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CHAPTER 17

Late Wisconsin Cordilleran Ice Sheet and Colossal Floods
in Northeast Washington and North Idaho

RICHARD B. WAITT, ROY M. BRECKENRIDGE, EUGENE P. KIVER,
and DALE F. STRADLING

Starters

Mapping the south limit of the late Wisconsin Cordilleran ice
sheet through northeast Washington and north Idaho is tangled
by older drift, by hummocky landslides that mimic drift, and
by immense floods that swept the area (Fig. 1). Late Wisconsin
means 20,000 to 12,000 C yr BP (~24-14 ka calibrated) (Booth
et al. 2004), marine isotope stage 2 (Lisiecki and Raymo 2005,
their Fig. 5). We report late Wisconsin effects, but great-flood
deposits as old as 780,000 years (Bjornstad et al. 2001) hint of
a long series of glaciations.

Previous and Present Work

Table 171 summarizes previous investigations. From the 1880s
to the 1950s, the late Pleistocene glacial limit had been drawn on
the Columbia plain 10 to 30 km south of Spokane (Large 1922;
Bretz1923; Flint 1936, 1937; Alden 1953; Bretz et al. 1956}, In all
his famous reports, ] Harlen Bretz imagined his great Spokane
Flood emerged from an ice margin well southwest of Spokane.
Paul Weis and colleagues redrew a "late Pleistocene” (Weis and
Richmond 1965} or “Bull Lake” (Richmond et al. 1965) glacial
limit east of Spokane 12 to 25 km behind the earlier boundaries
and a Pinedale (late Wisconsin, MIS 2) limit 58 km farther upval-
ley2 They reinterpreted gravel along the floor of Rathdrum—Spo-
kane valley deposits of a Lake Missoula flood, but gravel and sand
blocking side valleys remained as glacial moraines, kames, and
outwash (Weis and Richmond 1965; Weis 1968; Conners 1976).
We reinterpreted many gravel and sand bodies along Rath-
drum-Spokane valley as catastrophic-flood bars and redrew
some late Wisconsin and older glacial limits (Kiver et al. 1979;
Waitt and Thorson 1983; Waitt 1984). Bulky deposits along the
south side of upper Spokane valley mapped out as primary flood
bars (Breckenridge and Othberg1998a, 1999a), while 1-D numer-
ical modeling showed peak discharge down this main floodway at
Jeast 17+3 million m*/sec (O'Connor and Baker 1992). Our field

mapping substantially modified Richmond and other's (1965).
Kiver and Stradling contributed to large-area maps {Carraraetal.
1995, 1996). Qur ice limits have appeared in compilations (Rich-
mond 1986; Stoffel et al. 1991), but littke of the evidence and ratio-
nale published.

Distinguishing Glacial, Catastrophic-Flood,
and Mass-Wastage Effects

Bretz documented a bizarre ensemble of landforms in the Chan-
neled Scabland orders of magnitude larger than fluvial features
elsewhere on Earth (Bretz 1923, 1925, 1928a, b, 1929, 1932). His
controversial interpretations eventually held {Bretz et al. 1956;
Bretz 1959, 1969; Baker 1973; Baker and Bunker 1985). Except
for their outlandish dimensions and grain sizes, his described
landforms resemble channel bedforms after river floods: anas-
tomosing subchannels, recessional steps, raggedly scoured rock,
potholes drilled into rock, round-topped bars, and curyent ripples.

Similar suites of flood landforms and deposits mark other
megaflooded terrains. They include outlet paths from glacial
Lake Agassiz and pluvial Lake Bonneville; paths from an ice-
dammed lake in the Altai Mountains in Siberia and a subgla-
cia] lake in northeast Iceland; and the English Channel (Kehew
and Lord 1986; Teller 2003; O'Connor 1993; Carling et al.2002;
Waitt 2002; Gupta et al. 2007).

Qur area along and northwest of Rathdrum-—Spokane val-
ley lies outside the Channeled Scabland but within limits long
thought glaciated (Fig. 17.2). Unlike the grassed plains of the scab-
land, this area is mostly forested mountains. It is underlain not
by jointed basalt but by granite, gneiss, and quartzite (Stoffe] et
al. 1991; Miller et al. 2003; Lewis et al. 2008).

Mass-wasted drift can masquerade as primary glacial drift.
Sharp (1960} found debris-flow deposits containing striated
stones to be “more Iike till than till itself.” Some ridges bear-
ing striated stones in New England uplands once thought glacial
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TABLE 17.1. Salient glacial and flocd geology in northeast Washington and north Idaho.

Author (issue date)

Topic

Pioneering reconnaissances

(1880s to early 1920s)

Large (1922); Anderson
{1927)

Bretz (1923, 1925, 1928a, b,
1932)

Flint (1936, 1937)

Pardee (1942)
Park & Cannon (1943)
Alden (1953)

Bretz et al. (1956); Bretz
(1959,1969)

Becraft & Weis (1963);
Becraft (1966)

Richmond et al. (1965)

Woeis & Richmond (1965);
Weis (1268)

Walker (1967)
Baker (1973)
Conners (1976)*

Waitt (1982,1987)

Waitt (1980

Waitt and Thorson (1983)
Waitt (1984)

Clarke (1984)
Waitt (1985)

Atwater (1984, 1986, 1987)

Richmond (1986)

Kiver & Stradling (1988,
200D~

Breckenridge (1989)*
Busacca et al. (1992)
Q'Connor and Baker {1992)

Glacial border inferred by Chamberlin, Salisbury, Leighton, Leveritt, Calhoun, Pardee,
Bryan, Willis, Russell, Smith, and Calkins, but no hint of cataclysmic flood

Glacial border and stream derangement inferred in Spokane area and north Idaho

Story of a colossal ‘Spokane Flood' down Channeled Scabland and Columbia valley:
glacial border far south

Review of glacial limits and drift deposits across eastern Washington; glacial border
set well south of Spokane

Evidence that glacial Lake Missoula discharged catastrophically
Geology and map of Metaline area

Long report with geologic maps of glacial geology, western Montana and north Idaho
{fieldwork 1921-1938)

After 1920s-1940s criticism, vindication of argument for immense flood: suggestion
of several great floods; glacial border still far south

Geologic maps (including surficial deposits) in lower Spokane valley and adjacent
Columbia-Enterprise valley

Borders of Cordilleran icesheet and glacial lakes compiled in northern Washington,
[daho, and Montana

Ice sheet limits to much farther north than earlier inferred; evidence of great flood
down Spokane valley

Evidence of glacial lakes in northeast Washington and north idaho
Quantified Bretz's qualitative treatments of one colossal flood

Glacial geology of north Idaho and Washington (thesis); floed down eastern spillways,
but Rathdrum vailey margins thought giacial

1970s mapping of ice margins and megaficods down capacious northwest segment
of the Columbia

Evidence for dozens of successive Missoula megafloods through Channeled Scabland
and Columbia valley

Synopsis of Cordilleran ice margins and Missoula floods effects

Stratigraphic and geomorphic evidence that many huge Missoula floods swept
deeply through valleys in north Idaho and northeast Washington

Numerical model for glacial Lake Missoula escaping beneath ice dam

Evidence for scores of separate celossal jdkulhlaups across region; elaborated
icelandic model as cause of repeated floods

Detailed stratigraphic history of 89 repeated Misscula floods invading upper
Columbia and Sanpoil valleys; history of fluctuations of Okanogan lobe and glacial
Lake Columbia

Correlations of Cordilleran ice sheet deposits northeast Washington and north Idaho,
including ice limits of present authors

Glacial and Missoula-flood deposits Spokane-Cheney area

Glacial lakes and ice margins in north Idaho and adjacent Montana
Evidence of pre-Wisconsin cataclysmic backfloods east from Channeled Scabiland

Numerical model showing largest Missoula flood discharged at teast 17 million m3/s
down Rathdrum valley

(continued)
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TABLE 17.1. {continued)

Author (issue date) Topic

Carrara and Trimble (1992); Surficial geologic map of Colville and Pend Oreiile valleys: limits Cordilleran icesheet,

Carrara et al, (1985, 1996)
Waitt (1994)*

deglaciation before 12,000 “C yr BP

Regional field tour and update on scores of Missoula megafloods

Kiver and Stradling (1995)* Quadrangle maps delineate landslide, glacial, and Missoula-flood deposits along

upper Columbia valley

Breckenridge and Othberg Surficial geologic maps of Rathdrum and upper Spokane valleys

(1998a,b; 1999a,b,c)
Shaw et al. (1999)
L.ake Missoula

Atwater et al. (2000}
and sedimentology

Stradling et al. (2000)*

Bjornstad et al. (200D
Washington

Lewis et al. (2002)
flood deposits

Smyers and Breckenridge

Casual inspection; deny more than one great flood and deny main source was glacial

Rebuttal of Shaw et al. (1999), showing they ignored almost all published stratigraphy

Geology of Calispell area of Pend Oreille valley

Evidence of pre-Wisconsin catastrophic flooding as old as 780,000 vears in southern

Geologic map of Rathdrum valley and Cosur d'Alene area, portraying many Missoula-

Geology of east part of Purcell Trench ice sheet lobe and glacial Lake Missoula, north

(2003) ldaho and adjacent Montana
Burmester et al. (2004a,b,c) Geologic maps of Clark Fork and adjacent area, north Idaho

Waitt et al. (2009)

Denlinger and O'Connelf
(2010) Shaw et al. (1999)

Update of regional 1994 field tour on megafloods; two-dimensional flood modeling

Two-dimensional hydraulic modet of a typical large Missoula flood; further refute

‘Reports not in general circulation or in most research libraries.

moraines prove instead to be debris flows shed anciently from tili
(Waitt and Davis 1988).

Older Drift

Patchy drift of highly weathered and cracked stones lies beyond
the limits of late Wisconsin drift in Pend Oreille, Little Spokane,
Enterprise, and Columbia valleys. The drift bears a slightly argil-
lic soil and overlies decayed granitic and gneissic bedrock. Such
strong weathering indicates an age much older than late Wiscon-
sin, likely of marine oxygen isotope stage 6 (age 130-160 thou-
sand years) or earlier. Radiocarbon ages in British Columbia seem
to preclude a mid-Wisconsin ice sheet between 25,000 {~29.7 ka
cal.) and 65,000 years ago {Clague 1980).2

Late Wisconsin Setting

Late Wisconsin Cordilleran ice flowed south along main valleys
(Fig. 17.2). Radiocarbon ages in British Columbia {Clague 198C)
bracket ice sheet deposits between about 17,000 and 11,500 “C
yr BP (~20~13.4 ka cal.). The Purcell Trench lobe is proxy dated
by Missoula-flood radiocarbon ages of 15,000 to 14,000 yr BP
(~18.5-16.8 ka cal.), by an interbedded 13,500 yr BP (~16.5 ka
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cal.) Mount St, Helens ash, and by younger Glacier Peak (11,600
yt BP; ~13.4 ka cal.) ash (Waitt and Thorson 1983; Waitt 1985;
Atwater 1987; Carrara and Trimble 1992; Carrara et al. 1996;
Benito and O'Connor 2003; Clynne et al. 2008; Kuehn et al.
2009; Waitt et al. 2009).

Deposits we consider late Wisconsin are weakly weathered.
Crystalline-rock clasts are hard though pitted by granular disin-
tegration. Fine-grained metamorphic, volcanic, or dikerock clasts
have oxidation rinds thinner than 1 mm and are not permeated
by cracks. Capping soils are nonargillic, brown, and thinner than
75 cm. Such characteristics of other last-glacial drift in western
North America contrast with deeper weathering on older drift
(Colman and Pierce 1981, 1986; Birkeland 1999).

Cordilleran-ice lobes dammed Columbia River and tributar-
ies to form glacial lakes (Figs. 17.2 and 17.3). The Purcell Trench
lobe dammed glacial Lake Missoula to maximum altitude about
1280 m and glacial Priest Lake to 719 m. The Pend Oreille River
lobe dammed glacial Lake Clark to 750 m (Clark It Scotia high
spillway) but during deglaciation to 690 m (Clark I1: Davis spill-
way} and 648 m (Clark HI: Scotia low spillway). The Okanogan
lobe dammed glacial Lake Columbia briefly at 730 to 700 m but
mostly 480 to 530 m (raised by postglacial isostatic uplift in
upper Grand Coulee and upper Columbia valley).
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FIGURE 17.3, Longitudinal section of Missoula floodpath by a northern route: head of Rathdrum valley through Blanchard trough, Pend
Oreille valley, and Little Spokane drainage, to Spolane-Columbia valley showing altitudes of ice-dammed lakes. Peak megaflood surface
drowns river courses by 200-320 m. Contemporaneous peak-flood profile down the main Rathdrum valley is from O’Connor and Baker
(1992, their Fig. 9).

FIGURE 17.4. Aerial view south-southwest of upper Grand Coulee along the limit of the Okanogan Iobe of the
Cordilleran ice sheet that covered Waterville Plateau. Great Missoula floods carved enormous recessional cataracts
into the Columbia River basalt. Till-capped Steamboat Rock in midcoulee separated a duo of huge cataracts 240

m high, 6.5 km wide. Irregular topography in the lower right is granite exhumed beneath jointed basalt that

great floods quarried away. Scabland atop the east wall of the coulee (lower left) was the outlet of glacial Lake
Columbia—the course of Columbia River—when ice filled the coulee. Photo by R. B. Waitt, Aug. 1985.



Okanogan lce Stream and Lobe

From Canada, Cordilleran ice streamed down large valleys—
Okanogan, Columbia, and Purcell Trench—and radiated into
smaller lows. On the west the Okanogan lobe blocked Colum-
bia River, dammed glacial Lake Columbia, and diverted Colum-
bia River south through Grand Coulee. When the Okanogan
lobe at its maximum filled Grand Coulee's intake, glacial Lake
Columbia and Columbia River spilled along the coulee’s high east
rim (Atwater 1986). Missoula floods later eroded this spillway
to scabland (Fig. 17.4). The Okanogan lobe receded only slightly
for the lake’s spillway to drop to the coulee floor. At both levels
the lake inundated Spokane valley. Varves record the lake at its
low level (~505425 m) for millennia {Atwater 1986, 1987). Deltas
builtinto the river-lake in upper Grand Coulee show Cordilleran
ice lingered on the upland just west. When the Okanogan lobe
at last receded north of Columbia valley, glacial Lake Columbia
ended and the river returned to its normal course (285 m).

Coarse flood beds interbedded with varved lake beds show that
Lake Missoula and its great floods spanned 2000 to 2500 years
beginning about 15,500 yr BP (~18.7 ka cal.) and that dozens of
smaller floods followed colossal early ones. Hundreds of varves
atop the last flood bed show that glacial Lake Columbia outlived
* glacial Lake Missoula by centuries (Atwater 1986, 1987).

Columbia Ice Stream

Cordilleran ice farther east concentrated into the Columbia and
Purcell Trench ice streams that mountains further divided into
lobes along valleys.

Columbia Valley

DEPOSITS BEYOND LATE WISCONSIN LIMITS

Near the Spokane—Columbia confluence and up both valleys,
deposits of two glaciations intersperse with effects of colossal
floods through 430 m of altitude. The floods winnowed moraines
to boulder concentrations. Hummocky landslides off glacial drift
bear diverse stones and huge boulders and resemble primary till
and moraines.

The pre-Wisconsin ice limit lies just south of Spokane—Colum-
bia River confluence where Richmond and others (1965) drew it
but well north of limits drawn earlier (Bretz 1928a; Flint 1937;
Bretz et al. 1956) (Fig. 17.1}. Patchy weathered till and moraines
lie south of Columbia and Spokane Rivers, as on the northeast
side of Lilienthal Mountain. Till containing 3-m boulders 14 km
up Spokane valley has been reworked by Missoula floods. Most
of Becraft and Weis's (1963) extensive ‘glacial deposits undivided”
in Spokane valley seem Missoula-flood effects.

LATE WISCONSIN ICE LIMIT

The late Wisconsin limit of the Columbia River lobe had been
drawn on the basalt plain south of Columbia and Spokane Rivers
{Fig, 17.1). From Becraft’s (1966} mapping, Richmond and others

(1965) restricted this ice limit in Columbia valley to 6 km north
of Spokane River. We draw the limit enly 3 km farther north.
Dammed sidestreams register the south descent of this lobe—
from 650 m at Hunters Creek to 610 m at Wilmont Creek to 560
m at Ninemile Creek where waterlaid till and kame-terrace drift
mark the ice terminus in glacial Lake Columbia.

Till and kame deposits in Columbia valley merge east into a
bouldery lateral moraine that wraps around the north and east
of Miller Mountain (Becraft 1966) and merges with a bouldery
end moraine in west Enterprise valley (Fig. 17.2). lee in east Enter-
prise valley crossed a saddle south into Spokane valley (Kiver
and Stradling 1995}. Scant weathering and nonargillic soil show
the drift late Wisconsin. Weathered till, thick argillic reddish
soils, and weathered bedrock outside this limit bespeak a much
older landscape.

On Columbia River's northwest bank 7 km south of the late
Wisconsin ice limit, mixed-lithology diamict contains striated
stones and boulders as large as 3 m, resembling primary till. It
lies between and atop openwork gravel whose foreset beds dip
upvalley, deposits of great backfloods. Unlike drift upvalley, this
diamict and gravel is not capped by glaciolacustrine mud. We
infer the diamict as postglacial debris flows sloughed from pre-
Wisconsin drift, Similar deposits with moraine-like topography
and a weak nonargillic soil He at altitude 570 m on Columbia
valley's southeast bank near the Spokane confluence. Waist and
Thorson (1983} inferred these lumpy deposits containing striated
stones as late Wisconsin till. But Kiver and Stradling’s mapping
confirms highly weathered drift south of last-glacial moraines at
Miller Mountain, Hummocky dizmicts much farther south can
only be landshid old till.

RECESSION OF LOBE

Landforms and deposits delineate four stands of the ice margin
during its retreat up Columbia valley {Fig. 173). North of Hunters
a lateral moraine at 585 m holds in Clark Lake on the east valley
side and grades south to kame-and-delta deposits on both val-
ley sides. A large recessional kettled moraine near Colville River
confluence deranged Columbia River westinto a tributary (Ket-
tle River) where the superposed river tumbles over Kettle Falls
(Fig. 17.2). After a 7-km retreat the ice stood north of Marcus to
build kame-delta gravel atop hummaocky moraine and compact
tifl. Kames and kettles near Northport mark a later stillstand.
Terraces underlain by clayey varves below 515 m reach far up
Columbia valley. These isostatically raised deposits record distal
reaches of lengthening glacial Lake Columbia and a younger drift-
dammed lake far downvalley near Chelan (Waitt 1987, 1994).

Colville Lobe

A kettled stagnant-ice moraine near Springdale marks the south
limit of the Colville lobe, an east arm of the Columbia icestream
(Figs. 171 and 17.2). Outwash descends from the moraine south
along Chamokane valley to Spokane valley. South-sloping out-
wash dams Deer Lake and Loon Lake in eastside tributaries. Flint
{1936) thought these landforms and deposits a recessional stand

l.ate Wisconsin Cordilleran lce Sheet and Floods | 239



far behind his inferred last-glacial drift limit on the Columbia
plain (Fig. 17). But this drift bears scarcely weathered stones and
acapping nonargillic brown soil. We concur that the Springdale
moraine marks the last-glacial limit (Richmond et al. 1965; Waitt
and Thorson 1983; Carrara et al. 1995, 1996),

Most gravel and erosional landforms in Spokane valley near
Chamoliane Creek once thought pre-Wisconsin glacial effects
(Becraft and Weis 1963; Richmond et al. 1965) we think formed
by cataclysmic flood. North of Springdale, three kame-kettle
moraines mark recessional stands (Fig. 17.2). After each still-
stand or readvance, the ice terminus stagnated.

Pend Oreille River Lobe

LATE WISCONSIN ICE LIMIT

The Pend Oreille River lobe reached up the valley nearly to New-
port. [ce sloped south from about 2120 m at the international
boundary to 1400 m 60 km farther south and to 800 m west of
Newport. Beyond and above these limits decayed gneissic and
granitic bedrock reveals a much older surface. Drift below these
limits contains scarcely weathered stones, and the capping soil
isbrown, nonargillic, and thinner than 75 cm. This drift and ice-
marginal channels outline the late Wisconsin ice limit. Carrara
and others (1995, 1996} included details of Kiver and Stradling’s
1990s mapping.

The south limit of last-glacial till and coarse outwash lies along
the divide between Pend Oreille and Little Spokane drainages.
An arcuate moraine of stony drift hems in Mountain Meadows
Lake. A similar moraine in the small valley just east extends
east 5 km to the north flank of Saddle Mountain. The ice limit is
less clear in Davis trough farther west where it was later eroded
by great floods. A left-lateral moraine with striated stones lies at
altitude 850 m 5 km northeast of Sacheen Lake, and the south
limit reaches the lake (681 m).

On the northeast side of Pend Oreille River valley the surface
of 2 huge gravel body descends southeast 185 m upvalleyward
across 15 km and dams Bead, Marshall, Shearer, and Freeman
Lakes (Fig. 17.1). The scarcely weathered gravel is capped by thin
brown soil. Alden (1953) inferred the deposit glacial. Jts southeast
slope and patchy till reveal it as kame terrace and outwash, and its
height corresponds with the thin moraines and till on the south
valley side (Carrara et al. 1995). This outwash merges east with
outwash sloping west downvalley from the Purcell Trench lobe.

The twao ice lobes (Purcell Trench, Pend Oreille River) from
opposite directions nearly met. In between, their meltwater gla-
cial Lake Clark I) could drain only over the divide south. West-
ern meltwater of the Pend Oreille River lobe drained south from
Davis Lake to Eloika Lake. Cataclysmic Missoula floods later
stuiced out both cutlets. A floodcut channel across the divide to
Scotia became glacial Lake Clark'’s last spillway.

RECESSIONAL STANDS

The Pend Qreille River lobe paused or re-advanced thrice dur-
ing its recession. Arcuate moraines around Calispell Lake {Fig.
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17.2) had been inferred “late Pinedale” age behind an “early Pine-
dale” ice limit 30 km farther south (Richmond et al. 1965). The
Calispell area was eroded by cataclysmic floods whose patchy
deposits bear scarcely weathered stones and loose brown soil.
But till and glaciolacustrine mud in Calispell moraine contain
deeply rotted stones and a thick, reddish argillic soil (Stradling
et al. 2000). These so contrast with clearly last-glacial drift
farther north that Waitt and Thorson (1983) and Waite (1984)
thought this moraine much older. But fresh drift having since
been mapped to the south, as at Mountain Meadows Lake, the
weathered-locking drift at Calispell Lake must derive from the
weathered Eocene bedrock. The Calispell moraine can only mark
a late-Wisconsin recessional stand.

A recessional stand near Blueside is defined by many ice-
marginal channels whose upper limit descends along both val-
ley sides from altitude 915 m near lone to 700 m 25 km far-
ther south. Till merging south into voluminous outwash north
of Metaline Falls registers a third stand (Fig. 17.2). This outwash
dams Sullivan Lake in an ice-gouged east tributary. Along the
main valley, outwash merges south to a terrace of lacustrine silt
at 650 to 645 m. So the Metaline stand coincided with glacial
Lake Clarlc I that drained through Scotia low spillway (Fig. 17.3).

OLDER DRIFT BEYOND LATE WISCONSIN ICE LIMIT

Scattered coarse diamict containing subrounded stones lies well
south of our late Wisconsin drift limit. A diamict belt studded
with 2- to 6-m boulders south of Flotka Lake seems a pre-Wis-
consin moraine beveled down by Missoula floods. Many of its
boulders and cobbles of quartz diorite and gneiss are friable and
under a hammer punky. Most granitic clasts are weathered, some
deeply rotted even to grus. Some quartzite, argillite, and other
fine-grained clasts fall apart along deep cracks. This degree of
weathering resembles that on pre-Wisconsin drift in the east-
ern Cascade Range and in central Idaho and Tahoe and Bull Lake
drift broadly in western United States. Such deposits have been
dated between 70,000 and 160,000 years, marine oxygen iso-
tope stages 4 and 6 (Porter 1976; Waitt 1579; Porter et al. 1983;
Scott et al. 1983; Colman and Pierce 1981, 1992; Birkeland 1999;
Kaufman et al. 2004).

Purcell Ice Stream

Purcell Trench Lobe

The late Wisconsin Purcell Trench ice stream divided along val-
leys off Lake Pend Oreille basin. These ice tongues flowed west
down upper Pend Oreille River valley, southwest into Hoodoo
and Cocolalla valleys, and south down the fjordlike lake trough
toward Bayview (Figs. 17 and 17.2).

Moraine, terraces, grooved whalebacks, and ice-marginal
channels delineate the limit of the ice-sheet distributary in upper
Pend Oreille River valley. The upper limit of dammed tributar-
ies descends from 1300 m near Sandpoint to 760 m (nearly the
valley floor) 7 km west of Priest River confluence (Fig. 17.2)—13
km beyond the limits of Richmond et al. (1965). Compact till



FIGURE 17.5. Digital Elevation Model map
of upper Rathdrum valley showing effects
of Missoula floods that flowed from Lake
Pend Oreille basin (P) through Rathrdum
valley to dam Spirit Lake (SL), Twin Lakes
(TL), Hayden Lake {HL), Cocur d‘Alene Lake
(CdA), and Hauser Lake {Ha), eroded east
flank of Lone Butte (L) and west valley wall
near Rathdrum (R), and spilled northwest
down Blanchard (B) trough. Depositional
lineations show that the largest floods that
deposited the highest bars issued mainly
from the Idlewilde arm (1) of Pend Oreille
basin (black paths). Channels show that
somewhat smaller, later floods issued mainly
from the Scenic {5} arm of basin (white
paths). Only the later, smaller floods flowed
down Hoodoo trough {(Ho), once a north-
receding ice lobe unblocked it. Below Coeur
d‘Alene Lake the valley holds Spokane River
{Sp} and farther down called Spokane valley.

Idaho Geological Survey DEM base.

containing striated stones lies within 5 km of this inferred end
position. Lateral moraines block tributaries on both valley sides,
including Priest vailey’s mouth.

We disagree with Richmond's (1986) joining the Pend Oreille
River and Purcell Trench lobes and with his south extension 10

km up Blanchard trough to Tweedie. Highly weathered bedrock
at low levels argues against late Wisconsin ice in Tweedie val-
ley. But floored partly by gravel, the valley did convey Missoula
megafloods.

The upper limit of south-draining ice-marginal channels and a
moraine on valley sides near Hoodoo Lake outline that sublobe.
Its terminus south of Clagstone lies beneath a floodswept gravel
plain. Compact till lies on the north floor of Cocolalla trough.
Moraines 5 to 7 km northwest and west of Careywood outline
that sublobe. A moraine arcdescends from 1050 m to 805 m west
of Beaver Lake and must have reached south to Kelso and Gran-
ite Lakes, later swept over by deep megafloods.

The great south tentacle of Purcell Trench ice gouged a deep
trough with truncated side spurs, the basin now holding Lake
Pend Oreille. The upper limit of ice near Clark Fork, Idaho,
exceeded 1350 m. The upper limit of dammed tributaries and

beveled spurs descends west from altitude 920 m near Bernard
Peak to 735 m on the valley floor 8 km southwest (Fig. 17.2).
Till along the southwest lakeshore along Scenic and Idlewilde
arms (Fig. 175) and in well cores 1 to 2 km west show the gla-
cier terminated beyond. A drift ridge reaching several kilometers
west of Lake Pend Oreille and pocked by a dozen large kettles
seems in form more a megaflood bar than moraine, The melting
of great bergs stranded during flood outbursts probably formed
the kettles,

Priest Valley

The Selkirk Mountains surrounding Priest River drainage
restricted Cordilleran ice, but it overflowed through several cols
(Fig. 17.2). The limit of valley-floor moraines and kames lies 2
lim south of Priest Lake that is dammed mostly by outwash.
Sharp spurs and knolls projecting above valley-floor alluvium
farther south are not a glacial landscape, and lower Priest valley
is free of till. This outwash alluvium grades downvalley toward
the moraine across Priest valley’s mouth. This moraine of till
and stratified gravel had been thought the terminus of Priest val-
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ley ice {Alden 1953; Richmond et al. 1965). But it descends from
the east and is instead the drift limit of the Purcell Trench lobe.

Till in the valley-mouth moraine grades up Priest valley into
sandy gravel, gravelly sand, sand, and layered mud—an upvalley-
fining facies tract. The layered mud containing scores of annual
varves records many decades of glacial Priest Lake dammed by
this moraine. The layered mud undetlies a nearly flat surface at
and below the 719-m level of the moraine’s former low point.

Anarmof Purcell Trench ice crossed the divide west into lower
Priest River valley through 2-km-wide Happy Fork Gap (Fig. 17.2)
and scoured it into subparallel, grooved rock ridges. This small
glacier spread west onto Priest valley floor, its moraine enclos-
ing Blue Lake.

Lake Missoula Floods

The late Wisconsin Purcell Trench ice lobe dammed glacial Lake
Missoula as high as about 1280 m and as deep as 655 m (Pardee
1942; Bretz etal. 1956). The lake 0f 2500 km>—the combined vol-
umes of present-day Great Lakes Erie and Ontario—discharged
cataclysmically through the ice dam and across eastern Wash-
ington. These immense floods enlarged small preglacial val-
leys into gigantic scabland channels, crossed divides between
drainages, deposited huge gravel bars, and mantled some with
giant current dunes—famed features of the Channeled Scabland
and Columbia River valley {Bretz 1928a, 1932, 1959; Bretz et
al. 1956; Baker 1973; Waitt 1982, 1987: Baker and Bunker 1985;
Waitt et al. 2009). Some 90 great Missoula floods fled beneath
the ice dam (Waitt 1980, 1984, 1985; Atwater 1986; Benito and
O'Connor 2003).

Most of the water poured to the Channeled Scabland via Rath-
drum valley (Figs. 17.2, 17.3, 17.5, and 176), where 1-D numerical
modeling yields peak-flood discharge as much as 20 million m?/s
(O'Connorand Baker 1992). Remove tens of meters of gravel laid
by the later, smaller floods and modeled flow is higher; a round-
about route north of Rathdrum valley adds more, Peak discharge
computes as high as 25 million m*/sec through Eddy narrows
in Lake Missoula basin (J. E. O'Connor, USGS, aral and written
communs., 1998-2005). Summed discharges through simulta-
neously flooded large channels, and 2-D modeling, require peak
inflow above 24 million m?/s (Waitt et al. 2000; Denlinger and
O’Connell 2010). These are Earth's largest known freshwater
discharges.

Rathdrum and Upper Spokane Valley

Rathdrum-Spokane valley narrows from 14 km wide near Lake
Pend Oreille to 6 ki near Spokane (Figs. 17.5 and 176). Some
100 to 130 m of Missoula-floods sand and gravel fill its lower
reaches and harbor the region’s main aquifer (Molenaar 1988).

EROSIONAL EVIDENCE

Erosional landforms show the largest Missoula floods submerged
Rathdrum valley by at least 200 m. The gneissic-rock monolith
Lone Butte, protruding flood gravel east of Twin Lakes, is stripped
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of regolith and eroded along joints into scabland topography as
high as 130 m (Fig. 177). The south side of Spokane valley's Black-
well, Carlson, and Dishman Hills is stripped of regolith as high
5130 m, the lower halflocally excavated into sharp ravines hun-
dreds of meters long and tens of meters deep. Water spilled south
across the divide through Mica gap (755 m) (Fig. 17.2) toward the
Channeled Scabland (Breckenridge and Othberg 1998a, 199%a;
Lewiset al. 2002). O'Connor and Baker {1992, their Fig. 7} sum-
marize the high-water evidence.

DEPOSITS ALONG VALLEY CENTER

Gravel along the wide floor of Rathdrum—Spokane valley (Figs.
175 and 17.6), once thought conventional outwash (Flint 1936;

* Bretz et al. 1956), was reinterpreted as catastrophic-flood deposit

(Weis and Richmond 1965; Richmond et al. 1965; Weis 1968).
The highest of the gravel lies generally near the valley axis;
moats along the sides collect sidestreams, especially Spokane
River draining from Coeur d’Alene Lake (Lewis et al. 2002). A
7-m scour fosse arcs around the upcurrent sides of a midvalley
bedrock knoll 6 km east of Twin Lakes, like many fosses around
obstacles in the Channeled Scabland and Columbia valley (Bretz
1969; Baker 1973; Waitt 1994),

A pit into a 10-km bar along the valley center 6 km east of
Rathdrum (Fig. 175) exposes 25 m of moderately sorted cobble
and pebble gravel with rare subangular granitic boulders as large
as 2.5 m. Two sets of foreset beds 10 m tall dip downvalley south-
west. The openwork texture in some beds, tall foresets, and large
boulders are unlike outwash but typify catastrophic-flood bars.
Forty kilometers downvalley, Acme gravel pit displays tall west-
dipping foreset beds of pebble-~cobble gravel containing rare boul-
ders as large as 3 m (Fig. 17.8). These two distant pits and others
show the upper 25 m of the valley fill comprises several layers of
foreset megaflood gravel. We disagree with Conners (1976} that
preflood outwask underlies the surface few meters.

Downvalley-facing steps 5 to 10 m high along central Rath-
drum-Spokane valley are multilobate and convex downvalley,
apparently the termini of gravel sheets beneath swift-flowing
water that submerged the whole valley (Fig. 176). In places the
valley floor is cut by gently sinuous, anastomosing channels as
much as 1.5 km long and 100 m and more wide, visible from the
air in low-angle light. Their radii of curvature far exceed pres-
ent-day Spokane River meanders and could only form when the
entire valley floor is awash.

A few areas of Spokane-valley gravel display glant transverse
current dunes such as adorn floodswept gravel bars in the Chan-
neled Scabland (Bretz et al. 1956; Baker 1973), By 1969 Paul ..
Weis (USGS, oral commun,, 1983, 2005) had noted a 3-km? field
of giant current dunes south of Newman Lake {town). Across
the valley inconspicuous current dunes lie near Liberty Lake,
and others at the foot of Beacon Hill 8 km northeast of Spokane.

DEPOSITS ALONG VALLEY SIDES

Gravel high on the sides of Rathdrum—Spokane valley had been
thought glacial and glaciofluvial {Flint 1936, 1937; Alden 1953;



Bretz et al. 1956)—even after valley-floor deposits were reinter-
preted as flood gravel (Weis and Richmond 1965; Richmond et
al. 1965; Weis 1968; Conners 1976). But giant carrent dunes and
other indicators of catastrophic floodflow mark some of these
deposits {O'Connar and Baker 1992; Breckenridge and Othberg
1999¢). Soils on deposits along the margins of Rathdrum-Spo-
kane valley are nonargillic, loose, lack a platey petrocalcic hori-

zon, and measure less than 75 cm thick—characteristics of late
Wisconsin soils, not the thick argillic or petrocalcic soils atop
older deposits (Porter 1976; Parsons et al. 1981; Waitt 1982; Col-
man and Pierce 1986; Busacca et al. 1992).

A broad gravel ridge containing angular 2- to §-m boulders
dams Spirit Lake and Twin Lakes on the west side of upper Rath-
drum valley (Figs.17.3 and 17.5). In pit openings the deposit con-
sists of matrix-poor pebble-cobble gravel in tall delta-like foreset
beds. Long fosses more than 40 m deep along the west side that
hold arms of Spirit Lake and Twin Lakes resemble fosses mar-
gining great-fiood barsin the Channeled Scabland and Columbia
valley (Bretz1928b; Bretzet al. 1956; Benito and O'Connor 2003;

FIGURE 17.6. Aerial view northward of upper
Rathdrum valley. From Lake Pend Oreille
most Lake Missoula floodwater swept
southwest toward the viewer. R, Rathdrum
{town); L, Lone Butte. The valley floor looks
fat but is laced with shallow channels (Fig.
17.5) and here shows meters-high lobate
depositional steps (arrows) facing down
valley. Photo by R. B. Waitt, July 1989.

FIGURE 17.7. Aerial view north of scabland
on jointed gneiss on the east side of Lone
Butte. Flood fiow plowed from upper right.
Photo by R. B. Waitt, July 1989.

Waitt et al. 2009). Giant current dunes 3 to 15 m high spaced 50
to 150 m embellish Spirit Lake gravel bar (Figs. 17.5 and 179).
A high pebble-cabble gravel bar reaches southwest from Lone
Butte where great flood had scabbed its east (Figs. 17.5 and 177).
Past workers thought such bodies Hlinoian or Bull Lake moraines
(Alden 1953; Richmond et al. 1965). But a thin brown s0il shows
their late Wisconsin age while the current dunes, deep fosses, and
pendant bars speak of prodigious floods.

The dune crests diverge across Spirit Lake bar—in the center
trend north, on the north trend northeast, and on the south trend
northwest (Fig. 179). Tall foreset beds on the bar's west dip west to
Spirit Lake. These transverse dunes and foresets record immense
flood westward from Lake Pend Oreille basin. The northwest trend
of dunes past Lone Butte reveals a colossal flow down Rathdrum
valley. North of Spirit Lake the northeast trend of giant dunes and
north-dipping foreset beds show flood flow also turned northwest.
This enormous flow across upper Rathdrum valley divided: most
poured south down Rathdrum valley, but huge discharges also
entered Blanchard (Spirit valley) and Hoodoo troughs.
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FIGURE 17.8. View north of Acme gravel pit
about 40 m deep near center of Rathdrum-—
Spokane valley east of Spokane in 1988,
Gravel foreset beds 20 m tall dipping west
indicate floodflow at least that deep. Phota by
E. P. Kiver, mid 1980s.

FIGURE 17.9. Giant current dunes atop the
bar damming Spirit Lake (in the distance).
These transverse dunes indicate a huge flow
to the right, northwest toward Blanchard
(Spirit) and Hoodoo valleys. Aerial view
southwestward. Photo by R. B. Waitt, July
1989.

Later flood flows eroded the upcurrent side of the great high
Spirit Lake bar and truncated its ends, An arcuate scarp 68 m high
truncates the pendant bar downcurrent of Lone Butte (Fig. 17.5).
The bar form of this low surface, its large boulders, and the great
size of truncation where no stream now flows show later flows
were also cataclysmic. About 4 km south of Twin Lakes village,
bedrock projecting through a low bar has a huge horseshoe fosse
around its northeast side.

Across each Rathdrum valley reentrant a streamlined broad-
crested ridge 1to 7 km long narrows and lowers southwest toward
the tributary’s downvalley wall. These deposits display openwork
gravel and sand in tall delta-like foreset beds dipping across and
up the tributary. These coarse pendant or eddy bars grade up the
tributaries into sand and dam several lakes, In northside tribu-
taries, bouldery gravel ridges dam Newman Lake, Hauser Lake,
and Hidden valley.

Along the southeast margin of Rathdrum-Spokane valley,
depositional slopes dam Hayden Lake, Coeur d’Alene Lake, and
Liberty Lake {Fig. 1710} in tributaries. Bouldery cobble gravel in
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Rathdrum valley grades lakeward to sand. The coarse deposits
display far-traveled 1 to 5 m boulders, percussion-marked stones,
large rip-up clasts of mudstone or loess, foreset beds meters tall,
and in spots giant current dunes. The end of a splaying pen-
dant bar dams Hayden Lake (Fig. 17.5). A gravel pit 2 km west of
Coeur d'Alene shows an arm of the deposit damming that lake
contains boulders as large as 6 m in gravel whose west-dipping
foreset beds reach severa] meters tall (Breckenridge and Othberg
1999c). The gravel bar hemming in Liberty Lake grades lakeward
to coarse and fine sand.

A pebble-cobble gravel bar sloping into the valley reentrant
below Liberty Lake (Figs. 171 and 17.2) had dammed shallow Sal-
tese Lake—drained by 1910 and since called Saltese Flats (Wal-
cott 1973). The upvalley dips of gentle foresets show a strong
current flowed up Saltese reentrant. This reenirant was no dead
end. Water flowed west through a high outlet 2 km wide. Giant
current dunes, 85 m apart and 5 m high, crown Saltese bar (Fig.
1711). This flow into the next-west reentrant overtopped the
divide at Mica and flowed south to the Channeled Scabland.



Patchy coarse flood deposit lies along both sides of Rathdrum~—
Spokane valley 60 to 70 m above the floor. Well-rounded pebble
gravel and sand lie at 700 m on Antoine Peak, and gravel contain-
ing angular granitic boulders as large as 1.5 m lies along Dish-
man Hills at 675 m. Similar coarse gravel lies in a pass between

Hauser and Newman Lakes and in the Mica channels. Their
abundant angular, local, large granitic and basalt-column boul-
ders, their rip-up clasts of Pleistocene loess and of the Miocene
Latah Formation, and their fines-poor, loose texture show their
deposition by fast water.

Below the low ridge west of Lake Pend Oreille’s Scenic arm,
no deposit along Rathdrum—Spokane valley has the form of a
moraine or terrace, nor the diamictic texture and or soled and
striated stones of till. An outwash train (Flint 1936; Alden 1953;
Weis and Richmond 1965; Conners 1976) would have flat-
topped paired terrace remnants descending the valley sides and
fills grading up each tributary. There are none. But peak floods
down the wide valley reached 100 to 150 m above these depos-
its (Fig. 17.3).

Pend Oreille River Valley and
Tributary Troughs

From the great bar damming Spirit Lake in the head of Rathdrum
valley, floodwater poured deeply north (Figs. 173 and 175) though
Blanchard trough (Spirit Valley) into Pend Oreille River valley.
After the Purcell Trench lobe receded east 18 km, Hoodoo trough
opened as a discharge route for later floods.

Gently sloping gravel and sandy gravel decorated in spots by
giant current dunes floor Blanchard trough. The northwest end
of a 40-km? gravel expanse 30 to 60 m above the valley's low dis-
plays giant current dunes 5 to 20 m high whose tall foreset beds dip
northwest. Huge paleocurrents toward glaciers in Pend Oreille val-
ley can't be from their outwash. This huge expansion bar formed
where colossal water pouring northwest through the trough, only
3 km wide at Blanchard, expanded to 9 lem near Newport.

A narrow channel and scour depression across a spur 2 km
west of Trask Pond reveals that floodwater above altitude 800

FEGURE 17.10. Aerial view southward
showing Liberty Lake and Carlson Hills (on
west), From Rathdrum-Spokane valley, a
tengue of flood deposit descends uptributary
to dam the lake. From coarse gravel in
mainvalley, deposit grades to sand in middle
ground and to silt near the lake. West-
trending giant current-transverse current
dunes in sand facies also show southward
flood flow. Photo by R. B. Whaitt, July 1989.

m poured north over a divide to Spring valley. At the head of
Spring valley (Fig. 17.1), this water in turn overflowed the west
divide, the trough leading southwest being eroded into shallow
scabland to altitude 800 m. This scabland extends west to the lip
of a ragged dry cataract holding Lake of the Woods. The lower
end of this plunge pool is banked by a bar 1.1 km wide and 50
m high of chaotic gravel holding angular 1.5-m granite boulders
(Fig. 1712). This floodswept trough fed water to Scotia trough.
Later smaller floods breached the bar into a channel 200 m wide.

The huge deposit in Pend Oreille River valley damming Bead
and other lakes we interpret as mainly kame and outwash along
the Pend Oreille River lobe. Yet surface exposures below 775
reveal maderately sorted, clast-supported, partly openwork
gravel mainly of angular local quartzite and hornfels but also 1
to 2 percent rounded quartzite and granite, as in Purcell Trench
drift to the east, In a gravel pit at 650 m near the deposit's base,
foreset beds dip northwest. Some rounded, hard clasts are broken,
and these surfaces abraded—like broken rounds in Snake val-
ley bars cited as evidence their last transport was violent (Bretz
1929, 1969).

And so the lower riverward slope of this deposit seems swept
by catastrophic flood. Angular debris was available just south-
east in loose talus in a valley constriction. And a pendant bar
with west-dipping foreset beds splays northwest from Cooks
Mountain at altitude 730 m just downvalley of a valley nar-
rows. After the Pend Oreille River lobe had retreated, floodwa-
ter could sweep partway down this valley. The Cooks Mountain
bar and the gravel atop parts of the Marshall-Bead kame sug-
gests flood(s) carried gravel to high levels {Fig. 17.3). Because the
valley remained blocked to the north by receding ice, floodwater
at least 220 m deep poured south over the divide into Spokane
drainages (Fig. 17.3).

Several round-topped gravel mounds along upper Pend Oreille
Rivervalley well inside the limit of the Purcell Trench lobe expose
tall foreset beds dipping steeply downvalley northwest. They show
that after this reach deglaciated, smaller Missoula floods poured
down a valley segment denied to easlier great floods that could
only skirt through Blanchard and Hoodoo troughs (Fig. 17.2).
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Little Spokane Drainage Basin

Two bedrock channelways cross the upland divide south from
Pend Oreille River to Little Spokane drainage (Fig. 17.2). The
wider west one comprises several anastomosing channels. It
skirts the Calispell Lake moraine and includes several deep rock-
bound depressions occupied by Davis Lake (as deep as 45 m),
Sacheen Lake (12 m), Trout Lake (52 m), Little Lost Lake (30 m},
Horseshoe Lake (43 m), Fan Lake (23 m), Eloika Lake (5 m), and
many ponds (depths from Wolcott 1973). The sharp east channel-
way passes through Scotia. A narrow reach of rockbound depres-
sions holding Chain Lake is scoured 37 m deep but only 180 m
wide. Fresh rock unmantled by regolith lines both the Davis—
Eloika and Scotia channelways. These hard-rock tracts contrast
with the weathered rock and grus regolith of higher areas.
Narrow reaches of the Davis—Eloika channelway—along and
south of Davis Lake, Sacheen Lake, and Horseshoe Lake—are
stripped of regolith and expose mostly undecayed rock capped by
patchy poorly sorted sand and gravel. Within these stripped tracts,
the rock is eraded to small basins and intervening buttes elongate
with the channelways. These butte-and-basin tracts indistinctly
resemble scabland in jointed basalt on the Columbia plain.
Downcurrent of Sacheen Lake a sharp horseshoe cataract 60
m high and 1.5 km wide heads a compound recessional gorge
(Fig. 17.13). It's sized like elements of Staircase Rapids and other
alcoves in the eastern Channeled Scabland but a miniatare of
dry western cataracts like Dry Falls and Potholes. Below the lip
of Horseshoe cataract, a pothole (Devils Well) 12 m wide and 15
m deep also attests to former extreme discharge. At the cata-
ract’s base, the plunge pool occupied by Horseshoe Lake divides
downchannel into arms separated by a sharp bedrock ridge, the
cataract having receded as a duo. For 7 km down valley, the chan-
nel floors are rock basins and midchannel buttes. This scabland
topography in undecayed rock is better formed than anywhere
else beyond the basalt margin. Like columnar-jointed basalt that
aided erosion of the Channeled Scabland, bedrock greiss and

FIGURE 17.12. Angular boulder-gravel of
a deeply incised flood bar in the Tweedie-
Chain channel down-cugrent of Lake of
the Woods. Visible part of shovel (arrow)
against a large boulder is 0.9 m long.
Photo by R. B. Waitt, Sept. 1989.

quartzite along Horseshoe Lake trough divides along closespaced
joints. Huge flood can quarry here, as in basalt.

Downcurrent of Horseshoe cataract, giant current dunes adorn
a 28-km? area of a pebble-gravel plain at altitude 680-670 m,
some 85 m above Eloika Lake that occupies the channelway floor
5 kim west.

Cataclysmic flooding had been recognized along the floors of
[Yavis—Eloika and Scotia channelways (Fig. 17.2) (Conners 1976).
But scattered scabland and patchy waterlaid gravel and sand much
higher show that enormous floods also submerged much of the
intervening upland {Waitt 1984; Carraraetal. 1996). Many gravel
and sand deposits at low and high levels are round topped, con-
tain tail deltalike foreset beds of openwork gravel, and lie in the
lee of bedrock obstacles. Some had been inferred as glacial depos-
its, which they superficially resemble. By their distribution, form,
and structure, we interpret them as deposits of landscape-sweep-
ing late Wisconsin catastrophic floods.

In much of Little Spokane drainage basin, granitic bedrock is
highly decayed, even to grus. But sporadic gravel along Davis—
Eloika and Scotia channelways and Diamond Lake basin is bet-
ter sorted and much less compact than lodgment til], has little-
weathered clasts, and is capped by weak nonargillic soil. These
would be peculiar relations in an area overridden by a late Wis-
consin icesheet that should have scrubbed away disintegrated
granite, grooved and smoothed a glacial landscape, and on vai-
ley floors deposited much drift. But catastrophic floodflow erades
bedrock unevenly—mostly where flow was steep and confined
invalleys.

High-level effects of megaflood in eastern Little Spokane
drainage basin include shallow scabland channels at altitudes
740 to 800 m that lie 2 to 6 km north of Diamond Lake {Fig. 171)
and poorly sorted gravel containing angular 1.5-m boulders at
altitudes 740 to 750 m. These channels show that water poured
from Diamond Lake basin (lake at 713 m) southward across the
divide through saddles: Lone Mountain Gap (750 m), Camden
Gap (795 m), and a higher water-scoured gap (825 m) farther west
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FIGURE 17.14. Topography of the divide that includes Camden Gap (at 795 m) showing altitudes of
three flood-crossed passes (arrows) and two uncrossed higher saddles. Peak flood level was thus
840 m or a little higher; at that time flow through Scotia channel was 230 m deep. From USGS
Camden, Wash., 7.5-min topographic sheet; contour interval 40 feet (2.2 m).

(Figs. 173 and 1714). Each gap appears scoured down 15 to 50 m,
and peak water north of this ridge seems to have ponded at least
to altitude 840 m. Two saddles along the ridge east of Camden
Gap at 880 and 888 m unmodified by waterflow show that peak
flood didn't reach that high.

Just east of a pass at altitude 750 m 15 km west-northwest
of Eloika Lake, round-topped gravel bodies 5-20 m above the
pass superficially resemble glacial moraine. But pits into two of
them show the loose pebble openwork gravel is locally derived
argillite (Precambrian Belt Group), mostly angular to suban-
gular but distinctly water worn. Foreset beds several meters
tall descend 15 degrees west, parallel to the depositional sur-
faces. They lack small-scale bedding and interbedded sand typi-
cal of cutwash. The deposits contain rare, rounded, pebbles of
exotic quartzite and granite and a few scarcely weathered, stri-
ated, evidently ice-rafted granite boulders—evidence that the
transporting water initiated from a distant glacier and flowed
up from the channels below Horseshoe Lake. This deposit reg-
isters cataclysmic flood over the divide from Little Spokane
drainage into a Colville tributary. The pass just west is etched
into a weak scabland of rockbound ponds and smali rock knobs
though bedrock is granite.

Loon Lake (32 m deep) and Deer Lake (23 m) are dammed by
gently south-sloping gravel outwash along the east side of the
Colbville ice lobe (Figs. 171 and 17.2). At least 75 arcuate subpar-
allel ridges, mostly 2 to 8 m high and spaced 30 to 60 m, embel-
lish the outwash across nearly 4 km?just north of Loon Lake (Fig.
1715). In a gravel pit, boulder-bearing pebble-cobble gravel has
foreset beds 2.5 m tall dipping southwest and west. These giant
current dunes are concave not to the northwest source of outwash
but to the mouth of the eastern valley whose narrows is scabbed
and contains the bars of west-foreset gravel. These regular con-
centric gravel dunes—reworked outwash—record a cataclysmic
flush of water down the small east tributary that diverged west
across the gravel plain and further dammed Loon Lake.

South of Eloika Lake, floodwater no longer confined by topog-
raphy spread widely. Deposits and erosion forms grow indis-

tinct in this forested terrain. Patches of coarse gravel in barlike
formslie along Little Spokane valley where floodwater converged
from Scotia and Davis—Eloika channelways. Elongate gravel pen-
dant bars lie downcurrent from bedrock obstacles near the flood-
scoured depression holding Bear Lake.

From altitude 850-855 min upper Rathdrum valley, the peak-
flood surface slopes gently west along Blanchard and Hoodoo
troughs (Fig. 17.3) into Pend Oreille River valley. If peal-flood
level in Pend Oreille valley were the 840-m limit inferred by the
gaps along the ridge south of Diamond Lake, much of the divide
south of Pend Oreille valley would have been submerged, and
valleys farther south submerged by 200 to 240 m. Ten kilometers
downcurrent of Pend Oreille River, bedrock is in places stripped
and etched inte minor scabland to altitude 820 m. Reconstructed
from the approximate upper limits of scabland topography and
inferred floodlaid gravel and sand, peak-flood surface descended
south from altitude 840 m in Pend Oreille valley to 74> m near
Spokane where it merged with the main flow of floodwater rag-
ing west down Rathdrum—Spokane valley (Fig. 17.3). Along deep
troughs through this upland—Pend Oreille River, Scotia chan-
nel, Davis—Sacheen—Eloika Lakes, Little Spokane River—flow
ranged 175-300 m deep, more commonly 190-225 m, but shal-
lower over higher terrain.

L.ower Spokane and Adjacent Columbia
Valleys

Pleistocene history of Spokane valley below Spokane had been
accorded with conventional glacial and glaciofluvial processes
{Flint 1936; Becraft and Weis 1963). But basalt scabland lies along
lower Spokane valley at altitude 732 m—some 300 m above the
valley floor (Fig. 17.16). North of Cayuse Mountain, a 2.5-km?
patch of rinsed-off granitic bedrock at altitudes 680 to 730 m
strewn with 2-m boulders seems swept by immense flood, not
scoured by glacial ice as once inferred (Becraft and Weis 1963).
Extensive terraces at several levels below altitude 610 m along
lower Spokane and adjacent Columbia valley largely comprise
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FIGURE 17.15. Stereographic vertical
photographs showing giant current dunes
formed north of Loon Lake atop gravel
outwash from cataclysmic flow across the
divide from the east, from Little Spokane into
Colville drainage. U.S. Forest Service, Aug.
1977.

FIGURE 17.16. Aerial view northward of an
intricate scabland carved in basalt 130 m above
the natural grade of lower Spokane River just
south of Long Lake Dam. Water is a dammed
reservoir, Long Lake. Photo by R. B. Waitt,
Aug. 1985.

glaciolacustrine sand and mud, deposits of glacial Lake Colum-
bia (Fig. 172). Silt terraces in these valleys are capped by I to 10
m of flood gravel. From the Spokane confluence, foreset gravel
dips up the Columbia, evidence of strong currents that way.
After the Columbia River lobe receded several kilometers north

from its limit, Missoula floodwater down Spokane valley over-

flowed its north divide and poured through eastern Enterprise
valley as deep as 100 m to Columbia valley. McCoy Lake occu-
pies a flood-scoured depression partly dammed by a flood bar. A
trough northward at 515 to 600 m is scoured of glacial deposits
and partly backfilled with floodlaid sand. This trough ends 8 km
north of McCoy Lake in a sand-gravel body whose deltaic forset
beds dip north into Columbia valley and intesleave with varved-
silt beds of glacial Lake Columbia. These altitudes are 160 to 255
m below the peak level (760-770 m) at which floods poured from
Spokane valley south into the Channeled Scabland (Fig, 17.3). The
pattern in east Enterprise valley, impossible by usual processes of
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retreating Cordilleran ice, accords with valley-drowning mega-
floods from the east.

Repeated Megafloods

In backflooded tributaries of Columbia River in southern Wash-
ington, dozens of stacked, graded floodlaid rhythmites intimately
sandwiched with nonflood sediment show that each bed is the
deposit of a separate colossal late Wisconsin flood from glacial
Lake Missoula. They show that decades of nonaqueous envi-
ronment persisted between floods (Waitt 1980, 1985). Varved
sediment shows that glacial lakes in valleys in rorth Idaho and
northeast Washington lasted for centuries, but a great flood
invaded them once every few decades (Waitt 1984, 1985; Atwa-
ter 1986). Such evidence for repeated, immense flood is read-
able from diverse rhythmic deposits over much of the floodswept
region and in the Missoula basin. The same ice—water dynam-




FIGURE 17.17. Stratigraphic section in lower Priest River valley along McCabe Falls Road showing
rhythmically interbedded varved glacial-lake mud beds (dark toned) and catastrophic-flood sand
beds (light). About eight successive flond beds are visible here. Details in Waitt {1984). Photo by R.
B. Waitt, Sept. 1982,

ics that cause periodic subglacial outbursts historically in Ice-
land (Bjornsson 1974; Nye 1976) seem to have governed the rep-
etition of Lake Missoula cataclysms (Waitt 1985). The Purcell
Trench ice lobe and its moraine across the mouth of the Priest
River valley dammed glacial Priest Lake at altitude 719 m. Silt-
clay varves accumulated in it year by year. At least 14 sand beds
interrupt the varve beds (Fig. 17.17). Ripple-drift laminae in the
sand beds dip and climb upvalley {Waitt 1984). Once every few
decades a powerful upvalley-flowing current invaded the lake.
More than a dozen separate, gigantic Lake Missoula floods cours-
ing down Blanchard trough blitzed over the valley-mouth glacier
and moraine into this high lake (Figs. 172 and 17.3).

In Saltese Flats off Rathdrum—Spokane valley, a former pit
opening showed the fiood bar comprises at least 14 rhythmic
beds of gravely coarse sand capped by fine sand. The coarse bases
of some beds contain many large rip-up clasts of the fine top of
the underlying bed (Fig. 17.18). Each flood burst into this valley
reentrant violently.

Several grave] pitsin Spokane valley within the borders of gla-
cial Lake Columbia reveal three or more gravel beds separated by
clay-silt beds centimeters thick. Fach fine bed comprises as many
as 47 varves recording decades of quiet glacial-lake environment.
Each disrupting gravel bed records a violent flood into the lake(s).

In lower Latah Creek valley, each of at least 16 thick beds of
upvalley-foreset floodlaid sand and gravel is topped by a bed of
laminated clay and silt (Waitt 1984). Each fine bed comprises
as many as 55 thin varves that record long-lived glacial Lake
Columbia. Once every several decades a cataclysmic flood from
Spokane valley crashed over the divide into this quiet arm of
the lake. Large floods overflowing from Spokane valley into the
Cheney—Palouse scabland tract built bars across the mouths of
tributaries marginal to the scabland tract and backfiooded east
up these valleys. Bretz (1929) detailed varied effects in 41 val-
leys from Kamiache at the north end to Walla Walla at the south.

Rhythmically bedded backflood deposits in southern areas—
Walla Walla, Yakima, and Snake valleys—later showed the great
last~glacial Missoula floods numbered 40, 60, and more (Whaitt
1980, 1985).

Pruring largest cataclysms, water overflowed from Latah Creek
west through Pine Creek coulee to the Cheney-Palouse scab-
land (Fig. 17.1). A north-side reentrant at Malden exposes eleven
rhythmic fine-gravel beds (Fig. 1719) whose foreset beds dip east
upcoulee. Thus an eddy circulated clockwise in this cove, like
eddying flow into big reentrants along Columbia valley (Waitt
1982; Benito and O'Connor 2003). Since Malden {(725~-750 m}
lies above the highest level of glacial Lake Columbia, this site
contains no varves. The fine beds atop each gravel bed seem the
suspended-load silt that settled as each flood waned. Capped by
brown nonclayey soil, this section records repeated late Wiscon-
sin floods down this coulee at about the limit of largest floods.
This section of rhythmic backflood beds records at least eleven
separate, gigantic scabland-sweeping Missoula cataclysms.

Stratigraphic sections along Columbia valley above the Spo-
kane confluence show as many as 10 successive graded sand-to-
silt beds whose ripples climb upvalley—evidence of great back-
floodings of the upper Columbia. In the Sanpoil arm of glacial
Lake Columbia to the west, Atwater (1986) documents about
3000 varves interrupted by successive of floodlaid beds. He
counts 89 violent floods into the glacial lake. Varves between the
coarse beds show decades or years of a quiet lake between mega-
floods (Fig, 17.20). The dozens of varves between flood beds about
north Idaho and northeast Washington show that numerous cat-
astrophic Missoula floods—one every few decades—invaded gla-
cial lakes while sweeping vast dry lands. The high sites of thyth-
mic bedding, as in Priest valley and Pine Creek coulee, show that
during the late Wisconsin even high scabland routes, not just
fow ones like Grand Coulee, conveyed numerous separate Lake
Missoula cataclysms.
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FIGURE 17.18. Former sandpit on the west
side of Saltese Flats showing rip~up clasts,
the largest in center of photo about 1 m
long. Photo by D. E. Stradling, mid-1980s.

FIGURE 17.19. A rhythmically bedded flood
deposit in a sandpit at Malden (about 30
km S5W of Cheney) showing 12 light-
colored foreset sandy-gravel beds left by
energetic floods, each capped by a resistant
sand-silt bed of an ensuing quiescence.
The top of the exposure is capped by
nonargillic soil, suggesting that the deposit
is of late Wisconsin age. Shovel {arrow}

is 0.9 m long. Details in Waitt (1984).
Photo by R. B. Waitt, Aug,. 1985.

Smaller Late Floods

In this northeast corner of the flood-swept region, most Mis-
soula-floods evidence is of large cataclysms. A few dozen later,
smaller floods followed the low route down Rathdrum, Spokane,
and Columbia valleys.

The high flood surface from Lake Pend Oreille emerges from
the southern Idlewilde arm of the basin. Lower channels from
the northern Scenic arm of the basin cross the west-running
high surface. Twenty kilometers downcurrent southwest, one
of the low channels in the lee of Lone Butte truncates the high
bar that dams Twin Lakes (Fig. 17.5). From the Scenic arm sev-
eral progressively lower channels feed northwest into Hoodoo
trough.

The south part of Hoodoo Lake trough contains gravel
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deposits in the form of five nested low-sinuosity channels
and whaleback bars. The great bar damming Spirit Lake s the
highest element (Figs. 175 and 17.9). A truncating north scarp
overlooks a surface 50 m lower topped by giant current dunes

smaller than those atop Spirit Lake bar. The successive chan-
nels and bars in Hoodoo Lake trough, each smaller channel
nested into a higher bar (Fig. 17.5), evinces several progres-
sively smaller great floods after the trough's deglaciation. (The
lowest Hoodoo channel at 652—-655 m lies several meters above
the Scotia outlet of glacial Lake Clark II1.) Similar nonargillic
brawn soils on low Hoodoo surfaces and 130 m higher (Parsons
et al. 1981} show the surfaces had built across similar time. A
narrow sinuous scabland-like channel downcurrent of Scenic
arm and leading into Hoodoo trough holds Granite and Kelso
Lakes in scoured-rock depressions. Downcurrent of Kelso Lake,




FIGURE 17.20. Exposure along Manila Road in Sanpoil valley. Missoula-flood sand (lighter beds)
separate varved silty deposits (darker layers) of glacial Lake Columbia. Brian Atwater (left center)
counted 89 separate Missoula floedbeds in such sections. Photo by R. B. Waitt, Sept. 19562,

FIGURE 17.21. Large angular to subround boulders on the bar that dams Kelso Lake. Photo by Paul L.
Weis, about 1969,

angular boulders as large as 3 m stud a round-topped midval-
ley bar elongate with the valley sides (Fig. 17.21). This bouldery
bar shows even the late, small megafloods down the trough
issued from glacial Lake Missoula. While earlier largest floeds
exceeded 200 m deep down Blanchard and perhaps Hoodoo
troughs, later floods were ‘only’ 50 m deep, or during the last
floods only 20 to 10 m deep.

During the glacial maximum, Purcell Trench ice blocked most
of Hoodoo and Cocolalla troughs (Fig. 171). As the ice tongues
receded, small megafloods could flow down these troughs to Pend
QOreille River valley. Still later floods bore directly west down
upper Pend Oreille River valley from the lake basin. Gravel sheets
(Fig. 17.6) and giant current dunes in Rathdrum valley are likely
deposits of late, shallower floods.

The evidence from north [daho and northeast Washington

agrees with regional stratigraphic evidence. Just west in San-
poil valley, Atwater’s (1986) varve counts show early floods came
every 6 1o 4 decades, middle ones every 3 to 2 decades, then doz-
ens of smaller ones every decade or so, and the last ones every
few years. Dozens of other scattered rhythmic sections show the
great Missoula floods carmne smaller and shallower through the
middle period and toward the end.

As the great Purcell Trench ice dam receded and thinned, it
could hydrostatically hold in smaller and smaller Lakes Mis-
soula. After one lake drained, the next one rose not quite as
high before flowing out as a jékulhlaup beneath a thinner ice
dam. The later floods became naturally smaller and more fre-
quent. Eventually the Purcell Trench lobe receded from the
north end of the Bitterroot Range and ended glacial Lake
Missoula.
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Notes

1 Round-number ages in raw radiocarbon time “C BP calibrated by
CALIB (Stuiver et al. 2005). CALIB v. 6.0 online at http://calib.qub.
acuk/calib/ (accessed 6 May 2011),

2 Rocky Mountain alpine-glacial names (Pinedale, Bull Lake) of
Richmond and cthers (1965} stated here in ice sheet terms. But their
guess-governed by alpine-glacial rationale of Richmond (1965, his
Table 2)-that the far-downvatley penultimate “Buil Lake” ice margin
correlates with early Wisconsin (marine oxygen isotope stage [MIS]
4) contradicts those peak vaiues of 5180 lower than in late Wisconsin
glacial-maximum (MIS 2) times. Much-weathered ice-sheet drift
beyond late-Wisconsin borders must instead coincide with values of
9180 as high as those in the late Wisconsin, MIS 6 (~140 ke) or maybe
MIS12 (~430 ka) (Fig 4 of Lisiecki and Raymo 2005).

3 Kiveretal’s (1991) claims of mid-Wisconsin floods are erroneous, at
ane site disproved by an underlying 13,500 ¥C yr BP {~16.5 ka cal.)
tephra (Waitt 1994). Samples on which they obtained radiocarbon
ages between 31,000 and 43,000 “C yr BP were later found devoid of
datable carbor (P. E. Cararra, USGS, oral commun., 2005). Tertiary
coal clasts only slightly contaminated can yield an inadvertent finite
date (e.g., Benito and O'Connor 2003).
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