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DESCRIPTION OF MAP UNITS
FORSYTH 30’x 60 QUADRANGLE

Note: Thicknesses are given in feet because original field maps were on 7.5 quadrangles with contour
intervals in feet. To convert feet to meters (the contour interval unit on this map) multiply feet x 0.3048.

Qal  Alluvium (Holocene)—Light-brown and gray gravel, sand, silt, and clay
deposited in stream and river channels and on flood plains. Clasts are well
rounded to subrounded. Deposits are poorly to well stratified. Thickness as
much as 26 ft under flood plain of Yellowstone River and less than 13 ft
under flood plains of tributaries.

Qat  Alluvial terrace deposit (Holocene and Pleistocene)—Light-gray to light-brown
gravel, sand, silt and clay in terrace remnants at elevations from 2 to 350 ft
above rivers and streams. Along the Yellowstone River unit includes
colluvium and a few small alluvial fan deposits. Clasts are generally well
sorted and most are well rounded. Deposits are poorly to well stratified and
poorly to well sorted. Thickness generally less than 15 ft, but locally as
much as 50 ft.

QTcl Clinker (Holocene, Pleistocene, and Pliocene?)—Red, pink, orange, black, and
yellow, very resistant metamorphosed sandstone, siltstone, and shale of the
Fort Union Formation. Bedrock was baked by natural burning of underlying
coal, and collapsed into voids created by burning. Locally, baked rock was
melted and fused to form buchite, a black, glassy, vesicular or scoriaceous
rock. Thickness generally about 20 ft, but locally as much as 50 ft.

QTat Alluvial terrace deposit (Pleistocene and Pliocene?)—Light-brown and light-
gray gravel and sand at elevations generally from 2,880-3710 ft. Clasts
are generally well sorted and most are well rounded. Deposits are
moderately to well sorted. Thickness about 30 ft.

Fort Union Formation (Paleocene)

Tftr Tongue River Member—Yellow, orange, or tan, fine-grained sandstone with
thinner interbeds of yellowish brown, orange, or tan siltstone, and light-
colored mudstone and clay. Clay dominantly nonswelling. Sandstone may
contain rare lenses as much as 50 ft long (Smith, 1956) of intraformational
breccia with pebble- and cobble-size clasts of sandstone. In the map area,
the Rosebud, McKay, Terret, and Burley are the most prominent of the coal
beds in this member. In part of the map area (shown with hachure pattern)
the lower part of the member contains a unit characterized by thin, orange
silty limestone beds that serve as caprocks and are associated with light-
colored or white siltstone and mudstone beds that may contain white- or
light gray-weathered silcrete and other paleosols. The silcrete and other
paleosols characteristically contain molds of plant stems and roots, and
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range from 1 to 6 inches thick. Upper part of member was removed by
erosion in map area. Thickness of as much as 540 ft exposed in map area.

Lebo Member—Gray, smectitic shale and mudstone that contains lenses of gray
and yellow, very fine- to medium-grained sandstone, and ironstone
concretion zones from 1 to 12 inches thick. The Big Dirty coal bed is at or
near the base of the member. In part of the map area (shown with hachure
pattern) the upper part of the member contains a unit characterized by thin,
orange silty limestone beds that serve as caprocks, and light-colored or
white siltstone and mudstone beds that may contain white- or light gray-
weathered silcrete and other paleosols. The silcrete and other paleosols
characteristically contain molds of plant stems and roots, and range from 1
to 6 inches thick. Thickness of member 95-200 ft.

Tullock Member—Light-yellow and light-brown, planar-bedded very fine- to
medium-grained sandstone and much less gray shale. Contains two or three
coal beds in the upper 110 ft of member, and in many places, a coal bed at
the base. Thickness of member 240-260 ft.

Hell Creek Formation (Upper Cretaceous)—Dominantly gray and grayish
brown sandstone, smectitic, silty greenish brown or gray shale, and
mudstone, and a few thin beds of lignite or carbonaceous shale. Sandstone
is fine- or medium-grained. Calcium carbonate-cemented concretions are
typical in the fine-grained sandstone. Thickness 200-300 ft.

Lance Formation (Upper Cretaceous)—Light-orange or light-tan, medium-
grained, massive to crossbedded sandstone in lenses and channels
interbedded with light-gray or greenish yellow sandy shale. Crossbedded
conglomerate lenses at the base contain quartzite and limonite pebbles up to
1 inch in diameter and armored claystone balls up to 9 inches in diameter.
Thickness 0-300 ft.

Fox Hills Formation (Upper Cretaceous)—Light-brown or light-orange, thin-
to thick-bedded, micaceous, fine- to medium-grained sandstone in the upper
part and thin-bedded siltstone and silty shale in the lower part. Thickness 0—
200 ft.

Bearpaw Shale (Upper Cretaceous)—Dark brownish gray, montmorillonitic
fissile shale, with numerous thin bentonite beds and zones of calcareous and
less common ferruginous concretions. Most bentonite beds are less than 6
inches thick but some are as much as 4 feet thick in the Vananda area just
west of the map area (Berg, 1970). Thickness 800-950 ft.

Judith River Formation (Upper Cretaceous)—Upper light-gray, thin- to thick-
bedded, fine- to medium-grained sandstone that weathers light grayish white
from 72 to 92 ft thick. Middle dark-gray thin- to thick-bedded shale unit



about 130 ft thick. Lower light-gray thin- to thick-bedded fine- to medium-
grained sandstone that weathers light grayish white. Thickness about 100 ft.

Kcl  Claggett Shale (Upper Cretaceous)—Dark-gray, thin-bedded shale with zones
of calcareous concretions and bentonite beds. Zone of septarian concretions
at top about three feet thick. Prominent bentonite zone (Ardmore bentonite
of Gill and Cobban, 1973) at base. Thickness 270-580 ft.

Kga Gammon Shale (Upper Cretaceous)—Light-gray shale, silty shale, and lesser
siltstone and fine-grained sandstone, with thin beds of calcareous
concretions, ferruginous concretions, and bentonite scattered throughout the
formation. Lower part of formation not exposed in map area. Exposed
thickness 250 ft.
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Map scale 1:24,000 unless otherwise indicated.
1. Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1987b.

2. Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1987c.

3. Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1987a.

4.  Colton, R.B., Klockenbrink, J.L., Ellis, M.S., and Heffern, E.L., 1995.

5.  Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Durst, S.L., and Heffern, E.L., 1996a.
6.  Colton, R.B., Klockenbrink, J.L., Durst, S.L., Ellis, M.S., and Heffern, E.L., 1996.
7.  Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1984.

8. Colton, R.B., Klockenbrink, J.L, Grout, M.A., and Heffern, E.L., 1984b.

9.  Colton, R.B., Klockenbrink, J.L., Grout, M.A., and Heffern, E.L., 1984a.

10. Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1983.

11. Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Grout, M.A., and Heffern, E.L., 1995.

12. Colton, R.B., Klockenbrink, J.L., Durst, S.L., and Heffern, E.L., 1983.

o



13.

14.

15.

16.

17.

18.

19.

Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Grout, M.A., Heffern, E.L., Bierbach, P.R., and Keifer, M.C.,
1995.

Colton, R.B., Klockenbrink, J.L., Heffern, E.L., and Bierbach, P.R., 1987.
Colton, R.B., Klockenbrink, J.L., Durst, S.L., Heffern, E.L., and Bierbach, P.R., 1987.

Colton, R.B., Ellis, M.S., Coates, D.A., Heffern, E.L., Bierbach, P.R., Klockenbrink, J.L., and Grout, M.A.,
1996.

Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Grout, M.A., and Heffern, E.L., 1996.
Colton, R.B., Klockenbrink, J.L., Durst, S.L., Grout, M.A., Heffern, E.L., and Bierbach, P.R., 1987b.

Colton, R.B., Klockenbrink, J.L., Durst, S.L., Grout, M.A., Heffern, E.L., and Bierbach, P.R., 1987a.

Field mapping by above authors, E.M. Wilde, and S.M. Vuke.

Entire quadrangle
Bergantino, 1977, scale 1:250,000

Bergantino, R.N., Wilde, E.M., Vuke, S.M., and Colton, R.B., 1990, scale 1:100,000.

Ellis, M.S., and Colton, R.B., 1994, Geologic map of the Powder River Basin and surrounding area, Wyoming,

Montana, South Dakota, North Dakota, and Nebraska: U.S. Geological Survey Miscellaneous
Investigations Map 1-2298, scale 1:500,000.

Stoner, J.D., and Lewis, B.D., 1980,

Compilation at 1:100,000 scale by R.N. Bergantino and S.M. Vuke



FORSYTH 30’ x 60 QUADRANGLE
REFERENCES

Berg, R.B., 1970, Bentonite deposits in the Ingomar-Vananda area, Treasure and
Rosebud Counties, Montana: Montana Bureau of Mines and Geology Special
Publication 51, 5 p., 1 pl.

Bergantino, R.N., 1977 (1980), Preliminary geologic map of the Forsyth 1° x 2°
quadrangle, Montana: Montana Bureau of Mines and Geology Open-File Report
MBMG 48, scale 1:250,000.

Bergantino, R.N., Wilde, E.M., Vuke, S.M., and Colton, R.B., 1990, Preliminary
geologic map of the Forsyth 30 x 60-minute quadrangle, Montana Bureau of Mines
and Geology Open File Report MBMG 290, scale 1:100,000.

Bowen, C.F., 1916, Possibilities of oil in the Porcupine Dome, Rosebud County,
Montana: U.S. Geological Survey Bulletin 621-F, p. 61-70, 1 pl.

Collier, A.J. and Smith, C.D., 1909, The Miles City coal field, Montana: U.S. Geological
Survey Bulletin 341-A, p. 3661, 1 pl.

Colton, R.B., Ellis, M.S., Coates, D.A., Heffern, E.L., Bierbach, P.R., Klockenbrink, J.L.,
and Grout, M.A., 1996, Photogeologic and reconnaissance geologic map of the
Griffin Coulee and Griffin Coulee SW Quadrangles, Rosebud and Treasure
Counties, Montana: U.S. Geological Survey Miscellaneous Field Studies Map MF-
2302, scale 1:24,000.

Colton, R. B., Ellis, M.S., Klockenbrink, J.L., Durst, S.L., and Heffern, E.L., 1996a,
Photogeologic and reconnaissance geologic map of the Box Canyon Coulee and
Sand Buttes quadrangles, Rosebud County, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2315, scale 1:24,000.

Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Durst, S.L., and Heffern, E.L., 1996b,
Photogeologic and reconnaissance geologic map of the Sheep Creek Camp and
McKerlich Creek quadrangles, Rosebud County, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2304, scale 1:24,000.

Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Grout, M.A., and Heffern, E.L., 1995,
Photogeologic and reconnaissance geologic map of the Rosebud and Thurlow
quadrangles, Rosebud County, Montana: U.S. Geological Survey Miscellaneous
Field Studies Map MF-2290, scale 1:24,000.

Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Grout, M.A., and Heffern, E.L., 1996,
Photogeologic and reconnaissance geologic map of the Mitchell Coulee and Crain
Place quadrangles, Rosebud County, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2303, scale 1:24,000.



Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Grout, M.A., Heffern, E.L., and Bierbach,
P.R., 1996, Photogeologic and reconnaissance geologic map of the Rosebud Buttes
and Indian Creek quadrangles, Rosebud County, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2305, scale 1:24,000.

Colton, R.B., Ellis, M.S., Klockenbrink, J.L., Grout, M.A., Heffern, E.L., Bierbach, P.R.,
and Keifer, M.C., 1995, Photogeologic and reconnaissance geologic map of the
Griffin Coulee NE and NW quadrangles, Rosebud County, Montana: U.S.
Geological Survey Miscellaneous Field Studies Map MF-2289, scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Durst, S.L., Ellis, M.S., and Heffern, E.L., 1996,
Photogeologic and reconnaissance geologic map of the Hathaway NW and
Butterfly Creek quadrangles, Custer and Rosebud Counties, Montana: U.S.
Geological Survey Miscellaneous Field Studies Map MF-2293, scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Durst, S.L., Grout, M.A., Heffern, E.L., and Bierbach,
P.R., 1987a, Photogeologic and reconnaissance geologic map of the Miller Creek

quadrangle, Custer and Rosebud Counties, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2013, scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Durst, S.L., Grout, M.A., Heffern, E.L., and Bierbach,
P.R., 1987b, Photogeologic and reconnaissance geologic map of the Miller Creek
SW quadrangle, Custer and Rosebud Counties, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2012, scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Durst, S.L., and Heffern, E.L., 1983, Photogeologic and
reconnaissance geologic map of the Hathaway quadrangle, Custer and Rosebud

Counties, Montana: U.S. Geological Survey Miscellaneous Field Studies Map MF-
1663, scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Durst, S.L., Heffern, E.L., and Bierbach, P.R., 1987,
Photogeologic and reconnaissance geologic map of the Moon Creek School

quadrangle, Custer County, Montana: U.S. Geological Survey Miscellaneous Field
Studies Map MF-2015, scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Ellis, M.S., and Heffern, E.L., 1995, Photogeologic and
reconnaissance geologic map of the Schultz Coulee quadrangle, Rosebud County,
Montana: U. S. Geological Survey Miscellaneous Field Studies Map MF-2281,
scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Ellis, M.S., Grout, M.A., and Heffern, E.L., 1996,
Photogeologic and reconnaissance geologic map of the Smith Creek and Smith
Creek NE quadrangles, Rosebud County, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-2301, scale 1:24,000.



Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1983, Photogeologic and
reconnaissance geologic map of the Orinoco quadrangle: U.S. Geological Survey
Miscellaneous Field Studies Map MF-1664, scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1984, Photogeologic and
reconnaissance geologic map of the Finch quadrangle, Rosebud County, Montana:
U.S. Geological Survey Miscellaneous Field Studies Map MF-1724, scale
1:24,000.

Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1987a, Photogeologic and
reconnaissance geologic map of the Black Coulee quadrangle, Rosebud County,
Montana: U.S. Geological Survey Miscellaneous Field Studies Map MF-2011,
scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., and Grout, M.A., 1987b, Photogeologic and
reconnaissance geologic map of the Donleys Reservoir quadrangle, Rosebud

County, Montana: U.S. Geological Survey Miscellaneous Field Studies Map MF-
2010, scale 1:24,000.

Colton, R. B., Klockenbrink, J.L., and Grout, M.A.,1987c, Photogeologic and
reconnaissance geologic map of the Finch NE quadrangle, Rosebud County,
Montana: U. S. Geological Survey Miscellaneous Field Studies Map MF-2009,
scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Grout, M.A., and Heffern, E.L., 1983, Photogeologic
and reconnaissance geologic map of the Horton quadrangle, Custer and Rosebud

Counties, Montana: U.S. Geological Survey Miscellaneous Field Studies Map MF-
1662, scale 1:24,000.

Colton, R. B., Klockenbrink, J. L., Grout, M. A., and Heffern, E.L., 1984a, Photogeologic
and reconnaissance geologic map of the Forsyth quadrangle, Rosebud County,
Montana: U.S. Geological Survey Miscellaneous Field Studies Map MF-1725,
scale 1:24,000.

Colton, R. B., Klockenbrink, J.L, Grout, M.A., and Heffern, E.L., 1984b, Photogeologic
and reconnaissance geologic map of the Nichols quadrangle, Rosebud County,
Montana: U.S. Geological Survey Miscellaneous Field Studies Map MF-1723,
scale 1:24,000.

Colton, R.B., Klockenbrink, J.L., Heffern, E.L., and Bierbach, P.R., 1987, Photogeologic
and reconnaissance geologic map of the Miller Creek NW quadrangle, Custer and

Rosebud Counties, Montana: U.S. Geological Survey Miscellaneous Field Studies
Map MF-2014, scale 1:24,000.

Dobbin, C.E., 1930, The Forsyth coal field, Rosebud, Treasure and Big Horn Counties:
U.S. Geological Survey Bulletin 812-A, p. 1-55, 10 pls.

10



Ellis, M.S., and Colton, R.B., 1994, Geologic map of the Powder River Basin and
surrounding area, Wyoming, Montana, South Dakota, North Dakota, and

Nebraska: U.S. Geological Survey Miscellaneous Investigations Map 1-2298,
scale 1:500,000.

Gill, J.R., and Cobban, W.A., 1973, Stratigraphy and geologic history of the Montana
Group and equivalent rocks, Montana, Wyoming, and North and South Dakota:
U.S. Geological Survey Professional Paper 776, 37 p.

Heald, K.C., 1927, Geology of the Ingomar Anticline, Treasure and Rosebud Counties,
Montana: U.S. Geological Survey Bulletin 786-A, p. 1-37, 5 pls.

Heffern, E.L., Coates, D.A., Whiteman, J., and Ellis, M.S., 1993, Geologic map showing
distribution of clinker in the Tertiary Fort Union and Wasatch Formations,
Northern Powder River Basin, Montana: U.S. Geological Survey Coal
Investigations Map C-142, scale 1:175,000.

Pierce, W.., 1936, The Rosebud coal field, Rosebud and Custer Counties, Montana: U.S.
Geological Survey Bulletin 847-B, p. 43—-120, 17 pls.

Renick, B.C., 1929, Geology and ground-water resources of central and southern
Rosebud County, Montana: U.S. Geological Survey Water-Supply Paper 600,
140 p.

Rogers, G.S., 1914, Geology and coal resources of the area southwest of Custer,
Yellowstone, and Bighorn Counties, Montana: U.S. Geological Survey Bulletin
541-H, p. 26-38, 2 pl.

Smith, J.F., Jr., 1956, Geology of the Cartersville and Hathaway quadrangles, Rosebud
and Custer Counties, Montana: U.S. Geological Survey Miscellaneous Geological
Investigations Map I-155, scale 1:62,500.

Stoner, J.D., and Lewis, B.D., 1980, Hydrogeology of the Fort Union coal region, eastern
Montana: U.S. Geological Survey Miscellaneous Investigations Series Map 1-
1236, scale 1:500,000.

11



	Forsyth–full version map
	Forsyth–scaled-down, tiled version map for printing to legal-size paper
	Digital data link

