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GEOLOGY OF THZ
SMALL HOBN CANYON, DALY'S SPUR, CZDAR CRESK, AND DILL AREAS,
SOUTHWZSTZRN MONTANA
Preliminary Report

By
Weyne Bussell Lowell*

INTRODUCTION

During the summers of 1946 end 1947 several areas in southwestern Moatana
were investigated to determine the areal extent and structure of the Phosphoria
end adjacent formations as well as the quality and thickness of the phosphate
beds in the Phosphoria fermation. This work is part of a study of the phos-
phate deposits of southwestern Montana which is one phase of a program by the .
Department of the Interior to investigate the natural resources of the Missouri
River Basin., The geology of the Small Horn Canyon, Daly's Spur, and Cedar Creek
areas (pl. 1), and of the Dell area (pl. 2) was mapped in as much detail as the
aerial photographs permitted; the geclogy of some intervening areas was mapped
by reconnaissance. In the area west of Daly's Spur and U. S. Highway No. 3i, .
the geology was mapped by plane table and aerial photographs, section corners
being used as control points. Topography was not mapped.

Previous geologic investigations of the Phosphoria formation of this area
were undertaken by C. F. Bowen, 1/ D. D. Condit, 24 and A. P. Butler, Jr.,

1/ Bowen, C. F., Phosphatic 0il shales near Dell and Dillon, Beaverhead
County, Montana: U. S. Geol, Survey Bull., 661-I, pp. 315-328, 1918.

2/ CGondit, D. D., Oil shale in western Montana, southeastern Idaho, and
ad jacent parts of Wyoming and Utah: U. S. Geol., Survey Bull., 711-3, pp.
Y5-bo, 1919.

-

C. W. Chesterman (1944, unpublished).

GEOGRAPHY

Most of the mamped area is in the southern part of the Willis quadrangle
and includes T, 9 s., Rs. G-11 W,; secs. 19-23, 26-36, T. 8 S., R. 9 W.;
secs, 23-26, 34-36, T. & S., R. 10 W.; secs. 5-8, T. 10 S., R. 10 W.; and secs.
1-4, 10-12, T, 10 S., R. 11 W¥. The Dell areca is 20 to 25 miles by highway
south of the mein area, and outside the limits of the Willis quadrangle.

* Geologist, Us S. Geological Survey and Professor of Geology, Montana State
. University.
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U, S. Highwey No. 91 end the Oregon Short Line branch of the Union Pacific
Reilway crnss the mein area along the Beaverhead Valley from Berretts to Armstead
and pass a few miles east of the Dell area. Stock-camp supply roads and trails ~
are passable but slow routes to nearly all parts »f the country adjacent to mai.n
roads,

The drainage is well developed, but only a few streams are perennial,
Beaverhead River aznd Horse Prairie Creek generally flow through wide, flat
valleys, but the velleys are mostly narrow in the areaz under immediate
consideration., Tridbutary streams, mostly intermittent, have eroded deep V-
shaped valleys and canysns, resulting in rough, mountainocus topography. The
relief seldom exceeds 1,000 feet in most of the area, but is 2,000 feet or more
" 4in the vicinity of Dixon Mountain and Timber Butte in the Dell area.

Grasses and sage brush commonly grow where soil mantle has accumlated.
Sloves underlain by Quadrant quartzits or covered by talus derived from the
Quadrant usually support a growth of evergreens., Xlsewhere trees are present
orly in small patches on north slopes of hilly areas.

STRATIGRAPHY

The rocks in the area are marine and continentzl sedimentary formetions,
volcanics, and an intrusive-metamorphic complex., The sedimentary formations,
representing 2ll of the geologic perinds from the Carbonifernus to Terticory,
ars briefly described below.

i

Lodgepole and Mission Canyon limestones.-~The Lodgepole and Mission Canyon

limestones nf Mississinpian age are the oldest Paleozoic rocks exposed in the
mapped area. ' These formations crop out in two north-south strips, cne between
Small Horn Ganyon and Daly's Spur and another between Dely'!s Spur and Cedar
Creek where they underlie most of the high country immediately west of

U. S. Highway No., 91 from Pipe Organ Lodge to Armstead.

l{
; Sedimentary rocks
|

These Mississippian limestones are gray on fresh surface, light gray on
weathered surface, fine-grained, fossiliferous, and resistant to erosion. Three
mappable units are recognized: the lowermost, mepped as the Lodgepole limestone,
consists of fossiliferous limestone beds 1/4 foot to 2 feet thick which are
characteristically contorted into minor complex folds; the middle unit consists
of massive beds and rarely shows structure; the uppermost unit consists of deds
1 to 4 feet thick. The two upper units were mapped as the Mission Canyon lime-
stone., None of the units has been measured.

Amsden formation.--The Amsden formation (Mississippian and Pennsylvanian)
consists of cardbonate rncks, cherts, sandstones, and shales., The beds areo
gray, light drown, and dusky red, and contrast with the underlying gray
Mississippian limestone and the overlying light-gray Quadrant quartzite.
¥ossils are abundant in some exposures. The Amsden formation is approximately
700 feet thick in the Dell area and about 150 feet thick in the Cedar Creek area.



Quadrant quartzite.--The Quadrant quartzite (Pennsylvanian) consists of
massive beds of light-gray, fine- and medium-grained siliceous sandstones and
quartzites. Locally, crossbedding is conspicuous, and a few talus blocks
contain ripple marks. Apprecxinmately YQO feet of the upper part of the Quadrant
quartzite is exposed in the cliff at Daly's Spur, and a complete section of
approximately 2,000 feet is exposed in Big Sheep Canyon in the Dell area.

The Quadrant has been eroded into prominent ridges that may serve to locate
the position of the phosphatic shale member of the Phospnoria formation.
Cormonly quartzite talus slopes cover much or all of the formations that crop
out at lower elevations,

Ph.ogg%oria. formation.-~The stratigranhy and lithology of the Phosphoria

formatior (Permian) vary considerably within the mapped area. In the Dell

. area the Phosphoria formation has been divided into five mappable units in-
cluding two phosnhatic zones. These five members are shown on the geologic
map (pl. 2) as Ppa, ~-b, -c, -d, —e, (base toc top) where mapped as individual
units.

The lower siliceous and carbonate member (Ppa) consists of massive beds
of carbonate rock, sandstone, siltstone, and chert. Most of the beds are light
gray. The beds are 1 to 16 feet thick and are less resistant to erosion than
the underlying Quadrant quartzite. The basal bed is carbonate rock. The upper
111 feet consist of pale reddish-brown and dusky-yellow siltstone and gr:y
limestone., The member is 347 feet thick.

The lower phosphatic shale member (Ppb) consists of 54 feet of phosphate
rock, mudstone, and chert. The basal 9 feet contain 6.3 feet of phosphate rock.

The upper siliceous and carbonate member (Ppc) consists of 200 feet of
chert, sandstone, and carbonate rock in massive beds 2 to 4 fect thick.

The upper phosvhatic shale member (Ppd) is conspicuocus throughout the
vnapped area except in sec. 3, T. 10 S., R. 11 W,, wherc it was not recognized
with certainty. The member consists of mudstone, phosphate rock, and thin beds
of limestone. Light gray, medium gray, and grayish black are the dominant
colors, Some of the grayish-black mudstones are petroliferous. In the Dell
area the member is 83 feet thick and contains a phosphate zone from 5 feet to
11.3 feet above the base.

The top member (Ppe) consists of 148 feet of cherty and non-cherty mud-
stones and siltstones in the Dell area.

In the Daly's Spur area (pl. 1) the lower silicecus and carbonate member
(Ppa) is 30 feet thick and the lower phosmhatic shale member (Ppb) is 5 feet
thick, Mecmbers Pra and -b are tco thin to be mapped separately and, therefors,
are included in member Ppc., Member Ppc consists of chert and sandstone and is
90 feet thick, Member Ppd is 54.5 feet thick and similar to member Ppd of the
Dell area. A phosphate zone occurs from 3,8 fect to 12,8 feet above the base
of the member, The chert and quartzite member (Ppe) consists of alternating
massive beds of nodular chert and quartzites. The dominant color of unweathered
rock is gray, and of weathered rock yellowish brown, This member is 136‘ feet
thick at Daly's Spur.



In the Cedar Creek area members Ppa, -c¢, -d, and -e are similar in
lithology to their equivalents in the Daly's Spur section. The lower phos-
phatic shele member (Ppb) has not been recoguized within the area, and the
upper shale member (Ppd) appears to be ebsent in sec. 3, T. 10 S., R. 11 W.

Dinwoody formation.-——The Dinwoody formation (Lower Triassic) includes
shalas, sandstones, and limestones. Light yellow and bdrown are the dominant
colors in fresh exposures. A chocolate-brown color characterizes weathered
rock. Four mappable units are recognized. The basel member (IRda) consists
of shales with a few thin-bedded sandstones and limestones. This member
grades upwerd into thin-bedded limestone (Rdb). The overlying member (R de)
consists of reddish shales. The tnp member (Rdd) consists of thin-bedded
limestone similar to Tedb 2nd grades upward into olive-brown shales. The
Dinwoody formation is 700 to 800 fect thick in the mapped arez .and is ap-
parently conformeble on the underlying Phosphoria formation.

I3

Fossils are zbundant in tho limestone beds. Disc-shaped crinoid columnals
and small black Tersbratuls shells arc fairly abundant in the basal beds. A
few anmonites have been found in the lower sondstone beds; star-shaped crinoid
columnals occur in ths upver beds.

Thaynes limestone.-—The Thaynes limestone (Lower Triassic) consists of
two mappable units, each obout 80 feet thick, The lower unit (Rta) concists
of light-gray sandstons, and the upver (Rtb) consists of pinkish-gray lizme-

. stone. Stor-shaped crinoid columnals are common, and smcll ammonites are
locnlly sbundant in the uprer unit. In the Dell area the topmost beds consist
of nodular chert.

Zllis formation.--Ths Ellis formation (Jurassic) has been identifiel only
in the Dell srea where it is 360 feet thick and consists of sandstonss, lime-
stones, mudstones, and shales. The basal bed is a sandstone, which locally
contains a chert brecciz derived from the underlying chert nodules of the
uppermost Thaynes, The formation is dominantly groy and weathers yellowish
_ gray ond yellowish brown., Fossils are abundant and include crinoid columnals
(Pentacrinus), pelecypods, and gastropods. The Ellis formetion is apparently
conformable on the Thaynes limestone.

Kootenai formation.--The Kootenai formation (Lower Cretaceous) consists
of a basal conglomerate or conglomeratic sandstone overlain by sandstones,
shales, and limestones. The basal conglomerate and sandstone contain abundant
black chert pebbles and grains, respectively. The conglomerate grades laterally
and vertically into conglomeratic sandstone. The sandstones are light gray and
dork greenish gray (pale reddish brown when weathered), Overlying the sandstone
ere shales that weather to a pale, reddish-brown mzntle. Near the top of She
fornation two massive, gray, gestropod-bearing limestone beds are present;
gastropods are particularly abundant in the upper bed.

Berly Tertisry conglomerate.--A boulder, cobble, and pebble conglomerate
is exposed in many square miles of the mapped area. It is aporoximately 1,000
feet thick in Clark Canyon (sec. 35, T. 9 S., R. 1C W.) and at least 5,000 feet
thick ot McKnight Cenyon in the Dell area. The age of the conglomerate is
tentatively corsidered to be early Tertiary.
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In the Dell area the conglomerate formation can be divided into three
mappable units (pl. 2): a lower conglomerate unit (Tca) at least 2,000 feet
thick, a middle unit (Tcdb) of limestone, sandstone, tuffaceous shale, and
some l- to Y—foot beds of conglomerate, and an upper unit of conglomerate
(Tce).

The twn conglomerate units consist mostly of rounded and subrounded lime-
stone pebbles, c obbles, and boulders. Rounded and subrounded quartzite
fragments are present almnst without excsption and lncally meke up as much
as 95 nercent of the conglomerate, Quartzite fragments are white, gray, pink,
and red. Some boulders have been derived frem a pre-existing conglomerate,
and vrobably most of the quartzite fragments were derived from pre-Cambrian
rocks not now expcosed in the area., Limestone fragments were derived mainly
from the gray Madison limestone. Mantlg developed upon the conglomerate in
light red, gray, and pale yellowish orange. The light-red color is character-
istic of the conglomerate consisting mostly of quartzite fragments., - The gray
and yellow colors develop upon weathered conglomerate consisting mostly of
limestone fragments.

The limestone is massive, light gray and light brownish gray, fine-grained
end lncally concretionary and sandy. The concretions are as much as 2 inches
in diamcter, and on weathered surfaces exhibit a striking concentric banding.

A few poorly praserved gastropods have becn found in the limestone,

In the Willis quadrangle, the early Tertiary (?) conglomerate unconformably
overlies all the formations from the Lodgepole to the Kootenai. An angular
unconformity between the conglomerate and the Kootenai fermation is exposed
near the mouth of Grasshopper Creek (SE 1/4 sec. 26, T. 8 S., R. 1C W.), and
one between the conglomerate and Mississippian limestene is expesed cn the
west side of U, S. Eighway Nn. 91 near the south line of sec. 32, T. 9 S.,

R, 10 W, Tertiary lavas overlie the conglaimerate from Grasshopper Creek to
Pipe Organ Lodge.

The conglomerate has been folded and is overthrust by the Madison lime-
stons. One overthrust parallels U, S. Highway No. 91 on the west side and
extends from sec, 9 to sec. 32, T. 9 S., R. 10 W, Another overthrust can be
followed for more than 2 miles at the head of McKnight Canyon in the Dell area.

Tertiary igneous rocks
Extrusive rocks.--Rhyolite, andesite, basalt, and tuff ccmprise Tertiary

extrusive rocks in the menped arca. All ere included under 2 single symbol on
the accompanying map.

Intrusive rocks.--A metamorphic complex that includes well-stratified
beds of marble, quartzite, and schist extends northward across T. 9 S., R. 11 W.
These metamorphic rocks ere intruded by a coarse-textured granitic rock con-
sisting of quartz, feldspar, and muscovite. A hornblende gneiss surrounds the
granite and apparently is in contact with Mississippian limestone which is
slightly altered and contnins small zggregates eof minsralized reck near the
contact, The granite and hornblende gneiss are tentatively sonsidered to be
early Tertiary.




STRUCTURE

The sedimentary rocks of the area have been deformed into cpen and closed
folds, and have been faultedes The folding and faulting become more complex Lo
the west. Most folds trend north and many have been overturned to the east.,
Complex high-angle faulting and overthrusting have occurred in various parts
of the mapped area.

Small Horn Canyon areae.=-The Snall Horn Canyon arez, along the east side
of Te 9 Se, Re O We, 15 accessible by road from Dillen or Barretts. The
Mesozoic and Paleozoic rocks of this area have been folded into the north-
trending anticline at Small Horn Canyon and the syncline at Sheep Creek, both
of which plunge northward. The west limb of the anticline and the east limb
of the synclinc hove beon deeply dissected by Small Horn Creek and Sheep Croeck,
respactively. Tho cast limb of the anticline (linc between seese 11-12, 13-1L)
has been ovorturnod and possibly faultede Small Horn Canyon may parallol
a fault, as tho crecck has cut into the structurc in an unusual monner and the
Quadrent quartzite at the mouth of the canyon is offsot parallel to the canyone

Tho north-facing slopc from Shocp Crock to the warm spring in scce. 28,
T. 8 Se, Re 9 Ws, is cpparontly the continuation of tho cast limb of the
Shoop Creck synclirc which has becn bent to the northwoste. On this structure,
striko faults hove cut out somc bods and possibly onc or morc formntionse Dip
foaults and obliquo faults hove offsct formations o fow to meny tens of foote
In ploces the sandstonc and quartzite beds of the lowor FPhosphoriz and Quadrant
formations have beon silicifiod and sparsoly imprcgnoted with pyrito.

The upper phosphatic shole mombor of tho Phosphoric formntion can be
followed by outerop, floot, and topogrophy for at liast 5 miles on the flanks
of the Smnll Horn Canyon cnticline cnd Sheep Creek syncline.

Dalyts Spur creae--The Dalyt!s Srur areac is mostly within sec. 36, T. 8 S.,
Re. 10 W., on the west side of U. S, Highmy Noe, 91, The west-dipping Mesozoic
and Paleozoic rocks of this area crop out on o north-trending homocline which
has been deeply eroded and partly buried by early Tertiary (?) conglomerczte
and Tertiary lavas, They are exposed for about 1 mile along Ue. S. Highvmy
Noe 91 between Grosshopper Creek and Daly'!s Spur, and are oVerlain by Tertiary
laves north of Grasshopper Creek ond by conglomercte and lavas west and south
of Doly!s Spure The bods strike N, 60-12° E, and dip 35°-65° W, Tho uppor
phosphntic shalc member of the Phosphoria formation can be traced for half
a miloc north of Doly's Spur and rcaches an altitude of 200 feet above the
valley floore Just cast of Dalyts Spur station the Dimvoody formation is
faultod dovn agninst tho Quadrant quartzite.

Dcll arcae==The Dell arce in the Tondoy Mountain rango south of the Willis
quadronglo includos scese 4-15, 21-23, 26-28, 33-36, T. 12 Se, Re 10 W.; the
ccstern two-thirds of T. 13 S., Re 10 W.; soess 19-20, 29-31, T. 13 S., R« 9 W.;
and sccse 2-3, 10-11, T, 14 S,, Re 10 ™. It moy bo roachod by rocd from Kidd
or Doll.

Mosozoic and Faliozoic rocks arc cxposcd in o north-tronding symclinc which
which is docply croded on tho west and covored by the carly Tertiary (?) con=
glomerate and later Tertiary sedimonts and lavase



Both limbs of the syncline are characterized by comnlex faultse A
high~angle normal fault parallels the Tendoy Mountain front on the easte.
Along this fault the Thaynes limostone has becn displaced dowrward against :
the Thosphoria formation betwsen Little Wator Canyon and Dry Canyon and
against the Quadrant quartzite south of Dry Canyone Tho wost limb of the
syncline is complexly faulted into small blocks, and mony beds and some ontiro
units of the warious formations have boon climinatede Thrust faulting is
closcly assceiated with tho high-anglo fault zone of the wost 1limb, which may
be tho root zonc of the thrust faulting as both fault types aro closely
associatod with tho overturncd west limbe Tho Mississippian limestonos form
tho topniost plate in the ovorthrust sogmente This platec rests on the Quadrant,
Fhosphoria, Dimwoody, and Thaymes formations, and carly Tertiary (?) con-
glomoratc. Theso formations pass undor the Mississippian limostonos ncrth
of Littlo Water and LeKnight Canyons and reavpear in the arca just south of
Horsc Prairio Vallicya

Tho two phcsphatic shalc zonos can be troced by outerop, float, cnd
topography for morc than 5 milcs in tho Doll arca.

Codar Crcck arone--Tho Cedar Crock crca includes scese 13-36, T. 9 S,
R. 1I'W,, ond socse I-4 and 10-12, T, 10 S., Re 11 W., and can bo roachod by
stockecamp supply ronds that branch from a county highway west of tho mapped |
QArcl «

Paloczoic and Mcsozoic rocks crop out on tho limbs of sovoral north-
trending asymmotrieal anticlines nnd synelirose Tho bods on tho cast limbs
of tho anticlinos cro almost vertical or slightly ovorturned to tho oast;
thosc on tho wost limbs range in dip from 200 to 90° W, Loeally the structuros
arc doubly plunginge The folds arc tightly comprossod ond frulted in scese
16-17 and 28-29, Ts 9 S., Re 11 ., cnd arc almost rocumbent in scce 20

Tho bods arc displaced by scvercl high-cnglec normel faults and by two
low-anglc thrust foultse Tho high-cnglo neormal faults includo both strike
and tronsvorsc typcse On the strike foults tho displacoment is not largo,
but on tho tronsversc fault in socse 2-3 and 11, Te 10 S., Re 11 W., a dis=-
placonent of approximntoly 2,000 foct is indicatods A thrust fault of largoe
displacoment cccurs ncrtheast of tho Codar Crock arcz. Along this thrust
Mississippicn limcstone has ovorridden carly Tortiary (?) ccnglomerzto.

Only ono thin phesphatic shalc zene was rocognized in this arca and in

most placos it was too thin to bo mappcd as a scparate unite It is immediatoly
boncath the uppor siliccoous mcmbor of tho Phosphoria formation.
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