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Abstract:

The Dry Creek Valley is a northern extension of the Three Forks basin and is bordered on the east by
the Bridger Range and on the west by the Horseshoe Hills. The northern trend of the valley coincides
with that of the Bridger Fault zone.

Continental Tertiary basin-fill deposits of fluvial, lacustrine, and eolian origin (Bozeman Group,
Robinson, 1963) overlie pre-basin rocks with erosional and angular unconformity in the Dry Creek
Valley. The Bozeman Group is represented by two unconformable and lithologically distinct
depositional sequences. It is subdivided into two formations: the Renova Formation (Kuenzi and
Fields, 1971), a predominantly fine-grained deposit of Oligocene age (30.6 + 1.2 mybp); and the
Sixmile Creek Formation (Robinson, 1967), a predominantly coarse-grained deposit of late Miocene
(?) to middle Pliocene (?) age (8.9 £ 0.4 mybp). The Renova Formation is characterized by a
fine-grained alternating sequence of limestone and mudstone. It represents a succession of low energy
lacustrine and floodplain sediments that were deposited under a humid climate (Robinson, 1963) . The
Sixmile Creek Formation is characterized by a coarsegrained sequence of channel sandstones and
conglomerates, mudstones, and structureless conglomeratic sandstones. Sixmile Creek strata represent
high energy ephemeral channel and sheetflood-alluvial fan detritus which were deposited under arid
conditions.

Rocks of the Bozeman Group generally dip northeastward into the Bridger Fault zone. Basin-filling
and basin excavation were probably related to sporadic movements along the Bridger Fault
accompanied with alternating humid-arid conditions. Bozeman Group strata are unconformably
overlain by thin Quaternary deposits of diverse origin.

Directly following basin formation (middle Eocene (?), Robinson, 1963), an early Tertiary erosional
topography of mature relief developed in the Dry Creek Valley. It was formed by eastward
through-flowing streams that were maintained by a humid climate (Robinson, 1963). By the Oligocene,
drainage was impaired and Renova deposition began to partially bury the early Tertiary topography.
Post-Renova erosion (middle Miocene) removed an unknown volume of Renova strata. By late
Miocene (?) time, Sixmile Creek deposition began and continued into the middle or late Pliocene (?).
By late Pliocene, the area was filled with debris and much of the early Tertiary topography was buried,
A late Tertiary surface developed on Sixmile Creek sediments. Consequent streams were subsequently
established on this surface. By latest Pliocene or early Quaternary time, a new cycle of erosion was
initiated. During basin excavation, Dry Creek and some of its tributaries were superimposed through
the Tertiary covermass onto underlying prebasin rocks forming steep-walled canyons. The
development of the present topography is intimately related to the history of dissection of the late
Tertiary surface by fluvial systems.
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ABSTRACT -

The Dry Creek Valley is & northern extension of the
Three Forks basin and is bordered on the east by the Bridger
Range and on the west by the Horseshoe Hills.. The northern
trend of the valley 001nc1des with that. of the Bridger Fault

- aone.

Contlnental Tertiary basin-fill deposits of fluvial,
lacustrine, and eolian origin (Bozeman Group, Robinson,
1963) overlie pre-—-basin rocks with erosional and angular
unconformity in the Dry Creek Valley. The Bozeman Group is
represented by two unconformable and lithologically distinct
depositional sequences. It is subdivided into two forma-
tions: the Renova Formation (Kuenzi and Fields, 1971), a
predominantly fine-grained deposit of Oligocene age (30.6 %
1.2 mybp); and the Sixmile Creek Formation (Robinson,

1967), a predominantly coarse—grained deposit of late Mio-
cene(?) to middle Pliocene (?) age (8.9 + 0.4 mybp). The
Renova Formation is characterized by a fine-grained alter-
nating sequence of limestone and mudstone. It represents a
succession of low energy -lacustrine and floodplain sediments
that were deposited under a humid climate (Robinson, 1963).
The Sixmile Creek Formation is characterized by a coarse-
grained sequence of channel sandstones and conglomerates,
mudstones, and structureless conglomeratic sandstones. :
Sixmile Creek strata represent high energy ephemeral channel
and sheetflood-alluvial fan detrltus which were deposited
under arid conditions.

Rocks of the Bozeman Group generally dip northeast-
ward into the Bridger Fault zone. Basin-filling and basin
excavation were probably related to sporadic movements along
the Bridger Fault accompanied with alternating humid-arid
conditions. Bozeman Group strata are unconformably overlain
by thHin Quaternary deposits of diverse origin. :

Directly following basin formation (middle Eocene
(?), Robinson, 1963), an early Tertiary erosional topogra-
phy of mature relief developed in the Dry Creek.Valley. It
was formed by eastward through-flowing streams that were
maintained by a humid climate (Robinson, 1963). By the
Oligocene, drainage was impaired and Renova deposition began
to partially bury the early Tertiary topography. Post-
Renova erosion (middle Miocene) removed an unknown volume of
Renova strata. By late Miocene (?) time, Sixmile Creek
deposition began and continued into the middle or late
Pliocene (?). By late Pliocene, the area was filled with
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debris and much of the early . Tertiary topography was buried.
A late Tertiary surface developed on Sixmile Creek sedi-
ments. Consequent streams were subsequently established on
this surface. By latest Pliocene or early Quaternary time,
a new cycle of erosion was initiated. During basin excava-
tion, Dry Creek and some of its tributaries were super-
imposed through the Tertiary covermass onto underlying pre-
basin rocks forming steep-walled canyons. The development
of the present topography is intimately related to the
history of dissection of the late Tertiary surface by
fluvial systems.
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INTRODUCTION

Location

Mountain ranges of southwestern Montana are sepa-

-rated by broad intermontane basins. These basins owe their

existence to tensional forces activated in the aftermath of
the Laramide orogeny. They acquired their present‘dimen—
sions by middle or late Eocene time and subsequently'sérved
as catchments for clastic material shed from surrounding
highlands. ‘

The Dry Créek‘Valley is a northern extension of one
of the largest basins in s&uthwestern Montana, the Three
Forks basin, and if shares many of the features_that char-
acterize the intermontane basiné (Fig. 1). The Dry -Creek
Valley is surrounded by highlands and ié bounded on 6ne
side by a.high—angle fault or fault zone. The valley is
alsé partially filled with two unconforméble aepositional
sequences of continental Tertiary strata which are partial-
ly covered by relatively thin Quaternary deposits.

The Dry Creek Valley is bounded on the east by the
Bridger Range-and~on'the west by the Ho;seshoe Hills
(Plate I; Fig. 2). The low hills of the Maudlow structural

basin are its northefn margin. The southern end of the Dry

Creek Valley is delineated by south-facing bluffs compBSed

of Cenozoic basin-fill strata. The latter boundary is




w Intermontane
basins

Y
- Continental

- Divide

o L ¥

Figure 1. Index maps of intermontane basins of
southwestern Montana. Key to basins: 1. Three
Forks basin; 2. Jefferson basin; 3. Townsend
Valley; 4. Clarkston basin; 5. Madison Valley;
6. upper Ruby basin; 7. Centennial Valley;

8., Lima Valley; 9. Beaverhead basin; 10. Big
Hole basin (modified from Peterson, 1974).
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marked by an abrupt increase in elevation, from the main
floor of the Three Forks basin to the Dry Creek Valley

(Plate I).

Previous Investigations

The first extensive geological mapplng of the entire -
Three Forks basin was done by Peale" (1896) His work was of
a reconnaissance nature but his oObservations ano ideas |
concerning basin geology are still useful.

| FolloWiﬁg Peale (1896), manyjof the studies con-

cerned with Cenozoic strata were’paleontological. Douglass
(1903) described Miocene and Pliocene faunas that were
collected from the Madison Bluffs area, ten miles west of
Bozeman. Wood (1933, 1938) and Dorr (1956) described
faunas collected from upper Tertiary strata near.Anceney.

Hackett and others (1960) conducted a reoional
study of the grouﬁdwater resourcee of the eaetern Three
Forks basin. A brief.but adequate description of Cenozoic
stratigraphy and geologic history was included. Robinson
(1961, 1963, 1967) systematlcally studled and subdivided
Cen0201c stratlgraphylln the Three Forks basin with an
empha81s-on Tertlary rocks. He 1ntroduced the term "Bozeman
Group" to encompass the post- orogenlc Tertiary basin- flll

rocks and also assigned formation names to the lower and




upper depositional sequences. Kuenzi and Fields (1971}
extended Bozeman Group terminolbgy'to-the Jefferson basin._
They further consdlidaﬁed lower Bozeman Group ferminology
using formation and member terms and produced a viable
depositional model and history for these deépsits.' Montagne
(1960; and later unpublished wérks)_has contributed toward
the undersranding of the late Cenozoic geomorphic history:_.
of the Madison Valley-Norris Hills area and portions of the
Three Forks basin.

The works of Robinson, Kuenzi and Fields, and
Montagne have gréatly added to the knoWledge of regional
Tertiary stratigraéhy, structure, and geoloéic history, and
the ideas presented in this report are based largely on the
ideas of these people.

The unpublished works of Mifflin (1963), Glancy
{(1964), Feichtinger (1970), and Séhneider'(l970) have also
contributed to the knowledge of Cenozoic stratigraphy'and
history of the Three.Forks basin. Their works especially -
added to the understanding of local Tertiary aepositional
environments.

The studies of Klemme " (1949), Verrall (1955), and

McMannis (1955) were mainly cohcerned with the pre-basin-

stratigraphy, structure, and geologic history of areas
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directly adjacent tb Ehe Dry Creek Valley. These workers
also made sigﬁiﬁicant"qontributions toward the understanding

of the Cenozoic history of their respective areas.

Purpose

The Dry Creek Valley is one 6f the last areas
within the Three Forks basin to receive attention directed
toward the stratigraphy{ structure, and geologic history of
the Cenozoic basin-fill sediments. 1In.light of this fagt,
a stratigraphic—-geomorphic study was conducted in ordef to
refine the mapping of the Cenczoic rocks, interpretﬂtheir
depositional environménts, and describe and interpret the
Cenozoic structure and landforms of the area. By integrat-
ing these descriptions and interpretations, the Cenqioic

history of the Dry Creek Valley was developed.

" Methods of Investigation

In order to accomplish the gqals of this study, 125
square km of the Dry Creek Valley were mapped over a period
of four months during the summer and fall of 1975. The
pre-basin rocks were mapped in a reconnaissance manner only,
because they héd already been.mapped:in'detail'by Klemme
(1949), Verrall (1955), McMannis (1955), and Hackett and

chérs (1960). However, the Tertiary and Quaternary
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deposits and their contacts were mapbed in detail by pace
and éompass method.

One composite section was measuréd using a Jacob
staff and tape measure and samples were collected at every
change in lifhology., Elséwheré, samples were obtained from
poor exposures too small to measure“and where éompositioh |
could not be determined in the field. Fossilgldiégnostic
of age 6f the rqqks were not found, although radiométric

dates were obtained from volcanic ash that crops out at two

locations within the map area. Paleocurrent directions were.

determined by measuring the orientation of cross-bedding
with a Bruhton.compass and'by measuring the orientation of
imbricated clasts. |

Laboratory investigétions involved study of 43 rock_

samples with binocular and petrographic microscbpes. Some

of the carbonate-rich rocks were dissolved in dilute hydro-

chloric acid to.determine the amount and ;omposition of the
insoiuble residue and the amount of calcium carbonate.

Rock classification in this study follows that of
Folk (i§74). However, rocks composéd of silt and'clay"

mixtures are designated mudstones.
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PRE-CENOZOIC HISTORY

Precambrian Through Mesozoic
Depositional History

Cehoéoic strata in'theibry Creek Valleyrunéénform—
ably overlie rocks that range in age from iate Precémbrian
through late Cretaceous. These'pre—basin,rocksAare char-
acterizéd by- a wide variety'of lithdlogies ana structures.’
Older Precambrian crystalline rocks do not occur in the map
area and, therefore, will no£ bé discussed. 'Fiéure 2 shows
the distribution of rocks in the Three Forks baéin. A
generalized stratigraphié section of the Dry Creek‘Valley
area is illUStrated in Fiéure 3. |

Rocks of the Preéambrian Belt Supergroup crop out
along the northern margin of the Three Forks basin. They
attain a thickness of'3000 m in the érea. This unit con-
sists of coarse arkosic sandstone and conglomerate and is
désignated the LaHood‘FQfmation (McMannis, i963). This
coarse facies wedges out abruptly into very fine-grained
strata to the north, whiie the entire Belt section thickens
in this direction (McMannis, 1963; Robinson, 1961). The
LaHood Formation was deposited;:in part, by turbidity
currents Whigﬁ flowed down the-southern flank of an embay-
ment that stretéhed eastward from the Cordilleran -geosyn-

cline (McMannis, 1955; Bonnet, 1979).




46°15 KEY
Basin-fill deposits
N
Paleozoic through
Paleocene rocks
Precambrian Belt
rocks
- 45° 457
+ +:+:+ Precambrian -
i e crystalline rocks
high angle thrust fault;
. normal fault; teeth on upper
(‘) : . - 4JO kilometers teeth on plate
downthrown
Figure 2. Generalized geologic map of side

the Three Forks basin. The study area
is heavily outlined. B= Bozeman;

M= Maudlow; T= Toston; TF= Three Forks
(modified from Robinson, 1963).
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Stratigraphic Thickness
Age Unit Description (meters)
,,,,, 6 Yoo ot S OB T TN K
Pinedale or | Young alluvium |[Angular to rounded gravel and finer de- 0-15(?)
younger (?) posits on present flood plains of streams
Debris-flow & |Large cobbles and boulders, consist of Unknown
g Fanglomerates |mainly LaHood arkoses
0ld alluvium Rounded gravels on former floodplains. 0-5
Occur above the present elevation of
g drainages
Late Plio- |Fan & Pediment |[Sheets & wulrj( s of coarse unsorted angu- 0-15(?)
cene early | Gravel lar to subrounded cobbles and boulders;
Quaternary occur high above present drainage £ b IR
Sixmile Pale-orange mudstones & coarse- gramed
' | Late = Creek cross-bedded & massive sandstones & R
% g 3 Fm conglomerates Vi el
e | Nng.l -~
N Renova white to light-gray tuffaceous limestones, 1800
g Early A Fm marls & pale orange mudstones & fine-
grainud sandstones i
Livingston Siltsone, shale & andesitic sandstones Up to
3 AN Group and conglomerates 4267
§ o Colorado Black shale, rusty gr dy—guw‘n sandstone 366~
3 Fm and siltstones 731
£ | Early Kootenai Orange siliceous sandstone, varicolored 118<
o Fm mudstones and limestone | L) 36 ]
Morrison Red, yellow & brown mud::tono, siltstone 34~
M and sandstone 135
|
8‘ Swift Yellow calcareous sandstone with basal 15~
. g Fm | pebbly zone. 30
Jiansic Rierdon Massive gray oolitic limestone w/over- 0-
ﬁ Fm lying shale beds 35
= [ Sawtooth |Fine-grained, dark gray limestone 6=
M | B interbedded w/shale 44
Phosphoria Dolomitic limestone, brown chert, dark 0~
Permian Fm phosphatic limestone, yellow siltstone 8
and light -},Ul(glﬁl_‘d_kll_k}lLZﬁlrl:J’(: sandstone
Quadrant Lu;lxt colored quartzitic sandstone and 47~
bt Ve m subordinate dolomitic limestones 76
Reay Lranus Amsden Red sandstone and mudstone grading w~ | 3=
Fm ward into pink and gray limestone and 58

Pagure. 3.

Valley area

Robinson,

quartzitic sandstone

Stratigraphic section of the Dry Creek

1963; and

(modified from McMannis,

1955,

Aram, 1979).

LYo 5;
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5 Late Big Snowy Cherty limestone, red & yellow siltstone =
ot Group & sandstone; purples & pale yellow 132
%’ t s e A A el e Iy dul«gluu s _and limestones Jre e ) SO el T
a Mission Gray thick bedded limestone ’ 131=
- e 88 camyonpm | S T
0 3 Y gg Lodgepole | Yellow-gray think boedded argillaceous 229~
) > Fm limestone LR 247
Sappington Yellow sandstone grading downward into 14~
Fm silty & sandy linestone; basal black 30
shale 2 ! S R
g [Three Forks tuW r orange siltstone; medial green 47
g | Late | Fm ___|shale; lower orange limestone & siltstone | sl
2 Jefferson Bmm dolomite with subordinate black T ¥51=
& | Frn ____|& gray dolomite & gray limestone [~ 189
Maywood Yellow, or: ange & red caleareous siltstone 0=
Fm with thin beds of dolomite 13
" E SagePebble|Fine-grained limestone pebble conglam- 3=
g' ol Congl.Mbr. |erate 62 &l
3 Y Dry Creek (,nly green fissile shale 13-
- ? 8 shale Mor.| ats ra3
Pilgrim T Gray & orange dolomite, subordinate 111-
a Fin gray limestone 3 132
Park Greenish gray shale [ @57~
g Fim o HEE L IS ) TS D RS [1U__4
Meagher Gray & black limestone with orange 172
| Fim mottling 113
Middle Wolsey Olive & brown micaceous shale, with 46-
Fm interbeds of glawonitic sandstone & 64
limestone 1 f
Flathead Pine quartzitic sandstone 6=
Fm 43
Belt Series Brown coarse micaccous arkose & con- 2133+
Algonkian (LaHood Fm) glomerale interboedded w/argillites & 3050
o siliceous limestones St ZE et
A | Archean etamorphic Greiss, schist, amphibolite, pegmatite, Unknown
Rocks Metaquartzite
Figure 3. (continued)
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The lower contact of the Lquod Formation is thought
to be a fault or féult zone (Robinson, 1961; McMannis, 1955,
1963). The Willow Creek Fault, as it has been called, has
an eastward trend and Qas active during late'Preéambrian;
late Cretaceous, and possibly Cénozéic time° Although it
has since been buried by younger Cenozoic de?osits, the
trace of the fault can be identifiea with the aid of gravity
data_(McMannis, 1955; Hackett and others, 1960; Robinson,
1961; Davis and others, 1965). The Pass Fault in the
Bridger Range may be related to this:fault (McMannis, 1955).

Stable cratonic conditioné began in fhe.early
Paleozoic and persisted into Mesozoic time. Rocks deposited
during this time crop out along the east flank of the Horse-
shoe Hills and also occur high on the west flank and along
the east side of the Bridger Range. The Paleozoic rocks
consist mainly of marine carbonates and attain a thickness
of 1524 m. Mesozoic rocks are predominately marine‘shales
and sandstones and are also approximately 1524 m thick
(Fig. 3; Robinson, 1961). The rocks deposited in both eras
increase in thickness by 300% within 167 kilometers to the
southwest, indicating that miogeosynclinal conditions

existed nearby (Schmidt, 1975).
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Laramide Orogeny

The Laramide orogeny had begun by iate Cretéceoﬁs
time and persisted'into the Eocene (Robinson, 1961;
McMannis, 1955).. Intrusive and volcanic activify accbm—.
panied compressive forces which deformed and uplifted
strata (Fig. 4). Thick wedges of det;itus composéd of
volcanicléstic debris were generated from the rising high-
lands. Tﬁe.Livingston Group is an example of such a
synorogenic deposit (McMannis, 1955; Roberts, 1963),

Folds and faults of "Larémidé age" can be observed
in the Horseshoe Hills, Maudlow -basin, and the Bridger
Range.-.Similar folds and faults may exist beneath‘the
Cenozoic deposits in the Dry Creek Valiey, but have since

been eroded and. buried.

Basin Origin

The basins of western Montana formed in the after-

‘math of the Laramide orogeny. The oldest basin-fill depos-

its in the Three Forks basin are midale to-late Eocene in
age. Therefore; the Three Forks basin already existed at
this‘time-(Robinson, 1963).

Tectonic movemenfs must have formed the  Three Forks
basin. The facetedlwést‘flank of the Bri@ger-Range'aﬂd the -

abrupt rise in elevation of the Gallatin Range along the
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Figure 4. Timing of Laramide events (modified
from Schmidt,' 1975) .
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eaétern and southern basin margins, rgspectively, indicate
the presence of high—angle-faﬁlts or fault‘zones (McMannié,
1955; Robinson, 1961; Davis and others, 1965). Further,
the oldest Ter£iary rocks in the Three Forks basin are
alluvial fan and lacustrine deposits, indicatinélthat
interior drainage existedlsoon after bésin formation. 1In
light of thése facts, Robinson (1963) believed that the
basin was born closed and that the initiél relief was
primarily aué to Eectonism, not erosion.

In liéht of the forégoing discussibp, it is‘probable
that the Dry Creek Valley, a northe;n extensioﬁ'of the Three
Forks basin, owes ;ts,origin to-tectonisﬁ also. The fact
thét the valley lies directly adjacént to the Bridger Range
front fault and that Tertiary strata are characterized by an
eastward dip indicates that tectonic downdropping must have
ét least initiated and accompanied the formation of this

valley.




REGIONAL TERTIARY STRATIGRAPHY

.The Bbzeman Gfoup‘was defined bf Rébinson (1963;~.
p. 61-62) as "... Tertiary fluvial, eolian, and lacustrine
rocks which accumulated in the .basins of western Montana
after the Laramide orogény ..." It consists of two uncoﬁ—
formable, lithologically distinct depositionai Sequences
(Fig. 5; Kuenzi and Fields,-197l). The Bozeman Group does
not include synorogenic deposits such as thé Beaverhead

Formation or ény rocks related to the Livingston Group.

* \
Renova Formation

The lower depositional sequence consists of predom-
inantly fine~grained .strata of which conélomerate is an
insignificant component. 1In theHThree Forks basin,
Robinson (19635 suﬁdivided this lower unit into four map-
pable units and assigned each to forﬁational status. In
the Jefferson basin, Kuenzi and Fields (1971) further
consolidated lower Bozeman Group terminology bf naming the
lower sequence the Renova Formation and designating some of
Robinson's (1963) formations as membérs (Fig. 5). It is
logical to repeat the latter.classification in the Three
Forks basin.

.Roéks of the Renova Formation indicqte-that low

energy floodplain and pond environments were dominant during
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DRY CREEK THREE FORKS JEFFERSON BASIN S. TOWNSEND &
AGE VALLEY BASIN (Robinson, (Kuenzi and CLARKSTOWN BASINS
(this report) 1963; Dorr, 1956) Fields, 1971) (Robinson, 1967)
106 Yrs
Alluvium Alluvium Alluvium Alluvium
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Figure 5.

Rock-stratigraphic correlation and age of

the Bozeman Group in the Dry Creek Valley, Three Forks,
Jefferson, Townsend, and Clarkston basins. Note the
difference between the stratigraphic terminology used
in the Three Forks basin and that used in the Jefferson
basin. e represents the stratigraphic position of a
radiometrically dated ash bed (modified from Kuenzi

and Fields, 1971; absolute dates obtained from Dawson,
1976) .
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Renova'depositioh. Mineralogic and textural data suggest
that most of the Renova sediments wefe depqsited undéf é:
relativeiy humid climaté (Robinspn, 1963; Kﬁenzi and Fields,
1971).

The age of the Renova Formation varies slightly
from basin to basin, but ranges from middle Eocene to early
Miocene (Robinson, 1960; Fields, l9f2). Vertebréte fossils
of Oligocene age. are especially éommon in £his formation
(Robinson, 1960).

Radiometric dates obtained from volcanic ash units
within the Renova Formation sﬁpport the relative ages
indicated by fossil remains. A potassium—argon date of
50.4 £ 2.1 mybp (early middle Eocene) was obtained from ash
takén from Climbing Arrow strata near Shoddy Springs, north-
west of Three Forks, Montana. Another ash bed within Reno#a
strata located 2.5 km west of Menard rendered a potassium-
argon date of 30.6 .* 1;2 mybp (middle Oligocehe; Appendix

11).

Middle Tertiary Unconformity

Since the earliest paleontologic inveétigations,
geologists have suspected that there was a regional middle
Tertiary unconformity in the Cenozoic basins of southwestern

Montana, which separated the two depositional sequences of
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the Bozeman Group. Its occurrence was indicated byfthe 3
abgndant discovéries of early Oligocene and late Miocene
vertebrates, but few of intervening age (Robinson, 1960).
The later works.of-Robinson (1961, 1963, 1967), Kuenzi and

Fields (1971), and Rasmussen (1973) confirmed the existence

of a middle Miocene unconformity by detailed mapping and.

intensive fossil collecting. The nature of this unconform-
ity was found td bé erosional in the North Boulder and Three
Forks basins but may also be angular in the upper Ruby,
Beaverhead, Jefferson, Townsend, and Clarkston baéins
(Robinson, 1960; Résmussen, 1973).

In the Three Forks basin, the unconformity occurs in
the vicinity-of ﬁhe Madison.Bluffs area. Oligocene rocks
occur west of this area and late Miocene ané Pliocene rocks
occur to the east (Robinson, 1960). The unconformity in the
Dry Creek Valley occﬁrs about 2.5 km-west of Menard,
although its location is only approximate (Fig. 6f.

fieids (1972) and Robinson (1960) attributed the

presence of the unconformity to erosion by through-flowing

streams that developed in response to a change toward a more

humid climate. The'qlimate at this time was humid énough to
establish and maintain through-flowing drainage nets which

evacuated much of the Renova Formation.
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Menard; M= Maudlow; T= Toston; TF= Three Forks
(after Robinson, 1960, 1961).
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Sixmile Creek Formation

The upper depositional sequence of the Bozeman Groﬁp
unconfbrmably overlies the Renova Formation and consists of
predominantly coarse-grained strata of which conglomerates
are characteristic. This upper sequence was named the |
Sixmile Creek Formation by Robinson (1967) from exposures
in the T0wnsend basin. No members have been-aSSigned to
this formation. |

In the Three Forks'basin, the upper sequence was
called thé Madison Valley formation-by Douglass (1903) and
Dorr (1956), but a type section was not desiénated according
to tﬂe method prescribed by the Stratigraphic Code (Fields,
13979 pers; comm.;_Hedberg, 1976). Consequently, the term -
"Sixmile Creek_Férmétion" was used for the upper deposi-
tional sequence in this report (Fié. 5). It was also
extended into.the Jefferson, upper Ruby, and Sweetwater-
basins (Kﬁenzi and Fields, 1971; Monroe, 1974; Peterson,
1974) . -

Sixmile Creek strata represent a complex of ephem-—
eral and pereﬁnial stream channel, overbank, and alluvial
fan deposits (Kuenzi and Fields, 1971). The coarseness of
Sixmile Creek deposits suggests that high-energy channel

environments were more important during Sixmile Creek
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deposition than duripg Renova deposition{ Textural and
mineralogical data suggest that a more érid climate pre-
dominated during Sixmile Creek deposition than durihg Renova
deposition (Kuenzi and Fields, 1971; Kuénzi, 1974);' |
The age of the Sixmiie Creek Formation varies

siightly from basin to basin. Fossii vertebrate remains
indicate that.Sixmi}e Creek stra£a range from late Miocene
to middle Pliocene (Kueﬁzi and Fields, 1971; Monroe, 1974).
Vitric ash within Sixmile Creek strata in'£he southern Dry
Creek Valley yieldéd a potassium-argon date of 8.9 * 0.4

mybp (early Pliocene; Appendix Ii).
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TERTIARY STRATIGRAPHY OF THE
DRY CREEK VALLEY '

Introduction

Continental Tertiary basin-fill deposits.of fluvial,
lacustrine, spring, and possibly eolian origin sporadically
crop out in the Dry Creek Valley. ‘These rocks compose the

Bozeman Group and attain thicknesses'greater than 915 m

.(Robinson, 1963; Davis and others, 1965). Basin-fill

strata uncorformably overlie Precambrian through Mesozoic

rocks and are, in turn, unconformably overlain by a fhiﬂ
veneer of very late Tertiary or Qﬁétérnary depOsits. The
middle Tertiary unconformity may'alsb occur within these
basin-fill sediments. .

Strata assigned to the Renova Formation occur only

'in the northwest corner of the map area. ” They consist of

an alternating limestone-mudstone sequence and may represent
Oligocene lacustrine and floodplain énvironmenfs;

Si#mile Creek strata crop out élong the western and
southern margins of the area. Coarse—érainedvsandStbnes,
conglomerates, and mudstones were deposited by ephemeral
streams and sheetfloods which formed a cbmplex of flood-
basin and alluviél fan environménts. The Sixmile Creek
Formation was deposited under the'arid.climate\of late

Tertiary time (Kuenzi and Fieldé, 1971).
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Spring deposits crop out at the southwestern‘mérgin
of the study area. Limestones and conglomeraticliimesfones
are the prevailing rock types, some of which contain ostfa—
codes and fresh water algae. Geémorphic and structural
relations indiéate that they may be equi&alent in age to

the Sixmile Creek Formation.

Tertiary Renova Formation

Name, Stratigraphic Pesition, and Thickness

The lower depositional sequence of the Bozeman
Group was named the Renova Formation in fhe Jefferson basin,
where the natural unity of the sequence was aemoﬁstrated
(Kuenzi and Fields, 1971). Monroe (1974) and Peterson
(1974) extended this terminology into the upper Ruby and
Sweetwater basins, respectively. The term Renova Formation
has not been formally used in the Tﬁree'Forks basin prior-to
this study.

Renova strata overlie Paleoéoic and Mesozoic rocks
with angular unconfofmiﬁy and presuﬁably underlie Sixmile
Creek stfata with érosional unconformity. The total thick-

ness of the Renova Formation in the map area is unknown.

Distribution and Topographic Expression

Renova strata crop out in one laterally
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discontinuous exposure 2.8 km northwest of Menard ' At‘this
location, the Renova Formation forms a small but prominent
northwest trending ridge. Its occurrence in other areas is
only hinted at by the presence of limestone rock frégmentsr
which occur as colluvium. Most of the formation is poorly
indurated and commonly forms slopes. | |

Measured Section and the
Location of the Unconformity

One section of Renova strata was meesured 2.8 km
northwest of Menard (NW%, NE%, SWk, NE%, Sec. 27) T.3N.,
R.4E.; lower part of Section A-22, Appendix I). The section
consists of 23.5 m.of alternating limestone end.tnffaceons
marl (37%), tuffaceous mudstone (62%), and Vitric ash (1%;
Fig. 7; Appendix I). The base of the section is covered and
the top is unconformably (?) overlain by the Sixmile Creek
Formation. The nature and location of this: upper contact
(unconformity) is uncertain and deserves some discussion.

The middle Tertiary unconformity in the Menard areé
was first described by Klemme (1949) and later by Verrall
(1955) as occurring'et the base of a 0.9 m.thick conglom-
erate bed. Hackett and'others (1960) were the first geol-

ogists to map its location. The location of the unconform-

ity was "arbitrarily set" at the top of the uppermost
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Figure 7. Stratigraphic column illustrating the
succession of lithologies observed in the Renova
Formation. This section represents the lower 23 m
of measured section A-22 (Appendix I).
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ostracode—beating limestone. Rébinéon (L%61), however,
contended ‘that preﬁious workers used incomplete evidence to
suggest the presence of the unconformity. He belie?ed that
the entire Tertiary section west of Menard was part éf the
upper depositional sequence. Available evidénce presented
in this'feport suggests that both Tertiary depositional
sequences crop out west of Menard. |

Vitric asﬁ néar'the base of the measuréd section haé
yielded & potaésium*argon date of 30.6 £ 1.2 mybp, a middle
Oligocene age (Fig. 7; Appendix II)} Rocks of this age have
traditionally been assigned to the Renova Formation, the
lower depositional sequence.

The upper depositional sequence (Sixmile Creek
Formation) is also present in the Menérd aréa. Approxi-
mately 16 m stratigraphicallf above the aforementioned 30.6
my ash bed is a 6.9 m thick conglomerate. The detrital
clasts consist mainly of Tertiary rock fragments. Above
this conglomerate, pale orange tuffaceous mudstones afe
associated with coarse fluvial sandstones and structureless
to thickly bedded conglomeratic sandstones containing
Paleozoic and Mesozoic clasts. These deposits have been
assigned to the Sixmile Creek'FormaEion because of their

predominant coarse texture (Robinson, 1967; Kuenzi and
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Fields, 1971). They fepresenﬁ ephemefal stream and“alluviai
fan sediments and seem to be lithdgenetiéally related to
other confirmed Sixmile Creek rocks which many;workers
believed were deposited under érid conaitions (Kuenzi,-l974;
Kuenzi and Fields,; 1971; Robinson, 1961, 1967). Fossil
verfebrates.in:othef areas indigéfé_that arid coﬁditions
prevailed frbm late Miocene into Pliocene time (Robinson,

1967; Kuenzi'and Fields, 1971). Therefore, Sixmile Creek

strata in the Dry Creek Valley are interpreted to ‘be late

Miocene through early or middle Pliocene in age also.

If this reasoning is valid, then the two_aeposition—
al sequences (Renova and Sixmile Creek strata) aré'present‘
in the Menard area. - The unconformity is assuned to be

preseht because of its regional nature (Robinson, 1960}

'Rasmussen, 1973). It is presumably an erosional unconform-

ity bgcause structural discordahce.has not-bgen observéd.

| The.Renova—Sixmile Creek cdntactt(unéonformity)
has not been precisely located. It must occur in a 0.3 km-
wide northwest £rending zone which has itS.southwest flank
bordering on the ridge where thegmiddie-Oligocene ash bed

occurs. The northeast margin of this zone borders on. the

first outcrops of ephemeral stream deposits (Fig. 8).

The contact has been tentatively placed at the base
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of the 0.9'm thick'conélomerate'that occurs at meéasured’ -
sectidn A-22 (Appendi#ll) and a£ the top of ﬁhe laét very
dense lacustrine limestone southeast of this érea (Plate I).

Lithology and Mode of
Deposition

Biosparites and Tuffaceous Biomicrites. Biosparités

range from white to very light gray and are very dense.
Porosity is low because most of the po?es areiﬁilled with
coarse anhedral calcite. Biospariteshare consistently fine-
graiped, the sparry cement being le#s than 0.0625 mm in
diameter. Ostracode fragﬁen£s rahge‘up td 1 mm in diameter
and are well sorted. These rocks are composed 6f approxi-
mately 65% fine sparry cement, 36% ostracode shell fragments,
and subordinate amounts of calcite vug fillings and
hematite staining. |

Tuffaceous biomicrites are characteristicqlLy very
light gray. Lime mud composes 60% of the rock, while"
ostracode shells cpnstitute 20% and range up to 0.8 mm in
diameter. Some of £h§ bioclasts are'aligned.‘ Gastropods
occur at the outcrop but not in thin sections. Glass shards
are commonly less than 0.125 mm-iﬁ diameter and compose 15%
of the rock. Vug fillings of spar and hematite staining

occur in subordinate amounts.
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The biosparites and tuffaceous biomicrites are.
thoﬁght to have been deposited in"a lacustrine énVirogégnt.‘
The thinly bedded and dense nature of the limestones and

the presence of ostracodes support this interpretation.

Tuffaceous. Mudstones. Tuffaceous mudstones are

characteristically grayish orange and very porous and
loosely packed. They are structureless  to thickly bedded
in outcrop. Grain sizes less than 0.0625 mm in diameter
characterize these deposits, Although fine sand grains do
occur. Moderate sorting and angular to subréunded grains
also characterize the tuffaceous mudstones. These rocks
are composed of 45% detrital material and 45% glass shards.
Much of the detrital maferial is too émall to -identify,
although the sand dgrains are composed of varying amounts of|
quartz, plagioclase, and lithic fragments. Calcite‘consti—
tutes 5 to 10% of the rock.

| The mode of deposition'of the tuffaceous mudstones
is somewhat obscuré. Inésmuch as these rocks are inter-
bedded, iﬂ-part; with the lacustriné limestones, the mud-
stones may be lacustrine in origin. They could alsé be
overbank or flood-plain deposits that filled the preceding
lake or pond, although associated channel deposits wéré‘not

found.
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Vitric Ash. 'Vitric ash is very iight gray and very

‘porous and loosely packed. The ash bed'ié 15 cm thicﬁ,
massive, and is interbedded with tuffaceous marls. Glass
shards make up 60 to 70% of the deposit. They are ‘fresh
and isotropic to slightly devitrified: around the edges.
They range -up to 0.5 mm in diameter with keeled and sub-
rectangular shapes being common. Detrital gréiné occur in
subordinate amounts. The asﬁ has a refractive index of
1.508.t 0.002. This may indicate that the ash is compogea
of 69% Si0,; and, therefore,‘rhyolitic in compoé%tion
(George, 1924). |

| The association of the ash bed with ostracode-
bearing tuffaceoﬁs biomicrites strongly ‘suggests that the
ash was blown into a ~laké or-smali pohd. Why the ash has
remained so unaltered is uncertain. |

Environment of Deposition:
Renova Formation -

Rocks of the Renova Formation indicate a complex of
lacustrine and possibly floodplaln depositional env1ron—
ments. Robinson (1963) and Kuenzi and Flelds (1971) con-

tended that rocks of this age were deposited under more

humid conditions than the overlying'sixmiie Creek Formation.

il

{

)
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Age, Fossils, and Correlation ; . : R

A potassium-argon date was obtained from a saﬁple
of 'the vitric ash previously described. The ége is 30.6 %
1.2 mybp (middle Oligocene; Appendix II). In the Menard
area, Tertiary basin—fill strata are characterized by a
general northeastward tectonic dip. Tﬁe ash sample was .
taken near the base of the Renova méaéured éection which, |
in turn, is the westerhment exposure of-Renové strata in
the map area. fherefore, this éeposit represents the oldest
exposed Tertiary-deposit in the stﬁdy area.

Fossils diégnostic of age were nét fognd; Ostra-
codes and gastropods are common in the lacustrine deéosits.

The age of the Renova Formation in the Dry Creek
Valley correlates Very well with younger Renova strata
elsewhere. The Renova Formation in the Dry Creek Valley 'is
equivalent in age to the Dunbar Creek Formation and the
Dunbar Creek Member in the Three Forks areé and Jefferson
basin, respectivély (Fig.'S; Robinson, 1963; Kuenzi ‘and
Fields, 1971). Renova strata in the uppef Ruby basin range

from early Oligocene to early Miocene in age (Monroe, 1974).
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- Tertiary Sixmile Creek Formation

Name, Stratigraphic Position, and Thickness

The Sixmile Créek Formation was named by Robinson
(1967) for the coarse-grained upper depositioﬁal!Sequence of
the Bozeman Group in the Townsend basin. Kuenzi and Fields
(1971), Monroe (1974), and Peterson (1974) extended the term
"Sixmile Creek Formation" into the Jefferson, upper Ruby ,
and Sweetwater basins, respectivély. The term Sixmile Creek
Formation has not been formally used in the Three Forks
basin prior to this study.

Sixmile Creek strata unconformably overlie the
Renova Formation west of Menard. They may also unconform-
ably overlie Precambrian through Paleozoic rocks in the
southwestern portion of the map area and in the vicinity of
Accola. The Sixmile Creek Formation is unconformably
overlain by a thin veneer of youngef coarse unconsolidated
gravels. The total thickness of Sigmile Creek strata is
unknown but is at least 331.9 m thick in the composite

section.

Distribution and Topographic Expression

Sixmile Creek strata are best exposed along the

southern, western, and northwestern margins of the map area.
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The roéké crop out in swales and channels that have beeh
cut deep enough to e#§05e them. The best exposures occur
along the southern bluffs east of Foster Creék and northwest
of Menard (Appendix III). Elsewhere, Sixmile Creek rocks
are poorly exposed or are complétely covered by younger
unconsolidated gravels and soil.

Sixmile Creek strata are poorly indurated and com-
monly form slopes. However, resisfant ledgés'are locally
produced where rocks are entirely cemented. The best-

expression of these deposits occurs on south-facing slopes.

Measured Section

A composite.section, representing tﬁe lower 331.9 m
of the Sixmile Creek Formation, was measured west and nérth¥
west of Ménard (Appendix I). Only 45 m of the 331.9 m
measured were exposed. '

Figure 9 is a stratigraphic column that represents
the measured porfion of the Sixmile Creek Formation. The

percentages of rock types in the composite section are:

coarse sand and congibmérate, 33%;;c£oss—bedded medium to

coarse—grained sandstone, 8%; fine-grained sandstone and
mudstone, 56%; vitric ash, 2%; and tuffaceous marl, 1%.
These percentages are not believed to be representative of

the entire Sixmile Creek Formation in the Dry Creek Valley.
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Exposures observed east and southéaét of;Menard suggést that
Sixmile Cfeek stfata éontaiﬁ much mére’coarse—grained sand- -
stone and conglomerate and less fine~-grained sandstone and
mudstone ﬁhqn thesé percentages indicate.

Lithology, Provenance, and
Mode of Deposition

-

Cross—Bedded Sandstone and Conglomerate. Cross-

bedded sandstone and conglomerate crop out at three differ-
ent locations: 1) west of Menard; 2)»northea§tern portion
of the map area; and 3) southwestern portion of the map
area. At each of these locations, Si#mile Creek strata show
fluvial éharacteristics such as chaﬁnel forms, crbss—bed—
ding, and imbrication. Descriptions and interpretations of
the rocks at each location follows directly.

West of Meﬁard(s%, Sec. 26, -T.3N., R.4E.) — In this area,

cross-bedded ééndstones and conglomerates are'typicaily
grayish orange to’very pale orange and are porous and
loosely packed. Trough and wedge-set cross-bedding énd
poorly developed imbrication characterize these deposits.
Both cross-bedding and imbrication typically have a souﬁh—

ward orientation. These deposits are characterized by a

channel form appearance (Fig. lOA),

Grain sizes range from silt to cobbles, the latter
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Figure 10. A. Channel form appearance of Sixmile Creek
strata west of Menard. B. Large gravel-sized clasts sus-
pended in structureless conglomeratic sandstone. C. View
of the matrix-supported conglomerate at the outcrop.

D. Thin section of the matrix-supported conglomerate under
plane light. Note the split grain and the intervening mic-
rite. Hatchered marks are 1 mm apart. E,F. High level
unconsolidated mantle material west of Menard and in the
northeastern portion of the map area, respectively.
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of which are up to’20_cm in diameter. Medium—gfained sand.
to 3 cm diametér gravels are common. Most grains are
angular to subanguiar, although well-rounded clasts do
occur. These deﬁosits are poorly to‘moderately sorted.

The crossfbedded sandstones and conglomerates west
of Menard contain 30 to 40% lithic fragments. Metamorphic
and andesitic volcanic rock fragménts compose 1% and 20% of
‘all the rock fragmeﬁts, respectively. Paleo;oic and
Mesozoic  clasts constitute the remainder. Quartz makes up
10 to 30% of the deﬁosits, while 5 to 20% is plagioclase
and m@éroqline.' Mica, heavy minerals, and glass shards
occur in subordinate amounts. Most of these focks fall into
the feldspathic litharenite range (Fig. 11).

The volcanic clasts within'these deposits were
probably dérived from the Maudlow basin to‘the north, where
Livingston volcanic and volcaniclastic rocks crop out
(Skipp and Peterson, 1965). Plagioclase and microcline
observed in these rocks also originated from this area. The
nearest outcrop of the Livingston Group is 5 km‘north‘of
Menard. The proposition of a northérn source is also
supported by the southward orientatién of both cross—bedding
and imbricated clasts.

The metamorphic rock fragments were probably derived
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Figure 11. Composition of the cross-bedded sand-
stones that crop out west of Menard.
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from the Precambrian core of the Big Belt Mountains_ﬁarthe;
north. Whether these metamorphic rock fragments were |
transported directl§ from the Big Beit Mountains or were

reworked from older. Tertiary deprits to the north is

uncertain. Upper Paleozoic and Mesozoic clasts observed in . -

these deposits originated in the Horseshoe Hills, becauée
these pre-bésin rocks are exposed.west of Menard (Plate.I).‘
The presence and orientationé of.both'cross—bedding.
and imbricatioﬁ imply that southward'flowing fluvial systems
transported much of this det;itus‘from the north. The cut
and. £ill channel form, combined witﬁ'the predominaﬁt
angularity and poor sorting of these deposits indicaﬁe that
sphemeral streams rapidly deposited Locally derived éedif
ments, presumably iﬁ'the waning stagéS'of short-lived floods
(Fig. 10A). Many of the featureé observed here compare to

those of modern ephemeral streams described by Picard and

e \ | Ll
High (1973). | |

Northwestern Portion of the Map Area — Coarse imbricated

: . uesStelin :
conglomerates are exposed in the northeastern part of the
map area. ‘The best exposure occurs in a gully just north of

Johnson Canyon Road (SEY, NE%, NW%, Sec. 3, T.2N., R.5E.),

while smaller outcrops occur directly. adjacent to this - road.

Another exposure crops out along the north side of Coleoad'
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in the SE%, NE%, SWs, Sec. 9, T.2N., R.5B. Similar rocks
probably underlie the hills south of Johnson Canvon Road;
but have been covered by younger'unconsolidated cobbles.

The conglomerates are very pale orange and are
grain-supported. ‘Horizontal bedding'occurs in the COn—
.glomerates north.of Johnson Canyon Road each ‘bed. belng 15
to 30 cm thick. Within each bed, very well developed west*
Ward imbrication is present;.'Small sand .lenses also occur
within this exposure and are 5 to 10 cm_wide and 3 to 4 cm
thick. Coarse—grained sand to small cobbles are common
grain sizes, although silt—slzed grains and clasts up -to
20 cm in diameter‘do occur.: The clasts are'angﬁlar to
subrounded and are poorly sorted. |

Rock fragments compose 30 to 40% of the rock
naHood arkoses and Pale0201c llmestones make .up at least ;
50% of all the llthlc fragments observed. Paleozoic sand—.
stones and-shales and-Tertiary clasts occur in subordinate'
amonnts. Lithologies that represent rocks stratlgraphlcally
above the Quadrant Formation were not observed.- Quartz:
composes 10 to 15% of the conglomerate, while plagloclase-“
occurs in amounts up to 10%. ‘Mica and heavy minerals were
observed in lesser amounts. The.amonnt of calcite cement_

varies between exposures, but can compose -up to,30%_of_the'
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rock. .
The composition and wesfward imbrication of -these
deposits indicates that they were derived from the Bridger
Range. The imbrication, predominant angularity, and the
occurrence of detrital clasts of shales and Tertiary rocks
suggest that these sediments were rapidly deposited by a
westward flowing stream. The size and nature of this
stream is unknown. It may have been.a distributary channel

flowing over an alluvial fan.

Southwestern Portion of the Map Area — In the southwestern

part of the map area, in the bluffs adjacent to Dry Creek,
very small éoorly exposed imbriCated:sandy cobble conglom-
erates crop out (N}, Sec. 34, T.2N., R.4E.; SE%, éec. 27,
T.2N., R.4E.; NE%, NE%, Sec. 26, T.2N., R.4E.). These
conglomerates are semi~consolidated to consolidated, hor-
izontally bedded, and imbricated to the south-southwest.
Coarse—-grained sand to gravel-sized clasts pre;
dominate, but clasts cp to 30 cm in diametér occur. The
conglomerates are poorly sorted, and angular to well-rounded
grain shapes afe common. Rock fragmcnts compose 30 to 45%
of the deposit, LaHood arkoses and Paleozoic limestones
being the most characteristic. Clasts resembling Quadrant

and Morrison sandstones are also common. Tertiary clasts
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and Precambrian and Paleozoic shales also occur aSVQétriFal'
material but are fare. Quartz comprises 10 to 20% bf‘thé
deposité, while feldspars compose 20%. Plagioclase makes
up at least 80% of.the total feldspar bbserved; microcline
occurs in lesser amounts.. Célcite cement may constitute
45% of some of the conglomerates.
| A cdnglbmeréte bed east of Dry Creek (NEY%, NEY%,
NEY%, Sec. 26, T.2N., R.4E.) contains volcanic rock frégments
up to 15 cm in diameter. .ThiS'oﬁtcrop represents.the ‘
southern—moét limit where volcanic rock fragments occur in
Tertiary Sixmile Creek strata (Fig. i2).
The conglomerates in the southwestern portion of
the map area were derived from a northern.sourée. The
presence of andegitic vélcanic rock fragments, Quadran; and
Morrison sandstone clasts, and southﬁafd imbrication suppo?t
this interpretationf
The conglomerates were deposited by southward
flowing fluvial systems, as evidehced by their composition,
coarse and rounded nature, and southward imbrication. The
nature of theée‘streams is uncertain, but the streams may

have nearly followed the present course of Dry Creek.

Structureless to Thickly Bedded Conglomeratic

Sandstone. Structureless to thickly bedded conglomeratic
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SEDIMENTARY
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samples taken from
the Menard area
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Figure 12. Ternary diagram illustrating the

type and proportion of lithic fragments that occur
in some of the Sixmile Creek fluvial deposits.

The igneous and metamorphic rocks were derived from
the Maudlow basin to the north.
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sandstoneé occur throughout the study area; They argxbegtw
exposed in the éentral and soutﬁern porfions of the study
area, eést of-Foster Creek. More discontinuoﬁs exposures
occur southwest énd east of Menard and southeast .of Acéola'
(Appendix III). "

The conglome?atic sandstones are graYish orange to
pale yelléwish orange and are usually consolidated. These

deposits are structureless to thickly bedded, the beds

ranging from 15 to 30 cm thick. - The grains'are randomly

oriented and are inﬂcontact with each other." Lérge.gravel—
and cobble-sized clasts are "suspended" in the sand (Fig.
10B). Some of these deposits are cut by overlying fine-
grained well sorted cross-bedded sandstones '‘and conglom-
erates.

Grain sizes range from silt to small cobbles; the
latter of which ranges up to 7 cm iﬁ diameter. Medium to
coarse sand.is the avérage grain size. The grains’are
angular'to subroﬁnd.and are poorly to moderately sorted.

These deposits are comprised of 25 to 40% lithic

fragments. LaHood arkoses and Paleozoic limestones are the

most common lithologies observed. Quartz constitutes 10 to

30% of the rocks, while plagioclase and micfocline compose

up - to 25%. Well presérved isotropic glass shards make up
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20%‘of some of the samples. Mica, heavy minerals, ana\

‘matrix occur in subordinate amounts. Calcite cement occurs:

in varying amounts.
In the vicinity of Menard, the conglomeratic sand-
stones are apparently devoid of LaHood arkose lithic

fragments. They ‘are also low in feldspar, relative to thej

deposits southeast of this area (Fig. 13). The deposits in

the Menard area also contain a predominance of Mesozoic
lithologies, whereas those to the south do not.

The feldspathic litharenites of the southern and

central portions of the map area were probably derived from .

the Bridger Range and the southeastern portion of the
Horseshoe Hills. The relatively high feldspar content is
thought to reflect the presence of theiLaHood Formation in
the source areas.

The felatively low feldspar content and the absence
of LaHood arkose lithic fragments in the litharenites near
Menard probably reflect the absence of arkosic source rocks.
The abundant Mesozoic litholog;es observed in these deposité
can be attributéd té‘the presence of Mesozoic strata west of
Menard (Plate I).

The apparenﬁ absence of volcanic lithic fragments in

all of these deposits indicates that the Maudlow basin did
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Figure 13. Composition of structureless to thickly
bedded conglomeratic sandstones. The slightly higher
feldspar content in rocks of the south and central
portions of the map area reflects the presence of the
LaHood Formation in the source area.
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'not contribute any detrital material. The Bridger.Range and.
the Horseshoe Hills supplied all of the detritus. |

Thé mode of deposition of the structureless to
thickly bedded conglomeratic sandstones is uncertain. Their
poor sorting, predominant angularity, high content of well-
preserved glass shards, random orientation of grains, ana
structureless to thickly bedded character imply a short
distance of transport .and very rapid depésition. The low
content of maﬁrix and the grain-to-grain nature.of'these
sandstonés indicate that they were deposited in an agueous
medium, rather than a viscous one. Similar.deposits in
other basins have been attributed to. sheetfloods (R.‘W.
Fields, 1978, pefs. comm. ) .

| Although sheetfloods and their deposits are not
well documented, they have been described by'MéGee (1897),
Davis (1938), Rahn (1967), and Bull k1972) and will be -
briefly discussed here. '

Sheetfloodé:are one of many alluvial fan processes
that opefate under arid conditions and have been observed
in the' southwestern United States (MéGee, 1897; Rahn,'l967).
They are surges pf sediment-laden water that spread from
the end of a stream.channel onto an alluvial fan. Depo-

sition is initiated by a widening of the flow into
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.intricately braided shallow bands or sheeté and a simul-

taneous- decrease in depth and velocify of £low. Change in.
the gradient at the end of the chanﬁel does not seem to be
an influencing factor (Bull, i972);.'Depths of water are
genéraily less than 30vcm. Shallqw braided distributary
channels rapidly’fill with Sedimeﬁt and then.shiff a short
distance to another location. The final product is a sheet-
like deposit of sana and gravel that is traversed by shallow
braided channels (ﬁull, 1972). .One of the striking pecu-
liarities of sheetfloods is the shorﬁness‘bf théir flow in
distance ‘as well as time. This is because they are fed by
local and short-lived downpours of rain and are absorbed by
the dry and pervioué detrital slopes of the alluvial fan
(Davis, 1938). |

None of the aforementioned characteristics of the

. conglomeratic sandstone in the map. area, when considered

individually, support the proposition of sheetflood origin.

But when they are considered together, they do suggest rapid
deposition in an aqﬁeous medium,; such as in a sheetflood. A
fluvial origin may be an alternative'explanation, but the
lack of, grains with preferred érientétions and'the‘apﬁarent
absence of cross—~bedding and chaﬁnel.forms may preélude such

a suggestion. Certainly; fluvial systems must.have been
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associated with these deposits, 'because the massive con-
glomeratic sandstones are, at some - locations, cut by over-
ljing well sorted cross-bedded sandstones and.conglomeratés.
This rélation méy further support the idea of a sheetflood
o?igin. As Bull (1972) and Davis (1938)'obéerved, present.
day sheetflood deposits are tpavérsed by shallow braided
channels. These shallow channels may be a modern anaiogue
to these overlying‘flﬁvial deéosits.

Based on all of these obsérvations, the structure-
less to thickly bedded conglomeraﬁic sandstones are fenta—
tively believed to represent alluvial fan deposits, deposit-
ed principally by sheetfloods. This interpretation cor-
responds to that of Fields (1979, pers. comm.) and Kuenzi
(l9i4) concerning portions of Sixmile Creek strata in other

basins.

-Matrix—Supported Conglomerate. One exposure of a

matrix-supported conglomerate was found near the northern
boundard of the map area in the NWk%, SWk, SWk%, NWk, Sec. 29,
T.3N., R.4E. The rock is grayish orange and is tightly |
cemented. All of the grains observed in outcrép and in
thin-section appear to float in a lime mud matrix.and are
randomly oriented.

Large detrital clasts up to 18 cm in diameter occur,
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although coarse sand to large pebbles are the predominant
grain sizes. Many of the grains are sﬁbangular to'sﬁb;duﬁa,
poorly sorted, and randomly mixed.

Rock fragments compose 30% df the deposit, 15% of
which are LaHéod arkoées. _Péleozoic and Mesozoic lithél—
ogies are also common, while Livingston volcanic and
vocaniclastic rock fragments are rare. Quartz constitutes
10% of tﬂé rock, and plagioclase occurs in amounts less than
10%. Micrite and coarse anhedral spar make up 35% and 25%
of the sample, respeétively. Mitrite composesAthe matrix
and also occurs as coatings around grains. .Spar has filled
pores within the micrite (Figs. 10C, 10D).

The abundance of Precambrian LaHood arkoses and the
presence of'lower as weil as upper Paleozpic lithologies
indicate that the Bridger Range supplied the majority of
detrital material. Lithic fragments of upper Paleozoic and
Mesozoic rocks were probably defived'from the Horseshoe
Hills. The small amount of volcanic rock fragments observed
originated in the Maudlow basin area or were reworked from
older Tertiary deposits.

Micrite and spar are probably diagenetic features.
Many detrital grains are completely éeparated‘or.split by

the intervening micrite and the-pieces can be visﬁally fit
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back together. If the grains were broken durihg ox prio:'to

deposition, it seems unlikely that the broken pieces wodid

" have remained so close together. Consequehtly, the micrite

is believed to be secondary (Fig.-ldb). The coafse anhedral
calcite spéf occurs .as pore—filiings within,the_ﬁiérite.
This relationship spgéests that the precipitation of spar
post-dated that of the'micrite.‘

The CaCOj3 occurs as a suppofting framework in fhe,
conglomerate aﬁd is in excess of that neeaed for cementa-
tion. If the micrite'and spar were removed, the grains
would collapse through lack of support. Therefore,.the
CaCO; is not just a'cemenf in this deposit, because it is
more than a binding égent.'

| Based 6n the observations g;ven in the preceding
paragraphs, the matrix—sﬁpported conglomerate represents a
Tertiary caliche soil or calcrete. The follawing'charac—
teristics of this deposit are shared by other ancient as
well as modérn caliche soils'studied.by Watts (1978),

Steel (1974), Sieésér_(l973), Gardner (1972), and ﬁrown
(1956): 1) matrig—supported character; 2) the predominance:
of fine-grained lime mud and subordinate amounts of sparry
calcite; 3) the aetrital material and CaCO; are randomly

mixed; 4) CaCO3; occurs in amounts greater than that needed
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- for cementation; and 5) brecciated or split grains.

There is some disagreement on how the detritai

grains in number 5 ‘are broken. But most workers agree that

the grains are broken in situ, aftef.deposition, by pédq—

'genic processes (Klappa and Watts, 1979).

The occurrence of a caliche soil within the Sixmile
Creek Formation fits. in very well with the developing
scenario of late Tertiary time; that is, a time of alluvial

fan deposition under an arid climate.

Vitric Ash. The best exposures of vitric ash in
the Sixmile Creek Formation occur along the southern bluffs
east of Foster Creek Road, and in a road cut along Foster
Creek Road in the SW%, SW%, Sec. 6, T.lN;, R.5E. Other less
pure ash beds crop out discontinuously west of Menard.

The ash is Very light gray and porous and loosely
packed. The exposure’ along Foster Cfeek Road is 0.9 to 1.5
m thick. Horizontal laminations 2 to 4 mm thick occur in
the lower 0.9 m. In the top 0.6 m, climbing ripples were
observed. The ashlbed overlies a tuffaceous mudstone with'
an abrupt contact and is in turn, overlain by younger
coarse unconsolidated gravels.

'Very fresh angular isotropic glass shards constitute

60 to 70% of the ash. Some of the shards are slightly
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devitrified around the edges. Detrital grains occur in .
subordinate amounts. . The refractivé indices of the ash
range from 1.505 * 0.002 to 1.506 * 0.002. This may indi-
cate that the ésh is compdsed of 70% Si0O, and is, therefore,
rhyolitic in composition {(George, 1924).

The purity of the ash and the gbrupt contact with
the underlying mudstone indicate that the ash fell into a
very low energy environment, where little detrital méterial

was being reworked. A small pond or stagnant waters on a

'flbodplain may be such a site. The climbing ripples near

the top of the exposure imply that some of the ash was
reworked, after it was deposited, but not to the extent that
it was mixed with other clastic material. The souice of the

ash is unknown.

Tuffaceous Marls and Mudstones. The tuffaceous
marls and mudstoﬁes‘of the Sixmile Creek Formation are
similar to those of the Renova Formation. The tuffaceous
marls are best exposéd west and northwest of Menard. Most

of the marls are less than 0.9 m thick and contain more than

'50% calcium carbonate. The thinly bedded nature of the

marls and the presence of ostracode remains indicate that
the marls were deposited in ephemeral ponds or small lakes.

The tuffaceous mudstones are best exposed west of
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Menard, although they also occur‘along Foster Creek Road
wlth the vitric ash. They are mdch more:variable in terms
Of.types of'sedimentary structures than those‘of the Renova

Formation. The.mudstones_arexstructureless to thickly

K]

bedded and are cut into by ephemeral stream channel'depositsf“

X

They contaln dlscontlnuous rlpple stratlflcatlon, root
casts, burrows, and-algal mounds. The mudstones are thought
to represent floodplain and overbank deposits.

Environment.of Deposition:
Sixmile Creek Formation

The foregoing descriptions and interpretations~of'

the llthologles 1ndlcate that the blxmlle Creek Formatlon

. was dep051ted in a complex of flood ba51n and alluv1al fan
environments. The coarse textures and mode of depos1tlon of

: many of these dep051ts suggest that hlgh energy systems

predomlnated durlng a time of 1nternal dralnage and basin-
fllllng' .Many of: these coarse dep051ts are products of
short- llved floods Wthh developed in response to local but
heavy downpours of;raln.‘ '

In other basins,tslxmile Creek'strata were deposited
under an- arid cllmate (Kuen21 and Flelds, 1971; Kuenzi,r

1974; Monroe, 1974) The dep051tlonal envi ronments de~

~scribed above_support this contention. ' R. W,'Fields’(1979,
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persﬁ comm.) believéd that-during_the'time of Sixmile'Creek
deposition, the countryside acquired the general appearance

and climate of the present arid southwestern‘United"States.'.'

Age, Fossils, and Correlation

A potassium-argon date was obtained from vitric ash
along Foster Creek Road in the SWk%, SW%, Sec. 6, T.iN.,
R.5E. (Appendix IIY. ,The age is 8.9 * 0.4 mybp (early
Pliocene). The lack of exposure in this area prevents any
accgraté interpretéfion.concerning the exact étratigraphic
position of the asﬁ bed. Because of a localized north-
westward dip in the area, the alluvial fan deposits'directly
to the southeast and northwest are thought to be slightly |
older and younger, respectiﬁely, than the ash. | \

Sixmile Creék strata exbosed west of Menard are
thought to be the oldest Sixmiie Creek rocks in the map
aréa. Thié is because most of the Tertiary straﬁa in the
map area dip eastward and the roqks_west of Menard represent
the westernmost occurrence of the Sixmile Creek Forﬁation.
The oldest Sixmile Creek equivalent in the Three forks basin
is:late Mioqene (Dérr, 1956) . | |

Thg fluyial.cdnglomerafes'in.the nortﬁeastern paft.
of the maé area are the youngest Sikmile Creek strata ex-

posed in the Dry Creek Valiey.f’Taking into account ‘the
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location of the exposure, its steep eastward-dip,'and the -
éastward‘dip’of Tertiéry strata to the'northWest, these
deposits probably lie near the top of Sixmile Creek basin-
£ill sediments.. The'youngest Sixmile Creek strata féund in
other basins are of middle Pliocene age (Kuenzi and Fields,
1971; Monroe, 1974), l |

The age of the fluvial deposits‘west 6f Dr&-Creek in
the southwestern portion of the map area is &t bést‘uncer;

tain. These conglomerates have been tentatively mapped as

part of the Sixmile Creek Formation because of their coarse-

)
ness. Deposits of this grain size rarely occur in the
Renova Formation or its equivalents (Kuenzi and Fields,

1971; Robinson, 1963). The conglomerates are unconformably

underlain presumably by the Precambrian LaHood Formation and

!

are overlain by Tertiary spring deposits whose age is also
questionable (Croés—section A-A”, ‘Plate I). - The flﬁVial
conglomerates weét of Dry Creek occur at the same elevations
as the Sixmile Creek sheetflood depdsits to the east, but do
ﬁo£ show any tectonic dip. Since these deposits have been
assigned to the Sixmile Creék Formation, they are tenta-
tively believed to be late Tertiary in age.

’Diagnostic vertebrate fossils were not found. Algal

mounds, ostracodes, root casts, and burrows are common in
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the tuffaceous_marlé and mudstones that occur west'Qf_
Menard. .

The age of ‘the ash bed along Foster Creek ﬁééd
correlates very well with the age of Sixﬁile Creek equiv—
alents in other.parts of the Three Forks basin. Glancy.
(1964) and Schneider (1970) both found late Miocené and
Pliocéné vertebrates in their respective study areas. In
other baéins, Sixmile Creek strata range from late Miocene
to middle Pliocene.(Fig. 5; Kuenzi and Fieldé, 1971; ﬁonroe,

1974; Peterson, 1974).

Tertiary Spring Deposits

Stratigraphic Position and. Thickness

A formal name has not been assigned to this unit.
It lies with angular unconformity on Precambrian and
Paleozoic rocks and.may also overlie Tertiary Sixmile Creek
strata. The spring deposits are underlain by a thin mantle

of unconsolidated gravels and also underlie part of thé'

" Sixmile Creek Formation. The thickness of this deposit

ranges from 0.9 to 24 m. The rocks thicken in wedge-like

fashion to the southeast.

Distribution and Topographic Expression

The spring deposits are discontinuously exposed
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over a 3.3 to 5 square km area in the southwestern poftion
of the map area. They are always poorly exposed and a%e
found on the shoulders of steep-walled gullies west of Dry
Creek. Small.ekposures also ecrop out along the west-facing
siopes east of Dry €reek (Plate I).:.The spring deposits
6ccur.as a tabular body blanketiﬁg the top of the bench
west of Dry Creek. Outcrops are weafhered, blocky, and

very discontinuous (Appendix III).

Lithology

The spring deposits contain over.50% CaCO; and are,
therefore, limeétones. However, they do contain large |
detrital-clastsiwhich.are supported by the CaC0;. Grain-
.supported textures ére rare. Three different rock types
belong to this map unit, all of.whicﬁ are similar in compo-

. sition but differ in the proportion of their components.

Conglomeratic Micritic Sparites. Rocks of this

type are found over the entire area. They are grayish
orange to very pale orange, porous, and have a sugary
texture. Exposures are commonly str&ctureless, although
irregular wavy béds were observed at one outcrop.

' The size of the detrital material ranges from clay-

sized particles to cobbles 36 cm in diameter. The clasts
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are poorly sorted and are randomly distributed‘throughout”
the outcrop. Their shapeé range from angular to well
rounded. |

Rock fragmenté:compose 5 to 30% of the deposit.
Precambrian LaHood arkoses and lower Paleozoic lithologies
through the Devonian Jefferson Formation occur. - Upper
Paleozoié and Mesozoic rocks were not observed in any of
these deposits, Quartz composes up to 10% of the sample.
Plagioclase occurs in trace amounts. Sparry calcite con-

stitutes 40% of the rock whereas micrite ranges from 20 to

The carbonate matrix of three samples was dissolved
in dilute hydrochloric acid. The percentages of dissolved
carbonate versus insoluble residue are given in Table 1.

The insoluble residue consists of a fine-grained
sand and mud mixture. Of the sandlfraction, quaitz and
plagioclase are common. Mica and héavy minerals occur in
subordinate amounts. S8ilt and clay compose 35 to 40% of

the residue. -

Sparry Biomicrites. Sparry biomicrites were found

at only one location (SWy, SE%, NWy4, Sec. 22, T.2N., R.4E.).

They are very light gray, dense, and porous, although many

pores are filled with spar. The rock contains fewer
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Percent Dissolved Carbonate — Perceht Insoluble Résidue in

Tertiary Spring Deposits.
detrital limestone clasts.

Note that two samples contained
Consequently, the percentage of

dissolved carbonate as matrix was mathematically corrected

for this.
_ Sparry |Arenacious
Conglomeratic Micritic Sparites|Biomicrite|Biosparite
% insolubles 5.1 5.8 7.0 3.3 34.8
% total dissolved carbonate 94.9 94.2 93.0 9.7 65.2
% detrital carbonate by vol. - - .15 - 10
(visual estimate) ' -
% detrital carbonate by wt.. - ~ 5.8 - 3.8
(Pof Ls=2.6; % vol:2.6)
% dissolved carbonate as 94.9 94.2 87.2 " 96.7 61.4
matrix . - .

19




62

detrital grains than those previousiy described'and bedding
was not observed. Detrital grains from clay-size to 8 cg
in'diameter_were noted. The clasts are,éoofly sorted gnd
angular;

In thin section, 68% of the'rock is composed of
micrite. Coarse anhedral spar constitutes 30% of the
sample, whilé.the remaining 2% consists of quartz éand

grains and lower Paleozoic rock fragments. Ostracode shells

occur in trace amounts.

One sample of the CaCO; matrix was dissolved iﬁ
dilﬁte hydrochloric acid. The'résuits are tabulatea in
Table 1. The insoluble residue is composed of a mixture of
coarse to fine-grained sand and mud. Much of the sand
fraction consists of quartz and plagioclase, while mica and
heavy minerals occur.in subordinate émounts. Silt and clay

compose 40% of the insoluble residue.

Arenaceous Biosparites. Arenaceous biosparites also

occur at only one location (NE%, NE%, Sec. 26, T.2N.,

R.4E.). They are very pale orange and are grain-supported.

Bedding was not observed.

Detrital grains range from clay-sized particles to

. large cobbles 20 cm in diameter. Sorting is poor and the

‘clasts are angular to well rounded.




63
Rock fragments compose 25% of the deposit, with -
Precambrian LaHood.through lower Pa;eozoip‘lithologiéé -
being common. - Lithiq fragmenﬁs.representing lithologies
above the Jefferson Formation were not observed. Quartz
grains constitute‘lo% of the rock,'while-pl&gioclase,
microcline, and other unidentifiable grains.occur in sub—:

ordinate amounts. Fine-grained sparry cement composes 40%

.0f the rock, while lime mud oceurs as coatings around small

detrital grains in améunts of 5% or iess.

Grains resembling fragments of charaphyte algae were
also observed in this rock. The'shape and structure of
these gra;ns are véry similar to the'charaphyte\algae shown
in the photomicrbgraphs of Horowitz and Péttex (1971) and -
Scholle (1978). T

A sample of.this rock was dissolved in dilute
hydrochloric acid (Table 1). The insoluble residue épntains
sizes rangiﬁg_from coarse-grained sand to mud. It is poorly
sorted and .the grains are angular to_subrouhaed. Quartz
and plagioclase dominate the sand fraction, while.mica and .

heavy minerals occur in subordinate amounts. Silt and clay<

compose greater than 35% of the residue.
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Mode of Deposition:
Tertiary Spring Deposits

Verrall (1955) briefly mentioned the oécurrénqé~of'

these rocks and interpretedlthem as lacustrine and fanglom~

-erate deposits. Their origin is believed to be slightly'

more complex than this and is discussed below.

A lacustriné'brigin is valid, in part. The presence

of ostracodes and algae support this. But the random occur- .

rence of large det;ital'clasts throughout most of the ;ocks,
complicates this interpfetation{. A caliche origin may élsa
be consideréd, but the absence of both brecdiated grains
and larger amounts of detrital material combined with thé
occurrence of algae and ostracodes make this interpretaﬁion
less:plausible. |

D. L. Smith and J. Montagne.(l979, pers. comm.)

suggested that these rocks represent spring deposits. 'The

‘'writer agrees with this interpretation and offers the

fdllowing scenario which best explains the combined occur-
fenées of: 1) charaphyte algae'and'ostracodes; 2) coarsef
to finé—grainéd detfital'material7 and 3)‘large_amounts of
CaCOgj. | . ‘
Carbonate-rich groundwaﬁe%s fldwing Ehrough Pale-

ozoic limestones issued from Laramide faults onto a flat .

erosional surface. Small ponds formed ih certain areas on
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the surface, producing an ecosystem conducive to the growth-

of ostracodes and charaphyte algae. Elsewhere, spring

waters made their way downslope in very shallow channels.

" Evaporation initiated the precipitation of CaCOj3 and a

carbonate blanket or fan began to form over the entire

~

surface.

Ephemeral streams, generated by brief but.heavy
rainstorms, spread across the carbonate fan, depositing
coarse gravels and cobbles. Fragments of charaphyte algae
aﬁd ostrécodes becéme intimately mixed with clastic materi-
al. As the storms subsided, the ephemeral streams gradually
disapéeared. Spriﬁg activity, however, continued and CaCOj;
precipitation resumed, ultimately binding the clastic and'
bioclastic detritus.

Thus, continued activity of carbonate~rich spring

" waters combined with the sporadic occurrences of ephemeral

sfreams produced matrix~-supported fanglomerate material
composed of conglomeratic limestone.

The sﬁall Laramide faults mapped near the ndrthcrn—
most occurrence of the spring deposits were the source from
which the springs emanated (Plate I). The composition of
the detrital material in the spring deposits corresponds

with the outcrops of Precambrian and lower Paleozoic rocks
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in the-qrea. Lithologies that represent rocks above thé,
Jefferson Formation were not found. Consequently; the
source area of the dgtfital materidl and the location of
spring activity was located south of the ridge formed by

the Jefferson Formation.

Age, Fossils, and Correlation

An exact age for the spring deposits has not been
determined. Verrall (1955) tentétively assigned them to an
Oligocene age because these deposits and tHe lacustrine
limestones west of Menard (Renova Formation) both contained
similar-looking gastropods. R. W. Fields (1979; pers. |
" comm.) stated that gastropods are not good index fossils in
the Tertiary rocks of western Montahé. Consequently, be-
cause of the absence of good index fossils, geomorphic and
structural relations were used in this report to discern
the age of the spring deposits.

In the southwest portion of fhe map area, along the
west bluffs of Dry Creek (SE%, Sec. 27, T.2N., R.4E.; N%,
Sec. 34, T.2N., R.4E.), imbricated conglomerates tentatively
mapped as part of the Sixmile Creek Formation, underlie the
spring deposits. If these conglomerates are part of the
Sixmile Creek Formation, they are probably late Tertiary in

age. The overlying spring deposits are, then, slightly
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.younger than these conglomerates (Cross-section A-A”, Plate

I). It is interesting to note that if these conglomerates
are proved to be paft of the Renéva Formation.énd eérly
Tertiary in age, the.age of the spring deposits may be
Oligocene, as péstulated by Verrall (1955).

‘East of Dry Creek, in the NE%, NE%, Sec. 26, T.2N.,
R.4E., Sixmile Creek strata are characterized by a north-
eastward tectonic dip. Approximately 30 m.south of this
exposure, in the same gully, spring deéosi£s crop out.. If
the dip.of the Sixmile Creek rocks is projected southwest-
ward, Sixmile Creek strata would overlie the spring depqs—»

its. At this location then, the spring deposits appear to;

. be older than part of the Sixmile Creek‘Formation (Fig. 14).

Qn the basis of the two relations juét described, the
spring deposits are tentatively believéd to be late Tertiary
in age, and equivélent, at least in part, to-the'Sixmile
Creek Formation. Further evidence discussed belqw may help
to substantiate this interpretation. .
The spring deéosits are-oveflain by a tﬁin veneer of
unconsolidated boulders and cobbles (QTof). These mantle
deposits represent a separate and yéunger depositional event
than the underlying spring deposits. .They rest.high above

the present drainages and were deposited just prior to the




SW Projected NE
Ts -Tsp
QTof contact
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Figure 14. Diagrammatic cross-section through

the NE¥%, Sec. 26, T.2N., R.4E. Horizontal and
vertical scales are only approximate. The relation
shown here indicates that the spring deposits are
older than Sixmile Creek strata. QTof= high level
pediment gravels; Ts= Sixmile Creek Formation; Tsp=
spring deposits; P€1= LaHood Formation.
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.initiation of the last canyon-cutting episode. Canybn— 

cutting began less than 4.2 mybp (Peterson, 1974). There-

fore, the mantle.deposits are late.Pliocene,Qr early
Qﬁaternary'in age,.and since they overlie thelspring'debos-'
its, the latter must be slightly-older (Cross4section'A*A’,
Plate I). | ' |
Tertiary séring'deposits_also dip gentiy to the 
east. Whether the‘dip is structural or depositional'is a
question that will be addressed later. But if the dip is
projected farienough to the east, it does project under
Sixmile Creek aeposits (Cross-section A-A", Plate I). There
is no evidence, however, that reveals the extent of the
spring deposits in the subsurface. '
Although correlation of these deposits ié very
diffiéult without‘the.presence of index fossils or good
exposures, similar-looking deposits in the Nixén‘Gﬁlch areé
in the Horseshoe Hills have been observed by Séahn (1967)'_
and D. L. Smith (1979, pers. comm.). Whether or not théy
are contemporaneous with these deposits is uncertain. Both
of the carbonate-rich deposits occur on bench—liké surfaces
high above the presénf drainages and may represent a time
of increased sSpring activity in the Horseshoe Hills sdmetimc

during the late Tertiary.
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QUATERNARY OR TERTIARY DEPOSITS

Distribution, Stratigraphic Position,
‘and Thickness h

Quaternary‘or”Tertiary depos;ts consist of a thin
mantle of dncbnsoiidatéd gravels;-cobbleé,'énd boulders
that blanket the entire area. “They characﬁeristicélly occur
at elevations above the present draihgges. The mantle
material lies on erosion sﬁrfaces which, iﬁ turn, overlie
and, in part, truncate oider Tertiary basin-=fill aepbsits.
The mantle material is covered by younger alluvial fan.
deposits ﬂear.the Bridger Range. Elsewhere, it is exposed
or disrupted by cultivation.

| The é#act thickness of the Qﬁaternary.or Tertiary
mantle material is unknown.. Map data indicété that they
are very thin compared to the underlying Tertiéry rocks. 1In .
most areas, they do not exceed 1.5 m. Howéver! in a quarry
in the north-central pért of the areé (SwWk, SW%; NE%, Sec.
5, T.2N., R.5E.), 4.6 m of unconsolidated gravels and cob~

bles are eprsed. The lower contact was not observed.

Lithology and Mode of Deposition

Gravels and cobbles are the common grain sizes,
although sizes ranging from small pebbles to large boulders .
measuring 1.8 m in diameter do occur. -The clasts rangé from

angular to well rounded and they'are typiéally unsorted
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(Figs. 10E, 10F).
Composition of the clasts iﬂ the manfle material
varies upon location. In the Menard'area, upper Paleozoic
and Mesozoic clasts are-common. Volcanic rock fragments

also occur but are rare. In the southwestern portion of the

map area, LaHood arkose clasts and lithic fragments from the

lower Paleozoic section predominate, aithough coarse lithic
saﬁdstone élasts resémbling the Kootenai Formation are
present. LaHood arkose clasts énd rOCR fragments that
represent rocks of the Paleozoic section below and ingluding
the Quadrant Format;on are common in the mantle material of
the central, southern, and eastern part of the.map.area.
Here, lithologies that represgnt rocks above the Quadrant’
Formation have not been found. Metamorphic amphibolite
clasts are very rare.

Most of the mantle material was derived from the
adjacent Bridger Range and Horseshoe Hills. 'Bridger Range
material is more extensive than that of the Horseshoe Hills
and is present as far west as Dry Creek.

Although both source areas are composed of the samc
pre-basin rocks, detritus froﬁ one of the areas can be
distinguished from the other by the following character-

istics: 1) the presence of LaHood arkosic. lithic fragments
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that contain pink feldspar grains. Thé occurrence of.thesg
clasts indicate Bridgér Range material. 'Only the LaHood:“
Formation in the Bridger Range contains arkoses with pink

feldspar grains (A. Bonnet, 1979, pers. comm.; J. Montagne,

21979, pérs. comm. ). 2) The presence of LaHood arkoses in.

the northern part of the ﬁap area. This occurrence also
indicates a Bridger Rénge source because the LaHood Forma-
tion does not crop out in the Hofseshoe Hills in thé
vicinity of Menard. 3) The presence of Kootenai and other
Mesozoic lithic fragments. The occurrence of these iithol—
ogies in the mantle gravels indicates that they were shed
from thé Horseshoe Hills. Mesozoic rocks crop out at very’
low elevations on the east side 6f the Bridger Range, and,

therefore, could not have been trénsported in a westward

direction to the map area.

" This blanket of unconsolidated mantle material
probably owes its origin to a number of processes thgt
formed large coarsé—grained alluvial. fans. Crude imbrica-
tion observed in the deposits that are exposed in a small
quarry in the-north—cenﬁral'part of the area indicate that
some of this detritus was deposited by fluvial activity.
However, it is difficult to imagine fluvial processes

transporting some of the large boulders that do occur. The
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proposition'of a debris~-flow origin.seems to be more
plausible. The absence of morainal forms ana striated
boulders may preclude the idea that glacial activity depos—
ited these deposits. It is possible that some of the
unconsolidated gravels and cobbles were weathered out of
underlying'Tertiary strata. But because many.of tne clasts
in the mantle materlal are much coarser than the lltth
fragments of ‘the Tertlary dep051ts, the Quaternary or
Tertiary mantle material is thougnt to represent a separate
and younger depositional event.

Env1ronment of Deposition: Quaternary
or Tertlary Deposits

The predominant coarseness of this deposit indicates

that high energy systems were more important during latest

Pliocene and early Quaternary time than during late Terti-

rary time. Debris—-flows may have also been more'frequent

than during the late Tertiary. Robinson (1963) -attributed
similar coarse-grained deposits in the Three Forks area to

the onset of the more humid climate of the Pleistocene.

Age and Correlation

The mantle gravels overlie late Tertiary Sixmile
Creek strata and occur at elevations high above the present

drainages. This observation suggests that these gravels are
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younger.than the'Siﬁmile.Creek Fofmation, but predqﬁe ﬁhe
present e;osidn ciéle. APrevious workers have éttiibuted‘
the Qoarse—grained.nature to a humidfclimafé, a Quaternary
phenomenon. Thus, these scienfists'have assigned similar

deposits to an early Quaternary age .(Robinson, 1963; Kuenzi

_and Fields, 1971).

Peterson (1974) dated the inception of the present’
erosion cycle as being soon-after 4.2 mybp. Inasmuch as

some of these gravels in the Dry Creek Valley occur up to

.60 m (200 ft.) above the present drainages, they probably

were deéosited‘before the initiation of canyon-cutting.
Therefore, éome‘of tHese deposits may be very late Pliocene.
It should be.notéd that some of the gravéls and cobbles in
the centrél barf of the map area and on ;he lower benches
south of Menard may represent middle orx e&en late Quaﬁcrnary
deposition. Only those deposits that occur at the highest
elevations'are probably very late Tertiary in agé. Accord-
ingly, the.symboi used to designate £he mantle material has
a "Qr" prefix (Pléte I).

Robinson (1963) and Schngidef (1970) both described
high level unconsoliaatéd gravels and cobbles in thé Thfee
Forks and Madison Bluffs areas, respectively. All of thése,

high level sediments were deposited.at the climax of basin-

-
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filling and during basin excavation in very late Tertiary

and early Quaternary time.
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QUATERNARY DEPOSITS

Introduction

Quaternary'depqsits consist of unconsolidated sands,
.gravéis, and bohldefs which overiie'older basin~-fill sed-
‘iments. Three mappable units wepé differentiated: 1)
imbricated old alluvium that occurs 24 to 30 m above the
present dréinages (Qoa); 2) coarse cobbles and boulders that -
occupy present drainages (Qf); and 3) recent stream allu-
vium {Qal). Loess -also occurs sporadically throughout”the

study area, but was not mapped. . )

0ld Alluvium

Distribution, Stratigraphic Position,
and Thickness

Only one éxpoéure of fbis lithology (Qoé) and
texture was found.'.It occurs along the southern bluffs in
the SEY%, NE%, Sec. 7, T.2N., R.5E., énd unconfqrmably over-
vlies Tertiary Sixmile Creek deposits. These gravels and
cobbles are overlain by a thin veneer of loess and its

thickness ranges from 0 to 4.5 m.

Lithology and Mode of Deposition

The o0ld alluvium is grain-supported and is uncon-
'solidated:. It has no bedding, but is characterized by

westward imbricated clasts.
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The lafgest clast dbserved is 13 cm ' in diamete;,'
while the smallest grains are silt—siied.: Common'gréiﬁ.
sizes ranée.f:om cdarsé sand to small cobbles. Most of the
gfains are subrounded to well rouﬁded and poorly sorted.

A wide variety of lithic types occur in this deposit
and coﬁpoSe 40% of the sedimenté. Of the rock fragments,
30% are igneous (andesites and basalts), 30% are sedimentary
(Precambrian LaHood arkoses and Paleozoic lime;tones); and
40% are metamorphic (schists, gneissés, and amphibolites).
Quartz composes 30% of the deposiﬁ and plagioclase and
orthoclase make'up 2@%, Biotiﬁel muscovite, and heavy
minerals occur in subordinate émounts.

The old alluvium may represent sediments deposited
by an ancéstral westward flowing East Gallatin River that
moved into the southern margin ofithe Dry Creek Valley
during basin excavation. The volcanic rock fragmenﬁs may
have originated froﬁ the volcaﬁic rocks of the Gallatin.
Range or in the Rocky Canyon area where rocks of the
Livingston Group crop out. The sedimentary and metamorphic
ciasts were:probably<derived from the weét flank. of the
Bridger Rangé, south of Ross Pass, although some.could have
originated  in the Gallatin Range. The composition,.theré—

fore, indicates that the o0ld alluvium was derived from a
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southern and southeastern source.

Cobbles and Boulders

Distribution, Topographic Expression,

and Stratigraphic Position

Unconsolidatgd coarse cobblés and boulders blanket
the east flank of fhe‘Dry Creek Valley along the front of
the Bridger Range; They display a prominent lobate, hum-
mocky topography and occupy modern stream channels (Fig.

15A; Plate I).

Lithology and Mode of Deposition

Small boulders are the common grain size observed
in this deposit, although boulders with diameters as large
as 1.2.m occur. They are angular to subrounded and are
poorly sorted.

Precambrian LaHood arkoses compose 90 to 95% of the
boulders, while the:remaining 5 to 10% consists of Paleo-
zoic limestones. There is a noticeable change in composi-
tion between this unit, which occupies modern stream

channels, and the high level cap gravels, cobbles, and

boulders (QTof), which occur on the tops of the adjacent

'hills. The latter is composed of LaHood arkoses as well as

Paleozoic lithic fragments, whereaé in this deposit,
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FFigure 15. A. Looking west at hummocky topography near

the mouth of Mill Canyon. B. Flat-bottomed channels pro-
jecting toward the mouth of North Cottonwood Canyon in the
Bridger Range. Many of these channels are devoid of
perennial streams. C,D. Canyons of Dry Creek and Chipmunk
Creek, respectively. Both are cut in resistant Paleozoic
rocks.




‘that debris-flows deposited these rocks. The restricted

' composition represented in this deposit indicates that the

-The locations of the lobate forms imply that the debris-

not studied in detail. Stream alluvium (Qal) .has been

L Ll L A

80 .
Paleozoic rocks are very rare.’

The hummocky topography and large boulders suggest

debris—-flows originated in the proximity of the LaHood
Formation. K The lobate form of this deposit is delineated

by the contour lines on the Belgrade qﬁadrangle (Plate I).

flows originated in Mill and North Cottonwood'Canyoné.

Recent Stream Alluvium and Loess

These deposits occur throughout the area but were

p?oduced by the present streams and is confined to the
present day streamiéhannels.

Loess deéosits occur sporadically throughout the
area and consist of well-sorted calcareous silt. An edlién
origin is assumed.

- Environment of Deposition:
Quaternary Deposits

The presence of the old alluvium and the debris-
flow deposits support the well-documented proposition.that
Quaternary time was dominated by a moist, humid climate.

The_coafse~grained ahd well-rounded nature .of the old




) Ll Ll

81
alluv;um as well as its composition suggest that thése'A
sediments were tfansported by a through flowing stream,
possibly an ancestral East Gallatir River. Further, much
water must have been available to generate the larée
extensive debris~flows that blanket the éast flank of the
valley. Deposits similar to these are not characteristic

of the Sixmile Creek -Formation.,

Age

%he 6ld alluvium (Qoa) is late Quaternary (Pinedale)
in age or older.. This statemeﬁt is based on the following
lines of reasoning.' Preseht drainages acquired their
present elevétions by Pinedale time (J. Montagne, 1979,
pefs. comm. ) . Furﬁher, at some localities, Pinedale fea-
tures are simultanebusly identified with two or more levels

of activity (J. Montagne, 1979, pers. .comm.). Sinée the

old alluvium (Qoa) occurs at 24 to 30 m above the present

drainages, it is thought to be Pinedale or pre-Pinedale in
age. The fact that these deposits unconformabiy overlie
Sixmile Creek stféta indicates that they are younéer than
late Tertiary.

Cdnversely, the debris-flow deposits (Qf) are
thought fo be Pinedale or younger, because they occupy

present drainages. Very large conifers which have grown
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on this deposit are very straight. They do not appear to be
bent or deformed by mass movement. Therefore,lthe.debris—

flow deposits are probably older than 200 years .(?).




STRUCTURE

Introduction

The Dry Creek Valley and sufrounding areas- are
located near the. eastern margin of the Montana Disturbed
Belt. Intricate folds and faults generatea by'Laramidé
coméressional forces characterize pre~basin-rocks exposed

in the Horseshoe Hills, Bridger Range, and Maudlow basin.

Similar compressional features probably underlie -younger

Cenozoic basin-fill deposits in the Dry Creek Vailey.
Tensipﬁal forces and subsequent basin formation
followed.the.compressional forces of the Laramide orogehy.
The map area was downdropped relative to.the Bridgér Range'
along a high angie normal fault or fault zoné that separates.

these two areas. Tertiary strata in the Dry Creek Valley

. typically dip northeastward into the Bridger Range frént,_

indicating that this area continued to be downdropped

through most of Tertiary time.

Laramide Structures
All pre—Tértia:y sedimentary. rocks in.the area are
structﬁrally conformaﬁlc, showing that no large-scale
deforﬁation‘occurred from late Predambrian tﬁrough late
Cretaceous ﬁime.. The compfessioﬁal étructﬁral feafures

observed west and just east of Dry Creek are a series of
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Laramide folds and associates steep vertical and strike-
slip faults. Thruét faults were not observed in the area,
but do occur farther west in the Horseshoe Hills {Verrall,
1955) . |

All of the folds exposed in the map area occur west
"of Dry Creek and strike to the norﬁheast. ‘The.anticline and
syncline northwest of Menard are overturned and "asymmetrical
to the east, respectively. Both 6f the folds are partiaily
buried by the Tertiaﬁy basin-fiil. The anticline iﬁ the
éouthﬁestern corner éf the ﬁap area is broad and is char-
actériZed'by moderate dips on both limbs (Plate‘I).

| .Stéep vertiéal faults appafently of "Laramide aée"
- cut Paleozoic rocks.wést of Dry Creek. These faults ﬁave
loéaliy steepened the dips of the rocks that they.intrﬁde.
Somé of these faults may have sefved as the conduits through
which Tertiary carbonate-rich spring:waters emanétea.

A northward;trending left-laferél strike-sglip fault
occurs in the viqini£y of Accola. 1Its trace is approximate-
ly 2.5 km long and it cuts most of the lower Paleozoic
section. Drag can be observed by noting the change in the
strike and.dip 6f ﬁﬁenPaieOZOic focks as they approach the
fault from £he west. The west side of this fault is broken

into five segments by northwest trending normal faults.
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These faults_interSect the strike;slip fault and probably
originatedxfrom.movement along it (Plate I; Verrall, 1955).

Further discussion.of Laramide features in this area
islbeyond the scope. of this report. AFor further.inférmation
the réader is referred.to the wo;ks of Verrall (1955),
Klemme.(l949), and McMannis (19555 which concern the pre-
basin geology of the Horseshoe Hills) Maudlow basih,.ahd the

Bridger Range, respectively.

- Cenozoic Structures

Attitudes

A general northeastward dip foward the ﬁridger
Range typifies-Tertiary strata of the Dry Creek Valley.
Tertiary rocks, then, should become younger toward thé.éast.
The dips range from 2 to 33 degrees énd their's£ructural'
-orientation is probably due to movement along the Bridger
Range ffont fault.l'étrata west of Ménard and north of
Johnson éanyop Roéd.bést show this- tectonic dip.

| _In the southern blﬁffs area, hear .the lower‘

reacﬁes of Foster Creek (NWk%, Sec. 7,'T.2N., RTSE.; SW% ,
sec. 6, T.2N., R.5E.), Tertiary Sixmile Creek sépata dip
from 6 to 8 degrees to the nortthSt. If the dips wére;

depositional, the dip direction should be southward,
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toward the center of_the basih, lnStead_of‘toward the
horseshoe Hllls. .éonsequently,‘these dips'are belleved to
bedtectonic in oridih.' |
B The structural orlentatlon of these rocks lS thought
to be caused by a small fault in the 8%, NWk Sec. 7, T. 2N.,
R.5E. Although dlsplacement could not be calculated the -
northwest side of the fault is bélieved to be upthrown .
(Cross-section D-D”, Plate I).
| Tertiary spring deposits dip very gently to the
east—southeast. 'West of Dry Creek, dips:Were calculated by
the three point method and average 2 degrees. East of Dry
Creek the dlps of the spring sedlments range from 5 to 9I
degrees._ These were measured in the fleld
These dips may be, in part, dep051tlonal,.becauSe

'they are very small and are dipping basinward; But the.dlps
east of ny Creek are believed to haye.also'been tectbnic-”
ally influenced. In the SW%, NE%,_NE%, NE%;_éeé..ZGﬁ T.2N.,
R.4E., a fluvial deposit (Sixmile Creek Fotmatlon), which is
" imbricated to the southwest, dips at 13 degrees to the
northeast. Thls-is undoubtedly a tecdtonic dip;:'If'the dip
is pfojected to the southwest thisnfluvial deposit would |
cover spring deposits which are exposed in the same gully

(Fig. 14). Thls progectlon suggests that the fluv1al
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deposits are younger than the spring deposits. If defor-
mation affected the younger fluvial'deposit, it should have
also influenced the underlying.spring deposits. Why thetl
tectonic tilt is better expressed-iﬁ the younger depésiﬁ is

uncertain.

Observable Faults

Bridger Range Front Fault. The Bridger Range front

fault was mapbed at the break in slope along the west flank

of the Bridger Range. 1Its presence 1is suspected because of _

the following occurrences: 1) the predominant northwestward

dip of Tertiary strata; 2) the trends of the triangular

facets on the range front cut across the.internal_strpcturesg

of the range and mark -.an abrupt change in slope from the
Quaternary fans to the Precambrian rocks of the mountains
(McMannis, 1955); and 3) absence of pre-Tertiary outcrops

west of the range front. This latter occurrence indicates

‘that older bedrock lies at depth, below the basin~fill

materials.(McMannis, 1955).

A fault zone, rather than a single Ffault, is
interpreted to occur west of the range front. This inLék?
pretation is based on gravity data that indicate that‘

2

Cenozoic basin-fill strata do not exceed a thickness of
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9;4 m (3000 ft.) in the Dry Creek Valley, and the fhickest
portion of basin-fill sediments occurs in the centé? of the
area (Fig. 17; Davis and others, 1965). However, if the
dipping conglomerate north of Johnson Canyon Road (SE%,
NEY%, Nwk, Sec. 3, T.2N., R.5E.) is projected directly into
the fault at the range front, a relativély deep trough is
produced directly adjacent to the Bridger Range (Fig. 16).
This confrasts with the intefprefation from gfavity data.

To accountffor this discrepancy, a buried fault zone
is proposed for the area west of the range front. The faﬁlf
zone is believed to have brouéht the mofe dense pre;basin
rocks closer to the surface in staif~step'fashion (Cfoss—-

section B-B~, Plate I). This interpretation accounts for

. the fact that the gravity anomalies become less negative in

value toward the Bridger Range.  The exact amount of

cumulative displacement is unknown, but may be in the order -

of 900 m (3000 ft.) (Pafdee, 1950) .

The conglomerate (Sixmile Creek Formation) north of
Johnson Canyon Roaq is the youngest deposit observed that is
offest by the Bridger Fault zone. Reéent fault scarps have

not beén observed along the range front. Therefore, move-

‘ment along the Bridger Fault zone may have ceased:by late

Plioéene‘or early Quaternary time.
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Figure 16. Diagrammatic cross-section through the northeast portion
of the map area. It is the same line of section as B-B', Plate I.
The deep trough produced adjacent to the range contrasts with
evidence from gravity data. Compare this section with B-B', Plate I.
Qf= fan material; QTof= old pediment gravels; Ts= Sixmile Creek
Formation; Pu= Paleozoic undifferentiated; P€l= LaHood Formation,
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Small Faults. A small northedst*frending fault wa$

" mapped in the southern bluffs area'(S%, NWk, - Sec. 7, T.ZN.,

R.SET). It‘disbléceé Tertiary Sixmile Creek strata but is
appafently'buried by younger late Cenozoic (Qbes-éravels.-
On the northwest side of the fault tféce, Tertiary rocks
consisting of ash beds dip to thé horthweét. On the souﬁﬁ-
east sidg,'Tertiary sheefflodd deposits are.horizontai
(Cross—seétion-D—D’, Plate I).

The ofigin éf this fault.is‘unéertain.‘ It méy‘be
due to a breékipg up of the incompeteht Tertiary rocks in
,response.ﬁo movement along the'ﬁridger Fault zone. Younger
late CbnozoiC'(QTof) gravels do not appear to be éffset by
this fault. Therefore, faulting apparently stopped prioi to
the deposition of these gfaveis. |

Smaller unmappablé’faults,with minimal displacement
and ffaqtures occur in fine-grained Sixmile Creek strata in
the Menard area. They occur along'the Dry Cfeek Road south-
east of Menard (SE%, SB%, NWs, Sec. 36, T.3N., R.4E.) and
just nofth_of Menard Road, 2.5 km wést_of Menard (SWk%,

SWk%, SE%, Sec. 26, T.3N., R.4E.). "

Alonglthe‘Dry Creek Road, 0.3 to 0.6.m‘bf diéplace—'

ment occurs in the east trending vertical faults. over-

lyihg gravei; (QTof) do not appear to be cut by these




= " T [ ) Li L

L

91

.faults} and, therefore, post-date the time of faulting.
Many of these small faults and fféctures in the

fine-grained Tertiary rocks are filled by cléstic dikes.

The clastic dikes are cbmménly 5 to 7 cm wide and are nearly

vertical in ofientation.' The dike matérial is vertiéally

bedded and coﬂsiéts of thesanmzsediment that composes the

intruded ;6ck. The clastic'dikeé are thought to ogcupy

pre—éxiéting fractures, the material having been-forcéd in

from below by hydrostatic pressure or.by the weiéht of

overlying straﬁaf

Inferred Fault.

The east-west trace of the Willow Creek Fault occurs

apprbximatély 4 km south of the southern bluffs of the Dry
Creek Valley. 1Its location has been del;neated by gravity
data (Plate 1I1; Fig. 17; Davis andnothers,fl965). Hackett
and others (1960) documented Cenozoic displacement élong
this fault iﬂ the Camp Creek Hilis to the sou£hwest; ?he
north side was upthfown. If surface evidence exists in the

Dry Creek Valley that suggests Cenozoic displacement along

the Willow Creek Fault, it has not been recognized.




GEOMORPHOLOGY -

Introduction

Landforms of the Dry Creek Valley are a. result of .

‘many complex, 1nterrelated events " They record-eplsodes ofﬁ

.ha51n-fllllng and subsequent basin ekcavation.under the
:alternating.aridéhumid conditions;oﬁ-Cenozolc{time; 'Brief .
Zdeseriptions'of-some‘or these'featnres‘followidireEtly

3More conceptual aspects,'such as paleotopography, are

C dlscussed later. Y
- Streams

. Master Streams

‘The East Gallatln Rlver is the largest stream 1n ‘

“the eastern part of the Three Forks ba51n - Its northwest—

ward trend brlngs 1t w1th1n 2 5 km of the Dry Creek Valley.‘ ‘

"The rlver flows 1n many w1nd1ng meanders on a very broad
.,‘flat floodplaln Wthh slopes gently to the north

| Dry Creek 1s the master stream 1n the map area

Its southward flow carrles 1t to the East Gallatln Rlver;.-
uIt meanders in a w1de valley that is 1nterrupted by a. |

. steep-walled canyon ln the VlClnlty of Accola f Dry Creek
is nearly 1.8 to 2 m w1de and the approx1mate channel

. gradlent 1s 11 4 m/km (60 ft /ml )
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" Tributaries

" All of the-perennial‘tributaries in the Drerreek
‘ Valley.orlglnate in the Brldger Range or the eastern parth~
of the map area and are malntalned by sprlngs.- Slnce they
Bridger Range is hlgher and retalns more snow than the
Horseshoe HlllS, thlS relatlon is to be expected : It is
1nterest1ng ‘to note that Foster Creek and Reynolds Creek
‘both orlglnate from w1th1n the Dry Creek Valley Sprlngs:
maintain both of these streams throughout the year :Thep
upper reaches.of_Bear Creek'are also characterlzed by'spring _
act1v1ty | : |

Pass, Mlll Quagle, Bear, and North Cottonwood
Creekslare perennlal trlbutarles that orlglnate from wrthln
the Brldger Range.‘ Other water courses in: the area are dry
: for most of the year.- All of the trlbutarles 1ntersect Dry
‘Creek or the East Gallatln Rlver wrth dendrltlc pattern.

Only the larger perennlal trlbutarles ‘that orlglnate
in the Brldger Range (Pass, Mlll Quagle, Bear, and North
Cottonwood Creeks) flow in flat bottom valleys ‘and channels
(Flg 15B) These small valleys or channels seem much w1der
:ithan what the present stream would requlre.' They may. have
been cut durlng the Quaternary when the cllmate was more.:

humld and the streams -were dlscharglng more water.' Further,'
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'some of the flat bottom channels that radlate from the,qp.
_'mouths of Mlll and North Cottonwood Canyons are completely

devord of any. perennlal ‘stream (these channels are located

. in Secs; 3, 10;-22,-and 27, T 2N- R 5E ). It 1s concelv— s

able that some of these channels were cut ‘by- outwash streams"

.dlscharglng from meltlng glac1ers in the Brldger Range..

" since then, ‘the dlscharge of,these\streams has,decreased, if

not ceased completely.
- Smaller trlbutarles throughout the rest of the map
area have cut V—shaped valleys, some w1th relief. of over

30 m (100 ft ).

_ Superlmposed Streams

Present dralnages in the Dry Creek Valley probably.

developed as consequent streams on soft Cen0201c depos1ts.

But some local stream features have more complex ‘histories.

In the v1c1nlty of Accola (Secs 1, 2;.11, l2,
3T.2N;, R. 4E ) and just south of Menard (Secs 35 and 36
'T.3ﬁ.,-R 4R, ),.Dry Creek and the trlbutarles of Chlpmunk
'Creek, Pass Creek; and some unnamed dralnages flow through
Anarrow4hardrock canyons w1thout regard for structure ::
.” (Flgs. 15C, 15D) ‘All of. these streams flow obllque or

nearly perpendlcular to the strlke of folded and faulted

'_pre bas1n rocks.' The nearby soft and nonresrstant Cenozorc',

R

- - P - . .. .
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; rocks ‘'seem to offer far easier- paths
| Because there is no ev1dence of local Quaternaryﬂ
'upllft ‘the streams ‘were most llkely superlmposed from a
‘continuous cover-of nonres1stant Cen0201c sedlments.. The
elevatlon of the nearby Cen0201c rocks suggests that such a
blanket may well have reached elevatlons of 1463 m (4800
ft.);. adequate to account for a now nonex1stent late,

'_Cen0201c covermass. Other accounts of a hlgh late Cen0201c

.covermass and subsequent superp051tlon or antecedence have

been descrlbed by prevrous workers ln other parts of the L.-““'

' Three Forks ba51n as well as other basrns (Roblnson, 1963
‘Mrfflln,,1963; Peterson, 1974;  Aram, 1979),

| 3Peterson (1974) dated’ the inceptlon of canyon;‘
cuttlng at sllghtly less than 4, 2 mybp Recent alluvral
fans 1ns1de the Jefferson Canyon contaln Gla01er Peak
volcanlc'ash . ThlS relatlonshlp suggests that the Jefferson..h.
Canyon acqulred 1ts present depth by approx1mately 11, 000
-*ybp (J. Montagne, 1979 ‘pers. comm. ) It seems loglcal,
Peterson (1974) stated that canyon—cuttlng was' a reglonal
event and that all of the canyons of southwestern Montana

were cut penecontemporaneously

/ Glac1atlon'

The west flank of the Brldger Range was gla01ated
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althoggh detailed studieg have not been‘cqngpctéd'tq"
detefmine how many'glécial advances are represeﬁﬁédﬂl.Frdgla
cursory look at the Belgrade and Sedan quadraﬁgles, Mil;_apd
.North Cott6nwood_canyops stand oﬁt as felétively_wide U;
shaped canyons with.cirqué—like features at their heads.
McMannis (1955) ahd Schrunk .(1976) sfated that morainal
material occurs Within both of the caﬁyons, and from the
air, the writer has observed afguate ridges ﬁraversing both
canyons. 'However, the hummocky topography that occurs at
the mqufhs of the canyons should not be mistaken for termi- -
nal_moréines. Thié is part of the'dgbris-flow deposit (Qf)
that is composed of 90 to 95% LaHood cobbles and-boglders;
If this material ‘was deposited by glacial.ice, it Should
contain a much higher percentage of Palépzoic lithologies,
because Paleozoic rocks crop out in the central portion of
the range, where the glaciers originatedi

‘There is no evidence to suggest that -glaciers ever
flowed into the Dry Creek Valley from the Bridéer Range.
But certain feétures alpng the east flank of the map area
are, at least, indirect consequences of glaéiation,-and they
are.summarized below.

' The association of debris-flow méﬁe;iai witﬁ.thé

‘glaciated Mill and North Cottonwood Canyons may be more than
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just a fortuitous circumstance;z Both canyons may have been
undercnt and oversteepened by glacial erosion, thus forning
unstable slopes. if the unstable slopes were deveioped
under the moist conditions of the Quaternary climate and
within the interbedded argillitesAand arkoses of the LaHood
Formation, some kind of méss‘moﬁement would have been
inevitable.

AS'mentioned earlier, some of the flat-bottom chan-
nels which radiate from both Mill and North Cottonwood |
Canyons are presently devoid of perennial streams (Secs. 3,
10,'22, and 27, T.2N., R.5E.). All of these channels proj-
ect toward the mouths of the glaciated canyons.' This
coincidence suggests that large streams originating from

melting glaciers in the mountains flowed through the Dry

Creek Valley exploiting these channels. Since the close of

Quaternary time, the climate has become semi-arid (Robinson,

1963) and the discharge of many of the streams has decreased
if not ceased completely (Fig. 155)

(;he widespread high-level gravels (QTof) in the .

central and southern parts of ‘the map area have been incised .

by Recent streams, producing up to 30 m (100 ft.) of relief

- in many places. The debris which comprises this material is

coarse, in contrast to the sediments that are presently
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belng transported. Perhaps the hlgh—level depos1ts in thls .

.area were dep051ted as large aggradlng fans bullt durlng

'Plelstocene glac1atlons 1n the Brldger Range ThlS would

: -account for the occurrence of Brldger Range detrltus as far .

west as.Dry Creek
The above occurrences, when considered together,‘

1ndlcate a humld cllmate. Even lf these features were not -

_produced dlrectly from outwash streams or from glac1al 1ce,‘

they‘do reflect humld condltfons, a. Quaternary character—

istic. L R S L

,Paleotopography‘and'the Developmeht
' of ‘the Present Topography

Dlrectly followrng basrn formatlon, an early
Tertlary topography of mature rellef developed 1n the Dry
Creek Valley It was formed by through—flow1ng streams
-‘under a humld cllmate and was . very 51m11ar to the present
topography (Lange and others, 1980 Roblnson, 1963)

. By late Tertlary tlme, the area was fllled w1th

:':debrls shed from adjacent hlghlands, and much of the early

Tertlary topography was ultlmately burled " A late Tertl—

ary surface of low rellef developed on these sedlments and :

'was bordered by the hlgh peaks of the Brldger Rangc and

',HorseshoeerllS¢. The development of the present topography
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Cis 1nt1mately related to. the hlstory of dlssection of this

1
"n t'-l.

surface by fluvial systems Presumably, this dlssectlon
occurred under a’ cllmate that alternated between humld and
iseml arid condltlons (Roblnson, 1963) This dlssectlon has' .

also partlally exhumed the early Tertlary surface.

'-Early Tertlary Surface

Only west of Menard and in the southwestern.portlon
of the map area along Dry Creek can the early Tertlary
surface be detected. It is completely burled beneath basrn—l
fill sediments east of these areas. |

West of Menard many of the hlllS and rldges of
"Pale0201c and Mesozoic strata are partially exhumed from a
Tertiary'covermass'and represent'a mature early Tertiary
,.topography © The contact of Tertlary and pre ‘basin rocks
follows the contour of the present hllls._ Further, some of
the Tertlary conglomerates southwest of Menard contaln'
llthologles exclusrvely from the hill dlrectly above ' These
occurrences 1ndlcate that the hills are belng -exhumed.
"Rellef of the early Tertlary topography 1n thlS area was
,probably greater than 122 m (400 ft., Cross—sectlon B~ E
Plate I).

‘In the;southwestern'portion'of the map area;'east.of

Dry Creek (Secs. 13, 24, and 26, T.2N., R.4E.), the LaHood
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Formatlon crops out to the north and south but As’ covered
: by bas1n—flll dep051ts in the 1nterven1ng area (Plate I)
Thls occurrence suggests that ‘a depre551on has been cut
into the LaHood Formatlon. |

-Gravrty data of Davis and others (1965) 'and Burfelnd

'(1967) give a general Vlew of the basin conflguratlon iIn.-
the northern part of the Dry Creek Valley, a relatlvely hlgh'

-negatlve anomaly suggests that a depress1on w1th1n the pre—~

Tertlary rocks occurs. Whether or not thlS depres51on is
'related to faultlng along the Brldger Range front is. unknown
{Davis and others, 1965 Burfelnd 1967) Thls depre551on
is probably not more than 914 ‘m (3000 ft. ) deep (Flg 17;_:
Davrs and_others, 1965) ' -

' South of this depreSSion, grayity,data indicate‘that
prefTertiary rocks rise.to form a:low eastward-trending
-ridge. " This{ridge{represents'ah eastmard plunging anti-
cline whose eastern end has been truncated by'the Brldger:

" Fault lDaVis and others, 1965);:-Whether'or not’this anti;
cline is the same’ as the one mapped in the southwestern'
‘corner of the area is uncertaln Thelr trends appear to be,
sllghtly dlfferent (Flg. 17 Plate I).

South of the. rldge, one of the deepest depress1ons'i

in the'Three Forks basin occurs. Grav1ty gradlents suggest
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Figure 17. Gravity map of the Dry Creek Valley
area (modified from Davis and others, 1965).
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_‘that the depre551on is bounded by steep slopes on.the east _
and_north. Its depth is estimated to be about 1524 m
-(5000'ft,). The eastern side of -this depress1on ls'appar;
ently a concealed part.of the Bridger.Faultisystem: The
steep northern side may represent-the eastwardjtrending

Willow Creek Fault zone (Fig.'l7; Davis and others, 1965).

Late Tertlary Surface

-Most of the hlghest benches and hills covered by
unconsolidated mantle gravels (QTof) '‘are remnants of the

'late Tertiary surface. These benches' are best observed:

- west of Menard on the east flank of the Dry Creek Valley,

and in the southwestern portion of the map area.

West of Menard; West'of.Menard, in Sections'26hand
35, T.2N.,.R.4E.; three distinct bench levels occur in
stair—step fashion. Each level slopes to the southeast andl
each is developed on and ‘truncates Tertlary ba51n—flll
dep051ts. The surfaces are capped by mantle materlal
_(Fig. 18A; Cross*section C—C’ Plate I). .

These benches are pedlments, as ev1denced by ‘the.
truncated nature of the underlylng Tertlary rocks Details
Aconcernlng thelr gene51s are very llmlted Presumably, they -

were cut by sheetflow or by streams.
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Figure 18. A. High surface west of Menard. Dry Creek is
flowing from right to left in foreground. B. Westward-
trending hills near the mouth of Mill Canyon (looking
east). C. Pediment in the southwestern portion of the map
area. D. Looking northeast at the Dry Creek Valley and

the Bridger Range. The East Gallatin River has efficiently
excavated the basin to the south, leaving a partial cross-
sectional view of the late Tertiary surface.
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The hlghest surface stands 73 mw (240 ft ) above the :

.‘(.

:.present channel of Dry Creek and represents part of the'
late. Tertlary surface that developed at the cllmax of bas1n—

’fllllng. Peterson (1974) stated that the’ present eros1on c

cycle began soon after 4, 2 mybp Therefore, thlS surface 1s

a4l 2 mybp or sllghtly older The two lower surfaces and

thelr respectlve cap gravels (QTof) ‘are probably Quaternary

in age ‘and were establlshed durlng ba51n excavatlon.

East Flank of the Dry Creek Valley Westward and'-

southwestward trendlng hlllS radlate from the mouths of

Mill- and North Cottonwood Canyons, respectlvely (Flg 18B{'

Plate I) They stand 37 to 85 m (l20 to 280 ft ). above the

nearby dralnages and thelr altltudes range from 1585 to .

1737 m (5200 to 5700 ft. ) Slxmlle‘Creek rockS'are exposed
in two of these hlllS and it is- assumed that 51mllar depos—
its underlle the others..:y

All of these hlllS are blanketed by a. thln veneer of

‘unconsolldated gravels, cobbles, and boulders (QTof) Just

north of Johnson Canyon Road these dep051ts lle on a

.surface Wthh truncates the eastward dlpplng conglomerate of

the Slxmlle Creek Formatlon (Flg 195..

Thls pedlment relatlon probably OCcurs 1n the other '

"dhllls, too, because they are blanketed by these cap gravels
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Figure 19. Diagrammatic cross-section through the N%, Sec. 3,
T.2N., R.5E. Vertical and horizontal scales are only approx-
imate. Note that Sixmile Creek strata are truncated by the
erosional surface. Qf= fan deposits; QTof= old pediment gravels;
Ts= Sixmile Creek Formation; P€1l= LaHood Formation.
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;and are presumably underlaln by late Tertlary Slxmlle Creek,"

1.1' ;,l '.?:,

strata. These surfaces probably represent part of ‘the late'
Tertlary surface Wthh has 51nce been dlssected by Recent

-streams.

Southwestern*Portion'of the Map Area; In the south—,

‘western portlon of the map area, in Sectlons 15, 22, 23,;andf

27, T. 2N., R.4E., a high, flat to sllghtly undulatlng
surface slopes to the southeast.(Flg. 18C).~'In actuallty,‘j

~tw0"surfaces occur here; a younger late Tertlary surface.

'1ying on and parallellng the slope of a lower, older surface.

(Flg.,ZO);‘ These surfaces are approx1mately 61 m (200 ft.) "

above the present elevation of Dry Creek ‘and have an average

altitude of 1433 m .(4700 ft.).

blder'Surface-——*The*contact‘between the pre—basin-rocks

and the- Tertlary sprlng deposrts is not only an angular

unconformlty, but 1s also an er031onal surface on Wthh the

fsprlng sedlments were . dep031ted. ThlS pedlment truncates
underlylng pre bas1n rocks and p0551bly Slxmlle Creek

‘strata, ‘and slopes gently to the southeast

The age of: this older surface 1s uncertaln._ Becduse -

it truncates pre ba51n rocks and Laramlde folds, it must

post date the Laramlde orogeny The surface must pre date"

¢
J

the late Tertlary sprlng dep051ts, 51nce the latter overlles'
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Figure 20. Diagrammatic cross-section through the southwestern
portion of the map area. Vertical and horizontal scales are
only approximate. Note the two erosion surfaces. Whether the
older surface truncates or is cut into by the Sixmile Creek
Formation west of Dry Creek is uncertain. Qal= Recent alluvium;
QTof= old pediment gravels; Tsp= spring deposits; Ts= Sixmile
Creek Formation; P€l= LaHood Formation.
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the surface.w Therefore,vthis surface'formedfsometimegpwwt"

durlng the Tertlary..-

A more exact age - for thlS surface could be glven 1f o

the relatlonshlp between the surface and the underlylng

Slxmlle Creek conglomerates west of Dry Creek (NE4, Sec. 34;‘

T. 2N., R 4E ) could be determlned It is unknown whether'
the conglomerates are truncated by the surface or are cut

.1nto it (Flg.u20).:

Younger-Surface_—f The cOntact between the unconsolidated,~
.mantle of cobbles and boulders’. (QTof) and the underlying.
late Teftiary'spring deposits'in the southwesternvpart of

.+ the map area 1s thought to be the younger er0510n surface._:

;It seems to have exp101ted the slope of the underlylng older

' surface (Flg 20). Thls surface is thought to be equlvalent.

~to: the. hlghest bench west of Menard and part of the.late °

Tertiary surface.

vsummary‘ The late Tertlary surface developed at the‘

culmlnatlon of ba51n—fllllng, just prlor to the'lnltlatlon
of superp081tlon .and the onset of the present er051onal |
cycle.f It was a ‘surface of relatlvely low rellef the
surroundlng Brldger Range and Horseshoe Hllls belng par—
tially buried 1n their own. debrls.

By viewing the entlre Dry Creek Valley from the
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south, one can easily envision thiszsurface‘and also the-
elevation to which the Dry Creek'Valley was filled with . .
debris. The East: Gallatln Rlver and its trlbutarles have

' efflclently excavated the bas1n to the south, leav1ng'a

. partlal Cross- sectlonal view of the late Tertlary surface S

and the underlylng ba51n flll depos1ts (Flg..lsD).

Present'Topography -

~

.The'Dry Creek Valley probably,acquirediits present:
form by late Quaternary.tﬁinedale) time As previously .
mentloned Glacier Peak volcanlc ash (mll 000 ybp) occurs
w1th1n alluv1al fan dep051ts 1ns1de the Jefferson Canyon
_(J Montagne, 1979' pers. comm.). Th1s relatlon 1nd1cates
that the canyon had already been cut to its- present depth
by this tlme. Since- canyon cuttlng was a. reglonal event
(Detersdn,'1974), 1t seems loglcal to assume that Dry Creek
and ‘its tributaries acqulred thelr present elevatlons at

.‘thls tlme also.~

In Dav1sian terms, the Dry Creek Valley is presently_

.in the mature stage of erosion. .-The drainages are.inte—

'gratedf'the divides,are sharp; and the landscape is general—‘

ly in slope. - It is interesting to note that. the Dry Creek
Valley 'stands approximately 152 to 305.m (500 to 1000 ft.)

higher than the basin' floor to the south. The increase,in
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elevation is. first noticed at the southern bluffs and it

gradually increases to the north (Plate I).

In conjunction with J. Montagne (1979 pers. .comm. ),
the writer suggests three processes which, alone or togeth—‘
er, may have produced this pronouneed e;eVatlon dlfference.
They are as follows} 1) increased deposition of basin-fill

debris to the north, ﬁhus "piling" sediments to a greater

. ,elevation{ 2) tectonic uplift of the study area, relative to

the basin floor to the south; and 3) lack of erosion:
erosional agents in the Dry Creek Valley have not been as

efficient as those to the south in excavating the basin.

Increased Deposition. In theory; increased depo-

sition in an area could cause it to attain a higher eleva-
tion than adgécent areas. But it is difficult to‘visualize
this happenlng in the absence of tectonic 1nfluences
Gravity data 1ndlcate that basin-fill deposits are
actually thinner in the Dry Creek Valley relative to those
to the south. Davis and others (1965) found a éravity high
in the southern-pare of the Dry Creek Valley(.suggesting ;
that basin-fill sediments are less than 914 m (3000 ft.)
thick. 'Directly south of the Dry Creek Valley, the largest

grav1ty low in the Three Forks ba31n occurs. This depres-

sion is fllled with at least 1524 m (5000 ft.) of ba51n—flll
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sediments (Davie.aﬁd others, 1965). ‘Thie latter area 'is *
183 m (600 ft.) lower tébographically than the Dr&‘Creek
Valley.'.In effect; then,lgraﬁitf'data negate the essumption
that increased deposition.;n'the Dry Creek‘Valley is -

responsible for its present elevetion.

Tectonic Influences. . The presence. of the eastward

trending Willow Creek Fault was’identified by Davis and

‘others (1965) with the aid of gravity data. It occurs just

_south of the Dry Creek Valley (Fig. 17; Plate I). Davis

and others (1965) calculated 610 m (2000 ft.) of vertical

offest along.this fault}-the'norﬁh side having been up-

thrown.

Althdugh graViﬁy.data indicate that there'has;been

Ceriozoic¢ movement aldnq-this fault, there is no surface

" evidence in the immediate area to suggest that this is so.

If there- is, it Has not been reéogniZed. Therefore, whether
or.noﬁ sfruetural movements produced ﬁhe present elevation

difference of the area is uncertain.

Lack of Erosiong The largest and probably 'most
efficient-erosiénei agent in- the eastern part‘oﬁ the Three
Forks basin is the East Gallatin River. It‘flbWS'along the

southernmost front'ofithe Bridger Range and migrates to the
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'_northwest towards the Dry Creek Valley before jOlnlng the

. West Gallatln RlVer The East Gallatln Rlver comes w1th1n.f
.one’ kllometer of the southern bluffs of the Dry Creek

1 Valley.. “
| Unlike the'East Gallatin River, Dry Creek - and 1ts
trlbutarles are. much smaller and - probably less - efflclent

streams in terms of er051onal powexr. The suggestlon, then,

1s that after the development of the East Gallatln Rlver and -

the rest of the Mlssourl dralnage durlng the early Quater-‘

nary (Rob1nson;-l96l), the East Gallatln Rlver'excavated a:

vast, but unkhéwn amount‘of Cenozoic'fill. But‘since its -

path has not yet crossed into;the Dry Creek Valley,:the

' Cenozoic sediments  have been left as a temporary remnant

of'an old basin floor‘(the late'Tertiary-surface)':'Similar o

remnants also occur along the east and southern marglns of
the Three Forks ba51n The Story HlllS are an example

| -The lack of erosion seems to“best‘explarnnthe‘
elevatfon difference'between\the Dry'Creek Valley-and‘the_
area to the-south However, it is certainlyApossible thatu
movement along the Willow" Creek Fault partlally 1nfluenced

thlS occurrence.

Basrn~rllllng

A

* In the Dry ‘Creek Valley, ba51n—fllllng began in
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Oligocene time w1th the deposition of the Renova Formatlon

" Unfortunately, little is known about the extent of 1ts“ﬂn

.occurrence or the extent of its removal during ‘the mlddlé‘

Miocene hiatus.l It presumably‘pattially filied tﬁe mature
early -Tertiary topography. | |
Late Tertiary basin-filling probably began 1n the-
late Mlocene (?) with the deposition of the Slxmlle Creek
Formatlon. Ephemeral streams and sheetfloods may have
initially confined deposition to the depression that is -
delineated by gravity data in the northern part of the afea

(Fig. 17). BAs deposition continued, the depression was’

progressively filled and the area of deposition was grad-- -

ually expanded, first westward into the Menard area, where
the oldest Sixmile Creek. ‘rocks: presently crop out. By.
early Pliocene tlme, sediments, lapped southward, ultlmately
burying the bedrock ridge there (Fig. 17). |

In other parts of the Three Forks ba31n, and in

other basins, late Tertlary baslnnfllllng ended by mlddle

Pliocene time (Robinson, 1961; Schneider, 1970; Kuenzi and

Fields, 1971; Monroe, 1974). Although this cannot be

confirmed in the Dry Creek Valley, Sixmile Creek deposition
here‘is'assumed to have ceased by the middle Pliocenc, gince

it seems to have been a regional event. A late Tertiary
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surface- was developed and subsequently overlaln unconform—

,"ably by hlgh level late Pllocene or early Quaternary gravelsn

(QTof) . The modern er051onal cycle and canyon cuttlng began~f--

soon after..

The total Volume of Tertlary rocks removed durlng
'the'present eroslon perlod 1s.unhnown. The hlghest pre-
served-basin—fiil deposit in'the entire area is the'north—
’eastwardfdipprng conglomerate north of. Johnson Canyon Road,
‘whichloccurs at.an'altitude of 1680'mf(5560 ftri. This isw
'274 to 305. o (900 to 1000 ft.) above the present channel of
, Dry Creek.- | . -

P Late Cen0201c basin-fill dep051ts probably did not
_exceed “the elevatlon of the Precambrlan LaHood- Pale0201c
‘Flathead contact 1n the Brldger Range. ThlS 1nterpretatlon
is supported. by the fact- that LaHood arkose fragments occur'
.1n all of ‘the Cen0201c dep051ts near - the Brldger Range
This occurrence suggests that the LaHood Formatlon was
'always at least partlally exposed durlng Cen0201c tlme : It
should be noted that the elevatlon of thls contact changed
through tlme as.sporadlc upllfts ralsed the Brldger Range
.relatlve to- the bas1n floor. .
| In: the Horseshoe HlllS, west of Menard Tertlary

depos1ts occur at’ an altltude of’ 1585 m (5200 ft.). . In the
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Southwestern<portiOn,of'the,map'area,;Tertiaryﬂspring'd:

deposits ooour'up to 1524 m.(SQOO ft.);: Comparison of these .

elevations with that of the conglomerateunorth-of Johnson
Canyon Road 1nd1cates that the Dry Creek Valley was fllled

-asymmetrlcally, the sedlments attalnlng a hlgher elevatlon

adjacent to the Brldger Range. ThlS occurrence is probably3

related to movement along the Br1dger Fault zone (Cross~

sectlon F- F r Plate I)

' Paleodraindge

Although‘the ﬁry Creek Valley was charaoterlzed'by
:'lnternal dralnage and basin- fllllng durlng most "of Tertiary
t1me; a southward paleoslope probably ex1sted at least
-durlng late Tertlary tlme The presence of the southward
1mbrlcated fluv1al conglomerates of the Slxmlle Creek
Formatlon'supports-thls rnterpretatlon. |

‘The southward paleoslope of the map?areajcontrasts
with the supposed,eastward paleoslope proposed‘for the basin

floor. to the south. McMannls (1955), Roblnson (1963),

leflln (1963), and Schnelder (1970) have presented ev1dence-

that suggests that an eastward flow1ng dralnage system
developed 1n the ma]or part of the Three Forks ba51n in

Paleooene tlme_and lasted well 1nto the:Pllocene. E. F.

-Griffithfand S. G. Custer=(l979, pers.'comm.)-recently found RO
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granltlc rocks, presumably derlved from the Tobacco Root3£
' Mountalns to the west that weathered out of the late

' .Tertlary rocks of the Story;Hllls,_northeast of'Bozeman.

This discovery'further strengthens'the'proposition for a_“-

Tertlary eastward dralnage.

Although there is strong ev1dence to support the_-?i

prop051tlon of eastward dralnage durlng Tertlary tlme,
Glancy (1964) presented ev1dence which contradlcts thls

-idea. He found westward 1mbrlcated conglomerates in the

'Story HlllS whlch‘contalned'llthologles that were_posslbly -

_ derlved from the Crazy Mountains to the east. To'date, his

'dlscovery has not been refuted or conflrmed
Perhaps Glancy (1964) found the remnant of a small

-westward flow1ng trlbutary, Wthh dralned the hlghlands to

thezeast.' ThlS trlbutary may have ultlmately emptled 1nto_
' the master eastward flowing system; -Although. this sugges- i

tion may .explain the westWard—oriented imbrication,:it.does

not satisfactorilyVaCCOunt for the presence oOf Crazy:"

Mountaln llthologles

Where the eastward flow1ng dralnage left the Three'~

Forks ba81n is a matter of. speculatlon . Schnelder (1970)
'suggested that the low passes in, the Brldger Range (Flat=

' head Pass and Ross Pass) served as, the dralnage outlets
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If a major drainage did escape through Flathead Pass, it

must have passed through the map area.. However, it'has
been demonstrated that a southward paleoslope déveléped in
the Dry Creek Valley, at least during late Tertiary time.

Consequently, a large stream flowing northeastward across a

- southward sloping area would not be expected.

It cannot be determined whether Qr'not a drainage
escaped'through Ross fass. Assuming that basin-fill sedi-
ments did not bury the Precambrian LaHood-Paleozoic Fiat—
head contact, the problem may be approached as follows£ if
it could be proved phat the lower Fiathead conﬁact was.
higher than the higﬁest point within thehpass, an‘eastwaid
gradient through the pass could be substantiated (FPig. 21).
In actuality, complex folding and faulting in bofh ROSS
Pass and Flathead Pass prevent any reconstruction of this‘
kind. |

The Rocky Canyon area east of Bozeman should glso be
considered as a possible Tertiary drainage oﬁtlet. Tﬁe
elevation differences betweén the nearest basin-fill sedi-
ments and the pre—basin rocks inAfhe canyon area -are ﬁot
much different from those observed between.the Dry Creek-
Valley deposits and the passes of the Bridger Rangé. As

mentioned previously, granitic rocks presumably derived
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Figure 21. Diagrammatic cross-section through a hypothetical low pass
in the Bridger Range. Scales are only approximate. If it could be
proved that basin-fill deposits reached an elevation higher than the
highest point in the pass, then an eastward gradient through the range
could be demonstrated. QT= basin-fill deposits; Pu= Paleozoic
undifferentiated; P€l= LaHood Formation.
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from the Tobacco Root Range were found in float associated
with late Tertiary basin-fill depoéits of the Story Hills,
6 km west of the canyon (E. F. Griffith and S. G. Custer,
1979, pers. cémm.). This recent find and its proximity to
Rocky Canyon is the strongest evidence to date for eastward
.drainage through the Rocky Canyon area.

By late Pliocene or early Quaternary time, the
entire region began to rise, with the greatest dplift Qccur-
ring in the mountain ranges to the south. The late Teréia;y
surface in the major part of the Three Forks basin acqﬁired
a northwesterly slope on which a consequent drainage system
formed. The newly developed Missouri system soon captured
the remaining eastward‘flowing_streams, and the development
of thé present- topography was underway (Robinson, 1961).

An axis of this late Cenozoic regional upiift must have been
located just south of the Dry Creek Valley, since the map
areé has retained its southwérd slope, which was established

in Tertiary time.




CENOZOIC HISTORY

B& integrating the.interpretations discussed in
the previous pages, the Cenozoic history of the Dry Creek\
Valley can be outlined: |

1. Compressional forces of thé Laramide orogeny
continued to deform and uplift pre-Cenozoic straﬁa during
Paleocene time. Orogenic forcés'were accompanied by
through-flowing drainage systems maintained by a moist, warm
élimate, These fluvial sysfemé.evacuated most Qf the debris.
shed from adjacent uplands (Robinson, 1963).
': 2. Normal faulting accompaﬁied with dissection of
the landscape by through-flowing drainageS'délineatéd the
Three Forks basin and the Dry Creek Valley. A mature
erosional topography developed under the humid conaitions
of early Eocene time (Robinson, 1963). .

" 3. By middle or late Ebéené time, the climéte'
became less humid. The Three Fbrks basin and‘the‘ﬁry Creek
Valley were no longer being flushed by large throhgh—flowing
streams. Rather, internal draiﬁage aﬁd basin;fiiling
ensued (Lange and others, l980;‘Robiﬁson, 1963). Scant
exposures of Oligocene Renova straﬁa west of Mgnard indicate
that a succession of lacustrine and floodplain sediments |
partially filled the early Tertiary topography.

4. Renova sediments continued to f£ill the Dry
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Creek Vélley until middle Miocene (?) time. By this time,
deposition qeased because the climate beéame humid.enough
to maintain through-flowing drainage ﬁets (Fields, 1972)..
An unknown amoﬁnf of Renova matefiél was femoved, |
5. By late Miocene (é) time, the ciimate beéame
-arid,aéain; moré arid and less equable than 6ligdcene time
(L;nge.and others, 1980). Basin-filling resumed with the‘
depdsition of the Sixmile Creek Eormation._ An alternating
pond -and fldod—basin environménf was'established-in‘the
northwestern corner of the map area. Southward-flowing
éphemeral streams deposited detritus derived . from the north.
Locally derived clastic materiai shed from the hills to the.
south‘waé_intimately.ﬁiXed with-fhe_fiood—basih depbsits;
Once again, the early Tertiary topogfaphy was gradually -

‘buried. Sporadic uplifts of the Bridger Range répeatedly

tilted the basin-fill strata eastward. A pediﬁent may have-

been cut in the southwestern portion of the.map'area.‘

'6. Coarse angular detritai material ffoﬁ the_
Bridger Range énd.the HorseshoelHills, combined with.vol-
canic.ash and mud, was continually trénsported by'éphemeral
ruhfoff (mainly sheetfloods) and deposited as:alluyial
.fans. A caliche soil formed in the northern paft‘of the

map area, whilé southward-flowing streams may have-develbped
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in the west-central portion.of the DrY'Creék Valley;‘ These
streams‘probably fqllowed a course‘éimilar to that of Déy
Creek. :Carbonate-rich spring waters achﬁpaniéd witﬁ
ephemeral run—off deposited congiomerati¢ limestOnes as
carbdnate.faﬁs,'which eventualli éoVered the erosional
éﬁfface in the soutﬁwestern portion of the.map area.

7. Sixmile Creek sediﬁents con£inued té accumulate
 into Pliocene time. They gradually onlapped in all direc-
tions across-older focks. By middlé (?) Piiocéﬁe‘time the
.Dry Creek Valley.was filled to the point where all but the
higher peaks of the éarly‘Terfiary fopograéhy were buried.
Thé last movements along the Bridger Fault 0ccur£ed at this
time. The Sixmilé Creek landscape ié thought to have
acquired the appearance'of the present arid soﬁthwesterh
United S£ates. |
| 8. Basin-filling ceased by middle or'late (?)
Plioéene time; Cénsequent-stréams déveloped on the late
Tertiary surface, while the élimafe was becoming more humid.
Perenﬁial étreams aﬁd, in part, debris;flows transported
coarse debris (QTof) across-the late Tertiary surféce.
Concurrent regional uplift tilted the major pért’of the
Three Forks basin ﬁorthward,.subsequéntly forming the

‘ancestral Missouri drainage (Robinson, 1961). The.Dry Creek
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'Valley retained its southward slope.

9. A éhange in stream regimen occurred in late
Pliocene'pr.early Quaternary time (Peterson, 1974),‘ Dry
Creek and some of its tributéries were-superimposed through
the high Tertiary covermass onta qnderlying resistant pre-
basin rocks. Basin excavation and the present,erosioh
cycle had now begun. A stair—étep sucéession of erosion'
surfaces was established in the Menard area, recording the
progressive downcutting of Dry Creek. Remnants of the late
Tertiary surface became isolated by the continued erosion of
adjacent, streams, and the eérly Tertiary surface was grad-
ually exhumed._'A meander bend of an.ancestral East Gallatin
River migrafea.into the soﬁthern bluffé area, depositing
gravels derived from a southern source. (

10. Glaciation in‘the‘Bridger Range created peren-
nial run-off which deposited some of the coarée gravels
(QTof) as alluviél fans in ﬁhe centrél and southern~portions
of the map area.n By late Wisconsin (Pinedale) time, the
present topography'wés estéblished. Some of the tributary"
channels along the east flank.of the Drf Creek‘Valley Qere
occupied by relatively large streams which drainéd the
glaciated Bridger Range. Soon.after glaciaﬁion,-debris—'

'.flows flowed out of the glaciated canyons of the Bridger
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Range and 1nto the Dry Creek Valley, partlally fllllng
modern trlbutary channels. . A
11. Presently, the Dry Creek Valley stands as a’

remnant of an old basin floor, whlle dlssectlon continues.
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APPENDIX I

MEASURED SECTiON DESCRIPTIONS




MEASURED SECTION DESCRIPTIONS

Four sections of Tertiary rock were measuréd‘wesﬁwogl'
Menard. Together, they form the composite section illus-
‘trated in Figure Ia. Stratigraphic correlation is based
merely'én geometric projection and is considered to be only
tentative. Note the large covered intervals which separate
the sections.
Each section was measured using a Jacob staff and
_tape measure. Samples were taken at significant changes in
lithology. Fossils diagnostic of age were not found.
SECTION B3;—34. Located 0.8 km (0.5 mi.) northwest of
Menard, just north of Menard Road (NE%, NE¥%, NE%, Sec. 35,

T.3N., R.4E.). The top of this section occurs in the SE%,
NW%, SW%, Sec. 25, T.3N., R.4E. ~

Sixmile Creek Formation : ft m

2. Covered; although very small and discon-
tinuous exposures of very coarse channel
cobble conglomerates and tuffaceous mud-
stones do occur. The exposures are
usually less than 0.6m (2 ft.) thick.
Volcanic and Mesozoic lithic fragments
are common. Coarse-grained structureless
conglomeratic sandstones that crop out
east of Menard may be intercalated with
these deposits. . . . . . « « . ¢« . . . .~ 602 183

1. Tuffaceous mudstone. Grayish orange

' (LOYR 7/4) and massive to structureless.
Climbing ripples are common but very
discontinuous. Root casts and burrow
fillings are also common. Pebbly con-
glomerate stringers and small lenses of .
cross-stratified fine-grained sandstones
sporadically occur throughout this unit.
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B,-37 \
: iy b
middle not to scale,
-4 Miocene
gncmm_ 183 m, mostly
8 covered

Figure Ia. Composite section rep=-
resenting the succession of li-
thologies west of Menard. Their

2 6 : : ;
£ § - correlation is based on geometric
Z"2projections and is considered to
10+ 3 be only tentative.
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conglomerate

conglomeratic sandstone

medium to coarse grained channel sandstone

thickly bedded to structureless fine-grained
ripple laminated sandstone and mudstone

limestone and tuffaceous marl

vitric ash

covered interval

covered interval not to scale

correlates to lithologic description in
measured section
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ft om
Volcanic and Mesozoic rock fragmenté
are COMMON. + + +« « o o o o s o o o & o« «. . 15 4.6
Total thickness of section B3-34. . . . . 617 187.6

SECTION B,-3. Located 1.6 km (1 mi.) northwest of Menara in
a gully just north of Menard Road (SW%, SWk%, SE%, Sec. 26,
T.3N., R.4E.). _ o

Sixmile Creek Formation
4. Covered; overlain by pediment gravels . . . 75 22.9

3. Tuffaceous lithic sandstone. Pale
yellowish brown (10YR 6/2), cross-
stratified, and fine to medium
grained. Contains andesitic lithic
fragments. Pebbly conglomerate
stringers occur throughout the unit . . . 7 2.1

2. Tuffaceous mudstone which is complexly
interbedded with cross-stratified
channel sandstones, sandy pebble con-
glomerates and pebbly conglomerate
stringers. The mudstones are very
paleorange (10YR 8/2), massive, and
contain discontinuous ripple lamina-
tions. Burrow fillings and root casts
are common. - Clastic dikes intrude
this unit. The channel sandstones and
conglomerates contain volcanic rock
fragments . . . . ¢ . o 4 e e . e e e e . 22 6.7

1. Tuffaceous mudstone. Grayish .orange
(10YR 7/4), thickly bedded, and
noncalcareous. Similar to overlying
mudstones except that this unit is
more clayey. Cut into by clastic ~ ‘
dikes . ¢ ¢ ¢ i v e e e e e e e e e e e 3 0.9

Total thickness of section By=3 . . . . . 107 32.6
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SECTION B1—37. Located in a channel 0.8 km (0.5‘mi.)_weSt- '

of Menard (SW%, NE%, NE%, Sec. 35, T.3N., R.4E.).

Sixmile Creek Formation : - ft m

8. Covered; overlain by pediment gravels . . . 31 9.4 .

7. Fine—grained tuffaceous sandstone.’
" Grayish orange pink (5YR 7/2), fri-

able, structureless, and calcareous . . . 18 5.5

6. Covered . . . . .+ .ot 4 oaie e e e el 10 - 3.0

5. PFine-grained. tuffaceous sandstone.
Grayish orange pink (5YR 7/2), fri-
able, structureless, and calcareous . . . 4 1.2

4. Tuffaceous mudstone. Very pale
orange (10YR 8/2) to light gray
(N8), structureless, blocky, and
slightly calcareous. Contains thin
beds of tuffaceous marl. This de- "
posit is probably interbedded with

. the coarse cobble conglomerate which

crops out approximately 402 m
(1320 ft.) downstream from this
location. This conglomerate contains
large angular clasts of Madison lime-
SEONE & ¢ v ¢ 4 e e e e e e e e e e e e 38 11.6

3. Tuffaceous mudstone. White (N9) to
pale orange (10YR 8/2) and structure-
less. Similar to the oveérlying unit
except that it is more calcareous,
indurated, and resistant. . . . . . . . . 3 0.9

2. Vitric lithic tuff. Grayish orange
"(10YR 7/4), structureless, and very

calcareous. Glass shards compose ‘
50% of the rock . & . . . « .0 o . o . . 2 0.6

l. Tuffaceous mudstone. Grayish orange
(10YR 7/4) and thickly bedded.
Each bed is structureless and
blocky. The rock is porous and .
noncalcareous. Contains up to 40%
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-ft m

1
R

glass shards. . . « « v « « o & « « v . . 7 ‘15 - 4;5
Total thickness of section B;-37. . . . . 121 36.6
SECTION A-22. Located on the west face of a north-northwest

trending ridge northwest of Menard (NW%, NE¥%, SWk%, NE%,
Sec. 27, T.3N., R.4E.). . .

Renova and Sixmile Creek Formations -
Sixmile Creek Formation

11. Sllty tuffaceous mudstone. Pale
orange (10YR 8/2), structureless,
blocky, and slightly calcareous.
Burrow fillings and root casts are
very common. Glass shards compose
up to 30% of the rock. Overlain
" by pediment gravels . . . . . . . . . . o 9 2.7,

10. Vitric lithic tuff. Grayish orange
(10YR 7/4), thinly bedded. to
massive, and blocky. Glass shards ] .
compose up to 50% of the rock . . . . . . 1 0.3

9. Silty tuffaceous mudstone. ‘Very pale
orange (10YR 8/2), structureless,
and blocky. Burrow fillings and
root casts are common. Slightly '
CalcareousS. . « .+ ¢ ¢ 4 e e e e e e e e 6 1.8

8. Tuffaceous marl. . Very light gray (N8),
thinly bedded, and micritic. Ostra-
codes and gastropods compose 5% .0f
the rock, while detrital material
comprises 20 to 30%. Reacts vigor-
-ously.with dilute HC1 . . . . . . . . . . 2 0.6

7. Vitric lithic tuff. Very light gray
(N8) , structureless calcareous, and
loosely packed. Contains 40 to 50%
glass shards and 30 to 40% detrital
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material. Ostracode shell fragments

occur in very small amounts . . . . .- . . 2 0.6
6. Silty tuffaceous mudstone. Very pale

orange (10¥YR 8/2), structureless, and

noncalcareous. Composed of 40%

detrital material and 30% glass

shards. . . . . . « ¢ ¢ o ¢ 0 e e d el 2 0.6

5. Tuffaceous pebbly conglomerate. Very
pale orange (10YR 8/2) and structure-
less. Largest clast is 3.5 com in
diameter. Grain-supported texture.
Most of the clasts are Tertiary rock
fragments . . . . . . . o 4 0 e e e e e 3 0.9

Unconformity ?
Renova Formation

4. Silty tuffaceous mudstone. Grayish
orange (10YR 7/4), thinly bedded to’
massive, and calcareous. Detrital
material and glass shards both compose’
45% of the rock . . + . . . . « .« o o . . 38 11.6

3. Tuffaceous marl. Very light gray (N8),
thinly bedded, and chalky. Ostracode
remains compose 20% of the. rock very :
layey e e e e s e e e e e e e e e e e 5 1.5

2. Vitric ash-and tuffaceous marl. This
unit is overlain by and possibly inter-
bedded with a light gray (N7) tuffa-
ceous siltstone. The ash bed is inter-
calated with the thinly bedded tuffa-
ceous marl. The siltstone is tuffaceous,
structureless, and blocky. The marl
contains Ostracodes and gastropods. . . . 18 . 5.5

1. Fine-grained limestone and marl. White
(N9) to very light gray (N8), thinly
bedded, dense, and chalky. Ostracode
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and gastropod shell fragments are com-

mon. The base is covered by alluvium .

Total thickness of section A-22 . . . .

Approximate thickness of composite section:
B3=34 . . . . +« .+ ¢ 4 e . .

covered interval. . . .

B1-37 & Bp-3 (Fig. Ia). . .

covered interval. e e e e .
A22. 4 .t e e e e e

Approximate thickness . . .

ft. m
16 4.9
102 31.0
617 187.6
1020 31.0
147  44.8
200 61.0
102 31.0
'355.4

.. 1168
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) POTASSIUM"ARGON AGE DATES
Age Dates Within the Dry.Creek Valley

' sample A-22-2
Location: - 2.5 km (l.é mi.) northwest of'Menard,near:
" the base of the small northwest trending ridge - .
(45°58'N, 111°13'W; NW%, NE%, SW%, NE%, Sec. 27, =~
T.3N., R.4E., Belgrade quadrangle). :
- 'Formation: -Renova.

Rock 'type: . Vitric ash interbedded with tuffaceous
' marls . S S .

Collected Qy: Gary C Hughes, Montana State Unlver51ty. T

Dated by: Geochron Laboratorles DlVlSlon, Krueger~
Enterprlses, Inc Cambrldge, MA. | . .

7 Age: '30~6 £ 1.2 riybp

{fMaterlal analyzed , Glass shards

Analytlcal data K40=5,017 ppm; Ar“°* =0. 009057 ppm;
Ar ' % /RK*7=0. 001805. . ° '

Sample FC 2

Locatlon. 0.8 km (0.5 mi.) north on Foster Creek Road,
from its intersection with. Dry Creek Road. Road cut .
exposes ash bed (45 51'47"N, 111°9'20"W; NEY%, SWk
SW¥%, Sec. 6, T. IN., R. 5E., Belgrade quadrangle)

'Formation. Slxmlle Creek.

Rock. tyge. VltrlC ash; overlles pale orange tuffaceous'
B mudstone. . : S .

Collected hy Gary C Hughes, Montana State Unlver51ty

" Dated by:- Geochron Laboratorles DlVlSlon, Krueger'
Enterprlses, Inc., Cambrldge, MA.
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"Age: 8.9 t 0.4 mybp

Material analyzed: Glass shards.

Analytical data: K'°=6.413 ppm; Ar*°#*=0.003360 ppm;
Ar V*JK"'=0.000524. ,

Age Dates of Textiary Rocks Outside of the Dry Creek Valley

Sample S8S8-1
Location: 6.4 km (4 mi.) west of highway 10N; 2.8 km
(1.75 mi.) east of Shoddy Springs. Sample taken
along south side of road (45°56'52"N, 111°40'50"W;
- NE¥%, NE%, NE%, Sec. 11, T.2N., R.1W., Three Forks
quadrangle).
Formation: Climbing Arrow (Renova equivalent).
Rock  type: Devitrified lithic tuff.

Collected by: Gary C. Hughes,‘Montana State University.

" Dated by: Geochron Laboratories Divisibn, Krueger
Enterprises, Inc., Cambridge, MA.

Age: 50.4 % 2.1 mybp

Material analyzed: Feldspar crystal concentrate.

Analytical data: K“°=3.788 ppm; Ar‘%%=0.01133 ppm;
Ar"'*/K""=0.002990. ) ' :

Sample YV-2

Location: 0.8 km (0.5 mi.) north of Wan-i-Gans cabins
on old highway in the Yellowstone Valley (Paradise
Valley). Exposure is part of the White Cliffs
(45°17'51"N, 110°49'31"W; SW4%, NWy, NE%, SE%,

Sec. 23, T.6S., R.7E., Fridley Peak quadrangle).

Formation: Unnamed.
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Rock type: Vitric ash.
Collected by: Gary C. Hugheé, Montana State Univérsity,

" Dated by: - Geochron Laboratories Division, Krueger
Enterprises, Inc., Cambridge, MA.

Age: 17.1 % 0.7 mybp

Material analyzed: Glass shards.

Analytical data: K"°=6.051. ppm; Ar*°*=0.006065 ppm;
ArTO%/R¥9=0.001002.

% NOTE: Ar"°* refers to radiogenic Ar"°.
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LOCATIONS OF EXPOSURES

Tertiary Renova Formation:

NW4%, NE%, SW%, NE%, Sec. 27, T.3N., R.4E.
(Measured section A-22)

Tertiary Sixmile Creek Formation:

Ephemeral stream channel, floodplain-overbank, and
lacustrine depositg--- .

SW%, SWk%, SE%, Sec. 26, T.3N., R.4E.

SW%, NE%, SW%, Sec. 26, T.3N., R.4E.

NW%, SE%, NE%, Sec. 35, T.3N., R.4E.

SW%, NE¥%, NE%, Sec. 35, T.3N., R.4E.’

Other fluvial deposits (southwestern portion of
map area)-- . ‘ '
NW%, SWk%, NW4%, Sec. 34, T.2N., R.4E.

NW%, NE%, NE%, -Sec. 34, T.2N., R.4E.

SBEY%, SE%, SEY%, Sec. 27, T.2N., R.4E.

NE%, NE%, NE%, Sec. 26, T.2N., R.4E,

Sheetflood (?) deposits~-
NE%, SW%, Sec. 7, T.1IN., R.5E.
Sk, NW%, Sec. 7, T.1N., R.5E.
SE%, SW4%, Sec. 6, T.lN., R.4E.
. 'NE¥%, Sw%, Sec. 36, T.2N., R.4E.
" SW%, NW%, SE%, Sec. 12, T.2N., R.4E.
E}», SE%, Sec. 28, T.2N., R.5E.
NE%, NEY%, NEY%, Sec. 32, T.2N., R.5E.

Tertiary Spring Deposits:

R.4E.
" R.4E. :
R.4E. (Best exposure)

NE%, SwW%, NE%, Sec. 26, T.2N.,
SE¥%, NW%, NE%, Sec. 26, T.2N.,
Nw%, NE%, NE%, Sec. 26, T.2N.,
NW%, SE%, SE%, Sec. 27, T.2N., R.4E.
SWY%, NW%, NE%, Sec. 34, T.2N., R.4E.
NE%, NWk%, SW%, Sec. 22, T.2N., R.4E.
NEY%, SWy, Sec. 27, T.2N., R.4E

NW%, Sec. 23, T.2N., R.4E.
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