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INTRODUCTION

In 1974, the U.S. Geological Survey began a program of environmentally ori-
ented geologic studies in northwestern Montana. The area involved extends from Big-
fork, in Flathead County on the north, to Avon, in Powell County on the south (fig. 1).

Program objectives included the preparation of:

(1) A geologic map of the area,

(2) One or more articles emphasizing those geologic hazards that threaten this
sector of the Montana overthrust belt, and

(3) Various derivative environmental maps.

Each derivative map would stress some important environmental or geologic
aspect of the area, and it was hoped that both the County planners and the area resi-
dents would find such maps of use.

PREVIOUS WORK

Because of financial constraints the program was terminated in 1977. During the
program'’s short life, however, sufficient data were accumulated to permit the publica-
tion of the basic geologic map, as well as several derivative maps. Products to date
include:

Reconnaissance geologic map of the Bigfork-Avon environmental study area,
Flathead, Lake, Lewis and Clark, Missoula, and Powell Counties, Mon-
tana, by Irving J. Witkind and W. Mark Weber. U.S. Geological Survey
Miscellaneous Investigations Series Map [-1380. Scale: 1:125,000.

Major active faults and seismicity in and near the Bigfork-Avon area, Mis-
soula-Kalispell region, northwestern Montana, by Irving J. Witkind.
U.S. Geological Survey Miscellaneous Field Studies Map MF-923.
Scale: 1:500,000.

Generalized slope map of the Bigfork-Avon environmental study area,
Flathead, Lake, Missoula, and Powell Counties, Montana, by Irving
J. Witkind, Michael Boyles, and Penny E. Patterson. U.S. Geological
Survey Miscellaneous Investigations Series Map [-1130. Scale:
1:125,000.

CURRENT WORK

This map, which describes those geologic features in the Bigfork-Avon area that
are composed chiefly of sorted sand and gravel, is the fourth in the series of maps in
this area. Much of the field work had been completed when the project was termi-
nated, and all that remained was to compile these data into a unified map.

GLACIERS AND GLACIAL DEBRIS

Surficial deposits, chiefly derived from the melt of former valley glaciers, cover
much of the Bigfork-Avon area. Deposits of six major glaciers have been recognized
(fig. 1). From north to south, these deposits are assigned to one or another of the fol-
lowing glaciers: Flathead lobe (of the Cordilleran ice sheet), Swan Valley, Holland
Creek, Clearwater Valley, Placid Creek, and Ovando. These glacial deposits, some-
times called drift, can be divided into (1) unstratified and unsorted (unwashed) debris
known as till, and (2) stratified and sorted (washed) debris known as outwash (glacioflu-
vial drift).

TILL

Although some till is deposited when smeared on the ground beneath a moving
glacier, much till is deposited in place when ice melts. Debris enclosed in the ice is
dropped, and the end result is a chaotic assemblage of unsorted clay, silt, sand, gran-
ules, pebbles, cobbles, and boulders.

OUTWASH (GLACIOFLUVIAL DRIFT)

Meltwater emanating from a wasting (melting) glacier deposits outwash, which is
sediment that has been washed, sorted, and stratified. Outwash is composed mainly of
sand, granules, pebbles, and cobbles. In general, the coarser materials are near the
source, and the finer materials form the distal end of the deposit. Commonly, a few
boulders are scattered through the deposits, but these have probably been ice-rafted to
their present locations rather than moved by water. Locally, these glacial boulders are
concentrated and form sizeable deposits.

Till and outwash in the same valley are much alike in lithologic content, because
the debris that forms them was derived by the same glacier as it ground past the rock
units exposed along the valley walls.

Most of the outwash deposits in the Bigfork-Avon area have distinctive shapes
depending upon whether the meltwaters deposited their load beyond the ice front or
beneath or against the ice. Deposits formed in front of the glaciers include outwash-
channel deposits (fig. 2), outwash-fan deposits (fig. 2), outwash-plain deposits (fig. 3),
and deltaic deposits (fig. 9). Deposits formed in contact with the glaciers, either adja-
cent to or beneath them, include kame-terrace deposits (figs. 5, 6), kame deposits and
kame-field deposits (fig. 7), esker deposits (fig. 8), and other ice-contact deposits of dif-
fering sizes and shapes.

The meltwaters and their contained loads of sediment are derived from the gradual
melt of a valley glacier. It is highly unlikely that distinctively shaped ice-contact deposits
such as kames or eskers would have been preserved directly beneath an active, advanc-
ing glacier. Generally, a thin, stagnant zone of ice developed at the margin of the
retreating glacier, and much of the entrained debris in this stagnant ice zone was
dropped as the ice melted. But even as this occurred, meltwaters derived from the
melting main body of the glacier flowed across and through the stagnant zone bringing
additional sand and gravel.

Elsewhere, thin, melting stagnant ice masses are the remnants of the once active
and vigorous valley glaciers that occupied parts of valleys. These masses, too, supplied
much sediment. Geologists call such sediment glaciofluvial drift.

GLACIOFLUVIAL DEPOSITS

OUTWASH DEPOSITED BEYOND GLACIERS
Outwash-channel deposits

Description—I use the term “outwash-channel deposits” for those glacially derived
deposits of meltwater-sorted sediment that are confined to and that partly fill preglacial
stream courses (fig. 2). These deposits appear as narrow, sinuous bands of unconsoli-
dated sand and gravel.

Origin—As a stagnant glacier wasted, its meltwaters, heavily charged with sand
and gravel, flowed downstream through pre-existing stream valleys. As the velocities of
the meltwater streams lessened, they dropped their loads of sand and gravel partly fill-
ing the stream valleys. The end results are narrow bands of outwash that mirror the
former stream valleys. Where these meltwater streams emerged from the mountains
they lost more of their velocity and deposited their remaining sediment loads to form
outwash fans (fig. 2), which locally coalesced to form an outwash plain.

Examples—Sinuous, narrow outwash channels, confined between small bedrock
hills, are in the Salmon Prairie, Lake Inez, and Ovando 7.5-minute quadrangles.

Outwash-fan deposits

Description—Within the Bigfork-Avon area, outwash-fan deposits commonly
appear as lobate or triangular-shaped accumulations of stream-deposited sand and
gravel at the distal end of an outwash channel (fig. 2). The apexes of the outwash fans
point toward, and the outwash channels originate at, the former margin of the wasting
ice. In general, the outwash fans are about a mile or two long and about a mile wide at
their distal edges. Their surfaces, commonly smooth, slope gently valleyward from the
apex; in places, the surface is faintly hummocky. The sediment is crudely to moderately
well sorted; the coarser sediment is near the apex of the deposit, with the finer grained
sediment near the distal edge.

Origin—See previous discussion under “Outwash-channel deposits.”

Examples—A good example of a lobate outwash-fan deposit is at the mouth of
Lost Creek where the Swan Lake and Cilly Creek 7.5-minute quadrangles join. Several
comparable outwash-fan deposits are in the Ovando quadrangle.

Outwash-plain deposits

Description—Qutwash plains are large accumulations of stream-laid sand and
gravel deposited beyond the terminus of a wasting glacier (fig. 3). Within the Bigfork-
Avon area, these outwash-plain deposits are broad, even-surfaced plains of low relief,
marked here and there by small hummocks and kettles (fig. 4) and kettle lakes. Locally,
these kettles and kettle lakes are so plentiful as to give the plain a pitted appearance,
hence they are sometimes known as pitted outwash plains.

When glacial ice blocks in the Bigfork-Avon area melted, kettles formed and many
of them filled with water to become kettle lakes. Most of the lakes in the area were
formed in this fashion.

In places, the outwash-plain deposits extend over many square miles; elsewhere,
they form narrow masses that conform to the general shape of the confining valley.
Commonly, unconsolidated outwash sediments, composed chiefly of pebbles, sparse
cobbles, and a few boulders, are crudely to well sorted.

Origin—Outwash plains represent the coalescence of several outwash-fan deposits
(fig. 2). Here, too, the sand and gravel carried by the meltwaters came from the melt-
ing, stagnant glacier. These deposits, crudely sorted as they were deposited, have
coarser materials near the glacier front and finer materials at the distal edge.

Examples—Broad, even-surfaced outwash plains are well displayed in the Big Fork
and Crater Lake 7.5-minute quadrangles north and northeast of Bigfork.

OUTWASH DEPOSITED BENEATH OR AGAINST GLACIERS—ICE-CONTACT
DEPOSITS

Kame-terrace deposits

Description—Kame terraces are even-surfaced deposits of sand and gravel that
cling to valley walls. In other glaciated terranes, kame terraces are well above the valley
floor (fig. 5). By contrast, in the Bigfork-Avon area, they are along or just above the val-
ley floor (fig. 6). The general height above the valley floor suggests, to some extent, the
thickness of the wasting ice. Most kame-terrace deposits in the Bigfork-Avon area are
generally about two miles long and less than a quarter of a mile wide. The outwash,
chiefly gravel in a sandy matrix, is poorly to moderately well sorted. Locally, many cob-
bles and small boulders are scattered throughout the deposit.

Origin—Kame terraces were formed by meltwater streams confined between a
glacier and the adjacent valley wall (figs. 5, 6). Sediment, deposited in this narrow
space accumulated as bedded sand and gravel, part of which rested on the stagnant
glacier and part on the valley wall. With the subsequent melting of the glacier, the ice
support for the kame-terrace deposit was removed and the gravels slumped valleyward.
Since then the deposits have been dissected by erosion.The sand and gravel represents
material derived in part from the stagnant glacier and in part from the tributary streams
that flowed across the adjacent valley wall.

Examples— A good example is the kame-terrace deposit along the west side of
Lake Alva in the Lake Inez 7.5-minute quadrangle. A comparable kame-terrace
deposit is along the east flank of Salmon Lake in the Salmon Lake 7.5-minute quad-
rangle.

Kame deposits and kame-field deposits

Description—A kame is a conical mass of outwash (fig. 7). Commonly each kame
in the Bigfork-Avon area appears as a low, steep-sided knoll composed of an imper-
fectly stratified deposit of small gravel clasts in a sandy matrix. Sparse to abundant cob-
bles and boulders are scattered throughout most kames. Many of the kames range in
size from about 1,000 to about 1,600 ft in diameter and rise 50-100 ft above the adja-
cent terrain. In places, several kames are clustered to form a small kame field.

Origin—Kames are the result of meltwaters, heavily charged with sediment, that
flowed across a stagnant ice mass and then made their way, via crevasses, to the base
of the glacier where they deposited their load of sand and gravel (fig. 7). The sediment,
originally deposited as near-horizontal beds, collapsed to form a conical mound when
the supporting ice was removed as the glacier melted. In places, the distribution pat-
tern of the kames reflects the crevasse pattern of the former stagnant ice mass.

Examples—Good examples of kames are in the northwest corners of both the
Cilly Creek and Crater Lake 7.5-minute quadrangles.

Esker deposits

Description—Eskers are sinuous, hummocky ridges of poorly stratified, unconsoli-
dated gravel in a sandy matrix (fig. 8). Several small eskers are in the area; most are
marked by steep slopes and narrow, rounded, undulatory crests. Locally, the crests are

roadly hummocky. Commonly, the eskers are about half a mile long, rise about 35—
50 feet above the adjacent terrain, and their crests range from about 5 to 30 feet in
width. Their flanks commonly are steep. In general, their trend more or less reflects
the former direction of flow of the parent glacier.

Origin—Eskers were formed by meltwater streams that flowed through sinuous ice
tunnels at the base of a stagnant, wasting glacier. These streams, generally torrential,
carried large volumes of coarse outwash and deposited their loads of sand and gravel as
horizontal beds. When the confining ice melted, effectively removing the support for
the near-horizontal sand and gravel deposits, the deposits collapsed. The steep slopes
that mark most eskers reflect the angle of repose of the collapsed gravel beds.

Examples—Several small eskers are along the east side of Salmon Lake in the
Salmon Lake 7.5-minute quadrangle.

OUTWASH DEPOSITED BENEATH LAKES—GILACIOLACUSTRINE DEPOSITS
Deltaic deposits

Description—Deltaic deposits, when viewed from the air, commonly are crudely
triangular (hence the name), with the apex pointing upstream. Several small deltas are
in the Bigfork-Avon area, the largest being at the head of Holland Lake. Deltaic depos-
its commonly are well sorted, the coarser sediment near the head of the deposit grades
into finer sediment at the distal edge.

Origin—Deltaic deposits were formed in much the same manner as the outwash-
fan deposits, the major difference being that the bulk of the delta was formed under a
lake (fig. 9).

Examples—Several small deltas are along the east shore of Salmon Lake in the
Salmon Lake 7.5-minute quadrangle.

ECONOMIC ASPECTS

Many sand and gravel deposits in the Bigfork-Avon area are suitable for use as
concrete aggregate. Several deposits, however, contain unusually large amounts of
argillite, which, in some circumstances, may not be the ideal material for aggregate.
This is because of argillite's foliation, which weakens it, and not because of any adverse
chemical reaction of argillite with cement. Chert, long recognized as a deleterious
material because of its adverse chemical reaction with cement, is sparse in the surficial
deposits of the Bigfork-Avon area.

Sandstone, quartzite, dolomite, and limestone dominate many sand and gravel
deposits in the area and such deposits are acceptable sources of concrete aggregate.

To determine sediment characteristics, samples were collected from sand and
gravel deposits in the area. All sediment samples were passed through graduated
sieves to determine the relative abundance of the clay, silt, sand, and gravel compo-
nents. Results are given in Table 1; for ease of comparison these data have been con-
verted to bar graphs (fig. 10).

SUMMARY

Vast amounts of unconsolidated sand and gravel mantle much of the Bigfork-Avon
area. Virtually all these deposits are confined to the broad U-shaped valleys that sepa-
rate the bordering mountain ranges. These valleys, once occupied by active valley gla-
ciers, are now partly filled with till and outwash (also known as glaciofluvial drift)
deposited from the meltwaters of the glaciers or the meltwaters of stagnant ice blocks.
Much of the till contains clay, and so it is not well suited for some construction uses.
But locally, meltwaters have washed through the till removing the clay. Such till depos-
its are acceptable sources of sand and gravel.

The glaciofluvial deposits are readily divisible into (1) those formed either in front
of or beyond the wasting glacier (outwash-channel deposits, outwash-fan deposits, out-
wash-plain deposits, and deltaic deposits), and (2) those formed either beneath or adja-
cent to the wasting ice mass (kame-terrace deposits, kame deposits, esker deposits, and
other ice-contact deposits).

Lithologically, some of the till and glaciofluvial deposits contain large amounts of
angular to rounded clasts of argillite, much of which may be deleterious for construc-
tion purposes. Sandstone, quartzite, dolomite, and limestone are good materials for
aggregate. They are widespread, and locally they form large deposits. Although chert
(a deleterious material when used with cement for construction purposes) may be in
some deposits, it is in such small amounts as to be insignificant.

In a few places, ice-rafted boulders mantle the surface of some sand and gravel
deposits. These boulders may be suitable for use as rip-rap.

Sieve analyses (table 1) of samples collected from till and glaciofluvial deposits indi-
cate the relative abundance of gravel, sand, and silt in each sample.
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DESCRIPTION OF MAP UNITS
BIGFORK-AVON AREA

[Brief descriptions of the geologic map units are given here; more detailed descriptions are available in the
Open-File Reports listed under “Available maps” in U.S. Geological Survey Miscellaneous Investigations Series

Alluvium (Holocene)—Light-brown, brown, and brownish-gray deposit of

unconsolidated, well-bedded and well-sorted silt, sand, granules, peb-
bles, and some cobbles. Stones range from subangular to-well
rounded; most are rounded. Contains a few boulders 2-3 ft in diame-
ter. Stream deposit. Thickness uncertain; possibly as much as 25 ft
locally. Ground water commonly at shallow depth

Qf Alluvial-fan deposits (Holocene)—Light-brown to brown deposit of

partly consolidated, well-bedded, and moderately well sorted silt,
sand, granules, pebbles, and cobbles, plus a few small boulders.
Stones range from angular to subrounded. Forms low, broad, fan-
shaped deposit where tributary streams enter main valley. Thickness
uncertain; may be as much as 50 ft locally. Ground water commonly
at shallow depths

Qcf Coalesced alluvial-fan deposits (Holocene)—Light-brown to brown

deposit of partly consolidated, well-bedded and poorly to moderately
well sorted, interbedded silt, sand, granules, pebbles, and cobbles.
Stones range from angular to subrounded. Forms a broad, irregular-
shaped, gently sloping, even-surfaced deposit consisting of several
coalesced alluvial fans. Thickness uncertain; possibly as much as 50 ft
locally. Ground water commonly at shallow depths

Deltaic deposits (Holocene)—Light-brown to brown deposit of unconsol-

idated to partly consolidated, well-bedded, and moderately well sorted
silt, sand, granules, pebbles, and cobbles. Forms low, broad, fan-
shaped deposit commonly at the mouth of a creek that empties into a
lake. A typical example is at the point where Holland Creek empties
into Holland Lake. Thickness uncertain; possibly as much as 200 ft
locally

SAND AND GRAVEL DEPOSITED BY MELTWATERS OF THE FLATHEAD
LOBE OF THE CORDILLERAN ICE SHEET AND ITS TRIBUTARIES

Outwash deposits (late Pleistocene)—Light-brown to brown deposit of

unconsolidated, well-bedded and well-sorted silt, sand, granules, and
pebbles. Includes a few interspersed cobbles 6-8 in. in diameter.
Stones range from subrounded to well rounded; most are rounded.
Stones that are green, gray, and purple argillite dominate; tan dolo-
mite, bluish-gray limestone, and gray diorite are common constituents
as are well-rounded stones of black basalt speckled with white miner-
als. Forms broad, unusually even surfaced deposit. Thickness uncer-
tain; may be in excess of 500 ft locally

Kame-field deposits (late Pleistocene)—Light-gray to gray, light-brown,

and brown deposits of unconsolidated, moderately well bedded and
moderately well sorted sand, granules, pebbles, cobbles, and boulders
that form many small, steep-sided conical knolls (kames) each about
100 ft high. Sparse large boulders, 8-10 ft across, are scattered
through kames. Interbedded thin to thick lenses of fine to coarse
sand. Stones range from angular to well rounded; most are sub-
rounded. Green, gray, and purple argillite stones dominate; minor
components include bluish-gray limestone as well as black basalt
speckled with white minerals. Thickness varies widely; may be as
much as 100 ft locally

Ice-contact deposits (late Pleistocene)—Light-brown to brown deposit

of unconsolidated, moderately well bedded and well-sorted well-
rounded pebbles, cobbles, and boulders in a sandy matrix. Virtually all
stones are well rounded. Although the deposit consists chiefly of
coarse material, locally it grades laterally into fine to coarse sand con-
taining small granules and pods of pebbles, which in turn grade
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evenly into areas of unconsolidated, clean, well-sorted, fine to coarse,
brown sand. Green, gray, and purple argillite stones dominate; bluish-
gray limestone, gray diorite, and black basalt speckled with white min-
erals are minor constituents. Forms an extensive rolling plain broken
locally by small isolated bedrock knolls. Thickness varies widely; may
be as much as 50 ft locally

SAND AND GRAVEL DEPOSITED BY MELTWATERS OF THE
SWAN VALLEY GLACIER AND ITS TRIBUTARIES

_ Outwash deposits (late Pleistocene)—Light-gray, lightt-brown, and
brown deposit of unconsolidated, moderately well bedlded and well-
sorted silt, sand, granules, pebbles, and cobbles; contaiins a few sub-
angular to subrounded boulders 12-14 in. across. Stones range from
subrounded to rounded; most are subrounded. Locally covered by 2—
6 in. veneer of very fine grained sand. Green, gray, and purple argil-
lite clasts dominate; quartzite, sandstone, and dark-blue, fine-grained
limestone are minor constituents. Generally about 10-6:0 ft above the
alluvial floor of Swan River. Thickness uncertain; may be in excess of
500 ft locally. Ground water commonly at shallow depths

| Outwash-fan deposits (late Pleistocene)—Brown to dark-brown deposit
of unconsolidated, moderately well-bedded and well-sorrted silt, sand,
granules, pebbles, and cobbles. Stones range from amgular to well
rounded; most are rounded. Green, gray, and purple argillite stones
dominate; quartzite and sandstone are minor constituents. Forms
broad, fan-shaped deposit at mouth of outwash chanmel. Thickness
uncertain; may be in excess of 500 ft locally. Ground water com-
monly at shallow depths

Kame deposits (late Pleistocene)—Light-gray, light-browm, and brown
‘ deposit of unconsolidated, moderately well bedded amd moderately
well sorted silt, sand, granules, pebbles, and cobbles. Stones range
from subrounded to well rounded; most are well rounded. Green,
gray, and purple argillite stones most common in those kames
formed by meltwaters of the Swan Valley glacier. Deposits take many
shapes; some are elongate domes, but most appear as gentle- to
steep-sided conical knolls. In Swan Lake area (Swan Lake quadrangle)
kames are veneered with 2-in.-thick layer of brown, fine sand. Thick-
ness uncertain; may be as much as 100 ft locally

Ice-contact deposits (late Pleistocene)—Light-brown to brown deposits

e

Sand and gravel deposited by meltwaters of the k
Clearwater Valley glacier and its tributaries

CORRELATION OF MAP UNITS
Qof Qcf Qde

Qke

Sand and gravel deposited by the
meltwaters of older glaciers

Sand and gravel deposited
at base of mountain front

QTpd

angular to well rounded; most are rounded. Green, gray, and purple
argillite clasts dominate; quartzite and sandstone are minor constitu-
ents. Locally covered by a layer of alluvium 2-5 ft thick. Formed by
meltwaters that flowed through ice-margin and outwash channels.
Thickness uncertain; may be as much as 50 ft locally. Ground water
commonly at shallow depths

SAND AND GRAVEL DEPOSITED BY MELTWATERS OF THE
CLEARWATER VALLEY GLACIER AND ITS TRIBUTARIES

- Outwash deposits (late Pleistocene)—Light-brown, brown, and reddish-
brown deposit of unconsolidated, moderately well bedded and well-
sorted silt, sand, granules, pebbles, and cobbles with a few subangular
boulders about 12 in. across. Stones range from subangular to well
rounded; most are well rounded. Stones of quartzite and sandstone
dominate but also include green, gray, and purple argillite. Even-sur-
faced, gently sloping deposit commonly 10-15 ft above the alluvial
floor of Clearwater River. Locally covered by a layer of alluvium 2-5
ft thick. Thickness uncertain; may be in excess of 500 ft locally.
Ground water commonly at shallow depths

- Outwash-fan deposits (late Pleistocene)—Light-brown to brown deposit

of unconsolidated, moderately well bedded and well-sorted granules,
pebbles, and cobbles in a silty to sandy matrix. Stones range from
angular to well rounded; most are well rounded. Stones of quartzite
and sandstone dominate; green, gray, and purple argillite are minor
constituents. Locally covered by a layer of alluvium 2-5 ft thick.
Forms fan-shaped deposits at mouth of outwash channels. Thickness
uncertain; may be as much as 500 ft locally

Qke Kame deposits (late Pleistocene)—Light-brown to brown, moderately
well-sorted silt, sand, and gravel. Stones range in shape from suban-
gular to well rounded; most are well rounded. Tan quartzite and sand-
stone predominate; other prominent types include green, gray, and
purple argillite. Includes sparse well-rounded cobbles, and a few
rounded boulders 1-2 ft in diameter. Forms elongate, steep-sided hill-
ock

Kame-terrace deposits (late Pleistocene)—Light-brown, brown, and
reddish-brown deposit of unconsolidated, moderately well bedded and
well-sorted granules, pebbles, cobbles, and boulders in a loose, sandy
matrix. Stones range from subrounded to well rounded; most are well
rounded. White, tan, and brown sandstone and quartzite make up

Sand and gravel deposited by meltwaters of the
Placid Creek glacier and its tributaries

Sand and gravel deposited by
meltwaters of the Ovando glacier

SAND AND GRAVEL DEPOSITED BY MELTWATERS OF
PLACID CREEK GLACIER AND ITS TRIBUTARIES

| Outwash. deposits (late Pleistocene)—Light-brown to brown deposit of
) unconsolidated, moderately well bedded and well-sorted granules,
pebbles, cobbles, and small boulders in a sandy matrix. A few well-
rounded boulders, 3-5 ft across, are scattered throughout the deposit
and on the surface. Stones range from subangular to well rounded;
most are rounded. Purple argillite makes up about 50 percent of the
deposit; green and gray argillite about 25 percent; and white, tan,
brown, and orange sandstone and quartzite, tan dolomite, and other
components about 25 percent. Forms narrow deposits that have
even unbroken surface along valley bottoms. Thickness uncertain;
may be as much as 200 ft locally
- Outwash-fan deposits (late Pleistocene)—Light-brown to brown deposit
of unconsolidated, moderately well bedded and well-sorted silt, sand,
granules, pebbles, and cobbles. Stones range from angular to well
rounded; most are rounded. Stones of tan quartzite and sandstone
dominate; green, gray, and purple argillite are minor constituents.
Forms broad fan-shaped deposit at mouth of outwash channel. Thick-
ness uncertain; may be as much as 200 ft locally. Ground water com-
monly at shallow depths

- Kame-terrace deposits (late Pleistocene)—Light-brown to brown
deposit of unconsolidated, moderately well bedded and well-sorted
silt, sand, granules, pebbles, and cobbles; a few rounded boulders are
scattered throughout the deposit. Stones range from subrounded to
well rounded; most are well rounded. Many interlayered lenses and
pockets of unconsolidated light-brown sand, some of which are as
much as 100 ft long and 20 ft thick. Clasts of quartzite and sandstone
dominate; also included are minor amounts of green, gray, and pur-
ple argillite. Forms an elongate, narrow, irregular- to even-surfaced
terrace-like deposit along valley wall. Thickness uncertain; may be as
much as 200 ft locally

Esker deposits (late Pleistocene)—Light-brown to brown unconsoli-
dated deposit of silt, sand, and gravel. Stones range in shape from
subangular to well rounded; most are well rounded. Tan quartzite and
sandstone stones predominate; other prominent types include green,
gray, and purple argillite. Contains many well-rounded cobbles and a
few rounded boulders 2-3 ft in diameter. Thickness varies greatly; as
much as 50 ft thick locally. Forms sinuous, narrow, steep-sided, hum-
mocky ridge that rises 15-25 ft above adjacent surface. Crest ranges
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rounded; most are subangular. Forms broad, low, even-surfaced, gen-
tly sloping fan-shaped deposit. Thickness uncertain; may be as much
as 200 ft locally

Kame deposits (late Pleistocene)—Light-brown to brown moderately to
poorly sorted silt, sand, and gravel. Few well-rounded cobbles scat-
tered irregularly through the unit. Forms small, conical to ellipsoidal,
steep-sided hillocks

Ice-contact deposits (late Pleistocene)—Light-brown to brown deposit
of moderately well sorted silt, sand, and gravel. Stones range in shape
from angular to rounded; most are rounded. Tan quartzite and sand-
stone stones predominate; other prominent types include green,
gray, and purple argillite. Cobbles and small angular to rounded boul-
ders 2-3 ft in diameter are scattered across the surface. Forms elon-
gate, oval-shaped mound with gently rolling crest

SMALL DEPOSITS OF SAND AND GRAVEL ALONG
THE BANKS OF THE BLACKFOOT RIVER

1 Terrace deposits (Holocene and late Pleistocene)—Light-gray, light-
brown, and brown moderately well bedded deposits of silt, sand,
granules, pebbles, cobbles, and a few boulders along the lower
reaches of the Blackfoot River. Stones are well rounded. White, tan,
and brown sandstone and quartzite make up about 40 percent of the
deposit; green and gray argillite about 40 percent, and purple argillite
about 20 percent. Locally includes minor amounts of gray diorite and
dark-blue limestone. Along the Blackfoot River (Woodworth quadran-
gle) forms broad, even benches commonly overlain by scattered sub-
angular glacial erratics 8-10 ft across. Thickness uncertain; may be as
much as 50 ft locally

SAND AND GRAVEL DEPOSITED BY MELTWATERS OF
OLDER GLACIERS

- Outwash deposits (late Pleistocene)—Brown, dark-brown, and reddish-
brown deposit of unconsolidated, moderately well bedded and moder-
ately well sorted silt, sand, granules, and subangular to rounded peb-
bles, and cobbly gravel. Mildly calcareous. Forms smooth, gently
sloping, locally dissected plains and terraces which are 20-100 ft
above valley floors. Soil drainage ranges from moderate to good;
ground water at intermediate depths. Thickness about 100 ft

SAND AND GRAVEL DEPOSITED AT BASE OF
MOUNTAIN FRONT

of unconsolidated, moderately well bedded and moderately well . - T
sorted silt, sand, granules, pebbles, and cobbles. Stones range from about 60 percent of th?. deposit; green and gray a.rgllhte abant ,20 in width from 5-25 ft QTpd Pediment deposits (early Pleistocene and Pliocene)—Reddish brown
subrounded to well rounded; most are well rounded|. Interbedded percent; and purple argllhte. about 20 percent. Contains lenses of fine e and tan deposits of unconsolidated, moderately well bedded and mod-
lenses of brown sand that range from 6-24 in. in thickness. Deposits to coarse sand _6—24 i t_hICk' Forms an e.longate,.narrow, even-Sl.lr- SAND AND GRAVEL DEPOSITED BY MELTWATERS OF THE erately well sorted silt, sand, granules, pebbles, and cobbles. Locally '
take many shapes, chiefly as small oval-shaped knollls. Thickness faced, terrace-like deposit along valley sides. Thickness uncertain; OVANDO GLACIER calcium carbonate weakly cements the upper part of the deposit.
uncertain; may be as much as 50 ft thick locally may be.as muc.h as 200 ft l.ocally ) ) - Outwash deposits (late Pleistocene)—Light-brown to brown deposit of Mantles broad smooth-surfaced benches that flank the mountains in
Ice-conta.ct deposits (late Pleistocene)—Light-brown to brown deposit unconsolidated, moderately well bedded and moderately well sorted the Helmville-Avon area. Deposits thin basinward and typically con-
SAND AND GRAVEL DEPOSITED BY MELTWATERS OF THE of silt, sand, and gravel. Stones range fr-om subrounded to well to well-sorted silt, sand, granules, pebbles, and cobbles with a few tain larger stones near the mountains. Thickness uncertain; may be as
HOLLAND CREEK GLACIER rounded.; el ro.unded. Tan.quartzﬁe and sandstéine Stones angular to rounded boulders 1-3 ft across. Stones range from sub- much as 50 ft locally
. - ; . pre.dc.>m1nate; b prominent types mclude.green, gray, and purple rounded to rounded; most are rounded. Locally the upper 3 ft com- Bedrock and surficial deposits, undivided—Includes deposits of till of
Outwash dep.osﬂs (late Pleistocene)—Light-brown to brown dgp051t of argillite. Forms small, irregular-shaped deposit posed of light-brown fine: to. medium. sand, White, tan, brown, and various ages, as well as outcrops of sedimentary, igneous, and meta-
unconsolidated, moderately well bedded and well-sorted silt, sand, - Outwash of tributary glaciers (late Pleistocene)—Brown to reddish- orange sandstone and quartzite make up about 65 percent of the morphic rocks locally mantled with till. Sedimentary rocks—includes
granules, pebbles, and cobbles. Stones range from angular to W?“ brown deposit of unconsolidated, moderately well bedded and poorly deposit; green and gray argillite about 20 percent; purple argillite units of Tertiary, Cretaceous, Jurassic, Permian, Pennsylvanian, Mis-
r'ounded.; mo§t are rc?unded. Stones of green,. gray, anc.l purple argll: to moderately well sorted silt, sand, granules, pebbles, and cobbles. A about 10 percent; and blue limestone, gray diorite, and other rock sissippian, .and Cambr?an age. Igneous .rocks—inclu‘cles both intrus?ve
lite dominate; guartmte and sandstone are minor constltue.nts. Even few subangular to rounded boulders 3-6 ft in diameter are scattered types about 5 percent. Near Kleinschmidt Flats (Coopers Lake quad- and volcanic rocks, chiefly of Precambrian and Tertiary age. Intrusive
su'rfaced deposit. In many places covered by a layer of alluylum 2-5 'ft throughout the deposit and across the surface. Stones range from rangle) stones of dark-blue limestone dominate and deposit appears units are mainly quartz monzonite and dacite. Volcanic units are
thick. Outwash laps onto a.nd loc?\lly enclose.s knolls and hillocks of til angular to well rounded; most are subrounded. White, tan, and brown bluish gray. In this same area many large boulders 3-8 ft across are mainly trachyte, andesite, volcanic breccia, and various lamprophyric
gfot?tel Hollllang Creedk glacier. Thickness variable; may be as much as quartzite and sandstone make up about 90 percent of deposit; green scattered on surface of deposit. Thickness uncertain; may be as much rocks. Metamorphic rocks—.l_ow-grade.r'netamorpbic rocks, mai.nly
ocally. Ground water commonly at shallow depths f and gray argillite about 5 percent; purple argillite about 3 percent; as 500 ft locally part of the Belt Supergroup, include argillite, quartzite, and dolomite
Outwash-fan deposits (late Pleistocene)—Light-brown to brown fan- iori i . - " 3 i - Tight- 7 .
shaped depo;s’it of ugconsolidated, mo)deratgely well bedded and well- la:gfmiraegleilZgi?acaen(tih;tﬂ:(;p;r;H;Z:]tli;oz/rgl)l(e);l:/r;z.a;iﬁ;:krlzesls)eggigi— Ou“z?s:nizr:lsiiggtselzis, (rﬁlc:fiel::‘:(:;o\f:R?ed;‘;%h;:éomlfoge%wgls esr;zsc;f o Sample Jocality—Numbers referrer o In able 1
sorted silt, sand, granules, pebbles, and cobbles. Stones range from tain; may be as much as 200 ft locally granules, pebbles, and cobbles. Stones range from angular to sub- - Approximate margins of outwash channel
Table 1. Sieve analyses of sand and gravel deposits, Bigfork-Avon area, Montana
Sample Field A B C D E F G H I J K L M N o P Q R S T U v w
number sample Unit (map symbol) 7.5-minute ASTM* sieve no. 3 2172 2 1172 1 3/4 0.53 4 10 40 100 200
number quadrangle Millimeters 75 63 50 38 25 19 13.2 4.8 2 0.42 0.15 0.08
Inches 3 2.5 2 1.5 1 0.75 0.52 0.19 0.08 0.02 0.01 0.003
Deposits of Flathead lobe of Cordilleran ice sheet
1 155 Outwash deposit (Qof) Big Fork 100.0 2.3 97.7 1.9 95.8 2.5 93.3 1.1 92.2 58.4 33.8 24.6 9.2 1.9 7.3
2 147 Outwash deposit (Qof) Big Fork 100.0 0.0 100.0 4.7 95.3 12.0 83.3 18.4 64.9 13.8 51.1 15.6 35.5 10.5 25.0 5.7 19.3 9.8 9.5 2.5 7.0 0.6 6.4
3 132 Outwash deposit (Qof) Big Fork 100.0 0.3 99.7 39.6 60.1 459 14.2 6.5 7.9
4 108 Outwash deposit (Qof) Big Fork 100.0 0.1 99.9 0.1 99.8 3.0 96.8 72.1 247 14.1 10.6
5 157 Outwash deposit (Qof) Crater Lake 100.0 9.9 90.1 7.4 82.7 12.4 70.3 32.6 37.7 13.8 23.9 11.8 1251 3.1 9.0 1.4 7.6
6 126 Outwash deposit (Qof) Crater Lake 93.2 11.0 82.2 8.0 74.2 16.4 57.8 7.8 50.0 5.4 44.6 72 37.4 13.3 24.1 8.4 15.7 10.0 5.7 1.7 4.0 0.2 3.8
‘ 7/ 133 Kame deposit (Qkff) Crater Lake 86.5 0.0 86.5 12.1 74.4 7.9 66.5 11:7 54.8 S 49.1 8.2 40.9 14.4 26.5 8.9 17.6 10.5 7.1 3.7 3.4 0.5 2.9
Deposits of Swan Valley glacier
8 85 Alluvium (Qal) Cilly Creek 100.0 0.0 100.0 4.5 95.5 11.3 84.2 12.2 72.0 8.2 63.8 10.0 53.8 24.8 29.0 9.5 19.5 11.5 8.0 A 2.9 0.1 2.8
9 68 Alluvium (Qal) Peck Lake 83.7 5.1 78.6 18.1 60.5 10.9 49.6 9.5 40.1 5.7 34.4 7.0 27.4 12.1 15.3 6.4 8.9 5.5 3.4 2.3 il 0.4 0.7
10 128 Outwash deposit (Qos) Crater Lake 93.3 5.3 88.0 0.0 88.0 8.2 79.8 8.0 71.8 4.8 67.0 9.9 57.1 26.4 30.7 11.3 19.4 14.0 54 2.1 3.3 0.6 2.7
11 161 Outwash deposit (Qos) Salmon Prairie 100.0 1.1 98.9 0.0 98.9 1.2 97.7 14.7 83.0 19.8 63.2 48.2 15.0 3.8 11.2 0.8 10.4
12 70 Outwash deposit (Qos) Condon 100.0 15:49 84.3 2.4 81.9 10.2 71.7 10.6 61.1 7.0 54.1 8.4 45.7 15.2 30.5 9.5 21.0 11.7 9.3 3:5 5.8 1.0 4.8
13 165 Outwash deposit (Qos) Cygnet Lake 100.0 4.3 95.7 8.3 87.4 12.4 75.0 9.8 65.2 12 58.0 10.7 47.3 19.5 27.8 11.3 16.5 12..7 3.8 1.4 2.4 0.4 2.0
14 140 Outwash-fan deposit (Qofs) Swan Lake 100.0 11.6 88.4 17.9 70.5 14.1 56.4 17:2 39.2 24.3 14.9 7.6 7.3 4.4 2.9 0.8 2.1 0.2 1.9
15 87 Outwash-fan deposit (Qofs) Salmon Prairie 100.0 7.5 92.5 13.0 79.5 11.2 68.3 6.5 61.8 9.3 525 8.4 44.1 15.8 28.3 10.2 18.1 12.1 6.0 2.7 33 0.7 2.6
16 83 Outwash-fan deposit (Qofs) Salmon Prairie 100.0 19.4 80.6 24.4 56.2 21.5 34.7 72 27.5 8.0 19.5 5.4 14.1 5.1 9.0 34 5.6 4.2 1.4 0.6 0.8 0.2 0.6
17 84 Kame deposit (Qks) Cilly Creek 100.0 1.8 98.2 8.9 89.3 15.4 73.9 20.0 53.9 20.6 33.3 7.0 26.3 7.5 18.8 8.7 10.1 24 7.7
18 62 Till (Washed) Cygnet Lake 100.0 0.0 100.0 20.2 79.8 6.3 73.5 9.2 64.3 7.5 56.8 9.3 47.5 16.9 30.6 11.6 19.0 15.5 3.5 1.6 1.9 0.3 1.6
19 67 Till (Washed) Cygnet Lake 88.4 19:2 69.2 0.0 69.2 3.0 66.2 7.0 59.2 4.5 54.7 4.7 50.0 111 38.9 7.8 31.1 10.9 20.2 43 159 2.6 13.3
Deposits of Holland Creek glacier
20 64 Outwash deposit (Qoh) Cygnet Lake 100.0 0.0 100.0 0.0 100.0 8.9 91.1 21.1 70.0 8.8 61.2 9.7 51.5 16.8 34.7 10.5 24.2 17.4 6.8 4.4 24 0.5 1.9
21 65 Outwash-fan deposit (Qofh) Cygnet Lake 100.0 0.0 100.0 2.6 97.4 3.1 94.3 10.9 83.4 9.3 74.1 13.7 60.4 20.1 40.3 11.6 28.7 15.1 13.6 6.2 7.4 2.0 54
Deposits of Clearwater Valley glacier
22 167 Alluvium (Qal) Lake Inez 82.3 0.0 82.3 6.3 76.0 8.8 67.2 10.2 57.0 6.5 50.5 7.7 42.8 15.0 27.8 10.6 17.2 10.9 6.3 2.1 4.2 1.0 3.2
23 185 Alluvium (Qal) Seeley Lake East 772 0.0 77.2 0.0 772 4.9 72.3 9.2 63.1 11.6 51.5 11.2 40.3 20.2 20.1 7.6 12.5 5.1 7.4 3.6 3.8 0.8 3.0
24 37 Alluvium (Qal) Greenough 100.0 34 96.6 3.8 92.8 10.3 82.5 3.8 78.7 8.0 70.7 17.8 52.9 15.5 37.4 16.6 20.8 3.0 17.8 0.5 17.3
25 57 Alluvial fan (Qf) Seeley Lake East 100.0 0.0 100.0 5.9 9.1 5.7 88.4 14.7 73.9 19.0 54.7 16.9 37.8 17.2 20.6 5.9 14.7 6.4 8.3 22 6.1 0.8 53
26 34 Outwash deposit (Qoc) Seeley Lake West 100.0 1.0 99.0 1.5 97.5 36.7 60.8 38.5 223 8.1 14.2
27 33 Outwash deposit (Qoc) Salmon Lake 100.0 14.2 85.8 0.0 85.8 6.2 79.6 20.9 58.7 11.7 47.0 9.6 37.4 10.4 27.0 6.4 20.6 3.3 17.3 3.5 13.8 13.0
28 38 Outwash deposit (Qoc) Salmon Lake 100.0 0.0 100.0 6.9 93.1 12.7 80.4 8.9 71.5 6.5 65.0 8.5 56.5 20.3 36.2 12.8 23.4 18.5 4.9 0.7 4.2 0.4 3.8
29 46 Kame deposit (Qkc) Seeley Lake East 100.0 0.0 100.0 9.6 90.4 15.0 75.4 20.4 55.0 6.2 48.8 1.7 41.1 11.9 29.2 5.2 24.0 11.3 12.7 6.7 6.0 2.0 4.0
30 194 Kame deposit (Qkc) Seeley Lake East 100.0 0.0 100.0 8.7 91.3 2.9 88.4 6.8 81.6 4.7 76.9 9.7 67.2 23.1 44.1 11.2 32.9 17.1 15.8 55 10.3 13 9.0
31 189 Kame-terrace deposit (Qktc) Lake Inez 92.7 11.6 81.1 0.0 81.1 13.1 68.0 9.5 58.5 4.5 54.0 5.8 48.2 12.4 35.8 9.3 26.5 14.7 11.8 4.8 7.0 1.3 5.7
32 225 Ice-contact deposit (Qicc) Salmon Lake 100.0 2.1 97.9 0.0 97.9 2.2 95.7 25.8 69.9 23.9 46.0 30.1 15.9 4.2 11.7 1.0 10.7
33 184 Outwash deposit--tr.gl.* *(Qotc) Seeley Lake East 93.4 0.0 93.4 4.6 88.8 4.4 84.4 S 79.3 4.5 74.8 5.5 69.3 16.6 52.7 132 39.5 21.5 18.0 9.8 8.2 2.0 6.2
34 186 Outwash deposit--tr.gl.* *(Qotc) Seeley Lake East 100.0 7.1 92.9 6.5 86.4 5.6 80.8 10.5 70.3 10.2 60.1 13.0 47.1 15.7 31.4 7.2 24.2 2.5 217 °
35 58 Till (Washed) Lake Inez 100.0 14.2 85.8 5.6 80.2 1.7 78.5 8.8 69.7 6.3 63.4 12.0 51.4 23.8 27.6 13.0 14.6 9.4 52 2.2 3.0 0.8 2.2
Deposits of Placid Creek glacier
36 210 Alluvium (Qal) Woodworth 93.2 0.0 93.2 13.1 80.1 11.4 68.7 13.6 55.1 9.5 45.6 8.8 36.8 12.6 24.2 4.5 19.7 9.8 9.9 5.8 4.1 13 2.8
37 55 Outwash deposit (Qop) Salmon Lake 100.0 48.2 14.7 33.5 8.0 25.5 12,3 13.2 6.0 7.2 3.0 4.2 5.1 94.9 0.0 94.9 19.6 7553 14.6 60.7 5.2 55.3 1.3
38 39 Kame-terrace deposit (Qktp) Salmon Lake 100.0 50.2 16.2 34.0 11.3 22.7 14.4 8.3 3.8 4.5 0.9 3.6 9.3 90.7 4.5 86.2 7.5 78.7 12.3 66.4 7.3 59.1 8.9
39 40 Kame-terrace deposit (Qktp) Salmon Lake 100.0 60.8 39.2 24.9 14.3
40 191 Esker deposit (Qep) Salmon Lake 95.4 36.4 11.8 24.6 5.0 19.6 9.8 9.8 59 3.9 1.4 2.5 0.0 95.4 22.4 73.0 7.9 65.1 14.7 50.4 6.2 44.2 7.8
Deposits of Ovando glacier
41 238 Alluvium (Qal) Ovando 100.0 51.9 19.3 32.6 10.5 22.1 11.5 10.6 7.0 3.6 12 2.4 0.0 100.0 22.0 78.0 4.5 73.5 7.3 66.2 6.2 60.0 8.1
42 214 Alluvium (Qal) Ovando Mtn. 95.2 29.0 8.3 20.7 6.3 14.4 9.9 4.5 2.4 21 0.5 1.6 19.4 75.8 T 68.1 15:5 52.6 11.1 41.5 5.9 35.6 6.6
43 41 Outwash deposit (Qoo) Woodworth 100.0 51D 23.7 33.8 10.7 23.1 12.5 10.6 4.0 6.6 1.1 55 0.0 100.0 5.9 9.1 6.7 87.4 10.1 77.3 75 69.8 12.3
44 240 Outwash deposit (Qoo) Ovando 100.0 31.0 14.1 16.9 6.1 10.8 7.0 3.8 2.5 1.3 0.5 0.8 3.9 96.1 21.1 75.0 12.3 62.7 16.4 46.3 6.8 39.5 8.5
45 82 Outwash deposit (Qoo) Ovando Mtn. 100.0 49.9 15.0 34.9 12.0 22.9 13.9 9.0 3.9 5.1 1.1 4.0 0.0 100.0 16.2 83.8 8.9 74.9 12.7 62.2 5.0 57.2 7:3
46 220 Outwash deposit (Qoo) Ovando Mtn. 91.5 71.8 26.0 45.8 19.4 26.4 15.6 10.8 3.3 7.5 0.7 6.8 0.0 91.5 35 88.0 0.0 88.0 4.0 84.0 4.0 80.0 8.2
47 243 Outwash deposit (Qoo) Browns Lake 95.5 44.6 13.9 30.7 1.2 23.5 12.8 10.7 7.3 3.4 0.9 2.5 0.0 95.5 14.0 81.5 132 68.3 10.8 57.5 5.9 51.6 7.0
48 81 Outwash-fan deposit (Qofo) Ovando 89.8 19.6 70.2 19.2. 51.0 32.9 18.1 13.8 43 1.8 2.5 100.0 1.5 98.5 3.5 95.0 5.2
49 216 Till (Washed) Ovando Mtn. 100.0 70.8 20.4 50.4 13.6 36.8 24.8 12.0 7:3 4.7 1.0 3.7 0.0 100.0 4.2 95.8 3.3 92.5 7.0 85.5 S 79.8 9.0
*ASTM = American Society for Testing Materials
**tr.gl. = tributary glacier
, Percentage of sample that passed through a 75 mm (3 in.) sieve. SAND AND GRAVEL SAMPLES SIEVE ANALYSES
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Percentage of sample that passed through a 75 mm (3 in.) sieve, but was retained on a 63 mm (2.5 in.) sieve.

Percentage of sample that passed through a 63 mm (2.5 in.) sieve.

Percentage of sample that passed through a 63 mm (2.5 in.) sieve, but was retained on a 50 mm (2 in.) sieve.

Percentage of sample that passed through a 50 mm (2 in.) sieve.

Percentage of sample that passed through a 50 mm (2 in.) sieve, but was retained on a 38 mm (1.5 in.) sieve.

Percentage of sample that passed through a 38 mm (1.5 in.) sieve.

Percentage of sample that passed through a 38 mm (1.5 in.) sieve, but was retained on a 25 mm (1 in.) sieve.

Percentage of sample that passed through a 25 mm (1 in.) sieve.

Percentage of sample that passed through a 25 mm (1 in.) sieve, but was retained on a 19 mm (0.75 in.) sieve.

Percemtage of sample that passed through a 19 mm (0.75 in.) sieve.

Percentage of sample that passed through a 19 mm (0.75 in.) sieve, but was retained on a 13.2 mm (0.52 in.) sieve.

, Percemtage of sample that passed through a 13 mm (0.52 in.) sieve.

Percentage of sample that passed through a 13.2 mm (0.52 in.) sieve, but was retained on a 4.8 mm (0.19 in.) sieve.

Percentage of sample that passed through a 4.8 mm (0.19 in.) sieve.

Percemtage of sample that passed through a 2 mm (0.08 in.) sieve.

Percenitage of sample that passed through a 2 mm (0.08 in.) sieve, but was retained on a 0.42 mm (0.02 in.) sieve.

Percenitage of sample that passed through a 0.42 mm (0.02 in.) sieve.

Percemtage of sample that passed through a 0.15 mm (0.01 in.) sieve.

Percenitage of sample that passed through a 4.8 mm (0.19 in.) sieve, but was retained on a 2 mm (0.08 in.) sieve.

Percenitage of sample that passed through a 0.42 mm (0.02 in.) sieve, but was retained on a 0.15 mm (0.01 in.) sieve.

Percentage of sample that passed through a 0.15 mm (0.01 in.) sieve, but was retained on a 0.08 mm (0.003 in.) sieve.
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Forty-nine samples of sand and gravel were collected from deposits of six glaciers
(Flathead lobe of the Cordilleran ice sheet, and the Swan Valley, Holland Creek, Clear-
water Valley, Placid Creek, and Ovando glaciers). Table 1 indicates the number of sam-
ples collected either from modern alluvial fill or from the debris deposited by each
specific glacier. It also shows the kind of deposit (for example, outwash, outwash fan,
kame, kame terrace, esker) sampled. Most of the samples are from glaciofluvial depos-
its, either from outwash plains (22 samples) or outwash fans (5 samples). Four samples
are of washed till. Where the fines have been washed from the till the remaining sand
and gravel is suitable for most construction purposes.

Twenty-one samples are from the Swan Valley and Clearwater Valley glaciers.
Deposits of these two glaciers cover vast sectors of the Bigfork-Avon area. Eleven sam-
ples represent glacial deposits of the Placid Creek and Ovando glaciers. Seven samples
are from the Flathead lobe of the Cordilleran ice sheet and two are from the Holland
Creek glacier. Eight samples are of modern alluvium.

Argillite, sandstone, and quartzite are the dominant lithologic types in the glacial
deposits. In places, dark-blue limestone and light-brown dolomite clasts are common,
and here and there are sparse fragments of gray diorite and dark-gray basalt speckled
with white minerals. Common colors for the argillite clasts are purple, red, gray,
green, and bluish gray. The sandstone and quartzite units are generally some shade of
brown or orange or less commonly white.

Many of the samples contained argillite. None of the samples contained signifi-
cant amounts of chert.
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Figure 1. Map showing areal extent of deposits of different valley glaciers in the Bigfork-Avon area. Arrows indicate
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All samples were passed through a graduated series of American Society for Test-
ing and Materials (ASTM) sieves to determine exactly how much clay and silt, sand, and
gravel made up each sample. Cobbles and boulders were purposely omitted when the
samples were collected in the field. The samples, thus, reflect only the smaller constitu-
ents of each deposit. Gravel, by ASTM definition, includes rock fragments, commonly
rounded, that range in size from 4.8 to 75 mm (0.019 to 3.0 in.). Sand includes gran-
ular material that ranges in size from 0.08 to 4.8 mm (0.003 to 0.19 in.), and clay and
silt comprise the size fraction of less than 0.08 (0.003 in.). Table 1 gives the results of
the sieve analyses, and figure 10 shows the results of these analyses in the form of his-
tograms (bar graphs) that enable the samples to be readily compared.

For those who are strangers to sieve analyses, it may be helpful if the results
obtained for one sample are discussed. Using sample 27 as an example, Table 1 shows
that the deposit sampled was outwash of the Clearwater Valley glacier (Qoc) as exposed
in the Salmon Lake quadrangle. The data indicate that 100 percent of the sample
passed through the 75 mm sieve (column A). (The 75 mm sieve consists of a wire mesh
in which each opening is 75 mm (3 in.) wide). By contrast, only 85.8 percent of the
sample passed through the next sieve—the 63 mm (2.5 in.) sieve (column C). (The
openings in that sieve are 2.5 in. wide.) The amount of sample retained on the 63 mm
sieve, thus, was 14.2 percent (column B), in essence, 100%-85.8% = 14.2%. The
85.8 percent of the sample that passed the 63 mm screen, also passed through the
next sieve—the 50 mm (2 in.) sieve (column E). (In that sieve the openings are 2 in.
wide.) Nothing was retained on that sieve (column D). In similar fashion, much of the
sample (79.6 percent) passed through the 38 mm (1.5 in.) sieve (column G); only 6.2
percent of the sample was retained on the 38 mm sieve (column F). The sample was
processed through successive screens, each somewhat smaller than the preceding one,
until the entire sample was separated into its components.

Figure 10, which is a compilation of histograms for all 49 samples, is based on the
amount of material retained on each sieve. Each histogram indicates which compo-
nent, clay and silt, sand, or gravel, dominates the sample.
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