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1!* ¢leven maps in the set (79-437 through 79-447)are part of &
series prepared a% 4 resulr of a4 cooperative venture between Misdouls
and lﬁﬁtll Counties, Montana wnd the U.S. Geolagical Survey.
s#nigr author, at one time served as geologic consultant to the
» and he is primarily responsible for the geologic mapping of
Witkind mapped the
half of the area and his maps are available as Dpen-File
Weber 1§ now a gewnlogist with the 1).S. Forest
Seérvice in Great Falls, Montana; Witkind is a geologist with the U.§.

the idqxhemn half of the Big Fork-Avon area.
Peports (listed below).

Glolo‘htal Survey in Denver, fnlarado.

-
!

Ihz”area studied extends from the Big Fork Quadrangle on the morth
to the All the maps are
prod of that study #nd are intended for nse by environmental and

on fuadrangle on the ssuth (see index map).
Land planners.
OD‘MQI of the available maps can be purrhased from:
Gipen File Services Sectiom,
Branch of Distributiern,

Box 25425, Federsl Canter,
Denver, Colerade 80225

The maps can also be examined ar thie following offices:

Denver Public Inguiries Ofrice,
U.5. Geological Survey,

1012, Federal Building,

1961 Stout Street,

Denver, Tolorada RO2O2

Salt Lake City Public Inguiries Offlee,
U.5. fenlogical Survey,

8015, ¥ederal Dffice Wuilding,

129 South State Street

Sale YLake City, Urah B4A111

Spakamne Public Inquiries Office,
UeS. Ceslogical Burvev,

w18, V.5 Courthowse Building,
West 920 Riverside Avesus,
Spokane, washington 9920|

1. Aven (N. 1/3) 79-437

g 4. ®ata Mountain (W. 1/3) 79- 438
i )- “‘ Fbrt 78‘17A
4. HBrowns lLake 79-439

5. Chamberlais Mounmtain 79-440

6. Chimmey lLakes (NE 1/4) 79-441

7. Cilly Creek 77-881

8. Condon (W. halif) 17-540

9. Cooperg Lake (S. nalf) 171-L6h

I0. Crater lake (W. half) 78-173%

Il. Cygost Lakas 77-19%

1. Filan {SM 1/4) 79=-442

13. Greemough 79-443

l4. Welmvilie (N. half) 79-444

1%, fNollamd Lake (. half) 77=-199
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Ball on downthrown side

> ANTICLIME--Showing trace of axial plane and direction of plunge

— SYNCLINE--Snowing trace of axial plane and direction of plunge

DESCRIPTION OF MAP INITS

[This is & combined map description for quadrangles in the southern part
of the Big FPork-Aven sovirammental stody area (Opene<File Reports 79- 4137

Mot all units will appear on all maps.!

Nal ALLUVIUM (HOLUCENE)--Light to dark grav and brownish gray;

strean—deposited, unconsolideted, moderately to wall-
Pedded, interstratified awsemblage of s1lt, sand, and
gravel. Tvplically clay-rich and cohesive vhere incised
into claystones, siltetones, and shales of slder Sasin-
fill depesits. Gold-hearing sand and gravel occur leecally
in the northward-draining vallevs of the Garnet Bange, and
in the westward-draining valleys of the mowatains east of
Helwville amd Avon. Charascteripged by shallow depths to
ground water. Soll draingge is poor and shrink-swell
potent lals wre interred to be relativelv low

ALLUVTAL FAN DEPOSITS (HOLOCENY '—-Small, moderately sloping.

poorly sorted, crudely stracified sile, sand, gravel,
cobhles, and boulders at the mouths aof small gullies aml
high=-gradient streams. Oround-water condltions ars auite
varidble, and flash-flood heeard poteatisl is high,
espetially near the upper apex of the fan. Shrink-swell
potential is inferred Lo bBe generallv low

k1l COLLOVIIM (HOLOZENE)-~lnsorted dehris that has slid or besen

waghed dawnslope to form amall, thin, and humeocky
deposits. Best developed in terrane underlain by Tertiary
volcanic rocks. Shrink-swell potentials are variahle, and
are 1nferred to range from moderate to high

LANDSLIDE ODEPOSITS (QUATERNARY)-~Small, fan- and lobate-shaped

hummacky masses of sgemiconsclidated seil, till, Tertiary
basin fill, and velecani¢ debiris. Clay and soil-moisture
content are generally high. Small springs wr seeps are
common. Many of these landslides are active and all
should be considered unstable. Shrink-swell potentials
are variable, and are inferred tn r4nge from soderate to
high

SEDIMENTS DEPOSITED BY MELTWATERS GF PINEDALE GLACIATION

(QUATERRARY )--YOIINCER TCE

Lacustrine Deposits——-Pink; rhythmically bedded silt, sandy

silt, and clay with included lenses of sand and gravel.
Forms gently sloping, smooth surfaces at altitndes
generally below 1,158 m (3,806 ft). Soil drainsge ranges
from fair te poor, but lateral permeability may be high
within the interbedded sandy beds and lenges. High frost-
heave susceptibility. Clay-rich beds have a muderate
shrink-swell potential

Ice-Contact Deposit--Dark brown and brown; composed of

moderately well sorted silt, swnd, #nd gravel. Forms an
elongate, gently sloping bench. Clasts range in shape
from angular to rounded; most are rwunded. 9Sizes range
from 3 mm to I cm (1/8-8 in.); deminant sizes range from
13 me to S cm (1/2-2 in.). Cobhles mad small sngular to
rounded boulders O.6-1 m (2-3 ft) are scattered across the
surface. Formed in contact with wasting ice

Kame Deposits——idark brown and brown; consists of moderately

to poorly sorted silt, sand, and gravel. Forms small,
conical te ellipsoidal, steep-sided hillocks. Few well-
rounded cabbles scattered irregularly through the unit.
Formed by a glacial stream that flowed down into @
stagnant ice mass

NDutwash—-Light brown, and grayish brown; moderstely well

sorted; composed of silt, smnd, and subrounded to rounded
pebbly mnd cobbly gravel. Commonly the upper | m (3 ft)

18 composed of light-brown, fine- to medimm-grained sand.
benerally forms broad, smooth-surfaced pluins which grade
to the main valley of the Blackfoot River, and lie 1.5-6 m
Ground water

(5-20 ftr) above tiw modern stream channel.
commonly occurs at shallow depths

In addition to these maps, another map, by Witkind which discusses
the seismicity of the Big Fork-Avon area, has heen published as U.5.

Geological Survey Miscellaneohs Field Studies Map MF-923 and 1s titled
Ma jor active famlts and seismicity in and aear the Big Fork-Avan area,

northwestern Montana.

Saurficial deposits

Most of the surficial deposits im the southern part of tle 8ig
Fork-Avon area were formed prisarily during several advances and
The flirst advance revognized
locally prubably occurred abwoat 15,0 vears ago, during the Bull Lake
Glaciation of the Pleistucene, when ice from the sountaing to the north
Deposits of this glacier
are shown on the maps by the letters "bl" added to the svmbol, thus
Subsequently, some 201,000
to 30,000 years ago during the Pinedale Glaciation of the Pleistocense,
It appsrently
reached almost as far south as Helmville, before it withdrew and then
This resadvance, however, did not extend as far to the
Peposits of these
The deposits af
the first, or older, advance are shown on the map by the letter "o"
added to the symbol, thus "Oto--Till deposited by older ice."
deposits of the second, or younger adwance, are shown on the map by the

subsequent melts of large glaciers.

spread southward across the Blackfoot River.
"Othl--Till deposited by Bull Lake(?) ice."
another glacier again moved ssuthward i1nto the area.
readvanced again.

sauth, probabhly reaching only te Kleinschmidt lLake.
two advances have also been differentiated on the map.

letter "y" added to the symbol, thus, "Otv--Till deposited by veunger

Lfe ."

In addition tep the debris, mainly till, depwsited by the ice, other
material, chiefly sand and gravel, was carried far to the south by the
These deposits, termed sutwash, are

seltwaters of the wasting glaciers.

similarly identifimd on tlhe wap by tle letters "bl" or "&" gr

depending upon which glacier furnished them.

In some localities deposits of more than wne ive advance =4y have
bewn inddvertently grouped snd thus mapped a5 the deposits of 4 single

sivance.
Lake Ines 71=100
Marcum Mountafin (W. half) 79-445
Nevada Lake (5. half) 19-446
‘vando T7-19%
‘vanda (5. 1/3) 19-447
vande ountain (5. half) T7-465
Peck lLake (2. half: 77-53%4
Salmon Lake 17-197
Salmon Prairie 17-881
Seeiey Lake Rast TT=21v
Sevley Lake West 77-2n1
Swan Lake (SW 174) I8-1135%
Weodworth 1T=-200
Yeu Creeh (NE 1/4) T8=138
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Indwex map showing guadrsngles in the Big Fark-Avon aures.
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Terrace Mepasits——fSray, tan, hrown, and pink; unconsolidated,

moderately well sorted, well-bedded ailt, sand, gravel,
and cobhles In smooth-surfaced, dissected deposits
flanking modern siream channels, and in abandoned channels
S=6m (1520 fr) above modern stream channels. These
deposits wre typically moderately tu well-drained, and are
Lnferred tos have relatively low snrink-swell potential

SELIMENTS DEPOSITED BY MELTWATERS OF PINEDALE GLACIATION (UPPER

FLEISTYRCESE ) «=OLDER 1ICE

Dutwash-—lark brown, reddiah brown, and hrows; consists of

moderately well sorted s1lt, #and, 4nd subsngular to
rounded gravel and cobbly gravel. PFParms smooth, locally
ilawected plains and terraces which lie 6-30 m (20-100 fr)
above the younger outwash deposits. fGroumd water mcgurs
al moderate depths

Outwash Fan Deposit-—-ftven-surfaced, gently slopiag, zone-

shaped deposit of imconsalidated, moderately sorted silt,
sand, gravel, and cohhles. Pruobably formed at some time
sfter the Blackfoot River was diverted by lobes of ice
which lay in the Monture, North Fork of the Blackfoot, &nd
Nevada Creek valleys

-
eltalr Gravela--Tan to brown; lecally crussbedded,

unconsnlidated, well-sorted, medium- te coarse—grained
sand, and gravel. Clasts cauge in shape from angular to
rovnd. feposited in a small glacial lake formed where
southward advancing 1ce impinged upon the northern flank
of the farnet Range blacking the northward flowing
ancestral Pearsen Ureek (see Chamberlain Meuntain
quadrangle)

FILL OF PINEDALE CLACIATION (UPPER PLEISTOCENE)

Till Deposited by Younger Ice--Characterized by a striking

knob-and-kettle tupugraphy with many lakes and swamps.
Consists of a heterogenenus assemblage of unsnrted gravel,
cobbles, and bowlders in & light reddish-brown to tan
silty to clavey matrix. “any large houlders are scattered
across both the latersl amd ground woraines, and the
terninal woraine nesr Klelaschmidt Lake; lecally parts of
the moraine surface slope 28 much 45 65 percent. {lasts
range in shape trom angular te well rpunded, and are
predominant]ly guartzites, argillites, and liméstones of
Lhe Belt Supergroup. Soil dreinage and permeability is
varialle, but geaerally 1s poor

Till Deposited by Older lee=—Characterized by ssmewhat

subdued knob-and-kettle topography. Consists of &
heterogenenus assemblage of gravel, cobbles, and houlders
in & reddish-brown, dense, granular, calcarecus, clayey tn
silty, locally sandy matrix. Gengrally less than

15 percent of the till is gravel size or larger. Sparse
boulders are scattered across both the lateral and ground
moraines; surface slopes are commonly less than

15 percent. (lasts range in shape from angular to well
rounded, and are predemdnantly quartzites, #rgillites, and
limestones of the Belt Supergroup. Soil drainage and
permeability generally is poor

OUTWASH OF BULL LAKE(?) ICE (PLEISTOCENE)--Brown and reddish

brown; unconsolidated, mildly calcarevus, well-bedded and
moderdtely well sorted silt, sand, gravel, and cobbles.
Forms even—swurfaced, gently sloping, highly dissected
remhant s whmﬁe about 12 m (40 ft) above the outwash of
the older iew. Ho1l drainage is moderate to good

TILL DEPOS[TED BY MULL LAKE(?) ICH¥ (PLEISTOCENE)-—-A generally

formless, gently undulating deposit of low relief
characterized hy sparse kettle depressions, and a few
boulders scattered acrogs the surface. Consists of an
unconsolidated, unsorted assemblage of sand, gravel,
cobbles, and Soulders in & brown to reddish-brown,
compsct, clayey matrix. Locally large glacial houlders,
3-4 m (19-13 ft) mcross, are scattered through the till;
they 4re ¢specially common near Ninemile Prairie (see
Greenough guadrangle). Clay content is higher and this
till consequently is more susceptible tv mass movement
than the younger tills. Where de#ply dissected vields a
discantinuous rubble venesr of cobbles and houlders

Thowe

quadrangies in Open~File Reporte 79« 437 tu 79447 are shaded.
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PIESMONT ALLUVIUM (QUATERNARY ARD TERTIARY)--Reddish brown and
tan; unconsolidated, moderately well surtes, stratified
silty sand and silt, ssnd, snd gravel which mantle brwad,
smoath-surfeaced benches that flank the mountalins in the
Helmville—Avon area. Tmposits thin basinward, 4nd
typically are coarser-graingd near the mountains.

(verlies truncated pre-Tertdary mnd Tertiary sedimentary
and velcanic rocks, and is segmented by modern stream
valleys aud gullies. Locally the upper part of the
deposit 1s weskly cemented by calcium carbonate.

Soundness and durability of the gravel is quite variable
but typically is poor if the gravels cantain high
percentages of volcanic rock types. Those deposits rich
in volcanic rock types are most common in basins which are
4d jacent to extensive outcriops of valcanmic rocks

BASIN DEPOSITS, UNDIVIDED (TENTI[ARY)--Brown, grayish brows, and
ye=llowish brown; semiconsolidated to consolidated clavs,
shales, siltstones, and sandstones with minor asounts of
conglomerate. Also included are white, gray, brown,
vellowish brown, #nd red heds of altered voleanic suh, and
ash-rich shale and siltstone. Competence is falr to gond
in the bruwn siltstonss and sandstones but poor in the
light—coleored shales, clayy, and ash beds. "Foprorn"
surface on the shales, clays, and ash heds indicate &
high-swell potential. &eoil drainage i# falr to pear. 1In
many localities this unit unierlies till, outwash, or
#lluvium and restricts and controls the dowmward and
latersl migrastion of the lecal ground water

VOLEANIC ROCES, UNDIVIDED (TERTIARY )—~Small auteraps of
trachvte, andesite, lamprophyre, and extrusive volecanuic
breceia are in the western part of the area sear Greesough
(see Greenough quadrangle). HExrensive hamalt and andssite
flows, velcanic breccias, #nd minor amoumts of rhyelite,
dacite, diorite, gabbre, latite, and welded tufl are iun
the eastern part of the area near Helmville and Aver (see
Helmville and Avon quadrangles). The velranic breccias
are clay rich and very susceptihle to m#ss movement

QUARTL MONZONITE INTRUSIVE ROCES (TERTIARY ANl CRETACENNS )=
Consists of the intrusive (larnet stock and other smaller
igneous bodies. Generally shows well-developed blocky
jointing; westhers tu spherwvidal houldsrs. ©Gold minerals
are in quartz veins that fill fractures in the quartz
monzonite in & zone within about half & mile of the
surrounding marble and limestone country rock

ACIDIC AND INTERMEDIATE INTRUSIVE ROCES (TERTIARY AND
CRETACEONS)--Inc ludes sMall intrusive igneous bodies
ranging in composition from quartz monashite te dacite

CRETACEDUS AND JURASSIC BEDROCK, UNDIVIDED--Folded and faulted
outcrops of (in descending order) the Cretaceous Blackleaf
#nd Koatenal Formations and the Jurassic fwift, Rierdon,
and Sawtonth Formations

PERMIAN TO MISSISSIPPIAN BENROCK, UNMDIVIDED--Folded amd faulted
outcrops of the Phosphoria snd Quadrant Formations, and
the Madison Group. Locally some limestons and dolemite
beds of the Jefferson Formatlon (Devonian) may be included
with the Madison Group

CAMBRIAN STRATA, UNDIVIDED--Folded, faulted and locally
intruded #nd metamorphosed sutcrops of the {in descending
order) Hasmark and Silver Hill Formatlons and Flathead
fuartzite. Nedr the Garnet stock the limestones of tlwe
Hasmark(?) and Silver Hills Formations have been
metamorphosed twu marble

BELT SUPERGROUP WOCKS, UNDIVIDEDL (PRECAMBRIAN)--Consists of
various units of the Belt Supergroup, chieflv the Mount
Shields (argillite and sandstonei, Shepard (argillite and
dolomite), and Snowslip (argillite and sandstone)
Formations in the northern part of the ares: and the
quartzite and claystone of Black Mountain, Bonner .
Quartzite and the Mount Shields, Shepard, and Snowslip
(c#lcareous mudstone and quarteite) Formations in the
southern part of che area



