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Abstract

Cenozoic intermontane basins in southwest Montana lie within the Sevier-Laramide orogenic belt and constitute many of the basins within the
Northern Basin and Range (B&R) province. Paleogene fluvial deposits within the intermontane basins record basin evolution and sediment
dispersal pathways across the post-contractile Cordilleran fold-thrust belt. Recent work has demonstrated that structurally controlled fluvial
incision served to establish an interconnected drainage system and develop intermontane-scale paleovalleys prior to B&R extension. In
adjacent regions to the south and west of the uppermost modern Missouri River, paleotributaries to the paleo-Missouri River were essentially
identical to those of the modern system. The sediment dispersal pattern is similar to that which is typical of modern fold-thrust belts. Resultant
outflow was northward into the upper paleo-Missouri River and beyond, into the northeastern continental basin region.

A newly documented large-scale Eocene fluvial conglomerate (cobble to boulder) in the Beaverhead Basin demonstrates northward paleoflow
and serves as evidence for a major influx of detritus to the paleo-Missouri River system from previously undocumented tributaries in the far
southwest, near the Montana-Idaho border. Paleocurrent data document that the Grasshopper and Medicine Lodge basins were contiguous with
the Horse Prairie Basin, similar to the modern, with net outflow eastward toward the modern Beaverhead Canyon. That paleodrainage
configuration is further supported by using detrital zircon U-Pb ages and conglomerate clasts as provenance indicators and tracers.
Composition of conglomerate constituents and detrital zircon ages from trunk fluvial outcrops suggest a paleodrainage link between the paleo-
Beaverhead Basin and the southwestward Horse Prairie and Medicine Lodge paleobasins. Furthermore, these data indicate erosion of Meso-
Proterozoic Belt Formation strata as a primary sediment source, with a minor to moderate supply of sediment from Archean basement,
Cretaceous plutons, and early Paleogene volcanics. In addition, detrital zircon ages serve as an effective tracer of sediment derived from
Cretaceous plutons in the southern Pioneer Mountains that was routed through separate drainages in the Grasshopper and Frying Pan basins.
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The Frying Pan Basin discharge was eastward, directly into the Beaverhead Basin, whereas discharge from the southern basin system was most
likely northward through the paleo-Clark River Canyon.



Implications for tectonic control on paleogeography and sediment dispersal pathway: Integrated U-Pb detrital zircon age-analysis of the
ALLEGHENY Paleogene Missouri River headwater system, SW Montana

COLLEGE BARBER, Douglas E.1, SCHWARTZ, Robert K.1, WEISLOGEL, Amy L.2, SCHRICKER, Lauren1, and THOMAS, Robert C. 3,
(1) Department of Geology, Allegheny College, Meadville, PA (2) Department of Geology and Geography, West Virginia University, Morgantown, WV (3) Department of Environmental Sciences, Univ of Montana Western, Dillon, MT

I e

ABSTRACT Basin Interior: Trunk Fluvial Facies Basin Margin: Alluvial Fan Facies

Cenozoic intermontane basins in southwest Montana lie within the Sevier-Laramide orogenic belt and constitute many of the basins within the . .
Northern Basin and Range province. Paleogene fluvial deposits within the intermontane basins record basin evolution and sediment dispersal path- (1 ) G raVEI'BEd Bra |d€d Rlver .
ways across the post-contractile Cordilleran fold-thrust belt. Recent work has demonstrated that structurally controlled fluvial incision served to es-

tablish an interconnected drainage system and develop intermontane-scale paleovalleys prior to basin-and-range extension. In adjacent regions to - Framework su pported polymictic conglomerate

¥ -y
= »
e
L
T
i

= ,9.: C) Debris Flow Breccia:

(1) Proximal alluvial fan deposits:
R -*{ - Matrix supported breccia

- Alluvial fan system, widespread and continuous (thickness = +250m)

the south and west ofthg upper.most modern M.issc.)uri River, paleot.ribL{tarie_f. to the paleoMissouri River were essentially identical to those of the _ Moderately to well sorted, imbricated “Tabular bedding, IocaIIy channelized - Rare imbrication, crude where
modern system. The sediment dispersal pattern is similar to that which is typical of modern fold-thrust belts. Resultant outflow was northward into . . L. .

the upper paleoMissouri River and beyond, into the northeastern continental basin region. - Sub- to well-rounded clasts, up to 50cm diam- - HEtETOQEHEOUS ma!ke:up, l.)OlymICtIC f:omposmon . present

A newly documented large-scale Eocene fluvial conglomerate (cobble to boulder) in the Beaverhead Basin demonstrates northward paleoflow and eter i COT!SIStS of three distinguishable facies: (A) CIaSi: supported bI‘ECClc.l sheet flow, (B) Chan- - Crude normal to inverse bed-
serves as evidence for a major influx of detritus to the paleoMissouri River system from previously undocumented tributaries in the far southwest, - VerticaIIy and Iaterally stacked channel bodies ‘ e DI . s S R R T el SR A T e e e e e T e g MRS . nelized breccia/conglomerate sheet flow (C) Matrix Supported Debris Flow d|ng

near the Montana-ldaho border. Paleocurrent data document that the Grasshopper and Medicine Lodge Basins were contiguous with the Horse - Architecture Comprised of 2 main components: P i .“ : 4':' -.-r-i_',H__'l;” -, &8 W 3 ; o b : b : . AR ';I B e SERe i el ;. s o - Poorly to moderate|y well-imbricated / _Ver oorlv sorted

Prairie Basin, S'm.'lar to the mf)dern, with net outflow eastward toward the modern Be.ave.rhead canyon. That paleodr.al.nage configuration is further 1. Channel fill bodies - trouah cross-stratified > :'ﬁ’ . t”*;‘r.? . | L b @ S % s O W L S S e T R Tt Ko R s R . e e - Clasts are angular to sub-round, 6-8 cm in diameter on average. Max clast size AR yp y

supported by using detrital zircon U-Pb ages and conglomerate clasts as provenance indicators and tracers. Composition of conglomerate constitu- ) g —— ' - sl B i S R R = oy * 2 RN R i S Ry e Ul S R e B g SRR |t TR R s e . . . r* 4 - Angular to sub-angular clasts
ents and detrital zircon ages from trunk fluvial outcrops suggest a paleodrainage link between the paleoBeaverhead Basin and the southwestward upward ﬁning channels chaped units Imbricated clasts within the channel __ i Sl S A e 2 o is 45 cm diameter (angular limestone block) m%ﬂ et it Mudd ]

Horse Prairie and Medicine Lodge paleobasins. Furthermore, these data indicate erosion of Mesoproterozoic Belt Formation strata as a primary sedi- 2. Bar-top beds - low ang|e to sub horizontal Pbedy indicate paleoflow directions. 45?47 'ier Ro""i‘o\'aﬁd'&ﬁth) - Fine to medium grained volcaniclastic sand matrix with abundent mud and pebbles Limestone block at FP-12-0 - viu y matrix

ment source, with a minor to moderate supply of sediment from Archean basement, Cretaceous plutons, and early Paleogene volcanics. In addition, | . Sl | idal .
detrital zircon ages serve as an effective tracer of sediment derived from Cretaceous plutons in the southern Pioneer Mountains that was routed planar strata in tabular to lensoidal units
through separate drainages in the Grasshopper and Frying Pan Basins. The Frying Pan Basin discharge was eastward, directly into the Beaverhead - Max channel thickness = 20m; max width >400m

Basin, whereas discharge from the southern basin system was most likely northward through the paleo-Clark River canyon.

RS T T e e e e I
2200009000 0PP058°>00:090000PPPoP 00900 - "
AR T 2 g ORE R Y I Py R SR S : ; - '
114°W 113°W 112°W 111°W 110°W ot “:'.";:': "-'f-."‘:.'--'-"--".'":‘r e s ""'-4"'-"#'!"'! L b, 4 200020499000
a . s = '.:!#’l'rl'r' ::-a ) ry T PIAEX L] =g "-" : 'lf, -
' 0000000000090 0000P 080000000 0°00:090000PF
g e 200009000 ol o0 9p&d A4 oLy .
" L. d A _l-, _____
Flint Creek / 2. & ‘ 90>
plutons ' / S/ ‘ = 2ec0000p000f S P o
' mﬁgt;:;nﬂt utor f,/ /./ /// /,x/ j / . "i-'-.‘-;uﬁ T s S e e ”:’ :, TIEY
.f'. Zoneg r// / / /,/ f/ff' f,f / /' / & _ ’ : ’.u ‘w' "" e ;?;/.-.-,..- -,-.*-;;v.- g 8. .-.// . & 2 x | { a .. ./‘I
;' o~ f. / J / . /;/ //_ y / 4 / / / E// er;/ ) // /// (}//’H ) /x /// /,-r f / f,’fx / ) Y. ) / -;/ //.f /
o RAMIoN o f ,/ / /// / g x/ ] // /”' z 7 / / ;”'/ / s 7 S/ /*" /.x“ },x’f / _}_,/
. e R T et e | Om 40 m
aeNp 46°N Stacked trough cross-stratified channel units. lllustration of Ren11-01 outcrop demonstrating the architecture and internal fabric of the braided fluvial system. Note stacked upward fining successions and diverse architecture composed of N ne?] B g o
_ Ren11-01. tabular bar-top beds and scoop-shaped channel fill bodies. Cobbles are not drawn to scale; verticle exaggeration is ~1.5X. ' v . s N e
R
N Bozeman wm
v plulons 1" Tobacco Roo °
P | P m.m LARAMIDE FORELAND STRUCTURES | (2) Sand-bed River:
\ |
' | : - TAETS T ATIEATRE A _(AnastomOSIng7)_ : LI TSGR -
} This Study : : ! : ROCKY ® 4 Lo -;?*f.:\-{-'" M & _:Q " & > - £ A (% =
Previous Studies 7, | S MOUNTAIN : : et <\ (EP_12-04: 45.27961 | 4521 W- Rattle Snake Creek)
S kit @ v : %, FORELAND | - Isolated channel bodies and TR (FP-12:044527961 N, 11284531 W, Rattle Snake Creek) ™
' e . 2 ST e e e~ LS = _ -y 5 -t - . >
CRETACEQUS GRANITIC S\ . Idaho- °, _ o ider > '-% INDEX NMAP 1 1 e R T S e 8 | .
o e Biterroot § oinian i ._ splay sandstones encased within . e o S O S REE TR By Lo 0 b aliyad Sheet-Elow:
7] CRETACEQUS VOLCANIC batholth B : A) Sheet Flow Breccia: R I L A g T s .
22 Ry~ , N , MONTANA thick, abundant overbank mud- _ | % ~( . R e R s S L
. * : S o et tme R T e PR -l db : St e T s vam]l - Tabular bedding with coarse channel
f THRAUST FAULTS ” : . TR T Stone de OS|tS - . - . e = e ast Supporte recclia
o bt - IDAHO %~ . WYOMING P . | e i agl - § S . W | _ lenses
; : B — S . VoW A, LM R T - Ty - Angular to sub-angular clasts, up to .
Structural overview map of the Northern Rockey Mountains from the Idaho Batholith to the Helena Salient in southwestern Montana. Intermontane bains of intrest to this investigation are out- = Channel bOdies conSiSt Of cyCIi- 35¢cm in diameter -Channd-form bEddlng
lined in red ovals. Key: HPB=Horse Prairie Basin, MLB=Medicine Lodge Basin, SCB=Sage Creek Basin, GHB= Grasshopper Basin, URB= Upper Ruby Basin, LRB= Lower Ruby Basin, FPB= Frying Pan . . 'CIaSt Supported
Basin, NBHB=Northern Beaverhead Basin, LBHB=Lower Big Hole Basin, DB= Divide Basin, UJB=Upper Jefferson Basin, LJB=Lower Jefferson Basin, TFB=Three Forks Basin (Modified from Lageson et Cal upwa rd ﬁnin and thinnin - Poorly |mbr|cated
al, 2000) r Up g g : - Mostly normal graded beds, poor-moder-
units tabular bed (26.30 cm thickness on av. i |
EEE;%’S' VAN GENERALIZED VOLCANISM & TECTONIC ackgroun o tabular beds (25-30 cm thickness on av- ate sorting ] o
AGES (Alroy) STRATIGRAPHY PLUTONISM ACTIVITY -Fine to coarse sandstone erage) - Some clast imbrication

QUATERNARY Modern Glacial, Fluvial, etc.

TERTIARY-
Pliocene

- Sub-rounded to sub-angular clasts

-Abundant small to large scale
trough cross-stratification.

Blancan

Madison Plateau m.u.

Hemphillian Carey Ranch m.u.

Boulder
Mountains

Kool : - Max thickness = 3m
- Channel width = +8m

Harrison m.u.

extension.

Clarendonian

Deer Lodge Basin

Madison Valley m.u.

_"'.-_ ._r

“ML12-023; 45.183214 N, 113.052355 W; I-'Iol

Cottonwood Cnyn. m.u.
(= Divide m.u.)

Columbia
Plateau

Snake River - Yellowstone
NEOGENE EXTENSION

Crustal adjustment to Yellow-
stone hot spot. Reactivated

Miocene Barstovian

SIXMILE CREEK FM/SNTM

— e T— — ———
Upper Dillon volcanics

andRanch) ~ ~ .~ Overbank mudstone , .
._ - | A Basalt

Anastomosing fluvial sandstone body in scour contact with Renova-age overbank mudstones; Grasshopper Basin. Upward fining and thinning bed units with abundant - Isolated sandstone and breccia/conglomerate bodies encased within thick mudstones N—— SR | W Belt Supergroup
o o ° ° ° ° A r 1 b, & 1 A ks o Sl /3 . i . ?.--.r ) * :? o .
small- to medium-scale trough cross-bedding. - Coarse grained facies include (1) localized sheet flood and (2) channel-flood deposits. A o & e S S T B o g, eldspathic Quartzite

- Pedogenic alteration of mudstones indicates prolonged subaerial exposure between S
depositional events

(2) Medial to distal alluvial fan deposits:

Hemingfordian

MID-TERTIARY EVENT

Ja‘ J'LA

: , s Qi > Iy
= Highland o

2%, if4 | 173 Tc
Ha 42 >
> e
H1

ountains (3) Flashy, sheetflood volcaniclastic river:

BH1 IL/‘ N MONTANA
N , Basin-Margin $

B o | N s - Widespread volcaniclastic sandstones;
tabular, sheet-like geometry

Negro Hollow
m.u.

Cabbage Patch
Mem.

a

1| Arikareean

- first in

Idaho and parts of western Montana. Extension was greatest

o Yo

BOZEMAN GROUP

RENOVA FORMATION/SYNTHEM

Dunbar Creek
Mem.

gunbar Creek

Mem.
Bone Basin Mem.
Climbing Arrow
Mem. & Red Hill
m.u.

(SEQUENCE 3)
Pioneer Mounta

Oligocene

Whitneyan
Orellan

Chadronian

- B

(SEQUENCE 2)

Duchesnean

PALEOGENE EXTENSION

Extensional collapse of foreland fold and thrust belt

NW WY

Eocene Uintan

Challis, Absaroka, &

Lowland Creek Boulder

Mountains
(Boulder
batholith)

- Abundant upper flow-regime bedforms,
j soft-sediment deformation; hyperconcen-
trated

Bridgerian Volcanics

in middle-late Eocene in southwestern Montana.

£
12}
4]
m
)
o
§S;
o
—
| .
]
)
O

Challis (ID)|—-..--.

Elkhorn Mountains

Absaroka

TNt TS

Big Hole
Basin

Wasatchian

- _’v/@\

Highland ~
Mountains W N o ,
Tobacco N

Root
A Mountains
|
|
Paleorelief |
U Interpreted Flow 12
_ — - Inferred Flow '

Clarkforkian

Tiffanian
Paleocene

Torrejonian

Montana Alkaline Province

-Cyclical bedsets: upward thinning beds
with an upward transition from upper to
lower flow regime structures

Intense
Regional
Folding &
Thrusting

Puercan

CRETACEQUS-

Lancian Beaverhead Group

Maastrichtian (SW Montana)

—_— “Edmontonian”

Pioneer Mountai

TOBACCO ROOT BATHOLITH

Close-up of (A) upper
flow regime struc-

IDAHO BATHOLITH

Judithian

__PIONEER BATHOLITH __

__ BOULDER BATHOLITH

Campanian = |mbrlcat9d ﬂOatlng platy pumlce CIaStS, . ¥ -,. - HF  ap : A A _ 3}: ,\_ \ S A gy T
0 di tures and (B) floating % RNl R S ST P o e R _
Pal k-fluvial drai h of th d have been defined based o e - | BN
carlestRegional Folding Auvialand allvial facies and paleocurrent data from Schwartz and Schviartz (2013). All ofthe. up to 3cm in diameter pumice clasts. Overview of flashy, sheetflood volcaniclastic river facies. Note widespread, tabular con- o2 fCNanNnel=k
ch | | c ] ] q ] vl | highland areas in this region are documented to have been present during the Paleogene. This y’ ° p ’ | Vo TR R Y N S S
art correlating latest Cretaceous through modern stratigraphy with volcanic, plu- study intends to further define the regional paleogeography and paleodrainage by studying the . o .
tonic and tectonic events. The time period of the Renova Formation is highlighted in the adjacent southern and western basins. ﬁguratlon, 1.9 m manin orange hat for scale.

yellow.
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Eocene-Oligocene Geography and Drainage Summary & Conclusions

1) Stratigraphy: Detrital zircon ages and stratigraphic position indicate Eocene to Early Miocene deposition.
2) Axial Depositional System: through-going, high energy braided streams (gravel and sand-bed).
3) Paleodrainage: Mostly similar to the modern Missouri headwater system. Net outflow eastward from Grass-
hopper Basin into the modern Beaverhead canyon, interconnected with the paleo-Beaverhead-Jefferson river
system.
- Paleodrainage divide between the paleo-Upper Beaverhead and Sage Creek Basins.
- The modern upper Missouri River headwater system has a >34 m.y. history.
4) Provenance:
a. Southern basins source areas:
- Proterozoic Belt feldspathic quartzites; ~1.6, 2.5Ga detrital zircons --> Beaverhead and Tendoy Mtns.
- Cretaceous granitic sand; ~70-75 Ma zircons --> Plutons in Pioneer Mountains
- Lowland Creek & Dillon Volcanics; ~40-52Ma zircons --> Eastern Pioneers Mtns; locally abundant.
b. Downstream changes in composition:
- Sandstone:
- Quartz rich (Upper Horse Prairie and Medicine Lodge Basins) to lithic-volcanic (Beaverhead Basin) due
to alluvial input of early Paleogene volcanics from the Eastern Pioneer Mountains.
- Conglomerate:
- Progressive decrease in feldspathic Proterozoic quartzite clasts - due to dilution.
- Increase in Archean, Paleozoic, & Mesozoic clasts — due to added presence of corresponding source
rocks in stream-adjacent uplifts, and from material transported by adjoined channel systems
5) Paleogeography: Similar to adjacent northern basins (Schwartz & Schwatz, 2013), southwesternmost MT has
mountainous terrain with ancient uplifts mostly coincident with the modern highlands (Beaverhead, Tendoy, Pio-
neer Mountains).
- Development of the early Paleogene basins was result of Late K to early Eocene fluvial systems that
carved intermontane-scale paleovalleys with reliefs of the 100-1000 m scale into the Sevier orogenic
wedge.
- The Paleogene terrain was likely modified and overprinted to some degree by Basin-and-Range (~16Ma)
and Yellowstone hotspot trackway (~6Ma) uplift and extension.
- Unlike modern configuration, ancient highlands existed along the western margin of the Sage Creek Basin.

1) Data in this study are most consistent with incisional model of basin origin
with respect to the expected through-going drainage patterns and three-

4 S b
= Alluvial Fan Imensional geography

? 2) Supports a passive control on Paleogene dispersal pathways; preexisting
Sevier-Laramide structural fabric
—) = Paleodrainage pathway [this study] g . _ ancient highlands 3) Integrated p:oyenanclze c!at?l sets areI im:)era’five for provenance & paleodrain-
——> = Paleodrainage pathway [Roe, 2010] (1] dage assessments In geologically compiex terrains
\¢ .
——) = Paleodrainage pathway [Schwartz and Schwartz, 2013] = ancient lowlands

Acknowledgements

Funding Provided By: Speical thanks to:

1) NE Geological Society of America Under- - Ms. Susan Vuke
graduate Reaserch Grant - Montana Bureau of Mines and Geology
- Dr. Kevin Lielke

2) Christine Scott Nelson Undergraduate Re- - Mr. Taylor O’Brien & Mr. James Ness

search Grant (Allegheny College) - 2011 & 2012

REFERENCES:

Kalakay, T.J., John, B.E., and Lageson, D.R., 2001, Fault-controlled pluton emplacement in the Sevier fold-and-thrust belt of southwest Montana,
USA: Journal fo Structural Geology, v. 23, pp. 1151-1165.

Lielke, K.J., 2012, The climatic, biotic and tectonic evolution of the Paleogene Renova Formation of southwestern Montana [PhD thesis]:
Missoula, MT, The University of Montana, 208 p.

Rasmussen, D.L., 2003, Tertiary history of western Montana and east-central Idaho: A synopsis, in Reynolds, R.G., and Flores, R.M. (eds.),
Cenozoic Systems of the Rocky Mountain Region: Rocky Mountain Society of Economic Mineralogists and Petrologists, pp. 459-477.
Robinson, G.D., Klepper, M.R., and Obradovich, J.D., 1968, Overlapping Plutonism, Volcanism, and Tectonism in the Boulder Batholith Region,

Western Montana, in Coats, R.R,, et al. (eds.), Studies in Volcanology: GSA Memoir 116, p. 557-576.

Rothfuss, J.L., Lielke, K., and Weislogel, A.L., 2012, Application of detrital zircon provenance in paleogeographic reconstruction of an
intermontane basin system, Paleogene Renova Formation, southwest Montana, in Rasbury, E.T., Hemming, S.R., and Riggs, N.R.,
eds., Mineralogical and Geochemical Approaches to Provenance: GSA Special Paper 487, p. 63-96.

Ruppel, E.T., 1993, Cenozoic tectonic evolution of southwest Montana and east-central Idaho: Montana Bureau of Mines and Geology Memoir
65,51 p.

Schwartz, R.K,, O'Brien, T.J,, Barber, D.E., Ness, J.B., and Weislogel, A.L., 2011, Braided channel system in the Paleogene Beaverhead
intermontane basin: A longitudinal segment in the paleo-Missouri headwater system of southwest Montana [abs]: 2011 Annual GSA,
Minneapolis, GSA Abstracts with Programs, v. 43, p. 431.

Schwartz, T.M., Schwartz, R.K,, 2013, Paleogene post-contractile intermontane basin evolution along the frontal Cordilleran fold-thrust belt of
southwestern Montana. Accepted for publication, Geological Society of America.

Stroup, C.N,, Link, PK., Janecke, S.U., Fanning, C.M., Yaxley, G.M., and Beranek, L.P, 2008, Eocene to Oligocene provenance and drainage in
extensional basins of southwest Montana and east-central Idaho: Evidence from detrital zircon populations in the Renova Formation

es rn M&nfan a ‘! m m e r 2 0 1 2 and equivalent strata, in Spencer, J.E., and Titley, S.R., eds., Ores and orogenesis: Circum-Pacific tectonics, geologic evolution, and ore deposits:

Arizona Geological Society Digest 22, pp. 529-546.

SE Sbut






