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Report on geologic reconnaissance of the Clark Fork -

Kootenai River development plan

Lincoln and Sanders Counties, Montana
By

Charles E. Erdmann

Summary

1. Definition of project: The Clark Fork - Kootenai
River project is a plan for the joint regulation and integra-
tion of the two rivers by construction of a dam on Clark Fork
River near Smead, in secs. 5 and 8, T. 26 N., R. 33 W., Sanders
County, Montana, and a dam on Kootenai River at Tunnel No. 8
site, sec. 28, T. 33 N., R. 34 W., Lincoln County, Montana,
or some other favorable site below the mouth of Lake Creek
near Troy, to such an elevation that water can be exchanged
readily between their respective reservoirs through a 40-mile
transverse valley across the Cabinet Mountains that is called
the Bull Lake Trench. Figure 1. This plan was proposed by
John C. Beebe, Regional Administretor, Federazl Power Commission,
Sen Francisco, California.

2. Critical elevations: The maximum criticsl elevation
for this preoject is peool level at 2,3€5 feet, the elevation
of tail-water at Thompson Falls power plant on Clark Fork
River. The elevation of the low point on the Clark Fork-
Kootenai River divide in the Bull Lake Trench is about
2,327 feet.

3. Field work: A geologic reconnaissance was made
during the peried April 6 - May 2, 1945, to determine the
geologic feasibility of the preject. Geologic mepping was
not undertaken and the geology of the reservoir areas was
not examined. Special topegraphic surveys were made to
obtain accurate profiles of dam sites on Kootenai River.
Figurell.



. 4, Scope of report: This report includes geoleogic
descriptions of dam sites and related works, as follows:

Clark Fork River

Smead dam site. Location: secs. 4 and §,

T. 26 N., R. 26 N., R. 33 W.; SWiSW: sec. 33,
T. 27 N., R. 33 W., Sanders County, Montana.
Figures 2, 3, and 4.

Chimney Rock dam site. Location: sec. 10,
NWINWE: sec. 11, and N3NW: sec. 15, T. 26 N.,
R. 33 W., Sanders County, Montana.

Figures 2, 5, and 6.

Appurtenant works for Chimney Rock dam site:
Smoky Creek dam site, Bull River gorge.
Location: SE} sec. 34, T. 27 N., R. 33 W.
Figures 2 and 7.

Government Mountein tunnel route. Location:
SE;SE: sec. 34, T. 27 N., R. 33 W.;

W3 sec. 2, EXNEY sec. 3, NINWE: sec. 11,

T. 26 N., R. 33 W. Figures 2, 8, and 9.

Bull Lske Trench

Clark Fork-Kootenai River (Bull River-Leke Creek)
divide. Location: sec. 9, T. 28 N., R. 33 W.,
Linceln and Sanders Counties, Monteana.

Figures 1 and 10.

Kootenai River

Tunnel No. 8 dam site. Location: 8% sec. 21,
ESNW:, E3SW: sec. 28, T. 33 N., R. 34 W.,
Lincoln County, Montana. Figures 11 and 1Z2.

Star Creek dam site. Locetion:. sec. 5, T. 32 N.,
R. 34 W., Lincoln County, Montana. Figures 11 and
15.

Troy dam site. Location: secs. 1 and 2, T. 31 N.,
R. 34 W., Lincoln County, Montena. Figures 11 and 14.
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5.

Soe

b.

Conclusions:

The overall conclusion of this report is that
geologic conditions do not make the Clark Fork -
Kootenai plan infeasible. They mske it difficult,
however, for the dam sites on Clark Fork and
Kootenai Rivers are on a large scale, and certain
modifications of the original plan are required.
The most difficult conditions to be faced are on
the Clark Fork side of the projecte.

Smead dam site has & left abutment that is badly
shattered by faulting and is a potentizl land-
slide areaz that is weask and defective in both

a geologic and engineering sensej; end foundation
conditions are deep and difficult. In my opinion,
Smead dem site must be regarded as infeasible.

Chimney Rock dam site is suggested as an alterna-
tive for Smead dam site. Its location on Clark
Fork River upstream from the mouth of Bull River
requires an accessory dam on Bull River at

Smoky Creek dam site, and the 1.€ mile Govern-
ment Mounteain tunnel from the forebay of Chimney
Rock dem to Smoky Creek dam. All three elements
of this alternative plan are geologiczlly feasible.

Although the appurtenant works meke Chimmey Rock
dem site a more elaborate prospect, in the long
run, probably it would be safer and less expensive
to construct than Smead dam site.

The presence of the Hope fault near the base of
the right abutment of Chimney Rock dam site
indicates a wide-base flexible dem for the site.
This fault probably has not been active since
late Tertiary (Miocene) time. Length of crest
at elevation 2,365 would be about 6,450 feet.
Height of dam sbove river surface will be about
825 feet. Depth to bedrock foundation is un-
known, but is believed to be within 300 feet.

Smoky Creek dam site in the gorge of Bull River
may be adapted to some kind of rigid dem. Length
of crest at elevation 2,265 is about 1,960 feet.
Height above river surface would be about 140 feet.
Depth to bedreck foundation is unknown, but pro-
bably within 100 feet.

3



d.

€.

f.

Tunnel No. 8 dam site is the most feasible

of the three sites studied on Kootenai River.
The abutments just do come up to the critical
elevation of £,365, and dikes or cutoffs may

be required on either side. Length of crest

is about 4,250 feet. Height of dam above

river surface will be about 550 feet. Height
above bedrock foundation will be at least 600
feet, but the area of deep foundation excavation
will be smell.

The Bull River-Lake Creek divide in the Bull Lake
Trench can be reduced by excavation to an eleva-
tion of 2,200 feet. This will require a l4-mile
canal. Deepest cuts will be on the divide itself,
and will approach 50 feet for a distance of about
a mile. Over the remainder of the distance, the
required cut will have a depth of 25 feet or less.
Most of the material can be handled by dredges.

All dems and works should be designed to be as
earthquake-proof as possible.

6. Recommendations:

Ge

Chimney Rock dam site and appurtenant works.

1. Detailed topographic mapping of the three
elements of the project, as a preliminary to

2. Detailed geclogic mapping.

3. Geophysical determinations of depth to bed-
rock at Chimney Rock and Smoky Creek dam sites.

Tunnel No. 8 dam site.

1. Detailed topographic mapping, as a
preliminary to

2. Detailed geologic mapping

3. Geophysical depth determinations over the
upper parts of both abutments to ascertain
depth of overburden, and whether or not dikes
will be necessary.



c. Geophysical investigations should be carried
out at Star Creek and Troy dam sites, as out-
lined in their individual descriptions.

d. Topographic and geologic mapping and geophysical
depth determinations along the canal route over
the Clark Fork-Kootenai River divide in the
Bull Lzke trench.

Respectfully submitted,

Charles E. Erdmann,
Regional Geologist.
Great Falls, Montana.
June 9, 1945,



Report on geologic reconnaissance of the Clark Fork -

Kootenai River development project

Introduction

Definition of project: The Clark Fork - Kootenai River develop-

ment project was proposed by John C. Beebe, Regional Administrator,

_/ Federal Power Commission, San Francisce Regional Office. Memoran-
dum from John C. Beebe, Regional Administrater, to Jom S. Cotton,

Principal Engineer, Division of Water Power. Dec. 28, 1943.

Federal Power Commission, and is a bold, comprehensive plan of great
magnitude for the joint regulation and integration of the tweo rivers

by construction of & dam on the Clark Fork near Smead, in secs. 5§ and 8,
T. 26 N., R. 33 W., Sanders County, Montena, and a dam on Kootenai
River at the Tunnel No. 8 site, sec. 28, T. 33 N., R. 34 W., Linceln
County, Montena, or some other favorable site below the mouth of

Lake Creek near the tomm of Troy, to such an elevation that water

can be exchanged readily between their respective reservoirs thraughA

a 40-mile transverse valley, or Bull Lake Trench, across the Cabinet
Range. (Figure 1).

According to preliminary studies made by R. W. Davenport,

_/ Memorandum re Mr. Beebe's proposed Clark Fork - Kootenai project.

Washington. Jen. 1, 1945.
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Chief, Division of Water Utilization, U. S. Geological Survey,
consummation of this plan "would recuire a dem probably a little
over 200 feet high on Clark Fork aend about 600 feet high on
Kootenai River. The storage on Clark Fork would probably not
exceed 1,500,000 acre-feet, and on Kootenai River would be about
12,000,000 -- a total of 13,500,000 acre-feet . . ."

The proposed pool level of 2,365 feet is determined by the elevation
of tail-water at the Thompson Falls plant of the Montana Power
Company; and would create about a 50-foot depth of backwater on
Kootenai River at the International Boundary between Canada end
the United States.

At the time Mr. Beebe's proposal was made, the International
Joint Commission was investigating the water resources of the
Columbia River basin with the object of determining proper integra-
tion and coordination of flow across the International Boundary.

Although dam sites on Kootenai River were under consideration,

_/ Davenport, R. W., Preliminary study of the Katka reservoir site.
Unpublished paper presented at the meeting of the International

Columbia River Engineering Board, Ottawa, Cenada, October 1944.

crest elevations of the contemplated works were comparatively low

(Katka, 2,150 feet) and the problem of backwater across the Boundary



(water surface elevation about 2,315 feet) was not raised. The
introduction of Mr. Beebe's proposal into the deliberations,
however, introduced International complications and necessitated
reappraisal of dam site possibilities on Kootenai River from the
viewpoint of much higher and larger dams than had been considered

heretofore. For these reasons, Mr. G. L. Parker, Chief

_/ Erdmann, C. E., Geology of dam sites on the upper tributaries
of the Columbia River in Idszho and Montana. Part 1. Katka, Tunnel
No. 8, and Kootenai Falls dam sites, Kootenai River, Idzho and
Montana. U. S. Geol. Survey, Water Supply Peper 866-A. Washington,
1941.

_/ Memorandum for Chief, Conservation Branch, from G. L. Parker,

Chief Hydraulic Engineer, Washington, D.C., Feb. 5, 1945.

Hydraulic Engineer, U. S. Geol. Survey, a member of the International
enginecring board, invited the writer to discuss certain basic geo-
logic questions concerning the feasibility of the Clark Fork -
Kootenai plan. Based on previous familisrity with the region, a

memorandum was prepared that outlined the available geologic data

_/ Memorandum for Mr. G. L. Parker, Chief Hydraulic Engineer,
Washington, D.C., (Through Messrs. J. D. Northrop end H. J. Duncan)
from Chas. E. Erdmann, Regional Geologist, U. S. Geological Survey,

Great Falls, Montana, March 5, 1945.
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as it pertained to the three major elements of the plan, attempted
to formulate the most critical geologic problems involved, and
suggested some procedures for their solution. Following receipt of
this memorandum, & geologic reconnaissance of the Clark Fork -

Kootenai River project was authorized March 24, 1945.

_/ Memorandum for Mr. Erdmenn, Great Falls, Montana, from
J. D. Northrop, Chief, Mineral Classification Division, Washington, D.C.,

March 24, 1945.

Field work: Field reconnaissence to ascertain the limiting
geologic conditions of the Clark Fork - Kootenai River plan was
begun April 6, and was concluded May 2, 1945, The fundamental

questions involved had been recognized by Mr. Parker, who stated

_/ Memorandum of Feb. 5, 1945.

them as follows:

1. The feasibility of a dem to elevation 2,365 at the "Tunnel
No. 8", or any other dem site on Kootenai River.

2. The feasibility of a dam to elevation 2,365 in the
vieinity of Smead.

5. The character of the material through the Bull Lake Trench
as it would affect the costs of excavation to lower sub-
stantially the elevation at which water could be inter-
changed between the Kootenai and Clark Fork parts of the
proposed joint reservoir.

4. Ainy features affecting feasibility of the high-dam projects
under consideration in which geologic conditions might be
critical.



Investigation of items 1 and 4, as well as general supefvision
of the work, were undertaken by the writer, while items 2 and 3 were
assigned to F. A. McMillin for study. Fortunately, the Smead area
end the Bull Leke Trench are situated within the Libby quadrangle,
and had been covered by previous regional mapping by the Geological

Survey, so that it was only necessary to re-examine the ground

_/ Gibson, Russel. Geology and ore deposits of the Libby quadrangle,

Montana. U. S. Geological Survey. Report in preparation.

involved from the viewpoint of its suitability for dam sites and
routes for tunnels and canals.

Except in the vicinity of Troy, the problem of recognition of
a proséective site for a high dam on Kootenai River was made diffi-
cult because the existing topographic mapping above altitude 2,200
feet was so very inaccurate that apparent dam sections had to be
selected in the field rether than from existing maps;‘and the previous
geologic mapping was only of the nature of rapid reconnaissance, and

restricted to the principal routes of communication. Hence, after

_/ Calkins, F. C., A geological recornmaissance in northern Idaho
and northwestern Montana: U. S. Gecl. Survey Bull. 384, Pl. 1, and

pp. 68-70, Washington, 1909.

apparent prospective sections had been designated, sufficient topo-

graphic mapping had teo be done to obtain cross-sections of the

10



valley and to ascertain if the requisite elevation could be
secured with reasonable width. Then, of those selected, the
geologic character had to be looked into. This supplementary
topographic work was carried out by Mr. Arthur Johnson, Hydraulic
Engineer, Water and Power Division, U. S. Geological Survey, who

extended the topography of the existing Kootenai River survey in

_/ U. S. Geological Survey, Plan and profile of Kootenzi River,
from a point 1 mile below Moyie River, Idahec, to the International

Boundary, Montana; Yaak River to Mile 9; Sheet A, Washington, 1938.

certain critical localities to altitudes of 2,400 or £,500 feet,
and mede new cross;sections of the valley at Leonia, Tunnel No. 8,
and near Star Créek, below the mouth of Yaak River. Mapping on
the dam site scale (1:4,800) was not attempted.

As this phase of the work was nearing completion, the Corps of
Engineers, U. S. #rmy, Portland, Oregon District, generously made
available certain advance sheets of a large scale (1:12,000) map

of Kootenai River Valley prepared from air photographs.

_/ Corps of Engineers, U. S. Army. Reconnaissence map, Kootenai
River, Bonners Ferry, Idsho, to Gateway, Montena. Scale, 1:12,000;

Contour interval, 20 feet. March, 1945.
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Mr. Johnson's plane-table topography afforded an opportunity to
make a rather close check of the accurecy of some parts of this
aerial map, and it was found that although the planimetry is
good, vertical control on the higher contours is erratic. Never-
theless, this map has been of much use, and it is to be regretted
that it was not finished when our geologic reconnaissance began.
Geologic mapping on the dam site.scale was not underteken,
but a rather complete structurel reconnaissance was made from
Troy downstream to Leonia, with the river map as a base. These
details have been incorporsted into a series of geologic cross-
sections that are offered as an aid in meking final selection

of the dam site area.



Summary of regional geoleogy

Major topographic features

The principal regional topographic features that are
involved in the Clark Fork - Kootenai River project are:

1. Clark Fork River Valley between Heron
and Noxon, Montana.

2. The Bull Lake Trench across the Cabinet
Mountainse.

3. Kootenai River Valley between Leonia, Idaho,
and Troy, Montana.

The purpose of this report does not warrant any effort
toward complete geomorphic description of these great features,
but they are so intimately related to the three corresponding
elements of the prdﬁect thaet a brief outline of the major
events of their origin and history will serve as background

for the more detailed descriptions of their local features.

Clark Fork Valley: The valley of Clark Fork of Columbia
River (or Clark Fork Valley, as written in this report) forms
the geographic boundary between the Cabinet Mountains on the
north or right bank, and the Bitterroot Mountains on the south
or left bank; and it is also a geologic boundary, for the great

Hope fault lies in the bed of the river and separates these

13




ranges in a structural sense. This structural control of the
river has localized its course, and accounts for the comparatively
straight trend to the northwest.

At Smead dam site, about midway between Heron and Noxon,
Clark Fork Valley is a magnificent broad, deep, flat-floored
trench, a mile wide and more than half a mile deep, through
which the thread of the stream undulates gently from side to
side. Along the right bank the base of the Cabinet Mountain
mekes a nearly straight line with the alluvial fill, and trends
about N. 55% W. Above it the mountain side rises rapidly 3,500~
3,800 feet in an unbroken slope to the summit level of thié part
of the range. This imposing wall, breached only by the mouth
of Bull River Valley, is interpreted as fault-line scarp
expression of the Hope fault, whose trace is concealed by the
valley fill.

The opposite wall of the trench has a more diversified
appéarance. An inner slope of rock rises sharply from river
level about altitude 2,150 to 2,800 feet, and then flattens
on to a more gentle slope about 1,000 feet wide whose inner
or south margin stands at altitudes of 3,100 or 5,2d0 feet;
and from this elevation the valley wall ggain rises abruptly
toward the summit level of the Bitterroot Range. This com-

paratively gentle intermediate slope is regarded as a rear

14



remnant of a rock-cut bench representing part of the floor and
wall of an ancient high-level valley that may date back to late
Tertiary or early Pleistocene. Practically nothing is known
~ about the part the valley played during the ice epochs of early
and middle Pleistocene, and deposits of these times have not
been recognized. There must have been some activity, however;
and, obviously, the river continued to entrench the valley floor
in its endeavor te maintain grade. Later, though, toward the
culmination of the Cordilleran ice sheet, it was occupied by a
glacier moving dowmvalley that plucked and abraded its walls
and doubtless deepened the bottom. With some confidence, this
glaciation may be referred to the last glaciation, the Wisconsin.
About the same time, another valley glacier moved up
Clark Fork Valley from the Pend Oreille lobe of the Cordilleran
ice, and came to rest in the vicinity of Cabinet Gorge about
4 miles west of the Idzho-Montana boundary. ©Since the two
glaciers met head-on, ice was piled up and blocked the valley
to a considerable elevation. .
Melt water from the waning ice sheets began to accumulate
in Clark Fork Valley upstream from the great ice jam and formed
a lake whose surface eventually stood as high as altitude 4,200
feet. This feature has been given the name of glacial Lake

Missoula. One arm of the lake ran up Bull River, and over

15



into Kootenai River Valley, which also was occupied by water
ponded by the Pend Oreille ice lobe. During the maximum lake
stage, there were many large interconnecting bodies of water in
western Montana. Then the ice barrier was overtopped, the -
lowering of the lake began, and most of the flood drained through
Clark Fork Valley. Although this event was progressive, it was
intermittent, and there were evidently occasional periods of
static level, as well as those of temporary rise. Many wide-
spread outwash and deltaic depﬁsits date from this time.
The older land forms and deposits were successively modified
and reworked as the waters were lowered, and currents were
diverted by the emergence of drowned ridges, until now only
remnants exist. Among those in the vicinity of Smead dam
site may be mentioned the high-level (2,800-2,900 feet) fill
on Smead's Eench; the corresponding outwash spur.on the right
bank of Bull River where it enters Clark Fork Valley; the
2,400 foot bench on the left benk of the Clark Fork between
‘Smead and Heron; and, the delta of Bull River, that has forced
the Clark Fork against its left bank.

This part of Clark Fork Velley has thus had a long, gctive,
complex history, and in its present form it reflects the cumu-
lative effect of all of these events. Small wonder then that

this great valley is not a simple place in which to site a dam.

16



Bull Lake Trench: This name is given to an intermontane

valley that trends north from Clark Fork River through the
Cabinet Mountains to Kootenai River near Troy. Fig. 1. It
includes three linear geographic elements that make a continuous
topographic depression from south to north: Bull River Valley,
which drains south; Bull Lake, just north of the Bull River
divide; and, Lake Creek,'which drains Bull Lake into Kootenai
River.

Bull River probably is an old, superimposed stream,
inherited from previous erosional levels on the south flank
of the Cabinet Mountains. The valley is largely the result of
normal stream erosion, although under structural control in
certain reaches. A pre-Wisconsin glacier is believed to have
moved downvalley to the Bull River School, NWi sec. 18, T. 27 N.,
R. 32 W., and possibly farther, but its topographic effect was
not profound. Perhaps the most significant characteristic of
the valley is that it narrows downstream from the Bull River
School into & deep, narrow gorge. This is considered to be
fhe result of the effort of the stream to maintain grade
through the relatively upthrown block northeast of the Hope
fault, eand is indicative of the comparative recency or re-
juvenation of movement along the fault. Originally, the head

divide of Bull River may have stood abeut 3 miles south of



Bull Lake; but now it is just south of the lake, and the stream
appears to have captured some of the head-tributaries of Lake
Creek. This may have been brought about in several ways, or
by a combination of means. The original divide may have been
breached by the ancient valley glacier; or northward tilting
of the mountain block may have resulted in aggradation in the
upper part of the valley, and allowed the river to extend its
head tributaries across the divide. The boulder fan at the
mouth of Ross Creek may also have played a recent part in this
diversion.

Bull Lake has resulted from comparatively recent retar-
dation of drainage between a low morainal dam north of the
lake and the Bull River (Clark Fork - Koctenai) divide. An
attractive scenic feature, it is widely known, and its name
has been applied widely to associated cultural features.
Insofar as this report is concerned, it may be considered
jointly with Leke Creek Valley.

Lake Creek Valley is a post-glacial consequent stream
upon the alluvial surface of the fill of A long, narrow
down-faulted block that separates the Cabinet Mountains into
an east and west mountain mass. In a structural sense, this
fault valley is the Bull Lake Trench; btut the structural cen-

trol diminishes southward from the lake, and, in a sense, the
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trench can be said to be tilted northward. It has long
been occupied by northward flowing streams. At least two
glaciations have modified its floor, and filled it in until
the bottom now stands at a comparatively high altitude.
During the higher levels of Lake Missoula there was com-
plete interchange of water through the trench, and the
extensive alluvial surface at 2,500 feet unquestionably
is related to that stage of the lake, and the same pro-
bably is true of the 2,300-foot level. After the lake
SNcfase ZoXT Ditiow hte Bubt iitver divide, Bull River

came under the regimen of the Clark Fork, and Lake Creek
under that of the Kootenai. The most recent surface modi-
fications have been the construction of a series of broad
alluvial fans on the 2,300-foot surfece at the mouths of
the short, steep tributary gulches. Dependent upon their
size, they force Lake Creek first to one side of the trench
end then the other. Depth to bedrock is unknown, but pro-
bably is great, especielly northward from the South Fork
of Bull River. That part of the trench that critically
affects the Clark Fork - Kootenai River project underlies
the Bull River-leke Creek divide, snd is considered later

in a separate section of this report.
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Kootenai River Valley: The valley of Kootenai River

between Leconia, Idsho, and Troy, Montana, forms the geographic
boundary between the Cabinet Mountains on the south or left
bank, and the Purcell Mountains on the north or right bank;
it also, in part, marks the geologic boundary between these
two mountain ranges. The general topographic character of

this stretch of river has been described. It is now knomn

_/  Erdmann, C. E., Op. cit. p. 8.

that the broad, high-level valley or bench on the right bank
of the river is the floor of a down-faulted structural valley
or trench 3 or 4 miles in width, and that the inner gorge of
the stream has adjusted itself closely to the axis of a
sharply compressed anticlinal feld. Fig. 11. North of the
Tunnel No. é dam site the river cuts across the southwest
flank of this fold and has entrenched itself to Katka dam
site in Idaho in the trace of the Leonia fault, which makes
the southwest boundary of the fault valley. This relation-
ship of the river to the anticlinal axis illustrates an
uncommon degree of adjustment to structural control in

the northern Rocky Mountains, and is reminiscent of
Appalachian structure where the valleysare on the anticlines

and the synclines make the mountaing: It is also significant

in that it gives a measure of the age of the folding, for
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such adjustment is not attained easily or quickly. Since
it is probable that the river hes maeintained this course
for a very long time, it is equally probesble that there is
no ancient buried channel behind the right bank of the
inner gorge.

Kootenai River Valley has had a long and complicated
history, and meny of its episodes probably had parallel
events in Clark Fork Valley, Much of this is preserved
in its rock terraces. The old, high benches may date back
to early Pleistecene; but their connection with the older
ice epochs has not been established, and drift older than
Wisconsin has not been found. The rock bench within the
inner gorge at sltitude 2,000 or thereabouts is much
later, and may just antedate the Wisconsin glaciation.

The river wes just beginning to meander and widen this
bench when some change in gradient caused it to begin the
downcutting that is still in progress. Parts of the valley
near the mouth of Ysaek River were glaciated during the last
ice age, but the effects are local and only two dam sites
have been thus‘scoured or over-deepened. On the otherhand,
all of the alluvial terraces are comparatively late geo-
logic events, and date from the waning stages of glacial
Lake Missoula. Probably all of them, down to the 2,300~

foot level have their counterparts in Clark Fork Valley.
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Stratigraphy

A1l of the dam sites and related features described
in this report are involved in the geologic features of
the Cabinet and Purcell Mountains. These mountains con-
sist chiefly of great thicknesses of pre-Cambrian sgdimen—
tary rocks belonging to the Belt Series. This series has
been subdivided into a number of formations or mappable
units that, in order from oldest to youngest, are called:

Pritchard, Ravallil, Siyeh, Striped Peak, and Libby. Gibson

_/ Gibson, Russel, Op. cit.

has given a fairly complete account of the regional strati-
graphy, and local detzils in Kootenai River Valley have been

furnished by Erdmann.

_/ Erdmamm, C. B., Op. cit. pp. 10-12.

The dam sites described here are all situated in the
Siyeh formation (or Wellace, as it is known in Idsho), and
the only other rocks involved are glacial deposits such as
till, outwash, and lake bed silts, and alluvium, or active
stream gravel. The thickness of the Siyeh formation is about

5,000 feet, and its areal extent is great because of repetition
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by folding and faulting. In general, it consists of fairly
hard, dense, fine-grained layers of gray to greenish-gray
calcareous argillite, finely laminated argillite, dull gray
dolomitic argillite, dolomitic limestone, often with typical
"molar-tooth" or other intraformational structures, and
reddish-gray to dull red quartzite. Pyrite is a common
accessery mineral, and where present, outcrops are often
stained brown by iron oxides. Bedding is usually distinct,
and varies according to rock type from thin (4 inches to 2
feet) in the argillites and quartzites, to heavy, massive
layers 4 or § feet thick in the dolomitic limestones.

Most of the formetion consists of strong; durable, in-
soluble rock with high resistance to crushing. In the upper
third, however, there are one or two zones of soft, shaly
thinly bedded argillite that are comparatively weék. One
of these, cropping out along the left bank of Kootenai River
just upstream from Tunnel No. 8, yielded last February to
the weight of an overburden of heavy massive rock and caused a
local, but rather extensive landslides on to the track of
the Great Northermm Railway. Another weak zone, consisting
of soft, light gray sericitic metargillite, was observed on
Yaak River in SW; sec. 30, T. 33 N., R. 33 W.; but is not

involved in any dam site.
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Geologic structure

Folds: 1In contrast to the ranges farther east that con-
sist of huge buf comparatively simple tilted crustal blocks,
the structure of the Cabinet and Purcell Mountains is charac-
terized by folding as well as faulting. Some of the folds are
broad and open, and this type occurs in the vicinity of Smead
dam site; but on Kootenai River between Leonia, Idaho, and
Troy, Montana, the folding is very tight and closely compressed
with nearly vertical limbs. Folds of this sort are known
technically as isoclinel. The correspondence of the course of
Kootenai River to the ﬁxis of this anticline has been peointed

out, and this fold is cslled Kootenai River anticline in this
‘ report.

The age and origin of the folding cannot be determined
with any degree of accuracy because of the absence of strata
younger than the Belt Series; but it may be related to the
intrusion of the Idsho batholith, and thus date as far back
as the Jurassic. It can be ascertained rather definitely,
hﬁwever, that the major period of folding antedates the
major faulting. Nevertheless, in the case of the Kootenai
River anticline it is possible that the folding accompanied

or closely followed the faulting. The principal evidence



supporting this belief is the parallelism of the fold to the
Leonia thrust fault, which cuts its southwest limb; and the
occasional presence of fracture cleavage in incompétent beds
on that 1imb of the fold; the southwest limb of the fold also
contains the steeper average dip.

Faults: In spite of the prevalence of folding, the
larger topographic features such as the mountain ranges and
the valleys of the larger rivers are under fault contrel.

In general, there are three broad classes of faults, that
also have rather distinct age relationship, as follows:

(a) faults mechanically related to the folding; (b) high

- angle reverse faults, and related shear effects, with occa-
sional large scsle normal faulting; (e¢) comparatively recent
landslide effects.

(a.) In 211 probability, the oldest faults in the region
are bedding faults that originated by differential gliding
movements as the strata adjusted themselves to the rather
intense folding. ©Such faults or slips are of common occur-
rence, but do not detract materially from the strength of the
formation in a geologic sense. Numbers of them unquestionably
would appear in any foundation excavation for a dam site.
Gouge along them is usually thin impermeable clay. Strong

evidence of movement along bedding surfaces was observed in



cuts for the Great Northern Railway along the south line of
sec. 20, T. 33 N., R« 34 W. In this neighborhood these faults
approximately parallel in strike the nearby Leonia fault, later
to be described, and they might be subordinate features. It
will be shown, however, that the probable shear effects of

the Leonia fault have different attitudes. Hence, these
bedding faults are considered older than the Leonia fault in
spite of their apparent relationship.

Another series of old faults are the normal faults that
trend approximately at right angles to the axes of the iso-
clinal folds, offsetting them at some places. Their general
trend is N. 50° to 70° E., and the dip is northwest at angles
varying from 40° to 70°. Where offset is determinable, it
appears that the downthrow or northwest side was shifted
relatively to the squthwest. Transverse normal faults of
this nature asre sometimes called epi-anticlinal feults be-
cause of their relationship to the folds on which they occur.
It is not known if they extend from one fold to another across
the intervening syncline, btut one may infer that they are
rather local. Usually they are closely associated mechanically
and in time to the folds that they cut. Natural exposures of
the fault surfaces are rather inconspicuous and close work with

particular attention to the significance of abrupt reversal of



direction of dip is necessary to locate them. One was observed
at the west end of & cut on U. S. Highway No. 2, high on the
right abutment of the Tunnel No. 8 site; two are known rather
definitely from Star Creek site; and, another has been noted
at the east end of the highway bridge over Kootenai River at
Troy. Still another may be in the bed of Bull River near its
mouth; and the small faults cutting the abutments of Smead
dam site may be of this origin. The total number and spacing
of these faults is unknown, but they are believed to be of
rather frequent occurrence, and to meke serious flaws in the
strength of the rock. Along Kootenai River at Troy and Star
Creek dem sites one may occur perhaps every 1,000 or 1,500
feet; and in some localities their place may be taken by a
strongly developed, closely spaced joint system that appears
to have similar characteristics. This may also be the case
for the fractures in the abutments of Smead and Chimney Rock
dam sites. See Figs. 4 and 6. Although these faults are
inactive geologically, their gouge zones may be as wide as

10 feet. They thus constitute zones of potential weakness

in the foundation and abutments of prospective dam sites where

the streams are situated on folded rocks.
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(b.) The class of high-angle reverse or upthrust faults
includes some of the major faﬁlts of northwestern Montana, such
as the great Leonia fault, and possibly the Hope fault, that,
respectively, have been instrumental in localizing some parts
of the course of Kootenai River and Clark Fork River.

The Leonia fault occurs in the bed of Kootenai River from
near Katka dam site in Idaho to the north part of sec. 29,

T. 3% H., R. 34 W., Lincoln County, lientana, where it emerges
and parallels the left bank, gradually diverging soﬁtheast
toward the west side of the Bull Lake trench. In this part
of Kaoténai River Valley the stratigraphic throw of the fault
has been estimated to be between 25,000 and 30,000 feet.
Downthrow is to the east; end the lower part of the Pritchard
guartzite has been thrown against the upper part of the Siyeh
formation, all of the Ravalli being cut out. In spite of the
magnitude of the throw, the crushed or brecciated zone is
comparzatively narrow. On land it is usually expressed as a
sinuous depression, and the actual trace is concealed. Gibson
saw the fault in the Liberty mine, C NW: sec. 36, T. 31 N.,
R. 34 W., the only place where it was seen underground, and
reports that the gouge zone was-only 20 feet wide and the

fault vertical. Calkins reported an exposure of the fault

_/ Opo cit,. PPe 53-54.




in a cut on the Great Northern Railway about 1} miles north-
west of Leonia. There is a fault at this locality, but, in my
opinion, it is a subsidiary feature to the Leonia fault in the
Pritchard formation, and not the main feult, which probably lies
a short distance east in the bed of the river.

The position of the trace of the Leonia fault can be deter-
mined approximately by estimating where beds of the Pritchard
formation dipping steeply northeast will meet beds of the Siyeh
formation dipping at equally steep angles to the southwest.

By this means the fault sometimes can be localized to within

200 feet. Another criterion, not always possible teo apply, is
the point of truncation of metadiorite sills in the Pritchard
formation. These sills are often thick, and the rock is generally
strong and resistant, so they are expressed topographically as.
ridges. Where they extend into the river bed toward the fault
trace, however, they are eroded down to the stream gradient,

and there is no topographic effect, such as rapids. This
condition is interpreted as evidence of the indefinite quiescence
of the fault, for the sills are on the upthrow side, and if there
had been recent movement, some topographic effect, or disturbance
of stream gradient should be noticeable. The age of the fault-—
ing is indeterminate, except that it is somewhat later than the
folding. On the basis of habit or character of the faults, in
comparison to those of nearby regions, I am inclined to place

LR ]
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it in latest Cretaceous time, and possibly continuing on
into middle Tertiary time. The Leonia fault is thus very
old, and probably geologically inactive.

Subordinate features of the Leonia fault. The Leonia
fault is so situated that it affects directly only one of the
dam sites considered in this report: the left abutment for a
high dzm at Tunnel No. 8. However, other parts of this site
"are affected by a series of minor faults that are thought to
be shear effects of a component of the stress activating the
main fault. One of these faults is the Tunnel No. 8 fault
itself, which strikes west and dips 43 south into the Leona
fault. The complementary set is illustrated by a fault on the
right bank of Kootenai River, C SE}SE} sec. 20, T. 33 N., R. 34 W.,
that strikes S. 56° E., and diﬁs 52° NE., away from the Leonia
fault. These opposed dips represent intersecting planes of
shear, and, theoretically, the acute angle between them faces
the direction from which the stress came - an approximatelj
horizontal component of stress from the Leonia fault. The
number and spacing of these minor faults is unknown, but
there are unquestionably more than have been observed. Gouge
zones on those seen consist of bluish clay 3 to 4 feet thick -
which are an element of weakness of considerable extent, and

this condition may be aggravated at their intersection.
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The thickness of the gouge suggests considerable movement,
although this is not always a valid criterion. Certainly,
the displacement was not sufficient to offset the Siyeh
formation in which these faults occur. As one moves north-
east from the master fault they seem to diminish in freguency.
None were observed st the Star Creek or Troy sites.

Two large faults, believed to be normal, but which mey be
high-angle thrust faults, are also involved in the geology of
the Clark Fork - Kootenei project. Beginning just north of

Savage Leke, secs. 25 and 26, T. 31 N., R. 33 W., Gibson

_/ Gibson, Russel, Op. cit.

mapped a normal fault to Kootenai River; and from the river
northward to the margin of the Libby quadrangle its trace has
been extended under alluvium along the base of the high, west-
facing mountain excarpment that mekes the left bank of O'Brien
Creek Valley, for which the fault has been named. Protraction
of the general trend of this fault intersects Yaak River in

SW: sec. 30, T. 33 N., R. 34 W. (Fig. 11). In this vicinity,
along the right bank of the river, there is a shear zone

500 feet or more in width in soft, gray, flaky sericitic
metargillite. For this region, the beds have the unusually

low dip of 23%, S. 58° W. 4t intervals of 30 feet or more
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they are cut by fractures that strike N. 10° W., and dip

80° SW., that are filled with clay gouge 6 inches to 1 foot
thick. No single fracture could be selected as the principal
fault. Throughout the entire zone the soft, incompetent layers
show well developed fracture cleavage that has about the same
strike as the beds, but dips 50° southwest.

Deformation of this extent represents a major structural
feature, and, on the basis of present information, it seems
reasonable to associate it with the O'Brien Creek fault. In
all probability, Pine Creek Valley, southwest of Tepee Mountain,
makes a fgrther northwest extension of this zonme. Thus, the
O'Brien Creek fault becomes the bounding féult on the north-
west side of Kootenai  River Valley over a distance of about
20 miles. It is also evident that the river valley occupies
a downfaulted linear block or structural trench that is the
northwest extension of the Bull Lake Trench. This feature
is not a graben, or trough, between opposing normal faults,
beczuse the Leonia fault on the southwest side is a thrust
fault. Regionally, it is probably similar, although on a
smaller scale,. to the Purcell trench farther west.

The Hope fault, which locally controls the course of

Clark Fork River, is another large scale normel fault.



Exposures do not occur within the area of Smead dam site
(Fig. f}, Regional studies by Anderson, Calkins, and

Gibson, however, show that the dip and domthrow are toward

_/ Anderson, A. L., Geology and ore deposits of the Clark Fork
district, Idaho: Idaho Bur. of Mines and Ueology, Bull. 12,

pp. 44-47, 1959.

_/ Calkins, F. C., Op. cit. p. 55.

_/ Gibson, Russel, Op. cit.

the southwest. Anderson's suggestion that the fault is complex,
with probably many fractures distributed through a wide zone, is
especially pertinent to foundation cenditions at Smead and
Chimney Rock dam sites. In this respect the Hope fault appears
to be similar to the O'Brien Creek fault where it crosses Yaak
River. Reference has been made to the fact that the topegraphy
of the lower part of Bull River gorge suggests that there has
been relatively late movement on the Hope fault. However, the
unbroken condition of the 2,300-foot outwash spur on the right
bank of Bull River where it enters Clark Fork Valley indicztes
that this movement antedates glacial Lake Missoula.  The dimen-
sions of the gorge, with respect to the size of Bull River,
suggest that this fault movement may date back to the Miocene

epoch of the Tertiary.
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(ce) Recent landslide faults. Following the glacial
scour of Clark Fork Valley, and before the major period of
aggradation, the valley evidently was in an over-deepened condi-
tion, with inadequate suppert for those parts of the walls that
were weakened by numerous fractures, as well as by more or less
complete saturation. These places slumped valleyward on small,
surficial step~faults. Two of them have been recognized at
Smead dam site, and doubtless there are others that are con-
cealed. These landslide faults are not mechanically related to
the regional tectonics, and geologically are insignificant.
Nevertheless, their presence in an abutment of a prospective
dam site is a matter of seriocus concern, for they are more
likely to be potentially active, and to contribute greater

elements of weakness than larger tectonic faults.

Earthquake probability

The probability of earthquekes in the Kootenai River
Valley has been considered in the previous report on the

region. There is no reason to alter the conclusions reached

_/ Erdmann, C. E., Op. cit. pp. 17-18.

therein. The design of all dams should be made as nearly

earthqueake proof as possible.



Geologic deséripticns of dam sites and
appurtenant works
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Smead dam site
(Figs. 2, 3, and 4)

By
F. A. McMillin

Location: Smead dam site is located on Clark Fork of
Columbia River in secs. 4 and 5, T. 26 N., R. 33 W., and SWiSW:
sec. 33, T. 27 N., R. 33 W., Sanders County, Monteana.

Accessibilitys U. S. Highway No. 10A passes through the
valley bottom ﬁn the north side of the river, and a county
road crosses the middle part of the left abutment. The county
road is open during the dry season. The nearest bridge is
about § miles upstream, at Noxon; and there is another bridge
about 18 miles downstream at Clark Fork, Idaho. The main
passenger line of the Northern Pacific Railway follows the
southside of the river through the dam site erea.

Purpose: In order te utilize the Bull Leke trench as an
integral part of the Clark Fork - Kootenai River project, it
appears essential that a dam be situated on Clark Fork River
- Just belqw the mouth of Bull Biver. Smead dam site fulfills
that requirement. The chief function of any dem on Clark Fork
River related te this project would be diversion of water into
the Kootenai River reservoir area. Storage on tﬁe Clark Fork

above this site would be comparatively small, about 1,500,000
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acre-feet. Some power would be generated, but would be
secondary to that developed on the Kootenai side of the
praeject.

Stream gradient: The current of Clark Fork River is

swift, but no appreciable rapids occur within the dam site
area. Stream gradient is about 4 feet per mile.

Valley profile: A general description of Clark Fork
valley at Smead dam site has been given in the introductory
section of this report. A créss—section at low elevations
is given in Figure 3, and a certsin amount of symmetry is
evident. Rock is present in the right bank at elevations
above 2,400 feet, and in the left bank from river level
at 2,135 to 2,500 feet and higher. The intervening valley
floor is more than a mile in width, and exhibits a smooth
low relief on alluvial deposits. The chief constructional
feature appears to be a broad fan or delta that has been
built at the mouth of Bull River. Recent terraces have been
cut on this deposit, which has forced the river against bedrock
in the south (left) abutment. Glacial striae have been observed
near the northwest end of the rock exposure along the railway
in sec. 5. Hence, the left wall of the valley probably main-

tains its steep, scoured face below the alluvial fill.



Apparent possible height of dam: Inseofar as local

topography is concerned, it seems possible to carry a dam
up to altitude 2,500 feet.

Character and depth of velley fill: Information on this

topic is not available. However, from the general history of
the valley, one may conclude that a number of types of deposits
are present, and that the fill is deep. It is quite possible
that the bottom of the valley is occupied by till. Boulder
trains that meke small riffles suggest that the upper part of
this deposit has been reworked by the stream. Following the
till came lacustrine silts and sands, during the existence of
glacial Lake Missoula, and then, during the waning stages of
the leke, the fluvio-glacial outwash deposits. Only those at
altitude 2,500 feet or lower may be considered as indigenous
to the prospective dam site. Seorting is poor in some facies
of the Bull River delta, and at the State gravel pit in
NWrSW: sec. 4, T. 26 N., R. 33 W., there is no marked segre-
gation of the material by size, although most of the pebbles
are less than an inch in diameter. Occasional lenses of

clay are interbedded in the gravel, and some water wells

have reported "quicksand". Topographic conditions suggest
that the delta may meke the upper 200-250 feet of.the valley
fill. The total thickness of fili indicated in Fig. 3, is

about €600 feet.
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FIG. 3
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Country rock: Bedrock at Smead dam site consists of
the Siyeh formaticn, an assemblage of dolomitic, siliceous
argillite, quartzite, and limestone with occasional develop-
ment of gnarly "molar tooth" structure. Bedding is comparatively
thin in the more argillaceous rocks, and ripple marks and sun
cracks are of common occurrence. Fresh rock is gray-green or
greenish=-gray in color. Pyiite is a common accessory mineral,
and much of the brown weathered surfaces are the result of its
oxidation. Igneous rocks were not observed.

A1l of the rock of the Siyeh formation in this locality
is of sufficient strength to support any type of dam that may
be placed upon it. Nevertheless, certain masses of the rock
are weak in both a geologic and engineering sense because they
are so thoroughly fractured.

Geologic structures Dip of beds. The dips shown on Fig. 2

are those observed by Gibson, and they indicate considerable
variation in regional structure due to folding and subsequent
faulting. Locally, on the dam axis, the dip is comparatively
simple. The beds in the right abutment dip 22° N. 22° E.,
with a tendency to steepen to the northeast. A little farther
east, however, a reversal tekes place, and it appears that the
right abutment terminates in an asymmetric syncline with the

steep 1limb on the west. The strike of this feature is to the
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southeast, and presumably it is cut off by the Hope fault
some 1,500 to 2,000 feet southeast of the right abutment.
The resultant close compression of this fold makes a strong,
secure abutment relatively free from tensionsal fractures.

The beds in the left abutment are nearly horizoﬁtal,
dipping 5% N. 43° E., or theresbouts. This is an abnormally
low dip for this region; and, as will be shown later, this area
may be underlain by a feult. Hence, the beds in the deeper
part of this abutment may have some other attitude.

Joiutings Jointing in the right abutment is infrequent.
Most of the fractures there parallél the small faults that in
turn parallel the synclinal axis.

Jointing is common in the south abutment. Most of the
fractures show signs of movement, and are described at greafer

length in the section on Faulting that follows. The following

joint sets were observed in the south abutment:

Type Strike Dip Cheracter
Bedding N. 30° w. 4° NE. Major
Tectonic N. 15° W. 74° NE. Major
Tectonic N. 24° E. 79° NW. Major

Numerous incipient joints are present but are recognizable

only where emphasized by weathering.
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Faults: Faults are of common occurrence at Smead dam
site, and range in size from the great Hope fault to small
surficial landslide faults. Both types may create equally
serious foundation defects.

The Hope fault controls the ceurse of Clark Fork valley
at this locality and is perhaps the dominant structural
feature of the region.v It does not crop out within the area
of Fig. 2, and the exact position of its trace under the
alluvial fill is not known. Field evidence suggests that
the fault is not far out from the north (right) wall of
the valley, which is believed to be a fault line scarp.
Figure 3.

Faerther west, near Hope, Idzho, from which the name is-
taken, field deta show that the fault is normal, with both dip
and downthrow to the southwest. There, too, the stratigraphic
displacement is comparatively great, but in the area of
Fig. 2, it is not grea£ enough to offset the Siyeh formation.
Its displacement may, therefore, be less than 5,000 feet,
possibly a third of the maximum. There is also some differ-
ence of opinion whether or not the fault is a simple shear
or of the distributive or step type. ©Some very large faults
in this region have surprisingly thin gouge zones, but if

the displacement is of the distributive type, the zone of
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deformation may be wide. The Hope faﬁlt may thus constitute
a very serious foundation defect.

Numerous small faults are present in both abutments of
Smead dem site, and the mechanics of most of them are obscure.
Some may be related to the folding, and thus be of the epi-
anticlinal type, oldér then the Hope fault. Others are
rather definitely of the landslide type, and not related to
the tectonics of the regiom.

The north or right abutment of Smead daem site is cut by
three minor feults. Figure 2. They cannot be shown in Fig. 3,
since their projection intc the line of the section falls north-
east of the end of the profile. Two of them, parallel at a
distaence of about 170 feet, strike N. 06° V., and are approxi-
mately vertical in attitude. The westerly one of the pair
would have to have the valleyward block removed before the
abutment can be considered secure. Some 1,000 or l,ZOOIfeet
east, the third fault strikes N. 10° W. Although it appears
to be more strongly developed, dip is indeterminate, but a
few small drag folds suggest that the west side has moved
down. The beds in the downthrow side dip 6° W., while those
~ in the upthrovn side dip 21° W.

The attitude of the strata indicates that.the synclinal
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