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CONTACT=-=Approximately located or ialerred

3 FAULT--Dashed where approximately located or inferred; dotted
where concealed. Ball on downthrown side

¢ $ ANTILLINE--Showing trace of axial plane and direction of plunge
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*- P SYNCLINE--Showing trace of axial plane and direction uf plunge

aft axis
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The eleven naps 14 the set (79-437 through 79-447)are part of &
series prepared as a result of & cooperative venture bhelween Missoula
and Powell Cpunties, Montana and the 1l.5. Genlogical Survey.
senlor auther, at one time served as geologi¢ consultant to the

Webher,
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DESCRIPTION ©F MAP TRITS

| This Is =
of the Mg Fork-Avon enviromenta! siody area (Open-File Reports 79- 437
to 79-447). Mot all wmits will appesar on all maps.!

Jal ALLIWTIRT (MOLOCENE-~Light Lo dark grey and hrownish gray;
stresm—leposited, onncansolidated, moderately to well-
bedded, interstratified assemblage of silc, sand, and
gravel . Typleally clay-rich andl eohiesive where incised
into rlavstones, siltsclnes, and shales of alder hasin-
t1ll deposits. Seld-bearing sand and gravel occur locally
in the morthwsrd-draining valleys of the Gernet Range, and
in the westward=drainiag valleys of the moantains east of
lelmville and Awon. Characterized by shallow depths to
ground water. So1l drainage s poor and shrink-swell
potentiales are inferred te %e relatively low

of ALIIIVIAL FAR DEPOSITS {MOLOCENE )~=Small, moderately sloping,
poarly sorted, crudely stratified silt, sand, gravel,
cobhles, and boulders at the wonths of smail gul lies and
fgh-gradient streams. Ground-water conditloms sre guite
variable, and {lash-flood hatari potential 18 High,
especially near the upper apex of the fan. Shrink-swell
potential 18 Inferred to be generally low

el COLLUYVIIM (HOLOCENE )-=~Insorted debris that has slid or been
washed downsliope to form small, thin, and huseocky
lepsits. Best developed in terrane underlain by Tertiary
velcanie racks. Shrink-swell potentials are variable, and
are iuferred to runge from ssderate to high

s LANDSLIDE REPOSITS (QUATERMARY )=-Small, fan- and lobate-stiaped
hummocky masses of semiconsclidated soil, till, Tertiary
hasin fill, and welcanic debris. Clay and soil-moisture
content are generwlly high. Small springs or seeps are
common. “Many of these landslides are sctive and all
stiould he considered unstable. Shrink-swell potentials
are variahle, and are interred to range frum moderate to
high

SEDIMENTS DEPOSITED BY MELTWATERS (F PINREDALE GLACTATION
( JUATERMARY )-~-VYOUNGER [CE

0l Lacustrine lDeposits——Pink; rhythmically bedded silt, sandy
silt, and clay with 1acluded lenses of sand and gravel.
Forms gently sloping, smooth surfaces at altitudes
generdlly below 1,158 m (3,800 ft). Soil drainsge ranges
from fair to pusr, but lateral permeahilitv may be high
within the interbedded sandy beds and lenses. H#High frost-
heave susceptibilityv. Clay-rich beds have a4 moderate
shrink-swell patential

Ice-Contact Deposit--Dark brown smd brown; composed of
moderately well sorted silt, sand, and gravel. Forms an
¢longate, gently sloping beanch. €lasts range in shape
from angular tov ruunded; most are rounded. Sises rduge
from 3 wm to 20 em (1/8-% in.); dominant sizes renge from
13 mm to S cm (1/2-2 1n.). Cobbles #od small sngular to
rounded boulders N.6-1 m (2-1 ft) are scattered #cross the
surface. Formed in contact with wasting lce

drecy

Oky Kame Depnsits—-Dark brown and hrown; consists of moderately
toe poorly sorted silt, sand, and gravel. Forms small,
conical to ellipsoidal, steep-sided hillocks. Few well-
raenled cobbles scattered irregularly through the unit.
Formed by a glacial stress that flowed down iato &
stagnant ice mass

oy futwash--Light brown, and grayish brown, msederstely well
sorted; composed of silt, sand, and subirounded to rounded
pebbly and colibly gravel. Commonly the upper 1 m 3 fr)

is composed sf light—brown, finme- to medimm-graloed saml.
Generally forms hropad, smoocth-surfaced plains “hloh grade
te the main valley of the Blackfoot River, and Lie |.%-4% m
Ground water

(5-20 fr) above the modern stresm :thannel.
commonly o¢curs 4t shallaw depths

In addition to these maps, another map, hy Witkind which discusses
the seismicity of the Big Fork-Avoen drea, hdas heen published as 11.S.

feological Survey Miscellaneofis Field Studies MMap MF-921 and is titled ‘
Ma jor sctive laults and seismicity 1n and asar the Big Fork-Avon area, r

the northwestern Mantana.

counties, and he 1% primarily responsible for the geologic mapping of

the southern half of the Big Fork-Avon area.

Witkind mapped the

porthern half of the area and his maps are available as Open-File

Beports (listed helow).

Geolagical Survey in Denver, (oloradea.

The arva studied extends from the Big Fork (uadrangle on the north

to the Aven ‘madrangle wn the south (see index map).

Land-use plamers.

LCoples ot the available maps can be purchased from:

fpen File Services Sectiom,
Branch of Mstribution,
Box 15%47%, Federal Center,

Denver, Colorado 8S0O22%

The maps can dlse e examined at the following affices:

Denver Pubhlic [nguiries Affice
1.5. Genlogical Sorvey,

1013, Federal Building,

1951 SPout Street,

Weber is now a geologist with the U.5. Forest
Service in Great Falls, Montana; Witkind is & geclogist with the W.5.

All the maps are
praducts of that study and awre intended for ase HYy envircimental sad

Most of the surficial deposits 1n the southern part of the Big
Fork-Avon area were formed primarily during several advances and
subsequent melts of large glaciers.
locally probably nccurred absut 150,000 years ago, dwuring the Bull Lake
laciation of the Pleistutene, when ice fram the mountaing te the nmorth
spread soutlwarid scroess the Blackfoot Riwver.
are shown on the maps by the letters "bl" added tw the symhol, thus
"ehl--Till deposited by Bull Lake(?) ice."
to I,000 years ago during the Pinedale filaciation of the Pleistuacene,
another glacier again moved southward into the area.
reached almost as far seuth as Melmville, hefore it withdrew and then
This readvance, however, did not extend as far ton the
south, prohbably reaching only to Kleinschmidt Lake.
two advances have also been differentiated on the map.
the first, or older, advance are shown on the map by the letter "o
added to the symbul, thus "Hto—-Till deposited by wlder ice." The
deposits of the second, ar yvunger advance, are shwwn on the map hy the
added to the symbol, thus, "Oty--Till deposited by younmger

readvanced again.

letter "y
ige."

In addition to the debris, mainly till, deposited by the 1ce, ather
materigl, chiefly sand snd gravel, was carried far to the soulh hy the
meltwaters of the wasting glaciers.

Surficial deposits

The first advance recagniaed

Deposits of this glacier

Suhsequently, seme 20,000

Theae deposics, termed outwash, are

It apparently

Deposits of these
The deposits of

comtilned mup descriprion for guadrangles 1n the southsrn part
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Terrace Deposits--Gray, tan, hrown, and pink; unconsalidated,

moderately well sorted, weil-bedded silt, sand, gravel,
and cobbles in smooth—-surfsced, dissected deposits
flanking modern &tresam chanaels, and in abardoned channels
5-6 m (15-20 ft) above madern stream channels. Tlwse
deposits are typiecally moderately to well-drained, and are
inferred to have relatively low shrink-swell potential

SEDIMENTS DEPOSITED 8Y MELTWATERS NF PINEDALE GLACIATION (UPPER

PLEISTOCENE)-—-OLDER ICE

Dutwash—-lark brown, reddish Brown, and brown; consists of

moderately well sorted silt, sand, and subangular to
routided gravel 4nd ccohbly gravel. Forms smooth, locally
dissected plains and terraces which lie 6=%0 m (30-100 fr)
above the yonnger outwash desmosits. fround water arcurs
a4t moderate depths

Outwash Fan Deposit--Even-surfaced, gently slaping, cone-

shaped depnsit of nnconsolidated, moderately sorted silr,
sand, gravel, and cobbles. Pruhably formed at suvme time
after the Blackfoot River was diverted by lobes of ice
which lay in the Monture, North Fork of the Blackfsot, and
Nevada freek vallevs

Deltaic Cruvels--Tan to brown; locally crossbedde,

unconsolidated, well-sorted, medium- to coarse-grained
sand, and gravel. Clasts range in shape from amgular te
round. Deposited in 4 small glacial lake formed where
gouthward advancing ice impinged upon the nerthern flank
of the Garnet Range hlocking the morthward rlowing
ancestral Pearson (resk (see Chamberlain Mountain
quadrangle)

TILL OF PINEDALE GLACIATION (UPPER PLEISTOCENE)

Till Deposited by Younger Ice-—Characterized by a striking

knob-and-kettle tonpography with many lakes and swamps.
Consists of a heterngeneous assemblage of wunsarted gravel,
cobbles, 4nd boulders in a light reddish-brown tu tan
silty to clayey matrix. M™Many large boulders are scattered
scross bocth tle Llsteral and ground moraines, and the
terminal moraine near Kleinschmidt Lake; locally parts of
the moraine surfsce slope as much 4s 65 percent. (lasts
range in shape from angular to well rounded, and are
predemimantly quartsites, argillites, and limestunes af
the Belt Supsrgroup. Soll drsinage and permeability is
varisable, but generally is paor

Till Deposited by Dlder Ice--Characterized by sumewhat

subdued kanob-and-kettle topugraphy. Consists of a
heterogenevus assemblage of gravel, cobhles, and boulders
in # reddish-brewn, dense, granular, calcareovus, clavey to
silty, locally s#ndy matrix. Generally less than

15 percent of the till is gravel size or larger. Sparse
boulders are scattered scross both the l#teral and ground
moraines; surface slopes are commonly le#ss than

25 percent. Clasts range in shape from angular to well
rounded, and are predeminantly quartzites, argillites, and
limestones of the Belt Supergroup. 5oil drainage and
pérmeability generally is poor

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

brown; unconsolidated, mildly calcareous, well-bedded and
moderately well sorted silt, sand, gravel, and cobbles.
Forms even- aced, gently sloping, highly dissected
remnants wh #re about 12 m (40 ftr) above the outwash of
the older . Soil drainage is moderate to good

TILL DEPOSITED BY BULL LAKE(?) ICE (PLEISTOCENE)--A generally

formless, gently undulating deposit of low relief
characterized hy sparse kettle depressions, and a few
busulders scattered dcross the surfece. ULonsists of an
ungonsolidated, unsorted assemblage of sand, gravel,
cabbles, and boulders in a brown to reddish-brown,
compact, clayev matrix. locally large glacial houlders,
-4 m (10«1Y fr) aeross, are secattered through the till;g
thev are espacially common near Minemile Prairie (see
Greenough guadrsugle). Clay content is fiigher snd this
till consequently iy more susceptible teo mess movessnt
than the younger tills. Where deeply dissected vields a
discontinuous rubble veneer of cobbles and houlders
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PIEBRUNT ALLIVIUM (QUATERNARY ANU TERTLARY)--Meddish brown and
tran; uncansclidated, moderately well sorted, stracifled
s1lty sand and silt, sand, and gravel which mantle bhrowsd,
smoonth-surtaced benches that tlank the mountainsg in the
Helmville-Aven area. Ieposits thin hasinward, and
typically are coarser—-grained near the mountains.

(verlies trunvated pre-Tertiary and Tertiary sedimentary
and volranile roecks, and is segmented by modern stream
valleva and gullies. Locally the upper part of the
deposit 18 weakly cemented by calcium carbonate.

Soundness and durability of the gravel is guite variable
hut tvpically 1% poor 1f the gravels cantain high
nercentages of wnlcanic rock types. Those deposits rich
in vol¢anic ruck types are most commen in basins which are
ad jacent to extensive outcrops of velcanic racks

BASIN QEPOSITS, UNDIVIDED (TERTIARY)-—Brown, grayvist brown, and
yellowish bruwn; semiconsclidated te consolidated clavs,
shmles, siltstones, and sandstones with minor amounts of
conglemerste. Also included are white, gray, brown,
vellowisn brown, and red beds of altered volranic ssh, and
ash-rich shale amnd siltstone. Uompetence 13 falr tou good
in the brown siltstones and sandstonss bLut poor in the
light=calored ghales, clays, and ash heds. "Popcorn”
surface on the shales, clays, and ash heids indicate a
ligh—-swell potential. Scil drainege is fair to poor. In
many localities this unit uniderlies till, outwash, aor
@lluvium and rescricts and contrals the downward and
lateral migration of the local ground water

VOLCANLE ROCKS, UNDIVIDED (TERTIARY)--Small outerops of
trachyte, andesite, lamprophyre, and extrusive valcanic
breccia are in the western part of the area near Gresnough
i see Greenowgh quadrangle). FExtensive hasalt and andesite
tlows, velcauwic breccias, and miner amounts of rhvolite,
dacite, diorite, gabbrc, latite, and welded tuft are in
the eastern part of the area near Helmville and Aven ( sew
Helmville and Avon gquadrangles). The volcanic breccias
are clay riech and very susceptible to mass movement

QUARTZ MONZORITE INTRUSIVE ROCKS (TERTIARY AND CRETACEOUS —-
Consiste of the intrusive farmet stork and other smaller
igneous hodies. OGenerally shows well-develonped blecky
jJointing; weathers to sphernidal boulders. fold minerals
are 17 guartz veins that fill fractures in the quartz
monzonite in a zone within abuut half a mile ot the
surrounding marble and limestone country rock

ACIDIC AND INTERMEDIATE INTRUSIVE ROCKS (TERTIARY AND
CRETACREONS)--Includes small intrusive igneous bodies
ranging in compesition from quartz monzanite to dacite

CRETACEDUS AND JURASSIC BEDROCK, UNDIVIDELD--Folded and faulted
outerops of (in descending order) the Cretdceous Blackleuf
and ¥ootenal Fermations and the Jurassic Swift, Rierden,
and Sawtooth Formnations

PERMIAN T MISS[SSIPPIAN BEDROCK, UNDIVIIED--Folded amd faul ted
sutcrops of the Phosphoria and Quadrant Formation#, and
the Madison Group. Locally some limestone and dolomite
beds of the Jefferson Formation (llevonian) may be 1included
with the Madisen Group

CAMBRIAN STRATA, UNDIVIDED--Folded, faulted and locally
intruded and metamorphosed outcrops of the (1n descending
order) Hasmark and Silver Hill Formations #nd Flathead
(uartzite. Near the farnet stuck the limestones of the
Hasmark(?) and Silver Hills Formatioas heve heen
metamorphosed to marhle

RELT SUPERGCRONP ROCKS, UNUIVIDED ( PRECAMBRIAM)--Consists of
varisus units of the Belt Supergroup, chiefly the ount
Shields (srgillite and sandstone), Shepard (argiltlite and
dolomite), and Sanowslip (argillite and sandstone)
Formations 1n the northern part of the area; and the
quartzite and clavstone onf Black Mountain, Bonner
fluartzite and the Mount Shields, Shepard, and Snowsliyp
(calcarenus mudstone and guartzite) Vormations La the
southern part of the areas

fenver, Colorada 802073 similarly 1dentified on the map by tlie letters "bI" ar "»" or "y" ’ll.‘
depending upon which glacier furnished them. E 4
salt Lake Clty Pubhlic loguiries MHilce,
I1.5. Geological Survey, In seme lecalities deposits of more than one lce advance may have Laand ‘
A0S, Pederal Oftice Wullding, been inadvertently grouped and thus mapped as the deposits of 3 single - "
: , , - '1.'
129 Saonth State Street advance. -
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L= Awgn (N. 2/1%) 19-447 15. Lake Inez 77-200
Bata Mountatn (W, L/ 19- 438 17. Marcum Meuntain (W. half) 79-445
1. Mg Fort L 2 B 1®. Nevada lLake (5. half) 79-446
Y. Browms Lake 18-439 19, dwvanda 717-19¢6
Chamberlals Mountain TR-440 M. fwands (8. 1/4) I%9- 447
f. hinnes Lakes (KF 1/4) Tue441 il. (wvando Mountain (S. half) T7-465
F. Gilly Creek 77~Rb0 22. Peck Lake (E. half)} 77-519
B. Condon [(W. Ralf) 1 1-540 23. Salmon Lake 717-197
V. CLouperg Lake (5, half) 17-4KhH 4. salmen Prairie 77-8K!
1M, Crater Lake (W. half) TR=-173 2%. Seeley lLake East 77-102 :
1), C 1 77-1 = .
2. Rinm (@0 174) 4844 2, e o 19 1A) 75115 Index map shoulng quedrasgins in the Big Pork-avon ares. These
1.  Gresncmulth 19-44 3 . baiwerEh 17-201 quadranglies In Open~File Reports 79- 437 to 79-447 are shaded,
6. Meimvilie (N, half) 18~4b4 29, Yew Creek (NE 1/4) 78-1 3%
15. Holland Lake (W, hal¥) 17=199



