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Abstract:

Middle Cambrian strata of southwestern Montana are a transgressive regressive package of rocks
consisting of fine-grained elastics and carbonates. The rocks represent the Sauk sequence and in
ascending order are: The Flathead Sandstone, Wolsey Shale, Meagher Limestone, Park Shale, Pilgrim
Limestone and Snowy Range Formation. Quartz/feldspar-rich zones occur in the Flathead, Wolsey,
Meagher, and Park Shale.

Quartz/feldspar-rich zones in the upper third of the Meagher, a flat-pebble conglomerate with a coarse,
detrital, silt-sized matrix at the top of the Meagher, and abrupt increases in the stratagraphic thickness
of the Meagher and Hasmark Formations near the Idaho/ Montana border, reflect increasing tectonic
instability and shallowing of the sea during late Meagher/early Park time. The arkosic interval of the
Park represents the culmination of tectonic instability and disruption of the marginal-shelf
environment. Renewed tectonic instability most likely occurred along pre-existing zones of structural
weakness.

The arkosic sandstones of the Park are restricted to the northern half of the Bridger Range and to the
lower 30 m of the Park shale. The arkosic interval of the Park consists of two major facies: a
quartz/orthoclase-rich facies with locally developed flat-pebble conglomerate, and a calcareous,
fossiliferous, arkosic, glauconite-rich sandstone.

The arkosic sandstones of the Park Shale were deposited in a shallow-water near-shore island complex.
The abrupt, sporadic occurrence, and lateral discontinuity of the quartz/orthoclase-rich facies indicates
catastrophic sedimentation followed by a rapid return to mud sedimentation. The abundance of
glauconite, carbonate and fossils in the glauconite-rich facies suggests deposition in a stable, quiet,
shallow-water, marginal-shelf environment.

The sporadic occurrence of sandstone throughout the arkosic interval suggests periodic rejuvenation of
a granite gneiss source rock. During subaerial exposure of the source rock, a weathered zone or profile
developed. This weathered zone was a source of clastic detritus for both arkosic sandstone facies.

By latest Park/earliest Pilgram time, erosion of the source area, increasing tectonic stability and an
effective rise in eustatic sea level had re-established stable, marginal-shelf conditions.
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ABSTRACT

Middle Cambrian strata of southwestern Montana are a trans-
gressive regressive package of rocks consisting of fine-grained
clastics and carbonates. The rocks represent the Sauk sequence and
in ascending order are: The Flathead Sandstone, Wolsey Shale,
Meagher Limestone, Park Shale, Pilgrim Limestone and Snowy Range
Formation. Quartz/feldspar-rich zones occur in the Flathead, Wolsey,
Meagher, and Park Shale.

Quartz/feldspar rich zones in the upper third of the Meagher, a
flat-pebble conglomerate with a coarse, detrital, silt-sized matrix
at the top of the Meagher, and abrupt increases in the stratagraphic
thickness of the Meagher and Hasmark Formations near the Idaho/
Montana border, reflect increasing tectonic instability and shallow-
ing of the sea during late Meagher/early Park time. The arkosic
interval of thé Park represents the culmination of tectonic insta-
bility and disruption of the marginal-shelf environment. Renewed
tectonic instability most likely occurred along pre-existing zones
of structural weakness. ~

The arkosic sandstones of the Park are restricted to the north-
ern half of the Bridger Range and to the lower 30 m of the Park
shale. The arkosic interval of the Park consists of two major facies:
a quartz/orthoclase-rich facies with locally developed. flat-pebble
conglomerate, and a calcareous, fossiliferous, ark051c, glauconite-
r1ch sandstone.

The arkosic sandstones of the Park Shale were deposited in a
shallow-water near-shore island complex. The abrupt, sporédic
occurrence, and lateral discontinuity of the quartz/orthoclase-rich
facies indicates catastrophic sedimentation followed by a rapid
return to mud sedimentation. The abundance of glauconite, carbonate
and fossils in the glauconite-rich facies suggests deposition in a
stable, quiet, shallow-water, marginal-shelf environment.

The sporadic occurrence of sandstone throughout the arkosic
interval suggests periodic rejuvenation of a granite gneiss source
rock. During subaerial exposure of the source rock, a weathered
zone or profile developed. This weathered zone was a source of
clastic detritus for both arkosic sandstone facies.

By latest Park/earliest Pilgram time, erosion of the source
area, increasing tectonic stability and an effective rise in eustatic
sea level had re-established stable, marginal-shelf conditions.




INTRODUCTION
Location

The study-area is located in the Bridger Range, directly north
of Bozéman, Montana (Fig. 1). -‘The Bridger Range, which is an asym-

metric, easfward verging, anticlinal uplift bounded on the west by

a normal fault, trends north-south for 26 miles. The Park Shale

crops out along the western flank of the Bridgers, the southeastern

limb of the Horseshoe Hills, and to the south‘along the north-

- western flank of the Gallatin Range (Fig. 1).

Purpose

The arkosic sandstones of the Park represent an intéresting
stratigraphic-sédimentologié problem which ﬁas not been previéusly
addressed. Middle Cambrian rocks in the study area ére dominated_
by fiﬁe-grained clastic and carbonate rocks which total 498 m. |
Feldspar-rich sandstone and siltstone beds occur in the Fla;head
Sandstone, Wolsey Shaié,.and Park Shale. Quartz/feldspar sandstone
stringefs are present in the Meagher Limegtonét The occurrence of

these arkose-rich intervals, in a stratigraphic section consisting

of fine-grained clastic and carbonate material, represents a local

"disruption of the stable, marginal-shelf environment. This study

was a: (1) description of the stratigraphy and areal distribution
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Figure 1. Distribution of Middle Cambrian rocks referred to in the text.
Author's measured sections lie along strike in the northern half
of the Bridger Range, and in the Horseshoe Hills. Section loca-
tions shown in Figure 7.




3
of the.arkose,.(2)'&etaiis-petrogr5bhic characteristics of the
arkoses and (3) develops a depésitional mddei.that explains the'
occurrence of arkose in a stratigraphic seguence'consisting of_~

fine~grained clastic and carbonate rocks.
Procedure

Field studies of the Park arkosic interval were conducted

. during the summers of 1980 and 1981. Field work entailed locating,

measuring, and sampling arkosic sandstone outcrops. Exposures are
poor as the shale tends to slump badly. As a result, the best
outcrops are in very steep, southeast-facing or northwest-fécing
slopes. In addition, intérpretation of.field data was hampered by
the sporadic occurrence of outcrops along strike in the Bridger

Range, the total lack of. Cambrian outcrops to the east, and the

lack of outcropé-for seven miles to the west.

Later, representative handsamples and thin sections were
studied using binocular and petrographic microscopes. Samples from
selected areas of Precambriannc;ystélline rock, Flathead Sandstone,
Wolsey shalé and Meaéher Limestone were also exémined in thin
section. Estimates of mineral percentages were obtained both
petrographically and by staining samples using the method broposed
by Bailey and Steveﬁs (1960) for selective staining K-feldspar and

plagioclase.




REGIONAL SETTING

Sedimentary Tectonics

The structural and stratigraphic framework of western Montana
evolved in Precambrian Y time during'ﬁglﬁ sedimentation (McMannis,
. 1965). Sediments were deposiﬁed in the Belt Basin, a large epi-

cratonic trough, which formed a northwest-southeastqtrending re-

entrant along the eastern margin of the Cordilleran miogeoéyncline

(Fig. 2). The basin swﬁng inland at its southeasternmost extent,

forming the east-west trending Belt Embayment. The embayment was

bounded on the north by the North American craton and on the south

by the Dillon Block (Hartison and others, 1974). The Dillon Block
is eésentially the same téctonic bro?ince ;s the Paleozoic Wyoming -
shelf of Sloss (195Q). | |

‘The northérn margin of the Block is coincident with the Paleo-
zoic shelf break and is defined by the east-west treﬁding.Willow
.Cfeek féult zone: This zoﬁe is thought to represent.é ﬁajgr Pre-
éambriag structﬁral discontinuity which is still active today ahd.
which probably inflﬁenceq Paleozoic and Mesozoic sedimentation
patterns as well (Sloss, 1950; anqét, 1979).

Depositionél patéerns of Cémbrian through Mississippian forma-
tions, Jurassic formations, and‘parts of Cretaceous sections ;re

thicker in east-west zones. These depésitionél pattérns closely
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Tectonic elements of the Belt Basin and pre-Belt
crystalline rocks. Bar and ball indicate the down-
dropped side of a normal fault. Modified from
Bonnet (1979).




6
parallel the trend of the Belt embayment and the willow Creek fault
zone, suggesting that reactivation of major Precambrian zones of
weakness controlled Paleozoic sedimentation (Fig. 3)(Sloss, 1950;
McMannis,. 1965; D. Winston, in press). -

Based upon similarities in structufal trends, various authors
(Sloss, 1950; McMannis,'1965) have postu1;£ed that major faults and
fault zones in.the area of the Tobacco Root Mountains and the
Bridger Range are related to the Nye-Bowler lineament of Wilson
(1936). Roberts (1972) has postulated fhat the Nye-Bowler line-
ament, anq other iineaments such as the Lake Basin-Huntley trends,
are Laramide strﬁctural features that'may‘represent reacgivafed

Precambrian structures.

Stratigraphy

The S;uk sequencé (Slqss, 1963) wés deposited on the shelf and
western edge of the North American cratpn during the eastwafd
transgression of the Cambrian sea. The sequence is a transgressive-
regressive package of rocks consisting of a basal sandstone and
three.shale/'limestone repetitions with minog interbedded siltstone
and sandstone. In the Bridger Range, these rocks are représented by
the Flathead Séndstone, Wolsey Shale, Meagher Limestone, Park
Shale, and the’Snowy Range Formationiwhiqh‘consists of thé Dry

Creek Shale and the Sage Pebble Conglomerate (Figs.4 gnd 5).
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Figure 3. Thickness of Paleozoic strata, shown by generalized isopachs.
Modified from Sloss, 1950.
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Figure 4. Reconstructed cross-section of the Sauk sequenbé'from southwestern
Montana to the Black Hills, South Dakota. The small x's represent
feldspar-rich intervals. Modified from Lochman-Balk, 1972.




Figure 5.

Stratigraphic units exposed on the west flank of the Bridger
Range. View is to the south at Saddle Peak.

Relh: LaHood Fn Gm: Meagher Limestone
Gf : Flathead Sandstone 6 K* Park Shale
Gw : Wolsey Shale ng: Pilgrim Limestone

D/M: Devonian-Mississippian

rock
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The Cambriap sea transgressed over an irregular post-Belt/pre-
flathead erosionélhsurface (iochman-Balk, 1972). Topographic highs -
became islands, génerating point sources of clastic detritus and
greatly influeﬁcing local sedimentation. The influence éf the
ig}ands on sedimentation is seen in the stratigraphic-record as
Abbrefiated or thickened sections, or as liﬁhologic'variations such
as arkosic sandstone occurring within a shale.

Graham and Suttner (1974) have documepted such lithologic and
thickness variatioﬁs in thé Flathead Sandstone and the Wolsey Shale
near Three Forks, Montana, about 64 km west of the study area
(Fig. 1). The Three Forks island complex is a group of at least
three islands cémpose& of Belt arkose. The most prominent of the
group is the Milligan Canyqn island; the Jefferson Canyon and
Highway 10 islands ére smalier and of lesser relief (Graham and
Suttner, 1974). .Stratigraphic relations at Milligan island best
demonstrate the islands' influence on sedimentation during Mid-
dle Cambrian time. Here, the Flathead Sandstone is absent at the
crest of the island and thickens progressively west and east. The
Flathead is also éb;ent at the Jefferson Canyon-and Highway 10
iélands. At the Highway 10 island, the Meagher/Wolsey contact is
less than 3 m above the middle limestone of ﬁhe Wolsey, indicating

 a dramatically thinned section (Graham and Suttner, 1974).
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When not difectly adjéceﬁt to an island in this érea, the
Flathead Sandstone and Wolsey Shale lack arkosic sandstone. In the
Three.Forks area, the Flathead is a.moderately Well-sortéd, medium-
to coarse-grained, silica-cemented sandstone. The Wolsey is a
grey-greén, fossiliferoqs, fissile, micaceous shale. Silty aad
intraclastic limestone occurs in the upper Wdlséy and a thin, baéal
-quartz arenite associated with siltstone ﬁedg is comﬁoﬁ. A promi;
nent, thinly bedded, silty 1imestoné occurs in the middle of the
formation énd varies in thickness from:2-30 m, This is. the Siiver
Hill limestone of the Wolsey Shale (Han;qn, 1952; Graham and Sﬁttner,.
1974). |
| Adjagent.to the iélands, the Flathéad is arkosic and con-

ngmeratic and Wolsey limestoné beds contain abundant feldspar and
quarfz. éraham and Suttqer.(1974) identified three genetic types
'of sandstone: (1) products of incomplete re&orking of a residual
soil which deveioped on the Belt arkoses during fost—Belt/pre4
Flathead weathering and erosion, (2) prpducts of limitéd transport,
an& (3) wiﬁnoWed 1aé deposits. .

| The infiuence of islands or topographic "highs" on Cambrian
'sedimeﬁtation has also been dEScriﬁed by Hanson (1952), Alexgnder
(1951), Mann (1950), Robiﬁéon (1963), McMannis (1963), and téBauéf
(1964). ‘LeBauer, in hi; study of the Wolsey Shale, postulated the

presence of small, topographically low islands composed of Belt
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sedimentary rock,vPrecambrian gneiés and marble. The islands were
located in or néa; the Bridger Range, Pole Canyon, an§ Cottonwood
-Canyon areas (Fig. 1). Other Cambrian islands have been deécribed

in Wisconsin by Dott (1974) and in Arizona by McKee (1945).




STRATIGRAPHY OF THE PARK ARKOSIC INTERVAL

The arkoéic séndstonés of the Park Shale aré’restricted to the
léwer 30 m'of the formation (Fig. 6). Arkosic sandstone beds occur
spor;dically throughout this interval with the stratigraphic.separa-
tion between beds or ien;ils iﬁcreasing upsecpion. ‘Grain size and"
ratio of detrital.graing to carbona£e cement aiso decreases upéeé-
‘tion., This results in a'lithologic change from a calcareous, arkosic
sandstone near thé'bqttoﬁ of the interval to feldspathic limestone
neaf'theltop. The arkosic sandstone interval of the Park Shélé
;onsists of two major facies: (1) a quartz/orthoclase-rich facies
with locally developed flat-pebble conglomerate, and (2)‘a calcareous,
fossiliferous, arkosic, glauconite-rich sandstone (Figs; 7 and 8).

The arkosic interval of the Park is limited to the northerp
half of the Bridger Raﬁge, extenaing from Morrison Canyon to.Dry,'
Creek Canyon (Fig. 8).- Outcrops of both facies occur sporadically'
along strike,dué to a combination of podr exposure and original
areal distribution. In Fig. 7, Sections 14 and 15 represent'the
northérn and southernmost occurrencés of arkosic sandstone. Section
1 is thé'"type location" of the Park afkosic séndstone. |

Major beds (5-17 cm thick) of the quartz/orthoclase-rich facies

occur at North Cottonwood Creek, Mill Creek, Hardscrabble, and
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Calcareous, fossiliferous,
arkosic glauconitic sandstone;
weak cross-stratification
formed by clastic component;
composite pebbles common;
fossils are found in large
carbonate blocks.
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Composite stratigraphic profile of the Park Shale
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Sacajawea peaks. South of Sacaiaweé,?eak, the quattz/orthdélase—
rich facies, which is characterized by bright, salmon-pink feldspar,
seems to pinch-out and disappear. At the South Meaddw section
(Section 9, Fig. 7), the arkose is characterized by 1a¥ge, white
grains of feldspar, quartz, and an abundance of chlorite-rich matrix.
‘This sectién is designated as subfacies A and will be diécussed in
conjunction wi;h the general part of the facies.

In éongrast to the quartz/orthoclase~rich facies, thé glauconite-
rich facies occurs-only betwéen Hardscrabble and Sacajawea peaks and
is restricted to the lowér portion of the‘arkosic interval. The
exact stratigraphic position of the facies is undeterminéd‘due to
poor exposures. Glauconite-rich interyals; howeQer, are found to
.the south in the Gallatin Ranée and to the wést in the Horseshoe
Hills (Verrall, 1952; ﬂcMannis, 1964; McMannis and Chadwick, 1964).
bAlthough thé clastic component of the facies is absent in both gf
these 1ocations? the greater areal distribution of glauconite sug-
gests that the depositional environment of the facies was fairly
widespread. |

In both cases, the basal contact of én individual sandstone bed
or lentil with the underlying shale is generally abrupt and planar
to undulatéry. However, the base of the‘glaucbnite facies is usually
characterized b& é_basal lime layer which varies in thickness from

1-5 cm ahd which is restricted to this facies. The limestone is
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cream~colored aﬁd_may show faint iaminations or cross-stratification.
The conﬁgct betwéegithé liméstone and the glauconite-rich partlbf
the facies 'is sharp énd’abrupt, even théugh local channeiing occurs
(Plate 1, A). Thé upper contact of a bed or lentil in either facies
is abrupt. Upper surfaces of béds may or may not have a very thin
coatinguéf olive-greén, micaceous shale. .Ihis coating is pervasive
in the glauconite fgcies and poorly presérved in the quartz/

orthoclase=rich facies.
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Handsample of the glauconite-rich facies collected by C.
Lochman-Balk and W. J. McMannis, 1949. Note the slight
imbrication of carbonate intraclasts in the upper half
of the sample. Also note the abrupt contact at the top
of the basal lime layer and the truncation of the burrow
on the right hand side of the sample.

Handsample of the quartz/orthoclase-rich facies. Note the
large vein-quartz grain in the lowermost right hand corner
of the sample and the angularity and very poor sorting of
the laminated, silty carbonate intraclasts and detrital
grains.

Ovate and fragmented burrows on the upper surface of an
arkosic, fossiliberous carbonate lens. Sample from the
upper part of the arkosic interval, Park Shale, Sacajawea
Peak section.

Fragmented, branched burrows associated with feldspar, and
vein quartz, and fossil debris. Sample from the upper part
of the arkosic interval, Park Shale, Sacajawea Peak Section.

Laminated, micaceous, 'U-shaped" load structure in the
quartz/orthoclase-rich facies at the North Cottonwood
section. Note the displacement of shale due to loading
and the fissile character of the siltstone at the bottom
and top of the structure.

Quartz/orthoclase-rich lens at the North Cottonwood section,
Note the "ripple-~like" basal contact of the lens due to
loading and displacement of the underlying shale. The lens
has become segmented due to soft sediment boudinage.
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PLATE 1




. LITHOLOGY OF THE PARK ARKOSIC INTERVAL

The re;atiye percentages of ﬁingral constituents in each facies
were es;imated'in thin section using grain percentage charts from
Cqmpton (1962). Sevefal'assumptipns were used in estimating mineral
percentages. These afe; (1) grains-with well developed, pervgsive
iron oxide;clay coats{ exhibiting a definely biaxial interference
.figure, without twinning, were ¢ounted as orthoclase; (2) if a grain
seemed to exhibit a biaxial interféfence'figure, but had moderate té
strongly undulose extinétion and lacked cleavage, it was counted as
a quarti graih, (3) if a grain w;s 1 mm or larger, and composed of
quartz, chlorite and -feldspar stained by'iron oxide, it was counted
as a combosite’grain. These composite grains were distinguished -
_from other 1ithiclésﬁs due to their mineralogical similgrity with
composite pebbles (2 mm - 2 cﬁ), (4) If a composite grain consisted
of qﬁarﬁz, unstained feldspar, and 1a¢ked~chlofite, it was counted
. as a lithiclaét.

Estimatés of minéral percenfages were double-checkéd by using
the staining technique proposed by Bailey and Séevens (1960) which
stain; K-feldspar yellow and plagié;lase red. The berceqtége of
lithiclasts én& intraclasts,,in both faciés, was based on combined
field and petrographic estimates. 'Field estim;teg of thése per-

centages may have beeﬁ low as the majority of the lithiclasts were




22








































































































































































































































