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CHANNELED SCABLAND OF WASIIINGTON: NEW DATA

(’ AND INTERPRETATIONS
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ApsraacT

The caldtence of fuur diffcvent intropectutions of that exteanedinary anembilage of
etwwional and deyunitional Lund fienes of castens Washiogton, the *Channclad Scaldaml®,
budicates that rigureusly shefinitive diagnustic charactves lind it been lbund. This study,
dealing with new data, largely from extensive excavations aml detailed topographic maps
\ made by the U. S. Rureau of Reclamation in developing the great Columbia Basin Leriga-
) tion P'roject, returns to the earliest of the four interpretations: that channcled scalland is
almost wholly the ¢ uence of catastrophic flanding of glacial water across this part
of the Columiia Mareau which remade preglacial valleys into an anastomosing comples
of yreat river chaancls with huge cataracts, deep rock Lasing, and bars attaining magni-
tudcs unknown clicwhere on earth.

The new evidence is held to establish firmly the following pointa:

(1) Some structural Lasins of the region did not have exterior drainage prioe to artival
: . of glacial water.

. (2) The grivel hills called hars by Brets (1928a) have the shapes, surface markings,
structures, and topographic situations passible only fur subfluvial constructional deposits.
Ia magnitudes and bouldery comporition, they are sui generis. )

l ’ [ (3) Scveral episodes of catastrophic discharge have occurred across this part of the
Columbia IMateau. :
|, (4) The Columlsia Valley skirting the plateau has had comparable floods in which the
‘ h scabland complex did not share. .
. | ] {S) Successive floods have Leen diffcrentiated ouly Ly topographie relations of their v
| 6 i tecords, not by differential weathering and crosion,

(6) Bretz did not overestimate the magnitudc of the erosion by glacial waters.
(7) The existing scabland features contradict the three later interpretations.
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IstRODUCTION *

The plateau character of eastern Washing-
toa is determined by the Miocene Columbia
River basalt flows. Jn northern and castern
margiaa! portions, istandlike hills of much oldcr
crystalline rocks project above the gencral
plane surface. Locally, folding and faulting of
the basalt have made strongly expressed cor-
rugations, uplifted little-eroded lincar tracts,
and depressed arcas of only incomplete filling.
All relief fcatures, whether diastrophic, ero-
sional or depositional, are interruptions of a
regional southwestward slope of_the . plateau
basals flows.

The original low-lying basalt plain received
fluviatile and lacustrine sediments—Ellens-
busg, Latah, carly Ringold (?)—before re-
corded deformation or crosion. After folding

and some weathering and erosion, similarly
derived sediments were deposited in structural
basins and are still flat-lying. The Ringold
formation in the Pasco basin is the outstanding
secord of this time. Considered to be of Pleisto-
cene age solely from its scanty vertcbrate
remains, it shows no evidence of contempo-
rancous glaciation.

Oveslying all these older formations is an
extensive, thick silt mantle, the “Palouse soil.”
Most of it is clearly of loessial origin, but
detailed history has not yet been deciphered.
A rolling to hilly topography, made mostly
by stream crosion but some by wind, appears
to have existed on this mantle during the time
of accumylation of the dust and has subse.
quently become much more marked. Calcilied
and reddened 20ncs, even caliche layers, are
known deep in the loess. A widespread sub-
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gival interpretations in mind. The great Cotum-
bia Masin Jrrigation Pruject in the western
part of the scabland complex has made new
data available from the extensive new cxcava-
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tand demands more than cursory inspection,
nwie than detailed study of limited portions.
One major phase of the record never before
adequately treated is the topography, com-
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tions and dstailed topographic maps by the
u. s . u of Reclamation. Several new
quadrangle topographic maps by the U. S.
Goological Sus have appearcd, and the
entire region has been photograplied Ly the
U. S. Dept. of Agriculture. The ficld work was
carried aut with three men working togethicr as
8 check on a “ruling-thcory” tendency.
The finally accepted theory for the origin of
this asscrublage must consider the entire arca.
The clephantine character of channcled scab-

structure of the scabland river
wigneniy, the leading theme of the present
paper. A. C. Waters, well acquainted with the
scabland, wrote the suthors that "the best
thing you ¢an do to convince your reader is to
beg, cajole, even browbeat him into rewily
looking at the region's topographic maps”.
J. H. Mackin, also veell conversant with the
ficld, said that "to understand the scabland,
oue must throw away textbook treatments of
river work”. A doubting but open-minded
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reader is hereby warned. Maps are repeatedly
listed for his critical czaination.
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Pazvious INVESTIGATIONS

(Bretz)
General Discussion

Leighton (1919, p. 34) first red the
scablauds as glacial-river courses. Pardee (1922,
- 686-687) thov~ht the scablands a produ\ct

of glacial ice, identilying the bouldery, un--

sorted deposits as till and glacial drift and
rejecting floating ice and running water as
agents. Dretz (1923~1932) interpretid both the
erosional features and the deposits as the
result of a bLriel but cnormous discharge of
glacial water, termed the Spokane flood. The
strcamways were iaterpreted as channels, not

valleys. The mounded gravel deposits were
called river Lars, although far larger than any
other known river-channel deposits. Bretz
stressed contemporanceity of discharge through
all the chanmls. Jenkins (1925) appeoved of
the concept that the narrow Wallula Gateway,
where the Columbia crosses the Horse Hzaven
Hills anticline below the plateau scabland,
had served as a bottlencck for an excessive
gquantity of glacial water, the Spokane flond,
that couscd floding Lack up Snake River to
Lewiston, 1daho, and even farther.

During the nine ycars when Rretz's papen
were appearing, many voices were faised in
expostulation, soine recorded in Procecdings of
the Grolngical Socicty of the Washington
Academy of Sciences (V. 17, no. 8, 1927,
p. 200-211) and in the Journal of Geology
(V. 35, no. §, 1927, p. 461—-468). The general
tenor was that this heresy must be gently but
firmly stamped out.

In the well-organized “discussion™ following
8 lecture by Rretz before the Geological Society
of Washington in 1927, W. C. Alden suggeited
(not printii] in the Procecdings above noted)
that the rock basins might be collapsed lava
caves, and said “it scems to me impossible that
... the Cotuillcran ice . .. could, under any prob-
able conditions, have yiclded so much water in
30 short a ti=e¢”. He asked for “repcated flood-
ings of much smaller volume” and suggested
that contemporanecus development of all parts
was an erroncous interpretation. James Gilluly
said “that the actual floods involved at any
given time were of the order of magnitude of
the present Columbia’s or at most a few times
as large seems Ly no means excluded Ly any
evidence as yet presented.”® G. R. Mansficld
said “it does not seem to me to be necessary to
assume that all the scabland channcly ~--2
¢ by water at the same time.... _..2
scablands scem to me better explained as the
effccts of persistent ponding and overflow of
marginal glacial water which changed their
position or their places of outlet {from time to
time through a somev.hat protracted period.”
Ta escape t. = idea of contemporaneity, O. E.
Meinzer suggested that “tilting and fulding
have occurred . . .since the cutting of the

1 The 61 five of Brets’s papers were then in
pnot.
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fill-and-cut theory. The upper terrace has a
dissected margin of mature slopes Lut, back
from the vallcyward cdge, is almost as flat as
the younger tereace. There are no tesidual hills
isolated on the upper tetrace, and only one was
scen on the lower. It stands so ncar the break
between the two terraces and has such geatle
slopes that it clearly is but an outlicr of the
upper flat.

Many highway cuts show ths gravel of both
terraces to Le well sorted and well worn, far
more 30 than most scabland gravel. There are
some included sand lenscs and strata of small
bouldcrs. Sorting and wear resemble that
typical of scaldand gravel only near basalt cliffs
along the narrower part of Yakima Valley
above Ellensburg. Here the gravel may bLe
rather rubbly and contain large, angular
boulders, obLviously fallen from these cliffs
during the aggradation. Stratification is hori-
zontal almost evcrywhare, with only shallow
fore-sets if any. Nothing resembling the long
fore-sets of scabland gravel was seen.

The dendritic pattern of the slope separating
the two tairaces resembles nothing in scab-
land gravel topography. Disscction of the
Yakima Valley fill here is a textbook example.
Comparison of topography, composition, and
structure with scabland gravel deposits is all
contrast! Yakima Valley never had a Lake
Missoula type of flood, and no barlike frrms
were made during deposition or dissection of its
gravel.

Bars in Wilson Creek Valley

Bars up Wilson Creck Valley a short dis-
tance east of the mapped area ¢
better-developed giant current ripples than
those on Bar No. 1; maximum relicf is ncarly 20
fect. They occur at three levels, ranging from
the brend valley bLottom itsclf to the highest
bar summit where they are close to the upper
scabland, 150 fect above the wvalley floor.
Ripples of the lowest group have wave lengths
averaging 300 fect (PL S, fig. 1; PL. 9, fig. 1)
and are most conspicuous where partially sub-
merged in a flood-irrigated tract. B < two
definite crosional scarps in goavel separate the
three ripple-bearing surfaces, three floods are
tcad from this topography. Lxcept for cutting a
parrow trench, postglacial Wilson Creck has

done nothing to modify the valley floor, and
existence of the ripples across the entire bottom
proves that the last glacial river to use this
toute wus not one of the leisurcly meandering
strcams of Flint's concept.®

Giant current ripple marks are difficult to
scc at ground level, even aerial photographs fail
to record them il the surface carrics a good
cover of sage brush (1. 4, fig. 1). The ripples
shown cuver a bar abuut 2 miles cast of Ovleaaa,
some 25 mileas up Crab Creck from Wilsun
Creck junction. There are 13 of them in a
distance of 3300 fect. The clear depiction north
of the straight east-west line, a road, is due to
a Lrush fire shortly Lefore the photograph was
taken. JBrush on the south side of the road was
not Luried, and the rippics show so famntly
that they could well be overlovked.

The writcrs do not rest their case for enor-
mous glacial rivers on current ripples alone but
are convinced that only Pardee’s interpreta-
tion (1942) for the Lake Missoula features will
account for the ripple marks near VYilson
Creck town®

Brack Rocx Covtiik

Reference hasbeen made to two wide tracts of
not ma-kedly canyoned scabland in the down-
strcam angle between Upper Crab Creck valley
and Quincy basin, high above both lowland
tracts (Fiz. 8; Pl 1). The southeastern of these
diveegences, Black Rock Coulee, takes off from
*he creek valley aboul midway between Marlin

® Fliat came close to recognizing giant current

‘ripples 3nd thus to destroying any validity hi;

hypothesis then appeared t~ ~=-sess. 0- ~=== *7
(1935) he 3274 “Herc and 1 the G of
his ‘crosional remnants’] are marked by faint ndges
up to several hundred fect long, 20 to 50 d
and a few feet high. It is quite possible th o
these are at least in part constructional. ... -dt
*“none of thcse forms, even il constructional, con-
stistitutes, in itsell evidence of decp streams”,

8 Sulagucous “sand waves” of this size have
becn kncwe in the Mississippi River for more than
S0 ycars (Lane and Fiden, 1910), in fiood waters
80-90 feet deer:. But Loth regressive and progressive
suivavesfail tosurvive as irood velocity and depth
decrease (Bucher, 1919, The leatures here descriled
did survive, therdfore are true current rippics. Un-
sippled criginal surfaces of scabland gravel deposits
appasently Gid not experience a sullic  y high
bottom velecity 3t clote of deposition. ... .iterest-
ing sidelight en the hydraulics of these glacial nvers
wall apipear when the gant current ripples are given
carclul detaiicd siudy.
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ravel for 10 miles or more up-
t the creek valley was ponded
of the bar building. The gravel
tion by State Jlighway 7, is
fet thick. Crab Creek has
t a narrow gulch through it.
episode must post-date all
Yarge dow: » Creek. It is
with the unctioning of
¢r than the gecp notching in
ol Bacon syncline. It must
tion of Upper Grand Coulec’s
s and the final capture by
all Cordilleran glacial drainage
au,
tituting a flat-topped and still
valley fill, the eastward.-dip-
this Crab Creck deposit and
+ debar its interpretation asa

hypothetical aggradation. Itis .

vexplain as the coniequence of
gravel was carried upalley in

“er course.

ey-mouth dam is correlated 2

¥R by State Ilighway 7 a
3 the dam. It lies almost

ity Coulee, its summit at about

: 23 that of the dam. The bar

se thec el on the west, SO

»n the eaar, and 80 fcet above

closed deprussion immi

Jn its western slope sho

lipping west toward the smaller

‘ing channels.

~Wesrr, avp Lino Coutees

“ate, Othello, Sckrag, Wheeler
2 USGS.; R4-5720,
&2, US.BR.

2, Smith, and Nefl)

i of these caulecs are crossed by
st Low Canal (Pl 1) where
topagraphic mapping by the

io0 have revealed some in-

gJe scabland picture. All
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three coulecs are distributarics from the exten-
sive Chency-IPalouse tract and in prescabland
time all hcaded on the west side of a divide
which was crossed during the scabland snaking.
Flint (1938) made this divide crossing possible
by agprading the Cheney-Palouse tract with
glacial outwash deposited under ordinary con-
ditions, disputing Bretz who had carlicr re-
peatedly called fur enormous volume to explain
the divide crossings.

The entrance of Rocky Coulec to Quincy

basin is narrowed to an eighth of its width a *

mile farther upstream and about a fourth of its

avcrage width for the first 10 miles above the’

constriction. A closed dcpression occupies the
cuulee floor for the first 2 miles upstream. Its
bottom is 100 feet higher than that of Willow
Springs channel half a mile to the west, and its
drainage (when it ovcrflows), after passing the
constriction, turns south and flows parallel to
the \Willow Springs channel, but on top of the
scorp, nowhere more than 3 miles Lack {rom the
brink, until the scarp dics out about 6 miles
to the south. Even there, Rocky Cot  } drain-
age continues its lateral course, refusing to join
the main drainage south out of Moscs Lake for
S more miles and finally entering Drumheller
Channels as a part of Lind Coulee discharge.
Tbs, with Black Rock Coulec’s detourcd
drainage there is a total of 18 miles of this
anomalous southward flow closely parallel to
the Willow Springs channel but well above it
and nowhere descending its scarp.

The topographic map suggests, and field
examination proves, that Rocky Coulee drain-
age, beyond the constricted entrance to Quincy
basin, is kept from spilling over the Willow
Springs chan: 2l scarp by a long, low barricr of
scabland . ravel which tops the scarp and slopes
gently eastward away from it. This barrier is
most pronounced 2 miles southeast of Moses
I.ake town where crossed by U. S. Ifighway 10,
Figure 6 shows a form resembling a wide spit
pointed south with flingers recurved castwasd.
The highway cut on its castern (lee) edge shows
only loose basaltic sand and granule gravel. No
structure is revealed. On the flat immediatcly
to the east, roadside and irrigation ditches show
caliche in situ for scveral miles eastward, and
only the lack of a locssial cover here suggests
altcration by glacial water.

Dircctly east of Moses Lake town, & large
pit in this barrier shows coarser material at
1190 feet A.T. with some bouldcs. of basalt and
caliche but no interbedded sand or silt. The
conclusion that the barricr is a natural levee
type of bar and that it grew laterally eastward
on 10 a higher marginal surface scems incscapa-
Ule. This feature which constricted and de-
toured Rocky and Black Rock coulces is a part
of the high gravel plain, older than the deep
channcling across the Lasin. Where crossed by
Highway 10, it is 80-100 feet lower than the
Warden cataract lips. Either it was built after
Drumbcller had been consideralily deepened or
it was dvpusited in water 75-100 feet deep. The
Lar form is rcadily identifiable for 6 or 7 miles.

The lower few miles of Bowers-Weber Coulee
(PL 1) carries o silt deposit, well exposed in
road cuts alang U. S. Highway 10 east of the
caliche-covered plain above-noted and con-

spicuous as far east as Schrag (1244 feet AT.,

I'l. 1). The deposit consists of alternating silt
units, onc finer than the other, cach perfeetly
sorted, cach with crinkly laminae that‘look
like weak current recards. The finer-textured
men:ter i prevailingly thicker, reaches a maxi-
mum of 12 inchics, and is lighter-colored. The
coarcer silt grades up into the finer. Berg-
deposited lunses of coarse sand cont -
basalt pelibles and a granite bould: 5
long indicate deposition in glacial water.
" These silts lie only a little lower than the
Warden cataract lips and should be correlated
with their functioning. Ponding north of and
below the 1250 Wardw 13 to be recorded
while non glacial grainage was arriving in
Quincy Lasin, perhaps during the closing stazes
of the first flood cpisode or the carly stages of
the sccord.

Lind Coulee is crossed by the East Low Canal
4 miles cast of Wardcn. Two siphons are to be
uscd, a scabland butte (the summit of Lind
flexure) in mid-coulee carrying a short streich
of open canal between them. The south end of
the southern siphon terminates in a gravel de-
posit (altitude 1247 feet AT.) on the caulee
slopes wh2re excavai’ans expose & 20-foot scc-
tion soon to be obliterated by back filling.' The
material is all fine gravel ahd coarse sand, per-

1 Esploration for foundations here penetrated 88
feet of gravel.
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haps 20 per cent caliche bits, the remainder
bluish-black basalt, stratified in repeated
courscs of short fure-scts which without excep-
tion dip away fr.m the open Lind Coulee and
toward the z2jacent, small, tributary valley.
“he topography here looks like a rounded-ofi
terrace, and, at first glance, the structure 3nd
comiposition scem to support that interpreta-
tion.

But the ¥ey to understanding the dcposit is
in the consiztently $- to 10 degree coulee-ward
dip of the diflerent nearly horizontal courscs.
They dip parallcl to the surface slope, cach
course inclined in the opposite dircction to that
of its component fore-scts. Al striles parallel
that of the slope. The deposit is a typical river
bar marginal to the central current, its accre-
tions swept back up and out of the main cur-
rent and added to the accumulation in a pro-
tected re-entrant. The bar originally dammed
the minor tributary here and extended at least
3000 fcct farther down-coulee, grading into
fucr material with less-marked stratification.
It must date back to the functioniag of Warden
cataracts,

Twenty-five miles farther up the coulee and
a milc cast of the town of Lind, at the junction
of two glacial rivcrs (PL. 1), the floors of three
pits in scabland gravel are so covered with re-
jected boulders that one may cross without
stepping ofl boulders. They average 3 fect in
diameter, a few . re 6 fect. Almost all are clearly
from large-columned bt~ inoba in sight up
the coulce. Among the d unrounded,
unsmoothed bLacalts was one angular granite,
3 feet in diameuer.

At Ritzville (P'L 1), ncar the divergence of
one of these coulees from Cow Creck valley in
the Cheney-Palouse tract, a poorly sorted,
bouldery gravel lics on the floor half a inile
downstrcam from a low, channcl-bottom, basalt
Anob. The very little-worn boulders are fortui-

tously distributed in the deposit. Some are §

feet or more in diameter. One 3-foot quartzite
boulder was found. Poorly developed fore-suts
dip down along the coulce.

At Ralston (I'. 1), near the divergence oi .he
other coulee frum Cow Creck valley, is a similar
showing of Louldery gravel on the channel
floor, with fragments up to 3 feet in diameter.
There are no basalt outerops near by. Ncither
here nor at Lind or Ritzvilic is there any Lody

of finer, well-sarted material. It is all coarse,
comparable, except for the boulders, to that
shown in Flint's Figure 2 of Plate 2.

Both Ralston and Ritaville tell the san.e story
that was read at Lind. Glacial torrents capable
of tearing large Llocks of hasalt and trans-
porting them along the low gradients of the pre-
glacial coulecs Ieft these records. Such bouldery
stream debris derived and transported on such
gradients (about 25 fect per mile) cannot Le
harmonized with Yiint's theory of moderate
streams.

Floors of the coulee heads near Ritzville and
Ralston hang 50-75 fuct above the bottum of
Cow Creck valley, which is but a modified pre-
glaciai drainage way. Ry the hypothesis here
advocated, the large: scabland tract was under
water deep enough to reach the top of the
former divides in lovss. These bouldirs were
dislodged {rom parcrt ledges Ly the distribu-
tary strcams In the absence of steep gradient,
ouly great vulume will suifce for the velocity
indicated. A Lasalt bench 21 least 50 feet abowe
the coulee floor at Lind carrics scabland gravel.
This high-lyirg, dividecrossing distributary
should have been aband~ned at the very begin-
ning of Hint's dissection episode, and its SO-
foot fill shuuld sull be intact.

Il several floods traversed the Cheocy-Pa-
louse tract, some ¢ ning of Cow Creck’s pre-
glacial valley jootakly occurred. The cvidence
at the mouth of B-uecrs-Weber Coulec is that
no fluod came dunn it from the Cherey-Palouse
tract ai  the sill.ng e, which is corre-
lated with the &iz:2 o0 in Quincey basin. There-
fore, these Yok lying, distributary coulees be-
te cn Crab Creel: 5. the acsth and Washtucna
Coulee on the south are Welieved to have bLeen
occupicd only during an ear'y scabland making.
I so, remivnzl of any hypothetical gravel fills
must be dated {rom that same early episode,
before the Bower “Jeher silts were deposited. _

WESTERN ParT oF Quincy Dasiv and
Apjacest Corvauta Rivir Vartra

Colockum Pazs, Malcga, Quiney quad. maps,
USGS. and USH.R wmap R4.5720,
sieed 1
(Bzewr, Smith, and Nefl)

Babceock ard Y.vergreen ridges constitute one
long, luw, norttencth, structural elevation
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haps 20 per cent caliche bits, the cemainder
bluish-black  basalt, stratifvd in  repeated
courscs of short fore-sets which without execp-
tion dip away from the open Lind Coulce and
toward the adjacent, small, tributary valicy.
The t1opography herc looks like a rounded-off
terrace, and, at first glance, the structurc and
composition scem (o support that interpreta-
tio...

Hut the key to understanding the denosit is
in the consistently 5- to 10-degree coulee-ward
dip of the different neatly horizontal courscs.
They dip paralicl to the sutface slope, cach
course inclined in the opposite direction o that
of its component fore-scts. All strikes paralid
that of the slope. The deposit is a typical river
bar marginal to the central current, its accre-
tions swept back up and out of the main cur-
rent and added to the accumulation in a pro-
tected re-cntrant. The biar originally dammed
the minor tributary here and extended at Jeast
3000 fect farther down-coulce, grading into
fincr material with less-marked stratification.
It must date back to the functioning of Warden
cataracts.

Twenty-five miles farther up the coulee and
a mile cast of the town of Lind, at the junction
of two glacial rivers (I'). 1), the doors of three
pits in scabland gravel are so covered with re-
jected Loulders that one may cross without
stepping off boulders. They average 3 feet in
diamcter, a fow arc 6 fect. Almest all are clcarly
from large-columned basalt knobs iu sight up
the coulee. Among the brueised but unrounded,
unsmoothed basalts was one angular granite,
3 feet in dinmeter,

At Ritzville (Pl 1), ncar the divergence of
onc of these coulees from _ow Creck valley in
the Chency-Palouse tract, a poorly sorted,
bouldery gravel lics on the floor hall a mile
downstrcam from a low, channcl-bottom, basalt
knob. The very little-worn boulders are fortui-
tously distributed in the deposit. Some are §
fcct or more in d'ameter. One 3-foot quattzite
boulder was found. Poatly developed fore-scts
dip down along the enulce.

At Ralston (Pl 1), ncar the divergence of the
other coulee frum Cow Creek valley, is a similar
showing of ULouldery gravel on the channel
hioar, with [raginents up to 3 feet in diamcter.
There -re no basalt outcrups necar by. Neither
here nor at Lind or Ritzville is there any body
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of fince, well-sorted material. Tt is all cvarse,
comparalle, except fur the boulders, to that
shown in Flint's Figure 2 of Plate 2. .

Both Ralsten and Ritaville tel the same story
that was rcud at Lind. Glacial torrents capable
of tearing large Llocks of basalt loose and trans-
porting them along the low gradicnts of the pre-
glacial coulees =Mt these records. Such ko ™
stream debris derived and transported o )
gradients (aLout 23 fect per mile) canuwn we
harmonized with Flint's theory of moderate
streams,

Floors of the coulee heads near Ritzville and
Ralston hang 50-75 feet above the bottum: of
Caw Creck valley, which is but a modilied pre-
glacial drainage way. By the hypothiesis here
advocated, the larger scabland tract was under
water decp enough 1o reach the top of the

furn:er divides in locss. These Wo s

distogged from parent ledges by the distrivur
tary streams. In the abscnce of steep gradient,
auly great volume will suflice for the velocity
indicated. A basalt bench at [cast 50 fcet above
the coulee floor at Lind carries scabland grav -
This high.lying, dividc-crossing distributasy
shuuld Lave been abiandoncd at the very begin-
ning of Flint's dissection episede, and its 50-
foot fill should still be intact.

1 ‘sevcral flouds traversed the Cheney-Pa.
lousc tract, some deepicning of Cow Creck’s pre-
glacial valley probably occurred. The evidence
at the mouth of Bowers-Weber Coulec is that
no fluod cama down it from the Chency-Palouse
tract after the silting cpisnde, which is corre-
lated w.th the first flond in Quiney basin. There-
fure, thove high-lying, distributary coulecs
tuger. Crab Creck on the nceth and Washtuena
Coules on the south are Lelieved to have been
occupicd only during an early seabland making.
If so, ramoval of any hypothetical gravel fills
must be dated from that same early episode,
before the Bowers-\Weber s.lts were deposited.

Westersy Pary or Quiney Basiv aso
Apjacrst Cotvststa RiVER VaLLey

Colockum Pass, Malaga, Quincy quad. maps,
USGS. and US.B.K. map R3-3720,
sheet 1

(Breuz, Smith, and Ncfl)

Babcock and Evergreen ridges constitute one
long, low, north-south, structural clevation
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anastomosis like that so well devcloped in
Drumhcller.
Perhaps the present course of Lower Crab
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Its lincar form narrows and lowers southward
for 11¢ miles. It is actually made of two parallel
bac ridges with a linear closed deprcasion almost
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Mouth of Crab Creek glacial river channcl. Part of “Columbiz Miver Priest Rapids to Rock Island Dam,
Washington” map. U. S. Geol. Survey, U. S. Hurcau of Reclamation 21.d State of Washingten. Contour

interval on land 10 {eet.

Creck is, like that of Lower Grand Coulce,
wholly of glacial-torrent excas ation in the frac-
tured basait of the steep limb of a {ald, and
these lateral canyons out in the middle of the
structural valley are modifications of the main
preplacial drainape wav. N
The Beverly bar (Fig. 11) is defended Ly
scabland at the upstream angle between the
Columbia River and Crab Creck and originally
made a dam across the mouth of the creck
valley. Tts proximal end is 123 [eet above the
Columbia and almost 100 feet above the sump
in which the Jericho lateral canyon terminates.

a mile long between them. Sits on the floor of
Crab Cicck valley prove that the creck was
ponded Ly the bar. The creck has since cut a
narrow taviae 40 feet deep across the low
southiera ¢nd of the deposit.

Compocition and structure of the bar are
well shown ia a railroad cut nearly 3Q (eet deep
acroes (b high oz, northern part. The vestern
tidge is 1 de of much coarser material th. = the
eastern one. The riverward slope is aimnost
wholly of Loulders 36 feet in diamcter. The
body of this ridge shaws long, lee (casiv d)
fore-scts, some of them almost entirely of b !
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ders up to § fect in diameter (P1. 12, fig. 1).
Other Loulders lie embeddid in cobble graved.
The debris in these dettalike Leds, dipping cast
up Crab Creck valley, was rolled up the gentler
Columbia slope of the Lar and over the suminit,
Clearly the Columbia has Levn deep enough and
swift cnough st some time since Crab Creck
ceased catrying a glacial river to thruw this 100-
fuot barrice across the tributary's mouth.

The Beverly bar is nearly 30 miles down.
straam [ram the giant current ripples on West
Bar (nearly oppusite Crater cataract, I'L 1,
Bretz, 1930L, p. 400) whose altitudes range
from 150 to 250 feet above the Columbia and
up to 750 fect-A.T. The giant ripples and the
bar arc probably contemporaneous.

The Beverly bar is 20 miles sauth of Potholes
cataract, and its top is about €00 fect lower
than the alerrant, cast-dipping gravel ncar
Burke. i the two gravel deposits, cach record-
ing a greatly flooded Columbia after the platcau
glacial rivers had ccased to flow, were contem-
porancous, and il the Columbia then had a
sur{ace gradicnt of 10 [cet ta the mile, water
was 400 [cet decp over the top of this bar. The
two deposits are not necessarily of the samne age,
but there is no reasonable alternative eaplana-
tions fur the origin of the Beverly deposit. Saddle
Mountaing gap could not have been blocked
when it was made. Because the bar was built
alter the last functioning of Lower Crab Creck
glacial river, this Cotumbia flood must postdate
the last of Grand Coulee's discharge. It is te be
added to the floods previously listed, and per-
haps to be corrclated with the break-up of the
Okanozan lobe dam described by Watess (1933,
p. 763-820).

The miorainclike topography in Columbia
valley just upstrearn [romn remains of the Moses
Coulee blockade is Letween 275 and 300 fect
above the river, not tou high to Le corrclated
with the Beverly Lar deposit and the \West Bar
current ripple marks,

One may best visualize the excessive ergsion
along lower Crab Creek Ly comparing the
character of Saddle Mountains and its adjaceat
syncline ¢ast of the Columbia (Meverly and
Smyrna quadrangle maps) with that west of
the Columbia (Boylsten quadrangle map). The
altit des of the anticlinal surmmit and of the
top of the Lasalt in the syncline on both sides

of the river are about the same; the relief ap-
provimates 1300-1500 {cct. Alang Lower Crab
Creck, glacial-stream crusion has bitten a chan-
nel into the basalt a mile wide on the botiom
(far in excess of the creck’s nevds), whercas
wist of the river local drainage along the syn-
thue Las imade only a varrow, Veshaped gulch
(Johnzon Creek) a third of 3 mire wide at the
top ® The Chicago, Milwauker and St. 'aul
raitroad, crossing the Columbia S50 feet AT,
(Lewdze altitude), follows the floor of Lower
Crab Creok channcl castward to climb only 200
fect in 20 miles. On the west side of the river,
this railroad climbs nearly 300 feet (in a long
diagonal) 10 get to the synclinal floor on basalt
ouly 2 miles in a dircct line from the river,

The steeply tilted and possibly faulted north
face of the Saddle Mountains anticline west of
the river isas well aligned as cast side. Rock
outcrups and growing talus are alinost com-
pletely lacking on this scarp. A cover ol soil and
vegriation mounts to the summit. Short gulches
furros the slope, but they show [ew il any out-
crops. ‘The delris-covered {ront descends with
gradually decreasing <lope, making a conspicy-
ous tuirave profle. At the summit, this slope
passes in most [laces without a break into 2
smouth, convex profile over the top.

125t of the Columbia, the northera face of
Saddle Mountains is cliffe© ove an aciively
growing talus which in plac__ ..as mounted only
half way to the summit, 1500-2000 fect above
Crab Crevk Channet! floor. The talus catends to
the Lottom of this channcl and has no co e
profic. Locally, landslide is 2 marked f{eature
of the front. A slide 4 miles wide Letween Corly
and Tasunton (Corfu quadrangic) extends lrum
the Lotium of the searp to the very top, 114
miles in the horizental and 1200 fect vertically.,
There is 1o suggustinn of slid:s west of the
river; no undercutting ) g i river

sred there.

Although no ficld cvidence is known to sup-
port the idea, the Taunton-Corfu slide may
have Leen a factor in initiating the Othello
Channds divergence (P 1), If so, an under-

—

# Johrison Creek has Leen working through all
post-dufurnstion tinc. Jower Ceals Creck, up o the
time ol divermon of glacial water down Grand
Couler, appezs. to have Luen scarcely larger than
Juhnson.
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's, showing four successive channel

wctirn 234 niiles farther northwest.
apshle. About 7 miles southeast

atzel Coulee, and its base de-
0 20 miles.
nost 8 miles of Othello Chan-
(Othello quadrangle map) lics
uin where the rccord is largcly
5 without basalt scabland but
cvidence of the magnitude and
lity of the glacial discharge.
2, successive, terracclike chan-
scparated by scarps, are recog-
1d and on the Burcau of Recla-
niap R4.5720, sheet 2 (Figs.
cunger one trenched into the
umediately carlicrone. All these
! southwestward, in the plane
:wn. The youngest, still intact
-ained depressions, has no con-
of its botiom [ar its 8 milcs of
atther north, a remnant of the
thaur, the Taunton-Anson ter-

th ,e of the mountain (sccs.

&
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OTHELLO AND KOONTZ COULEE CHHANNELS

10, 11, 34, 15, T. IS N,, R. 28 E.) and drups
ofl 100-150 fecct dircctly to the bottom of the
lowest channel. This terrace is surfaced with at
least 28 fcet of gravel and Loulders.

These channel floors ate strewn with boul-
ders. Fxcavators found basalt Llocks so large
that, even with modern equipment, the boul-
ders could not be moved without blasting. They
must have come from Drumbheller, travilling
across the scdimentary rock then flooring
Othello Lasin for 10 miles on a gradicnt of about
15 fect to the mile. Not onc of the chanuel ter-
races rccords 3 lcisurcly river of modcratc size.

Another significant fcature of this Lroad,
headward part of the Othcllo divergence is a
low, lincar gravel mound a little above 1110
fect A.T. margining a part of Paradise I'lats
on the Lrink of its western searp. A mile cast
of Othcllo town two active pits in it showed al-
most no boulders of Lasalt but many of caliche.
The gravel is fore-sct-Ledded and dips domi-
nantly southcastward diagonally away from the
highest char.ncl, at the top of whose blufT it lics.
Immediately cast of this deposit, the Flats have
calichic in placc to the grass roots. This pravel
constitutes a clanncl margin bar, a kind of
natural levee, likie the one southcast of Moses
Lake town and is, insofar as known, the highest
record of glacial watcr using Othello’s scaliland
channcls. The descent from the brink of \Warden
cataract to this placc is 14 fect per niile. How-
ever, the surface gradicnt of the river piobably
was greater becauee the first altitude is on a
channel floor, the sccond is a channcl-margin
record. Aliscnce of basalt boulders suggests that
the levee bir antedates excavation in Lasalt at
Warden cataracts.

This complex of channcls across the castern
tip of the Saddle Mountains anticline (Fig. 12),
composcd of three western, canyonlike, paralicl
slots cut in basalt and onc mile-wide, equally
deep cattern channel croded largely in weak
sedimentary rack (Scootency l.ake quadrangle
map), poscs a problem of origin and successmn
in devclopment. Only il the preglacial surface
of the scdimentary cover at the site of the
Channcls were lowest where the narrow noteines
developed would any such gashes in haealt be
made. Only il glacial water demanded greater
width than the 3 miles across the basalt portion
or il these gaskes were cholked with ice would
discovery of the woft-rock route occur. But by
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the time this happencd the deep, slotlike can-
yons and rack basins were essentially complete.
Downstream sills of two of them are but 10 and
30 fect higher than the Lasalt floor of the soft-
rock channcel and one is 50 fect lower® No
detailcd succession of repeated floods through
Othello is detersninalle at present, but prob-
ably the Lasin had no preglacial outlet and
Lower Crab Creck glacial chanuel must date
frum the inception of Othullo Channcls.

In the lee of the isolated hill in the middle of
the Otl.cllo group is a Larlike mound, tapering
to a print alout 4 miles farther south (Fig. 12).
It has a core of Ringold but is heavily veneercd
with saabland gravel. Tts mapped surface has
the "-mce supgestive A's as are shown in the
cor .s of the Burcau of Reclamation topo-
g ...« map fur the hills separating the three
Quincy Lasin channcls. They indicate subfluvial
molding Ly a currcut crossing diagonally south-
westvard from ove:flew out of the castern
channel. After moldirng came the scarping and
possilily 100 fcet of chanael deepening on cach
side to make the taper form. The dejonsit'may
be comparalle inosizin ta the high gravel rem.
nant in lacoa synciae. ;

Beyord the end of this barlike fonn, all
Otlielly channcls became one, the Ringold hav-
ing been swept off the basalt for a width of 10 -
milcs ar.d a cover of gravel left, interrupted by
a few minnr scabland tracts. About 10 miles
south of the isolated Lill, this wide, strcam-
swept tract breaks up into separate channel-
ways with flat-tofj.ed, steeply scarped, prow-
pointed, isclated hills of Ringold scparating
them, Juckass Mourntain (Eltopia quadrangle)
is the sosthernmest of these residual clevations
which divsld the Othello Channcls discharge,
part peirg scuthwcestward into the Koontz
Cuulee group and part southeastward into
Fsquatz] Coulee, Lut both eventually reaching
Pasco basia (P 1).

The Koontz Chanucls (Fig. 17; P’ 1) consist
of two gruuyss, one with channcl heads as much
as 207 fect higher than, and truncated by the
scarps of, those of the lawer group. This trunca-
tion recurds at least two cpisodes of glacial

¥ Oue runt be on Lis guird in dealing with bot-
tom g:adicnt of thete unconventional mant rivers.
This S0-{052 dower, dow uatream sill must be balanecd
azainst 3n uhstrcam sl %0 feet higher than the soft-
tuch clunadd head.
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river discharge out of Othcllo Channels and
across the Ringold jilain.

Yect these higher Kooatz channels do not
record thie carliest glacial discharge across this
plain. Sircams that wade no channcls lelt a
widespread mantle of boulderless caliche and
basalt sand and gravel, containing granite,
quartzite, and Ringuld peblles, and overlying
caliche in situ, 50 fcet or more above the floors
of the highest Koontz channels. On the sutamit
ol White Ilufls, ovirlouling the Columbia 500
fect Lbelow (in I 10 and 11 N, R.28and 29 1.)),
this glacial stream debris is fore-set-beddad,
dipping up to 15° S. and SE. Its altitude, 900
feet AT, is only 200 {cet lower than the natural

*.levee cast of Othello town, ncarly 25 miles up-

strcam. The Ledding and mantle character
prove that berg transpostativn was not in-
volved. \Was this carlicst record on the Ringo!d
plain made Ly ordinary meltwater streams? Is
it to Le grouped with the high gravel of Bacon
syncline, the unchanucled, Loulderless sand and
granule gravel in western Quincy basin, and
the fine gravcl apparently underlying the
marked bars in Washtuena Coulee? Ts it pos-
sibly preflood outwash*® Did it come from ¢
completely filled Washtuena instead of Othetlo?

The featureless flat traversed by the Potholes
Fast Canal (Fig. 17; 1I'l. 1) 2 milcs west of Mesa
(Seovtency lake quadringle) has a southward
slope and, on the Burcau of Reclamation con-
tour map, carrics numicrous A's of contour loops
like those in Quincy Lasin. The flat is covered
with about 10 fcet of very coarse gravel con-
Qining many 1- to 2-foot boulders :.nd locally
overlying rannants of Ringold. This gravel
camc frum Othello Channdls and was carricd
at least S miles on a gradient of about 20 feet
to the mile without the developiment of channdls
or Lars. It seems that the near-by channels in
basalt and Ringuld did not then cxist'and that
the flood water was too heavily laden to do any
deepening on this gradicnt. Correlation of this
flat with somne of the higher, hanging Knontz
channdls scemsfeasible and would placeit in the
record of the sccond discharge out of Othello.

% A llureau of Reclamation test pit in SW 3¢
Sec. 8, T.11 N, K. 29 F.., found, in descending order,
S fect of sandy silt, 11.7 fcct of coarse sand with
caliche gravel, 2 {cet of fine, sandy silt, 5.3 lect of ba.
salt sand and caliche fragments, benecath which was
at least 8 fcct of very compact caliche.

Il cotrcet, there was no open Washtuena-
Esquatzel Coulee at that time. Irobable Ring-
old scdiments Leneath scabland gravel in lower
\Vashtucna indicate that the platcau drainage
systiem was well developed in basalt before
Ringold depasition. This part of the pre-
Ringold  Washinena-Fsquatzel Coulee may
have been still unexhunied when this second
glacial discharge touk place. Or it may have
held a nortnal outwash of prefluod age.
Recacavation came aflter deposition of the
gravel cap on the flat west of Mesa and was
cffected Ly glacial fluod waicr. Scabland chan-
ncls were also initiated in later stages of this
sccond fluoding although most of them were
deepened during later floods. Younger bars
supcrposced on older Lars in Fsquatzel, de-
scriled in later paragraphs, require at least
a fourth fluod.

The northicrnmost Koontz channel does not
reach the Columbia. 1t opens westward o a
Ringold plain at about 800 feet A.T. (Hlanford
quadrangle map) which duscends to 700 feet 4
or S miles farther west and there terminates
in the White Dluffs summit (Fig. 17) 300 fcet
alive the river. This channel has a small dis-
tributary )anging about 73 feet higher at both
ends; therefore it is not to be explained as a
shallowgr contemporatcous spillway.,

These channcls differ [comn all others of the
group in failing to reach the Columbia Lluffs.
Lack of chanreling across the intervening plain
indicates that a Columbia flood covered the
flat when they functioned.

All other Roontz channels reach the bluff
summits a fcw miles farther south and have
hanging mouths. In Rs. 28 E. and 29 F. ({an-
ford and Scootency lake quadrangles) deeper
channcls truncate shallower oncs to provide
nutchics in the cliff suminit ranging {rum 528
to 775 feet A.T., all within a 4-mile length of
the blufl. Not all difierences in altitude can be
imputed to differing depilis of water in con-
temporancously opcrating channels and do not
scem adequately explained Ly a lowering of the
Columbia during onc cpisode of Koontz channel
activity. From the channel-mouth relations of
the entire group, there appear to have been at
lcast three episodcs, each succeeding onc find-
ing a lower level of water (or debris) in the
master valley.
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Eaxuirze FLOODING IN QuUINCY AND
O1nriro Basixs

(DBretz and Nefl)

For simplicity and clarity, discharge ol
Warden catar. <ts has been presented as part
of the catlint glacul ovaflow from Qui.cy
basin, coinenlent with that over the three
western cataracts and with the discovery of
basalt in any outlet channel bottoms. This was
the writers’ interpretation in 1932, Nefl's
subscquent studies, however, have uncoverad
cvidence of carlicr and higher floodings, the
recond apparendy convincing but not detailed,
and with some correlations uncertain.

Nefi's evidence consists of hundreds of
erratic blacks on the north slape of Frenchman
Hills and the cast slope of Habcock-Fvergreen
Ridge, sume in clusters, some with associated
gravel, up to 1360 fect AT, In additien is a
significant little stream-cut notch across the
Evergreen summit a mile north of Frenchman
Spring cataract, its floor at 1350 having a
deposit of west-dipping fore-set gravel § feet
thick and terminating at the western end in a
cirquclike waterfall alcove, well showsn on
Sheet 2 of thie U.S.B.R. map R<-3720.

A few bLoulders have been found at a com-
paralle altitude along the cast sidc of Quincy
Lasin, and a tract several miles wide (cast-west),
denuded of its Palouse locss down to a caliche
zone, margins the Willow Creck-Moscs Lake
trench from Rocky Coulee to Warden and lics
below an altitude of about 1350, Thus Jat has
almost no southward gradient for the 15 miles
of its length, and it disappears in the latitude
of the cataract. It reappears at a lower zltitude
east of Othcllo town, south of the Frenchman
Hills and Lind structures, with a caliche pave-
ment under a thin loess, and there lias stream
gravel up to 1160 fect AT,

These bouldars 2nd this flat in Quincy basin,
100 feet higher than the Warden cataract brink,
indicate that the sudimentary cover at the sije
of Drunilicller was sufficiently thick and ¢x-
tensive to have Lridfly held baek the Lody of
water responsible for flotation of the Loulder-
carrying bergs and the scour of locss from the
flat. There must hiave been adequate volume to
supply this disckarge and the four spills acr
Babeock-Evergreen, three of which became
great cararacts in later floods.

>

Othcllo basin has somc erratic boulders on
the south slujc of Freachman Hills up to 1180
feet and apparently must have been sulliciently
euchnoed for their flutation. The residual hill
in the middle of Othcllo Channel is good evi-
dence that this Lasin’s south rim originally
stood high cnnuzh for such closure. A low
sunmit wotch on Freachiman 1ills (See. 21,
T. 17 N, R.26 E. Smyra map), altitude about
1370 feet AT, separates boulders at 1360 on
the nortl from boulders scarecly 2 miles distant
on the soutliat 1150. A 10 fout greater dejsth of
fled water in Quincy Lasin would have spilled

- acnes this preglacial divide. Since the caliche

cap in the noich is intact and there is no scour
on the slopc down to 1180, water in the basin
appatentiy never has stood higher than §360.

Othello Cliannels has an accessary stream
channel across Saddic Mountains ridge with a
floor at 1120-11¢0 in a notch originally
bottomed at 1190 or less (Tig. 12). A ncighbor-
iug notch floured 2t 1210 was not uscd. The
two Jic abuut 3 miics weat of the main Othello
scablund (5co teruy Like quadrangle map).
Discharge through the channcled notch appears
to have goie o o near-by, Righ-level Koontz
channel in jre-Wardin time.

At the tn oz of s earticst-recorded Othello
basin foud.ng wal dicharge across Saddle
Mountains axis, ¢.ilrr no well-opened Lower
Crab Creck salley ezlsted or the water gap of
the ColumbLis f-2:1 <7 v cst was closed. I'onding
in Pasco Lzelr, ar 4 tiarefore in the gap, cannot
explain the disctzzze southward across the
anticline. P'e:silly the great Taunton-Coriu
slide war a fuetor, Lot it is much more probable
that the course ¢f Lo=er Crab was still largely
unexcavated Lok v the level of the Royal Slope,
a broad structural torraze above 1130 and some
25 miles farilier vest Initiation of both Lower
Crab and O:h.i!'s chonncls apparently came at
this tinie.

Wasinvexa Covtrr

Maps: Benge, Cewnell Eltopia Iacs, Washtueno

guadicryr azpe USCS., R3.3720, sheet

3, US LR
(B:.iz and Smiith)
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Glucial drainz gt f+2m the north entered the

preglacial P'uluus: River valley in mid-length
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have produced only back-dipping forc-scts, if
any. Only at the very last of 1lint's cpisode of
apgradation could any glacial water have been
detoured from Cow Creck doun Staircase. It
would have found the little valley mouth
alrcady filled!

(2) The head of Staircase Rapids, interrupted
by a small locssial island, is 3! miles wide, and
the brink of the uppermost falls is 1623-1650
feet AT, The “bar” surface, 4 miles down-
strcam, is 1300-1325 feet AT. Flint took that
surface and assuciated thin gravel to the cast
tu be “remaants of a contiuous fill graded to
the fill in Washtuena Coulee”. The gradient of
any fill along the Staircase tributary vailey
therclore was 75 fect or more to the mile. It
can be reduced to about 50 [cct by considering
the “bar" surface originally to have been 100
feet higher. Even this is an impossibly stecp
gradicnt. A proponent might conccive therefore
that this channcl never had a fill upstream from
the “Lar”, that its scabland was made durivig
the general aggradation, not afterward as Flint
believed.

(3) It is impossiblc however to adjust this
alternative to the all-and cut theary because a
mile west of the head of the Rapids the western
part of this divergent Cheney-Palogse strand
entered its own separate spilluay at close to
1675 fect AT, (Fig. 14). Yor Flint's shallow
glacial river ever to reach the head of this
westernmost strand, a fill neatly 50 feet thick
must have existed where the upporniost cataract
brink now stands. Thus a ornce-continuous fill
along the Staircase tributary to the “bar” is
demanded, and its gradient must have been
nearly 90 fect to the mile, instead of, his
estimated 13 feet for the aggradation in the
Chency-Talouse-Washtuena tract.

(4) There i+ however, 120 geodient shown on
the topographic map for the entire 2-mile
length of the “bar™. Instead, an undrained sag
a mile lung occupics the valicy bottom at the
head of the bar and, upstream frum it, descent
over the Rapids is 330 fect in a trifle more
than 2 miles.

(5) Furthermore, the bar top is 100 fect lower
than bases of lnessial scarps 3 niiles disiant,
almost dircctly across \Washtuctia Coulee. By
Flint's view the flat-topped gravel temnant in
this protected plice should Le us high as near-Ly

scarp Lases, 3400 feet AT. From Fliat's
gradients the original surlace of this deposit
weuld have been 130 fect still higher.

(6) The only two scabland channels which
cou'd have carried glacial water to erode the
inncr valley along the east side of the Lar have
heads but 23 feet lower than the low bLrink of
the upyrrmost Staircase falls. Yet the deposit
was trenched (?) 150 fect decp and not by
Staircuse discharge. Nor can the supposed
trenching Le ascribed ta postglacial strcams for,
above the junction of the small channels with
Staitcase, the latter cartics runofl {rom more
than 16 square miles, the furmer from only 13,
Lleven square miles of Siaircase postglacial
drainage cnters the closed dupression at the
head of the bar and has not yct obliterated it.

(?) The two minor channcls becume one on
the Bonge-\Washtucna quadrangle boundary,
113 ruldes northeast of the Lar. In cach, a litile
above the junction, there is a flat-topped, un-
dissccted gravel flat (at 1400 and 1440 fcet
AT) with steep, downvalley-facing terminal
slejxs and fore-sct beds descending-about 100
fect 10 an empty channel floor. Gradicnt thence
donnstrem is 73 fect in the 114 miles, -
natuip in the siltfilled flal with intneate
meandis locally diammed Ly one of the Stair-
case Las's lubations (P19, fig. 2). Gullying in
this fixt shows 18 feet of postglacial silt and
sand with root easts. A large vertcbral bune was
alsu fourd. Upstream from the gravel flais are
low Lot dedinite scabby basalt outcrups, one
fulze comatituting a waterfall more than 40 feet
high with a plunge basin recognizable on the
tojgsaphic map.

Trase features record the same kind and
tizie of caperience that is written in Staircase
Rap.de and completcly disprove Flint's theary
for the cz.gin of the 150-foot tre al ide
thie Stalrcase bar.

(8 liwily, the volume tnd velocity of this
miner dovergence could never, by Flint's
intuzpretation, have made the giant current
rij-piet o the bar top (PL. 9, £2. 2). The deeper
part of the deposit could be a remrant of pre-
flcd, nocrial outwash (largcly removed from
Wasehiizna itsclf) and modified by later flood
wates, 23 Aliison thought, but, if so, it must
have Lein a backfill. The southward dip of it
furc-sits digs not agree with this view.
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rangle map) enters Wachtuena about 21§ miles
cast of Connell, and its discharge thenee flows
east (upvalley) for 4 miles to enter Sulfur Lake.
Its mouth contains a gravel deposit m.de back
in it from the larger vaey. A pit here shows
Ledding fore-s:t up the tributary out of the
main valley fos the ful! height of the scction, 20
feet. No hotizontal members were seen. Some
of the fore-sets are at the angle of stability,
others & little less steep. A seam of lizht-
colored sand conforms perfecily with fore-set
gravel above and Lidow. Under the Lluish-black,
furc-set, fine gravel is a fuot or so of older,
strined and softened gravel and sand with
horizontal Licdding, taken to be a basal part of
the Ringold. On both sides of the coulee
mouth, the top of this depasit is a rounded
furm with 3 depression, now drained, up to 30
fect de- n between it and the seablind wall o
the north.

< .. .. Esquatzer Couvike

Maps: Conndl, Eltogis, Scooteney Lake guad-
rangles, U.S.GS.: R4-5720, sheet 3,
U.S.B.R.

(Bretz, Smith, and Necff)

Providence Coulee, entering Washtuena.
Esquatzel at Conncll (PL. 1), is shown even by
the 50-foot contous interval of the Conncli 1 to
125,000 topographic map to have a prorounced
narrowing Lelow™ 1000 feet A.T. Providence
Coulee crosses three formations. The valley is
naturely ~pen on the liess-covered higher
Lasalt country; Lecomies a ravine acruss about 2
miles of Ringold (Paradise Flats topography);
and, at its entrauce into Wadituens, narrows to
a trench aciurs a back fill of gravel pying
the ravine mouth. Long unintcrrup' -d fore-sc's
dipping diapgonally up the coulee for the fult
height, about 40 feet, of a scction along the
Conncll Branch of the Nosthern Pacific Rail-
road arc cleauly visible from the highway 2 mile
distant. Neither these nor any others of the
long, unbroken fore-scts listed above can be cx-
plained as parts of a gradually growing valley-
train deposit. Can they reasonably be in-
terpreted as crosonial reninants of deltas?™®

¥ Oral suggestion from James Giltuly in 1927, as
an attempt to escape from the Lar Fypothess.

Pits in this deposit shaw that the long fore-
scts unconfotinably oscrltic fincr gravel in which
ordinary cross-lwdding occurs in nearly hori-
zontisl courses about 2 fect thick. These courscs
dip about $* NE. They may record earticr,
nonfloud deposition. But it is difficult to explain
this trench if the gravel is pre e 4 unless the
almost conmiplete cleaning out of Wastencna is
asceribed to flood crosion.

Conncll stands on a fill of fine gravel which
constitutes a divide in the old iver valley
(Connell quarargle map) Drainage from
Providence Coulee  goes  southwest down
Fsquatsel but run-off at Cannel. ilso gocs east-
wisrd wp Washtuena, duscending more than a
hundred feet in 7 miles to reach slkaline Sulfur
Lake. 1t is 180 fect to basalt at Conncll. How-
ever, the altitude of this mid-coulce divide,
abiout B30 feet AT, is far too low to allow
considerativn of this fill as the blockade which
cauted the Devils Canyon short-cut 1o the
Snake Lepinning at 1230 fect, or the Paluuse
Canyon transcction vlhiose highest scabland is
about 1400 feet. According to Flint's theory, the
Conncl! filt can lic ozly an crosional remnant of *
a valley deposit whicn originally must have
reached to the hinhest scabland at that tows,
about 1100 fect 1. A rising gradicnt of such
a il up-valley would account for the two
canyored divide crossings, Devils at 1730 {eet
and Palousc at 1400 feet.

Part of Conrcll is Luilt on a low, tounded,
gravel mound in mid-valley, composcd largely
of granule grave! and certainly not the deposit
of a vignrous stream, Evidence of mid-valley,
gertle-current depasition has been consistently
sought. Late-al depasits in protected places
were unacecptable. This site of Conndll conics
nearcst to angwering the demand. The trans-
potting ¢ -rent, however, may rot have come
down Washtucna Contour maps by the U. S,
Geological Survey and the U. S. Buresu of
Reclemation skow a flattish tract  which
descends castward from the Othello divergence
that cnters the mouth of Washtucna and the
hicad of Lsquatzel. 1t begins about § miles
west of Cotrcll at 930 feet AT, and descends
100 fect in reaching that town. Centinued
farther o<t up Washtuena, the slope doszends
anothes 10D fect in 7 miles to Sulfur Lake. Lack
of advquaic eaprsurcs along this 12-n:ile slope
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srgued here that no such fills ever existed,
and it is suggested that the supposed corsela-
tives below Wallula Narrows are probally
older deposits shallowly covered with fresher
debris. Huge gravel mounds comparable to
the scabland Lars have been described (Bretz,
1925; 1928a) along the Columlia as far as
Portland. No restudy of that region was pos-
sible during the 1952 ficld scason,

Allison’s Snake River gravel Lars, although
older than Flint's terraces, are also relics of
former valicy fills. They cannot Le remnants
of a Snake valley train. Consistency in the ice-
jam hypotlicsis thercfore should postulate a
comparable prescabland aggradation in major
valleys throughout the platcav with local
thicknesses equal to heights of its largest bars.
As they arc prescabland, these valley fills
must antudate the divide crussings. This,
with their overwhelming pereentage of basaltic
and caliche gravel, requires focal origin on
the platcau. Thus plateau valleys unentercd
by glacial water should still pussess records
of this cpisude. None dues. If the plateau
scabland Lars are deposits of glacial streams,
the Snake Canyon bars should Le accepted as
of the sam genesis.

The high Wallula scabland, 800 fect above
the river and more than a mile wider than the
top of the gorye, was accepted by Allison and
Flint as channeled and accompanied by seab-
lanc gravel deposits. Although eatraordinarily
high, its altitude is that of the Yakima Valley
and Walla Walla basin pcbbly silts and drifted
erratics and approximatcly that of upper-
limit records along the lower Snake. To ex-
plain these facts, Bretz (1925, p. 257) pro-
posed that Wallula Narrows had acted as a

Columbia-Snake junction (P1, 1) also has (1) gritty
silts up to 1050 feet A.T. or more, (2) scabland-
marked narrov s separating it from the larger valley
and (3) fore-sct gravel containing forcign pebllcs
with dip upvalley away from tl - Columbia (beciz,
1929, b, $31). Hoth mien have ignored these features.
No theoretical ice jam can esplain this because the
forc-set gravels lic on the floor uf 3 marked hiruadun-
ing, 4-5 milcs cast of the narrows. In contrast with
Yakima Vallcy, the Walla Walla hasin containg
thick deposits of silt and fine sand derived from a
glacial Colunilia, with marsked contrasts Letween,
and disconformities separating, diercnt membiers,
The vasin appears to kave repeatedly bLecome 3
shallow poat thaad take. Detailed study of these sedi-
ents may yidld significant data regarding the
glacial Colurbia’s fluod and non-fluod expetiences.

bottlencck for- the combined volume of all
scablaud rivess, and even announced the dis-
charge through the short canyon as 39 culic
miles per day. This proved to be the mest
shocking of all intcrpretations based on the
flood hypothcsis, and Bretz rctreated sub-
sequently, taking refuge in possible post.
scabland anticlinal uplift or postsezhland
(aud late scaliland) deepening at the Narrows,
for neither of which is there any known ficld
evidence.

The scalland en top of the Wallula gorge
walls apparently nwst bLe early, although it
hardly suggests its age. It would seem to pre-
date the development of the Quincy basin
cataracts which, 100 miles distant, have
brinks only 100 fcet higher. It may be correla-
tive with their eardicst westward discharge
at 1360 feet A.T. Allison’s or Flint's fills would
readily resolve the problem if only there were
supporting cvidenee for them. But cven the
concept that scabland Lars are erusional forms
developed in fornier valley fills cannot te
used with Pusco basin’s and lower YVakima
Valley's great empty widths confronting us.
Nor can the high Wallula scabland, when
compared vith Drumbicticr, Othello, Palouse-
Snake divide, Grand Coulec complex, and other
contributing scalland, possibly be adequate
for the ice-jam *run-around” concept. There
may he some possible combination into an
cclectic hypothesis which future study will
bring out. If only onc factor Le involved, the
Lottlencck idea 27ain seems most acceptable.
At the ratc computed in 1925, Lake Mis.
soula’s S00 cubic miles of v.ater would pass
through the W:llula Narzows in a little less
than 2 wedks.

Patovee-Sxave DIviDE AND
Exvinons

(Maps: Hacs and Starbuck lopographic
and geologic meps; US.G.S)
(Bretz and Smith)

General

Glacial water, flowing south down the
Chency-"'alouse tract, was in excess of the
amount Wasiituena Coulve could carry, and it
widely overflowed a structurally deteninined
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¢ avgmentation in discharge.
alley train alicady existed in
eruld have been a fuctor in
x, Lut the 80 square miles of
the preglacial  Palousce-Snake
1 Le explained by Flint's theory.
horwever, is in features on the
aake River canyon.

' f‘-‘:"fncally located any ice
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jam on the plateau scabland but was content
with general statements regarding what would
happen il they Jid form in a drainage system
invaded by meltwater streams. For the Palosce
Snake divide's seabland, he would obviously
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them, make the higher scabland, and cut the
loessial scargss? To the writers, such a mecha.
unistn is impresible here, Only in constiicted
or cruuked valleys could jams ever grow to the
tequired  dimensions. Furthermore, in the

FIGURE 20.—RoCK 13ASINS OX SUaaiT OF PaLoUsL-SNAKE Divioe
Basin in south-central Sce. 3 is more than 120 fuct deep. Vertizs! razme of scabland in this tract is 400

feet. Part of Haas and Starbuck topeztaplic miaps, U.

have to block Washtuena Coulee (Fig. 2; 11 1)
somewhere along its length to a height great
enough 10 cause the first spillover. estimated as
at least 300 foet above the
Palouse Valley floor, or 1323 feet. AT, How-
cver, water reached an clevation of 140
fcet at the Lases of the loessial scarps margining
this 9- 10 10 mile wide tract, and Allisan's
theory requites miore ice jams not alune in the
growing Pulouse Canyon Lut alse on e divide
top itsedf to avoid the great volume. Whise
can they be placed on this great width so that
water woukl have to rise to detour arvund

it aggraded

S. Guo!. Survey. Contour interval 40 fect.

Washtuena Coulee not a single favorable place
was found for the jam called for nor ary
features Lhe these Waters (1933, p. 818) in-
terpreted  as ice-jam  records in Columibia
valicy north of the plateau. Still further, the
loes<ial scarp Lases along the 5 miles of
W:-hleena’s length cunstitut. @ uniformly
descinding prufile, impossible to explain il an
e jam interrupted the glacil stream’s surface
gradicnt,

To crwde Pauluuse Canyon across the divide
decply cnnugzh to provide a permanent re-
touting of the river, any ice jam in Washtuena
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no sumncr shadov on the area from adjacent
clifls.

From the mid-canyon bar minor dependsnt
bars extend southward, axuy from the Suake
and back in the mouth of a blucked, preglacial
tributary that {orineely entered the canyon
across the north cdge of section 6, T. 12 N.,
R. 37 i, and now is dctoured westward to
Fi~'.» Gulch. The beudlunds at the former
mouth are minked scaldand butles  rising
above these southward extensions of the mid-
canyon Lar. Fach butte has a long gravel
ridge in its lee that tapers out and down auuy
from the Snake. Th-sc gravel ridges are ge-
netically part of the mid-canyon bar. Their
existence, maguitudes, and space aclations
nust not be ignored or slighted. The knobs
rcach 800 feet A.T., and the south-pointing
bars are as high as the mid-canyon gravel hill,
731 fect AT.

From Lyons Ferry at the junction of Palouse
and Snake rivers (Starbuck quadrangle) a
aircuitous road muy be followed to NDeRuwe
Rarch (Tlaas quadrangle), just south of the
shoulder Lar in Fields Gulch (Fiz. 21). In
the sceond and thicd miles of this read, one
climbs from BM 547, cntircly on nonterraccd
grascl, to HM 861 in the detoured drainage.
Fnroute, constructional forms are very obvivus
in the moundings and enclosed, undrained
depressiuns. The striking little “trickle bar'™
(P 15, fig. 4) which desce 5 the south-
west slope of a scabland hill in SW }{ Sec. 36,
T. 13 N, R. 36 R, looks somewhat like a
flattish debris cone or a sicep detrital fan, but
it is dclinitely ridged along its length, its lateral
slopes are much too steep to harmonice with
the gentler gradicut along the crest, and its
bulk is far .a excess of what cenuld bLe shed
from the small scetion of the bacalt hill thar
could contribi ie. The ridged . a ot coac {orm
mounts almost to the hilltop The alitude of
15 crest ranges betwern 920 and 1000 fect.
The deposit originally blocked local drainage
off the hill. A gully across its low distal end
has tparcd portions of the floor of the once-
closed depression back of the bar. The valley-
ward lateral slope at the terminus do conds 50

" Long narrow bars steeply descending pre-
existing slopes and appearing as trickles from a
distancy.

feet and flattens out in a 40-acre closed de-
pression shown on the Starbuck quadrangle
map. The deposit is composed almost entirely
of little-worn basalt pebbles and boulders. A
few vell-rounded Snake River peblles were
foundd The furm is that of a small, lueal bar
30 320 !cct up on the bar-mounded slope
abuve Snake River but 300-430 fect below
the leved of Flint's supposed da.n across Saake
River canyon. The water that carricl its debris
southi-ard duan this hillside away from the
Sual.c came over the top, 1040 fect AT,

The shoulder bar and itnmediate cavirons
(Fi: 21) were carcfully examincd luring this
ficld siudy. Renewed excavation in the old
pit on the north side affurded good sct 1,
and the topography of the entire depuosit was
scen by walking over it. 1 he interpretation
that it is a great grav-! doposit essemtiaily
with original outlines and with long deltaic
fore-sci: dipping northward toward the Snake
is heze empliatically reaffirmed @

The fattish summit of this shgulder-Lar
deprait s approximatily 1000 fect A.T. over
neany baif of Sce. 23 and more than kRall of
Sce. 24, T. 13 X, R. 3¢ I. It is diversifiud by
low lincar ridges and swales, their relid 10-13
feet in places, impozsible th eapluin as ero-
sivnzlly made by s.oseguent runoil. A few
wellvarn Srake River pebbles were found;
otheriwize the material is all little-worn basalt.®

Feenguition of the truc characier of this
minor 1) { on the sunsmit (i) 13, Fig. 1) did
nut ceeoe urtil acrial phiotographs were studied
after the writers had left the ficld, heace no
measurements were made. Scaled frum the

F Anon; Aliser’s comments o lint's wark is
the s ent that this shoulder Lar “*wis Luilt into
water {123 feat deepi at the edee of Siake River
Canyo. Ly curreeits wkhich left the majur valley a
short dlizace, 12 mules! upstream [and detoured
arourd e south side of the semicisoiated L3I, 1211
foct AT wles free o down the valley was ob-
structod by jce jar L

8 Allinn's view that the gravel of the shoulder bar
is larpdy reworl.ed, old, highdevel Snale River
terrace gravel is wntenalle, Thie pe.centage of we-
WOIR C.notitunty i en =l ¢
even smaller. Furt e,
fur ncarly 75 miles upstream, wncre A.asen's sup.
posd Gl highelovel terraze syaten valc aell
rorded, Las no such ¢ Hotits 3t wone, i3l altie
tudes atzan s the river. The 20 ~ules of 1is canyon
shown on the Hay ard Starbuck geolugical maps
(USG5 1921 have but one patch of gravel (Qs-
Quat s.3%iand) as bigh 25 430 fect abere the giver.
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Cheney-Palouse glucial waier would have
entered the Snake Lelow the site of A’ son’s
canyon dam, and only Snake River water
would have used the detour. Coming directly
from a ponded Suuke, it could have had o
gravel load, and no shoulder bar could have
been made.

Prescobland Ficlds Gulch
(Bretz and Sniith)

The floor of Ficlds Gulch in the hall mile be-
tween the shouider bar and Snake River is very
narrow compared t.- its proportions farther up-
stream (Fig. 21). It is a hanging-vallcy mouth,
with .. sharp entrenchment nuale subscquently.
Its gradient is 200 fect to the mile in this
stretch, six times as steep as in the next § miles
upsstream, It clearly does nut record the stream
that preglacially drained the 50 contributing
square miles of mature topography lying ta the
south. E ¢n if a partial damming of the gulch
by the Lar (Bretz, 1928a, p. 659, Fig. 8) inter-
tupted the gradient, this narrowness and steep-
ness would indicate that these great bar depa-its
have blocked a capacious lower course else-
where, and have turncd postscablar.d drainage
into the prescat aberrantly narrow and sieeply
graded route. A reconstructed prescabland
Ficlas Gulch (Fig. 21) would enter Snake
Cai.yon where the mid-canyon bar and other
higher Lars obviously fis and block an earlicr
drainage way 1o the master sticam. Compared
with the valleys of ncighboring Tucannon
River and Kellog Creck, the width here ietween
basalt hills is certainly 2 cquate for the drain-
age arca. And this Llocked valley is twice as
wide as the present one dewnstream from the
shoulder bar,

Fliv?'s Rips.ia Lake
(Dretz and Smith) .

For the fullowing reasons, the writers hold
that Flint’s Riparia Lake never existed.

(1) All roads crossing the tegion where the
distal portion of Flint's 1300-fout dam Tig. 21)
must have lain v.ere traversed, and a few miles
of foot traverse wa. mude across interroad
tracts. No remnants of any gravel or sand

- @ EE e ® e AR B® ... ———— — —— —
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deposit were found on the broad, thinly loess-
covered, basult uplands above the summit
leve! of the shoulder Lar, and no suggestion of
debris fron such deposits was seen in drainage
ways. It is quite impossible that all that theo-
ritical deposit could have ba~n carticd off these
hilltops where it was origially 100-300 foet
thick.

Only wind, rain, and stope wash are available
agents. Mad they been thus eflective, there
would be no remnants of Flint'a filf clsewhicre,
nor of Hretz's bars, to theorize about.

(2) The Haa. ard Starbuck geological maps
(U.S. Geol. Survzy, 1954), made for engincering
use in pruposed dam construction on Snale
River, show no gravel deposits above about 1100
feet AT, on the area covered by Flint's kypo-
thetical 1300-foot dam. The highest part of the
shoulder bar's gravel is 1120 fect. Along the
east e of Flint's Gl on the Snake-Palouse
divide, altitude «f which he showed as 1350 feet,
the Starbuck miap shows a ragged pattern of
local drainage gulches in basalt, with locss-
covered interfluves (Lut no gravel remnants)
deseending to and below 1200 feet AT,

(3) Tne giant ripple maris covering the
should-¢ Lar's ¢ juare-mile suminit flat record
a cunstructional surface, the original top of the
deposit, 325 fect Lelow the altitude of Flint's
ddlta surface at that place.

(4) Plint's Figure 9 (1948), showing thedchta-
da: gradient as about 13 feet per mile, also
shows a remarkable steepening downstream to
30 Ject per mile. The distal margin of the sup-
posed dain had to be at least 1300 feet A.T. for
10 miles west of the Palouse junction in order to
impound Lake Riparia. The upper limit of
Snake Canyon flooding § miles farther down-
siream is enly 1200. (See Flint's Fig. 11.) Hence
the incredibly steep gradient!

(5) 11all a dozer gravel-covered tracts of 160
acres or more, ' .3 on the Palousc Saalke
divide scabiand, are shown on the Ifaas and
Starbuck geologiral maps. Two closcly associ-
ated oncs, just rast of Palouse River about 2
miles above its msuth (Starbuck map), par
tially bury interfluve spurs of the preglacial
basalt topwgsaphy. Where nearest cach otlar
thry a.¢ separated ouly by a small strcamiwa,
drainisg from Lipher loess-covered cour .y
farther cact. Two tributaries join, just above
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that Flint claimed, With this denial, the writers
agree.

An outstanding infclicity in Flint's concept
of a Cheney-Palouse fill is the quantity of
dcbris demanded before the scabland was made.
An average thickness of 100 fect on the §00-
squarc-mile tra:t north of 1Iooper would require
a volumc of 15 cubic miles. Subtracting for
porosity and glacial contributions, this still
remains a funtastically impwssible quaatity to
dutive from subjucent Lasalt before scabland
was croded. '

When Upper Geand Coulee's cataract seceded

through the monoctinal uplilt, the new channel
head thus afforded was 800-200 {cet lower than
any othcr in the complex. All other scabland
channcls then ceased functioning, unless for a
possiblc very brief late closure of Grand Coulce
by glucial icc. Hence the removal of Flint's
valley fills must have been completed before the
opening of the low Grand Coulee route.

A dozen separate valleys east of Grand
Coulee led glacial water to Quincy Lasin (PL. 1).
Their supposed fillings must have been carried
off to that basin belore Grand Coulee's capture
of their rivers. If we grant that there was time
enough for this, was there sufficient capacity in
Quincy Lasin to contain their debris in addition
to what the great Coulce itself contributed?

The prolusion of granite bouldcrs along
Rocky Ford snd Willow Springs channels in
Quincy basin gravel indicate that they were in
use before Upper Grand Coulec’s receding
cataract had reached the Columbia valley.
Drumheller Channcls were well decpened by
Rocky Ford and Willow Sorings discharge, and
Quincy basin's initial stor apacity was cor-
tespondingly deercased. Yet there is clear evi-
dence that Upper Crab Creck glacial river was
still functioning. By Flint's reasoning, it was
still discharging gravel into Quincy busin,

Nefl cstimates (from US.B.R, dats) that a
“bare minimum” of 11 cubic miles of rock was
eroded in making Grand Coulce and associated
distributary coulces, all of it carried into
Quincy basin, e finds that, if this dcbris had
remained in the Lasin, it would have mads a
fill three or four titnes as thick as the existing
deposit of scabland gravel. Thus this busin's
fill, even if restored to a pre-channeling plain,
cannot possibly represent the total debris con-

tributed slone from Crand Coulee and its
scabland complex. Great quantities must have
gone on out Ly way of Drumbclier, Othello,
Koontz, and Lower Crab Creek. Add what was
yielded by erosion in these deeply bitten dis-
chargeways. Consider that all ate largcly empty
today. Note that Pasco Lasin, also largely
empity, lics almost immediatcely downstream and
its highest “remnant” of Flint’s or Allison’s fill,
Eriest Rapids bar, 860 fcet AT, furbids a
gralicnt for  contemporancous  ervaion  of
virtually all these chanaels. Where has this
dcbris of the hypothetical filt gone if not inte,
and through, Pasco basin? Lake Lewis Jid not
coacide with any scabland floods,

Repetition of Floods

(Bretz)

If Nouds of coinpacable volume repeatedly
swept dowa the Chency-Palouse teact, scabland
making on the I'aluuse-Snake divide viould be
resumed cach time along the patiern left by
preceding flood. This behavior would e
changed only after Palouse Canyon's upper
falls (row only 20 feet high ncar the head of the
200-loot canyon) had retreated across the di-
vide and only if later floodings could be carried
off through it and the old Washtucna Coulee
route. Did more than one flood cross the summit
of the divide?

One approach toward an answer lies in rela.
tions of Paiouse Canyon 1o the bars south of
Srake River at the junction. The top of the mid-

canyor. bar is 130 leet higher th: o
lower Palouse Falls, only S or 6 nt,
and 60 {eet Ligher than the foot o ‘U

Raunch cataract. Were these “watenau eanyons
eroded Leneath the deep torrent that a : the
bare, or are they products of a later flood?
Matthes (1918, p. 258-259) has deseribed the
intease, quasi-vertical, vortex suction in turbu-
lent strcams (his Type III) as kolk action,
calling it “‘probzbly the most important macro-
iurbulence phenomcnon in” natural strcams”
and “the most powerful form of concentrat--*
cnergy at work on stream beds.” Once the v
paralicled magnitude of scabland stre-~- s
realiced, the kolk, which is csse y - -ab-
fluvial tornado in structure ana n velocity
rclative to surrounding turbulence, can readily

»n—— o [ ————
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tances to the Snake are 2 and 114 miiles, respec-
tively, and the mouthings in Snake Canyon asc

only 2 miles apaet. In contrast, the shoulder”

bar's flattish sununit (at 1000 feet A.T.) is 160
feet above the channel to the south, and the
cascade chute’s gravel fill (Letween 960 and
1000 fet AT.) is 120-160 fect higher than the
Davin gurge floor. These relations strongly sug-
gest that two fluods crosscd the Palouse-Snake
divide, the carlier onc making the shoulder bar
and the cascade-chute filt, the later onc finding
lower levels (of ponded water or 3 debris fill) in
Snake Canyon and conscyuently scouring out
the channel south of the Lar and lowering the
floor of the gorge. The abundance of large
Loulders on the Lrink of the Davin terrace
averluoking Snake River and the unfilled
plunge-pool trench at the foot of the falls (FFig.
19) testify that 1 U Ranch cataract was
operating at high efliciency to the very end of
the sccond flood.

Cucsey-Patovse Twact Noriyw of
Parovse-Sxake Divioe

Maps: Benge, HNaas, LaCrosse, Starbuck ond
Washtuena guadrangles; U.S.C.S.

Multiple Scarps
{Bretz and Smith)

A traverse from Sprague to Washtucna
(Pl 1) and & re-examination of the Willow
Creck bar constitute all the study given to *he
tract north of the P'alouse-Snake divide in 1932,
The traverse was made to find multiple scarps
in the bordering locss llufls, features which
Flint had stressed as “cunspicuous” evidence
for his cpisade of dissection following the
aggradation. Bretz had no notes or memorics
regarding such things.

Four possilile multiple scarps were seen in
this 50-mnile traverse. The lower membes of cach
double scarp was a roundued form, not a sharply
cut beneh, appearing low on the slops and hav-
ing a narrow tread. Tinte did not permit cx-
amination on [aot, aud comments here are only
suggested alterunatives to Flint's explanation.
Oune sugguesiion is that low gravel bars deposited
against the base of the loess scarps and subse-
quently scarped in turn would produce this

«fTuct of erosional terracing in the loess (P, 3

fig. 2). Another suggestion is that masked basa.

ledges may be responsible.® Another is base:

on Culver's report (1937, p. 58) of probabl

Ringuld remnants in the basal portions o
“prow-pointed hills.” Another, thought to e
sup;rirted by othee features of a particular case
is that they are temnants of the prescablanc
crozional topography, $o situated that the
uppnr, steep slope appears to Lelang to the
scabland enseruble. A filth suggustion is born of
findiug Luried, ealichificd 2oncs clscwhere in the
Palovse locss. Such, being more resistant,
cuuld produce the cffcet of multiple scarps
where subjected to latesal efusivn. A sixth
alieraative cumes from lecating Vlint's most
convincing double scarp (his PL 6, fig. 1). It is
a mulc Lack up a narrow nonscabliud tributary
of Wachtucua Coulee and 230 feet hizlier than
the coulee fluor. Although locssial scarps facing
the coulee along this stretch have bases a little
higher than this, only back filling could have
wecurrcd here. At the entrance to Washtucna,
this tributary has a heavy gravel deposit almost
2s hizli as the basc of his double scarp. (See
Hais zeddogical map) The feature he illus-
trated is, as he admitted, a recurd only of the
local etream’s work, which suscly is post-
scalland.

Howcver, double searps could be produced by
glacial-river strands which did not, ir. their fiest |
operation, cut down to a basalt floor and hence
bad eppartunity in a later flooding to deepen
in locss. This procedure would be favered if an
adiacent larger strand had been deepened
sulieiently during the first episode to give
excey-tianal gradient to the smallrr one in the
second. Indeed, eight of the double scarps listed
Ly Flint are closclv seenniated with such small

® ey vl n the
Cheney-l he T
g Mt Lgmes nvut aiate 3, show: r2t ¢f Lasalt in
ihe joner slepes of its searp. D idied that hill
aitee Hevan bhad called his avte to it. To get
50 fect of Lasalt requires measurement from the
bsttors of a closely associated scaliland channel,
and otly the northesn end of the hill has any ba-ilt
in the scarp. A low, south-{acing ledze of prescab-
land orfizin, traccable for a few miles latesally out
acruss the scabland on cither side, jrovides this
Luwit, finouzh ritreat of the ledge occurred wnder
the scaliand river’s erosion to lcave a loundation
of La<alt in the lower part of the scarp. Bryan notes

peashing of 1he Lasalt in the scarp by slump of sail
fren alove”

[P Cemms e
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torrent-made bars in the region of the Palouse-
Snake junction, suggesting that thcy are con-
temporaneous. Rretz has no very definite
interpretation to make, except that (1) they
clearly are deposits from glacial water that was
flowing back up the tributatics from the
Cheney-Palouse scabland and Snake River
canyon, (2) they record some rhythm or repeti-
tion of conditions, and (3) they are only mantles
ranging through a maximum of 700-800 vertical
fect on the slopes. They ase not terraced
remnants of 8 continuous fill  *o their upper
limits which are cssentially . ,s¢ of floated
erratics upstrcam in Snake Riv:r canyon, 1300
fcet AT, Some exposurcs in valley bottoms
probably are in materials reworked by post-
glacial streams.,

Fresh highway scctions were available in
1952 in the bottom of lower Tucannon River
valley, which enters Snake River just upstrcam
from the mid-canyon bar. Here a massive silt
without current bedding appears to be the basal
member. It could be a turbidity-current de-

‘posit. Disconformably overlying it is"a fine

sand with scattered pebbles, some consisting
of the massive silt, and with some thin gravel
units. At the base of this member may bLe a
breccia of the massive silt. Channel cut and fill
is common along the disconformity. Forc-sets
record an upvalley current. Coarser material
lies above and intertongues with this member,
This also contains upvalley fore-scts. Sotting
is very good locally in this third menber, and
there are somc silt lenses and pebbles of
forcign rock. -

Equally significant but somewhat different
records of a surge from scabland channels back
up preglacial tributaries with no other access to
glacial water cnist in every valley entering the
Chency-1"alouse tract for S0 niiles north of
Snake River canyon (Bretz, 1929). The deposits
constitute a mantle of loess-derived silt with
abundant angular grains and granules of un-
weathered basalt, a scattering of pebbles of
forcign rock, and some crratic boulders. Com-
monly this mantle is unsorted and unstratified
except locally on valley floors. Where bedding
exists, it commonly records upvallcy currents
from the scabland. The upper limit in any one
tributary vallcy corresponds to the upper limit
of glacial-river water at junction with the main

dischargeway, The deposits are thickest and
coarsest in the tributary debouchures to
scabland, and any stratification in such places
is prevailingly fore-set out of the scalland and
up the tributary. In numerous places, they
arc mounded scalland gravel deposits with
long delta fore-sets comparable to the bars
already described.

The outstanding feature of this backwater
silt is the record of repeated upvalley currents
during deposition of as much as 40 feet of
matcrial. No record of downvalley curreats,
except where postglacial rehiandlirg is probable,
have Leen found. A bLursting dam [arther down
the Snake or Columbia would incvitably make
strong currents downvalley. The coarser char-
acter of the material near the valley mouths
and its gradation, in the farthest upvalley
deposits, into a fine silt without sand or granule
gravel units scems to indicate that it is grada-
tiur.al with scabland sediments, but nei the
fill-and-cut theory nor the ice-jam theory can

account for the reverse currents, the mantle- ..

lil.e character of the deposits, or the succession
cf cvents recorded. Reprated upvalley surges
[rom the scablands could lcave such a record.

Perhaps two kinds of backwater episodes are
recorded in these deposits, both with upvalley
currents, The well-sorted, well-stratified valley-
bottom deposits may Le the consequence of
nicltwater incursions from normal valley-train
building along the main scabland routes. Be-
cause, however, floods have all but destroyed
any record of valley trains, survival of such
valley-bottom sediinents seems anomalous.
Furthermore, their existence in Snake tribu-
tarics above the Palouse junction requires a
Pulouse canyon, an Allison ice dam, or a Flint
!l in order 1o cross the divide.

Graciat Laxes Missorra axd
Cotur D’Arene

Maps: Greenacres, Mcdical Lake, Oakesdale,
Packsaddle Mtn., Priest Loke, Rathdrum,
Spokane 1911 and Spokane N E 1950 quad-
rangles: US.G.S. .

('Breu)

The Pleistocene history of the region is still
only sketched, Lut the writers belicve it reason-
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C—Cheney FliL—Flathead Lake Pa—Pasco SM—Saddle Mtn,
CAL~—Coeut “"\lene Lake = GC—Grand Coulee ’C—Pine Creek SN—Snake River
CN—Chand  Sarrows LCC~Lower Crab Creek  I'o—Polson W—Wallula
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of the dam. This region has been examinied only
in reconnaissance {ashion. ‘

I.ake Pend Orecille, at the site of the dam, is
relatively shallow north of the entrance of the
valley (Clatk Fork) which contained Lake
Missoula’s westernmost portion, averaging less
than 200 fect and containing several islands
South of this junction, the Lasin of the lake
decpens abruptly to reach more than 900 {ect in
depth for nearly 15 miles along the length and
more than 1140 feet for more than 5 miles.
(See Packsaddle Mtn. quadrangle map.) Its
maximum depth is reported to be 1800 fect.

The lake surface is 2051 feet A.T. (2048 in
1946), and the bottom is therefore 900 feet or
less A.T. in the southern part. This is 1000 feet
lower than the Lrink of Sp alls nearly 50
miles downvalley to the st and is ac-
tually lower than the bearock loundation of
Grand Coulee dam more than G0 miles still
farther west.

This deep part of the lake, constituting two-
thirds of its total length, closely margins the
western side of the northern tip of Bi oot
Range, one Luttress of the Lake Missoula dam.
A clean-cut mountain wall rises in 2 miles from
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lake Lottom to average altitudes of 4900 fect
AT. in Green Monarchh Ridge. The lowest
saddle in this ridge is 4600 fect AT, (Pack-
saddle Mtn. quadrangle map). This deep basin
can hardly be anything but an erosional product
of its glacial experiences, its southern part now
deeply filled with gravel which rises sterply 400
feet above tl.c water, its slorzs kettly o~d
mounded from deposition against glacial ice
(I’cnd Orcille lobe) then occupying the lake
basin. ‘The fill obviously is younger than the
trough.

Between the site of Lake Missoula’s dam and

the platcau scablands, the large basin of lake .

Cocur d' Alene (Fig. 24) extends southward
from the Pond Orcille-Spokane valley, the
southwestern prong of the Turcell Trench.
Suriated erratic bouldcrs at many places around
this lake up to 2700 foct A.T. obviously were
berg-carried to position (Andcrson, 1927).
But ficld cxamination of the southern and
western slopes enclosing Lake Co-ur 4 Alene
shows that it never had an outlet dircctly to
the platecau. Jis highest level is to be associated
with upper limits of the scabland channel heads-
west of Spokanc, approximately 2300 feet AT,
The lake, at 2700 feet, had «t least four times its
present area of G0 syuare miles and was §73
fcet decper. 1t may have served as a great
surge basin.

Glacial ice has apparently reached southward
down this southwestern prong of the trench as
far as the drift dam at the north end of Lake
Cocur d' Alene 23 miles distant from Pend
Oreille Lake. This portion, now decply gravel-
filled, is streamlcss Rathdrum Prairie. At Lake
Cocur d' Alene the course of the trench turns
more directly westward (the Spokane Valley)
and to the bacalt plateau at the city of

Spokane. Here another lobe (Spangle) crossed

the mouth of this trench, reaching some 15
milcs south of the city, out on the platcau.
Probably the Spokanc Valley part of the trench
was also ice-filled at this time,

At Spokane superposition of the river on Iy

remnant of the basalt tongue that originally
backed up the 1rench has made the Talls and
protected the gravel fill upvalley from decp
dissection. The fill docs not, however, have a
simple profile. In the Rathdrum Prairie section
it is traversed by an empty channe) 100 fect or

more in depth and a mile wide, leading frum
Pend Orcille T.2he as far southward as Lake
Couvur @ pAlene where Spokane River, the lake's
outlet, enters it. In the Spokane Valley section,
which cxtends thence westward to the Falls,
terracclike deposits of stream gravel, fore-set
away from the main vallcy, block the mou.us
of tributarics, making swamps or lakes in them.
In the Rathdrum Prairie section, comparable
ponding of tributary mouths has also made
lakes (Covur d° Alene being one), Lut the
blockades are in part morainic sud they stand
higher than the Prairie surface.

Flint (1936, M. 6) considered that the inner
valley followed by Spokane River has been
eroded in an original fill which, still intact in
Rathdrum, remains in Spokane Valley only in
the gravel blockades to tributary mouths.
This crosion entrenched the early fill at Spakane
Falls about 150 feet and at the junction of
Spokane and Columbia rivers, 45 miles farther
downstrean, as much as 200 fect. e also con-
sicered that the upper profile never extended
fartdcr down the Columbia but ended at or a
little below 2000 feet A.T. because a lobe
(Columbia) of Cordillcran ice blocked further
transportation. How the meltwater passed the
blockade and where it escaped were not speci-
ficd. The lower surface, ke believed, continued
down the Columbia from this junction as a silt
and sand dcposit almost without gradient. The
ponded watcr was discharged through Grand
Coulee (after Steamboat Falls had reccded
through the monodclinal uplift) while the
Okanogan lube blocked Columbia valley {arther
west. Flint considered the Rathdrum Prairic
portion of the Purccll Trench fill as the suill-
intact surface of the original fill.

Although it seems more probabtle that the
fower profile in Spokane Valley is continued
upvallcy as the empty Rathdrum Drairie
char ‘not noted by Flint) than that the two
profiles converge eastward to become one near
the 1daho-Washington line, as he thought, all
altitudes and characteristics of the deposit show
that the entire sequence is postscabland, except
for late functioning of Grand Coulce.

There are still higher strecam deposits, how-
ever, lying in and marginal to the scabland
channel keads a little west of Spokane; their
altitudes are as mucis as 500 fcet above the
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upper profile in the mouth of the trench. If the
trench east of Spokane contains corsclative de-
posits, they must be the isolated outwash
patches shown va Flint's Mate 6 (1936), 150~
350 [cct above his upper profile. The highest
of these fall within the altitude range of the
near-by scabland channel heads. The trench
between the Lake Missoula dam and Spokane
carries no other known deposits that might
record glacial water on its way to any scablund
channel head except Grand Coulee.

Although all the Cordilleran lobes which
crosscd to the plateau cast of the Okanogan
Valley must have stood somewhat short of
maximum extent when the scabland channcls
functioned, the decp canyons of the Spokane
and Columbia must still have been buricd under
glacial ice. It secms entirely probable that the
Rathdrum-Spokane valley then also contained
glacial ice and therefore that the food discharge
traversing it left no identifialle valley-bottom
deposits.

There remains the possibility of erosional
records, lying higher on the slopes. Five spurs
on the southern slope of Spokane Valley and one
saddle across the granitic hills separating that
vallcy from the platcau to the south appear to
be significant. One spur is a basalt bench just
west of the north end of Lake Coeur d' Alene,
at an altitude of 2400-2500 feet A.T. Its surface,
2 miles long and nearly a mile wide, has typical
scabland topography of knobs and buttes and
ridges scparated by anastomosing channcls
elongated parallel to the higher valley wall,
their total relief about 50 fcet. That it is not a
glacially plucked surface is clear from the
character of glaciated surfaces on two other
basalt benches much nearer Pend Oreille Lake,
and in many places along the northern margin
of the plateau. Glacial ice smoothed the Co-
lumbia baestts it =~-cly plucked avs~~ where

to h-facing slo b local
scabiland, 200-300 feet lower than the highest
drified erratics in near-by Lake Cocur §° Alene
valley but cqually higher than Rathdrum
Prairic, appears to demand glacial water es-
caping wuatward between ice on the north and
the valley wall on the south.

Glacial debris on this bench (see footnote 42,
item 5) is prolLably contemporaneous with that
in the lake basin’s dam 2 or 3 miles farther east,

and therefore belongs to the Rathdrum Prairie
glacial drift of pustscabland (except Grand
Coulee), valley-fill age.

Four northward-projecting granitic spurs
between the State line and Spokane possess
scoured and channeled notches cose to the
higher, stecper valley slopes. Fluors of the
notches range from 2200 to 2480 feet A.T.
The distal ends of the spurs are severely
scrubbed whercas higher slopes are not. The
spur ncarcst Spokane, a ridge that locally
narrows the valley to about half, is just south
of Dishman (Spokane N.E. quad.). Its terminal
mile livs Letween 2000 and 2500 fect AT, and
is mostly barc and fairly fresh rock with a very
irrcgularly rugose surlace. South of it rises
a stecp dlifl. Above that, the ridge has a
cover of soll with protruding ledges of deeply
weathered gneissic and granitic rock. The bare-
tock part of the spur carries several trans-
verse notches, some nearly 75 feet deep and con-
taining marshes. As with the basalt ledge at the
noith end of Lake Cocur ' Alene, these features
are ascribed to glacial water fiowing westward
Letween an ice mass in the valley and the
rucky mountain side margining it, and escaping
across the scablands. No srgument for great
volume can be advanced for these channeled
spurs, but neithee can it be denied.

The saddle across the range of old hills pro-
truding through the basalt south of Spokane
Valley is a bruad sag containing two col notches
2 dozen miles southeast cl Spokane, between
Mt. Moran (3700) and Mica Peak (5205)
(Fig. 24). The railroad station of Mica marks
one col, from which drainage gocs north into
Chesier Creck and southwest into California
Creck (Greenacres quadrangle map). There is
some channeling by glacial water in the deeply
decomposed granitic rock at the cols, but
obviously no marked current has ever traversed
the saddle froin Spokane Valley on the north
to the pk to the south. Lrratic material is
common up to 2550 feet A.T., but none was
found higher.

. Flint (1936; 1937) mapped the Mica saddle
and most of the drainage srea of Calilornia
Creck as “drilt-covered™—i.¢., glaciated—with
Mt. Moran as a nunatak. It seems miuch more
proballe that the scattered erratic boulders
and patches of till on which he based his inter-
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1042 BRETZ ET. AL~CHANNELED SCABLAND OF WASHINCTON

pretation were berg-carried to position. They
fall far short of a “*cover” for California Creck
drainage, and their upper limit is nowhere
known to be above 2550,

The ponded water for this flotation was
named Lake Latah (Bretz, 1923, p. $82) under
the impression that it was dammed by the
Spangle lobe at maximum extent. It has long
since been reinterpreted as & part of an clon-
gated Lody of water just north of the platecau
divide which supplicd all the scabland channcl
hcads. The ‘“‘outlet” for the “lake” was the
easternmost channel of the scabland complex
(Oukesdale quadrangle) (Fig. 24; PL 1), dis-
charging southward from the flooded valley
of north-flowing Latah Creck by at least three
subparallcl and subequal routes across the
plateau divide to southwest-flowing line Creck
and leaving 3 well-marked glacial river course
(Fig. 24) thence for 20 miles down Pine Creck
1o its entrance into the Cheney-I'alouse scab-
land tract. The combination of {catures {rom
Mica t6 the mouth of Pine Creck channel may
be interpreted as the record of an carly flooding
out of Spokanc Valley Uefore much deepening
of the Chency-Fulouse channdel heads had
occurrcd.

The [our heads northwest of Chency (Fig. 25)
contain ninc named lakes in rock basins and a
multitude of rock-basined swamps and smalier
lakes. Five of these lakes lie cssentially on the
plateau divide. Altitudes of channcl-head
floors range from 2300 to 2424 fcet A.T. With
other channel-head deepening, later floods may
not have risen to the bottom of the Mica col,
2478 feet.

Nevertheless, a marginal meltwater lake

- must have existed back of the plateau divide,

and the abrupt arrival of a T.ake Misse ~ lood
must have produced some gradicnt to its sur-
face. Upper limits of the “Lake Latah" part
should, therelore, theoretically Le higher thun
those farther west. Interpretation of Mica col
remains uncertain, .
Evidence submitted in this paper for great
volume of glacial water discharging across the
scabland-scarred part of the Columbia IMlatcau
debars any view that it came from excessive
mclting because of climatic amiclioration.
Despite the present lack of convincing evidence
for torrential discharge Letween the Missouls

dam site and the scabland channel heads, there
is no evidence to contradict the hypothesis that
cnormous volumes of glacially derived water
were abruptly discharged across this part of
the plateau. Acceptance of Lake Missoula as
the source involves no further assumptions to
defend the idea.

Tempting speculations arise from the con-
cept of a Lake Missoula dam burst. They
include:

(1) abundance of floating ice riven Ly the
dam's collapse;

(2) magnitude of individual bergs (Brete,
19300, p. 410);

{3) character of turbulence (excluding the
kolk), as conditioned by local channel volunie
and load and Ly inherited gradicnt and valley
shape;

(3) varying velocity of advancing front along
diffczent channclways, as conditioned Ly dif-
fering  channel  lengths, proportions and
gradients;

(5) differing time of arrival of flood fromis
and crests at various convergences;

(6) lag in iaitiation of channels with h:ghct
original sills at heads;

(7) diflerential yielding of various bLamalt
flov.s as conditioned by both original and
superimpased  structures aud by  varying
volumes and gradients of individual strcams;

(8) possibility that waning stages of a flood
made records suggesting successive flonds;

(9) possibility that subglacial leakage from
lake Missoula made the excessive depth of
Pend Oreille Lake.

The writers have endcavored to avoid @
priori speculations as much as possille. Almost
every argument for great volume starts from
adcquate evidence. The cataract clifls,
alcoves, ang plunge pools, and the huge rock
basins on preglacial divide summits exist. The
enorn.ous, stream-lined piles of fore-set gravel
on channel floors are a verity. The giant current
ripplcs are, we bLelieve, unchallengealle. The
upvalley cutrents in tributarics cannot be
denicd from the record. The scarped locssial
islands sllow no interpretation other than ours.
Furthermore, there was & Glacial Lake
Missoula, 90 to 175 miles distant {rom,
1700 fcet above, initial scabland channel heads,
and it was empticd Ly continuous valley routes
dircetly toward those channel heads.
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Suasiaky
(Bretz)
Bretz's Flood Ilypothesis (1923-1932)

The greatly scarred lincar tracts of denuded
basalt interlaced in a complicated pattern and
elongated with the dip slope of the otherwise
locss-covered plateau of castern Washington
have Loen muade by glacial floods entering a
maturcly developed normal drainage patiern.
The wljective “clunncdd,” first proposed by
Bretz (19320), and used in a dozen later papers
implics that an cnormous volume of water
transformed the invaded valleys into gigantic
river channels. Such gicat quantities could
continuc to arrive only for a Lricl time, and a
large voluine of ponded water, capable of being
abruptly relcased, is neciled for this interpreta-
tion. Lake Missoula's volume of 500 cubic miles
(Pardec) back of a glacial dam with one buttress
most vulnerably situated for a eatustruphic
failure is argued as the source. Even then, repe-
tition of the cataclysmic flooding scems indi-
cated by the amount of work done Ly
the short-lived glacial rivers. This paper pre-
sents new field evidenee beicved to bLe con-
sonant ouly with the interpretation of repeated
foods. Its leading theme is that Jhe associated
mounded gravel deposits have construction:l
forms, are gigantic river bars.

But the demand for unprecedented volume
has scemed ouirageous to conscrvative geolo-
gists, and other hypotheses have bLeen ad-
vanced to explain the eatraordinary crosional
and depositional features of the Washingten
scabland. Two of them possess suflicient ap-
parent applicability to have sceured adherents

Allison's Ice-Jam Iypothesis (1933)

Allison (1933) argued that the scabland phe-
nomena resulted from a damming in dhe
Columbia River gorge across the Cascade
Range, more than 100 miles downstream from
the plateau scabland. Ifis dam was initiated Ly
a landslide and composcd of Lerg ice and river
ice. Once started, it grew upstream by sucecs-
sive incremnents, eventually ponding the deep
major valleys that bound the platcau and
allowing glacial stream water of normal volunie
to cross low places in divides of the plateau's

T e e . i - v —— -

preglacial drainage system. The complexity of
the scablund pattern requircd many other ice
jams to provide fur divide crossings farther back
up the plateau slope. Water bypassing these
ice jams in “run-around” lateral chauncls
gashed into the Llocked valleys® slopes to make
high-lying scalland and remodcled older
terraces to form “perched” bars.

Allison adwitted that his Cascade Gorge dam
must have been 900-1100 feet high Lut did not
point vut auy ficld evidence for its precisc loca-
tion nor for s great “run-around® bypass
clianndds in the gurge walls. Nor has he dealt
adequatedy vath the resultant fluod down the
Columbia (1932) below the dam when that
great obstruction finally failed. e never lo-
cated any smoaller dams back on the platcau
althouph he wrote about the escellent records
left by stranded Lergs in the widest ponding of
glacial water in the region, the Pasco basin.

Allison’s greatest dam lengthened upstream
along the Columbia for 100 miles or more above
its inception in the Cascade gorge. It thickened
as it lengthowd, and many diverted lateral
strands of the glacial Columbia cut notches
and chann: 1. across interflcaes between enter-
ing trilutary wvalleys and made gravel and
rubble “dinps™, “deltas”, “fans”, and “bars"
in water pded in these valleys. Several may
occur at diflerent altitudes in once locality, but,
taken as 4 whole, they fall into a general de-
scending profile for this valley streteh (Brete,
1925). Eventually this ice jam was so thick
that the Columbia becanie a scries of pouds in
these tributary valleys, standing at about 1100
feet AT, for the entirc distance (Allison, 1933,
p- 722). No diversion channels were made at
this altitude; only peLbly silts and berg-rafted
erratic b ulders attest the maximum flvoding.
How the glacially swollen river traversed this
100 miles of individual lateral pondings on no
gradicnt is unexphined. How the diversion
channcls ¢nd pravel deposits near the main
valley escaped medification while the dam was
growing to full thickness is a puzzle for the
deeper part of this long stretch of Lake Lewis
was then almost solidly full of ice. The high-
lying silts and ralted boulders may not date
from the ¢pitode of diversion channcls and
gravel depecite. Leaving out the 1100 foot
records, Allisri's picture for this 100 miles of
Columbia Valley is appealing but lacks any
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positive records of the ice blockade itsclf or of
s downvalley rush of water when it failed.
Scarch was made at Washtucna Coulee,
Esquatzel Coulee, Lower Crab Creck, Upper
Crab Creek, and 1'alouse Canyon, where divide
crossings or lateral canyons scemed to suggest
dctours caused by ice jams in the glacial

streams. No favorable constrictions and no

records of stranded Lergs were found. Instead,
the upper limits of the glacial rivers, recorded
in steepened slopes of the bordering locss,
possess  uniformly descending profiles along
such glacial river courscs.

Local ice jams may have occurred in the
making of the scabland but no evidence for
any has been found. Allison implied that
downvalley floods frum the inevitable bursting
of such dams made the grecat mounded scabland
gravel deposits  (remodeled  older  terraces)
which he recognized had largely constructional
forms.

Allison also theorized on a deep fluvial fill
in the capacious Pasco basin. This basin was
undoubtedly occupied by glacial water up to
the limits specificd, but the only deposits which
might conccivably record his detrital fll ase
huge, clongated niounds, 100 tect or mworc
above the Lottoms of closcly associated de-
pressions, both forms streanilined like the bars
he identified in Snake Canyon, but lying out in
the middle of a river valley more than 18 iniles
wide. The largest depression contains a closed
basin 4{o milc long and more than 30 feet dcep.
He found only one terracelike gravel deposit
in the basin to fit his theory.

Flint's Fill Uypothesis (1938)

Flint (1938) proposed that the many divide
crossings and the abundant scarps in locss-
covered tracts bordering the scablands bad
resulted from depesition in the valleys invaded,
a common procedure of laden glacial streams
but continued here untuil luw divides were
crossed aud the plexus was outlined. Raising of
base level to produce this deposition was pre-
sutnably because of a dam in the Columbia
gorge, formed probably by a great landside or
a local valley glacier pushing down into the
gorge. This dam was as infercntial as Allison’s.
Flint's glacial streams across the platcau were

shallow and “only small pieces of glacier ice”
ever floated duwn them. During wastage of the
dam, the glacial streams gradually removed
their fills to leave remnants (1S per cent of
original  deposits—Flint) which he called
teraces modificd by creep and slopewash;
“in various states of [subsequent] dissection.”
Every high-lying minor unit of the plexus was
as wcll cleancd out as the larger, decper ones.
Wide-swinging mcanders were a feature of the
dissection on the Lroader (10-20-mile) tracts.
The rugged basalt scabland, including the
nuincrous and spectacular rock basing, was
madc largely during this removal. .

This Colymbia gorge dam must have wasted
away very slowly, fur the nearly cor:plete re-
moval of the fill in scabland routes was all done
with moderate quantitics of glacial water while
also the valley bottom basalt was being searified
{Ly meandering strcams!) into the Lutte-and-
basin topography characterizing wcabland.

Fiint’s interpretation of the gravel deposits
associated with the scabland routes as “non-
paired, stream-cut terraces”, cannot be ac-
cpted. Many of the “remnants” are ungullied
hills of gravel standing out in mid-valley,
possessing stream-lined forms, having associ-
ated closcd fosse depressions Letween them and
valley walls, containing bouldery accumula-
tions for the transportation of which his
“leisurcly” streams never could be held com-
petent, displaying internal structures of long
fore-sets pasallel to the slope fur the entire
height of the deposit, and carrying gigantic
current tipples on their summits znd channcl-
side slopes. Allison, in a later paper (1941),
reengnized these gravel piles as subfluvially
shaped  individual forms made in favored
placcs.

There are divide crossings incsplicable by
Flint's rising 1l (Drumheller, Othello, Devils
Canyon, Palouse Canyon); there were con-
temporaneously functioning spillways out of
Lasins (three cataracts and Drumheller from
Quincy basin, Dry and Loug lake coulees out -
of Bacon synclinc) which, even with adequate
Gills, required far greater volume of water than
Fiint allowed.

Flint reported that many locssial scarps
margining the scabland river routes were
“multiple” and argued that the benclied slopes

- ey @ o - o —
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pletely across the plateau’s high northern edge
and only when the Okanogan lobe, hulding an
advanced position across the Columbia valley,
prevented escape of the glacial water around
the northwestern part of the platcau. This event
is generally considered to be of late Wisconsin
age. At that time only deeper Deumbeller and
Othellu channcls and Lower Crab Credk opur-
ated downstreain frum Grand Coulee. Back-
filling in the nwuth of Upper Crab Creck and
perhagns in lower Washtuena Coulee was con-
temporancous with it.

Bretz has argued that all channels in the
scalland conmplex functioned (ontempotane-
ously until Grand Cuulec’s great pgash was
completed. With this interpretation, Flint has
agreed (1938, p. 46). But the new evidence of
decpening of sume channcls during a succession
of flouds renders that concept invalid for later
occupations. The idea is not yct to Le dismissed
for the catlicat recordid flooding. It is Lased on
altitudey of upper fluod fimits at the channel
hcads on the high nortlicrn ¢dge of the tilted
plateau. About a dozen definite channel heads
are distributed along about 85 miles of this
divide, and the upper-linit altitedes (highest
scabland, locssial scarp Lascs, and ice-rafted
crratics floated back in mince valleys in the
locas) lic Letween 2450 and 2550 feet. AT,
(Bretz, 1928b, Pl 8). Although these are not
ptecise markers, there is no ccmulative de-
crcase in their altitudes cither cast or west. Part
of this range may well be ascribed to‘ancroid
errors. .

The conclusion that the first recorded looding
uscd all channels can be avoided il tac sites of
the western channcl heads were ouginally sufli-
ciently lower than the castern oncs to take all
the first flood water and (2) in some subsequent
flooding, cither these heads were closed by an
advanced cdge of the Cordillcran ice sheet so
that higher castern channels were initiated or
castward down-tilting had occurrcd sigce the
preceding flood. This sequence can be reversed
t: Llocking the lower western chanrnel heads at
the time of an carly flood with an expanded
Columbia lobe so that only the higher Cheney-
Palouse route operated and then in later floods
which found a shrunken Columbia lobe, Ly-
passing that easteen route. Iustscabland cast-
west tilting would again Le nccessary to bring

all channcl-head upper limits into the same
horizontal plane. An eastward down-tilting,
however, would remove the present difficulty
with altitudes at Mica.

The channcled summit of Steamboat Rock
in upiper Grand Coulce carrics glacial striae and
a moraine ridge, both clearly later than the
chunndling (Bretz, 1932, p. 35). A silt-covered
Louldery ridge on the coulee floor clase to the
clifis of Steamimaat is perhaps morainic. The
vastern margin of the Okanogan lube ap-
parently has invaded the coulee head since
cataract recession passed the Rock. If this
cumpletcly closed the coulee, it mmust have
caused renewed discharge of floed or normal
meltwater through the deeper of the eastern
scabland channels. Such an episode must have
been brief, for very little retreat of the
Ol:anogan lobe would again open Grand Coulee.
A floud down Columbia valley west of the
scablandy followcd the tast Grand Coulce dis.
charge, its record indisputable in West Bar's
Slant current ripples and the Beverly bar
Bursting of the Okanogan lobe’s dam (Waters,
1933, p. 617), pethaps as a conscquence of
anuther Lake Missoula dam burst, may well
have supplicd the water for this Luiest glacial
tiver flusding of the Columbia 1'latcau.

‘The writers do not believe that successive
Lake Missoula emptyings sre to be corrclated
strictly with successive Pleistocene  glacial
episndes. Dam failures probably came wlen in-
crcasing hydrostatic pressuce in {ront of the
Pend Orcille lobe coineided with weakening of
the icc front. Decrcased alimentation of the
lobe would accompany sub-periodic dimatic
warmings when wastage would also be excessive,
Repeated [ailures* may have occurred during
any onc glacial ¢ycle. This would be comparable
to recurded modern glacial lake bursting in

:a, British Columbia, the Himalayas, the
Alps and elsewhere (Kerr, 1934; Klcbelsbs
1948; Siene, unpublished).

The steep scarps in weak loess can hardly be
survivals from early Pleistocene glacial floods.
M, therefore, they were made in relatively late

JPleistocene time, either there were no carlier

Lake Missoula pondings and outbursts or the .

 Pardec’s giant ripples (1942) record a lake sur.
face at least 3450 feet A.T. whea the dam burst.
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FLOOD CORRELATIONS

scarps record a late flood greater than any
carlicr oncs.

It is significant that the closed Lasins of the
scabland are largely unfilled. Their making
was not fullawed by a dwindling flow of debris-
laden mcltwater incapable of keeping them
flushed out. Flow scems to have ceased
abruptly, For Grand Coulee’s basins, this may
have been causcd Ly an abrupt failure of the
Okanogan lole dam but not for the hundreds
of other cmpty Lacins in channcls of all ages in
the complex. If the scabland streams were
supplied by lake water, instead of mehivater
dircctly fium the ice, they would have had only
a minimum load. If they were supplicd Ly a
catastrophic failure of the Lake Missoula ice
dam, an abrupt cessation would be expectalle.

Ordinary valley trains along main scabland
channcls may have been deposited before
flouding or in intcrvals between some fluads.
But, il so, these were largely destroyed by
succeeding flovds. None was made after the
last flood to traverse any one channecl.

All features of the Columbia plateau scab-
land are too intricately interrelated to dream of
unlike agents or markedly dificrent scgucnces
for diffcrent parts. If any theory is correct for
the Cheney-T'ulouse tract, it is correet also for
Crab Creck, Grand Coulce, Quincy basin,
Othcllo Channcls, 1'asco Basin, and the Co-
lumbia Valley farther downstrcam.

However plausible the fill-and-cut or ice-jam
theorics may Le in any particular place, they
must be equally applicable everywhere in the
complex. The writers are confident that only
the floed theory can successfully mecet this test.

REecariiviaiion or INFERRED Iis10RY

(1) Miocene basalt flows (Columbia River
formation) spread widely over, and almost com-
pletcly buricd, a mildly rugged topography of
ancient crystalline rocks. Alung the castern and
northern margins, bounded by highlands of
these rocks, isolated peaks and ridges projecied
through the bLasalt and tongucs of basalt pene-
trated back into deep valleys in the highlands,

(2) Lacustrine and fluvial sediments (§llens.
Lurg, Latah, Farly Ringold) were spread over
at lcast puarts of the region.

(3) Snake and Columbia rivers established
courses across the Lasalt plain,
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(1) Uplift with deformation down-tilted the
region southwestward, warped and locally
folded and faulted the basalt. These structures
are strongly cxpressed in present toposraphy.
Snake and Columibia rivers held antecedent
courscs acruss some of the local uplifts.

(5) Weathering and crusivn occusred.

(€) Later (?) Ringold scdiment (Pleistocene
lacustrine) was deposited on the eroded surface
in the largest of the warped basins (Pasco), in
southwestorn part of the region.

(7) Lan s was depunsited on the plateau con-
comitant with cuntinued crosional develop-
ment of Coulumbia, Spokane and Snake valleys.
Weathared zunes and caliche layers in the locss
record pauses during accumulation. Caliche
developed also on basalt and sedimentarics
where not locss-covered.

(S) Glaciativa occurred. Canadian Cordil-
leran ice reached the northern cdge of the
platcau perhaps two or three times during the
Pleistocene. ;

(9) Glacial water crossed the plateay when
the deep Coluimnbia valley along the high
northern edze was blocked by lobes from
northera highlads.  DPerhaps  valley-train
gravels were deposited in valleys across the
plateay, their remnants now lying at or above
upper limits of scalland gravels, or buried
bencath them.

(10) Dan:ming of Clark Fork and tributary
valleys in Muorana by 2 Cordilleran lohe in
Purcddl trench formed Glacial Lake Missoula.
The Colunibiz valley was dammed by a similar
lolie in Obanogan trench, presumably during
Wiscunsin time,

(11) The Lake Missoula dam failed before
water F2d ricen to the lowest col in Bitterroot
Range. The lukic’s lizhest surface was abuut
4200 fuct AT, its ¢ close to ! was
2000 fect. A recorded catastrophic emptying

of Clark Fork portion demands similar empty-
ing of the cntire water body down nearly to
2500 feet A.T. This water escaped south-
westward dovn Spokane Valley toward heads
of sralland chanucls. Upper limits of channcl
heads ranze abwut 30 feet on cither side of
2500 fcct AT,

(12) Thc great volume of glacial-lake water
discharging dewn the dip slope of the platcau
etuded its pre-existing minor valley system,
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chiclly in locss, into a network of scabland
buttes and ruck basing in subjacent basalt. Tn
deeper of Lroader places, depusits of Lasahic
and caliche gravel grew into huge bars. Sume
de wovo divide crossings made Ly the flood
became cataracts hundreds of feet high; Grand
Coulce is the outstanding example. Depth and
vclocity (because of volumc) enabled these
rivers to quarry large columnar masses of
essentially fresh Lasult and transport them
for miles. Giant curreat ripples left on bLar
summits indicate depth of rivers to have Luen
considerably greater than heights of bars.

.Y (13) Repeated reconstruction of dam with
repetition of dam [ailures and conscquent
floods took place.

(34) Decpening of some channcls in basalt
during later floods allowed scarping of burs
already formed and growth of lower bars cluse
to scarp bases. These also have great cunient
ripples. In Quincy basin, adjacent Columbia
valivy, and cnvirons, seven successive floods
are recordud, five of them while the Okanogan

lobe dam (forced the discharge to cross the -

plateau Ly way of scabland channcls.
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