oo S

Pampniet Wo. 18 July; 1927

- STATZ OF IDAHO
H. C. Baldridge, Governor

BURTAU OF MINES AND GHOLOGY
Francis A. Thomson; Sesreiary.

SOMA MIOCZNE AND PLEISTOCENY DRAINAGE CHANGES

IN NORTHTRN IDAHO

by

Alfred L. Andstson

Tniversity of Idsho
koscow, Idaho



July, 1927

Prphlet No. 18

STATR OF IDAHC
H. G, dalariige, Governor

BURTAU OF MINES A¥D GROLOGY -~
Francis A. Thomscn, Sscratary.

SOMZ MIOCINE AND PLEISTOCENT DRAINAG3 CHANGSES

IN NORTHTRN IDAHD

by

Alfred L. Anderson

Uhi#ersity of Idaho
Moscow, Idaho




CONTSENTS

Page

FOToWOr@= = = = = © = = = = = = = - “ = =~ = = =2 m - = - -
Introduction= ~ = ~ = = = = = 0 % m ... e e e .. - - 1
Fleld Work and Acknouwledgments = =~ = = = = = =« = = = « = 2
Bibliography= = = = = = = = @« = = = m .- mmm = - =~ 2
Prosent Surface FeaturesS— - = = = = = o = 0 = = & @ - = = = = 3
Purcell Trench — = = = = = = = 4 - - o m - .- - .- 3
Present Drainage - = = = = =« = = = ~ =« - e mtm o —m e - 4
Pro-basalt Surface Features — =~ = = = = = = = @ = = = = = = - 7
Drainage Changes Produced by the Miocene Basalt —. - — = = « - 9
Miocens Conditions = = = = = = = ¢ - e m t = = = = u 9
Drainage Changes - = = = = = = = « = o & = = 2 o = = = - 10
Origin cf Latsh Formation- = = = = w@ = «@ 0w = = = = = = 11
Pre-glacial Peatures~ = = = = « = = « - ~ - = R 12
Pleistocene Conditions~ = = =~ = = = @ = m w = w = mmm . - 13
The Spokane Advance= = = « = = =« = = = = ~ = U - 14
Spangle Lobe~ ~ = = = = = = = « - - — . - = - 14
Rathdrum Lobe -~ - = = = = = o~ = = o = = & - - --- 14
Tamporary Drainzge Changes—~ ~ -~ - - - = - = 17
Lake Spokang — = =~ = = = = =« = 4 . . o = - - - 17
Mice Spillway— - = = = = = ~ - - - - = - 17
Pine Cresk Channel = = = = = = = = w = = = =~ = 18
Glcoial Lake Coeur d'iAlene = = = = = = = = = = 18
Pormanent Drainsge Changes- -« = = = = = = = = = = = 19
Cosur d'Alene LoKe — = = = = = & « = e = = = - 19
Hoyden J8Ko= — = = = = « 0o = 00 m ;e - e = = 19
Spirit IeKe= = = = = = = = 0 2 2 - .- - - - - 20
Twin lakes = = = = « = = =~ = = - m e o m om - 20
Hauser JikKe= = - « =« = = o = & o c e e e m = - 20
Newmin Luikg= - = ~ = = = = = = e = 0 o e = = - 20
Liberty leke - = = = = = = = = = o - = -« u - 20
Spokane Rivar— = = = = = = 4 0 0 c e .. = - 21
Post Fallg = = = = = @ = & e e b e e hmm == 21
Spokane Falls— = = = m = = = = o 2 4o - - - - 21
Cla*X FOrk River = = = @« &« = = e m'a e e = = = 52
Albany Polls = = = = = o o v e e . = - - 23
The Wisconsin Adviange- = = = = = = = = = 4w o =« w o - = 23
¥ootenai~Pend?Qreille Lobe- « = « = = 2 = o @ = = - 24
Pond Oreille lake= ~ = w a6 4 = ;o o == = = 24
Ho0d00 Channel « ~ = = = ~ = = = = @ = = = = & 26
Glacial Loke Kootendi- = - = « = = = = @ = = = 27
Priost River Lobe = = = = = = o0 - = c e 4 o e o = 27
Priest Like= = = = = 0 0 = 0 m o = « - ~--- 28
Conclusion- - ~ - - . r e m m e mam e mma ... —-—a- 28




ILLUSTRATIONS

Facing Puge

PLATE 1 = = = = = = = = = = = = = = = ~ = < - -~ 13
Map of Northern Idaho during Pleistocens
Times

Map showing drainage .changss in northern
iaaho




FOREJVJORD

This puper affords an Interasting illustration of a scientific
y-produnt from o purely utiliturian investigation.

Tha wrlter, lir. Alfred L. Anderson, was detailed to study the
gaolagle phasss of the road-malking materials of nothern ldaho, and
he ouapletad nis assigrned task in a most satisfactory manner. ‘Thile
travgling on this missiur, howsver, he made incidental but accurate
nttes of the evidences of physiograchic changes in the region. Thease
he later studied with the available topographic maps before him and
wrote tne report herewith presented in his spare time.

Although primarily a paver of purely scientific interest it is
by no means devoid of economic implications. The sugeestion of the
great amount of available ground-water in the 3pokane and Rathdrum
valley gravels and of the possible utilization of former river courses
are both matters of direct interest to the irrigation enginesr.

Farthermore, it is hoped there will be many intelligent laymen
who will fird much of interest and value in this 11luminating dis-
cuscion of the origin and significance of geogruphic features with
which they are entirely fumiliiar but nave never c¢lsirly understood.

Francis i. 7homson,
Secretary, Idaho Bureau of ‘ines
and Geclogy.
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SOME MIOCENE _AND PILEISTOCENE DRAINAGE CHANGES
IN NORT'HERN IDABO

by
Alfred L. Anderson
INTRODUCTION

mhis paper deals with the changes in drainage that were produced
in Necthorn Idaho, and the immediately adjoining area in Bastewn Washing-
ton, w7 £lows of basalt in Miocene time and by glacial advances in ths
Pleistocene. A restoration of the pre—basalt surface features evidences
that the whole drainsge of the area was southward and westward--that Priest
River, Clark Fork, and St. Joe River followed the Spokane Valley until ob-
struction by the advancing flows of Columbia basalt from the west caused
the deposition of the clays and shales of the Latah Formation in eastern
Washington and the deflection of these three rivers northward through the
Purcell ¥rench,

Evidence of an early ice advance in Pleistocene time, coming frem
the north and passing down the Rathdrum and Spokans valleys, 18 presented
and the resultant changes in drainage described. As temporary features .
of the ice advance, which is believed to be of Spokane age, wore Lake Spo-
kane, with outlet through the Mica Spillway, and Greater Lake Coeru 4' Alene
2 colossal body of impounded water with a maximum depth of about 700 feet
and extending several dozens of miles into the mountains. This glacier,

fill and outwash on its rotreat and caused the drowned-valley lakes which
border Spokane and Rathdrum valleys. At the same time; the writer believes,
the St. Joe system was restored to its pre-basalt course through the Spokane
Valley and that Spokane Falls and Post Falls are results of this readjust-
mant. Tha Clark Fork likewise became established in its present course
across the Stats.

Evidonce of a much later ice advance from the north, less extensive
than the earlier advance and of velley-glacier type, is also pressnted.
This advance is pessibly of Wisconsin age and explains the origin of Pend
Oreille and Priest lakes.

The writer first describes the present surface features which serve
as a base for the interpreotation of the older drzinage schemes. The changes
_ara, then, descr:bad in order beginmning with the pre-baszalt drainage of
Miocene time ardi tho zhanges therein induced by the basalt. Next, the phy-
Slcgraphy to the coming of the ice in the FPleistocene, is discussed. Tha
ice lobe is descripdada--its age, its extent, and its course determined, and
the impounding end cthar changes are treated in ligical order. 4nd finally,
the latost ice advance is Ceseribed-—its character, extent, and position and
the resultant surface changes.

The writer is aware that for some parts of the region other drainage
interpretations may be possible. yet in the light of the ovidence which
is presented, the given intorpratation is believed to be essentially
ccrrect, The final solution of the problem rests om a study of 2 much
lerger area, including Vontana west of the continental divide and a
large part of southwest Canada, covering the region traversed by the Pur-
cell and Rocky Mountzin trenches. The writer hopes that this paper will

-1-

———

which the writer calls the Rathdrum lobe, left an immense thickness of glacial



draw attention to the big field for physiographic and structural studies
which are comprised iIn the area and which have scarcely been touched.

As an aid to mapplng the ice advances and the outline of the im-
pounded drainoges, ths topographic sheets of the U. S. Geological Survey-—-
namely, the Friest lake, Sandpoint, Rathdrum, Cataldo, Spokane, and Oakes-
dalc sheets wers available, and the maps in this report are based upon
pantagruph reductions of the topographic sheets.

FIELD WORX AND ACENOWLEDGMENTS

This paper 1s an outgrowth of & survey for road materials made by
the writer during the summer of 1925 under the auspices of the Idaho
Burss of Mines and Geology. About a month was spent' in the region be-
tween St. Maries, in Benewah County, snd the International Boundary. Dur-
irg this time the essential features of the physiography and its develop-
ment Were nctad. ‘

The writer, accompanied by Dr. F. B. lLaney, Head of the Department
of Goology at the University of Idaho, revisited the southern part of the
area cduring the middle of August, 1926, twe days being spent in the Rath-
drum and Spolmne valleys. This visit was made under most adverse weather
crnditions, wut the original observations of the writer were confirmed,
avé new facts Were unearthed. The writer takes great pleasure in aékxnow-

ledsing the aid given by Dr. Laney in the field work and in preparation of
this paner.
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PRESENT SURFACE FEATURES
PURCELL TRENGH

The principal physiographic featurs of the region is the long north—
south valley or trench which originates in Canads and extends southward
into Idaho more than a Imndred miles, curving and passing southwestward
down the Spokane Valley and becoming obscured where it passes into the
Columbia Plateau. This trench extends 200 miles north of the International
boundary where it joins the Rocky Mountain trench, A peculiarity of this
trench is its generally flat bottom, long in proportion to tis width, and
its streams divided by low water sheds and flowing in opposite directions,
or its intersection by streams which may follow for s distance or may cut
directly across. Chamberlin (4:pp.178-9) thinks it probable that this
depression, even though its location may have been determined primarily
in many places by fault lines, has been brought to ita present form by.
the long continued erosion of great valley glaciers powerful encugh to
override the divides between the heads of some of the larger streams and
to grind them down nearly to general base level. He brings the ice lobe
to the south end of Pend Oreille Lake but does not place it in the dis-
tinctive category of mountain glaciation. This valley is referred to as
- the Purcell Trench, and that portion which is in Idaho has been described
by Calkins (3:pr.16-20) who states that the continuation of the trench
passes down Lalke Coeur d'Alene. However, the writer fouad Coeur d'Alene
lake in a normal stream valley, and if the Purcell Trench extends this far
south, it probably curves 2nd passes out the Spokane Valley. Faulting,
8long the valley side near Rathdrum, suggests evidence for such a course.
On the contrgry the trench may end a few miles south of Bonners Ferry, but
because of the contimuation of 0ld river valleys to the south in direct
line with it, the whole will be referred to as the Purcell Trench in this
report. Rathdrum and Spokane valleys, of which much will be said are con-
Sidered a part of the trench.

The Purcell Trench is from three to five miles wide 2t the Canadian
border ang decreases to § narrow valley about a mile wide 2 few miles

South of Bonners Porry, but widens to ten miles near the town of Sandpoint.

e
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Tae bigh Selkirks bound the valloy on the west and the Cabinet Range on
the etst, South of Sandpoint the tronch is neither so regular nor so
definitely bounded 23 it is norinward. Hills on either side are lower
than to the rorth 2xd are broxen by several valleys. Three valleys exist
to the scuih of Sandpeint, eash of whish merges with Rathdrum Valley still
farther south. Hoodno Valley is probably not a part of the trench system
as it lies tc the west of the main axis. .However, the trench axis does
align with Cccolalla Valley, but it is more probable that the trench passes
along the Pend Creille Basin which is much deeper and wider.

Cocolalla Valley is about a miile wids, and the greater part of its
floor, which is in solid rock, is higher than either of its rarallel
neighboring valleys or the tronch to the north and to the south. Hoodoo
Valley is from three to Piwe miles wide. It is seperated from Cocolalla
Valley by a narrovw ridzs, Huckledarry Mountain, about two thousand feet
high. which shows evidsnce of having been over-riddsn by a glacier. A
roughly cirevlar mountain, Guriis Mountain, of about the samg elevation,
lies to th2 west of Hocdoo Valley. Cocolalla Valley is separated from
Pend <reille Vallasy, in which Iake Pend Oreille now lies, by a ridge lower
then the others which shows indications of glacial erosion. This ridge
may be called Algoma Mountain. '

The three valleys combine near the town of Athol and form the wide
flat Rathdrum Valley which is also c2lled Rathdrum Prairie and which is
six to tem miles wide. 7This valley curves *estward near Rathdrum, and,
on approaching the Iiaho-Washington line, it narrows to three miles and
is called Sypokane Valley. Near Spokans the valley widens and merges into
the Colambis Platgem. Thers is nothing to indicate a boundary betwesn
Rathdrvm anc Spolzna Vallays, for one merges into the other, but an arbi: .
$7ury boundary may be fixed Just east of the town of Post Falls. Parts
of tae avper Rathdrum Valley have an elevation of 2500 fest, but the slope
15 gradual %0 the cily of Spokane where the elevation is about 2000 feet
alonz the river above the Falla. Rathdrum Valley makes a gentle elbow
curve with Coeur d'Alene Lake near the elbow tip, Spokane RiI¥Y as the
south boundary, and the town of Rethdrum on the inside.

The Fend Oreille and Rathdrum valleys are bounded on the east by the
Coeur d'Alene mountains, a continuation of the Cabinets. Rathdrum Valley
is boundad on the west by the southarn Selkirk range whose highest eleva-
tion Is Mouat Spoxanas. Spokane valley cuts across the southern Selkirks
which are very lsw here. Mica Mountain is the highest point south of the
vm.lay.

PRESENT TRAINAGE

The Purcell Trench north of Bommers Perry is occupied by the sluggish
meandsring Xcotenai River which enters Idaho from Montana. The Kootenai
flows northwesterly in 2 narrow ycuthful valley, determined by a major
foult, and entera into the wide trench with a flat marshy bottom a short
dlstance east of Bonners Ferry. There it turns northward and eventually
eanters the Columbia some distance beyond the Canadian border, first flow-
ing into laka Kootenai, 18 miles north of the border with outlet 65 miles
rorth of the inlet and at a lalke elevation of 1760 feet. The river ascapes
by a lateral distributary. ' :
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Yo large strsams occupy the Purcell Trench between Bonners Ferry
ard Scudpoint, thouzh the vresent Valley weuld indicate a large stream.
charmberlin (4:pp.7-8) stotes thut at ore time a mejor stream did occupd
the valieyes Deep Creex, flowing northward to Bonners Ferry, édrains abcut
twe--thirds of the trench, ond Pack River, flowing south to Pend Qreille
lave. drains the remainder, Both have tributzries which have a barbed
reia*tionship, suggesting thet the old drainoge may have been in epposite
direnticns. The two siresms are sevarated by a low divide of glacial debris
s 2,053 foet elsvation, aud Jav.s (3:706102 4} sugrpests that & glacier
stone £or @ corsideravle time nesr the ¥imira divice. FPack River flows
di-zctly asross the Purcell Tremch wnd maxes its way esstward to lalke Pend
rroitle through another wvalley of low gradlent cutting off a triangular
nso5 of hills from the Cabinet Range. .

Priest River rises in the high mountains near the Canadian border
and flows south to the Clark Pork. Its source was probably changzd to
soms extent in its old valley by glaciation, for the valley floor is buried
unc 2 glacial deposits, but its general direction remains unchenged. Priest
Leke lies in its course. :

The Clark Fork of Columbia River is one of the major streams in the

area and crosses the Purcell Tremch. The river rises in Montana, flows

in a rorthwesterly direction for a long distance to the Idaho line, and

then cposses Idano in a westerly direction, entering and leaving the north
end of Pend Oreille lake. It crusses the Purcell Trench almost at right
angles. At the Weshington line, it again turms to the northwest and cnters
the Columbia River near the international border. fThe Clark Fork follows
a farlted valley on its entry from Montana. The valley is wide in a rather
late stuge of maturity. Much gravel of glacial origin skirts the valley
gsida. Boon after lecwing Pend Oreille Lake ths river flows through & narrow
valley which becones inereasingly more rugged, cutting in gneissoid ana
~sntve TooKs benenth glacial tarraces, and at Alhany Falls it tumbles over
2 ma~s of pranitic rocut. Neer tha Camediazn dorder it $nters a canyon famed
for .o ruggedress and narrowiess. Fend Oreills Lake has an elevation 266
faet kigrer thom the ¥ootenal Riwer at Bonners Ferry, which suggests that at
ons  time the Grainage Kay have bean t0 the north up ths Purcell Trench.

Lnndoo Valler is flat-tottomed beczuse of on unknown depth of glacial
£i11, Tt contaias ac stresns ot ths present time, Lut an irmiemse stranded
channial, coruniol i part »y Hoodoo LaYe and swanps, suggests tns presence
0f a foymer pives thA0uga Lot the one that eroded the immenses valley. Streams
from the movnroing disappesr in the gravel,

Cocolalla Valley has no Jarge s*reams. Barbed draincge is present.
Cocolalla Greak, starting in a sovtn direction, turns to the north on enter-
ing the marn -7ide vallev and flows into Cocolalla lake, a small body of weter
in a rogk bosir. [T then leaves the main valley to cut across the mountain-
tus dge on the west.

Pend Creille Velley is occupied by Pend Oreills lake, the largest lake
in the state, with greatest length north and south, and curved in the shape
of & huge questionmark. The lake is 1100 feet deev, and the bottom is a-
bout 950 feet above sea level. This is the greatest kmown depth of the Pur-
¢sll Trenci. The lake is held in on the south by a gravel barrier and ter-
ainal moraine. The valley narrowg soxewhat to the south but widens again
east of Athol.
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The wide flat Rathdrum Valley -owes its present surface to an un-
xmown thickness of glacial fill and outwash which gradually decreases
ip altituds to the south. It has no streums except the Spokane River
which is crowded against the valley side along the south margin. These
foatures are well shown on the Rathdrum and Spokine Topogravhic sheets.
411 streams from the mountains are lost in the gravels except Spokans
River which crosse: to tne north side of the Spokane Valley, a few miles
past of the city of Spokane. Wells dur and drilled to more than 450 feet
in Rathdrum Valley fasil to reach becrock through the sand-gravel fill.

The lakes in the region, except Pend Oreille, Hoodoo, and & few tiny
rock basins in Cocolalla Valley, border the Rathdrum and Spokane Valleys
and extend back into the mountains, These lakes are all held by gravel
dans and have a surface elevation considerably less than that of the main
valley. None have viaidle outlets except Lake Cosur d'Alens, which is
drained by Spokane River. Hayden lLake, along tue sast border of Rathdrum
valley, occupies a position between Athol and Coeur d'Alene city and is
enclosed by mountains except on the waest, whers it fronts the main valley.
Spirit Lake and Twin Lakes occur likewise on the west side of Rathdrum
Valley, north of the town of Rathdrum. They, also open to the east. |
Kewver and Nevwesan, Lakes ocour similerly along the north sidg of Spok:ne
Valley. Liberty lLake is on the south side of Spokane Valley, opposite
Levman. Generally, the two major valleys contain depressions along both
sides, muech of each valley being highor than its borders.

Coeur d'Alene Lake is in the main valley of St. Joe River, & stream
rising in the Bitterroot Mountains zlong the Montana line and flowing
wastward to the present south end of the lake wheras the valley is drowned
by the impounded woters. The valley-lake extends northward to the city
of Coeur d'Alene, where it enters the Rathdrum valley. The outlet stresm
is Spokzne River which bends abruptly westward and follows the margin of
the moin valley, tumbling over a resistant moss of gneissoid and granitic
rocks at Post Falls, then flowing to the north side of the Spokane Valley,
&t Trent and continuine southwest ovar the gravel fill, finzlly plunging
into the canyon of Latah {Hangmon) Creek at Spokene Falls in the city of
Spokzne. The course is then northwestward to the Columbia River. St. Maries
adiver is an important tributary of the St. Jos system, joining at the town
of 3t. Maries from ths southeast., Tho largest ¢nd most importont tribu-
tary of the St. Joe Svstem is the Cosur d'Alene -River with its many tribu-
taries draining westwurd from the Coaur d'Alene Mountains into the drowned
St. Joe Valley near the south and of ths lake. This tributary is almost

- 8qual to the main river in size, but its position showsg that it is tribu-

tary to the St. Joe. Both have built%long deltas at their mouths which
havae greatly decrsased the size of the laks. The streams draining into
Cosur d'Alene Leke ars callsd the St. Joe draincge svstem.

atah Creel plays an importunt part in the physiographic problem.
It rises in Benawah County, Idaho, flows northiestward through the town
Of Tekoa just over the Washington line, and continues in a straight north-
Wosterly direction through the city of Spok.na, where it is joined by the
Srokane River. It occupies its old »re-glacial chemnel end indicates that
the pre-Pleistocenc drainage wuas to the northwest. Rock Creelr and California
Creek are important tributaries from the east. Latzh Cresk end its tribu-
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saries have cut into the Columbia Plateau, forming narrow conyons which
duepen snd widen consideradly in their lower covrses. lLatan Oreek has been
sp~eenchod mere Ghan 500 feet in the Platean at the c¢ity of Spukane. Re-
gryance snmid be mada 0 the Spolns and Oakesdale topogravhic sheets and
to the maps asocompanying thnis report.

FRE-BASALT SURFACE PEATURDS

The writer has rotlking wc offer cuncerning the oxigin and dsvelop—
men* of the physiographlc foatures mach bsfore Miocens time, and the
problem of possible Cretaceous pensplinaiion will be left to a later
dote. Suffice it to say thei by middle Iidcons time the mountains were
established mich as at present with dasper valleys and with the same
drzinage pattern among the smeller streams but not among some of the
lurger. The original drairage schems can be interpreted from the tribu-
taries which normally jein the major strsams at an acute angle. When
the sngle is obtuse the cralnags is referred to as harhed and abnormal,

I» other words, under norpal ccnditions tributary stireems sheuld not flow
irn a Girection contrary to that of the master stream, Since Miocens time,
the mouatains have beeu worn dovn somewhas, bun the major valleys are
shallower fcr reasone that will te stated later. . The position of the
spitutary valleys has, however, remcined unchanged. But a glance at the
topographie sheets of the area will show many of the tributaries discord-
and with the direction of the present master streams. These changes the =
writer will endeavor to explain., Some of them wers produced by the ba-
sslt flows of Miocene time and then chenged again by the more recent

ice advances of Pleistocene. -

A study of the Priest Lake topographic shset will show that Priest
River is in parfect hawmony with its tributaries as far as its entry into
the Clark Fork. 1Its direction is south, and was so in pre-basalt time.

(0lark Fork River flowe northward from Newport, at the Wachington
lins, to Metaline Falls and on to the Columbia (not shown}, but a glance
at a map giving drainage will show that nors cf the tributaries are con-
cordant. A1l enter at a very wide obtuse angle, flowing southwest or
scuiteast in contra~direction to the northward flowing Clark Fork. This
s.rgests that the drainage was nommally southward and that a stream of
corsidersble maganitude occupied the valley in pre-»asalt time, and prob-
ably later, and rlowed directly opposite to the  preseat Clark Fork. The
Clark Fork valley narrows continuously northward towars ¥ataline Falls,
though in its lower courgs it is navigable for scme distance. Cliffs
become prominent a few miles outh of lletaline Falls, and, to the north,
the river is confined in one nlace hetueen walls said to be only eighteen
feet apart. Thus the rivex anpears te be flowing un-valley, contra:ry to
any normal drainage. This changs osenrred on the retrsat of ths ice in
Pleistocene time. It will he discussed 1a greater detail under the prob-
lem of changes due to glacisiicu, i the subjast is introduced at this
point to show that the forner drainage was southward.

Referring again to the Priest Lake shest. Vovie River drains to the
south until it joins Tootsnai Rival. Bsiwesn Bomners Terry and Janapoint
it ia believed that

the Arainage could trend sither way, ant, izndoed, i

the direction of the drainage through the truach has changed more than

once. The streams entering the Clark Fork east of Sandpoint appear
—7—
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pormol 30 the present river. The probability is that this ovurt of the
cLork Fork has never beon changed though modified %o some extent. A
g+ncy of the Sandpoint sheet shows trat the streams which enter the
ciork Fork west of the lake outlet are normal, sxcept those north of
ganépuint which flow southeast. Streams flowing into the Hoodoo Valley
nave & southward directicn on each side of ths valley. The same 13 true
of Cocolalla Valley, except to the north. The direction of thege tribu-
taries strongly suggests that the drainage was south and obviously out
from the Kathdrum and S»okane valleys.

The drainage was avout as follows., Priest River £flowed south as
at present, but the stream was much longer formerly, bscause the Clark
Fork did not flow across 1ts valley. The restored stream flowed south-
east to the Hoodoo Valley and then south through the valley and out
throuch the Rathdrum and Spokane. In other words, Clark Fork is now
flowing across Priest River Vallay, beheading it, and leaving the lower
course {Hoodoo Valley)} unoccupisd. A low divide may have existed to the
west of the town of Priest River, presumably in the vicinity of Albany
Falls, though it is not impossible that the stream which formerly flowed
south from ths ¥etaline region Joined Priest River--in which case no
divide oxistod. Another low divide had been developed east of Priest
River valley, probably just east of the town of lLaclade. The position
of ths tributaries nsar lacleds favors such a divide. It is not im-
possible that faulting may have acted in the formation of thase low di-
vides by facilitating rapid erosion. The faulting of the region is along
east~west to north-west southeast lines, and Clark Fork in its entry
from Montana is controlled by such & fault.

The depth of Hoodoo Valley may be cited as additional evidence. This
valley is filled with sand and gravel of glacial origin, and wells drill-
ed to 470 feet in its southern part fall to penetrate the flll. This offers
further suggestion thut the valley was formed by a large stream at an early
dzte and probably cared for the Priest River drainage. The depth of the
valley though not known is more than enough to fit the southward projection
of upper Priest River valley.

Clark Fork, entering from the east, probably swu:ug to the south and
passed down the wvalley now occuvied by ILake Pond Oreille, was joined by
Priest River, and continued down the Rathdrum and Spokane valleys. Addi-
tional evidence that the drazinage of the Clark Fork was to the south through
the Pend Oreille, Rathdrum, and Sockane valieys is the fact that Iake Pend
Orsille is 1100 feet deep with its bottom at an altitude of 950 feet. Though
Tevis (6: pp.109~10) ctates that 1000 feet may be taken as = fair minimum
measure for the amount of glacial overdsepening that the pre-glacial valley
suffered in its conversion to & glacizl trough with the assumption that the
lake is 1300 feet deep, it is difficult to belicve that ice erosion could
remove 1000 fect of metamcrvhosad rocks when Qocolalia Valley, also in the
main paths of the glacisrs, shows litils evidence of glacisal deepening. It
is more reasonable to assume that Clark Fork had cut a deep valley south-
ward which has been modified by ice cetion. Howsver, the writer believes
that at the time of the ice advances the Glark Fork was not flowing south,
but north up the Purcell Trench, becazuse in lMiocene tire the Pend Oreille
and lower vallays had bsen filled with seven or eight mndred feet of soft
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clays and shales of the Latah Formation and cepped with several flows

of basalt. This series has been described in the lower Spolane Valley

n; pardes¢ and Bryan (9:pp.l1-15) whire 1500 fact of silis and clays vere
dopositad in front of advancing flowe of dusalt from {he south and west.
The estimated elevation of the bobtium of tne old Spokane Valley is about
500 feet, a depth which provides amplae Jall fcr the Clark Fork. A valley
of such depth fits the preseni sldes of ths three valleys above the level
of the laks and the grawvsl fill. The <Cosur d'Alere and 5t. Joe rivers
wore then much as at precent and flowed inte {he Clark Fork In the Rath-
drum Valley. Theore is, also strong possibility that they may have flow~
od westward near the south end of Coeur d'Alens lake--in contimuation of
the present direction and alignment of the Coeur d'Alene River, but if any
such valley existed it is now masked by the basalt.

To sum up, it is suggested that in pre-basalt times the major drain-
age of the area including Priest River, Clark Fork River, and possibly
Footenai River, was southward through the Rathdrum and Spokane valleys,
and that it was joined by the St. Joe system in the lower part of the
Rathdrum. This accounts for the large Hoodoo Valley and the great depth
of Pend Oreille Lake which is held in by 2 gravel dam on the south. 0b-
viously, & verg large river passed out through the Rathdrum and Spokane
valleys, normal in every way with the pre-basalt drainage scheme. Other
bits of evidence will be introduced which lend sapport to the given ex~
planation of the pre-basalt drainage,

DRAINAGE CHANGES PRODUCED BY
THE MIOCENE BASAL®

The basalt, which has been used as a dividing line in the discussion
of the drainage changes, has had a »rofound influence in disarranging
the older systems, particulariy, some of the major streams, though such
streams as were above the upver limit of the flows of course escaped. The
lava flows arg also useful in interpreting some of the younger changes.
A brief discussion of these flows of basalt in Miocene time will follow.

MIOQGCENE CONDITIONS

The Columbia River basalts are generally well Jmown and have been
described in broad terms in many geological and geographical reports.
In Yiocena time occurred one of the most remarkable volecanic outbursts
in the earth's history, when flow upon flow of basalt was poured upon
the land from many fissures and spread over more than two mndred Qauw
sand square miles. These lavas built up a large plateau kno'm as the
Columbia River Plateau. The series of lava flbOws are more than 4000 feet
thick in places near the center of the basin but gradually decrease toward
the mountain margins. The flows of lava inundated the mature topography
with its own particular drainage and left only the higher hills and ridges
as islands. %he flows lapped up the mountain sides in eastern Washington
and northern Idaho, ruaning back into valleys until an elsvation of abnout
2500 to 2700 feet was reached. The margin of the lava sea is thus lihwe
a drcowned coast line with mountain spurs projesting iike promontories
ard with estuaries far back the valleys., Tiew driinuge svstems wers necg- -
essarily super-imposed upon the lave platezu, snd only in the mountain
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¢allays whore the basalt made deep imbayments far into the higher land
¢id the drainoge establish itself as before., 7Tven here changes cceurred
in sCM8 Hiacsd,

That the lava extended into the valleys of the Coenr d'Alene Mountains
is eclearly shown. Just northeast of Spokane the west base of the rounded
hill of old crystaliine rocks north of the river valley is seen to be skirt-
ed by @ horizontal tevrace of basalt Wkich connects with the Columbia Plain.
mhis terrace is contimued esctward by a line of isolated, level-topped masses
of basalt on either side of Spokone Valley. Similar terraces of basalt are
geen all about the gshore of Coeur d'Aleme Lake, up the St. Joe Valley far
veyord the town of St. Maries, up the St. Maries River vallsy to the town
«f Ciarkia, and up the Coeur d'Alene River valley to within a short dis-
tance nf the towm of Cataldo. fThe height of the surface of the basalt above
the lake is about 500 feet, gradually dscreasing in elevaticn up the valleys.
A terrace also skirts along the mountains on the west side of Rathdrum Prai-
rie for more than 14 miles north of the town of Coeur d'Alens. No exposurgs
remain north of this point. The basalt entered the Spokene Valley from the
wost e

The impounded drainage with the deposition af clays and silts caused
by the advancing basalt will be discussed undsr the origin of the Latah
Pormation.

DRAINAGE CHANGZES

It is probable that, as the basalt sncrosched upon the flanks of the
mountains, the streams were crowded aside and mmde to follow in & general
way the lava shores. Thus such gtreams as lLatah Cresk were made to flow
north-westward. A very low divide in the basalt is south of latah Creek
and parallels the streum canyon in its northward course. This, of course,
may have developed in Post-Miocene time by movement. The divide was estab-
lished in pre-glacial time, for it was crossed by the Spangle ice lobe and
ceused impounding as described by Bretz (1:vp.583).

The most important drainage change occurrsd in the Clark Fork-St. Joe
-aystems for the damming caused by the basalt apparently deflected the entire
drainage northward through the Purcell Trench. As much as 1500 feet of
lake~beds capped by basalt filled the lower Spokane Valley. The obstruction
became too high, and the drainage up the Rathdrum Valley was joined by Priest
River near Athol, and both continued through the Pend Oreille Velley to the
Clatk Fork. The entire drainags was up the trench into the Footenati.

Davis (6:pp.107-8) claims that if the heavy deposit of clays and silts
“hich forms the broad plain for ten miles north.of Lake Pend Oreille were
absant, the lake would probably &t the present time drain northward into
the trough, for Kootenazi Laks is nearly 300 fest lower than Pend Oreille
laka, and the bottoms of the two are very n2arly the szme., He states further
that it tms becomes all the more probable that ths divide of 2250 feet be-
tveen Bonners Farry and Pend Oreille Lake (2061} is banked with morainic
Matarial of great thickness, otherwise the two laks troughs might be con-
fluent. 7The writer does not baliesve that the two iaks troughs need nece-
Ssarily be confluent if the barrier be removed, for a divide with an ele-
Vgtion of 28 much as 2400 feet -would >»robably have permitted the pre-glaclal
Clark Fork drocincge to pass northward, and nornal stream erosion may have

10+



lowered this divide to an elevation of less thuan 1800 feet before addition~
w1 vofnction by the glueiul advoanees, The narroimess of the valley at that
poran and the appearance of granite in the valley bottom u short distance

to the north indicate that the two lake troushs are probably not confluent.

ORIGIN OF THE LATAH FORIATION

As the basalt encroached upon the flanks of the mountains and formed
emdbayments in the valleys, the gresdes of the rivers upon entering the lava
were lessened, an< the streams were foreed to drop their sediments into
the quiet ponds, shallow sWemps, and slowly moving chaunsls. That this
actually happened is proved, for lave beds are found .bordering the /°
mountains where streams and wells have cut through capping basalt. In the
Spokans region, at least 1500 feet of clays and shales, derived from ery-
stzlline rocks in the mountains und from andesitic volcanic ash, are ex-
posad in the valley of lLatsh Creek for ten miles sauth of Spokane, along
tributaries of Deep Crack and Little Spokars River 20 miles to ths north,
and in Rathdrum Valley thres miles northeast of the town of Cosur d'Alens.
Threa or four mndred feet of the matarial are exposed in the canyon of

.tah Creek, and ths rsmainder has been panetrated by wells.

Tho Latah Formation has been described by Pardes and Bryan (9:pp.1-15)
who state that during latah time, lava floods of Columbia basalt advsnsing
from the wost were held back from the Spokane ares by a ridge, the highest
points of which form the hills near Choneoy, Marshall, and Medical Laks. The
drainage outlet was gradually obstructed by the lava, and sediments accudm-
lated to a maximum depth of 1500 fast. Twice the area was imvaded in part
by lava before it was overwhslmed by the flows of rimrock basalt which ex—
tended far up the valleys in the mountains. After & time interval, moasur-
ed by the cutting of & valley more than 800 fest deop along latah Creek
through the basalt into the Iatah Formation, another sories of basalt flows
almost filled the valloys. Then the streoms cut' through the valley basalt
to a level beslow that at present.

The origin of such an immense deposit of lake-bed material exposed in
the Spokane vicinity becomes clear when the pre-basalt drazinage is kmown,
for Priest River, Clarik Fork, and St. Joa River flowed through the Spok¥ane
Velley to the west, and with the basalt barrier across its nath, deposites
the sediments over a wids érea, mainly of cluy and shale augmented by vol=-
cani¢c ash., The impounding extended far up the Spokane Valley into ths Rath-
trim and probably beyond the Pend Oreills, how far north it is not possible

- '0 state, But a remmant is exposed near Hayden lake under tha protection

of overlying basalt. The formation is exposed in many plaess benaath the
“salt which skirts Coeur d'Alene la¥xe, and the writer hos noticed a similar
formation southzast of the tovm of St. Maries boneath the basalt in the pros-
;R valley side. The youngar flows protected the soft beds temporarily,

[t after the basalt was penstrated by the strsams, little time was nceded

‘0 re-excavate new canyons and valleys.

The filling of Rathdrum and Spokune valleys with soft clays and shales
'39 #levation of about 2000 feet, and the cgpping by severzl flows of
‘fiiit which was almost wholly removed by the St. Jos system before the ad-
;- te of the iee, #ill explain the great d=nth of Pend Orcille lake, for the

tld have but little difficulty in re~gxcavating the old vulley through
S0ft materials.
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PREGLACIAL FEATURES

In Miocene time the courses of some of tho major streams were complete-
1y changed by the flows of basalt which built uo the Columbia Plateau. The
impounding and resulting changes have just heen described with the drainage
now northward through a lower divide in the upper Purcell Treach. Then
followed a period of erocicu to the coming of the ice in Pleistocene, When
marked changes wers agsin produced.

Turing the intervening time, the St, Jos and Coeur d'Alens rivers in-
trencisd throuzh the basalt in their valleys. Near Coesur d'Alene city as
mach as 50C feet of basalt and lake beds ware menetrated. The streams sue-
ceaded in eroding most o ths basalt rrom their valleys, and at present only
small remnants skirt the valley sides above the lake.. Headward more of the
basalt remains in the valley sides.

The St. Joe system passed vp the Rathdrum Valley ahd cut through a
relatively shallow depth of basalt into the underlying lake beds. The dis-
tance the basalt flowed up the Rathdrum Valley and northwerd is not kmown.
The last trace is seen about three miles south of Athol, and all that re-
mains is the terrace along the east side of Rathdrum Valley in a protecting
covesx. The basalt probvably extended many miles beayond this point, but all
traces have been obliterated by the action of the rivers and the ice ad-
vances of a more recent date.

It is evident that the St. Jos system cut through to a considerable
depth in the Rathdrum Valley. Though Rathdrum Valley is higher than Coeur
, d'Alene Lake, some of it as rmuch as 370 feet and now Prevents any northward
T dreinage, the present surface of the valley is due to glacial fill. Coeur
R d'Alsne Lake has a dapth of 155 feet, giving the bottom of the old St. Joe
syttem near Coeur d'Alene city an slevation of about 1975 fest. The present
surface of the lake ic 2124 feet. OSpokane River, which drains the lake and
passes along the south moargin of Rathdrum Valley and down the Spokane Valley,

is very recent in age and flows over the surface of the Pleistocene glacial
fill.

The logs of wells in Rathdrum Valley wrove conclugively that a wide
pre-glacial valley existed from Coeur d'Alene lake to Pand Oreills Valley
ang up Hoodoo Valley. Ilogs of wells in the vicinity of Rathdrum, between
Rathdrum and Hayden lake, ncar Athol, on the gravel platsau west of Athol,
and in the Hoodoo Vallsy are all in sand and gravel of glacial origin. Near
athol wslls were dug to & depth of 370 fezt before water was encountered—-
this representing the approximate surface of Psnd Orsille lake. The bottom
0f tne well was in gravel. West of Athol about 4 miles 2 well on a higher
€rivel terrace was surnk to & dapth of 475 feet, all in gravel, and water
Yas upain struck corresoonding to the surface of Pend Oreille Lake. This
Well é4id not Dass through the gravel. Between Rathdrum and Heyden Lake a
%ell sunk to water snowad similar conditions. This is, also, true of wells
batween Rathdrum and Post Falls and of a well in Hondoo Vallzy. In no case
%8s bedrock encountered. Heuce, the actual dopth of the pre-glacial velley
15 not established. Some of the wells are said to fluctuate with changss
?i level of Pend Oreills Lake. Hence, Pend Oreille Iake, whose surface is
“SOut 75 feet lower than that of Cosur d'Alene lake spvears to control the
“ndaeroroung drainage of Rathdrum-¥2kley, proving that a wide deep valley

-12-



N t2saly sides come closer together,
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existed from Cosur d'Alene city northward. Some of these wolls are quite
close to the valley edge and if the old valley were recoustructed might be
a thousand feet or more deeper than at prasent. How much of this re-exegva-

tion was due to the St. Jos drainage, and how rmch was due to ice erosion,
1s difficult to say, but the writer is inclined to believe that erosion by
Priest River

and tho St. Joe near Athol had bheen down to an elevation of
1600 to 1700 feet, and the remainder hes been due to ice.

The removal of a wslley ¢f Dasalt could only take place under rigor-
ous &tream erosion, and if the pre-glacial streams followed present drain-
age lines, a flat divide of basalt should exist between Spokane River and
Pend Oreille Lake at an elsvation of abcut £500 feet. It would be impossible
for either the glaciers or the present streams to have removed the twenty
miles of basalt covering Rathdrum Valley, as no large streams enter the

vallcy from its south edge to the Clark Fork, a distance of about forty
miies.

Latah Creek became permenently established during this interval and was
not essentially changed in Pleistocene except for impounding and deposition
of sends and gravels in its canyon by the ice advance which, howevar, was
largely flushed out by the strasam when the ice retresdted., The creek had
cut & canyon about 500 feet dzsap through the second flows of valley basalt
before Pleistocens time, flowing in a northwesterly direction from wherse
it cuossed the Idaho line near Tekos, Washington, entrenching itself in

the lava plateau, und entering the Columbia to the west and north of Spo-
kana city.

Spokane River as such did not exist in pre-glacial time. A rslative-
1y small stream occupied ths Spokane Valley representing the drainage of
Libarty Crook, Saliesa Creek, and othars and flowad into latsh Creek, Thess
Stroams and others flowing eastward into tho St. Joe graatlyclowerel’the
basalt divide in the Spokone valley which probably sxisted two or thrse
milss west of Post Falls. The erosion was sufficient to lower the divide
Lo such an extent that with later srosion by the ice, the glacial deposits
buried it from sight. The soft beds of the Latah Formation could offer
little resistance to the streams and the glaciers after the overlying
basult was removed. The basalt capping near Spokane suggests that the ice
8rosion was less effective in the lower end of the valley.

i The basalt terrases on the valley sides from Post Falls and Hauser
"0st afford evidence that the Post-basalt drainage did not follow its

~ lines down the Spokane Valley. Though the valley narrows greatly
and the valley shows much less vost-
“ erosion than the Ruthdrum Vallsy. The Spoikmne vicinity, also, has

nonns P ETavei-filled valley confluent with the Rathdrum for wells encounter
“tlt ond Latah Formation.

£ mn

B3

PLEISPOCEINE CONDITIONS

...-%0 advances of ths ice ere recorded in the region, ons an older ex~
E:E17§ loba Zrom the north which Joined the Spengls lobe deseribed by
;rfr? \1‘“9.573-649, la: pp.646-7), who assigned the ice to Svokane age,
CL;gzotﬁGr much younger but less extensive sdvance assigned to the Wiscon-
’hﬂo; the Writer. Duvis (6: pn.37-111) deseribed tha giaciation of the
T°% COrresponding to tha “lisconsin advance, but he fziled to note the
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much older and much moro exteusive Spokane glaciation. He dopicts the
ice eoming down the Purcell Trench from tho north and terminating just
beyond the south end of Pend Oreille lake, blocking tho Glark Fork Valley
and causing glaclal leke Missoula. The prosont papor containg the first
descpiption of the Spokenaz ice in northorn Idaho. Phe 1obo which follow-
ed the Purcell Trench tnrouch the Rathdrum and Spokina valloys to its
Junction with the Spangle Lobs will bo dosignatod 4s the Rathdrum lobea.

The Spokane @dvance is much older than the ‘7isconsin ice, yot the
streams havo mads but slight cdjustments to tha changed sonditions, and
morainal deposits, striations on polished bedrock, and lakes remain.

Bretz (1b: p.342) deducod from the talus slopes in tha c¢hanneled seablsnds
that the lapse of time since tho Spokane glaciation is two and one quartar
times as great as that since the Wisconsin glaciation, probably lowan or
early Wisconsin. Of all the lakos in the region only Priest and Pend
Oreille were not formed by the Spokans Advcnco.

The area covered by the Wisconsin ice and that coversd by the Spokane
lce may be differentiated without much difficulty, for the striations
and polished bed rock ars remarkably fresh in the wake of the later ad-
vance, but the striae and scoring or glacial polishing are more imperfect-
1y preserved, less cormmonly exposed, and the surface of polished granitiec
rocks shows slight weathering in the wake of the earli:r ide sheet.

THE SPOXANY ADVANCE

Spangle Lobe

The Spangle lobe has been deseribag by Bretz (l:0p.573-608), who
shows the ice advencing from ths north along ths west side of the Sel-
kirks, blocking the Spolmne Valley a fow milss oast of Spokane, cqdssing
the valley of lLatzh Creck, and leaving its torminal morzine on the basaltie
plateezu near the towns of Spungle and Medical Like. The igce barrod the
flow of Latah Cresk which produced a ponding far to tha south to an eleva-
tion of about 2500 fest, with an outlet through the Palouse Hills in the
Pine Creek Channel, which was abandoned as soon as tha ice dam melted, and
the stream resumed its former course.

Rathdrum Lobe

The Rathdrum Lobe cams from the north, followed the Purcell through the
Ruthdrum and Spokmne vallays to its junotion with the Spangle lobe a short
distunce east of Spokanc. No attoempt will bs made to doseribs the gleeia-
tion in the upper Purcell Treach North of Sandpoint. The writor has obsarv-
ed that &1l the topography, except some of thoe highest pesks, bears evi-
dense of ice arosion. Ths ice must hove had o moxirum thiskness in placas
of mors then 4500 fget. Daly {5:p.95) has noted that tho upper limit of
goneral glaciation was at 7300 feot above sea lavel at summits oceurring
in the middle of the Purcoll Rangs on the international border. Xirkhem
and 311is (7:PL.VII) also vorifisd this upper limit of Spokans glaciation.
In the Loke Darling region north of the town of Clark Forl, the writer hzs
found granite errutics resting on quortzite peaks at elevations of 6000 feet.

The thiclness gradually decreased southward, and, on the slopa of the
Cibinets north of Hope, & town in the valley of the Clark Fork ezst of Sand-
point, glacistion hus been effective up to &n elevation of about 3000 feet
above Pend Oreills Loks, or 5000 feet ubove sez level. The striae run nosar-
1y north and south, At the mouth of Bull River errctic boulders woere noted
at & lavel of 2000 feet above the Clark Fork.
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The ice covered the divides between Hoodoo, Cocolalla, and Pend
Oreille valleys. The main mass of the ice probably passed dosm the
Perd Oreille Valley and overrun the sides of the mountain spur that
bounds it on the south to an elevation of more than 3000 feet. Here the
spur shows the evidence of great ice erosion, and it was effective in
turning the lobe in a westerly direction. The ice in passing down Coco-
lella Valley did relatively little deepening, but everywhere bedrock is
polished bare. Thre greatast work was done in the Pend Oreille Valley in
the soft clays and shales of the latah Formation. The ice joined with
Spangle lobe to the west of Curtis Mountain, tut it was forced to sevarata
by the southern Selkirks, of which Mount Spokane is the highest peak, and
continued as & separsie lobe dosnz the Rathdrum and Spokene valleys.

From the south end of Pend Oreille lake to Spokane the thickness of
the ice is difficult to estimate becausse of the deep valley fill of glacial
sand, gravel, and boulders. The ice covered, or nearly covered, Lone Moun-
tain, an isolated knob near the valley side north of Rathdrum, and overran
the lower foothills and mountain sides north of Hayden lake. The ice which
had been following a scuth line was deflected by the high mountains to the
south of Pend Oreille lake and turned gradually to the West, following the
trend of the valley system, .

The ice thinned rapidly to the south and west. It did not enter the
Coeur d'Alene Valley, but turning in a westerly direction blogked the mouth
of the valley. Some of the ridges between Coeur d'Alene lLake and Hayden
lake appear faceted, but the ice did relatively little work. The ice was
several hundred feet thick along the edge of the vallev at this point, but
most of it was probably stagnant. :

The glacier, swinging westward in a wide curve with Rathdrum as an axis,
banked up deposits cf probable ground moraine which now hem in the Spokane
River between Coeur d'Alene city and Post Falls. - There is little avidence
of glaciation south of the Spokane River betvween these two towns, for un-
disturbed loess covers the basalt terrace except at the very edge.

At Post Falls the glacier laid bare granitic rocks, and strlations or
scorings on the spur above the gravel fill sHow the ice moving S. 80% w.
The ice extended several muudred feet up the valley side at this place.
The northern part of the valley from Rathdrum west was glaciated to greater
elevations, and polished bedrock is exposed sevaral mndred feet up the sides.
The ice was probably six hundred to seven hundred feect thick or more in the
center of the valley. The strize on the bedrock a short distunce west of
Rathdrum show the ice lobe moving in a southwestsrly direction.

From Liberty Lake westward the ice axtended up the valley sides for
short distances in only a few places. Parts of the valley along the south
side escaped glacistion. DPolished t'drock of granite and negmatite with
glacial striae or scorings on the toi compose some low ¥nobs which project
50 feet above the valley fill betwsen the towns of Trent and Opportunity
in th> Spoknne Valleys This shows the fce trnvaling southwest at an anglse
of apwroximatsly S. 40° W. in dirzet line with the west face of the low
mounrtiainous spur on the south side of the valley facing the plateau. 3Ivi-
dently, ths lobe was turned in a more southerly direction on nearing the
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Spangle Lobe with which it joims two or three miles to the west. The

jce extenled up the side of the northwest edge of the spur gouth of the
Spokaene Valley, imprisoning tho St. Joe drainage so that it found an out-
lect through the mountuins at Mica, first foraing glaclal lake Spokana on
ghe scuth sido of the Spokane Valley. The ice probably extonded to an
olevation grectar than 2700 feet on this ridge of the mountain, and the
thickness sbove the plateau upon which it now enters mugt have been at
1east 300 feat thick.

The erosive work done by the ics must have besn very great--far great-
or than that sccemplished by the latar Wiscongin advance. Most of the
depth of the Peud Oreille Vallsy may have begen attained at this time.

The depth to which the ice evcded in the Rathdrum epd Spokane Valleys
cannot be definitely determined, but it must have beon in excess of 700

or 800 feect below the prosent gravel fill. The ice was probably success-
ful in removing any terraces of basalt that may have escéped earlier re-
moval in the uwppor trench by the rivers. The ice would have little diffi-
culty in eroding the soft clays and shales of the latzh Formation in the
Rathdrum and upper Spokane valloys, and had no difficnlty in wiping out
the low pre-glasial divide west of Post Falls, though before re2ching Spo-
kan2 it was furced up on top of the platesu and vallsy basalts which over-
lie theso soft bods.

The groatest mormment of the Rathdrum lobe, howover, is the great
thicknass of gravel deposits which fills the Spokene, Rathdrum, and Hoodoo
velloyse This f£ill where unerocded has nearly everywhere tha same surface
elevation except in the uppar Rathdrum and lower Hoodoo whers it ia built
to a somewhat greater height, a factor;which controls the present drainage
of the Clark Forl. 7This deep glacisal 2111 explains the generally flat
botioms of the mejor valleys which are three to nine miles wide. The
plain near Pend Oreille Laks has an altitude of 2400 fee% and decreases to
2030 faht towards Spolane. 45 miles to the southwest. The gravel attains
the greatest altitude on a terrace, a half mile west of Athol in the upper
Gaihdrum, and the Hoodoo Valley where the surface is 2600 feet above sea
leval. This probably represants the height, and the place where the gravel
depocits formed @ divide, for the surfacs is lower both to the north and to
ths couth, and explains why the Clark Fork did not continue down the trench
afier the ica roirsatad to the north. The Wisconsin ics probably found
tewroraxry outlet on the east side of this divide, lowering it about 50 fest
in the Athol vicinity, but navt of the Wiscensin fluvial drainage is be-
linved to have tesu nortinmrd up Hoodeo Valley. Most of the gravel surface
so1th and ovar this divide hes the appearsnce of heving been formed from
immonse floods of water which almost filled the valley. Sorme channels, 10
to 50 feet dosp and one guarter to one kalf mile wide, cuarrying large boulders
yot remain. This depositional feature of the melting ice is Well describad
By Davis (6:p.110). who attributes the fill to floods of water overlozaded
witn dohris ontwash frem glaciers. Morainal material is lacking except
possibiy betwesa Coeur d'Alene and Post Falls. Deposits near the borders
of tho valleys ars genorally composed of stratifiecd sands indicating im-
poarding alonz “he margins. To apvroach the very edge of the valley and
then srddanly to drscend many feet into a steep-aided groove behind which
tha lallec im the rogivn are formed is quite common. This extensive deposit
was »wobaily left, for the most paxt, by the retresat of the Spokane ice and
nct on the retreat of the Wisconsin.
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Temporary Drainage Changes

Some changes in the dralnage of the area were temporary in character
and changed or disappeared as the ice retreated. The Rathdrum lobe caused
muich impounding along tho south sidse 0f Spokane and Rathdrum vallays and
gsome of the valleys to tho south contained immense glacial lakes that ex~
tended dozens of miles int¢ the mountains, as shown on the mcp. Some of
the valleys still have remments of theose lckes now held in by the gravel
£fill in the Purcell Traench. Those changes which remain to the prosent
will be spoken of as parmanant changes end described later.

loke Spokene: A4 lake, in area much less than commonly supposed, existed
along the south side of the Spokone Valley. This lake has been oalled
lake Spokane by Large (8:p.335) and others, who show it as ocecupying the
entire Spokans Vallsey with Hausor, Newmsn, and Liberty as remnents. The
lake was supposodly held against the Spangle lobe. The writer, howaver,
belliovaes that the lake was confined to e relatively narrow stretch along
the south side¢ of Spokune Valley, betwsen the north projecting spur of the
Mica mountain mass west of Opportunity about a rmils, to Post Falls on the
o&st, and agzinst the south adge of the Ruthdrum lobe which did not guite
£ill the valley. The lake occupied an emboyment into the mountains, as
showm on the map. An outlet of this lake was found through a low pass in
the mountains to the south, which largo called the Mica Spillway. The en-
tire Sts Joe drainage was necessarily along the south margin of the ice
into Lake Spokane, for no outlet through the mountains, such as Lake Spokane
had, can be found for the glacially dammed St. Jos Valley. Deposits of
stratified sand remain in the bottom of this former lake, showing dips to
the south toward the outlet. The water in the lake was more than 500 feet
deep. With the removal of the ice dam the lake was drained, and Liberty
lake 15 all that remainss It is held in by a gravel dam across the mouth
of the valley.

Mice Spillway: Prevented by the ice from moving westward, the drainage

into lake Spokane passed through a lower divide near the town of Mica. This
divide, with an elevation of a little less than 2500 feet, lies batween Mica
Peak on the esst and Silver Hill on the west, the highest points of the moun-
tains south of the Spokane Valley. Though some of the flood waters escaped
through the veélley in which the town of Mica is located, most of it follow-
ed a somewhat lower pass, about & mile west of Mica, at an elgvation of

about 2450 foet. These features can be seén on the Spokane shest. The maln
channel is about half = mile wide, lying on top of sc¢rubbed tasali. The
water washed the Palouse Hills from its path and left as witness baszltie
s¢nbland, very slightly channeled with a faw basaltic boulders, and a very
few granitic and quartzite boulders which had been floated on 6ales of ice.
Little cutting in the spillvay was done, possibly from lack of tools, be-
cause lake Spokune acted as o settling busin, but more arobably because the
actual current was vary slight. The surface of the watsr probebly directly
Joined the ponded waters along Latah Creek, and only when the barrier across
latah Creek was removed did the waters fall sufficiently to produce an actual
spillway from lake Spokane. Bretz (la:pp.648-9) remarks that the amount of
water passing through the Mica Svillwsy is not sufficisit to cars for the
natural drainage from the mounteins. He supposes thzt a large part of the
St. Joe drainage was sub-glacial through the Spokzne Valley. The lake
occupled the valley of California Creek and joined with Lake latah. Hovever,
4s soon &s the water of latah Lake fell, the watsrs puured down California
Creek, deepening and widening by its. plucking action in the Pointed colummar
basalt.
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Pirne Creek Channel: Latah Creek was at the same time dammed by the Spangle
lobe, and the waters were impounded many miles to the south. An outlet
opened through the Pine Creek Channel, shown on the Oakesdale sheet and
desoribed by Bretz (1:pp.583-4). The channel is cut through the Palouse
Hills & few miles to the east of the town of Rosalia at an elevation of a
little less than 2500 feet. The waters flowing from glacial latah Like
Jolned the glacial floods o few miles to the west of Rosalia.

48 long as tkhe Pine Creek Channel was in operation glacial lames
Spokene and Latah were probably in direct connection, as the Mica Spillway
and the Pine Cresk Channel ara at the sume alevation, both on the surface
flow of Columbia baszlt. Tuarafors, ths water pvessing through the Mice
Spillway was probably slow and sluggish in its sotion ond 4id 1ittle actusl
cutting, but a&s the ice began its rotreat, latah Creegk resumed its normal
course to the northwsst, cuttirg a channsl through the gravels which had
bean doposited in its valley. Iake Spokene lzsted much longer than Latah
lzke and contimued to pour its watar through ths Mica Spililway until the
ice had retroutod to the Spokune Vallaey and allowed the lake to be drained.

The small dreincge from latzh Creek, augmented by the waters passing
through the Mica Spillway cnd down Califoraia Creek, flushed a desp narrow
valley in the grovel-sand fill left by the glzcier in the large older valley
of Latah Creek, even cutting into the bzsalt at the bottom. This clearing

Tom Latah Creek valley of the glacial f1il could not have been done by the
natural small flow in Latah Creek alone. Most of the flushing had been done
befors the Spokane River cams into being. The watar through the Mica Spill-
way can bg regarded as of the groatast importance in restoring the latah
Creek Channgl. Terraces of grevel and sand remsin on both sides of the
velley of Latch Crock, tracoable for muny milas, cven b2low tha junction
with Spokune Rivor. Thesce torraces indiocate a large volume of wator flow-
ing cown Latah Cresk and show that the floods continued to puur from glecial
laks Spokune through the Mica Spillway into California Cresk and Lotah Crosik
after the ice had retrected scross the valley of lztoh Craak,

Glacial Lake Coeur A'Alone: The largest body 0f impoundsd water filled the
5t. Joe und its tributary valleys, for the Rothdrum lobe blockad the valley
nesir the vraesent outlet of Coeur d'Alene Lake and covared the valley side

near Post Falls, effectively impounding the antire drainuge from the Cocur
d'Alens mountains. The water in the lake stood at =n elevation of betwaeon
2500 and 2700 feet, for ice-flosted errstics have beon found almost to the
altitude of 2700 feaxt. Muny have bsen found £t ths 2500 foot levsl. The
water in the leke wus mors tien 700 feet deen in the lowar surt of the St. Joe
Valley.

The impounded watsr drovmed the St. Jos River vallaey many miles beyond
the towm of St. Maries, almost to the Montana lins, and flooded the St. YMaries
Valley. almost to ths town of Clarkia., The lake sxtanded up the Coeur 4
Alene Valley to & point about midway botwcen Fellogg wnd Wallace. Tho lako
Just asscuved having outlats through the mountains in sevaral rlaces. A
further rise of wbout 50 fsst would »robubly have seon a spilleay through
2 pass &t Clarkia c¢r over & basaltic divids neur Y¥oerlay to the west of the
present luke. Becurse mo spillweys cun be found, ths erainage must nuc-
8csarily have becn clong the south adge of the fce ir Rathdmum valley into
L&ke Spokane. A fouw amall bunks of elay slong tho viulley side of the Coeur
d'dlene River may swow the hoight of tha impounded wuters. :

The writer makes no attempt to calculate the umount of water Impoundad
Ggainst the ice barrisr, but ths volume was anormouc and may probably bs
figured in terms of severzl cubic milss. The map which accompaniazs ths
pamphlet shows tha magnituds of the liks.
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Permanent Drainage Changes

Those features just described disappeared when the ics melted; or
scon after, and were considered merely as temporary changes., The svilence
of them remains in the nature of their deposits and tnei abardoned channels
Whera they had outlets oiher than 3% present. Bui other chotzes whisa still
remain are ¢onsidares herse as portansnt changes and will be so described.
Thess include the laxes winich border the Rathdrun snd Spokane valleys, neld
bariné gravel dams, and &bly deseribed by Davis (6:ppe110-11, 114-5), who,
howsver, believed thom to have boen formed by the cutwash prlain which ex-
tendad to Spokans and formed in front of the Kootenai-DPend Oreille lobe
which the wrilter hos pui in the Wisconsin. Thaze changes will be Lriafly
dsscribed. The Svokane River with its f21l1 at tue tow of Post Falls. and
in the city oy Spokane, are also "psrmonent" churges r2culting from the
Spokuns advance. The ostablishment of the courses of tho Clark For¥k to the
weet, beheading Priest River, came as an aftermath upon the retreat of the
Rathdrum lobe.

Losur d'Alens lake: Though this lake is & remmant of glacial Lake Cosur 4'
Alenu, it nesls more detailed description. It ranks second in size of the
lares in the area and is the largest of those formed ‘In Spokene time. It
has a lengsh of 24 miles, though 20 miles of delta flats along the St. Jne
ard a lessor distance along the Coeur d'Alene show that the lake was nes-ly
twice as long at the time of its establishment on the retieai o: the Refn-
drun lobe. It ranges from ons half to two miles wice and has a muaiurn
deptr of 155 feet near the north end, and not 400 feet as statcc Ty Devia
(€:p.114), Headward, the lake gradually decreases in depth to the delt.

of the St. Joa. o

The lske occupies the lower valle: of the St. Joe River and owes its
origin to a glacial gravel-sand dam across the mouth of +the valiey 2% Coeur
d'Alene city. This dam is composed prineipally of stiatified sands, with
but little gravel exposed at the surface, and indicstoes that the depusition
wias from the sides of the glacier and the glacisl rivers into quiet ponded
waters. The lake Years évery resemblance to a drovmed river valley and
skows conclusively that it was nevar occupied by an ice Jobs., It shows no
glacial striaa, polished bedrock, faceted spurs, or errafies, excent those
floated on ice at the time of the glacial lake. Theﬁlaka has & very irreg-
ular shoreiine marked by numerous bays which are well shown on the Rathdrum
sheet. Soundings indlecate a normal erosional valley bottom. Irivntary
valleys are drowned, and such bays as Wolf lodgey Micu, Rockford, etc.,
pProject back into the mountains.

Hayden lake: This lake is much smaller than Goeur d'Alems Iaks, but it has

& similar origin, The gravel formation of the Rathdrum Valley dammed the
mouth of the valley of Heycen Creek. This loke has no visible ouilet but
drains through tha grovel cnd joins the deep wuter table of Rathdvwn ITrairie.
The drwwning of Hayden Valley has extended headward for more than cix miias
and widens near its uaGerground outlet to two milos. The lake has numerous
Vays and promontcrics and is for the most part 2 ncrmal crosional vailey.

Ics passed over the lower part of ths course of Haydsu Creek bat ceusad little
apparent change, though the velley may havo been Goepaned gomewner hosr its
widest parg. Dhe harrier is composed of stratifieod daposits of sand., with 2
litile gruvel, and rrobably represents the load laft 2y ths Fushdrus lob;

and by its oatwash. The level of the lake is 2242 feat ard is rescrnod by
ag¢sceading over the edga of the flat fill of Rathd-um Proirie. South of
Hayden lake, natural depressions occur along the mirgin of Rathdrum Prairie

-19~



which contain no water, but which represent protected areas where Bsker-
like forms or bars held back the main fluvial deposits and left these
areas only partially filled, Some of the elongated bounded depressions
are more than forty feet deep.

Snirit lake: This lake is also caused by a high gravel dam across the out-
let of the valley of Bricket Creek, The glacial dsvosits did not entirely
fill the Rathdrum Valley to the same level and a depression is left along
tae mein valley side. An arm of the loke, however, fills this depression
for sore distance and parallels the mein Rathdrum Valley. The lake is
dreined by Spirit Oreek which flows in a depression northward, but the water
gcon disappears in the gravels. The lake is four miles long and three quart-
ers ot a mile wide. It aprears to lie in a normal erssional valley, though
pirt of it may have been overridden Ly the ice and occupied by ice more or
less stagnant. The surface of the lake 1s 2442 feet and lies about a lmun-
dred feet below the surface gravel of Rathdrum Valley.

Iwin Lokes: This lake is similar to the others, and particularly to Spirit
Lake, becanse about half of the lake lies outside of the valley of Fish Creek
and parzllels the Rathdrum Valley. Reference should be made to the Rathdrum
silest where these festures are strildngly shown, - The fact that part of ths
la¥Ye extends into the meuntain vulley and tie remaindar along the main valley
has probably given it ths name of Twin lazkos. It is sometines refarred to

as Fish Lake. This leke is hommed in by the high Rothdrum Vellay f£ill. The
laks is narrow, not over a few hundrod vards wide at the most, crascent
sheped, and about four milss long., Fish COreok .flows into the wast tip of

the crescent, und Ruthdrum Crask flows into the south snd. Rathdrum Creek
flows northward in a depression from the town of Rathdrum to the lake in
another of the marginzl depressions. The loke has no visible outlet, but

drains through the gravels of Rathdrum Vzlley. Its surface has an elevation
of 2%i4 feet.

Housar lake: This lake is also lmown as Sucker lake. It is roughly circu-
lir in outline and covers about one square mile. Like the others it is held
1n by a gravel dum which bullt up across the tributary valley as the over-
leoaded streams from the ice lobe deposited its sand and gravel: The lake

1# very shallow and drains through the gravel dam. Ice probably covered
this region befors the period of deposition, for the bedroek is polished
ari cngulerities are reduced. X

Novmen Jake: Newman like the others has been formed behind a low divide of
giesizl fill across the lower part of ths valley of Newman Creek. It has

‘no ovtlet, but drains underground into the Spokane Valley. A relatively

sxtil rise in ths water level would cause the lake to flow over its dam,
The iskoe covers about one ond one half square miles and has & surface ele-
vi.ticn of 2130 fest.

Lilarty Lake: This lake is on the south side of the Spokcne Valley and is
oniy & little larger than Hauser lake. The loke might be considered us a
remznrt of glacisl lake Spolmne, but it owes its existence to a high pravel
birriar across ths valisy of Liberty CreeX. fThs 1ake is shallow, and, lilke
tie other smaller lakes, i* draing through ths grevels of the main veiley
wWiich hers rises avont fifty feet wbove the loke. Thae lake has & surfucs
astitvde of 2050 fact.
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Othor depressions which contcin no wator ars present along the south
sdge of the Spokuns Valley, from Libarty Laks to the outskirts of the city
of Spokune, similor in most rosnocts to those found ¢long the margins of
Ruthiram Vulley. The most notsd one is the dopression into which Saltess
Creelc druins and whizh has « mershy bottom. Thosa deprsssions contain no
water bocuuse the draintes aren i1s not sufficisntly lurge to meintain an
inilow squul to the outfiow through the gravel, oxesovt in the zarly syring.
These depressions, togother with those thut hold lakss, appueur to havs
formad behind bars which dovelopod across valleys of protectad arass of
the mein valleys by the hewvily loaded floods from the retroating ice.

Spokens River: This name has been given to tre St. Joe as it leaves Cosur
d'Alens Lake. During the cecaupancy of the Rathdrum and Spokane valleys by
the Rathdrum lobe, the drainage of the St, Joe gystem was nacessarily along
the south side of the ice, a5 no other outlets have béen found, and the
drainage was from glacial Lake Cosur d'Alene into glacial Lake Spokans,
either along the side of the ice and crowded upon the valley side, or was
on the ice itself. The water then passad through. the Mica Spillway and in-
to Latah Canyon or found, in part, drainage under the ice in the Spokans
Valley. As the ico retreited up the Rathdrum Vallsy, the St. Joo had to
continuc to flow through the Spokane Vallay, beciuse it was bLlocked from
its pravious outlot to the morth by the ice, and when tho ice had eutirely
diszppsared the immense gruvel f£ill to the north, more than 350 feet above
the rrosent river, effectively blocked the north outlet.

The Spokane River then continued down the Spakane Valley, henmed in
sguinst the valley murgin by 2 high bunk of deposits batween Coeur d‘ilens
Lake and Post Falls. '

N
v

Post Falls: At the town of Poat Falls the river was superimposed c¢n the
resistaut gnelssolid and granitic rocks of a formerly buried spur. Down
stiream from the spur, the river course is more deeply incised in tha gravel
ard its valley is well open. The river divided into several streams, has
cul 2s many small gorgas across the rock spur--with falls at the head o
each. The bedrock is highly jointed and the river has cut deevly along

& prominent system of joint fractures, and, 2s the ice retrosted, the river
was unable to obtain un easier pussags through the gravel a half milas to
the north. Three channels ware cut in thas spur and have formed gorges 70
to 80 fast deep with nrecinituous sides. The gorgas extend nsarly fcross
the spur, bdbut ths udjustmont hos not been completad and conssguently tho
river plungss into the chunnels from the top of the resistant spur form-
ing Fost Fulls,

Spoksns Palls: After plunging over Post Falls, the Spokane River followed
the lowest depressicn in the valley fill, which carried it to thro north
side or ths valley at Trent. Then it flowed southwest to Latah Crreex, Lts
channel, to where it tumbles over the basalt in Spokane city, is om the
glacial gravels. and its prasent course bears little relation. excep:t in
general direction, to the pre-glacial tributary of Iatah Creck.

Spokuns Falls are the result of the bloeking of ths drainsge o ths St.
Joa system tc the north by the ice and gravel £111, and the eslab iclmant
of a new courss down the Spokane Valley. They sre caused by the aiv.rizd
St. Joe tumbling into ths canyon of Latah Cresi.
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Prior to the ice invasion, Latah Creek had cut a wide, deep canyon
in the basalt, and a small tributary joined it from the Spoksne Valley.
Latah canyon was out more than 800 feet below the rim-vcek flcws, and the
valley was rmuch wider than at present, for today the sidss ars line® with
terraces of gravel. COutting had extended headward from Spckane almost to
the town of Tekoa, more than 40 miles to the southeast. This canyon was
obstructed by the glazial deposits during the Spokane advance and retreat,
and for a time, as previously explained, the drainage was through the Pine
Creek Charngl., But as ths lobe receded northward of the canyon the waters
of Iatah Creek rermed their flow in the old valley, and, auggented by the
floods which continuad to peur through the Mica Spillway into California
Creek and then into Latsh Cunyon, they soon cleared a deep channel through
the entire extent of the gravel fill., This now valley has gravel terraces
on both sides, for the waters cut deeply and quickly.

When the ice had roceded up the Spokane Valley, Lake Spokano wus draine-
ed, and Spokane River naturally came into being and flowed in‘o the parcially
flushed valley of Latah Creek. The river followed as best it could on the
gravels which filled the vallay of the older tributary, tut it found itself
placed at one side and huag up on a ridge of basalt. Since then the Spo~
kene River has cut through about half a mile of gravel in the valley of
Latah Creek and has further ontrenched through about half & mile of basalt.

Iittle clearing of the valley of lLatah Creek was done by the Spokane
River, for several terraces of sand and gravel .line both sides of the
valley. They may be traced unbrokenly from above the mouth of the river
at Spokane to long distances below Spokane, which proves further the
passage of floodwaters down Latah Creek from the Mica Spillway before the
Spoxane River was established, Spokane River now -cuts directly across these
terraces in entering the valley of latah Creek.

4 restoration, by means of basalt outerops which are exposad above the
gravels above the Spokane Falls, of the older tributary valley which carasd
for the drainage down the Spokane Valley in pre-glacial time shows that
thie valley was much smaller than that of Lutah Creek. FHarali crops out
high above the river in the city of Spokene, sast of the Fellc, less than
& ralf mile on either side. Had Spokans River flowed ttirough the Spolans
Valley in pre~glacial time, obviously latah Creelk canyon -tald have baen
the smaller of the two.

4 study of ths map will show that latah Crsek continues in a straight
line and that Spokene River enters at right angles, an unusual thing for
& larger stream to do had it been superimposed on the surface of the basalt
at tne same time as Latah Oreek. The size of lLatah Creek canyox incroases
progressively down stream, and the entrance of the Spo¥ane apnears not to
have affected it greatly.

Olari Fork River:* As the ice retreated northward of the Rathdrmm and Hoo-
duc valleys and up the valley of the Clark Fork, the drainsgs could not

pass uvp the Purcell Trench, for the valley was blocked by ths ize. Kor
couwld the drainage spparently resume to ths south through tha Rathdrua
Valley, because the morainal deposits and outwash, built tc an elevation
of about 2500 feet above sea level and an unknown depth abcve the valley

* Clark Fork is better lmown as Pend Oreille River after it leavee Lake
Pand Oreille on its westward course.
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botiom, had blocked the river in that direction. But apparently a lower
divide eristed to the west, and the Clark Fork established itself in that
diraction tkromgh the gravels, er2ssing the low divide near Laclede, cross-
Ing ths valley of the Priect River and beheading it, leaving tha Hoodoo
Vallny strandzd, and then passing over the low divide west of the towm °
of Priest River with final outle%t to the west.

A% Nevmort tras Clark Pork probably flowed acrcss the gravel to the
sonthwest sod south to the Spokane River and probadbly not until after
the reireat of the Spokens ice, or movre likely the retreat of the Wiscon-
sin ice, did it steal a valley to the nobth, Davis (6:p.107) mentions
& singular feuture noted here that a head bransh of the Little Spokane
River rises close to Newport and flows on its southward course through a
ngrrew, rock-walled gorge, wih much fresh talus, in part occupled by a
long narrow lake. He states further that this had the appearance of be-
ing ths work of the Clark Fork or of a distributary of that river, tempor-
arily deflected southward during the aggregation of its high terrace. If
80, the return of the rivar to the northeastward. course below Newport is
prodably to be explained by the trevching of tha terrace deposits in that
direction being easier than tn ire southward. This place was not wvisited
by the writer. But it scems likely that as the ice receded northward,
the upper part of this valley, which normally drained to the south, offer-
ed a lower passage than over the gravel terrace and the basalt plateau to
the south, and it nsturally took this valley for 'its' owm., This explains
the canyon which 1t enters to the north nsar Metaline Falls., It may be
more likely that this pircey did not occur until the retreat of the Wis-
consin ice.’ ’

Lerge (8a:pp.259-270) also prosents evidence to' show that tho drain-
age of the Clark Fork from Nowport was southwerd along the valley of the
Little Spokune River. But he explains the changa in dircetion of drain-
ags &s paing dun to the tapoing of Lake Clark, which he presumed to have
ocsupied ths Clark Fork Vallsy between Nawport #nd Metaline Fslls on the
Closs of ths Ploistuczne. This piracy occurred to the north of Metaline
Falls.

el TR S

At Albhany, between Newport and Priest River, the Clark Fork tumbles over a
resistant mass of granitic roeks, having cut nearly through with a hundred
foot prasinituous gorge below. Conditions are similar to those at Post
Falls on the Spokaune River, for the river in cutting through the gravel was
superinposed on & rock ledge or spur of resistant granitic rocik.

THE WISCONSIN ADVANCE

A lorg interval of time existed between the Spokans ice advance and
retrest and tlre new advance in 7isconsin time, Brotz (1b.:p.342) figures
the lapse of time sinsc the Spolune glaciation at two and one quarter times
4s grest s the Wiscoosin glzcistion, and, assuming that the Wisconsin

glaciaticn of the northerrt vart of the Colwmbia Plateoa is late Wisconsin
as ths strong meraiaic exprassions cf its dpifi Sheet suggests, he belioves
that :his rativ would make the Syvokune glaciation equivalent to aither tha
Iowan or early Wisconsin, but he statos that a dsfinite correlation can be
made only when a dsfinite ratio for serly and late ¥isconsin and post~is-
consin is obtained in the Mississippl Vallsy.

Albany Talls: These falls were produced in the adjustment above deseribed.
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The new advansce was not extensive and did not pass far southward.
The south end of Pend Oreille marks the beginning of its terminal moraine
and represents the fartherest advance. This advance differed from the
earlier in that the ice came from the north in the form of a large valley

lacier which did not run far up the present valley sides. Two such

valley glasiers descended in this region; one down the Purcell Trench,
vhich Davis (6:p.83) named the Yootenai-Pend Oreille Lobe, and a smsller
lobs down the Priest River valley which the writer will sall the Priest
River lobe. Another lobe probably cecupied the Clark Fork valley from
the Newport ragion northsord beyond Medaline Folls, but this region was
not visited nor was the lobe mapned.

These ice stroams caused the formation of Pend Oreille Laks end Priest
luke. Little else remains of the work of this ice except for the quite
fresh terminal moraines at the south end of each of the lakes and a few
scattered patches of recessional moraine. Pend Oreille Vaelley shows the
most intensive results of glaciation as a consequence of the two advances.

Kootenai~Pend Oreille Lobe

Davis describes this lobe as coming from the.north down the Purcell
Trench, a distributary going up the Glark Fork valléy and another down
the Pend Oreille to tho south end of the laks and furnishing the vast
fclume of gravel and sund that forms the outwash plain as far as Spokane.
The distributary thut flowed up the Clark Fork Valley, he believes causad
the impounding in glacial Lake Missoula. The writer agrees with this in
part, but believes thet the greater part of the Rathdrum and Spokane vallsey
fill formed in Spoknne time. The bottom of the valley has strong indica-
tion of glaeciction which axtands severzl hundrad feat up its sides. Glacial
stride show an oust and wost direction along the Olark Fork. Calkine
(3:p431} also noticed tho prescnce of this lobe, for he mentions the indi-
cations of glaciation by & deep ice stream in tha valley bottom of the Clark
Fork from ths north of Bull River to Pund Orsille Icoks,

Most of the terminal moraine at the south end of the Pand Oreille Lake
has & surface altitude lsss than that of the gravel plain in the upper Reth-
drum Valley. The lobe passed down the Cocolalla Valley to near the towa of
Granite, loaving bohind ground and terminal morzine. Thare is no avidence
that Hoodoo Vulley was occupisd by Wisconsin ice &s the gravel £ill is un-
disturbed, except for the Hoodoo Chumnel, which carrisd glacial waters from
Pend Oraille Lake. Tha ice did not extend far west of Sandpoint.

Most of the valley of the Clark Fork sast to the Montana line has been
filled with delta debris and its actual depth during the ice stream is
problematical. However, as Pend Oreills lake has a depth of 1100 feet and
as the ice extended up the sides of the present valley several hundred feet
it is probably safe to assume that this lobs had a thickness of at least
1400 feet and was capable of doing sn immense amou:t of erosive work.

4 drift divide exists between Sundpoint and Bonners Ferry at an alti-
tude of 2253 feet ot 3imirs, tnd Davis suggests that the glacier stood at
this point for a comsidernble time during its recsssion and this accounts
for the alluvial plain as far south as Sandpoint.

Pend Creille Lzke: The laks 1s & feature formed definitely im Wisconsin
timo, for the ice strozm advancinug down the Pend Oreille Velley clearazd
out the gravels depositcd on ths rotrsat of ths Rathdrum lobe and loft its




o6wn terminal moraine to the south and west of the Pend Creille Vallsy.

The southwestern end of the lake i8 barrad by & heavy moraine, and divided
by & blunt morzinic cusp inio two bays, of which the southern one, border-
8d on its southora side by trhe ice-gcoured wall, is two and one half milss
long without a local name. and the northzrn one mapped as Squaw Bgy with
the village of Bayviaw a® its end, is & milec and a half longs 1The Pend
Oreills Valley had rrobavly woen greatly doepenad by the Rathdrum lobe zg
the lce was confined in the r¢latively noarrow trough, and indesd, most

of the deepening may have beon deuo by this »arlier 1sbe, and tha Wisconsgin
advance mey have done littlo more then clozr the eraval f£ill loft by the
first lobe., The valley controiled ths direcction of the ice movement of
both the Rathdrum lobe snd the Pond Oreille Lote.

Pord Orsille l2ke now occuples both the Pend Oreille Valley and the
Clark Fork Vailey, though the latter has been largely filled by the delta
of the Clark Pork River. The lake is shaped like & huge question mark.

It is about 42 miles long and averages 4 miles in width, ranging from one
mile or lass at the ends to six miles near the Clark Fork delta, The lake
has & meximm depth of 1100 feet according to soundings mads by ddward
Sampson of tho U. 8. Gaological Survey*, -

The lake has a most regular shoreline, quite unlike that of the drowned
valley of Coeur d'Alene Lake. No bays worthy of mention exist, The lake
is bounded by faceted spurs with precipituous slopes best seen on the sast
8ide of the lake, and is almost free from gravel: deposits along the sides,
but instead has grooved and polished resistant badrock which drops abrupt-
1y into the lake. The submerged vart of the valley drops as abruptly as
that above the water and has 2 typical U shaped bottom. The deep de,
particularly in the south end, confineq betweon steep and for the most pvart
timber covered valley sides presants a beautiful and fascinating picture of
utmost grandour. The dam at the southwest ond of the lake has a staep slonae
toward the water, mich of it a hundred fzet above tho wator surface. Then
for somo distance westward ths irregular deposits of the torminal morsine
arc the dominating foaturss. These ris¢ gradually to a height of 300 fcat
above the luke level.

The ice probably extended to the gravel terrece just west of Athol and
some of the outwash went down the Rathdrum and Spokune Valleys which may ex-
plain the semblance of a wide channel in the gravels down the two vulloys.
But when the glacisr had receded a short distance, this flow stopped and
the drainsge wes out the Hoodoo Valley to tho north. ThE gravels which were
left by the Rathdrum Lobe were probably pushed ahead or along the glacier
~front and left in the terminal moraine and distributed as outwash.

The depth of Pend Oreille laks is interesting, because Cocolalla Valley,
als80 in direct line with the Rathdrum lobe and for the greater part with the
Pand Oreille, exhibits no great amount of glacial deeponing, though the
surface roscks are perhaps no more resistant than the Belt rocks in the sides
of the Pend Oreille Valley. It is difficult to explain this diserepeney
unless a deep valley existad in the Pond Oreille befors ths coming of the
lce. 800 or 1000 feeot of overdzepening, as assumed by Davis, would sesm
impossible in this case whare twWo purallel valleys show such marked diff-

*Oral Cormunication

A




érences and both in line with the ice advances. The much greater depth of
Pend Oreille Valley is clear when the sre~glacial and pre-basalt drainage is
taken into consideration. The writer has explained earlier how the Clark
Fork oceupied the Pena Oreille Valley in bre-basalt times, cutting a valley
to & depth near that of the present bottom of the lake; and how during
Mlocene time the drainers was obstructed to the west of the Spokane Valley
and caused the deposition of 1500 feat of soft clays and silts at Spokane,
énd a lesser thickness in the Peand Oreille Valley; how these beds were fin-
ally ovorwhel—ed Ly the baszait flows, though in the meantime the Clark Fork
and St. Joe found outlat through a lower divide up the Purccll Trench: and
how to the coming of the ice advances the St. Joe was entrenching in those
beds, the depth not mown, but presumably enough to move out most of the
bzsalt from the upper villay and qut its bottom to the slevation of psrhaps
1800 feat; with the probable removal of 700 foet of basalt and laks beds
leaving then as a maxirum amount about 800 faot of ake bads and Belt rocks
to bo removed by the ice. fThis, however, sagms largo, and it is mors pro-
boblo that tho river had cut several madred feat deeper than this befors
the Spolmne advance. This made it relatively easy for the two ice advances
to clear out the lake beds and change the valley into a glacial trough of
the present dopth, ‘

Hoodoo Channeli: fThis 1s a conspicuous feature on the Sandpoint topographic
sheet, and it is represented by the long sinuous Hoodoo lake with swamps

or marshes continuing along both ends, most of the distance from Granite

to the Clark Forx near laclede. Murther study of the Rathdrum sheet shows
that this lines up with a depression in the north margin of the Rathdrum
Valley which joins Pend Oreille ILaks. This {g an abandoned river echannel
which connects the southwast tip of Pend Oreille Iake at Squaw Bay with the
Clark Fork River, near lLacleds #8st of Sandpoint. The bottom of this Rbandon-
ed river channel is stranded about 50 fegt above the present surface of the
lake and is dry, execopt for the shallow water of the long sinuous Hoodoo lLake
and the swamps along its courss in the Hoodoo Vallay.

Prom its beginning at Squaw Bay the channel is in the gravel deposits
on the north side of Rathdrum Valley and follows closely tha edge of the
gravel plain, but gensrally within it. Thg channel follows waestward for
81x miles and then turns abruptly north t:o and one half miles, and cuts
a fifty foot ¢chann:l through the roasistant granitic rocks at thoe town of
Granite., The channel narrows to almost a hundred yards in crossing the
g€ranite ridge., 1Its previous width in the Rathd rum Valley was from a quartar
to half mile wide. It then crosses thisg granite divide, a low pass in the
mountain ridge, and entors the Hoodoo Valley, turning north and cutting =
channal in the Ruthd rum gravels, along tho 9&st side of the valley, more
‘than 50 feet deop and from onc fourth to one half mile wida. The channel
is not far from bedrock and near the north ond of ths chamnal bedrock is
oXposed. But the channsl sides are in gravel, and thase sides ure steep,
Symetrically rounded, dropping off directly from the gravel plain, and indi-
cate that the river was short-lived, Post-~glacial erosion has eoffected the
sides very littie,

The chamnel-obviously served as an outlet for the waters of Pend Oreille
lake, probably as the Wisconsin ico bogan its retreat. Whan the Pend Oreille
lobs extended to Athol most of the #lacio-fluvial outvash was probably down -
the Rathdrum and Svokine valleys, but as the front moved baclk Several miles
the high glacial divide caused tho water to go northward through this chonnel
Which in the meantims had probably cared for S0ne of tho esecaping water on




the north side of the lobe and from tne glseier :ront Jusi 0YLh O Graniidg.
The volume of water flowing through this chammel was wadcerbtedly immense,
fcr the evosion of a channel 100 vards wide &and at least 50 feet dzep in
frosh granitic rocks with no great jointing, and for a stream with low
gradient, would indicate a volume of water of nc small proportions. That
the river was short-lived is indicated by the symmetry of tho channel sides
which in addition show no indication of lateral erosion of the stream. When
the ice bad melted frcm the Pend Oreille Valley, the Clark Fork resumed its
present course to the west of Sandpoint, though in the meantime water from
the glacier near Sandpoint region passed down the Clark Fork Valley.

What effect the Wisconsin ice had on the valley through which the Clark
Fork flows north of Newport is not kmown, but it. is probable that the valley
was blecked and the Clark Fork had to pass west and south of Newport until
the ice receded from the velley as Previously described. Since the northern
outlet was established, the Clark Fork has intrenched through the vallasy
train and fill, leaving terraces along both sides of the river more than 100
foet above the present water surfsce.

Glacial Take Xootenal: Another lake that had a short life at the end of the
Wisconsin glaciation covered the upper part of the Purcell Trench from El-
mira to the Canadian border and beyond, though 1t is likely that the lake
once extended even as far south as the gravel divide in the upper part of
the Rathdium Valley. In the vicinity of Bonners Ferry there are exXposures
of an extensive deposit of finegrained light colored sands and silts which
form a high broad terrace on both sides of the trench, which Davis (6:pv.617-
46) ocalls the Creston Terrace. The edge of this.terrace is at an altitude
of 2200 feet, but the surface is not uniform, the depth being muech greater
8t some places than at others. The Koctenai River flows through these de-
posits in a wide steep-walled velley. This valley is two to three miles
wide and has been partially filled by the delta deposits of the Kootenal
Hiver. This delta plain extends from Bonners Ferry to Kootenai lake; .36
miles t0 the north. The lake beds cover the older valley bottom to 'a shallow
depth and extend from the Montana line whers the deposits are coarse and
gravelly, indicating the entrance of Kootenai River into the lake, to the
main valley in the Purcell Trench whers the deposits of fine silt reach a
maximum thickness near Bonners Ferry. The altitude of the deposits de-
creases northward toward the international bordsr and southward toward %1-
mira though not greatly. The deposits along the trench &rs principally
fine silts, larpely rock powder, and stratifisd under conditions of gener-
ally quiet ponding.

It seems probable that these silts were accumlated in a lake formed
"in the Purcell Trench during the recession of the ice, held in at the south
by the higher divide in the upver Rathdrum Valley £ill, or more likely at
Elmira, and, on the north, by the retreating glacier front. The decrgase
in the amount of sedimentation to the north indicates a retreating ice
barrier, The lake probatly found outlet south through the trench and joined
the Clark Fork and flowed westward.

Priest River Lobe

This lobe was much smaller than the Kootensi-Pend Oreille lobe. It
started from the mountains in the upoer Priest River vallev near the Ganadian
border, and temminated below the south end of Priest lake which came into
eXistence as the ice meited. The main lobs probably followed the main Priest
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River valley and was probably Joined by -small tributary glaciers along the
way, This lobe was not studied in any detail, nor can the thickness te esti-
mated for the depth of the lake was not ascertained, though it is probably
not over 500 or 600 feet deep. A terminal moraine remains south of the

lake and marks the southern limit of the ice advance. To the south the upper
8ides of the valley, which are <or the most part in granite, are scoured and
polished by the earlisr Spokans sdvance.

8t _Iake: The lake has an origin similar to that of Pend Oreille lLaksg,
being held in by the terminal moraine of Priest River lobe which may 1ie
on the gravel f£ill left by the earlier Rathdrum lots. From the lake south-
ward Priest River Valley is leveled by the gravel plain which slopes to the
south with low gradient snd is now torraced by the Priest River in its low~
ér gourse. The surface elevation of these gravels corrasponds to the sur-
face elevation in the Hoodoo, Rathdrum, and other valleys. Thasa, the wri-
ter bolievas to reprosent fluvio-glacial outwash and vallsy trains rathor
than lake sedimonts, though loesnl ponding has baen. effective in many places.
The thickness of the valloy £ill at this place is not dafinitely known, but
1t is probably not groator than 300 feet, for the river cuts through the
gruvel in some places.

Priest Lake is divided into an upper and lower part separated by
& stretch of polished bedrock over which the Joining stream picks its way.
The southern lake is the larger. PBoth lakes ars rather irregular in out-
lire., The dimensions can be better obtained from the Priest lake topograph-
ic sheet than by description here. '

The outlet of Priest Lake aff rds an interesting study, for the
moraine and outwash were at such a height in the main valley that the lake
found a lower outlet by passing up a tributary on the west side and flow-
ing back into its own valley some distance to tha south, after cutting over
& low divide & short distance from the lake. This peculiarity may be seen
on the Priost lake quadrangle. o

CONCLUSIONS

These studies have dealt with the pre-baszlt, the pre-glucial,
and the glacial drainage changes in northern Idaho and eastern Washing*on,
Bafors the coming of the Miocene basalt flows whieh have btuilt up the Cole
umbia platosu and formod embayments into the mountain valleys, the drain-
8go was t'o tha southward and westward. The Clark Fork flowed through the
Pend Oreille and Spokene valleys to the west, Priast Rivoer occeupicd Hoo-

- doo Valloy and joinsd tho Clark Fork noar Athol. The St. Joe joincd the
Clark Fork nuar Cosur d'Aleno though there is a Strong possivility thas
the course was to the wost noar ths south and of Comr d'Alsne loke - &
contimiticn of ths prosont direction of the Coeur d'Alene River. SHarlior
busalt flows obstructed this drainage system and causaa the fdepcesition of
1500 feet Lotak sills and clays in the Spokane Valley before the dsposits
vere overdnelmed ond buried bonaoth later basalt. This disarranged the
former drainage system and probably caused a reversal of direction, with
the ent{ire system passing north through the Purccll Trench into Canada.

Sudseguent erosion removed most of ths basalt ard Iatah forma-
tion from ths $%, Toe and Rathdrum valleys and were remtignts of these now
flazk %he valley sides. In Pleistocena time the cogion was wisitad by at

least two ice advances from the north; the first baing the mest extensive
and continental-like in character. This covered 211 but the tons of - =
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the higher mountains in north Idaho snd extended to increasingly lower alti-
tudes through the Pend Oreille, Hoodoo, Rathdrum, and Spokiane valleys where
it jolned the Spangle lobe Jjust a few miles east of Spokane. The St. Joe
drainage was blocked by the ice, which the writer has dssignated as the
Rathdrum lobe. Glacial lske Coesur d'Alene whizh was dt lgast 700 feet deepar
than the present lake and ex‘enided more than twice as far into the mountains
w48 held back by the ice. The outlot was along the south edge of the ice or
on tha ice into lake Spokuns, & body of water hald in 2gzinst the south side
of Spokane Velley by the lobe., Part of the water leaving the lake wos pro-
bably subglscial, dut some of it used the Mica Spillway through the moun-
tains south of the Spokane Vallev and Joined Latzh Iake which had an outlet
through the Pine Creck Channcl nocr Rosalia.

The fluvio-glacial deposite and outwash filled in the Rathdrum, Hoodoo
and Spokans Vulloys in greetsr part to unknown depths but in oxcess of 450
feat, ond probably in tho upper Rathdrum Valley to nearly 1000 foat. These
deposits duammed tha mouths of the tributiry valleys and by imponding cuused
Hawien, Cocur d'Alons, Spirit, Twsin, Huusar, Newmen cnd Libortv lakes. Cosur
d'Alene Leks tlone has & visibla outlot. Tha ico and subsaquont gravael £i1l
offactivoly bdblockad the drainage of the St. Jow to tho north, cnd the pres-
ant Spok.nc rivar was cstuolishad. The river sas suvsrimposed on & former-
1y buried spur of rasistunt gnoissoid c<nd grinitic rocks at Pust Fulls, snd
this mass of rock is responsibls for the fulle. At Spokuno the river tumbles
into thz cunyon of Lutah Crosk which was estublished in pro-glacial timz, and
the falls arc tho result of the river boing susponded on o ridgs of basalt,

The Clark Fork river 7as held from re-entering its pre-basalt course
through the Spokane Valley by the glacial fill in the upper Rathdrum Valley,
and from its possible former course to the north by the retreating ice. It
found & lower divide to the west and later intrenched through about 200 feet
of gravels, beheading Hoodoo Valley and isolating it from the formar Priest
Rlver drainages 1It, like the Spoksne River, wus superimposed on a formerly
buriod resistant ridge of granite and the falls at Albany resulted.

The second advance of ice occurred in Wisconsin time. This was much
less extensive and was more of the valley type. The ice stream followed
the Purcell Trench from the north and left its terminal moraine at the
south end of lake Pond Oreille. Part of the outwvash from this lobe. called
the Pend Oreille lobe, was down the Rathdrum and Spokane valleys adding to
that of the earlier advance, but a part was through the HooGoo Channel and
into the Clark Fork River near Laclede, The Hoodoo Chamnel which connected
the south ond of Pend Oreille lake with the Clark Fork was later stranded.
Tae Pend Oreille lobe cleared the gravels left behind by the retreat of the
sarlier ice, and Pend Oreills Lake romained hold in by the gravel dam on
the south, and a second gravel divide near Tlmira north of Sandpoint. The
lake is 1100 feet deep and has a U-shaped bottom. A smeller lobe in the
Priest River valley extended to the south end of what ir now Iriest lake
and on its retreat left Priest lLake behind a gravel dam.

Clark Fork River at this time or less likels on the retreat of the
sarlier ice sheet, or wossibly on the retreat of each, stole the valley
of an sarly southward flowing stream and reversed its direction from New-
port to Yetsline Falls, though it probably occunied the valley of the
Little Spolrans until the ice had receded from tne uppar »arts of the valley .
at Metaline Falls.
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