudes either ci~t or wen. l':art 
or this r:mgc may well Le ascriLl'd to 'aneroid 
errors. . 

The conclusion th:it the (irst recorded 0oodini; 
used :ill channels c:in l,c a\·o:d~d if tile sites of 
the western channel heads were o .. ;;i11:1II}' suni
ciently lower than the eastern one;, to take :ill 
the first flood \\':Iler :ind (2) in !,Onie subsequent 
fl.x.ding, either thL-sc: hcaJs were closed Ly an 
ad":inced edi;e of the CorJilkr:in ice sheet so 
thaL h i;;l,cr casll:rn ch:mncl~ w~r.: initiated or 
c:astw:ird down•tilt irig had occurred sil)Ce the 
prrcediug flood . This srquc:nce can Le rc\·rrscd 
t;• Ll<><king the lower westrrn ch:inr.d hC'ads :at 
the time of :m earl)' flood with :111 l'J.:f13ndrd 
Columbi:i lol,c so that only the hi;her C'heney
l'alousc route opl'ratcd and then i11 later floods 
\\·hich found :a shrunkrn Colunil,ia loLc, l>)'• 

p.'lssin; th:it c-:istern route. l'ustscaLl:and c:ist
west tiltin: would :lt;:iin lie necc!S.'lr)' to l,rin; 

·- ------------------

:ill ch:inncl-he:id up(ICr limits into the same 
hc,rizont:il Jilane. An east"·:ard down-tiltinc, 
hn\\'e,·cr, wc,uld ~n10ve the pracnt dilliculty 
with altitudes at Mia. 

The channekd summit of Steamboat Rock 
in ul'pcr Gr.u,d Coulee carries i;l:-.cial striae and 
:a nu,r:une riJ;:c, Loth clc:irly l:.t.-r thit.n the 
ch:.nnding (llretz, 1932, p. JS) . A silt -covered 
L<>uhl,·r>· riJ;;c on the coulee floor clO\c lo the 
clilT, .. r Sh·aml",:al is perh:.1,s nu,r:.inie . The 
l';i.t,·rn m:iri;in ol the Ol.:inoi;:111 1 .. 1.e :11.
parcntly h:u in,·adl-d the cuulcl' hud since 
cat:,r:ict rccession f13Sscd the Rock. JI th is 
cumpktcly clc,scd the coukr, it must h:ive 
c:iusc.d r~nc\\'Cd discharge of nood or normal 
mdtwatcr through the deeper of the eastern 
sc:iLland ch;inncls. Such :an episode must have 
bc:.:n Lrid, for Vl'ry little rctrcAt of the 
Obn,>;::in lc.,bc would :i;ain O(>Cll Grand Coull'C. 
,\ 0wJ down Columuia nlley \\'L-Sl of the 
sca!,l,rn,11 l11ll0\\ld 1hc l111t Grand Cuukc dit• 
ch:.ri;e, its rccorJ inclispulaLlc in West Bu'1 
i:iaut ei;rrl'11t riPJ,ln and the Bncrly bar. 
JJu;stin;: or the Okano;an lobe's darn (\\'aten, · 
19.>3, r, . l,17), vcrhaps as a consequence of 
anoth.-r L:il.e ~lissoul:i d:1111 burst, ni:iy wtll 
liav<; suppli,·d the w:itrr for this l:.,csl i;l;ici:,I 
rinr fluuJi111 of the Columuia l'l.1tc:1u. 

The writers do not bclin·e that succcuh·t 
Lakl' Missoula cmptyinp arc to be currdatcd 
strictly with succcssi\·e rlcistoccne gl:aci:il 
epi§')dcs. Dam failures prol>ahly came -.·Len in
creasing hydrostatic pressure in front of the 
!'end Oreille lol,c coincided -.ith wc:akenini; ol 
the ice lront. nccruscd :aliment:ition of tl,e 
loLc \'."Ould accon1p.1ny sul>-pcriodic d imatic 
w:umin:;s when w:1st:1cc l\·ould al!,O l,c excruive. 
Re(IC:Lttd bih,rn .. m:iy ha\'e occurred durin; 
:any or,c i;l:icial cycle. This would he comparable 
to rm,rded moclcm glacial lake bunlinc in 
,\l.1!1.:l, llritish Columbia, the lfim.11:i)·u, the 
:\lps :and dsc:"·here (Kerr, 19J~; 1'.lcLclsber;. 
19~8 ; Sa,nl', unpublished) . 

The steep s.c:irps in weak locu can h:lrdly be 
surv;\•,1ls lrom urly l'kiMoccne i;l:ici:il floods. 
11, thcrrfore, they were made in rcl:itively l:itc 
.Plci.toccne time, either there were 110 earlier 
I.:ike ?-foM1ula pondings :ind outbursts or the . 

" r:uJcc', i:ianl rip1>ltt (19~2) r«orJ a l:al:c sur• 
face .1t k.111 JHO ltet A.1'. ,.-hc11 the d:,m t,,mt. 
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ur'·'liunill into the ~me 
, ~ward down-tiltmc. 

remove the pracr,t difficulty 

).litL 
. suauail ol Sle~boat Rock 
•,,ultc ca"ics clac~I stri:ic and 

bCltb dearly lattr than the 
. l932 p. JS). A silt -Co\·creJ 
·• ' 
1 the coulcc ftoor close to the 
.;at ii perhaps mor:iinic. The 
ol the Okanoi:an lulic ap• · 
adcd the coukc hc:id since 

11 p;iacd the Rock. If this 
I the coultc, it must have 
,lischarce of flood or normal 
:h the deeper of the eastern 
•• Such an episode must have 
very little rctrc:it of the 

,,uld apin open Cr:rnd Coulee. 
'olumbia vallry w~st of the 
·J the tut Crand Coulee dis• 
J indisputaLle in \\'est Dar's 

1,p1cs and the De\'erly b3r. 
lbnopn lobe's d~ (Waters, 
. ,er haps u a consequence of 
~oula dam burst, m:iy \\"ell 
.e • ·ater for this latest clacial 
th' ~.,lumbia Plateau. 

.<> • ... Llic\·e that succcssi\·e 

mrcfn~ arc ,0 be corrclat~d 
ucccssh·e J"leistoccne i:l:ic,al 

,ilurcs prob3Lly came when in
:ai ic pressure in front, of the 
e coincided with we:ikcninc of 

. >ccreastd alimcntation o( the 
l)ffliuny sub-periodic climatic 

·xastai;e , ·ould also Le cxccssi\·e. 
,-s .. may ha,·e occurred during 
)'clc. This ,.-ould l,c comiur:iblc 
-dcrn clacial lake Lursting in 
ColumLia, the Jlimal:iras, the 
here ~err, 193-4 ; ~lebclsLerg, 

1iuLlished). 
.rps in weak IOftS can hardly be 
early Pleistocene g)ac~I floods. 
-~ · , ·rre made in rd:ith·clr l:ite 
.c, either there were no urlicr 
i,undini;s and outLursts or the 

:;i";i1,pln (1912) rcci,rJ a bke sur• 
J r.-J .1'. • ·bcn tbc dam bunt. 

noon CORkELATl(l~S J047 

IC&r()I rccorJ a l:ite llood greater th:\11 &II)' 

earlier ones. 
It is signir,cant that the closed hasins of the 

scat.land arc largely unfilled. 1'hcir makin: 
was not fullow,·d li>• a d" indlinc now of dd,ris• 
laden 111rltw:1tcr inc:11,:ihlc of k«-pin: them 
nushrd out. I-1ow sc:1:mi to ha\'e cras,·d 
at.rup1ly. For Crand Coulcc's b.uins, th is 1113)" 
han Leen c:iuscd Ly an al,:upt failure of the 
Okanoi::\n lol,c darn Lut not for the hundrt·,ls 
of other cmpt)' !,:\sins in channels or all :ir.r~ in 
lhc curnpll:t . II 1lu: 5cal,IJ11d stn•;1111s ""re 
supplit'd hy l;1kc water, insle:1d of nu:hwatcr 
dircctl)· fu,m the ice, tlu:y would ha\·e had only 
a minimo111 lr,:id . If they \\ere supplit·d I,>· a 
catastrophic failure or the uke MisSoul:i ice 
dam, an al,rupt ccss:ition would Le upcc1aLle . 

Ordinary \'alky tr:iins :ilong main sc:iLbr,d 
ch:11111ds m:iy h:in been drposited lx-forc 
noodini: or in int,·r\':ils bc:twc,·n some Ou,I\IS. 
llul, if so, tlu:sc were tiri;cly destr,1y1:d 1,y 

succeeding n,>vJs . !'\one was m:idc after the 
last OooJ to tranrsi: any one ch:1nnel. 

All fcatun-s of the ColumLia pl:ue:iu seal>• 
land arc too intriatcly interrelated to drc:im of 
unlike ai;,·nls or marhdly difi,·rcnl Sl.' (i ue11 c~s 
for diflcrt-nt i,:,ru. H an>• tht·ory is correct f..,r 
lhe Chency-1'.lousc tr:1ct, it is correct also !or 
Crab Crrck, Grand Coulee, Quincy b:isin, 
Othello Ch:innels, l'asco Ilasin, and the Co• 
lumLia Vo1lle)' farlher downstream. 

Howe\·er pl:iu!ihle the fill -and-cut or icc-j:am 
throrics may Le in any r:1rticul:1r pl:icc, they 
n1u5t Le cqu:ill)' applicaLle e\'cr)'whcrc in the 
comrlcx. The writers arc confident 11,at only 
the noud lhcory c:111 successfully mrct th is i.-, t. 

RECAPll CLAl IOS or lsFF.kRED IltSlOR \ ' 

(I) Miocene b:is.,lt nows (Colu1111Jia R iHr 
rorm:llion) ~prcad widdy o\·cr, .ind almost c,,m
ple1rly Luri,·d, a mildly ru;;;,-d topo;;raphy or 
ancient crystalline rocks . .-\lung the ca; t,·rn .111,I 
northern mari;ins , bounde<I by hii;hbr.d,; or 
th~e rocks, isol:itcd pr:iks :1nd rid-;,·s proj1:ctei! 
throui;h the L:1s:alt a11d toni;ues or l,;a5:1h ix·nc
tr:iled l,:ick i11to dnp valk)'s in the hi;;hla11cls. 

(2) l.:irustrhe .ind nu\' ial S<·,limrnts (l :lkns
Lurg, I.:u:1h , E:1rly R in:;old) were sprc:id o\"Cr 
at lca51 1,aru c,r the rr;i,>n. 

(3) Sn:1ke and Colu111ui:1 rinrs rst:1Lli,hcd 
courses :icrou the La5alt plain. 

(~) Ut ,lirt "ith cJcl.,rrn.it i<>n down-tilted the 
region ~, .. tl1wu11,:ard, warped and locally 
foldcd and r:.ulkd the L.ualt. 1ncse structur,-s 
arc struri;ly rxrrl-SSl-d in vrcscnt topo-;raphy. 
S11:1kc :1111 I C,,luml,ia ri.-crs hdd :int,-ccdcnt 
courses am.ss some Qf the loc~I uplifts. 

(5) \\'c.tliui11i; :u,d u .. ;iun 01:currcJ. 
(<,) l.:itcr (>) kin.;rold sediment (Plc isloccne 

l&custr i1;c) ,,u dep<Jsitrd on the rrod,·d surface 
in the br.:,·\t 11r the w:arpcd Lasins (Pasco), in 
snutl,w1 , t. ru 1,.ut of the rrgion. 

(7) I., .. . , "-'\ ,lq,u, itcd on lh.: 111:ilr:iu con• 
co111ila1tt with cuntinurd crosi11n:1I dcnlup• 
mcnt ul C,,lumhi:i, S11nk:tnc and S11:11:r \·allcys . 
\\\·:itl .. r, ·d 1u1;es and c;il iche l:iy,·r,; in the l,,css 
rccurd µ•u,cs dur iui; :iccumut,tion. Calichc 
de\'doprd :ilso on bas:.lt :ind scdimcntarics 
wh1·rc not l0<·ss-co,·cred . 

(S) Cl:lc i:,tiua occurred. Canadian Cordil 
kran ice n:ichcd the northern t·di:c of lhe 
pla tc:iu perh:,ps two or thrcc times during the 
Plci'):occ11c. 

(9) Cl3ci:il watrr crossed the pl:itcau when 
the d1:q1 Ci,lu111Li& \·alley along the hii;h 
northern cd;;e wu l:.lockcd ~>· lobes !rom 
nc.rthcrn h:e ii l.ii:ds . Pcrh:ips nllry-tr:i in 
i;r:in-1, \,UC c , r.osircd i:1 \':lllcys .icr.:,ss the 
pl:irc:iu , tt cir :,·mn:t r,ts now lying :it or :ilio\'c 
upper li 111i t1 c,f sc:iL!.11,d gra"rls, or buried 
bcm·:ilh th u n . 

(10) lhn:mi,.; or Cl.ark 'Fork and tributary 
\'allcvs in :,t ,,r: 1~a l,1· a Cordiller.in lohe in 
Pure: II trrnd, io rmed · Cl:ici:il l.:ikc ~!i.soul:i . 
The C,1l.1111 L,:. ·.-:ilky w.is d.1mmrd by :i sim ilu 
l~l,c i:1 rn.:ir.,,-.;.111 1nr.ch, prt'sum:1hly during 
\\' iscur:s:n t im~. 

(II) T he 1.:.1:e ~liuoula dam failed brlorc 
waH·r bd ri~(':l to the lowest col in Rittcrruot 

R aui;r. Tl,c l:.:;c's l,i,;hc,t suri:icc was .oLuut 
~200 r,.i .. ~.T ., ia dt pth close to the d:1111 was 
}OOO fc~t . A rccord~d c:it:istrupliic cm1,1yini; 
of C:la, k r .. ,k poni,,n demands simil.ir -empt)' • 
in;; or the cr. : irc w:itcr body down nc:uly to 
25W k ct A.T . This water csc:i(lt'd south• 
westward dc,,•. r. Sv,bne \'alley tuw:ard he:ids 
or : 1 :11 ,!a n,I cl.:inuds. tppcr limits or channel 
hr:1,h r:1 11;:c :Lvut 50 ket on eitlirr si,lc or 
2500 fee: :\ .T . 

(12) The r :e:it ,·olume of gl:icial-lake w:itcr 
disch:: r;; i11 :; <1 ,,,·:n the <l ir slop.: of the pl:11r:1 u 

cru<kd ill 1,rc -cxiuini; minor \'alley S)'atcm, 

\: _,_ _____________ . _______ ------------- -----·---·---···-· -· .. 



? 

,-::~ ;, 

.' 

.·) 

1048 JUtE'l'Z ET. AL-CH..\NNl::u:o SCAIII •. \Sl) OF \\',\SIIJSCTO~ 

chicny in locss, into a netwo>1k of sc:1lol;11.J 
Luun ;111J r.ick lo.1si11s in sul,j:ic.-ut WS;&h. Jn 
dn·pt•r o, lm1:ukr 1,l:1c~-s, d,,~its of b:i!l:lltic 
and caliche granl grew into huge l,;ar,;. Sume 
,, wr.,o divide crU!'sinp made 1,y the fioud 

bcnme cataracts hundreds or rrct hi:;h; Cr.ind 
Coulee is the outstanding es:1mple. nep1h :1nd 
nlocity (bcc:iusc: or ,·olumc) cnaLkd th<"SC 
rivers to quarry large column:ir m:is~cs or 
essentially fresh L:is;,lt and transport tl1<·m 
for miles. Ciant current ripples ldt on L:ir 
summits indic:itc depth or ri\'crs to ha\'c L.:cn 
consider:1Lly greater than heights or bars. 

.y (IJ) Re1>eated r<:construction or dam with 
repetition of dam failures and conscqu,·111 

ftoods took place. 
(14) Dccpcnini: of some channels in b.,s;,lt 

duriug fat er fiuod~ allowed sc:1r1 ,ini: 1,f I,~ rs 

alrca,ly rormril and crowth. or lower l,;ars ct .. sc: 
to scarp b;1n-s. 1"h1:>e :ilso h:i\'e gr.-;1t curr.-nt 

ripples. In Quint)' Lasin, adjacl'nt ColumLi.& 
, ·alky, and CR\'irons, sc,·cn SUCCt'SSi\'C fiuods 
arc recorikd, li,·c. or them while the Obnnt:111 
lol,e dam forced the discharge to cross the 
pl:ih':iu Ly W:I)' c,f ~c:iLl:11,J ch:rnnds. 
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