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Abstract:

The Belt Supergroup was originally named for widespread exposures of thin-bedded red clastic strata in the Big Belt Mountains in southwestern
Montana. Subsequent studies extended the geographic extent and thickness of the Belt Supergroup throughout Montana, Idaho and British Columbia. The
nonfossiliferous character of these strata necessitated purely lithostratigraphic correlations. The advent of detrital zircon analyses has provided a method for
more rigorous evaluation of proposed correlations.

In southwest Montana, the Belt Supergroup consists primarily of thin-bedded, fine-grained sandstone, siltstone and shale of the Spokane, Empire and
Greyson Formations. These rocks are overlain by the Middle Cambrian Flathead Sandstone, which is a prominent, cross-stratified medium to coarse
grained quartz arenite that stands in bold relief to the underlying recessive Belt rocks. The contact between these two packages is mapped throughout
southwest Montana as a profound unconformity, but recent mapping suggests the contact is actually a conformable, coarsening upward gradational
transition.

Provenance analysis demonstrates that the two units have very different detrital zircon populations, supporting the existence of a unconformable
contact: samples of the Spokane Shale (n=4) yield a major detrital zircon population of 1.45-1.60 Ga, which corresponds to the North American magmatic
gap and suggests derivation from a western cratonal source. The overlying Flathead (n=5)yields distinct peaks at 1.7-1.8 Ga, 2.6-2.7 Ga and 2.9-3.1 Ga,
suggesting derivation from the Wyoming craton, or cannibalization of older Belt Supergroup strata.

Recent mapping in the Little Belt Mountains documents a thick succession of recessive red siltstone and shale typical of the Spokane Formation that is
both intercalated with thin beds of coarse-grained, ripple marked, quartz arenite and overlain by cross-stratified quartz arenite of the Flathead sandstone.
Detrital zircon analysis demonstrates that these red strata yield a zircon population typical of the Spokane Formation, and both the intercalated and the
overlying sandstone yield a typical Flathead detrital zircon signature. The coarsening upward nature of the succession, existence of an apparent
conformable, gradational contact, and the intercalation of the two distinct zircon populations strongly suggests that rocks mapped as the Spokane Formation

of the Middle Proterozoic Belt Supergroup in the Little Belt Mountains and adjacent region are actually Early to Middle Cambrian in age, and conformably
underlie the Flathead Sandstone.

Mesoproterozoic-Cambrian
Contact?

Unit 7: Cambrian Flathead Sandstone (30m).

Cliff forming, It. tan to pink, med. to coarse grained,
sub-round to rounded, mod. sorted, cross to parallel
laminated,siliciously cemented quartz arenite.
Grades up-section froma thick to med. bedded
sandstone with local conglomerate to a thin to med.
bedded cross-stratified quartz arenite.

Stratigraphy in the Devil's Fence Anticlinorium
*

" " Flathead SS.
Lt. tan to pink, poorly sorted, subrounded, trough-cross to parallel stratified,
siliceously cemented, ridge forming, thin-medium bedded sub-feldspathic
. to quartz arenite and pebble conglomerate, fining upward sequence.

—-— — *Spokane/Empire Shale*
. Red, green, and tan, fine grained, well sorted, locally distinctly rippled
(w/ adhesion ripples in thin laminae), locally mudcracked, wavy thinly-thickly
.. . . laminated (locally planar), micaceous silty shale interbedded with pinkish
. %—" : '_- . - S It. grey, fine-medium grained, moderately-well sorted, well rounded-
A subrounded (locally subangular), siliceously and calcareously cemented,
thin-medium lenticular bedded, subfeldspathic to quartz arenite with
e * . parallel silty laminations.

Unit 6: (24cm) Tan to grey weathering, reddish
tan to grey, fine grained, moderately well sorted, well
rounded quartz arenite. Identical to overlying Flathead,

but less resistant.

Greyson Shale (upper member)*

Greyish tan, fine-medium (locallly coarse) grained, mod. well sorted

(sorting increases up-section), well rounded-subrounded (rounding increases
up-section), cross-stratified, rippled, locally stromatolitic, ridge forming,
calcareously cemented, medium-thinly mod. well bedded, silty quartz
arenite, with shale rip-ups interbedded with thin light green planar laminated
siltstone-shale.

Unit 5: (20cm) Dark reddish brown, thinly

bedded, thinly laminated, silty shale w/ a metallic
sheen and platy weathering character.

Greyson Shale (lower member)* Similar to Units 1 and 3

D:ark Yreen and tan, fine grained, well sorted, recessive, micaceous shale
., *with intermittent, thin, tannish green, fine grained, mod. well sorted,
subrounded, silty sandstone interbeds.

Unit 4: (22cm) Normal graded bed of tan,
weathering It. tan to orange, fine to medium grained,
moderately sorted, siliceously cemented quartz
arenite.

Preferential weathering of “Belt
Unit 3: (5cm) Dark reddish brown thinly J

: . . Supergroup” strata relative to
bedded, thinly laminated, very platy micaceous sandy . :
shale, similar to Unit 1. overlying resistant Flathead

Sandstone

*These unit divisions are based on the previous mapping done in
the Devil’'s Fence Anticlinorium.
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Unit 2: (8cm) Tan to orange, fine to medium
grained, moderately to poorly sorted, moderately
rounded, feldspathic arenite.

Unit 1: (>15cm) Dark reddish brown, thinly
bedded, thinly laminated, very micaceous silty shale
w/ a metallic sheen and platy weathering pattern.

Stromatilites

Detrital Zircon Analysis
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Stratigraphy in the Limestone Hills
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Detrital Zircon Analysis

Flathead Sandstone
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57aEABOQ7 . 6. Orangish red-light tan thin-medium bedded, well
sorted, medium grained, subangular to subrounded, 16

, *, parallel laminations at base and cross stratification

e : + up section, quartz arenite.. & |

g . 05EABO7 . )

UV * 5. Reddish brown, medium-course grained sand
Asymmetrical ripple marks beds (3-5cm) interbedded with recessive shale untis
indicate shallow water deposition .. . (10-100cm). Up section unit fines upwards into a

allow water dep 5BEABO7 -1

R T . recessive shale unit.
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4. Reddish brown, fine-medium grained very 51
recessive red siltstone.
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The North American Magmatic Gap
Archean/Proterozoic Boundary
The North American Magmatic Gap
Archean/Proterozoic Boundary
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3. Reddish brown, fine-medium grained quartz 21
arenite. Ripple cross lamination. Interbedded
recessive shale units. Sandstone becomes fine- e ——
medium grained subfeldspathic arenite. Trough 400800 1200 1600 2000 2400 2800 3200 e TP ———.
cross stratification (9-12cm) with rip up mud clasts.

Approximately 20-30m shale units in between sand

ridges. Sand ridges thin, but become more

abundant up section. 14

€— Depositional Age of the Flathead Sandstone
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2. Reddish brown, fine-medium grained siltstone with *1

Croés_bedded qua&zose minor parallel laminations and very thinly bedded (1-
. . 2mm) locally ripple cross laminated, coarsening
sandstone of the of the third unit g Upwards quartz arenite. 10
is remarkably similar to the

7 . ;
Flathead sandstone / 1. Dark reddish brown, very fine grained (<<1mm)

sandstone to siltstone with micaceous sheen. Thinly 6
bedded sand, interbedded with very thinly bedded

shales(.5-1mm). Locally asymmetrical ripple cross 4
stratification (approx 1 cm), along with truncation, rip

up cross beds, water escape features and parallel 2
laminated (1mm). Sand beds are approximately 1m

in size with 3-4 meters of recessive shale in between. 0 I =
Sand beds thicken up section and shale layers 400 800 1200 1600 ~ 2000 2400 2800 3200 00 800 120001600 2000 2400 2800 9200 %600
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The North American Magmatic Gap
Archean/Proterozoic Boundary

The North American Magmatic Gap
Archean/Proterozoic Boundary
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Generalized Stratigraphy |
from the Big Belt Mountains . Y
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Apparent coarsening upward, gradational
contact between “Middle Proterozoic Belt
Supergroup” and Lower Cambrian Flathead
Formation.
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Flathead SS.

Lt. tan to pink, moderately sorted, subrounded,
trough-cross stratified, siliceously cemented,
ridge forming, medium bedded sub-feldspathic
to quartz arenite
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Archean/Proterozoic Boundary

The North American Magmatic Gap
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~1475-1600 Ma

Cambrian Sandstone
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Reddish brown, fine-medium grained parallel
laminated siltstone and very thinly bedded (1-2mm)
locally ripple cross laminated quartz arenite.
Contains distinct 3-5 m coarsening and thickening
upward successions culminating in medium grained Detrital Zircon Interpretation:

parallel to cross laminated fine to medium grained Provenance analysis demonstrates that the two units have very different detrital zircon populations, supporting the
quartz arenite. existence of a unconformable contact: samples of the Spokane Shale (n=4) yield a major detrital zircon population of
1.45-1.60 Ga, which corresponds to the North American magmatic gap and suggests derivation from a western cratonal
source. The overlying Flathead (n=5)yields distinct peaks at 1.7-1.8 Ga, 2.6-2.7 Ga and 2.9-3.1 Ga, suggesting

Undeformed Sediments of Uncertain Age

0

400 800 1200 1600 2000 2400 2800 3200 400 800 1200 1600 2000 2400 2800 3200 3600

900

Undeformed Neoproterozoic Sedimentary Rock

Trough cross-bedded sandstone

Undeformed Proterozoic Rock in the Flathead Sandstone

800

Edge of the NoOkth
American Cratoi

Deformed Mesoproterozoic Rock

S derivation from the Wyoming craton, or cannibalization of older Belt Supergroup strata.
N~
Archean Metamorphic Basement 30
7 3 |
© This sample was collected from the Belt Supergroup in the
= 201 Big Belt Mountains. Its detrital zircon signature is identical
S to that of the Cambrian Flathead Sandstone. Note that it
- © does not contain the magmatic gap grains (1450-1550 Ma)
n n 15 1
Belt BaS|n Stratlg raphy Belt BaSIn Paleoge()g raphy Il that dominate the immediate adjacent Belt. The fact that a
) ' B o o0l sandstone with this detrital zircon signature is encased in
ool ey P s Creston Formation Siveh Formation Asymmetrical ripple marks S sediments containing the Belt Supergroup detrital zircon
wssou e I - - N within upper Belt rocks 1 signature suggests that these two formations interfinger.
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Perma Sills ) g i Greyson Formation 8 . . . C O n CI u S I O n
1467 Ma T - View upsection of two coarsening —— ) _ _ _ _ _ _
and thickening upward cyclic packages Recent mapping in the Little _Belt Mo_untalns docur_nents_, a thick succession o_f recessive red siltstone and she}le typical of
Detrital zircon sample within upper Belt rocks immediately the Spokane Formation that is both intercalated with thin beds of coarse-grained, ripple marked, quartz arenite and
A o below contact with overlying Flathead overlain by cross-stratified quartz arenite of the Flathead sandstone. Detrital zircon analysis demonstrates that these
Lahood Formation red strata yield a zircon population typical of the Spokane Formation, and both the intercalated and the overlying
Quartzose argillite n=22

sandstone yield a typical Flathead detrital zircon signature. The coarsening upward nature of the succession, existence
of an apparent conformable, gradational contact, and the intercalation of the two distinct zircon populations strongly
suggests that rocks mapped as the Spokane Formation of the Middle Proterozoic Belt Supergroup in the Little Belt

Mountains and adjacent region are actually Early to Middle Cambrian in age, and conformably underlie the Flathead
Sandstone.

Calcareous mud and carbonate |77 "~ Microlaminated argillite

Approximately 5 m thick coarsening and thickening
upward package ~200 m below Flathead contact
Evenly bedded, graded, dark argillite Evenly laminated dark argillite

Pinch and swell sediment type Even-lenticular and mudcracked argillite

(Ross and Villeneuve, 2003)
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