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ABSTRACT

The %ntemial Valley and vicinity, about 500 square m:.?.es of southe

wvestern Mmtam, nainly in Deawverhoad cmnty, was mepped in reeconnaisscance

and the general geology of the area is desmmmmfmwingmpm
The more pertinont conclusions made therein are reviowed,

The stratigraphr of the reglon was deseribed from ficld obgorvations,
measured seotione, hand spocimeons, and thin sections. The rocks range in
age from Precantrian to Recent, fTwenty formations of Paleosoic, Mesosoie
and Cenosolc age, totaling sporoxdmately 12,560 feot in tldcknos: are
present, in addition to Precenmbrian netamorpides, Tertiery voleanies and
basin beds (7), and Quaternary elluviun, Helstions of the formations erop-
mmmmmwmmmwmmmmwmtmmm
that Pennsylvanian, Pernisn, and Trisssic strate thin eastuard, In the
Hssisoippian system the Breser limestone or equivalents, was separetod
from strate previcusly ealled tho Madison groups, An unnamed conglomorebe
of Cretacecus or Paleocenc age is probably the oquivalent of the Sphidmx
gonglomerate in the Madison Range, Tertiery voleanic rocks show the £olloue
irg sequence from oldest to yourgest; (1) besalt flows, (2) egglomerate or
velcandc conglamerate, (3) tuf?, (4) rhyolito flows, (5) ddkes and eills (3).
4 Pliooene age is tentatively assigned to these voleanies, Hgh level grave
els were interpreted as residiuun of the once videspread Cretacecus (7)
Paleosene conglmmernte or other coerse Tertlary clastice. On the basis
of vortebtrate evidence the top pert at lesst, of the beds in the Centemnial
Velley 1p termed late Pleistooene 4n 8ges It wno concluded the striated (7)
bouldorcmtopea‘thetmnmﬁmgedonot reprosent an Eocche skyline
maraine as reported elsewhore, tut are high level gravels.

viis



The structure of the rocks in the Centennial Region 1s relatively
simple, though complex thrust faulting is present outside the area in all
directions. Laramide folds include the in part overturned Snowcrest Range
fold, the Metgel Creek anticline, Fox Creek syncline and Peet Creek
antiolinorium. laramide and post-lLeremide faults in the area are mostly
normal and of high angle. The Cemternial Valley is probsbly at lesst on
the south, bounded by a major high angle fault.

Early and middle phases of the Laramide orogeny are evidenced in
the strusture and strata present, and the late Laramide orogeny probably
also affected the region. Mid-Tertiary bloeck faulting, erosion and allu~
viation, and Fliocene volcanism followed. Movement along block faults eon—
timed in Pleistocens time. FPliocens or Pleistocene uplif't and voleanism
caused major adjustments of streams and canyom cutting. Four suif'acos are
recognized in the Centennial Region, (1) a pre-Pliocene aggradational and
degradational surface, (2) Pliocens pediments, (3, 4) and two Fleistocene
levels on the Centemnial Valley floar. Dunss developed in Recent times on
the Centennial Valley slopes have locally diverted drainage.

Coal and placer gold have been mined in small quantities in the past,
but phosphate rock and oil seem to offer the best possibilities for mineral
exploitation in the future.

ix
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Looation and general geography

Thamhamcmadﬂmeenmm&gimumwmusm
Deaverbend County in southwestern lMontans (see index map, figure 1), and
extends into adjacent parts of Madison Gounty, Montena and Clari: County,
Tdsho, The mapped area may be reached by driving eest five miles along
8 county road fram Highway No, 93 at Monida, Montana,

The chiet‘»topogmpbae features of the Contenniel Repion mey be cone
veniently grouped inte o northern, a middle, and a southern unit, The
nmmmtmmuumtwwmcemmmwmmamw
be subdividec into three subwunitsj tho Snowcrest Rangs extension o the
vast vhich trends northeast to soutbwesty the Long Creek - huby River
basin in the niddle whdch trends north to scuthy and the Grevelly Range
extenaion on the east vhich also trends north to souths The middle unit
of the Centenndsl Region ia the Centennisl Velley which trends east to
west, and the aonthern unit is the Centennial Range which also treads
cast to weat,

The Centenninl fegich is in the northern Rocky lountain province of
the Rooky Hountein gsystem, The maximmm relief is 3600 feet end the average
roldef 45 2000 feot. It is typical of this provines which was described
by Fernamen (1930 - map) es one of,

¥ .odeeply dissected mountain uplands, not antdelinal
rangos; intermont basins.”

The erest of the Centermial Range marks the Idaho = Montens state
line as well e8 the Continental Divide. The Centenial Range bogins al
Honlds Fess, elevation 6791 foet, nesr Yonida, Montana, From Mondds

1
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the elevation incresses graduslly castward for 35 miles to It. Jefferson,
elewvation 10,211 foet, the highost point in the renge, Six miles ezst

of M, Jeiferson the range ends vhere it is trenpected by Hemry's Pork

of the Snake Rdver. The range hae some very rugged topography, especlelly
the castern holf has been extensively glaciated, and which forms a northe
facing esearprent about 3500 feet high, (see figure 6).

The Snowcrest Range begins as low bills just north of the Lima
Hegervolr and trends northeagtward far 30 niles to the canyon of the
Ruby River, Irom there for 15 miles its northerly contimation is the
Creenhorn Range which noar Virpinia City slopes cuay to form a low divide
between the Ruby River on the west and Madisor Hiver on the east. 5tidi
farther north this divide becomes mountainous agsin and forms the Tobeceo
Root Meuntains, The Snowcrest Nange is a high and sharp range with a
steep 3000 foot escarpment facing southsestward. The highest peal in the
Range is fogback dountain, elevation 10,005 feet, £ive miles north of the
Umits of this report. The range includes Antome Peek, clevation 10,220
feot, the highest pealr in the Centennial Reglon, (see figures 3, 14).

The southern extension of the Gravelly Range is included in the northe
castern part of the Centennlal Region, The range is an irvepular group of
hille carved by strean erosion, It trends north and south and is about
35 niles long. The Cravelly Range which trends north and Greenhorn Hange
which trends northeast merge in the saddle separating these ranges from
the Tobacco Root Mountains on the north, Hlack Dutte, with an elevation
of 10,564 fect is the highest pesk in the Gravelly Range.
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Many other mountain ranges are precent in the vieindty. The lMadisen
River ssparatos the Gravelly Renge fram the high Madlson Range farther
to the east, To the cust of the Centennial Heglcm 1s Yellowstome Park vith
parts of the Gellatin and Beartooth Renges end its dissected platesus, The
Teton Range lies to the southoest end the Spake Biver leve plains extend
aouth from the Centermisl Renge, TFrom Monida Pass wvestward the hille
become higher to form the Red Conglomerate Peaks. Southwestwerd into
Idaho is the little~known Lerhl Range, Several steep ranges to the west
of the Centennisnl Keglon trend north to south, namely the Tendoy lountaine
and Peaverhead Range. The Ruby Range is west of the Snowcrest Hange and
parallols it,

Separating one range from another are intermontane basine wherce most
of the agriculture and indusiry of thde section is concucted, The mejor
streams oooupy thece besing for some distance and then, may cut o sieep
canyon through en adjacent range and enter ancther bagin, The Centennisl
Valley is & typiesl intermontane basin drained by the Red Roek River,

(see £igure 4). The Long Creek - Buby River bagin is snother, and the
valley of the Madison River is a third example.

Hoat of the Centennial Kegion is in the Missouri River drainnge
bagin, but tho streanms that flow southvard {vau the Centennial Hange
flov into the Sneke River and thoroe inte the Golumbda Hivers The main
otrean dreining the Centennirl Reglon is the Red Rock River, which flows
wostward and then northuard to be joined by Horse Prairie Creek at Aree
stead, Montana forming the Boaverhead Hiver, whick inm turn jolns the
 Bighole end Ruby Rivers near Twin Bridges, lontans, forming the Jefferson



River, Tho Jefferson, Madison and Gallatin Rivers then join at Three
Forks, Montzna to form the HMissouri River, The Red Rock River rises in
the hills around Alaske Dasin, the castern end of the Centennlal Velley
bagin, Tributeries from the Grewvelly, Snowcrest and Cenbenmial Renges
8dd to 4ts volumo, Chicf amesg these tributaries are Hellroaring cnd
Odell Creeks from the Centenninl Range and Long Creek which dvains perts
of both of the Gravelly end Snowerest Ranges. Other dreimoge of the.:
Contenndel Reglon - includeés - the West Fork of the MHedison River whieh
draing much of the Gravelly Range and flows east and then north into the
Madison River., The Ruby River drains pert of the Cravelly and Snowcrest
Ranges and flows northwest to help form the Jefferson River. Blackiail
Creok drains pert of the western flank of the Snowerest Renge and Slows
northvestunrd into the Deaverhead River, Somc of the scuthuard floving
streams on the west end of the Contennial Renge sink intc the Snake River
lava plain,

Lakes are found both in the valloys and mountains, The two Red Roek
Lakes occupy pert of the castern half of tho Centenndal Valley. Sualler
laker are present in the surrounding mountains, Yany reservoirs have
been constructed to store waler for use in the dryer summer months. Such
roservolrs include the Lime Reservolr on the Red Rook River, the Ruby
Roservoir on the Ruby tiver, the Henry's Fork Reservoir on Henry's Fork
of the Snake Flwver, and the Ennis Reservoir and Hegben icke on the Madison
Rivers EZast of the Centennial Region is Hemry's Lake, a nmatural lske 4n
an intermontane bapin and still further ecest is Yellowstone Loke.



Steepwallod cenyons ere a oommon topographic foeature in southuestern
Hontans, Meny of the mmller tributaries in the mountalins such as West
¥ork of the Madisom River and Odell (reek heve cul very stecp cenyona,
(sec £iguves 5, 6, 3}« The lavger rivers mgy cut seross momntaln ranges
in picturesque canyons, through vhich rallrosds end highwaye ere ronteds
Exsmples include the Sappington Canyon of the Jefferson River near Whitee
hell, Montana, and the canyon of the ladison River near Heghen Luke, Monte
ants

The veather of the Centennial Region 1s rigorous. Uinters are long
and cold with much snov, Summers are short and hot, generally with little
rain, PFigure 2 shows the average temperature and precipitation for the
veer of 1947 recorded st Lime end lLakeview in Booverhead County, Montena,

Agriculture is the mein liwelihood of the region. Cattle are raised.
in the walleys and sheep are driven into the mountedns during the summer
for gragings In the Centenniel Reglon much wild hey is harvested in the
sumer for winter stock feeding, (see firure 4). uheat is growun ncar
Dillon end Harrison, Memtana to the north, as well os on perts of the
Snelte River lawa plain to the souths Dry farming and irrigation are both
practioced, Mo minersl industry hes boem developed in the Contennial
Reglon, though placer gold has been mined in the past on the ‘est Fork
of the Madison Fdwver and phosphate reck and oil are future possitdlities,
The famous gold campe of ilder Guleh and Virginia City lie 30 miles to
the northe Sheridan, Norris, ond Virginls City are now the most active
distriots dn Madison County, producing sinec, lead, silver, and gold.

The Airgents distriet, in the famous Argenta - Dannock country west of
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Dillen, Hontane is the most active district in Beaverheed County,

produeing gold, silver, copper, lead end sino, (Minerals Yearbook, 1946,

$ 0§02 8 ) 3 5} o33 g

'y L

TEMPERATURES IN CENTENNIAL REGION

10,
— Monthly temperature at Lakeview for 1947- Elev. 6800,
o ===Monthlytemperature at Lima Mont. for 1947, Elev. 6265,
94 " v Normal monthly temperature at Lima.
CKrumm, 1949)

L idd PRECIPITATION IN CENTENNIAL REGION wemnT

— Monthly precipitation at Lakeview for 1947
~== Monthly precipitation ot Lima for 1947
= Monthly normal precipitation at Lima. (xrumm, r999)

Figure 2 Temperature and precipitsticn in the Centennial Region




The populetion of the Centennial Reglon vardes from an estimnted
25 in the winter to seversl hundred in the mummmer, and most of these ave
engaged in ranching, The Centenninl Region hag no towns, The United
States Covernment has hoadquariers for the Red Rock wildfowl Refuge at
the former village of Lakeview, established to protect the once nearly
extinct trumpeter swan., The townse in the vicinity of the Centennial
Region are few and small,

Lima, Montans, west of the Centennial Region, is a divieion point
for the Oregoen Short Iine of the Union Pacific Railroad, Nonida, Montw
ana 18 e viliage looated on Monida Pass south of Lima. Kilgore, Idaho,
a bay and wheategrowing center, is a suall village on the south eide of
the Centennlal Range. West Yellowstone, Montana, eest of the Centennial
Reglon 1s a tourist center, Dillon, lMontana is the Beavorhead County scad
and is the largest town in the vieinity, with a populetion of several
thousand,

Past and present work

Little previous geologic work has been done in the reglon, £, Ce
Poale (1896) deseribed the Three Forks aves of Mentan: 25 miles to the
norths D, D, Condit, and others, in conneetion with phosphate roek and
oil shale surveys by the United States Geologieal Surwey, have written
several papers (1918, 1919, 1927) that deal incidentally with the area,
Go Re Honsfield (1920, pp. 147=153) of the United States Gecloglesl
Survey cescribed the cosl deposits of the Centennial Renge in Idaho near
the southern margin of the region, Happing has recently been stimmloted



Figuée 3. Snowcrest Range as seen looking nortinectuard across lest
Fork of Medison River (foreground) and Ruby Hiver (distance) frem
seotion 19, T, 12 84y Be 2 Wo 1n Gravelly Range,

Figure 4. Looking eastward from south side of Centenndal Velley in
section 20, 7, 14 S,y R 3 W, liote flatness of valley floor, iHnyatacks
are for winter stock feeding. Hadison Range and Yellowstans Perk forn
distant skyline,

CERTENNIAL EEGICN PANCRAMAS
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by a nev interest in oil, and renewed intorest in phosphate rock. Cone
ndmhlemkmmmwoﬂcwgeologhumm, Montens,
but the results have not been published to date. A.J. Eardley (1946)
has mapped territory south of Lima (unpublished)., Hamy wnpublished master's
and some dostoral thoses have been done by studsnts of Harvard, Princeton,
and Michigan universitiss %o the north, east, and west of the region,
(p111on, 1949, Dorr and Wheeler, 1948, Wallace, 1943). The United Statos
Gealogionl Survey began recormaisssnce and detailed geologic mapping in
soutimvestern Mootana in 1946, M.R. Xlepper (1947) mapped in reconnaissance
the Snowerost renge. W,.R.Lowell (1946-1943) and B, Mysrs (1947-1943)
heve been mepping in detall parts of the Willls quadrangle to the morthe
wost, G.C. Xensiedy (1947-1943) mepped part of the Lyem quadrangle to the
eczh, '
Field work for this paper sms done by the author in the sumsers of
1947 and 1948, In 1947 field work wes conducted under the supervision

of the geology swmmer field cemp of the Bniversity of Hlehigan at Jackson,
Hyoming, - A 1ittle field work was done in 1948 4n the writer's spare time
while working with the southwest Montana phosphate progrem of the United
States Gealogisal Survey,
Aocknovledgnents

The suthor is indebted to Prof. A.J. Eardley for orientation in the
f4eld and for arfticln of the mmsoript. In one vay or ancthor all of
the following gave asaistance and their kindness is hereby acknowledgeds
Frofessors K.K, Landes, R.C, Mussoy, LB, Kellum, C.¥, Fibbard, C.B.
Slawscn, University of Michigan; Professor W.R. Lowoll, Montena State




[

of

o
N
L
L3
L
e
S
o
P
th
i

b+

Untvorsity; Professor LiL. Slose, lortimestorn niversityy Dr, G.C,
Ksnedy, Harvad Universityy Dr. Halen Foster, Dr, ReW. Dmlay, 1. AlE,
Nelasenborn, lir, V.E, likslvey, M. and e, C,7, Kommedy, Monlda, loate
aney 1, Ju lamish, M, B.H, Headow, My, ¥, Vaughn, geclogy students ab
Tdversity of Mehigun, and Urs Oule Payme, goology student at Mniversity
of Ttah,
STRAYICRAPEY
Genoral steotigraphic fetures

The 1itholagio sequance in the Centennial rvgton inclndes rveks
rexging n age from rrecenbwian to Recent, Rloven formations totaling
sppraxizstely 4000 foet are of Faloovolo age, Eight forxmtions toteling
approcimtaly 5300 fest are of Mesosolo ape. An wnanod songlomerate
mmmmm«rmamowmz;wm. All
mehmwwumwwm«

As might o expoctod, the Palsosode rocks ave predozinantly merine
iimeetons, dolomite, and other sodimente. Continestal sedinorts bosomo
mmwmm&mmwumm. A strate
igrephie soction of the Gentennial Region 1s portreyed in figure 29 and
table 1 1lists & triaf sumery of the formetions,

Precombeion rocks

Shagr: Crask scriga. - The oldest rooks in this region ave a scrios
of interboddod quartsites and rartles of prepoltian age, (Heinrich, 1948,
Pe 133). In the aros studied, Precantwian rooks arop out cnly mear
wﬁmMmShﬁmwmmewM%WMmm, but, thdg



Tahle 1 =~ Sedimentary and volcanie rocks of Centennial Region

Age Formation Thickness Lithology
(foot)

Recent Alluvium 35+ S11ts, marls, gravels.

Pleistocene Alluvium ? 8ilts, marls, gravels.

Pliocene High level Gravels contain quartzites,
gravels Eghigtgs volcanics.
Centennial 600% Basalt, agzlomerate, volcanic
Range late conglomerate, tuff, alluvial
lavas beds, rhyclite in general as~

cending order.

Miocene “Bozeman lake 7 Believed present at deptn.
beds

Middle 0ligo~ Cook Raneh Believed present at depth.

cene formation ? Continental clastics.

Upper Eocene Sago Creek Believed present at depth.
formation ? Continental clastics.

Lower Eocene Unnamed eon~ 3000%
or Paleccene glomerate

Coarse conglomerate, some cosarsge
sandatone; also shale, silt,
limestone.

Buff sandstones, slightly consol—
idated tan gilts and shales, some
variegated. Coal and tuff some—

timep pregent.
Thin-bedded, fissils, jointed,
grey to black shale.

or Upper Cre~
taceous
Lower Upper Aspen forma-—
Cretaceous  tiom 3000+
(Colorsdo)

Colorado

shale 300

“Lower Creta~ Kootenai

ceous fermation 700+

Basal conglomerate, btuff to
biown "salt and pepper" sand-
stones, red shales, silts, wide—
spread thin fossiliferous fyesh—
water limestone.

Upper Juras— Morrisom

Iltep.

Greenish, soft shales, interbedded
sandstones, limestones and dolo—

MHlavconitic, calcareous sandstone.

Crean, Buft, reddish fossilifer—

sie fma‘l;im 181
Swift forma~—
tion 21
Lower Trias— Thaynes 138
sic famation
Woodside for— 56/
mation

Red shaly siltstone, few white,
maroon siltstoness; limestones

near top.
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- Table 1 ~ Sedimentary and voloanie rocks of Centennial Reglon (continusd)

[

Lithology

Ago — !‘bmtion ' Thiockness
Lower . Dinvoody 358
Triassie " formation

Thili, ﬂw\p uff to brown,
alternating limestone, giltstone,
sandetons. Fossiliferous.

- Middle Per~ Phesphoria

Interbedded quartzite, marble,

Black fissile shales, with inter=~
nian (Word) formation bedded limestons and sandstone.
_ Several thiek wown chert zones.
06litie phosphatie shale and hard
» pisolitie phosphatic rock.
Lower Fonn~ Quadrant 402 Mostly trown sandstone & quart-
sylvanian  formgtion Alte, some lipsstope.
Anpden for~ Soft red shales, caleareous gilt-
mation 73 stone, dolomitic or miliy lime-
stons.
Upper Mis—- Brager 772 Messively bedded, coarsely crys—
sissippien limestons I talline gray fossiliferous lime-
(Merames, stons or dolomite. OContains
Chester) | ~chert. A cliffmaker.
Lower Mis~ Mission Can— 353 Coarsely erystalline, gray, fos—
?1:;%@1«: yon lime- siliferous limestone, some chert
Kinderhook, gtone Iresent.
Osage) - Lodgepole 628 Denss, dark, fossiliferous lime—
limectone stone.
Upper Devon- Threeforks 238 Variegated sof't shales, inter—
ian formation Jedded linegtones.
Jeffarson 229 Massive, tan dolamite.
dolomite
Niddla . . ‘_3_‘..)? Se
Cambrian Mezgher 1007 Thin=bedded, hard, gray limestone
limestone vith tan runiec markings. A
. oY »
Flathead Basal conglomerate, reddish; over—
tzite 77
Precambrian Cherry Creek ? .

(pre-Beltian) m’.u

nica sohists.
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outercp area is part of a mach larger ome to the esst, Precambrian
rocks are also extensively exposed in the eastern extension of the Cene
tennial Range. The Precambrian rocks crop out as rounded hills in
comparison to the ridges formed by the Paleozoic and Yesozoic rocks.
The Cambrisn Flathead quartzite overlies the Precambrian rocks with a
pronounced angular uncenformity,

The Cherry Creek series wae named by A, C. Peale (1896, p, 2) from
outereps on Cherry Creek, 20 mdles to the north of the Centennial Reglon
erea In the Gravelly Renge, Peale described them as follows,

== & sories of merbles or erystalline limestones,

and interlaminated mice schists, quartzites and

gneisses = hichly inclined = perfeetly conform-

able to one another, ="
Heinrich (1948, p. 1329) deseribes the Cherry Creek series at Dillenm,
Hontana, 50 miles to the northwest, as follows,

" group of #nrbles, schists, and quartzites,

about two miles thick, ~=-, Hornblende gnelss

interlayered with these metasediments, repre-

sents chiefly metamorphosed mafic 8ills, ew,"

The quartsite in the Cherry Creek series is predominantly quarts,
with calcite, tourmaline, and apetite noted as accessory minersls. The
quartz grains ere smell, angular, and often crushed. Secondary quarts
and ealeite line vuss in the quartzite. The rock is stained by iron
oxides and a typleal color is weak red (10 R 4/2) of the Munsell color
charb.l Caloite is the chief mineral of the marble, which 18 also stained
by iron oxide and resembles the quartzite in color. The grains are an-

gular, and aversge % nm in dlameter.

lrne colors and color notations as listed in the lMunsell color chart are
wsed in describing all rocks studied in the laboratory. If color
notations are not listed the colors were noted in the field at which
time a color chart was not available.
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Canbrian system
Elathead quarteita, - The Flathead quartsite of lower Middle Cambwian
(Albertan) age, (Deiss, 1939, p. 54) crops out on the axtreme castern bor=
der of the Centennial Valley area near Landon Ranger Stztion on the West

Fork of the Madison River. As do ell the succeeding formations, the Flate
head quartezite also crops out in the Cente;mial Range to the east of the
ares studded, It unconformsbly overlies the Preeambrian Cherry Creek
series, If not covered by talus from the overlying Meagher formation the
Flathead gensrally erops out in a cliff.

In the Gravelly Renge the Flathead querteite 1s 77 feet thick, Kene
nedy (1948) reports the Flathead to be 147.5 feet thick 4n the Centennial
Range duo south of Upper Red Rock lLake, and 254 feet thick 5 miles to the

east on Mt, Jafferaon,

The Flathead quartzite was nemed by A, C, Peale (1893, pp. 20=22)
from Flathsad Pass in the Pig Belt Range near Thres Forks, Montama, 1In
the Gravelly Range it consists of a basal conglomerste and overlying cquarts
zite. The basal conglomerate hac & coarse texture with rod, white or tan
quartz particles ranging fron subrounded to wellerounded graing 1 mm 4dn
dianeter to cobbles 6 inches in diameter. Some admixed gleuconite is
present, in average color is weak reddish brown (10 R 6/6). The particles
are from Precambrian quartzites. The conglomerate is 30 feet thick and is
naseive. The following sequence was measured in the Gravelly Range in
section 31, T, 12 Sy Re 1 W.2

2‘1’1113 section was measured by the author and 2 helper using a 100 foot
steel tepe and Brumton ocompass, Unless othervise noted, all other
sections in this report were similarly measured,




16

Inlis ihickoess in feet
2, Covereds Quarteitic and

glavconitic sandstone float. 47
1. Basal conglomerate (deseribed

abm). -——-m-—-—

Total thickness of Flathead formation, 77 feet,

Diesa (1939, p. 59) states that the Flathead quartzite represents the
overlap depoait of a sea that advanced from the south. No fomsils were
found in the Flathead formation in the Cravelly Range, nor ave they ecimon
elsewhere in the formation, (Diess, 1939, p. 56).

Yeacker Mnmeatops. - The Meagher limestone of upper Middle Cambrian
(41bertan) Dless, 1939, p. 54) age crops out along the West Fork of the
Hadison River in the Gravelly Range, and in the Centennial Range, east
of Odell Creek, It is apperently conformable to the underlying Flatheed
quartgite and the overlying Park shale., The farmation genorally crops out
in massive cliffs, as those forming the Portal Creek Canyon (sestion 25,
Te 12 Sy Re 2 We) shown in figure 5, A thickness of 1007 foet was mea=
sured in the Gravelly Range. Kennedy (1948) reports a thickness of 535.5
foet far the Meagher limestone ten miles to the southeast om the north
face of the Centennlal Range, and 637.5 feet on Mt, Jefferson near the
eastern end of the same range.

The Meaghar limestone vas named by vYeed and Pirsson (1399, p. 2) in
the Little Belt Mounteins, Montane, and described (1899 a, p. 2) as,

# = g thin-bedded limestone, often formed mainly

of flat limestone pebbles. The rocks carry fossil
remaing «- of Middle Cambrian Age."”
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The Meagher limestone in the Gravelly Ramge i» a hard, dense, cliff~
forming limeatons, dolomitic limestone, or delordte, It is fimely
crystalline and s gray (N=6) to tan (10 YR 6/6) in color. Runic markinga

Figure 5, Outerops of Meagher limestone in seotion 25,
Te 12 8., Re 2 W, on Portal Creek in Gravelly Renpe.
Note canyom which forms the "pertal.” (Photo by John Lemish).

which superfielally look like an edgowise conglomerate, are common in
the Meagher limcstone, a camon eharacteristic of other equivalont
vestern Cambrian carbonate rocks. Kennedy (1943) says these merkings

are due to irregular blebs of dolomdte which weather oud a2s ten nerkings
on exposures. The suthor notes & soncentration of weathered iron oxide

into these "blebs", tut how the iron oxide relates to the dolomite is
not known. The following sequence was measured in the Gravelly Range
in secticns 30 and 31, T. 12 S.) R. 1 V., and sestion 25, 7. 12 5.,
R 2 W,

Rnlta Ihicimess in fool

7+ ldmestono, dolomitic in places
small quarts and caloite soams,
calearecus and ferruginous ollites
form up to 30% of rock, Color,
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dusky yellowish orenge (10 YR 6/6),
Moderataely orystaliine, tal
diemiters 1/2 to 2 m, oﬁ:al

1/2 to 1 m in diometer,

Dolomite, much of it ealcarsous
enouzh to be & limestone, may con-
taln earbonaceous material vhich
forms indefinite coler bands. Color
of rock, medium gray (l=5), color
bands range from medium dark pray
(Ne4) to pale twown (5 YR 5/2%.
Finely to moderately crystalline,
crystal dismetars 1/16 to 1/2 mm,
Rock 18 hard, with pitted weaethered
sufecc, and runic markings, here g
surface dovelomment of weathering,

Covered: limestone floet, massive
pitted,

Limestme, some parts argiliaccous

and ferruginous, Color, medium

Ught gray (B~7) on fresh rock, wea-
thered rock, 1ight trown (5 YR 6/4).
Finely crystalline, orystal diameters
1/16 to 1/4 mm, Rosk is alternating
thinebedded, shaly limestone and
alabby limestone, hard and dense, with
random spots of iron oxids atain, avere
aging 1 to 2 m in diameter,

Limestone, color, medium gray (N«6),
modera crystalline, crystal dia-
meters 1/2 to 2 mr, Bodding thin
to moderately thick, from 1 to 6

Limostone, color, medium gyay
(v=6), moderately erystalline,
orystal dianeters 1/2 to 2 ma,
Bedding thin, 1/4 to 1 in.,

weathers to orumbly fragments,

Covereds limestons float here des~
eribed, Colar light brownish gray
(10 YR 6/2), Finely orystalline,
crystal dlameters 1/16 to 1/4 mm,
Rock is massive and hard,

Total thiocknese of Meagher limestone,

52

22

—
1007 feet.
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The Meagher limestons was deposited in the Cordilleran trough during
the upper Middle Cambrdan when Cascadia was low. . Relatively little elag~
tic matoriel was beingz supplied teo the sea and considerable thicknesses

of limestone were deposited in Montena, (Diess, 1939, p. 60). Lerdley seys
(1947, ps 310, 33/=335) that southwostern Mentena wes part of the eastern
shelf of the Cordilleran geosyncline which was to the west. o fossils
vere found in the Meagher limestone of the Centennial Reglon, but Diess

(1936, p. 1314) reporte a varied trilcbite feuna from the formation at
Nixon Gulch near Manhatten in central western Montana.

Park ghalse. - The Park shale of upper Middle Cambrien (Albertan)
(Dless, 1939, p. 54) age is present in the Cravelly Range alone the West
Fork of the Madieon River., It is alsc precent in the northefacing scarp
of the Centenniel Range east of Odell Creek, The Park shale is apparente
ly confornable on the Mesgher limestone and is wnoonformebly overlain by
the Jefferson formation of Devonisn age.

Cutorops of the Parl: shele are generally obscured beezuse it has no
resiotant members. A thickness of 30 feet vas mecsured in the Gravelly
Range. Kemnedy (1948) messured 125 foot of Park shale on Mt. Jefferson
in the eastern purt of the Centennial Range about twenty miles to the
southeast of the Gravelly Renge. Near Mt. Jefferson several mdred
feet of fomsiliferous upper Cembrian limestone (Pilerim formaticn ?)
overlie the Park shale, but the same beds could not be Ffound in the
Gravelly Range. The Park shale was described by Weed and Pirsson

{1299, p. 2) as follows,

fee & very thin bedded, soft, and erumbly rock,
often conteining glistening prains of mien, which
is mostly greenish grey in color, but alsc shows
various shades of red and purple,®
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In the Gravelly Range the Park shale contains thin alternating bands
of siltstone and shale, The siltstone 1s about 40% glauconite and 60%
angular to subangular brisht quartz graing of silt sise. The shale is
soft and clayey, in thin laminations of less than 1/16 mn thickness a
pale green color {10 GY 7/2) and contains black and purple mica flakes.
The glauconite is altered to iron oxides which stain the siltstone a
light trom (5 YR 6/4).

The Park shale was deposited in the eastern part of the Cordilleran
geosyncline in upper Middle Cambrien time, according to Deiss, (1939,
Pe 60). Dedes infera frem tho groater proportion of clastic sediments in
central Montana that the region esst of the geosynciine (Laurentia)
flustusted vertically more often and stood higher than the reglon west
of the goosyncline, However, according to Eardley, (1947, p. 310) southe
vestern lohtana in middle Cambeian time was the eastern shelf of the
Cordilleran geosyneline which wes to the weat.

Devonian system

doffergon dolomite. ~ The Jefferson dolomite of Upper Devonlan age
(Sencoan to late Chemmmng or early Cassadegen) (Sloss and Ledrd, 1947,
Pe 14272428) 15 present on the West Fork of Madison River in the
Gravelly Range, as well as in the Cantennial Range east of Qdell Creek,
It unconformebly overlies the Cambrian Park shale and 1s conformably
overlain by tho Three Forks formation. No outerops werc found in the
Gravelly Range, and e thickness of 229 feet was measured on the basis
of float, The Jefferscn dolomite 1s exposed ten miles to the south
vhere Kemnedy (1942) measured 216 feet of dark dolemite on the north
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face of the Centennial Range acuth of Upper Red Rook Lake, and 199 feet
on Mt, Jefferson about 10 miles to the east of his firat section, At
Logan, Momtana, at ths iype secticn of the Jefferson dolomite Sloss and
Laird (1947, pe 1412) measured a thickness of 715 foet.

Peale (1993, pp, 27=43) named the Jefferson dolamite fram exposurcs
on the Jefferson River, fifty miles to the north. Sloss end Laird
(1947, p, 1404) vedefined the Jefferscn formation in central and northe
wvestern lMontans as follows,

" == composed of an upper dolomite member, ineluding
scme anhydrite and evaporation-solution brecele, and
8 lover dense limestone member; end an unnamed besal
unit of shale and shely dolomite which bears & trans-
gressive relationship to the underlying Ordovician
and Cambrian®,

As observed in sanples collected frem float, the Jefferson dolomite
is a maasive, dense, finely crystalline, with orystal diameters ranging
from 1/16 to 1/4 mm, saccarcidal dolomite, mediua light gray (N-7) on
a frosh surface and typleally dusky yellowdsh orange. (10 YR 6/6) mixed
with above pgray on o weethered surface,

One recognisable fossil, a bryoszoan, Fenestrellins of. emgciate (2),
was collected frcm the Jofferson dolomite in section 6, T. 13 S,, Re 1 W,
on the aocuth side of Lendon Ridge in the Gravelly Range. According to
Eardley (1947, p. 311) in Devonian time, the area of which the Centennial
Region is a part, represented & shelf zonme of the Devonian basin of the
Cordilleran geosynoline, The area sank slowly and was covered with less
than 1000 feet of sediments after consolidation. The basin itself deep=-

ened to the west and soutirest into Nevada, Sloss and Laird (1947,
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P+ 1413) note that the Devonlan strata of centzal Momtans reflect the
position st thet time of temporary positive eastewest axie which ocoupied
the site of the present IAttle Belt -~ Big Snowy « Porcupine Mountaine

trond,

digeeforke foymation. - The Threeforks formation of Upper Devonian
(Chautauquan) age (Slose and Laird, 1947, p. 1428) is menifosted in the
(ravelly Hange as & gentle greee or tree-covered glope, striking northe
south, On the basis of fleat the following section was messured on the
West Fork of the Madison River in section 254 Ty 12 B4y Rs 2 U,

It ihdcimess in feot
2. Covereds limestone float, red,
moderately orystalline, soft. 98

le Covered:s limestonc float, in

soil suggesting presence of silt
and shale. Color, veddish grey
(5 T 6/2)s Finely orystalline,
erystal diameters, 1/16 to 1/4
mn, Rock is dense, moderately
hard. Few small vugs filled with
coarsely erystalline calcite, some

iren oxide stains. —40
Total thickness of Threeforks formation - 238 foot,

To the southeast in the Centennial Range Kennedy (1948) measured
thiclnesses of 162 and 172 feet in twe sections,

Peale (1893, pp. 29«32) named the formation frem exposures at Logan,
near Three Forke, Montans., Fifty miles to the north of the Centennial
Reglon Peele (1893, p. 2, and colwmmer section ) recorded it as being
150=200 feet thick and divisible into three units, Sloss and Laird (1947, p.
1411) measured 150 feet of Threeforks at the type soction, They deacribe
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the formation as being predominantly shale, and conformable with beds
above and below it,

The suthor belioves that the ahaly character of the Threeforks for-
mation indicates a tomporary shalloving of the Upper Devenlan seas ov a
small nearby uplift after Jefferson dolomite deposition, {bis,
possibly, relates with a contemporanecus ovaporite besin at the site of
the Sweetgracs Arch, in which the Potlateh anhydrite wes deposited.
(Sloss and Laird, 1947, p. 1405).

Mississippien aysten

Gengral gtatepent. =~ Over 1700 fect of Mississippian limestone and
dolomite were measured in the Gravelly Range, Gencrally the term Madison
formation has been applied to thesc beds, becouse superficially they all
appear to have the same lithology. However by careful lithologic and
paleontologic study they can be divided into three formations, the Lodge-
pole and ldsslon Canyon linestonss of Lower lississippian (Kinderhook,
Osage) age end the Brazer limestone of Uppor Mlssissippian {Verance,
Chester) age. The Lodgepole and ission Canyon limestonos were included
in the Medison group by Collicr and Catheart (1922, p. 173).

Lodgapole limestong. - The Lodgepole limestcne of Lower iidssissipplen
(Kinderhook) (Sloss and Hambiin, 1942, pp. 312-313) age crops out in the
Gravelly Range as a northesouth trending cuests, Losally 4% iz in part
well exposed, but in places it is entirely coverved with talus or vegota-
tion. It erops out along Odell Creek in the Centennial Range, (see figure
6), along the northwest flank of the Snowcrest Range, and in the valley
of the West Fork of the Madison River in the Gravelly Range, where &
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thiolness of 628 fect was measured. Kemnedy (1948) reports a thdciness
otmfmtwwmmloamtaf%ucm,almbhefmofm
Contenninl Range, whore it forms part of the. steep north=facing secarp.
The Lodgepole limestone is conformshle to the underlying Threeforks
Tormation and the overlying }tssicn Canyon limestone,

The Lodgepcle limestone vas named by Collier and Cathoart (1922,

Pe 173) from Lodgepcle canyon in the Little Rocky lountains of Montana,
Glose and Homblin (1942, p. 305) describe it as follows,

"The Lodgepole 4s divisible into an upper member, the

toodhurst, largely limestone with thin shale partings,

and a lower member, the Paine, with a much lsrger pore

centage of shale,"”

Lodgepole fleat sarples are a very dense limestone with goma larger
caloite orystals representing parts of fossils, Crinoid stens, bryozoe,
brachiopods, and corals are common, The rock is moderately hard, has a
petrolifercus odor when struck with a hemmer and 1 light brownish gray
(5 YR 6/1) 1n color, due to high carbonaceous and argiliaceous contont.

The following section of the Lodgepole formation was neasured along

the West Fork of the Madison River in secticn 75y Te 12 Say Re 2 We

Undt ibicipeas 1n foet
4 Covered: linestone float, gray,
dense, L7

3. Partially covered: 1linestane,
lower 15 feot has fev scatiercd
outerops, 3 to 12 in, thick. Upper
part covered; limestone float, gray,
dense, 65
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R. limestone; color, dark gray (Ned).
Thinbedded, 1/2 to 6 in, average
bed thickness. Some beds very
finely oryetelline, less than 1/50 w
diamster for erystal particles, Xore -
fogsiliforous beds finely to coarsely
orystalline, 1/16 to 2 m in dlsmetor,
Petrolifercus oder when styuck with

hammey, 63

1, Gmred; limestone floet, light mwyy
fossilifercus, — .
Total thickness of Lodgepole formation 628 feet,

Waclon Canyon limeatone. - The Masion Canyon limestone erops cut
in tho sare aress as does the Lodgepole fortetion, Good exposures nay
be seen along Caseade Croek in the Gravelly Ranges It i Lower Mississipe
pian (Osage or pertly Kinderhook, Slose and Hemblin, 1942, p. 311} in age
and cani‘émbly overlies the Lodgepole limestone and s apparently cone
formeble with the overlying Brazer limestone, It is a nasgive, cliffe
forming limestone but mey form grassy slopes, In the Gravelly Bange 353
fest were moasured and Kennedy (1948) measured 531.6 feet on Odell Creek
in the Contennial Runge,

Tho Mlesion Canyon limestenc was originally deseribed by Collier and
Catheart (1922, p, 173) in the Little Roelky Mountains region of Montana.
Sloss and Hambldn (1942, pe 318) deseribe 1t as follows,

"The Mission Canyon appears almost luvariably as
a undforn suocession of poorly bedded, highly
massive, pure limsstone which form impressive
cliffs or wvhether into cestellated shapes,"

In the Gravelly Range the itission Canyon limestone is usunlly e
dense to cocarsely orystalline, locally very fossiliferous, dark gyay,
moderately hard, petrolifercus, 1imestone with chert and chert treccia,
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Corals, gastropods, crinoids, trachiopods and bryozos are commom, A
section of the formation measured along the West Fork of the Mediscn
River in gsection 24, T, 12 Ssy Ky 2 W. 13 as follows,
Lnit - Ihicknece jn foet
9+ Covered: limestone float 57

8, Covered: 1limestone float con
varied chert fregnents. Color of
linestone medium gray (N«6), moderately
talline erystal diameters average

2 mmy Color of chert dusky red, (5
R 3/4), also other chert is dusky yel-
lowish trown (10 YR 6/6). Red chert 4
10% porous, pores sre 1/} to 1/2 mm,
damoter, yellow chert, dense, <9

7. Covereds limastone fleat 30

6. Coverods chert breccis fragmente,
Color chert proundmass, reddish: blusk
€SB /2)s chert fragments pinkish grey
5 YR 8/1), Chert groundmess is 15§
porous, pores average 1/4 to 1 mn diae
neter, Chert fragments form 30% of roek,
perticles engular, dimensions 1 mm to 1 ei. 2

5. Covereds limestone float 52

4e Iimestoney color, brownish gray (5 YR
4/1). Partly crystalline limestone,
50% scattered caleite crystals, 1/3 to
1l mn in dlameter, Weathered surface
looks oflitic ¢us to differentiel
weathering out of minute fossil particles.

3. Covereds limsstone float, fossiliferous. 130

2. lLimestonss color dark gray (N=4), high
carbonacecus content, Heck is 707 dense
groundmacs, and 30% scattered omloite
grains from 1/8 to 1 mn in dismeter.

Petroliferous odor when struck with
harmer, Fossiliferous, 15
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l. Limestoney coler, medium gray (1=5),

- Voderately erystalline, 1/ to 1/2' m
crystal diameters, Weathersd foasils
give surface an aglttic appearenoe,
Bedding from 4 to 12 In, thick, Slightly

fossilifercus, —
Total thickness of Miasicn Canyon limesione - 353 fect,
Lover Mississippian sediments averaging 1000 feet in thiclness were
deposited in Hmtena in an elangate, irregular trough vhich Eardloy
(1947, pe 314} has described and called the Medison basin, In the lome
tana pert of this trough the Lodgepole and Hission Canyun limestcnes
wore deposited, Idmeptone deposited in the Lodgepole sea eontains mch
argillacoous and carbonececus materinl but by Hiession Canyon time the
seas had cleared and the Mission Cenyon limestone is purer then the
Lodgepole. Condltdons in these sess were favoreble for invertebrate
life, The writer collected severl faunss from Missiseipplan rooks in
the Centennial region,
The following feuns fram the Hadison group wes collected in sections
26, &7, To 12 84y R, 2 Hey in the West Fork of the ledison River canyon,
in the Gravelly Renge, (locality 2, figure 10).
Brachiopoda
Atlyris of, lamcliosa (7)
Camarctoechia of, mtata
Chemotes loganenais

Y logand
Composite mnpd)dy

Wﬁr’ 8P



Hapsiphyllum caleariforme
Gastropoda

Euomphalus ef, lwxus (?)

A second feuna from the Madison group wae collected fran sections

34y 35, end 36, T, 12 84y R 2 Wey On the south side of Landon Ridge,

south of the canyon of the Vest Fork of the Madison River in the Gravelly

Brachiopoda

Chonetes logani
Dletyoclostus of, mesialis
Echinochonehus biseristus
Sehuchertella of, desiderata
Spirifor increbescens

Anthozoa

Caninie juddd

Cyathophyllum (?), sp,
Hapsiphyllum ealecariforme

Bryosoa

Fenegtrellina c¢f, cestriensis
Fenestrellina, sp,
Sulcoretepors, sp,

Blastoldea

Schigoblastus asayi
Unidentified blastodd
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Crinoidea

Unidentified orinecid
Crinoid eoliwmals

- Gastropoda
Bucmphalus ef, lwog (2)
An evaluation of the fauns {rom the Wost Fork of the Medison Rivey

shows 12 forme that can be classed as Kinderhook end Osage in age, and 2
forms thet may be Moramee in sge. The landon Ridge faune contains 5 forms
of Lower Mssiseipplen affinities and 5 forms of Upper Misslesippian affine

ities of which 3 are Merareo,

The Madison group contains a varied fauna and a careful study of it
should prove valusble, The inconclusiveness of the Landon Ridge faune is
probably due to incarplete knowledge of the ranges of some of these forms,

and contardnation of feuma while collecting,
Sloss and Hamblin (1942, ps 305) in discussing the value of the
Madison fauna say,
YAlthough the Madiscn limestones are riehly foseilifercus
ia certain aress or at certain horizons, experience in

the field has proved thot the occurence of fossils cannot
be relied on to identify units of the group.®

bragor dlpestong. = The Brazer limestone of Upper Mississippian
(8alem, Ste. Gencvieve, through Chester) (Yansfield, 1927, p. 68) age
crops out parallel with the other Mlasissippian forzations in the
Gravelly, Centennlal and Snowerest Ranges, It is well exposed on
Cascade Creek in the Gravelly Ronge, and on 0Odell Creek in the Cene
tonnial Range, where it is a cliffemaker. A thiclness of 772 feet ues
measured on Capcade Mountain in the Gravelly Runge, and Kemnedy (1948)

‘reports & thickness of 406 feet on Odell Creek.



In Tpss 14 and 15 S,, Rss 1 and 2 W, Cut through Mississippian lime~
atones. Uip slope in center right in Dinmwoody formation. Note ree
petition of limestone scarp in upper right due to down-dropped fault
slics. (Aerial photo by Agricultural Adjustment Agency)

[
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The Brager limestone was named by Richardson (1913, p. 413) from
expostres in northern Utah,

In the Centennial Reglon the Hragzer limestone is a dolomitic
iimestose, or a calcareous saccaroidal dolomite, in culte massive beds,
gray, petroliferous, locally fossiliferous, and locally with much chert.
The following seetion was measured in sections 23 and 24, Ts 12 S., Re
2 We in the Gravelly Range.

Todt Ihisknecs in Leot

11, Covered: limestone float, cherty and
haxrd. Color, brownlsh gray, stained by

red colar from overlying Amsden formatien, 80
10s Limostones coior, bluish gray, with chert
bands, hard, i

9. Partlally covered: limestone, color
brownish gray, hard, Yostly floet, fow
beds 1 to 12 1n, thick erop out. 20

8. Partially covered; limestons, color bluish
grays Float is hard, massive, fossiliferous. 90

7. limectons; and dolomite admixed, 607 lime-
Btmp m dd.miw’ ‘amtﬁde Color s
modium gray (N=6). Rock almost entirely
composed of erinoid stems, fusilinids, and
shell fragments, 45

6, Partially coversd; limestane, and cherty
limeatone {loat, Limestone gray and hard,
cherty limectone buff, 15

5. Fartially covered; limeatone, grsy hard, 76

4+ Dolamite; with limestone admixed, forming
estimated (0% of rock. Color, light brownish
gray (10 YR 6/1), Coarsely orystalline caloite,
1/2 to 2 mn erystal diamcters, embedded in a
fine greined proundnase, 1/16 to 1/8 mm crystal
diameters, of saccarocidal dolomite, OCalcite is
shell fragments, with & rough initial perallel
orientation on the sea floer. 109
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3. limestone; sherty, color gray, but float
from upper 30 feet of unit weathers to a
e oolor, 146

‘2, limestone; cherty, color, hrownish grey
5 nﬁ color of chert, medim light
gray { S. Moderately coarsely erystale
line, orystel dlsmeters, 1/2 to 1 zm,
ighly fractured, hus 103 seeondary porosity

due to exsolution of foseil materials, &7

1. Fartielly oovered:s limestone float, hard
and My. -——-‘Z—-——
Total thicimes: of Brager limestong e 772 fect.

Brezer linestono deposition in southwestern Montans repregents the
northeastern corner of the Brazer basin, that existed in the castern
half of the Cordilleran geosyncline during Upper Mississippien time
(Pardley, 1947, pe 311)s The Dreser ses was clear and adjacent lands
wore low providing meinly chemical sediments as caleium carbonste and
silica. The Braser limestono contains & varled invertebrate fauna.

Two eollections of fossils were mede and tentatively identliled,
The following fame was collected in sections 1, 2 and 3, 7. 12 S.,
Re 2 We in the Hollroaring Creek canyon in the Gravelly Range, in Madison
County, Montana, (locelity 5, figure 10).
Brachiopoda
Clolothyridine cf, hirsuta
Composita hunilis?

Dictyoolostus inflatus
us of, ovatus

Linoproduet:
Petrocranin (2} sp, undet,
Spirifer of, centronatus

Anthosoa

Hapsiphyllum ¢aleariforme
Homophyllum () calceolum
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Lithostrotionella of, americana
Iriplophyllites, aff,
Zaphventis, aff,

Castropods

Buomphalus lwus
Loxonena sp. undet,

Bryozoa,
Fenestrellina, sp.
A second fauns was collected slightly cutside the iimits of the
Centennial Region in sections 18 and 19, T. 12 Guy Be 5 ¥ on Gray's
Fork of the Weat Fork of Hlacktail Creek in the Snowerest Range, (locality
1, figure 10). 1t contains the following forms,

Brachlopoda

Camarotoechic of, mitata (?)
Chonetes logant

Chonetes, sp,

Cleiothyridina of, hirsute (7)
Composita nmilis

s Cs subquadrata

Composita, sp,

e Dictyocclostus of, inflatus (%)
. Dielasme, sp,

Eehdnochonclme alternatus

E. of, biseristus (7)
Eumetrin of eltirostris (%)
Linoproductus cf. ovatus (%)
Orblouloidea, sp.

i Schuchertella is

Se ef, desiderata (7
Schuchertells, sp,

Spirifer inorebesocens

U. hﬂkﬂk

Spirifer, sp, undet,

Polecypeda

Conocarddun, sp, undet,
Cypricardelle (7) subquadrate




Enemphelus luxus
Annelids
Spirorbis, sp. undet.
Cstracoda
Ostracodes, gen. undet,
Bryozoe
Fenegtrellina, sp.
Cephalopoda
Unidentified orthoeonic nautilold

An evaluation of these two faunas gives little conclusive evidence
ontheagecd‘vtheﬁmmnmstm. The Helircaring Creek faune contains
four Lower Mississipplan forms and seven Upper Missigsippian forms, of
which flve are of Chester affinities. The Gray's Fork fauns contains
soven Lower Mississippian forms and seven Upper Miseissippian farms end
two that range through the Mssissippilen. Sloss (1947) in & brlef
examination of this fauna, stated that it appeared to be equivalent to
the Big Snowy group feuna, The Big Snowy group is equivalent to the
Brazer limestone,

The reasons given for the veriance in the ages of the Medison
group forms earlier in this paper may also apply to the faume of the
Brazer limestone, An additional reason is given by Blackstone (1934,
Ppe 91%92) in discussing the Yaiinikek limestone, probably correlatable
vith the Brager limestone, He says,
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*Twelve species were collected from the Yakinikak
limestone, Of thewe, nine, or 75 peroent are
Merumes and Chester and tlree are XKinderhook end
Osage, The presence of the Xinderhook and Osage
species among an asgemblage that s dominantly
Upper Misgissipplan is probably an example of a
rocurrent feune. The specles ney have ordginated
during Waverlyesn time and persistod in some unknown
rogion until Upper Mississippilan invasions of the
sea allowed them to enter northwestern Montsns,®

Pennsylvanian system

fmeden formaticn. ~ The Amsden formaticn, which s nostly Penne
sylvanian in age bat may inolude some Hisgiseippdan beds, is present on
the eact elope of Cascade Mountain in the Gravelly Renge, wherc a thin
unit of 73 feet was mosgured., Elsewhere outcrops are scarce, due either
to thinning out of the formation or to ocover by talus. The author has
obaemdapprmimtelylfootofmdah&leon!bmoaﬁngcreckinthe
eastern part of the Centennial Range which msy be Amsden.

Darton (1904, pe 396) named the Amsden formaticn from exposurcs in
the Bighorn Mountains in Wyoming, He deseribed it as 8,

" e somewhat variable suscession of red shales,
Llimestones, cherty and sandy members et

The Missiseippien part of the Amsden formaticn wes cefined in
Wyoming as the Sacajawea formation by C. C, Branson (1937, pp. 650~
653), tut this unit was not discernible in southwestern Montens.

The Ampden formation here is compomed of soft red shales, very
finewgrained colcarecus siltstone, dolomitie dimestones, which may
heve an admixture of red silt, A section measured in seetion 23, Te 12
Sey Re 2 We 4n the Gravelly Renge 1s as followsg



indt Idcinese in oot
3. Covered; shale, siltstone, sandstone
float, eclor, roddish and buff, 40

2a mm, dolmiﬁic. 30101‘, weak yal"
lowish orange (10 YR 7/4), Very finely
crystalline, crystal dlemeters range from
1/50 to 1/10 mm, Rock is dense, hard, 2

1, Shale, siltstone, limestone, interbedded.
Genersl ecolor, weak red (5 R 5/4), limestones
stained moderate reddish orange (10 R 5/3)
by iron oxides, Siltstone very fine grained,
perticle dlameters 1/50 to 1/10 mm, limestone
moderate erystalline, crystal dig-
meters 1/8 to 1/2 mm, Rocke thinly bedded, 1
to 3 in, thick. Some caleite seans, 1/2 to 2
mm thiek, Limestone very thinly bedded, 1/2
to 2 m thick, contains up to 40% silt, silte
stone has caleareous cement, Hotiom contaot

covered, SN S—
Total thickness of Amsden formation - 73 foet,

In section 34, T, 12 8,, R. 2 W, 15 an 1solated 15 foot thick oute
crop of conglomerste or breceia, or both, The outerop is altusted bee
tween outorops of the Brezer linestone and Phosphoria formation, and the
author estimates that it is stratizraphicslly located near or at the
Brazer limostone and Amsden formation contact.

The conglamerate is composed of angular to subanguler %o partially
rounded particles of limestone, which forms 50 peroent of the particles,
dolomite which forms 25 percent and samistone which forms 25 percent of
the particles, About 60% of the rock is particles ani 40 percent coarsely
erystalline caloareous cement., The particle diameters range fron 1 mm
to 1 ems Iron oxides have stained the rock e light brown color (5 Y& 6/4).

The eonglamerete 1s interproted as marking the Brezer limestone and
imsden formetion contact, The thickness of the conglomerate here may be
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due to locul solution and brecciation after Brazer limestone deposition,
Porry end Sloss (1943, p. 1303) report from eastern Hontana a slight ane
gular unconformity between the Amsden formation and Big Snowy group,
(partly equivalent to Hrazer limestone), marked by a limestone conglome
erate in one place. Seott (1935, p. 1021) reporting a thicknese of 25
feot of Amsden at Eustic near Three Forks, Montana, steteas that there the
Amsden is unconformable on the Haddson group, which may have been slightly
flexed before deposition of the Amsden,

It mst be noted that the conglomerate resembles scmewhat an ne
named Creteceous or Tertlary conglomerate eropping out 12 miles to the
vest. The conglomerate on Landen Ridge is odjudged to be Puleozolc bew
cause conglomerates are possible at ihe stratigraphic horizon where it is
believed to be prasent and 1ts strllke and dip coincides with rocks in
the imediste vieinity,

suadrpnt formeticne = The Quadrant formation of Lower Pemusylvenian
sge crops out in the Gravelly range along the lest Fork of the Madiscn
Rver and between Fossll and Cescade Creeks., In the Centemnial and
Snowerest Bonges 4t 4s near or at the creste of ithe ranges. The forma=
tion ismainly sendstone, locally friable, but it msy also ba quartzitie
and generully 1s resiztant to erosion, Ite upper and lower limits were
not observed, but Scott (1935, p. 1019) says that in the Three Forks,
Hontana reglon the (uadrant 1s conformeble to the underlying Amsden, and
that no wnconformity has been found at the contaet of the Quadrant end
the overlying Phosphoria formation in this vicinity, Near the crest of
the Contenndal Range, 10 miles east of (dell Creek, the author obsorved
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a coarse conglamerate 2 feet thick where the (madrunt-Fhosphoris contsct
oowld be drewn, This implies that locally, at lesst, the Phosphoria
formation 1s unconformeble on the (uedrant,

The (uadrant formation wae naned by Weed (1896, p, 2) from exposures
on Luadrant Mountain of the Callatin Range in the northwest corner of
Yellowstone Parke “Scott (1935, p. i018) describes the Quadrant as con=
glotings

"ossprimarily of wellw=bedded, white to pink, fine
to nedfummcrained quartzite which is occasionally
more sandy than quartzitic.”

In the Cravelly Eange the Quedrant 1s a wellesorted fine to medium
grained rock ranging fram friasble sundstone to quartsite and losally with

A section measured in section 27, T. 12 8.y He 2 W. between Fossil
and Cesoade Creeks in the Gravolly Range iz as follows,

Gndt | Zhiskness in foet

4+ Covered: sandstone float, ferruginous 48

3+ Sandstone, color of fresh surface is light

brown (5 YR 6/4), weathered surface is
l4ght brown (5YR 5/6), Cement is cal~
ocarecus or silioeous, a 1ittle hematite
esent, Average sample 1s well sorted
frisble sendstone. Sand graine average 1/4

mn diencter, range 1/4 to 1 mn diameter,
Greins angular to pubangular, 30% frosted,

2. Talus slope; sandstone float, coarse-greined,

ferruginous, 236
1., Covoreds sandstone flcat, rediish-yellow,

friable, Quartsitic in places, ‘___“___

Tetal thickness of (uadrant formation - 402 feet,
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The Quadrunt formation ie interbedded locally with marine limestones
and is considered to be of marine origin, According to Eavdley (1947,
Pe 316) the precter olastic content of the sedimentery sections on the
castern border of the lioeky MHountain gecgyncline indicates marked uplift of
the Conadlan shield to the northesst and the elevotion of the angestrsl
Roekles to the south in Pennsylvanian time,

Permien gystem

thogvhords formatdon. ~ The Phosphoria formation, pertly or wholly
of Middie Permian (Word) age, crops cut along Fosall and Metzel Crecks
in the Gravelly Ronge, on Odell Creek and at or near the crost of the
Centennlal Konge, and along the scutheastwerd facing scarp of the Snowe
erest Range. Typically 1t forms shaly, grass~covered slopes, or extensive
dip slopes upheld by resistant chert beds, The formation thickens when
traced from the southeest to the northwest, (see figure 7). In tho Helle
roaring Creck basin in the castern end of the Centennial Range the for-
mation 1s about 80 feet thick and meinly & dark weddish chert. Elght
miles to the west the Phosphoria fermetion is approximately 135 feet
thick and 3 mlles further west nesr Odell Creek approximately 200 feet
thick. Continuing from that point 17 milee to the northwest, a thickness
of 229 feet wan mecsured on Fossll Creeir in the CGravelly Range. Sixteen
milos further west in the Snoworest Fange at least 600 feet of Fhosphoria
beds are present. Lowell (1949) reports 832 feel of Phosphorie strate
near Dell, lontana, 25 miles west of the Snowcrest Range.

Beeause the Phosphorls formation, oxtending from Uteh to Alberta,
contains one of the world's largest reserves of high-grade phosphate
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rock it has been the ohject of much mapping and research by govermumental
and private agencies. Resently, attention has been fooused on its minor
constituents, including fluorine, vanadium, chremivm, wraniun end other
rave end strategic elements., The formstion also contains large reserves
of bighegrade cil shale.

The Fhosphoria formation was named by Richerds and Mansfield (1912,
Ppe 684~639) from Phosphoria Gulch in the Pazk City mining district in
Utahe It generally is composed of interbedded cerbonate rocks, chert,
yellow to black shales, sandstone and phosphate rock, Its middle and
upper parts are called Middle Permian in age by Miller and Cline (1934,
Pe 284), while recognizing E. B, Branson's (1916, p. 642) eochliodont
shark tooth evidence that the lower part of the formation may be of Upper
Penngylvanian age, Lowell (1943), has roocently divided the formation
into five units (A to E), in the Dell, Momtana district. These ere in
ssoending order, Unit 2, basal carbonate and siliceous nembers Unit B,
lower phosphatic shale members Unit C, upper carbonote and siliceous
membery Unit D, upper phoaphatie shales; and Unit E, siliceocus member.
Cs Co Branson (1930, pp. 5-14) =lsc deseribed a five unit division of
the Phosphorie formation from the Wind River Range in Yyondng,

The phoophate rock occurs as scft, oflitie, friable, brownish
black deposits, or in & less pure state as a rhosphatle shale, In the
Centennial Range phosphate rook also occurs as a bed of hard, pisolitic
and nodulsr rock,

The following section was measured in section 2y Ts 12 84y Ra
2 He on Fopsll Creek in the Cravelly Renge,
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Flgure 7, Variation of thickness in Fhosphoria formaticn.

i 517 ihigknogo in feet

5. Chert, ferrugincus in lower 5 feet of
bed, or, medium gray (N=5), contains
poall tic bodies throughout, forming
an estimeted 5 percent of rock, source un- .
lnown, &
4e Covered: ochert float, ferruginous. Color,
brownish groy (5 YR 4/1). Roek is thin bed~-
ded, beds range from 1 em to 6 in. thick,
Yas oflitic appearanco under microscope.
"0B11tes* may be unassimilated sand greins
beoause on edge of chert bed they may be
sesn to merzc into sandstone. 26
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3. Chert, slightly fermgugua, color mediwnm
ligiis grey (N-7), dense, 15
2. Covereds M’ dolomitc, shale float, Color
chext, brownish gray, dolomite, yellow=white,
shale, dark gray, &
1, Covereds shale float, dolomite float, with
chert bends in upper 20 feet. Color dolomite,
yollowewhite, shale, dark gray, Dolcmite is
f ed, ahale hard, fissile, -0
Total thickmess of Phosphoria formation = 229 feot,

The vide variety of comman and relatively uncormon seddments and
sedimentary structures in the Phosphoria formation has long stimlated
gealogic thought. FProbebly the best authority on the formaticn is Mange
field, Of conditions in the west during the Permian time he said (1927,
Pe 372),

¥eeoeThe physiographic conditions of Phosphorda time
were unusual, Lowlands or pensplained lends adjacent
to the ssa are suggested and aleo the abundance of
sandy and quartsitic material in Pennsylvanian ter-
ranes, possibly exposed to erosion, 1s indioated.
These conditions £it in well with Turr's hypothesis,”

Here Hanafield is discussing the origin of the chert in the Phoge
phoria formation end is referring to Tarr's (1917, p, 450=451) hypothe=
sis that chert deposits are due to the scoumuletion of gelatinous silice
at or near wave tmse. Az noted in the stratigraphic section of the Phos
phwiaabmthmmtobealaoasuggestionthatthachertmyin
part be dus to partial replacement by silica~bearing waters.

Conoerning the deposition of the phosphate rock Mansfield (1931,

PPe 368=369) made the following comments,

Batuwecn Trits 2 and 3 elwevhere on Fosall Cresk o 6 to & dnch ollitie
Phosphate rock wnit was observed in placs.
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"The mode of origin of the oflites is not clearly
s et v
solutions 14 or pe .
eallodds 18 oortu:lgih;.i?éiuud. The o081itic graina
appear tc heve beon formed dirvectly fron thase, per-
' haps pertly by chemioel precipitation and partiy by
phyeical or mechanieal asccretion.”
"The water cireulsiory system throughout the
Phrcphoria ses must have besn poor otherwise the
| conditions at the botton would not have bestme so
L  foul, Probably the inflov of sea water from the
Noerth Paoific or Arotic was impeded and the teme
perature contrasts between higher and lower
latimwmthawbeensommodaathey
are todays At any rate, conditions were not as
favorable for replenisimant of cxygen in the
desper waters of the Phosphoria sea as they are
in ocpen oceans, This fact provented the growth
on the sea of ordinary organimes of the sscavenger
type. On the other hand, it promoted anaerobie
bacterial desay, sc that decomposition products
such as earbon dioxide and ammonium phosphate
| night readily be produced,*

Mansfield (1931, p. 366) also makes the folloving observation,

"ne of the minor comstituents of phosphate rock
thatmyihodalitﬂoughtmthagcnmlnamum
at its time of deposition is fluorine, Zies has shom
that the fumeroles of the Valley of Ten Thousand
Smokes in Alsske alone contritute anmunlly to the gea
sbout 135,000 metric tons of fluorine, Ho states that
the quantity of fluorine stored in the estimated
phosphate reserves of the Idaho field apprecimates
540,000,000 metric tons, Since voleoanic emanations
forn the prineipal source of fluorine in the see,

this perhaps constitutes independent evidence of
voloanic aetivity on a considerable scale during
Phosphoria time,”

Mansfield later (1940, p. 877) suggested that flucrine was active

in turaing phospharic acid into phosphatos. He said,

"Iwo things seen to stand out as essentialy first
8 qombination of ciroumstanves favorable to the
acoumulation of phosphoric acid, and, second, the
presence of some agent £o fix t{wh phosphoric acid
in relatively insoluble Jorm, It is here suggested
that this agent may be fluorine.”
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The author horein suggests another possible effect of fluorine on
the formetion of phosphete. Zardley, (1947, pp. 312, 316=342) has listed
the evidence for oxtensive Fermian volcanism wost of Pacific trough of
the Cordillerem geosyncline, Four thousend feet of Permien voleanies
are present in Central Idaho, (Eardiey, p. 322). It is sugpested that
subserisl or sutmerine effusions of volcanic gases such as hydrogen
chloride, hydrogen flucride and the various sulfurcus gases present in
voleanie emanations (Clark, pp. 260~-271) mey have sporadically poisoncd
the waters of the Phogphoria sea killing off great quantities of sea
life, and thus providing phosphatic meterial, Howewor, the lack of abunde
ant fossll material in the Phosphoria formaticn is a detorrant to this
auggestion; and some present-day workers think thet phosphate beds ree
present concentrsticns of phosphate during nonedeposition of other sedi=-
ments, (Lowell, 1949). Dietz (1942, pp. 836=339) beldeves prosent phos-
phorite doposits on the coest of California are deposited in place largely
by direct preeipitation.

Triassic system

Rlnuceds fomatdon. - The Dinwoody formetion of Lower Triassie age
vas naned by Blackwelder (1913, pe 425) from exposures in Dinwoody Canyon
in the Vind Fdver Range in Wyoming. It erops out in the Grevelly Hange
- along Fossil Creek and along the West Fork of the Madison River., In the
Centennial Renge it lies on the dip slope that is underlain by chert beds
of the Phosphoria formation, and in the Snoworest Range it erops out on
the southeastvard-fooing mountain searp, The exposure is generally a
grassy slope a3 the formation does not include resistant beds,
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A thicimess of 358 feet for the Dinwoody formation was measured on
Fospil Creek in the Gravelly Range, and Kemnedy (1948) found 471 fect
of Dimvoody strate in tho Centennisl Range, 5 miles east of Odell Creek,
The Triassic thine quickly to the northeast, for Wilson (1934, p. 372)
reportes 137 foat for the entire Triassic section ab Cinnabar Mowmtals in
Perk County, Hontane, 60 miles fran the Gravelly Hange.

The Dirnwoody formation is feirly uniforn throughout, being mainly a
serdes of thin and flagey, alternating, Wuff te brown, silty limestones
and caleareous siltstones and sendstones, Fossils are fairly abundent
especlally the brachiovod, Lingulg borealis. The formatica is appevently
conformable with the underlying Phosphoria formt;on and the overlying
Woodside formation. A section measured in sectdon 16, T. 12 Sey Be 2
We on Fossil Creek in the Gravelly Range is as follows,

init ihlgiqess in feek
5¢ Coveredy limestone float, silty. Coler,
ff, weathers browm, <11

4e Ildmestons, siltyp color, buff; thinly and
everdy bedded, beds range fron 1 to 3 in,

thick, 18
3, Covereds limostone float, silty, Color,

buft, 69
2. Limestone, silty. Color buff, weathers to :

a chocolzte browm, L5

l. Sandstone, celcarecus, glauccnitic, Color
bands, average 5 mm thick, medium 1ight
gray (Ne7) to medlwm gray (N=5). Cuartz is
fine grained, dlamcters of grains range from
1/16 to 1/3 m, Rock composed of 50% quarts,
45% caleito, 5% bright green glaueconite, which
under mdoroscope shows perallelier, indicating
detrital origin, Cement 4is calcarecus, 13

Total thicknous of Dimvoody formation = 358 feet,
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Local uplifis at the close of the Permisn supplied an influx of
silt and elay into the Dimveody sea, in which mideinhabiting forms as
m were common, ‘

The following fossils were collected from the Dimroody foruwation

in soction 24, T. 12 Sey Re 3 W, on the West Fork of the Madison River,
(Qocality 3, rigure 10),
Pelecm
Anadontophora fasssensis
Aviculepecten, sp,
Ewmorphotis muiltifornis (7)
Vonotds, ap.
Myaling postearbonies
Brashiocpoda
Lingula borealls
Hoodadde formeticu. - The Woodside formation of Lower Trisaste age
(Seis or lewer Werfen of the Alps, Newell and Kwmmel, 1942, p. 538) is
very well exposed along the upper reaches of Fossil Creck in thé Gravelly
Range (sec figure 8), and loss well exposed in the Centennial and Snoy-
crest Ranges parallel to the previously located Dinwoody formation. 4
thickness of 564 feet was measured on Fossil Creck in the Gravelly Ronge
and Kemnedy (1948) meoasured 801 feet neer Odell Creek in the Centenndial
Range 17 miles to the south, The formation contains no resistant beds
and hence good outcrops are scarce,
The Woodside shele was named by Houtwell (1907, pe 446) froo
exposurce in Woodside Gulech in the Park City mining district, Utah, whors
it 1s a thinebedded shale. In the Gravelly Hange the Yoodside formation

is mainly red shaly siltstone with a fev white and maroon siltstones and



47

Figure 8. Uoodside formetion on Fossil Creck.

limestones near the top, It is conformable on the underlying Mmioody
formation and grades into the overlying Thaymes formetion, The fortae
tion is apparertly unfossiliferous overywhere. The northormmost extent
of the Woodside formation has previcusly been considered as central
southeastern Idaho, (see Newell and Kimmel, 1542, p. 946) so this ocour-
rence .in the Gravelly Range, if truly the Voodside formation, considerubly
oxtends its outorop area.

A section of the Woodside formation measured in section 9. T. 12 Sey
Re 2 Wo, on Fossil Oreek in the Gravelly Range contadns the following,



it - Ibdckaess in fook
10. Siltstones and limestones, alternating,
oclors marcon and white respectively, 30
9 Mudstone (or shaly siltstene), Colers,

8. Siltstone, calearecus, glauconitic, Coloxr,
reddishgray (5 R 6/2). Uell sorted quarts
grein dlameters average 1/25 mx, 5

" 7. Siltstone, ecslcarsous, glaucanitic, same
mudstones Color, weal orange pink (5 YR 7/2),

Well sorted, 3R
6y Covered:s Iudstone float, zed, 23
5, Mustons, s glauconitie, calearecus,

ferruginous
Color "red®, or pale reddish brown (10 R 5/4).
Composed mainly of well sorted quarte greins,
average dismster of 1/25 . Cement is mostly
iren cxide, plus & little oaleareous cement,
Few glauasonite graing, In outorop shows a

shaly parting, 150
4e Covereds IMudstone float and red soil, 25
3. Mudstone, red, 23
2+ Covered: Mudstone float, red, 252

le Partially coversd: Mudstone fiocat, red,
and one small mudstone outorop, é in. thick,
in center of unit, oo
Total thickness of Woodside formation 564 feet,

The Woodside formation and ite VWyoming correlative, the lower part
of the Chugwater formation have been variously termed merine (E.B. Brenscn,
1915, p. 228) and oontinentol (Heeside, 1929, p. 62) deposits, Branson
believes that the "red beds" were deposited in interior seas of high
salinity, inimiosl to marine life becsuse of high salinity and conteining

no 1ife, and unable to reduce the iron oxide enong the silts that were
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deposited therein, He scores a valid point in asking if these "red beds"
vere continental, why are there no plant or animal fossil remaine in them,
since continental red heds do not imply neoesparily arid and unfavorable
eonditions fer life, |

ibames formmtion. ~ The Thaynes formation of Lower Triascio age
crops out in the sams genoral sreas as the other Triassic formations in
this region. It is beat exposed along the upper reaches of Fossil Creek
in the Gravelly Range and is also exposed ot the northern end of the Mete
zel Creek inticline in the same range, as well ag on Odell Creck in the
Centenniel Range and in the soubheastward facing scar; of the Snowcrest
Range. It conformebly ovexlies the Woodside formation end 1s unconforne
ably overlain by the Swifi: formation of Jurassic age. Iven so, in the
Fossil Cresk section where the Thaynes and “Swyift: formatims are well
exposed the contact could not be located and the two formations seen to
grade into each other. 4 thickness of 138 feet was measured on Fossil
Crook, and Kennedy (1948) found 82 feet near Odell Creck in the Centen=
nial Range.

The Thaynes formation was nemed by Boutwell (1907, p. 448) from
Thaynes Canyon in the Park City mining distriot in Utah where it 1s 1190
feet thick and consists of a limestone unit and a siltstone unit separated
by a red shale. In Ideho its basel unit carries a widespread lipekocergs
§xaailitatis sons. This zone was located on Fossil Creak, though not
right at the base of the formation, Here the formation is composed of
fosplliferous crean to buff to reddish caloarecus sandstones. The formaw-

tion moasuved in gection 9, T, 12 S,, R, 2 W, 45 as follows,



Rt  Shickpess 4u feck
1, Sandstone, mlcamwa. pinkdsh

grey (5 YR 8/1) tomnkyenw (5!8/4).

Quartz greins angular to subengular, well

sorted, average diamotey 4 m, Cement,

caloarecus. Heekocorag

50 feet sbove base, 138

Total thickness of Theynes formetion =~ 138 foet,

The Thaynes formation was probably deposited in seas airilar to

those in whieh the Woodside was deposited, but clearer, allowing soms
lime deposition and the establishment of an invericbrate faune, The
source of the sediments, as with the earlier Trisssic formations, was
highlands peralleling the geosyncline both on the cast and vest, (Vans-
field, 1927, pp. 176; 189, 37).

The following fossils were sollested fron the "egkooeras zone”
of the Thaynes formation in section 4, T 12 S., R. 2 W., on Fossil
Creek in the Gravelly Range, (loeality 6, figure 10),

Cephalopoda

Meckooeras gracilitatis

Brachiopoda

Terebratula ap.
Pelecypoda

Lime, gp.

Monotis, sp.

Myaline postearbonics

Hyuiine postearbonata

Pterie, mp.
Gastropoda

Hatica (?) ap.
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The following fossils were collected ome quarter of a mile along
the road to West Fork Ranger Station past the West Fork of the Medison
River ford. The looality ie in section 19, T, 12 S,, R, 2 Wey (locality 7,
figure 10),

Pelecypoda

Honotis of. parvulus
Monotis, sp,
Myalina postearbonica
Flouraeya o5

Gastropoda, gen.

Ostracods, gen.

Jurassic system

dsutooth formatdon. - The Sawtooth formation of Upper Middle Jurascie
age (upper Bathonien, Cobban, 1945, p. 1290) does not crop out within the
lirdts of this report, However, it is prescnt so near to the boundary
thet 1t 45 here listeds The formetion crops out in seetion 12, Te 15 84,
Ry 2 V. east of Odell Creek in the Centermial Fange. According to Kennedy
(1948) the Sawtooth formation is 138 feet thick in the Odell Creek arce
and camposed of gray, fineegrained, thinebedded, brittle limestone,

The Sewtooth formation was nemed by Cobban (1945, pe. 1270, 1277)
from the Sweetgrass Arch region in northvestern Montana, Tho formation
is unconformable on older strata bemeath it snd eonformable with the
Rierdon formation ubove it,

Riardon fommation. «~ Like the Sewtooth forration the Rierdon
formation of lower Upper Jurassic age (upper Bathonian and lower Calovian)

(Cobben, 1945, p. 1290) does not crop out within the 1imits of this report,
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tut it will be considered briefly because it is reported present so near

~ the areas The formation crops cut in seetdon 12, T, 15 8., Re 2 W. east
of 0dell Creek in the Centennial Range. Acoording to Kemmedy (1948) tha
Rierdon formation is 43 feet thick in the (dell Creek area and s conpoged
of caleareous plauconitic sandstone and limestone,

The Rerdon formation was named by Cobben (1945, pp. 1277=1281)
in the Swectgrass Arch reglon of northwestern Montans, where 1t is gray
caleareous shale uith some nodular limestone beds.

Sddt fammation. - The Swift formation of lower Upper Jurassic
(bivesian and Argovian) (Cobban, 1945, p. 1290) sge, is best exposed along
Fossil Creel: in the Grevelly Rango, and also east of Odell Creek in the
Centennial Range and probably in tho Metgel Creek anticline, Klsewhere
slope wash conceals its presence. The formation is soft and outerops are
unobirusive even where exposed, Twenty=cne feet of glauconitie sandstone
comprise the Swift forration on Fosoil Creek and Kennedy (1942) measured
a section 47 feet thiek, on Odell Creek., The Fossil Creek section measured
in seotdon 9, Te 22 5., Rs 2 U, 18 as follows,

it ddckness in fesh

1. Sendstone, calcareous, glauconitie,
Color, nediun greenish gray (5 G 6/1),
Quarts greins angular, average diamcter
of 1/10 mm, Roek is composed of 25 per
cent quarts, 30 per cent fine grained
chaloedony; pert, at least, is cement,
30 per oent oaleareous interstitial
oenent and 15 per eent glausonite, 2

Total thickness of Swift formation = 21 feet,
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Woodside
Dinwoodg
Phosphoria
Quadrant
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Brazer
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Lodqapole

ﬂgln'e 9. Ralsticn of Jurassic strata to underlying rocks.

The Swift formotion was doseribed by Cobban (1945, pp. 1281-1286)
from exposures on Sweetgrase Arch in northwestern lontana, Gobban, (1945,
Pe 1262) describes the Swift formation as follows:
"The Swift formation is composed of two members. o

The lower member is dark non-calcarecus shale, highly
tie at the base, The upper member is grey

fine-grained flaggy glausonitic sendstone containing
abundant blackegray miceceous shale partings,®
On Fossil Creek the Swift formaticn umcenformebly overlies the
Thaynes formation, though as previcusly steted the break could not be
found, and is appurenily conformshly overlain by the Morrison formation,
The thickness of Jursssic sediments varies considerably over short
distances in Montana, Hennedy (1943) reports the following Jurassseic
formations jusl east of Odell Creek in the Centennial Range and 12 miles
southesst of Fossil Creek; Sawtooth formation (138 feet), Rierdon

formation (43 feet), Swift formation (47 feet), and Morrison formation
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(244 foet), Forty rdles to the southwest near Snowline, HMontane, the
Sawtooth formation is about 1000 feet thieck. Yet in the Centennisl Region
no Sswtooth or Rierdon strate are present, and this can be sald with surety
beoause of the excellent exposures on Fossil Creek. The situation, however,
£its into the general geclogie conditions for the Jurassie period throughout
wostern loutana, Before deposition of the Jurassic formations (Ellds) in
Hontana there vas & widespresd erosional interval so that in places the
Jurassic rocks lie unconformsbly on Missiosippien rocks. The eroded surface
was irregular and during deposition of the eariier Upper Jurassic rocks
some regions were 1slands where there was no deposition. The Gravelly
Range and Snowcrest Range sites were such reglons, (Conddt, 1917, p, 161),
(see figure 9),

Tho sand of the Swift formetion indicstes o relatively near source
which perhape also supplied bdotite tc the sea where sedimentation occurred,
Galliher (1935, pp. 1363=1364) states that glauconite foms by the altera~
tion of biotite in aress of little sgltation, ancorobic eonditions and
block-mid-covered sea floors, Except for much blsck mud covering the sea
botton, these conditions probebly were present in the Swift seas,

Hexdsan formatden. = The Morrdson forration of Upper Jurassie age
iswllmdeuaﬂcmkmtheGmwuyﬁangemdaluowapa out
cast of Odell Creek in the Centennial Range, Elsewhere in the region
outerops of the Morrison formetion are scarce because of its saft and
easily coversd lithology. A thin sandstone possibly belonging to the
Horrison formation is expossd in the Metsel Creek Antieline, The lorrison
formation is nnconfozﬁably overlain by tla Kootenal formation and
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oonfornably overlies the Swift formation, A thickness of 181 feet of
Norrison strate was measured on Fossil Cresk and Kennedy (1948) found
mrntwtot‘mcmkinthacmtcmmw.

The widespread Morrison formation, which crops out from Oklahoms
to Alberta, was named by Eldridge (1396, pp. 60=62) frem SXpOBUres neay
the town of Morriason, Colorado. There the Morrison formation ccnadste
of several huxired feet of alternating variegated, unconsolidated marls,
silts and clays, and some sandstone and limestons beds, In the Gravelly
Range the Horrison formatlon contains greenish shales and a few thin
interbedded sandstones, limestones and dolomites, The sequence neasured
in section 9, Ty 12 Sey Rs 2 W, 18 as follows,

Snik dhickness 1o feet
5. Partially coversds shale and sandstone
floats shale, hard; sandstone, glauconitic 23

4+ Shale, silts, sandstone, limestons., Color,
slale and silt, green and rarocn, limestons,
light olive gray (5 Y 6/1). Limestone mode
erately erystalline, contains 40 percent
subangular quarts grains, sverage dlameter
1/4 m, some pyrite nodules and celcite seams,
Shales, silts asoft, interbedded with thin
sandstones and limestones, bedding from

1 to 12 inches thick, 82

3. Shales, caloarecus, greenish, 3

2. Dolamite, white to pink, hard. 2

1, Shales, oalcarecus, greenish, K ;3]
Total thickness of Morrison formaticn 181 fect,

The Merrisen formetion wes deposited on a broad, hwidd comstal
Plain and containg some frosh-uwater lake snd flood=plain deposits,
(msj 1896; Pe 23)0
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Cretaoceous system

Kootsnad formatdan. - The Koctenal formation of Lower Cretaceous
age crops out on the headwnters of the West Fork of the Madison River in
the Gravelly Renge, where 1% 1s best exposed. Other more cbscure outorops
aro faun&naartlw hoadwaters of Odell (reek in the Centennlal Range and
on Antone Pass in the Snowerest Range, Though it has geveral locally
reaistent sandstonos it does not crop cut very well anyvhere in the region
and becauss its upper and lower limits could not be located accurately a
camplete section could not be measured, A thiokness of 601 feet was
meamped between West Fork Ranger Station and Fossil Creek. It is estimated
that the formation 1s approximetely 700 feet thick here, Five miles to
the east in Indien Cresk Canyon in the Madison Range Hendricks and Hadley
(1946, ppe 63«64) meesured a thickness of 131 fest for the Xootensi for-
mation, and eixty miles to the north in Sappington Cenyon on the Jefferson
River thoy found a thiclimess of 300 feet, (1946, p. 15).

The term, Kootenel formation, was first applied to strata near
Great Falle, Montens by C, A. Fisher (1903, pp. 78«80). Previcusly the
term had been applied ms & group or geries name by Canedien geologlsts to
equivalent streta in ilberta,

In mthwaaterix Montana the Kootenal formation includes buff to brown
sandstones, red shales and silts, and a widespread thin, fossiliferous,
{resirater limestone. The Kootenal formation is unconformable on the
underlying Jurassic strata, with a prominent basal conglomerate from 1 to
3 feet thick generally present, and it is apparently conformable to the
overlying Colerade shale, A section of the Kootenal formmtion measured in
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sections 8 and 9, T. 12 S., Rs 2 W. on the ridge between Fossil Creek and
Weat Fork Lianger Station in the Gravelly Range contains the following

Init Ihickness in feet
Covered 100 (estinated)

Limestone, fetTuginous color, medium gray
(Ke6) on fresh surfscc, weathers to Light
brown (5 YR 6/4), Moderately coersely
line, aversge crystal dismeters,

2 mm, This 1s the "gastropod” limestone,
characterised by abundanoe of small freghe
water ligrinig-ilke gastropods and the
pelecypod ELliptio hareld, = ludg-11ke
form, (Imlay, 1947). 30

Covered: sandstone flost, color, 1ight

brown (5 YR 6/4). Composed almost ene

tirely of subhedral, bright quarts

gra:lna, 1/4 to ]/2 m in diameter,

Loossly cemented by silica. Few clay

galls (7) present, aversge 1 mn by 5 mm

dimensions. Unidentifiable pelecypod

casts, 118

Partially covereds silis, clays, also
sandetone, limestone floaty calor clays
and gilie, light yellow to red, 9%

Covered: sendstone float, calcarecus, cherty,
Color, light gray (N-8) with black specks,

Composed of 70 percent quartz grains, 5 per-

ount black chert grains, 25% calcarecus cement,
Quarte and chert greins submangular to welle
rounded, frosted, diamsters range from 1/2 to

1 mm, Caleite coarsely orystalline, crystal
dlameters, 1/2 tc 2 mm, Cammonly called "salt

and pepper® sandstone, 174

Coverods °mmﬂ“, mtom, flost,.
General onlor of conglumerate, light brownish
gray (10 YR 6/2), Particles mainly quartsite,
ranging in diaveter from 1/2 mm to 6 inches,
scme black chert particles, 1/2 m: average
diameter. Typioal sample shows subwengular
to-wellwrounded particles, dlametors 1/2 mm
to 4 em, "salt end pepper" sendstone matyix,



59

osmant siliceous, cement in other samples,

oalearecus, Shows rough sorting, Cone

glomerate, elsewhere observed 1 to 3 feet

thick, gensrally present at or near base of

Kootcnai Zormation, Sandstone float of "salt

and pepper type®, —a

Total thiokness of Kootenal formstion - ' 700 feet,

The Kootenal formation probebly vepresents fluvial deposits spreed

onto a plain at the foot of the early Cretaceous ancestral Rocky Hounteins,
then already rising to the west of this region. Some of these sediments
were deposited in widespread, albiet short-lived, fresh water lakes existing
on this plain, (Bartram, 1939, p. 1146).

Colorade shals. - The Colorado shale of the lower part of Upper
Cretaceous oge (Benton, Miobrara) ocrops out along the castern margin of
the Long Cresk - Ruby River basin and is best exposed on the headwaters
of the West Fork of the Madison River in the Metzel Creek antioline, It
is apparently conformeble to the underlying Kooienal formation and to the
overlying Aspen formation,

The formation is generally not well exposed because it is weak and
subject to lendslides. An estimated thickness of 300 feet is present in
the Gravelly Range. Gardner, Hendricks and Sloss (1945, p. 14) measured
a thickness of 109 feet of Colorado shale in the Sappington Canyon of
the Jefferson River 60 miles to the north, As exposed in the Gravelly
Renge the Colorado shale is & thin~bedded, fissile, much-jointed, gray
to black shale, The shale bedding is frem 1/16 inch to 1/4 inch thick,
and thin sands from 1 inch to 6 inches thick, characterised by fucoidal
merkings are sometimes present, One thin, black, quertzitic lsyer cone

tains limonite nodules up to 1 inch in diameter,
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Figure 11, Metsel Creek antie

InT, 12 SQ, R, 3 W. Cut by Went Fork of Madison River, Strats minly
Cretaceous with Triassic in center of fold. Trees grow on rhyolite flow
remmants. Note placer gold dredge tailings along stream, Fish Creek
strike valloy begins in lower left. (Aerial photo by Agricultural
Adjustmant Agenocy)
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The term Colorado gronp‘vas applied by Hayden (1876, p. 45) to in-
clude the Benton, Niobrars and Plerre formations, but present usage in-
cludes the Plerre shale in Montana group. Becauss the Benton and Niobrare

- formations ere not recognizsble as such in the Sweetgrass Arch region of

Fontana and Alberta geologists (Collier, 1929, pp. 70-73) there epplied
the term Colorado shale to the Colorado group equivalents, which are mainly
shale, From there the term "Colorado shale® has been carried southward
agein, Thus the neme "Colorsdo” spresd north as & group name end now Te-
turns soutbwerd, as & formation, as well as a group nume.

The Colorado shale is one of the several thick and widespread shales
dopoaited in the Upper Cretaceous seas, The source of these sediments
was the rising early Rocky Mountains to the west., (Bartram, 1939, ppe
1146-1150). B

dapen {armetion. - The Aspen formation of lower Upper Cretaceous
(Colorado group) and possibly later Upper Cretacecus (Montans group) age
crops out extensively in the area studied, It covers most of the Long
Creek = Ruby River basin, and erops cut along the northward facing scarp
of that part of the Contennial Range west of Odsll Creek. Here its southe
vard extension is covered by Tertinry volcanies exeept in one place at the
head of Winslow Creek where it crops out on the crest of the renge. The
formation is epparently conformable on the underlying Golorado shale and
is overlain unconformahly by younger strata including Cretacecus or
Tertiary conglomerate, Tertiary voloanios and Fleistooene continental
sediments, Because the formation covers miles of grossy basin country
and its dip is generally alight, a section could not be measured, but s
thickness of 3000 feet was estimated for it.



62

' The Aspen farmation vas named by Veateh (1907, pp. 64=65) from

Aspen station in Uints County in scuthwestern Wyoming. In the Centennial

Region the formation includes buff sandstones of variable thickness inter-
bedded with slightly coneolidated silts end shales, which may be wariegated.
The shales and silts are generally a tan to light brown color, and sone-
times dark gray or black. In a few places the shales are silicecus. Con-
sidereble celeite is present in the shales, weathering out in crystalline
masses which lie on the surface of the shale. The formation contains
several beds of coel, one bed being 32 inches thick. Interbedded volcanic
material is found in a few places in the upper helf of the formatlon.

Foseils are relatively rare in the Aspen formation. The author col-
lected a few pelecypods and gastropods from the entrance of an old coal
mine in section 12, T+ 14 N., R, 38 E,, (locality 8, figure 10). Com~
parison of these forms with a fauna collected by Kiepper (1948) which
wers identified by J, B. Reeside shows a definite similarity and suggests
that they come from the same horizon, Also, Klepper's fauna which was
collected on the Ruby River in section: (?)%8 S., Re 4 W, was assoclated
with 2 coal bed, Reeside says the fauna is widespread in the lower part
of the Colorado group and hence is lower Upper Cretscecus in age, btut he
slso believes that these beds contain at least equivalents of the Bear
River - Aspen and the Wayan end possibly much uore, (Klepper, 1948).

The author also collected a meager flora from the Aspen formatlon,
A sandstone in section 23, T. 12 S., Re 3 W., contained plant fregments
which eculd only be identified as conifer cones and possibly palm fronds
of Mesosoic affinities, (Arnold, 1947). At the same place an overlying
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silioecus shale eontained conifer nesdles which possibly came from a
sequgias In section 7, T, 12 5., R, 2 W, oome silicified coniferous
wood was found and in section 35, T. 12 S.y R, 3 U, certain silicecus
shale beds contain many unidentifiable plant fragments, On Odell Creek
in section 36, T. 14 S., R. 2 W,, Konnedy (1948) kindly called the author's
attentlon to plant fossils in & benk along the creek. R. A, Brown iden-
tified these for Kennedy (1948) as probtably from the later part of the
(Mesaverde) formetion,

Correlation of Cretaceous formationg. ~ The Cretaceous stratigraphic
sequence of the middle and northern Rocky Mountains in United States has
been extensively studied and many names applicd to the rock units, Hany
of the units have several nsmes derived from different localities, and
some of the unit names have been carried far from their typs loealities.
Because the wide expanse of the Yellowstone ~ Snake River lava fields
geparates eastern Idaho and western Wyoming from western Montana 1t was
natural that a different set of formationsl names be applied to strata
on each side of the lava flelds, to what quite often were the same forma-
tions. As mapping has progressed the Montana names have becn traced south
down to the northern lava border, and the Idaho - Wyoming nemes north to
the southern lava border. Geologists are now in the procese of applying
these formational names across the lava plains end it seems that more
names are being carried irom south to north, than from north to south.

Other factors being equal, the author has tried to apply the names
established in Montena for these formstions since the Centennial Region
is in Montana,
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Figure 12, = Some Cretacecus sections in Montans, iyoming and Idaho.
The Kootenai formation has been widely mapped in western Montana.
The basal eonglomerate ranging from 1 to 30 feet thick is a key bed in
helping deeipher Hontena stratigraphy. The Kootenali formation ss mapped
by the suther may econtain Bear River formation equivalents, The profusion

of freshuater gastropods and pelecypods in the 30 foot thieck "gestropod
linestone” compares with the great cuantities of fresh and brackish water

forme that have been described frem the Bear River formation elsevhere,

(Mansfield and Roundy, 1916, pp. 79=31). No other reason was found for
considering Dear River equivaients in the Centennial Region, though

detailed stratigraphic studies mmy reveal its presence,

Dillon

(1949, prs 52, 58) reports Kootenal and Eear River strata as being pre-
sent in the Lima Anticline, 25 miles west of the Centennial Reglom,


Me.5aver.de

Figure 13. Creek anticlinerium

In T. 14 S., Be. 4 and 5 W, Variously dipping strate in Aspen
formation; one smell fold plunges in center left. Note sharp
contact of Quaternary alluvium and Aspen beds. (Aerial photo
by Agricultural Adjustment Agency)
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The Calcrado shale is a widely recognized, though considerably mise
used, stratigrephic unit in Montana, In its correct usege the Colorado
shale may be & Benton equivalent (Irwin, 1931, pp. 1134~1135). Because
the formational name has been long used and because & meppable lithologie
unit of shale of Benton affinities exists in the Centennial Region, the
Colorade shale name wes used, The author realizes that this unit may be
equivalent to Bear hiver or Aspen and could possibly be mapped as o unit
of elther,

IStrata which are terwed Aspen formation in this report have also
been called Mesaverde, Livingston and Bear River., The Aapen formation is
a Benton equivalent and the invertebrate fossile collected in the Centen-
nial Region (Klepper, 1948) affirm this. However, there is some doubt,
because plant foseils from the sams formation indicete an upper Upper
Cretagecus (Montana group - Mesaverde) age for at least some beds in the
sequence, It is possible that the upper pert of the Aspen formation may
truly be Mesaverde and the lower part ispen. The variegated silts and
shales in the upper part of the Aspen formation in the Long Creek - Ruby
River besin lithologieally compere with the Judith River beds of Montana
age and in part equivalent to the lMesaverde formation, Dillon (1949,

Ppe 62+76) mapped 3436 feet of Aspen beds in the Lima Anticline 25 miles
west of the Centennial Region, The term "Aspen has recently beem in-
troduced into southwestern Mentane (Dillom, 1949, p. 62) and to avoid
confusion the suthor belioves it best to acoept this name, at least
tenporarily, for the above atrata,
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Figure 12 shows possible correlations of the Cretaceous strats in

the Centennlal Region with those nearby in Montana, Idaho and Wyoming,
Cretacecus (?) - Tertiary systen

Unpanmed conglaperate. - A coarse, thick conglamerate of latest
Cretaceous, Poleocene, or early Eocene age, crope out on Antone Peak and
northeastward aloné the crest of the Snowcrest Range for about 6 miles,
Southwestward the formation may be traced for 20 milee somewhat discon-
tiausiasly to the hills Just west of Iima, Montans, and thence 35 miles
north to Armstead, Montena., South of Lima on Highway 93 between Lime
and Monida, Montana the formation is well exposed, Smaller exposures are
found five miles cast of lonide, and poseibly in sections 23 end 24, T.
13 S., and seetion 25, T, 12 S., R, 2 W, Vest a!' Monida the formetion
caps the Red Conglomesrate FPeaks, A similar conglomerate, named the
Sphinx conglomerate, crops out on Sphinx Mountein in the Madison Range,
35 miles to the northesst of the unnamed conglomerate in the Snowcrest
Range,

~ The formation erops cut in valleys, on spurs, and on mountain tops
vhere it has been preserved as erosionel remnants, Only where recent
erosion has been very act;ve does it formeeliffs, elsewhere its cuterops
are generally subdued and grass covered, though in the Snowerest Range
it supports a heavy timber stand,

The unnamed conglomerate unconformably overlies the Cretaceous strata
vest of Antone Peak with a strong angular unconformity, but on the southe
cast flank of Antone Peek the relationghips are only dilscenformable, The
unnamed conglemorate is gently folded in the Centenniel Region and elsew
vhere has been tightly folded end faulted, (Lowsll, 1948).



In T. 12 3., R. 5 wo Sumnit in oanter bcttm

, elev, 10,220 f%,
Outerops are wmnamed conglomerate. From left do right, Rough and
Meadow Creeks. Beds in upper left are overturned Messozoic strata.
(Aerial photo by Agricultural Adjustment Agency)
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On Antone Peak the conglomerato ia an estimated 3000 feet thick,
but to the southwest toward Lime, Montanz the conglomerate thickens, and
25 miles to the west near Dell, Montana, Lowell (1948) estimstes that it
pay be at least s mile thick, Peale (1896, p, 3) noted a thickness of
2000 to 3000 feet for the Sphinx conglomerate in the ladisenm Range,

Ho name has been applicd to the formation, but Lowell (1946-1948)
hae done considerable research cn it and is expeoted to neme 4t in the near
future,

The formation near Lime, Montana is a coarse cenglomerate., On Antone
Peak the formation contains much conglomerate, and alsc coarse sandstone.
The formation on the southeast fmoing secarp of the Snowcrest Kenge containg
shale, silt, coarse sandstone and some conglamerate, which also deseribeg
the formation 5 miles eest of Monida, Montanz, (see figure 15). Lowsll
(1948) reports cne widespread and distinctive thin layer of algae or cone
cretionary limestone, On Sphinx lountain in the Medison Range the Sphinx
conglamerate is sandstone and coerse conglomerate,

As may be ceen above, much veriation is present in the unnomed cone
glomerate, To illustrate this the lithalogy and characieristics of the
formation will be described from several outcrop areas,

On Highwey 93 between Limn and Monida the formatfion is dominsntly a
coarse conglomerate composed of sub-angular to rounded cobbles of Misgise
sippian limestones, The cobbles average from 3 to 5 inches in diameter,
and show some sorting. The cement is speree, and is sand and esloareous
mud, Iron cxides in the cement eclor the rock yellow tuff er orange.
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A sample of conglomerate collected on Antone Peak was separated in
the leboratory, A representative fraction was selected and the particles
in 1t were counted, The sample contained 71 granules and pebbles of quartz~
ite ami‘ 11 of limestone, The particles are angulsr to subangular and vary
in size from 1 mn to 2 om in diameter, The particles compose approximately
50% of the rock, and the rest is & matrix of ferruginous, caleareous sand
and clay, The sand grains are angular and range in diameter from 1/4 mm to
1 mm, Ho sorting is present in the rock. The cement is calcarecus and
ferrugincus. The color of the rock ie pele Teddish trown (10 R5/4).

An impure limestome from Antone Peak is composed of 60 percent lime-
stone, 30 percent quarteite particles and 10 percent chert particles. One
particle each of biotite schist and shale wac noted. The perticles are
subangular to angular and often elongate, The limestone matrix is coarsely
orystalline with calcite crystals ranging in dismeter from 1/2 mm to 2 mn
dimensions. The particles contained in the limestons have a definite
orientation with their elongate mxes parallel. The color of the rock is
medium gray (H-6).

An lmpure sandstone from intone Pesk studied in thin section conteins
55 perocent quartz, 35 percent ealeite, 5 peroent chert and 5 percent accese
sory minersls, including hornblende tourmaline and magnetite. The quartz
grains are mostly subsngular to angular, but a fev are rounded. The grains
range in diameter from 1/4 mm to 1 ma, The calcite is noderately coarsely
orystalline, crystals ranging in diemeter from 1/4 mm to 1 mm, The inter-
stitial celeite le the cement. The eolor s pale brown (5 YR 5/2) on a
weathored surfece, and light gray (N-8) on a fresh surface, (seo fgure 15),
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An impure sandstona was collected from the unnamed conglomerate in
section 16, T 12 Sy Rs 4 We on the ecast-facing soarp of the Snowerest
Range above the headwaters of Divide.Creek. The sandstone contains 70
percent gquartz grains, 25 percent clay, and 5 percent muscovite, and ne
caleite. The quortz greins are engular to subanguler and the mmecovite
flakes are irreguler in shape, The quarte grains range fram 1/3 to 1/4
mm in dlamoter, and are well sorted. The olay is the cement. The colar
of the rock is dusky yellowish orange (10 YR 6/6).

‘A sandetone collected from the unnamed conglomerate in section 16,

Ts 12 S,y Rs 4 U, on the southeast-facing scarp of the Snowcrest Range
contains 80 percent quartz and 0% elay. The quarts grains are sube
angular and renge in diameter from 1/38 to 1/2 mm, The interstitial clay is
the cement, The color of the rock is moderate yellowish brown (10 YR 5/4).

A sample of conglomerste collected iram the ummsmed conglomerate in
section 9, T4 12 S., Re 4 W, wae separated in the laberatory as des-
oribed above, and the particles in a representative fraction were counted.
The fraction contains 42 granules and pebbles of quartzite, 14 of line=
stone, and one of westhered biotite schist. In additicn some secondary
cuartz and ealcite orystals, some with well developed crystal faces are
prosent, The limestone purticles are well rounded, wherca:s the quartzite
particles are angular. The aversge dlameter of the particles ranges fram
1/2 mm to 1 cn and the quartzites generally are largest. The cement is
caloarecus. The color of the individual quartzite particles may be white,
green, gray, or black, and the general color of the conglomerate is
mediun gray (H-6),
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Fiéure 15 Thin section of unnamed conglmrdto

Sandstone in unnemed conglomerate, from Antone Peak,

Snowcrest Range. HNote varying shapes of grains,
some rounded, some angular. Some orlentetion present.

Cement is calcite. Magnification, x 50.
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No fossils wvers found in the unnamed conglomerate, except Missipe
sippian foesils that were found in the limestone cobbles, and which only
date the age of the rock in the cobbles and not the conglomerate.

Of interest ls the reletion of the urmamed conglomerate to the
Sphinx conglowerate which crops cut on Sphinx tountein in the Medison
Range, 35 mlles to the northeest of outerops of the unnamed congliomerate
in the Spowcrest Runge. Peale (1996, p. 3) named and described tho
Sphinx conglomorate as follows,

*In the Sphinx Mountein, which reaches an elevatian
of 10,840 feet in the eentral part of the Madison
Renge, is found a group of beds whioh cnce may have
spread over an extensive ares of country, although
at present occupying an area of about 2 squere
niles, 7his remnant is between 2000 and 3000
feoet in thickness, mede up of reddish sandstoncs
and coarse conglomerantes of limestone pebbles

and boulders cemented with a reddish sand. The
entire mage of the peak is couposed of these

beds, which are horisontal in position and dis-
tinctly stratified, the rugged and steep slopes
of the mowntain rendering evident the gigantie
seale of the erosion which has left it in this
distriot the only mamument of this group of -
beds. So far as obsarved the strata are none
fosslilifarous, the character of the beds pre=
cluding the preservation of fossils., They are,
therefore somewhat arbitrarily referred to the
Eosene, but they form a group certainly (older)
than the Boseman lake beds and (younger) than

the Livingston formation,*

Since the two conglamsrates are fairly similar litholozically,
since they both rest on latest Cretacecus, probebly unconformably, and
sinoe they are both involved in mountain bullding processes it is possitle
thet they were once contirmmous, More needs to be known about thelr dise
tribution.

In a mmber of the Roeky Mountain ranges in Wyoming and Colorado -
there are similer thick, coarse conglomecrates involwed in the de'
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orogeny. Love (1947) desoribes the Pinyon conglomerate in the Jackson
Hole, Wyoming region as up to 2000 feet of coerss conglanerate, uncon=
formably overlying Mesaverde and Judith ‘dver strata, and overlain by
Faleocene beds. The Pinyon, Sphinx and unnamed conglomerates were all
the result of the Laremlde ovogeny whose pulsations extended frem Groe
tacecus to Eocens time. They were deposited in basins or en plains by
fast, oggrading streams flowing from new mountains formed by the orogeny.

From the above eonsideration of the conglomerate the following facts
Day be summerdised,

1. A widespresd unnamed cenglomerate is discontimuously present
over appimdmtely 3000 square miles of southwestern Montena, meinly
to the west of the Snowerest Range in the Centennial Region, Another
possibly equivalent conglomerste is present in the Madison Range,

2. The unnamed conglomerate overlies the latest Cretacecus with
an angular uneonformity in places, but the conglomerate has also been
deformed,

3+ The farmation becomes lese conglomeratic and more sendy traced
captuard from Lima, Montana to the Snowcrest henge,

4+ The compcenent particles vary from place to place. Mississippien
limestones and Paleozole and Beltian quartzites dominate,

The following deductions may be mede from the above facts,

1. The sourcc of the unnamed conglamerate wae west of the Centen=
nial Begion, perhaps a renge in the vicinity of the Idaho - Montams
gtate line, west of lima,
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2 Tho Sphinx mountain econglomerate was probably derived from a
renge east of ite present site, and may have been depoedted in separate
intermontane basin frenm that of tho unnamed conglomcrate,

3» The unnamed eonglomerate (and perhaps the Sphinx) prébably
blanketed the region sinee thers sre nany widely scattered outcrope,
Later uplifts and faulting have caused variations in elevation of outw
crops.

4o The cauposition of the econglomerate reflects the rocks being
eroded in the mounteins, after exposure by erosion or mountain-naking,
The quartzites may be Precambrian as biotite schist is assoeiated with
them,

5. The umnamed conglomerate is younger than deformed Upper Cretae
ceous rocks but itself has been deformed by Laramide movements,

Tertiary systen

General features. - Seattered remmants of the great Tertiary lava
effusions that covered extensive oreas in nothwestern nited States resain
throughout the Centennial Valley region. Such remnants are comon in
the Gravelly Range where they cap hilltops and ridges. On the floor
of the Centennial Valley there are several hills and ridces extending
into the valley that are capped by velcanie rocks. The flows cap most -
of the Centemnial Range west of Odell Creck and east of 1t cover con-
siderable parts of the southward desoending dip slope, and still further
to the east fornm a part of the range crest in Sawtelle Peak. To the
south tho lavas on the flanks of the Centonnial Range merge with those
forming the Smake River lava fields, and to the east they tie into the
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Yallowstone Plateau volcanics.

The following ascending sequence is pragent in the volcanic rocks of
the Centennial Valley resion: (1) vasalt “lows, (2) agglomerate or vsoleanie
conglomerate (3) tuff beds (!) rhyolite flows (5) and dikes and sillg,

Non-volcanic Tertiary rocks in the Centennial Rezion include high-level
€ravely and possibly Bozeman lake beds. The Sage Creek formatisn of upper
Bocene age and the Cook Ranch formation of middle Oligocene age, nay :=1so
be present. \

gasalt.L ~ A basali evarywhere observed seems to be the oldest
Tertiary voicsnic rock in the region. The basalt crops out alomg the north-

ing front of the Centennial Range and on the lower spurs of t:e jravelly
Range. The basalt forms irregular xnobby topography and only crovs out in
eliffs where cut through by streams, or expoged on the mountain cregt. The
bagait 1s unconformable on the uvaderlying Aspen formation and other older
fornations and 13 disconformably overlain by younger volecanic rocks. The
observed thicknegs of the basalt varies from 75 to 100 feet.

4 typcial specimen of basalt from section 17, T. 15 S., R. 4 W on the
orest of the Centennial Range, when exanined megascopically, contains 60
percent croundmass, 30 percent hormblende and 10 percent olivine as pheno-

oeryste. The hornblende crystals are lath-like and average 1/4 om by 1 mm

~501' conveniexnce this voloanis unit will be termed a basalt. Actually the
18$h0lozy varies considerably from place to place and fine grained inter—
mediate rocks, tuffs, and basalt porphyrys and basalts are interbedded, The
owrall lithology is baseltie. The petrographic identifications above and

o following peges were kindly checked in part by Professor W. F. Hunt and

in part b Professor %. W. Heinriech of the Departrent of Mineralegy, University

of Michican,
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in sige, The olivine orystals are approximately equidimensional and are

1o in dleneter, and aay be slightly weathored o irom oxides. The
baselt is dense and heavy,

A specimen of rock oollected from seotion 12, T. 15 Sey, Re 5 We on
the orest of the Centennial Renge was identified as & deoite porphyry or

possibly a rhyolite. A thin seotion of the rock shows 75 percont zround-

: nass, 10 peroent quarts, 10 percent andesine, end § percent of accessory

minerals inoluding hormblends, relict biotite, chaloedony and sanidine,
The color of the fresh rock surface is light browmish gray (5 YR 6/1).

' The igroundnass is extremely fineegrained, and tho minerals listed above

'Torm phenoorysts that have en average diamster of 1 mm,

A speclmen of rock collected from section 2, Te 15 S, R. 2 ¥, is &

' éluoriaooous basalt. On megasoopic examination the basalt contains

spproximately 20 percent hornblende, 15 percent angite, 15 peraent plagio=

fo].u*‘q feldspar snd 50 percent caloite whioh filled vesioules in the lava.
'The color of the basalt is weak brown (5 YR 3/2) end of the ocaloite from

uhité to pinkish gray (5 YR 8/1). The mineral components renge from very
finely orystalline to moderately coersely crystslline., The very finely
srystalline parts of the basalt are tentatively idemtified as plagioclase,
The hormblende orystals are lathelike with eversze dimensions of 1/4 by
1 mn. The augite is equidimensionel with an average diametor of 1 mm.

The amygdules are rounded to oblonz and 1 mm to 2 om in dismeter, The
snygdules are filled partly or entirely with orystalline oaloite or with
orloarsous tuff. The tuff containg suall interspersed particlaes of the

b”ﬂto
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~ Agglomerate and voloanio owélounti (1).° « Overlying the basalt

{s an lgg).omutc,' or possibly looally a voloanic oconglomerate. The
agzlomerate crops out prouinently along the northefacing soarp of the

Centennial Range, and unobtrusively along the north side of the Centen=

nial Valley, and in places in the Gravelly Range es in seotion 5, T, 13 .

Se, Ry 1 W, and section 25, P, 12 Ss, Re 3 W, In the Valley and Gravelly
Range outorops are usually represented only by lerge scoriacecus boulders

of basult lyinz on the ground, The unit diseonformebly (?) overlies the

i basalt and is disconformably (7) overlain by tuff and rhyolite. The

thiokness of the agglomerate is variable ranging up to an estimated 150

- feet in the Centenniel Range. A voloenic neck composed of azglomerate

- may exist in section 12, T. 14 S., Re 4 Ve

A typioal agglomerate outorop is looated in section 7, Te 15 Sa,
Re 3 We Rook types present as fragments include scorlaceous bvasalt,
dense basalt, rhyolite, tuff, pumlce and sand. Colors of the fragments
inolude white, brownish yeliow, brown, gray, and bleek. Host of the

fragments averaze from 1 mm to 60 om in diameter, but dense basalt

’ chldera range to 120 om in dismeter and scoriaceocus basalt boulders

range up to 300 cm in diameter. The frezments are sub=angular to

57he pyroolastic rook names usec sre defined as follows, (Wentworth and

' Williams, 1932, pp. 45-50)

(1) PTuff « composed mainly of material less then 4 mn in diameter,

(2) Volcanic breccia = composed mainly of angular pieces larger than
4 mn in diameter,

(3) Agzlomerate - rounded or eubangular fragments, larger than 4 ma in
dlameter. Rounding not due to running water,

(4) Voloanic conglomerate - resembles volcanie brecoisa but particles
are rounded by running water,
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angular, and the large scorisceous boulders are most rounded, Fo
stratifioation s evident in the oobbles aud boulders but some of the
sand end granules in bebwsen them show rough stratification that is
rarely oonsistent for 10 feet in any direction, Some of the interstitial
ﬁaterial 18 tuff (see figure 16), and some of it ig stream sande The
f ezzlomerate is only slightly indurated. Underlying the rhyolite and

g dvoélying the basalt in the Gravelly Banze is & unit which mizht be cone
§>i1derod voloanic conglomerste rather than agzlomerate., The unit is

| axéotod in section 25, T, 12 S,, Re 3 W, in 2 gully on the divide bo~
ﬁitin Hetsel Creek and the vest Fork of the Madigon River. The rock
'eyp.- present as fragments include sooriacsous basalt, dense basalt,
limestone, quartsito, dolomite, and vein quarts. The variance of frage
ments zives the rock a wide variety of colors, The sige of the fregments
‘renges from approximately 1 un to 60 ome All degrees of roundness and
angularity oceur, but more of the fragments are rounded than in the
dgglameratog A rough stratification is present, and thin beds of granule
and pebble-size fragments (2 to 64 mn in diameter) ére interspersed in
the oonglomerate. The canglomerste is only slightly indurated,

Elsewhere in the Gravelly Rangze are places whers no conglonerate

erops out but large sooriacecus basalt and vein quarts boulders are scate
‘tered on the ground. The boulders are ugsually on the flanks of hills op
on spurs leading down to the (entennial Valley, A rhyolite outorop is
generally present near and above the boulders. If no rhyolite is near,
the boulders are looated on spars or ridges from which the rhyolite has

undoubtedly been eroded, The boulders represent the agzzlomerate or



Figure 16. Thin section of agglomerate

From Centennial Range sbove Winslow Creek. Tuffacecus
phase, composed almost entirely of volcanic chards.
Magnification, x 50,
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songlmerats vhich elsewhere 1s overlain by the rhyolite, The unit was
dcpoaitedonanmbualtsurfaoe,mdhaabunrmdalmostevem
where except where protected by rhyelitc capss The placer gold in the
West Fork of the iedison River probebly comes from the conglorerate sinee
there are no quartz lodes nearty,

Streans were active during or soon after the deposition of the
agolomerate, In section 17, Ts 15 8., Re 4 W @ strean channel wes cut
into the agglomerate £illed with 8and, and overlain by rhyclite, The
channel 1s well exposed on the Centennial Renge scarp, The channel is
semi-olrcular in shape, about 50 feet deep and 100 feet wide. Of the
"send”" 4n the stream chanmel 90 percent is voleenic chards, 3 percent

1s quartz end about 2 percent is other detritel minerals as garnet,
biotite and zircon, The voloanie chards are sharp-edged, triangular in
oross section and clengate in shape with aversge dimensions of 1/2 mm

by 2 mm, The othor mineral graing are well=rounded, and average 1 mn
in diameter, The chards are well stretifed and sorted by size into
layers from 1 to 2 m thick, and oriented with their long axes persllel.
The color of the sediment ia g lght yellowish grays The deposit iz not
cemented and 1s ss unconsolidated as beach sand,

IRLLe = Tuff bede of verylng composition ure present botween the
besalt andvt.he rhyolite, They are interbedded with the agrlamerate as
described sbove, or interbedded with basalt, or overlain by rhyolite,
Tuff beds are well exposed on o steep ridge 2 miles southwest of Lakeview,
near the headwaters ef Duff Creek, and on (1d Baldy Mountedn in the Gen
tennial Range and 1n gection 99 Te 13 Sep Re 2 W, in the Gravelly Range.
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The thickness of the tuff is veriable. Several tuffs beds on Iuff Creek
have an estimeted sggregate thickness of 200 feet,

The Duff Creck outcrop iz exceptionsal, and shows graphically the
tuf? and basslt relationshipe. & ridge from the crest of the range
trends north and south end descends to the Centermial Valley. Ina
oliff on 4te west side 1s exposed a vertical section of voleanic rocks,
about 400 fest thick. At least three basalt layers and three tuff beds
are interbedded, Figwrw 17 is a aketch of the outerop, Apperently enough
time elapsed between flows so that vegetation could grow on the previous
surfece, At one contact of basalt over tuff 1 to 12 inches of lignitic
naterinl are present. Assoclated with the lignite 1s a aoft, greenish
yellov minersl tentatively icentified as jJarosite, (Klepper, 1942).

TR T TR T T
R AAARAN,
G SN Y

RAL 2

o

T F e L
i1

3

Figure 17, - Sketch of Duff Greek volcenics; dark bands are basalt,
light bands are tuff,
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Tuff outorops where not concealed by’vogotation form prominent
landmarks. Tuff beds orop out at the top of 0Old Baldy Mountain in the
Centemnial Renge and oan be seen many miles awsy,
| The tuffs show considersble variation both laterslly end vertically.
Typleal tuff specimens are composed of small fragments of basalt, rhyolite,
punice, other tuffs, volcanic chards, and varying amounts of caloite, The
oolor is whifo to cream to light zray. The volcanio glass charde are
colorless to greens The size of tho component partioles ranges from very
small ohards of about 1/16 mm in diameter to fragments of voloanic rocks
| 4m in diamoter._ The shape of the particles is sometimes rounded, but
generally angular, espscially the chards, Tuffs ers usually soft rooks
even thouzh some of their individuel components mey be hard. The finew
~ grained tuffs are usually indurated more than the coarser tuffs. In the
- fine=grained tuffs ealeite ls generally the cement, but silica end olay
are occasionally cements, Some beds are so calcarsous that they are
fresh-water limestone with admixed tuff, end imperfect molds of gastropods
wore found in one such rock in section 9, T, 13 S, Re 2 Wo Other tuff
beds contain thin layers of opal. The opal resulis from the weathering
of basic voloanic minerals whioh under alkaline weatherinz conditions
break down to nontronite. According to Soheid (1948) silioce is taken into
solution at the same time and may be deposited at a lower lsvel as opal,
3trike and dip readings taken om tuffaceous strata do not gemerally agree
with regional readings and indicete that the tuffs were depcsitsd on an

irrezular land surface, or are oross-bedded.
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Bhynlite. - Rhyolite flov remnante unconformably overlie the dbasalt,
- agglonerate or volcanic conglouerate, and the tuff beds, znd may also be
v | il{nﬁr—bedﬁed with the basalt. The rhyolite caps nost of the Centennial
 5 :"‘Rnge west of Odell Creek ond mery of tho higher ;oints :'m the Gravelly
. Rénge, and hag a maximum thickness of 50 feet.

The rhyolites are often porphyritic, and have an aphanitic groundmnsss
with small phenocrysts of ;lassy feldgpar vhich 1s ugually sanidine, but
sometires if orthoclage (see fizure 18). The phenoervsts forn 5 to 35
percent of the roclk. The rhyoliteos nayv be almost wilte, light gray,
yellovwish sroy, purplish gray or pele red in color. The vhenoer:sts
usually are from 1 to 2 m in dismeter. The rhyolite is hard and withe
stands wveathering better than the other voleanics. Flow structures may

gonetines he ghaerved in the rhvolite,

A %ypleal specimen of rhyolite fr-n mection 25, 7. 12 8., R 3 ¥,
1# the Graovelly Hange, wes examined in thin section. The ronlc contains
b5 porcent felmpathic and quartzose sroundmass, J0 percent feldspar
phenocrysts which include oligeelage, and sanidine, ond ® nercent accessory
ninorcls which include diopside, hrmersthene zircon snd magnetite. Sowms
pascictolrtic tridymite s resent. The groundmass shows slipght parallelian,
d@ to flov structure. Hegnscopically oxanined, the rock has o mediwm srey
golor (N-5). The phenocryats are glassy and range in diameter from ifM mm
t0 2 . Irregularly parallel surfaces covered with a £iln of iron oxides

probably roprogent flov surfaces.

A rhyolite flovw crous out on the low wvestern end of the Centenniml

Ram::e in sections 1 ans 12, 7. 15 5., R. 5 Y, and becausge of its orunge
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Figure 18, Thin seotion of rhyalite

From Gravelly Range, near West Fork of Madison River,

Note very fine-grained groundmass; phenooryste of
sanidine ' . feldsper, Magnificatiom, x 50,
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oclor (weak yellowish orange, 10 YA 7/4) it can be seen for a long dis-
tance, The rock conteins 80 pervent aphanitic groundmess, and 20 percent
glagsy senidine /. ' feldspar phenocrysts, The phenocrysts are from 1/2
mn %0 2 mun in diameter,

Rikes and gills. - Dikes are localized in two general areas, namely,
in the foothills to the immediate north of the Centennial Renge orest,
west of Odell Creek and in the Long Croek ~ Buby River besin., The Aspen
formation is host to practically all the dikes, Host of the dikes secnm
to woather at the same rate the Aspen formestion veathers, but lecslly
several form valls from 1 to 6 feet high, liost of the dikes are on the
heedwaters of Jones and Peet Creeks, and they trend approximately 90° to
oach other, or N 45° E, and N. 45° W, The dikes in the Long Creek -
Ruby River b&éln, although fewer in mmber, also follow two distinet
direstions more or less at right angles, and coinoide appraximately with
the Jodnts there, The correspondence of Jodnte and dlkes suggests that
the joints helped localize the dikes, or were formed contenporanecualy
with the dikes, In general, the dikes are from 3 inches to 6 feet wide
and from 100 feet to over a mile long, and have affected very little cone
tact metamorphism, One dike in section 34y Te 13 84y Re 4 Wo may be &
fissure vent from which basalt flowed forming a wider outcrop than usual
for the other dikes, Detailed mapping near the headwaters of Jones Creek
in the Centennlal Range may establish a well dolineated dike SWaIT
radiating from a volcanic vent in the vicinity,

Only one sill was mapped and it may be a dike. The sill is lovated
in section 36, T. 14 S., Re 4 W, The 5ill has a high dip of 80° sW, but
the enclosing strata also hove the same dlp (see crossesection CeG! ’ .

figure 27).
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The rocks that form the dikes vary oonsiderably. Rendom samples |
) ;, oollected from the dikes and studied in thin section have besn identified
as dacite porphyry, dorite ”pérphyzw. and olivine~basalt porphyry (see

~ figure 19). |

" A ssmple from a dike that srope out on ‘Jonea Creek is an alj,vine

basalt porphyry and contains 50 percent labradorite, 25 percent msgnetits,
10 percent augite, 5 peroent quarts (as a wall=rock contamination), 5
percent olivine, and 5 peroent of accessories es epatite and biotite, The
oolor of the rock on a fresh surface is dark gray (Ne3), anc on a weathere
‘ed surface it is brownish gray (5 YR 4/1). The olivine basalt porphyry
has & fineegrained groundmass with orystals sveraging 1/8 mn in diemsber,
'Phenooryste of auzite have maximum dimensions ranging from 1/2 ms to 1 em.
;The groundasss shows some paralleliam, perhaps dus to flow structure.

A sample from the #ill in section 36, T, 14 Ses Re 4 W is an olivine
'bualt porphyrye. It containe 35 percent labradorite, 35 psrcent chlorite,
wiioh 1s partly sltered to iddingeite (?) and montmorillonite (?7), 15
percent maznetite, 10 psreent olivine, and 5 peroent accessory minerals,
whioh include augite and calcite, the latter ag cevity fillingg. The
rock is a mediun dark gray (N-4) color. A zroundmass which sontaing &
high peroentage of plazioclase miorolites forms 70 percemnt of ths rock and
phenoorysts form 30 percent of the rock, The groundmass eryatals range
from 1/50 ma to 1/4 mn in diameter and the phenoeryste range from 1 mm to
1 cm in diameter, The plagioclase laths show = definite parallelism due
to flow structure, The chlorite is probably an alteration product of the

‘other iren and magnesium=rich minerals,
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Figure 19, Thin section of dike rock

From a dike on Jonss Creek headwaters in Centennial Range.
Contains andesine, chlorite, magnetite, hornblende. Lafic
minerals show alteration. XHook neame, diorite porphyrye.
Nagnification, x 50,
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Of interest is an outorop of voleanis rook which forms the curiously
" named Fossil Mountain in section 16, T, 12 Ss, Re 2 We The outorop is &
messive knob of voleanioc material rising almost preoipitously about 500

feet above Fossil Creeke It is composed of o dense, hard igneous rock
; ,

!!’ not resembling in an;y way the effusive volcanio rocks that eap the nearby
‘-hnla. The rock is an olivine basali porphyry. A megzascopic examination
E lhoﬁs the rock oontains 70 peroent aphanitic groundmass, probably largely
| lebradorite, 20 perscent olivine and 10 percent hormblende., The rook has
8 graylsheblack (N=2) color, The hormblende orystals ere thin laths,
1 mn or shorter, and the olivine phencecrysts range from 1/2 to 5 mm in
dismeter, The olivine msy be partly weathered end thus stained by iron
oxide, but if viewed on & fresh surfacs it is & very bright green., Iossil
~Pesk is probsbly the vent of one of the voloanoes that were sotive in the
) ‘émtonnial Ragf;on during Tertiary time,

Age of voloanios, = Voleanis sotivity in almost every Tertiary epoch
is rocorded in southwestern liontans and southeastern Idaho. However, most
workers (Kirkham, 1927, ppe $1«38; Howard, 1937, p. 78; Lowell, 1949) can
differentiate two major periods of vulosnism. Tho writer will use Kirke
han's terms of early lava and late laves (1927, p. 31) to refer to the
two periods of vuleoanisme The early lavas are present 40 miles to the
northwest near Armstead, lMontana, and Lowell (1949) says they are of

~ Eocene or Kiocene age. TEardley (1949) says laves of lower Mioeene aze
are present in southwestern Montana, The writer thinks these lavas may
represent the early leavas., Kirkham (1927, p., 1) found early lavas in

southeastern Idaho only where preserved in erosicnal or struetural
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velloys, but did not give the lavae an age designation, The writer
belicves that none of the voleanics of the Centennial Region belong
to the early laves,

Kirkham has deseribed the late lavas in the Cemtennisl Renge Sneke
River lava plain as (1927, p. 34);

"+ « o genorally made up of basal flows of basalt and andesite,

vith trachytes, latites and rhyclites constituting the upper

flows, Interbedded with these lavas occurs ash beds, fresh

water limestone, clay shale, sandstone, end eonglonerats,

g:t:uare celled the Salt lake formation, southeast of this

Kirkham, (1927, p, 13) assumes the lote lavas are of Pliceene 86,
and that the Salt Leke formetion 1s Fliocene in egey (1927, pe 34). The
interbedded tuffs and channel sands in the voleanic flows of the Centen~
‘nial Region resemble Kirkham's (1927, p. 34) desoription of the Salt
Lake fomticn; The Contennial volcanice will be tentatively termed
Plicoene (?) in age until more conelusive evidence is found, Howard
(1937, p. 78) and Lowell (1949) have recognized Pliocene volcaniss in
the Armptesd, Montans and Yellowstone Purk regions, respectively,

Begln beds. ~ Almost every intermontene besin in western Momtana
has strate that have been called "Bozemsn lake beds”, Depooits called
Bozeran lake beds range from Oligooene to Pledstoceno in age and are
both fluvial end lacustrine in origin,

The Bogeman lake beds are not exposed in the Centenrdal Region but
they may be present in the Centennial Valley although covered by later
sediments. The Centermial Valley is a structural basin and apparently
no differsnt from other basine in which Bozeman lske beds are oxposed,
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By the same reasoning, the author alse assumes that though not present
in cutorop, the alder Sage Creek (uppor Eocens) and Cock Ranch (midale
Oiigoeem) formations are present in the Centenniel Valley. The Sage
Creek and Cook Rameh fémationa are continental clastics. The type
localities for the Sage Creek and Ccok Ranch formetions are only 35 miles
west of the Centennisl Region,

idgh-level zravela: - A veneer of well-rounded pebbles or cobhles
which may contein same boulders is Present in the centenniai Rogion in
varying emounts on ereste and on ridges thet descend fram the crests,
The gravels are well exposed on the flanks of the grassy Lllls near the
mouth of Long Creek in ssctions 23 ang 24y Te 13 Suy Re 4 W, where a
pavement of cobbles literally hlankets the hillsides. Figure 24 shows a
spur in soction 26, T. 14 S, R. 3 ¥, that trends northward from the Cene
tenniel Range arest into the Centennial valley, and on which gravels are
spread.

At no place was more than a veneer of the gravels observed, but
the grevels in places are abundant enough to hide the underlying rocks.
The gravels are gencrally wellerounded, Precarbrian #chist, gneies,
quartazite and other metamorphic rocks, Paleozoic limestone and chert,
and Tertiary volcanios may be found admixed., The gravels east of Long
Creck are almost entirely Precambrian (7) quartzite, from 2 to & inches
in dicmeter and very well rounded,

mmumllmofmmvcluisbenem&tobatheumumed
conglomerate, the voleania conglomerate, or a similer wnit, The cone
glomerate has beon eroded, tut 2 residmm of the more resistent particles
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or those protested from erosicn, remains scottered over the landscape,
Where voleanics are prosent nearby and at higher levels, some voloanio
oobbles alsoc may have floeted dowh to mingle with the older gravels, |

The concentration of the gravels to their present sites has been
going on probably since early Tertiary time and is still continuing,

(uaternery systen

Gsneral foalures. - Quatornary alluvium covers the floor of the
Centenniel Valley, Sand dunes have developed on the alluviwm in
Recent times, Elsewhere in the Centenninl Region glgeial deposi@s are
present,

Glagdal deposils. ~ Extensive Pleistocene mountaln gleciation
occumdinthehigherpanofthemntonnialﬂanga, esast of Odell Creek,
In general, hovever, the mountains studied in this report vere too low
to sustain Pleistocene mountein glaciation, Sowe evidence of glaciation
however was cbeerved on the heacwaters of Divide Creek on the eastvard
faocing scarp of the Snowcrest Range where severel small but very sym-
metrical scallops in the mountain front contain tiny lakes, (sece figure
0). Several miles down either side of Divide Creek are boulder ridges
which may be latersl moreines., The mountain orest is only 8300 feet in
elevation here 8o a possibility exists that the plisncmens may be dus to
weathering, creep and slump, Swall scallops in the crest of the Centen-
nlal Ronge near Old Baldy Mountain in section 32y Te 24 S R 2 W, are
alsc believed to be dus to weathering processes.

Of interest because it poses & problem, was one large sandstone
boulder, about three feet in diameter, with stristions (2) cbserved
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on the ridge in section 5, T, 12 S., R. 2 W, in the Gravelly Range.
Other striated (7) boulders are reperted presant along the crest of the
Gravelly Ronge. On the basis of theso boulders Seott (1938, pp. 1011-
1032) end Atwood and Atwood (1945, ppe 957-980) hawe postulated an
Eooene glacletion in this region., The suthor does not sgree with their
conclusions for several reasons.

Seott (1938, p. 630) named the Hlack Butte t111 from some gravels
near Blaak Butte, six miles north of the Centennial Region in the Gravelly
Range., &@mmtﬁlwmmmﬁﬁlycmhwditwﬁh
the Ridgeway and Gumnison tillites of Eooene age in Colorado. The
following points in Seott's argument are weak,

1. Gravels cover mich of the orest of the Gravelly Range but they
are siream gravels, not glecial gravels, Scott says, (1938, p. 629),

"The 'gravels' are, for the main part, glmial
deposits of various ages. They vary in thickw
To adiltion 10 those of eurly Tertiary g
three distinct stages of Pleistooens glaciation
are recogniseble,"

The "glacial® gravels are high level gravels that have been described
earlier in this papers The gravels mey be found in many places as & vene
eer hut the author doubta that s thickness of 200 feet is present, Iihere
spperent exposures exist as in section 8, T, 12 S,, R, 2 W, in the Con=
temnial Regicn, Cretacecus shales underlie high level gravels floeting
downhill,

2, Comtrary to the above statement by Seott, no stoges of Pleisto-

ceane glaciation are recognizable in the Gravelly Range, The nearest
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mamamhmasmmmmm”ruuqandthenmdueto
Fleintooene glasciation in the higher Madison Range to the east.

Scott also shows Pleistocens drift in his geolegie wap (1933, p,
631)s Since Black Butte 15 tho highest elsvation in the range and is
nearby 1t i assumed that the source of the drift would be glaciation
¢n or neer Black Butte, Except for one possible exception in the Snowe
crest Range the author hes not seen any reoord of Fleistocene glaciation
in the regionstudied, Atwood and Atwood (1945, pe 194) themselves
refute Scott's claim of Pleistocene glaciation, They say;

"Thtramnoeirgmaorcwona, w- Black Butte -~
shous no signs of glaciation,”

3+ Scott desoribes the t11) as composed of £ine sani and silt, pebe
bles, cobbles and boulders, mainly derived from Precambrian metamerphlc
rocks (1933, p. 633). The till, however, should contain at least aa
mch Paleosole rocks as Precanbrian, since Palecozole rocks undoubtedly
croppedmmmmmminhrumtmewtheydoms Scott asays
the limestones have besn leashed away. (1933, p» 633). 1If mo, clay
should remein and the t111 showld be a hardpen, The till is not a
hardpen, nor is it consolidated in BNy WaY.

4+ Aocording to Scott, (p. 635) the Kocene (7) t411 is overlain by
tuff and besalt, respeotively. Scott says the basalt is younger than the
tuff because it overlies the tuff, (p, 633). It has been shown earlier
in this paper that some tuff is contemporansous with the basslt and some
may be younger than the basalt, So many horizons of tuff or tuffaceous
sediments may be found that it ig impossible to correlate the tuff in
the mountains with tuff in the Bozeman lake beds, as Scott does (1938,
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. Pe 634) especially without any fossile., It has been sugpested earlier
that the voloanic deposits in this region are probably Fliccene in ago
and that the lake beds mey be Oligocens to Pleistooens,

5« The correlation (1938, p. 635) of two glacial deposits, ap the
Black Buite till end Ridgeway tillite, 1000 miles apart, is questionable,
espeelally when one deposit is of uncertain origin and age, and covers
only sbout 1 square mile,

Atwood end Atwood, (1945, ps 191) said that the gravels on Gravelly
Range were,

"+ « + in large part at leust, ~- a glacial morsine.
Some of the finer material may be outwash associsted
vith glreiers, This moraine was deposited by alpine
glaciers which deacended from mountains that no
lmgermtandmplacedinameydnﬂnglf:o-

cene time, There it remained through the long
periods of midwTeytiary erosion when the widespread

Rocky Mountain peneplain was developed, Todsy, owing
tothembuquentupuﬁ.anderodonofthuranga,
it 1s a high pluce or crest of a mountain renge,"

Several woak neinta in their argument are noted,

1. A boulder, admittedly weathered, (1945, p. 192, 193) is shown
by Atwood and Atwood as an example of striatilons, Although the stylaticns
are transverse to the color bands, the striations may be due to weathering
controlled by the rock fabric which is invisible to the naked cye,

(Knopf and Ingerson, 193¢, p. 15)

2, Atwood and Atwood (1945, p. 192) concede that most of the "mop-
aine" is vater-worn moterial., Lack of stratification is held as evidence
for glacial deposition. The author points out that a residual deposit of
gravels such as the high lovel gravels described eariier in this report,

usually has no atratification.
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3. A pemepleir is essentially s level surface out on all of the
rocks of a region. It 1s hard to pieture & glaeisl deposit remaining
unoonsclidated, essentially unweathered, and undisturbed through a
oyele of pepeplanation, as Atwood and Atwood postulate (1945, p. 196).
All wisconsin tills of the central United States are deeply weathered,
Nebrasken tills which mey be one million years old are almost unrecognize
eble due tc weathering, If the Black Butte til1l is Focene it would seem
that even if it had not been peneplaned, some gumbotil would hove formed
in the 50 million years of its existenoe,

4+ Atweod end Atwood (1945, p. 196) postulate the Gravelly Range
site was a lowland when areaz nearby were high, The suthor belleves that
the lines of weakness controliing the Rocky Mountain renges have been
long existent and relatively fixed, Some ranges, of course have been
higher than others, but taken as e group any one Tange was not low
while another nearby renge was uplifted. It is hard to conceive the
Cravelly Range being markedly low in cemparison to nearby ranges ot ane
tinc and elevated to an oqual elevation at another time, (Eerdley, 1948z).
Uplift and 1ikewise erosion, affect regions, not selected ranges.

5¢ Atwood and Atwood (1945, pe 196) dete the moraine as Eocene
apparently mainly on the basis of Scott's age determination which has
been shown to be erroneous,

6. The climate in Eocene time was a warm tropical climete with
losal arddity (Eardley, 1948a), not conducive to glaciation except in
very high meuntaing,
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7+ Atwood and Atwood (1945, p. 195) use the terms "til1" and
“tillite”inmmhlytonfortothnmukmugnwlsandinno
place menticn the degree of consolidation of the gravels.

8. Stristed boulders in strean deposits do not naceaﬁar:lly slgnify
glacisticn, Striations nay be formed while rocks are encased in river
ice, and then the striated rocks may be ice rafted long distances downe
stream, Striated boulders of this origin are commonly being forned now
in Alaska and were formed in Pleistoocsne time in the drainage baesins of
the Potamsc and Tennessee Rivers (Wentworth, 1928, pp. 948-953), and in
rivers in southenstern Texas (Reed, 1923, pp, 520=521).

In this report the authar has previously described twoe sources of
gravels present in the Centennial Region, namely, a Cretacecus or early
Tertiary conglomerate and & Fliocene (2) voloanic conglomerate, Both
units have been shown to contain resistant Precambrian boulders. Both
units probably covered the Gravelly Range at one time. High level gravels
have beon shown to repwesent a residuum of the weathering of either or
both of the units., The questionable thickness of Scott's "till" has
been revieved, the preponderance of stream gravels in the deposits noted,
the possibility of come stristed boulders from extra=glacial sources in
stream deposits suggested, the age determination of the "ti1l" proved
exronecus, and correlation practices questioned.

The author believes that the "Black Butte till" is o resicnum of
the erosion of oconglomerate that once covered the Gravelly Range, He
believes that no t1l1l or moraine existo in the Gravelly Range,

Alluviig. - The Centennial Velley is coversd by Pleistocene alluvium
which 45 at least 35 feet thick and perhape scveral hundired foet thick,
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The Red Rock River flows on the alluvium acrose the castevest length

of the area stulied, The valley floor averages 6 miles wide and includes
an area of about 13C squere miles, It is nearly flat, (see figure 4)
except for a few sand dunes and gently sloping fans built out onto it by
streans from the mounteins that surround the velley, Smalier deposits of
alluvium are found in seotions 1, 2, and 3, Ts 13 S., R, 2 W,, in the
Odell Creek walley and Long Creck Valley,

The sediments covering the valley floor previocusly have been
casually termed either Bozeman lake~beds, or Tertiary lake-beds, The
Bosenen lake~beds have been considered earlier in this paper, The lake
beds do not arop oul anywhere in the Centennial Region but mey be present
at depth in the Contennisl Valley,

The Flelstoocene alluvium is well exposed in & draw in section 2,

Te 14 Sep Re 4 W,y vhere a thickness of 35 feet was measured., The
strate are probebly considerably thicker than the exposed secticm.
Kirkham (1927, p. 23) reports a thickness of 400 feot of Pleistocens
gravel and alluvium from ud Lake, ldsho, 50 miles southwest of the
Centennial Region, The alluvium in the Centennial Region is mainly
e1lt ond some marl, The following thickness wes meesured in section 2,

T‘ u SQ’ R. 4 Hl'

it Ihickness in fest
2, Marl; eilty, white, unconsolidatad,
with bone fregments of rodents (?) 5

1, S511%, marl gravel; ocolor of silt and
gravel, grays marl, white. Several marl
sones up to 5 inches thick, Several
gravel lenses, 6 inches or less thick,

very irregular bedding, particles up to
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12 ms in dismeter. OCastropods found
at depth of 15 feet, gophsr and ground
aquirrel bones at 4.5 feet depth, . 3]

Total thickness of alluvimm - 35 feet,
The vertelrate remains were identified by Hibberd (1949) who says,

"+ + » in regard to the specimons from the Bogeman
Lake beds), Deaverbead County, Montanas your Ho, 8w
131}, one, the anterior part of a gopher skull
(Thcmexyn ms, Ko, 25,806); and the
oﬂnrapartoftherightjmofagmmdsquml
with — u,, Maa, Ho. 25,805,

Both of theso forms”are Recent in aspeot. The
beds cannot be older than late Pleistooens from which
they were taken, provided the fossils were taken in

plaoce,®
The gastropods were identified by van der Sehalfe (1949) who says,
"s o » & veport on the mollusks = upen examinetion

are: Lymnass 88y, = very sindler to our
reoent specimens of this specics, The shells =

are & group of fresh-water forms and that species
tends to inhabit pools (in) lake-like vegicns.”

Sand dmeg. - Intermittently smell lakes have, as they do now,
cocupied part of the valley, or larger tenporary lakes have flooded the
whole valley. Theflatmuofthovallayﬂmr, old beach lines con
the valley slope (mee figure 26) and wave (?) trunscation of spurs ox-
tending intc the valley (see figure 13) all attest to this, After the
last flooding of the valley, and before vegetation could develop on the
emergont silis, the constant winds in this region forwed several arecas
of dunes cn the valley floor, (see figure 26), The dunes will be more

coupletely discussed under *Physiography."
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STRUCTURE
General features

The following disoussion will be made clearer by reference to the
gealogie mapé and structure gectione of the Centennial Reglon (figure 27) ’
end to the other figures, (3, 4, 11, 13, 14, A, 22, 28), dealing perti=
oularly with struoture. The disoussion of the structure of the Centeri
nial Region will first note the general features, thon describe the
individunl structures, and finelly offer s structural history of the
reglon. |

The rocks invalved iz the siructure of the Centennial Region are
divisgible into 3 troad olzsses; namely, (1) the Precambriap bosement
complex, (2) Paleoscic, Memozoic and eerly Tertiary sediments, (3) and
Tertizyy volcax;ica. The above rocks, deformed in varied degree, crop out
in parts of the Centennial, Cravelly or Snowerest Ranges, These moumtein
ranges are characterized by general simplicity of structure including
broad open folds and high engle faults. Only one overturned fold ie
present, and no thrust faults were noted such as exist in almost any

6&9:'1&1 photos flown for the Agricultural idjustment Administration
were usod as & base for the field mapping of the Centennial Region,
Flight strips wvere tied together using the radial line assenbly method
(Bardley, 1942, pp. 55-69). Section lines were drawn on the aerial
photos using section corners located in the field, roads, ranch fences,
and boundary and drift fences in national forests, Forest service naps
of the Beaverhead Netionel Forest were of great help. The center lines
and wing points of the flight strips were transposed to an acetate
overlay and section lines and contacts wvere also transposed, From the
overley a base map of desired (smaller) acele was prepared, A grid was
devised for the overlay and a proportionally smaller grid for the base
map of desired scale, and contacts, culture and drainsge were sketched
on the snaller rap.
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direction from the aresa, Several periods of crustal movement are recorded
in the sediments, with some of the older sediments deformed more than the
later sediments,

Parts of three mountain runges ere present in the Centennial Reglon
area, Fach of these ranges differ considerably from the others, Their
gross structural features are herein reviewsd,

The quthor belicves that the Snowerest Range and its northeastern
extension, the Greenhorn Range, (north of the Ruby River Canyon), is an
asymuotrical anticline, steeply overturned to the southeast, It has a
trendg to the northeast and may locally pass into low angle thrust faults.
The southern end of the Snoworest Renge forms the headwaters of the wegte
ward flowing Blsoktail Creek, A northwestescutheast section through
Antone Feak in the Snowerest Range shows three crests (see cross section
B-B', figure 27). A western crest 1s formed by Paleosoic rocks and
central and eastern crests ere formed by the Cretaceous (2) Tertlary con-
glancrate, which unconformably overlies the older rocks and is folded
but less so than the underlying rocks,

The Gravelly Range 1s a deeply dissected block of Paleozoic and
Yesosoic sediments which trends north to south and dips to the west,
resting on & Precambrian core. Several short tension (7) faults which
trend east to west cut the sediments. A welledofined anticline, asyn-
metrical to the east, uliich irends nortiwest to southeast, and a corres-
ponding syncline are present in the otherwise evenly dipping rocks.

The highest part of the Centennisl Range vhich is east of Odell
Creek, 1z & block of Paleozoic sediments, bounded on the north by a
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steep 3000 foot soarp of tectonic origin, The arest of the Centennial
Range west of Odell Creek is capped by Tertiary voleanics on an antie
elinordwm which trends southeast in the Upper Cretaceous sediments.
The western half almo bas a relatively abrupt scarp to the north, fron
500 to 2500 feet high, and & high angle thrust (?) feult which trends
north to scuth along the Odell Creek valley separates the esstern and
vestern helves of the Centemnisnl Range. Two large basins are found in
the subject area, namely the Centennisl vellsy and the Long Creek -
Ruby River basin, The Centermisl valley is & bagin which trends osst
to west, averages € miles uide, and extends across the area studied.
It is mairly a basin of deposition and contsins an unknown depth of
Pleistocene and older continental deposits, The basin is of tcotonic
but may be partly of erosionel origin. The Long Creek-Ruby iiver
basin trends north to south, is about 4 miles wide, and divides the
northern part of the Centennial Region, and msy be of tectonic origin,
The soft Aspen formation, which forms the floor of the basin, is being
repidly eroded by the active Ruby River.
Laromide faults

Gayelly Range. = A high angle normal fault in sections 27 and 28,
T. 12 Sy R 2 W, neer Fossil Creek has en estimated length of 1.5 rniles,
strike of H, 70° E, and estimeted throw of 500 feet, with the scuth side
downthrown, Red siltstons float on the scuth side of the fault indicates
that the Woodside formation moved down and rests against the Phosphoria
formation. The Dimwoody formation has been considerably shattered along
the fault just east of Fossil Creek, Hewe a hill several hundred feet
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high is camposed of a jumble of Dinvoody fragments, ranging in ddameter
from 1 inch to 50 feets FPost-fault solution around the fault szone may
heve caused slumpdng, ascounting for the large blocks,

A small high angle thrust fault is located nesryy in secticn 27,

Te 12 84y Ry 2 Ws The fault trace &5 about a quarter of a mile long and
the strdke is N, 20° E, The fault plane has an estimated dip of 6Q° i,
The throw is ebout 75 foet and the heave abeut 35 feet, The displacement
in a resistant chort meanber of the Phosphoris formation is well dis-
played on the West Fork of the Madison River,

Another small high sngle fault is located in seotion A, Ts 12 8,
E.lw.,whomitisbelievedtobtpamlloltothecmseofme‘ﬂesb
Forik of the Madison River, The fault is at least a half of a mile long
and its strike 1s N, 45° i, The estimated throw is 300 feet and the
southwest side has been brought into contact with Cambrian Flathead and
Meagher formations on the nartheast side,

Sanienndal Rence. - Faults observed in the Centemnisl Range are
losalized near Odell Cresk., A higheangle thrust fault or posaibly a
nornal high-angle fault 1s located mostly west of Odell Creek in sections
1 and 12, T, 15 Say Re 2 Wey section 36, Ts 14 S., R. 2 W. and secticn
31, T 14 Sey Re 1 Ue The estimated length of the feult is 3 miles,
though it may extend farther in either direction, The fault trace is
irreguler tut 4t has a general strike of N, 30° E, In soction 1, T. 4
Sey He 2 W, vhore the Brazer limestone 1s in contact with the Aspen
formstion the cstimated stretizraphic throw is 4500 feet and the throw

_perhaps 3000 feet. High northvestwnrd dips are present in the Aspen
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formation suggesting a high angle thrust type of fault, The fault
mhﬁommmnexpmdalmgtheewrseofammtaryofmm
Croek that flows from the 1ittle lake in the northwest corner of
section 12, To 15 84y R. 2 Ws Much of the fault trace is in heavily
ferested country, but it can be recognized by Mississipplan limestane
and Cretaceous coarse "salt and pepper" sandstone flost,

A small low angle thrust fault slice in gection 1, T. 15 Sey R
2 W.y near Odell Creek mey howe been overridden by the above described
fault, The fault slice is about 1 mile long and in the southern part of
section 1. It has a due north strike, turning in the northern half of
section 1 to an almost due west strike where it abuts against the sbove
fault, The fault plane has an estimated dip of 30° S, and the stratie
graphic throw 1s about 1000 feet, At the northern end of this fault the
Erazer limestone of Mlesissipplan age overlies the Dinmwoody formation
of Triaseic age.

Other feultc ave present in section 30, T 14 S., R 1 We but vhey
contime into the Lyon quadrange mapped by Kemnedy (1948) and so will
not be discussed here, (see figure 6),

Laramide folds

Gravelly Rangg. - On the western flank of the south end of the
Gravelly Range are two folds, the Metzel Creek antiecline end the Fox
Cresi mynoline?, (see figure 11),

The axis of the Metael Creek anticline may be traced from section
17, T. 13 S.) Re 2 W,, northward for threc miles and then northwestward

7Fox Creck enters the West Fark of the Mudison River in the northeast
corner of sectlon 13, T, 12 8., K¢ 3 ¥,
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for about six miles. The anticlihe 1s from three to four ndles wide.
At the south tnd it plunges under the Quaternary alluvium with an engle
of plinge estimatod at 10° S, and at its north end it merges into the
thick Upper Cretaceous sedimentary sequence of the Long Creek - Ruby
River besin and has an angle of plunge of 15° MW, The fold 1s asymsot~
rieal to the northeast, the strata on that side dlyping from 18° to 550
HE., and those on the southwest dipping from 59 to 22° SW., The West
Pork of the Madioon River cubs across the northwostern balf of the fold
and exposes beds from Pennsylvanian (Quadrant) to Upper Cretaceous
(Aspen) in ege, The scuthern half of the fold is capped by resistant
Phosphoria formation chert and quartzite, The anticline is nowhere
faulted, tut some dikes intrude its flanks, and voleanios overlic ite
higher points,

The- For Creek syncline roughly parallels the Metgel Creck snbticline.
The axls hms an average No 30° W. strike and is about 8 miles long, The
snyeline enlarges from 1 mile wide at 4ts southern end to 4 miles wide at
its northern ends The fold closes to the south, in section 33, 7. 12 5.,
Ry 2 Vay and opens to the northwest with an estinated 10° angle of plunge.
The syneline is asymmetricel to the soutiwost where the strata dip frem 18°
to 55° N.E., a8 compared with the northeast limb where they dip an aversge
of 11° S, Upper Cretaceous Aspen strata lie in the conter of the syncline
and tho oldest beds expomed in the nose of the fold belong to the Poymian
Phosphoria formation,

Gantennial Bange. - The Peet Creek anticlinorium is located in the
drainage basin of Peet Creek in the northern third of T. 15 S., R. 3 and
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4 Way end southern third of To 14 S., R, 5 and 4 W,, (@ee crossesection
C-G!, figure 27), The length of axis of the major fold can be followed
for about 12 miles, and the length of the axis of the smaller folds are
distinguighable for 2 to ¢ miles, The width of the antiolinorium is about
& miles, end the width of the separate folds ranges frem half & mile to
2 rdles, The general strike of the anticlinorium is N. 60° U,, but ite
component folds mey vary from Ne 459 ¥, to N, 65° W, One of the smaller
folds 4n section 25, T, 14 N, R. 5 W. was obsorved to plunge with an
angle of sbout 30° W,, btut none of the other folds was seen to plunge.
The trend of the anticlinorium which et the surface is entirely in the
Aspen formation is covered to the northwest by (uaternary alluviwm and
to the southeast by Tertiary valcanics, The anticlinorium la abnornal;®
the folds on its southwest limb are asymmeiricel to the northeast, the
- folds on its northeast limb are asymstricsl to the southwest. On both
flanks the dips of the asymmetrical limbe range from 50° to 80°% and the
dips of the opposite limbs fram N° to 40° The central fold of the antie
clinoriun is slightiy asymmetrical to the pouthwest, Several miles to
the oouth across the Continental Divide into Idaho falding is present
vhich may represent a contimiation of the Post Cresk anticlinorium
(Kixichan, 1923, Pe 4)s (See also figure 13, this text,)

A smll fold is probably present in the Aspen formation in section
31, To 14 Sep Re 1 W, The strike of the axts is N, 30° E. and it can be
traced for approximetely one mile, The fold was postulated on the basis

8In an abnormal anticlinorium the axdal planes of the minor folds
converge upward. (Billings, 1946, p. 51).



los

of opposite directions of aip sbout half a mile apert, in the Aspen
formation,

. ghodorest Bangge -~ The Snowocrest Range in its southern extension
has three crests ae shown in cross-section B-BY, on figure 27. However,
about ten miles to the north the crest formed by the Paleozoic and
Mesozolc strate becomes the only crost in the range, The strete are
overturned and may represent the overtwrned limb of a large overtwrned
anticline, 20 miles lemg, uhich trends mﬁhweet to southeast. The
fold (?) axis is locsted in the northwest corner of seetion 3y Ta 12
Ses Bo 5 He, where 1t strikes N¢ 50° E., and the axial plane 1s over=
turned and dips 45° W, Beds in the overturned limb (7) gensrelly
dip from 30° to 65° WV, The oldest strata exposed in the fold (%)
is the Madison group of Lower Mississippien age and the youngest is

~ the Aspen formetion of Upper Cretacecus age, North of the Ruby River
canyon the fold (1) may pass into a thrust and scuthwest of Sawtooth
Peak, nsar tie west boundary of the Centennial Reglon the dip becomes
nornel, (Rlepper, 1949).

The writer has shown on the gealogic map (figure 27) an overturned
syncline in the Cretacecus rocks under the unnsmed conglemerate in T,
12 S¢y Re 5 U, In section 15, T. 12 5., R, 5 W, Cretaceous sandstones
crop out in a drev on the west flank of Antone Peak, and the beds dip
vertically, Foseible interpretations of the dip include a high-angle
normel fault downthrown to the southeast, e thrust fauit from the
southeast or northwest, or meshing and adjustment in the reletively
sof't Cretaceous rocks where the strata are beginning to come out of their
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overturned oondition, No evidence of a fault wes seen, so the inter-
pretation of a synoline seems the most likely. (See figure 27, cross-
section B-B!, alsoc figure 22), On the geologic map (see figure 27,

8180 crose~section B-B') the syncline is in T, 12 8., R, 5 W, The
syncline is overturned to the southesst, the fold axis strikes M. 40°

E.y and the axial plane dipe 50° NW, Beds in the syncline dip from

30° MW to 90°% and only Cretaceous strata are exposed in the center of

the fold, Klepper (1949) also interprets the structure in similar fashion.

The wnnaned conglamerate of Paleccens (?) age lies unconfarmebly on
the more tightly folded Paleosoic and Mesozoic rocks, It tvends ac a
belt roughly northeastesouthwest and is sbout 8 miles wide, The bolt
is cast in e challow syncline whose eroded upturned northwest limb
fans the middie erest of the south end of the Snovereat Range. The
synoline is alightly ssymmetricel to the northwest, with a dip on that
limb of 30° to 56° SE, and on the southeast limb of 12° to 25° W, and
SWe The syneline opens slightly to the south.

Qtber Faldg. « A major fold, the Clover (reek anticline, (Eardley-
1946) is present to the west of the Centemnial Region., The fold is in
the umnamed conglamerate and trends to the northwest. If ccntinued
under the Quaternary alluvium the projection of the fold axis would be
located in sections 27, 34 of T, 13 S., R. 5 W,

In the Long Creek = Ruby River basin in the generally pently south-
westward dipping Cretacecus sediments several mmall reversals of dip
were noted (sse figure 27, section A=A'), A shallow, fairly symmetrical
north-south trending syncline is located in secticns 12, 13, and 24, T,
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13 8.y Re 4 W, and a corresponding gentle anticline mey be present in
sections 10, 15, and 22, Te 13 Sey Re 4 We A small reversal of dip wes
‘noted an the Ruby River 4n T, 12 5., R, 3 ¥, The fold trends He 50° W,
and may possibly represent a continuation of the Metsel Creek anticline,

larapdde dlsgtrohds historys - A tentative Laramide dlastrophic
history of the Centennial Region is presented in figure 21 and is compared
with a history compiled by a conference of University of iichigen thesis
students working in southwestern Montana in 1948, (Bardley, 1949) and a
partial history ebstracted from Kirkhan's pepers (1927, 1931).

Uplift, whieh was probebly orogenic, heralded the Laramide orogeny
in Lower Cretaceous time, m Eootenal formation was depogited as a
result of the uplift and the coarsenesec of tho Kootenal basal congloamerate
aitests to tho sherpness of the uplift,

Uplift continued through early Upper Cretaceous (Colarado) time.
The uplift was relatively gentle and finer-graineq clastics were de-
posited forming the Colorado shale and Aspen formetion. The Aspen
formation also coniains some tuffaeccous materisl, signifying nearby
vulcaniam in Celorcdo times The uplift probably ocontinued through
‘late Upper Crotaccous (Montane) time but, in general, ercsion dominzted
over deposition, Vulcanism wag extensive to the northeast where the
Ldvingston formation vas deposited. |

A eharp orogenic uplift occurred probebly in Paleocene time,
although it may have started in late Upper Cretacecus, or continued
to m].;y lower Eocene, The uplift may be called the early Laramide
orogeny. Metzel Creek anticline and Fox Creek synecline which trend
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nortizest-ecutheast and the Snowecrest Renge which trends southweste
northeast were formed in this orogeny, More fleld work must be dome to
properly define the spatisl and time relations ropresenied by these two
conflicting trends, The umamed conglomerate whick may locally have o
thickness of over & mile is proof of the greatly increased stream
erosion caused by the orogeny, The conglomerate overlies the Agpen
formstion in the Snowereet Range with anguler unconformity,

The unnamed conglomerate was moderately folded in perhaps lower
Eccene or upper Paleocens time, Alter the folding the conglomerate
participated in extensive thrusting, in ¥iddle Eooene (7) tine. Lowell
reports (1949) that the canglomerate has been overthrust by older rocks
and also hes itself been overthrust in the Dell, Montans regicn, The
folding rey represent the Middle Laramide orogeny and the faulting the
Late Laramide orogeny.

The remainder of Eocene time was dominoted by ercsion, The dew
velopment of the widespread intermontane bogins of Hontena perhaps bew
gan in upper Eocene time, with downwerping, (Zerdley, 1949) of the
bagins, Relief wus accentunted end the Sage Creek formation of come
tinentel clastics was deposited., As noted earlier, though the Sege
Creek beds do not erop out in the Centermisl Region, the type section
of the beds 1s only a few miles to the west and it seems logical to
assume that the beds are prosent at depth in the Centennial Region,

PosteLlaramide normal faults

Gsusral atatomept. - The front of the Centennial Range and the

front of the Gravelly Range facing the Madiscn Valley are probably
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bounded by normal faults, and the Centennial Valley is probsbly down-
feulted on at least one side, little direct evidenee, however, can be
presented for the feults,

Centennlal Yalley. = The author belioves that Centennial Vglley is
probebly of tectonic origin, A postulated normal fault bounds the south
of the valley (see figures 13, 22). The presence of the fault is sug~
gested by the falrly straight front of the Centennisl Range, by the leck
of evidence that any of the strate in the Centennial Renge dip to the
north, vhich ecould make tho valley a syncline, by the lack of evidence
for other agencies capeble of csusing the valley, and by similsr necrby
valleys where the structural svidence more clearly indicates velleys of
tectonic origin, Evidence for downtilting in the Centennial Regien is
revieved in s mubsequont section of this report and forms the most
convineing proof for the Centennisl Renge fault. Dowatilting of the
Centennial Valley and uptiltiing of the Centennial Range must hawve hinged
on n fault,

The fault is probebly a hizh angle fault, dipping to the north and
with an wnimown throw, The fault trends west to esst and may extend from
the western border of the Centennial Reglon eastward for 35 miles. In
other basine thicknesses of several thousand feet of Tertiary lake beds
are present (Peale, 1896, p, 3), indicating probably that much accumile-
tive downfaulting. The throw of the fault bounding the Centennial
Valley may be similar,

The fault 1s not continuous, A north-gouth fault which has been
described previously in this paper, cuts the east-west feult at Odell
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Greek, A smll graben-like block of Falsozoic sediments has hroken
fram the front of the wain fault just east of Odell Creek, (see figure
6). Thie fault is in the Lyon quadrengle mapped by Xennedy (1943) and
will be deseribed by him, In T, 14 S., R. 1 E. in the Hellrosring
Creek basin two northescuth normel foults, each several miles long

out the east~west block. From Hellroaring Creek, the Centennial Rgnge
contimes eastwvard for 10 miles as sharp, rugged scarp several thousend
feet above the basin country present to the north, The range however
ie entisely of Precambrian rocks, and Precaxbrisn rocks, apperently
continuous, can be traced northward to the Gravslly Rangs, as & low
ridge which seporates the Gentenniel Valley from Alaska Basin to the
sast, EKennedy (1943) belleves that the contimious exposure of Pre-
cambrian rocks 1s proof that no fault bounds the Centennial Valley.
The author believes that a fault can be present just as easily in the
Precambrian rocks as in the younger rocks, The Precambrian rocks have
not besn studled in detadl, their lithologios are swrficially alike and
dsplacenant 15 harder to prove by this line of evidence.

Leng Sresk - Ruly Biver beslp. - Normal faults may bound that part
of the Lang Creek - Ruby River basin in the Centennial Region, but no
ovidence can be presented for the fawlts, The Aspen formation beds
dip gently westuard into the baain from the crest of the Cravelly Range.
Hithin the basin minor folds mey interrupt the westward dip. The western
odgs of the beain is delineated by the abrupt searp of the Snowerest
Range, As cbssrved by the author north of Antone Peak end in the Ruby
River Canyon, in T. 9 S., Re 3 Ws, 21 miles northesst of Antone Peak,
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the Snoverest Range is an overtwrned fold (?), though as previcusly
noted, some thrusting may also be present. Doer and Wheeler have pro-
sonted evidenoe (1943, pp. 68-72) that the Ruby River ocouples a downe
faulted besin after it leaves the Ruby River Canyon, and date the
feulting as ocene to Recent,

fogianal tilting. - Regional +ilting mey have occurred in the
Centemmial Region, The tilting uplifted the Centenniel Range and the
northern part of the Centennial Reglon as shown in figure 23. Corres-
pondingly the southern helf of the Centennial valley was dountilted as
was the Soake River laeva plain, Ividenee for the tilting is listed as

-

followss

—- == Before h‘lh’ng
: ———— A ter 1ilti ng‘
(Aot drawn to scale~ ~ ar?c‘:.} itifig,

Figure 23, - Diagrammsiic representation of tilting in Centennial Region.

(1) Nortlward flowing streans mey have pirated southward flowing
streams, In the headwaters of Divide Creek, which flows into Ruby River,
the chamnel trends southeestward and iz peparated from the headvaters of
Long Creok by a very low and narrow divide, (see figures 20, 27),

Creek contimws south-sestward but Divide Croek mekes & rather abrupt
turn te the northeast and eventually flows north to join the Ruby River,
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Divide Creek once msy have flowed southward into Long Creek but 4
regional tilting oocurred to the south, the Ruby River would have been
m:mtodandcntbackonthamrbhameofthadivmafmertm
Long Creek did on the south side and thus capture Divide Creek,

mm:mmewsmmymwbemmsmmmw. A
the major trituteries of the West Fork of the Madison River originate in
the north and flow almost due south into the West Fork which flows from
west to east, If the northern kalf of tho Centennfal had been uptilted
the gradient of the West Fork, which flows eastward and then crwthward
would have b.er; increased, The West Fork could thus actively erode heade
ward to the west and oapture the southward flowing tributaries of the
Rod Rock River, It must bo admitted, however, that most of the southward
nwlngmmnesarestrikevalleyaandlatorinthenportitvﬂlbo
shoun that the Vest Fork mey be auperimpoud.g

(2) s suggested by figure 23, dowrmarp has ocourred on the Snake
Riverlamplainandeomnpmdingupliﬁinthecentemmﬂmge. The
presence of the Snake River dounwarp has been recognized by nany geologlsts
and Kirkhgm has reviewed the ovidence (1931, pp. 456=470) for the down=
varp and edded new evidenos, (1931, pp. 471-482), Kizkham (1931, p, 481)
believes the dowmmrping is of late Flioceane or Pleistoecne ege since
late Fliocens rhyolite flows are downwarped.

The gealogio map of the Centennial Region (figure 27) shows that the
volcmiumthecmatorthecmmlﬂmgodipgmardlyfromlsw

9Supar1m£ﬁon of streans in the Centemnial Region iz discussed under
"Physiography.”
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25 degrees to the south, Xirkham (1927, p. 13) has shown that the
Pliooenis lavas wero very fluid and spresd over much territory. The
uriter has previcusly tentatively correlated the Centennlal volcanics
with Kirkham's Pliooene lavas, It does not geem that the apparently very
fluid laves could have evenly accurmmlated at dips of 15 to 25 degreos,
Many of the interbedded tuffs also coincide in dip to the lavas, It
sesms that the tuffs also would acoumlate generally in horizontal layers
rather than in persistently-dipping beds, FPost-lava extrusion and pogte
tuff deposition t1lting is a plausible explamation,

The author believes the margine of the Snake River downvarp are
delinecated by normal faults which dip sway from the downwarp, icyond
the immedinte mergin, lesser bul aimdlar downwerping wes distributed,
Thus, the Centennial Range front forms the northern mergin of the Snake
River dounwerp end the Centennial Velley downtiliing represents the
additional extra-merginel downwarping, (see figure 23),

besi~liranide dlaztroublc Listaxy, = As has previcusly been noted
no (ligocene deposits crop out in the Centemmial Xegion but the type

looality of the middle Qligocene Cook Ranch formation is only a few
niles to the west, and it ls asmumed that the Cligocene history re-
corded there may also be applied to the Centennial Region (Wood, 1935,
Ps 255)s Lower (ligocene tine vas apperently one of erosion and gentle
uplift may bave ococurred at the closes The Cock Ranch formetion come
posed mainly of elay, with some sand lenses, may represent a time in
niddle Oligocene when loeally, at least deposition exceeded ercsicn,
(Wood, 1935, ps 254
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Block faulting possibly ocourred in upper (l4gooene or lower
Iﬂmtmupobhhhdathutmyboofthuagemﬂiemcm
Raneh formation with angular unconformdty (Wood, 1935, p. 255).

Eroslon dominated Miocens history in southwestern Montana, The
highlends that had been rejuvensted several times in early Tertisry
tine vere eroded to a surface which has been called the posteBlacktail
surfece (Eardley, 1949s)s Kirkham (1927, p. 13) also postulates & pre-
Pliocens peneplain, Extensive basin beds ware deposited including the
Boveman lake beds in the Centennial Region and alsevhere, ths lower
Hlocens Passemari formation and uppor Miocene Madison Valley farmation
of the lower Ruby River besin (Dorr and Wheeler, 1948, pp. 63, 69), the
Muddy Cresk basin beds of Hiocene (7) age, west of Dell, Hontana (Wellace,
1948, pe 52), the Payette formation of ilddle and tipper Miocene age in
Idaho, (Kirkham, 1931, p. 471), end the Selt Lake formation of Idsho and
Utah (Kirkhem, 1931, p. 472),

During the Mlocens alluviation vulcanism contimmed in nearby areas,
andmeaucmwmisrmmmmmmmm, (Dorr and
Wheeler, 1948, pp, 8~14). Extensive lava flows were extruded in upper
Hooene and Flicceme time in Idsho and in the Centennial Regfon, (Kirke
ham, 1927, ps 13; 1931, pps 471-472) and in the Yellowstone region
(Howard, 1937, pe 78), Basin beds may have been deposited in the Gen=
tennial Reglon in Fliooens time corresponding to the Idaho formation in
Idabo, (Kirkham, 1931, pe 472). The extensive lave plains and alluvia=
tion combined to reduce the relief in late Fliowmne time, Near the
close of Fliocene time and perheps in surly Pleistocene time, extensive
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uplift rejuvenated streames and started canyom cutting, Canyons have
been out in the rhyolite, comsidered by the writer as perhaps late
Pliocene in nge.

In Pleistocens time recurrent block faulting along previously
eotablished lines aocentusted the topography. Tilbting and warping of the
Snake River lave plain and the Centennial Region occurred as previocusly
discussed in this report. Extensive beselt flows £illed the center of
the Snake River downwarp (Kirkham, 1931, p. 477), emﬁd large parts of
the Yellowstons regiom (Howard, 1937, pp. 7, 8), and mey be present in
gome parts of the Centennial Regions The writer nas obeerved canyons
several lundred feet deep cut into the besalt in the conter of the
Sneke River dowmwarp indicating considerable regionzl uplift slace
extrusion of the Pleistocens Snake River basalt, PFPediments which may
represent Pliosene slluviation have beer deeply eroded (see figure2s)
indicating Pleistoeene (1) uplift.

Uplift 18 contimiing todsy slong the earlier block fault surfoces,
Frosh scarps sre present along the fronte of the Tendoy Range and the
Madloon Range to the west and east respectively of the Cantenni:zl Hegion.
Two northesouth faulte on Hellroaring Creek in the Centennisl Range are
clearly visible on eerisl photos even though the couniry is heavily
forested,

Relation of local structures to regional structures

Hore date is needed to correctly place the Centennial Region
struotures into the regional plcture. Iearby structural umits include
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the Madison Range, Yellowstone Plateau, the Snake River downvarp and
the great sone of overthrusts in western Wycming, southeastern Idaho,
and loutwutem Hontana. Meny interesting problems are posed in the
reglonal structurel relations, Some correlatioms with nearby structures
have been muggested in the Leramide and post-Larardde dlastrophie
histories vhich have been related previously,

PHYSIOGRAPHY
General statement

Four erosional or depositicnal surfaces are belioved to be pregent
in the Centennlal Region, and these surfaces will be briefly discussed
bolow, Stream adjustments, dune topography and beachlines will slso be

revieved,
Ere-fliocene muzfage. ~ As previcusly suggested, the Fliocene (7)
leves may rest on an erosion surface developed in Micoene (7) time,

Kirkban (1927, p. 13) says,

*Assuming a Fllocene age for the Late Tertiary laves, a pree
lava peneplain-like area must have existed in order to have
such & wvidespread relatively flat-lying series of these acid
laves which are consistently thin for their extent and notably
#imilar in lithology over a vast region."

The writer believes thut Dorr and Wheeler are referring to the same

erosion surface vhen they say, (1943, p. 70),

*Four surfacee have developed in the basin, All but one,
the highest are post~Miocae in age as they out the Madison
Valley formstion. The highest and cldesat is an ercsion
surface remants of which form the lovel tops and skyline
of the Ruby and Greenhorn Ranges, The surface is probebly
Early Tertiary in sge end formed during a leng erosion
intervel which removed Paleozolc and Mesozolc rock and
left the Precambrian exposed,”



Figure 24, Pediment in Centennial Range

In Ta 14 Sey Re 3 We Gravel ompped Pliccene (?) alluvial surface forming
divide, Hsadward ercsion of stroams removing pediment, and
light~colared Aspen formation below. (Aerial photo by Agrieultural
Adjustment Agenoy).
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It 1s believed that the voleanic rocks in the Gravelly and Cemtemnisl
Ranges wore extruded or deposited on the pre~Flioccens surface. Since then
tilting and uplift have warped the Centennial Range portion of thic sur-
face, The surfece 1s present at about 9000 feet elevation znd is pre-
derved where overlain by volcanios, or recently exhumed hy erosion.

Figure 9 shows dlagrammtically the relations among the surfaces postulated
a5 present in the Conternial Regicn,

Eedizonts. - Pediments capped by highwlevel gravels are present from
elevations of 7000-3000 feet in the Centennial Region, (sce figure 24),.

It has been suggested previcusly that the high level gravels, which cover
unycfthnridzelthntllopedownfromtheunge crests, represent a
residum of the unnamed conglomerato, the volcanie agglomerste o oon-
glomerete, or other unknown coarse clasties that may have been sproad
over the Centennial Region at various times in the Tertiary period.

The pediments may represent the gently sloping surfaces eroded
during Plioocene or earlier aliuviation, Uplift at the close of tbe
Flioceno caused rejuvenation of stroams. The streans dissected bhe
uplifted surface and todey only remmants of the surface are left on the
interstroan divides at elevations fram 7000 to 8000 feet, Figura 2,
shows euch a divide with rapidly downocutting streams working headward
into it,

Sentennial Yallev Bfage. - The sediments eroded in Pleistocene
tise from the uplifted mountsing have been spread over the floor of
the Centennial Velley in broad, gently sloping alluvial fans, or de-
posited In lakes that from time to time have existed in the valley.
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KEY ~ ’ // ]
5000-] 1. Pre-Pliccene surface 7/
2. Pediments /

4000 -Centennial Valley / n

4. Immediate $lood plain
S Scales exagqerated— /

Figure 25, -~ Dimgra. atic representation of erosional and
depositional surfaces in Cantennial Regionm.
The surface is from 4 to 10 miles wide and ranges in elevation from
6600 to 7000 fect, Fossils from the Centennisl Valley previously
desoribed in this. report date the uppermost part of the Centemnial
Valley sediments as late Pleistocense,

dEmediate flcod-plein surface. - The Red Rock River has entrenched
its flood plain intc the Centennial Valley surface up to a depth of 50
feet, and to a width of one fourth tc one half of a mile, To maintain
grade, ell tributaries of the Red Roek River have likewise entrenched
their courses in the Centennial Valley surface,

The downcutting of the Red Rock River is probably due to two causes,
nemely, lowering of the divide near the present site of the Lima Reser=
voir dam in section 32, T, 13 8., R, 6 W., and recurrent uplift along
the previocusly established lines of block faulting, Canyons cut into
the Quaternary lavss of the Snake River lava plain and the notching of
the floor of the canyon of the West Fork of the Madison River, are
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probably both results of the seme uplift and are briefly noted else~
where in this report, |

Iextiory and Quaternary stream adiustments. - The larger streanms
in the Centennial Region, with the possible exception of Long Creek,
pass through steep canyone at certain places in their courses. Ex~
amples of such canyons include almost the entire course of the West

Fork of the Madlscn River in the Centennisl Reglon, the canyon of the
East Fork of Blacktail Creek in section 2, T, 12 S.y R 5 We, and the
canyon of Odell Creek in sections 30 and 31, T. 1 8., R. 2 W. Each
canyon iz at least 2000 feet deep mearured from the crest of the re-
spective renges through whioh they cut, The Odell Creek and Blacktail
canyons expose lississipplan rocks and the Vest Fork canyon is ocut to
Precasbtrian rocks, Other canyons are present nesrby but outside the
Centennisl Reglon, and include the Ruby River canyon between the Snow=
crest and Greenhorn Ranges, Hellroering Creek canyon in the Centennial
Renge, the Elk, Nidden, Cliff and Wade group of lakes, and the Red Rock
River canyon between Line Reservoir and Lima, Montana,

The mountain tops near West Fork end Odell Creek ere capped with
voleanies., It has been previcusly suggested that the volcanics are
Pliocene in age, and were widespread in the Centennial Region, By the
end of Fliocene time voleenics had been extruded onto & relatively flat
pro-Fliccens erosion surfece, and in sddition, alluviation had helped
oreate a relatively monotomous landscape, Upon this surfece of deposition
the larger streams meandered in about their present courses, Uplift
occurred at the end of the Pliooene and the larger streams started a
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canyon-eutting cyole exmming earlier Laremide structures &z they cut
down desply, sometimes to the Precazbrian. In middle (7) Fleistocene
time additional uplift oscurred and the streams cut down still further
into the relatively large valleys that had been produoed up to that
tize, The West Fork of the Madison River in sections 27 and 28, Ts 12
Sey RBe 2 We has thus notched its broad main ocanyon with a small V-sheped
youthful gorge up to 100 feet deep. - .

The canyone probably represent the attempts of the larger stresms
to maintain their courses during the many topographic changes ceused by
Tertiary and Quaternary downwerping, uplift, and voleanism, Superin.-
position of streams may have caused some canyons,

The apparent reversal of drainage in the Centennial Valley may be
connected with superimposition. Five to ten miles east of the Centen=
niel Region in Tps, 12 and 13 S., R, 1 E., 18 a group of elongate, deep
lakes that have a definite northerly trend, and cceupy a preminent and
steep valley. Irom south to north the lakes are Elk, Hidden, Cliff and
Wade Lakes, Elk and Hidden Lekes have no surface outlets but Elk Lake
probadbly drains in the subsurface into Centennisl Valley and Hidden,
C1iff, and Wade Lakes drain north into the Medison River. All tribu=
taries entering the lakes, including Limestone Creek which enters Elk
Leke, point north, Undoubtedly the Centennial Valley cnoe drained into
the Modison River through the valley that the lakes now occupy. The
velley is cut mainly in Tertiary rhyolite, The author suggests that the
stream that onoe occupied this walley was superimposed onto the rhyolite
at the same time that a smaller stream slightly beyond the western
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berder of the up'was superimposcd on the Cretaceous (7) Tertiary
unnazed conglonerste in T, 13 5., R, 6 W., near the site of the present
Lima Beservoir, The Centennial Valley may have had a small divide in
it, similar to or even lower than the present cne between the Ruby River

was superimposed on the loosely cemented and thus omsily eroded cone
glomerate it out down fester than the northward flowing etream which vas
superimposed on rhyolite and in places Precambrian orystallines vhich
underlie the rhyolite. The westward-flowing stream soon cut back through
the divide and diverted the Centennial Valley drainage. Other factors
are listed below which may in part, or perhaps, wholly have been the
cause of the reversal.

(1) If southwvard tilting occurred a lower westwnrd outlet than the

outlet to the north, mey have been opened,

(2) If the West Fork of the Madison River pirated dralnsge that

formerly flowsd into Centennisl Valley the water level in the lake

ngy have been lowered below the north outlet.

(3) Pleistocene glacimtion which was widespread in the Madison

Range may have temporarily damwed up the northern ocutlet, causing

the water in the Centennial Valley to back up and seek another

outlet,

Qthex stresn sdinatosnis - Fossil Creek, Cascade Creek, and Buford
Creek in the Gravelly Range are believed to be mainly strike valleys.

Fish Creek in sections 26 and 35, T. 12 S,, R, 3 W 1s & well=devoloped
strike valley,

and Long Creek, DBecause the emaller stream, the ancestral Red Rock River,
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Portal Creelr in sections 19 and 3 0, Te 12 845 Re 1 W, in the
Gravelly Range is not a permanent strean during most of the yeoar,
Nevertheless, Portsl Creek occuples a stesp-mlled canyon several
hmdred feet éeep cut in the resistant Mesgher linestone, (see figure
5)+ The present mun-ofl geems ineapable of eroding the canyon. It
is suggested that in Pleistocene tims a larger strean occupied the
Yalley and part of the canyon cutting nay be due to superimposition,
eided by favorable Jointing, The source of the stresm ma;r have been
a large spring which since then has dried up or found & different
orifice,

Rime icpoersphy. - In late Pleistocene or Recent tines waters
supplied by melting glasiers covered Contenmisl Volloy. When the lakes
receded, areas of uncomsclidated silt were left sxposed to wind action,
The lﬁ.‘b was soon whipped into dune arces, the largest of which makes
that part of the walley now called the Sand Hills, located in T, 13 Ssy
Re 2 W,y {mee figure 26), These dunes trend northeast to southwest and
their individusl shapes are 8lightly areuste to the southeast, indicating
that a wind from the northwest formed them, The dunes are from 10 to
35 feet highandmybammlhundredfeetlong, end are mostly barchan
types The Sand Hills are about 4 square miles in area, Other smaller
dune areas show the same characteristios. Baaches of the southeast side
of the Sand Fills indicete that dune development in that direstion was
halted by water. Vegetation is 8till sparse on these dunes but it is
not known if this cemdition has existed since their formation. Pre-dune
drainage has been stopped or diverted by the dunes, A smell stream in




Figure 26, Sand dunes and beaches in Centennial Valley

In T, 13 Sey Re 2 We Present swvampy margin of Red Roek River in lower
left, beaches in lower half of picture, dunes im upper half, (Aerial
photo by Agriculturel Adjustment Agency)
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section 14, T, 13 S., R, 2 W., flows into o playa dammed by the dumes,
Snowshoe Cresk in section 18, T. 13 S., R, 1 Ve, 18 diverted by the
dunes from its southeast direstion into s due east direction,

It is belleved that dune arsas in the Centennial Valley have caused
the sudden northward swing of the Red Rock River in section 1, T, 14 8.,
Re 3 We The dunes dammed the river causing 1t to flow two miles to the
north and then around the end of the dune area, _

Besches and ahorelines. = Lekes have apparently exlsted in structural
depression that is the Centennial Valley durlng parts of Tertisry and
Quaternary time. Because of inereased runoff in Pleistocene time,ihe
lakes were more extensive than now, As the Pleistooene lekes in the
Centennial Velley receded gradually to their present size many cmerged
beaches were left marking the reireat of the lakes (see figure 26). More
and better developed beachss are present on the north side of the Red
Rock Lakes, but beaches also are present on the south side where Kennedy
(1948) has correlated some with Fleistocene placiation, Critically
measured elevations of the beaches on the north and south side of the
lakes would offer valuable evidence for or against the southward tilting
previously suggested in this report.

0f interest especinlly on the Upper Red Rock Lake is the cone
figuration of the present northern shereline as compared with the
southern shoreline. If southward tilting is still cecurring along the
fault plane fhat probebly marks the Centennial Range front, the north
shore should be & shoreline of cmergence and the south shawe a shoreline
of submergence, The present northern shorelinec is exceptionally amooth
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and very gently arcuate, whereas the southern shoreline is relstively
more irreguler,

The contact between the Aspen formation and the Guaternary alluv-
fum along the front of the Centennisl Range is wvory sharp and may
represent an evenly e;'oded shoreline., The contact, however, may also
mark the position of the postulated normal fault along the front of
the Centennial Range, (see figure 13),

GEOLOGIC HISTORY

An outline of the depositional and orogenic history of the area
is as follovsj |

1, Doposition of pre~Beltion sandstones and limestones; metamor-

phisn and erosion,

2, Transgressive overlap by Middle Cambrian seas. Deposition of

conglamerate, sandstone, limestone and dolomite in deepening secas,

S1light uplift and deposition of shale,

3. Emergence and erosion during Ordoviclan and Silurien time.

Poessible deposition and subsequent erosion in Uppor Silurian or

Lower Devonian,

4. Sutmergence in Upper Devonian by seas in which dolomite was

deposited., Seas later fluctusted with the resulting depositien

of limestones and shales,

5+ Contimued reduction of borderlands, predominsnce of chemlcal

sediments in lississipplan Madison baain,

6+ Moderate uplifts of borderlands, causing alternation of sand-

stone, shale and limestone beds in Upper Misslssipplen,
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Pennsylvanicr and Permian formations in the Roeky Mountain geo=
syncline, Occasional extraordinary conditions of sedimentaticn
resulting in chert and phosphate reck deposition. Loeal intervals
of erosion recorded,

7+ Continuing moderate fluctuating uplifts in borderlands to cast
and west in Lover Triassie, Alternsting sandstone, limestone and
shale deposition. Some constrietion of seas into _1nterior bagins,
perhaps sone aridity,

8. Extensive erosion from Middle Triassic through Middle Jursssic,
leaving en uneven surface. Submergence by seas in Upper Juressic,
with 1alands romizﬁ.ng emergent in earliest ssas, accounting for
uneven distribution of eariier Upper Jurassic sediments, Emergence
and continental deposition of clays, silts and sands.

9+ Orogenic (?) uplift of borderlands with neerer and perhaps more
rugged western hiéhlands furnishing nore of the sediment for this
region, Merine Lower Cretaceous sediments grade upward into none
marine beds, Locally coarse sediments and interbedded volcanics
indicate pre~Laramide orogenic movements hed commenced, Continuing
orogenic (?) movements through Cretaceous period,

10, Sharp initial Laramide uplift, folding, ané faulting at close
of Cretacecus or in Paleccenej deposition of unnamed conglomerate
derived from these new mounteins, and econtimued uplift,

1l. Orogenic movements in lower Locene with folding of unnamed
conglomerate,

12, Reneved orogenic movements in middle Eccene with thrusting of
unnsmed conglamerate. IMiddle and upper loeene erosion, Dowmwvarping
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oausing bread intermantane valleys, Slight orogenic movements,
deposition of some continental beds,

13, Erosion in lower Oligocene, gentle uplift, deposition of
riddle (ligocene clastics, Hddle or upper Oligocene bloek faulting
(7), delineating intermontenc basins, erosion, deposition of pebble
beds, |
14. Contimed block§Ng faulting (?) in lower ¥ocens, erosion,
voloanism, extensive ailuviation in Hlocens, development of
widespresd erosion surface,

15. Extensive Voleanism, slluviation in Fliocene croating a
surface of little reliof, Uplift st close of epoch, adjustment

of drainsge aud canyon cutting,

16, Recurrent block faulting, tilting or warping, voleanian,
glaclation, alluvistion, pediment dissection and continued gde
Justwent of drainage in Fleistooene, |

17. Uplitt (2) and elluviation in Recent times.



134

ECONOMIC GEOLOGY
Generel features
The natural rescurces of the region include the minersl Tesources,

vater, timber, wild hay and other natural forege, and scenery. The
Centennisal Valley is well watered by the Red Hock River and ite tribye
taries, Odell Creek, Long Creek snd many others. Wild hay is abundant
in the valley end it is used for summer grasing or hervested for winter
cattle feed, (seo figure 2). The trilutaries that rise in the mountains
water the higher surrounding aress, and support abundant forage for
bands of sheep that are herded intc the mountains every sumer, Many
springs issus from the dipping sandstones or porous lavas and replenish
the tributaries, Timber, mainly lodge=pole pine, grows on most of the
mountain spurs, valleya end basins, Certain formations favor growth of
timber., The Woodside formetion in the Centennial Range supports a very
thick timber stand in otherwise grassy terrain, The basin of Blacktail
Oreek in the Snowerest Range, underlain by Upper Cretaceous beds and
the Cretaceous or Tertiary unnamed conglomerate is heavlly timbered. The
lavs capped hiils of the Gravelly Range invariably support stands of tim-
ber, which 4s cut by the locel ranchers and used for correl poles and

fence posts,

Mineral resources
General statemant. - Flacer gold and coel have been mined from
the Centennial Region; copper has been reported from 1t; phosphate
rock is present but not mined; and ol may be & potential rescurce,
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~ Galds ~ Placer gold has been recovered in smell amounts from the
gravels in the valley of the West Fork of the Madison River in sestions
14, 23, and 24, T 12 Eo, R, 3 W., and seetion 30, T, 12 5., Re 2 Y,
Mining has been by dry\-land dredge or by band sluicing, (see figurs 11).
The tinerals Yearbook for 1937 (p. 420) lists production for 1936 as
4463 fine ounces, valund at §162, end for 1941 (ps 370), 28 fine cunces
of goldy valued at §980. Records are not aweilable for every year hut
production apparently has been amall, Other stroams in the Centernial
Valley region in which placer gold has been discovered include the northe
flowing streams from the orest of the Centennial Renge and Ruby River and
its tribateries (Dingsen, 1932, pp. 20, 25).

Goals = Lignitle coal cocurs in the Aspen formation of Upper Creta=-
osous age. Coal has been locally mined on Coal Creek in the Ruby River
basin though not mined within the Centennial Reglon, Coal Creek emtcvs
and leaves the Centennial Region in sections 1, 2, 3, T. 12 S., Ke 3 We
Coel has also been mined in Clark County, Idaho, & few hundred feet
south of the Continental Divide in peetion 12, T, 14 ., R. 3¢ Eey where
the old Scott and Buey mine is located. A road leads up Cottonwood
Creek irom the south side of the range to the mine where are located the
mine camp, dump piles and a slightly nortiward dpping adit, When ex=
amined by the author the adit contained water and it was deemed unwise
to try to investigate the coal bed in the mine., The small dump indicated
not very mich coel had been mined, The coal on the cump was very soft,
of low grade, and in layers from a querter of an inch to an irch thick,
Pelecypods were found in the interbedded shales and these were tentotively
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fdentified as Copbuls subirigonalis of Upper Cretececus (Aspen) age,
(see figure 10, locality 8), Hanafield (1920, pp. 147-152) investigeted
the mine and found the occel to be of subsbituminous rank or lowerank
bituminous, Of the cocel bed he said (1920, p. 124).
“On the Continental Divide in T, 1, N, R, 38 E,, &
32 inoh bed of good coal was found, but the area in
which 1t orops out 4s not large and its remocteness
from lines of transportstion and a suitable market
make ite early exploitation doubtful." 4
Ehesphates = In southwestern Montana the thickness of the phosphate-
rock beds in the Phosphoria formation gensrally variss from 5 to 20 feet,
and of this thickness up to 5 feet may be high grade phosphate roek.’
In Idsho where extensive strip mining is done upwards to 130 feet of
ph&spfmtic shale may be present, but much of it is low grada., Montans
produoed 176,944 long tons of phosphate rock walued at the mine at
1,207,054, (Udnexsda Yearbook, 1946, p. 997).
Phosphate rock is present in the Phosphoria formation in all thres
ranges of the Cemtennicl Regfon, Two beds of soft oflitde phosphate

roek, each about 3 feet thick, and separated by ebout 100 feet of chert

gﬁewtm and Finkelnburg (1947, p. 5) 4afine high=grade phosphate rock as
"e s o By highegrade we shall meen the sommerciasl high-
grade rock that is suiteble for direct acidulation.
s « » Most of the phosphate rock mined is converted
into superphosphate fertilizer by acidulation with
w1,4 cacidf’andforthhpurpou: & mintoom of
31+ peroent PO, is desired. In many dlscussions,
phosphate tions are given as percent of bone
Phosphate of 1ime (BPL) which is triealeium phoaphate,
Ca3(PO,)2. Values of Po0. content can be converted to
peoent BPL by miltd by the factor 2,18, thus
31 percent P205 is equiwvelent to 6% pereent BPL.*
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and limestone are present in the Snoworest Range, One bed of rhosphate
rock about 1 foot thick erops out Mtheenvallyﬂ.gnge, but more may be
pressut., Two beds of phosphate rock are present in the Centennial Range,
& Jower hard pisolitic phosphate rock bed about 5 feet thick, and an
upper soft oflitic bed about 3 feet thick, separated by about 100 feet of
chert und 1limestone. Some of these ocourrences may be of commercial
importances The desdding factora are grade of the phosphate rock,
accessibility of terrain, thickness of phosphate rock zﬁne, areal extent
of zone and amount and character of the overburden,

Qls = 0il is a potential econcmic rescurce of the region. Extensive
leasing and exploration campalgns have becn conducted in 1947 and 1948
by several ocompanies in the west half of the Centennial Valley arcs and
adjecent areas. Counterbelancing the prejudice of oil men sgeinst e
thick section of continental sedimentc are many favorsble indications.

There are soveral definite anticlines in the vicinity., The Lima
and Clover Creek anticlines which are west of the Cemtennial Region
have closure in the Upper Cretaceous, The Netsel Creek anticline has
clogure in the !dosissippian, The Peet Creek anticlinorium is & major
fold in the Aspen formation and may be present in the older rocks below.
This fold also may be s southward extension of the Clover Creek trend.
Data presented by Kirkhem (1928, p. 4) indicate that the folding repre-
sented by the Peet Creek Anticlinorium affeets the Aspen formation to
the south into Idaho, Other surfece indicators include mud volcanoes
formed by gas seeps in section 35, T, 12 S., R, 3 W,, and in section
7y Ts 12 5.y Re 2 W, Unfortunately the chemicel natwre of the gae ig
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not known. The Paleozoic limestones in the Centennial Region all have a
highly petrecliferous odor, Figure 28 1s a structure contour map with
cortours drawn on the base of the Aspen formetion and Lodgepcle limestone.,
The ana. of the structure contour map 1s extended wegtward in order to
present a eclearer ploture,

The extensive Jurassic erosion surface has made stratigraphic traps
possible throughout the region. A post-Aspen, pre-unnsmed conglonerate
unconfermdty offers other stratigraphic trap possibilities, The regional
stratigraphy is generslly cvailsble for study at the surface, Thicinesses
are feirly constant axcept in the Triessic, Jurassic and the Upper Cre~
tacoous or Tertiery unnamed conglomerate,

CONCLUSIONS

Scme of the mare sisnifieant conclusions set forth in this report

are as followss
s The stratigraphy of the Centenninl Reglon includes rocks

ranging from Precambrian to Recent in sge, Twenty formations of Peleow
zolc, and Mesosole end Cenozole rocks are mresent totaling epproximately
12,560 feet in thickness, in addition to Precambrisn metamorphies,
Tertdary volcanics and basin beds (7) end Quaternary alluvium,

2« Pennsylvanian, Permian and Triassic strate thdn eastward in
thedimctionoftbeshelfzoneofﬂwcordﬂlemngewymnne.

3+ An unnemed ecanglomerate of latest Cretaceous or Paleocene sge
may correlate with other conglanerates as the Sphinx and Pinyon cone
glomerates in Montana and Wyoming, Tho wnmamed conglomerato wes
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probebly derived fram mountains to the west.

4« Five types of voloanie rocks are present in .the Centennial
Region, The rocks ere probably of Pliocene age,

9« Hgh level gravels are a residuum of conglomerate thet omee
covered the Centermial Region, A so-cnlled "Eocene skyline moraine"
on the Gravelly Range crest is composed of highelevel gravels,

6. Laramide and post-laremide structures are present in the
Centennisl Reglon, Laramide structures include folds and faults, and
postelaramide structures ere mainly block faults,

7. Movement along a normel fault bounding the south side of the
Centennial Valley caused uptilting of the Cemtennisl Rangs and down
tilting of the Centemnial Valley, The tilting ocourred in late Pliocene
or Fleistocene time.

8. Voloanism, uplift, downwarp, tﬁting and superimposition have
caused many stream adjustmente in Tertiery and Quaternary tine,

9. Four surfaces of erosion or deposition are present in the
Centennial Region,

10. Phosphate rock and oil offer the best possibllities for future

mineral exploitation.
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Figure 27 Geologic map of Centennial Region.
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Figure 28. Structure contourmap,Centennial Re gion.
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Figure 28. Structure contourmap, Centennial Region.
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