


Strawberry Mountain, in the southeastern part of the map area, where it was
removed by erosion prior to the deposition of the overlying Sundance Formation.
It is often combined with part or all of the overlying Sundance Formation on
geologic maps. The Gypsum Spring unconformably overlies the Spearfish
Formation (Mapel and Pillmore, 1963, 1964).

MESOZOIC AND PALEOZOIC SEDIMENTARY ROCKS

RPs Spearfish Formation (Triassic / Permian) — The upper part of the 450- to 825-foot (137
to 252 m)-thick Spearfish Formation is thinly and poorly bedded, ripple-marked and
cross-laminated red siltstone, and silty claystone and sandstone. The lower part of the
formation is made up of thin-bedded red siltstone and silty claystone interbedded with
white gypsum/anhydrite beds more than 10 feet (3 m) thick that are accompanied by
minor thin discontinuous limestones (Mapel and Pillmore, 1963). The formation weathers
to smooth gentle slopes and valleys (Figure 7). The unit is distinguished radiometrically
from adjacent strata by its anomalous concentrations of potassium and uranium (DeWitt
and others, 1989).

Figure 7. Spearfish Formation west of Four Corners.

PALEOZOIC SEDIMENTARY ROCKS

Pmo Minnekahta Limestone and Opeche Shale combined — These two formations are shown as a
combined unit in the eastern part of the quadrangle where detailed mapping is lacking. The
Minnekahta and Opeche are described below.

Pmk Minnekahta Limestone (Lower Permian) — The Minnekahta Limestone consists of 35
to 50 feet (11 to 15 m) of light gray, finely crystalline, thin-bedded limestone and
purplish to pinkish gray dolomitic limestone, with stylolites common throughout (Mapel
and Pillmore, 1963: Whitcomb and Morris, 1964; DeWitt and others, 1989). Large
sinkholes (Figure 8) cut the entire thickness of the formation in some areas of the Black
Hills.
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Figure 8. Large sinkhole in Minnekahta Limestone in the southeastern part of the quadrangle.

Po  Opeche Shale (Lower Permian) — The Opeche Shale consists of 60 to 95 feet (18 to 29 m) of
alternating nonresistant beds of maroon and reddish brown shale, fine-grained to silty
sandstone, siltstone, and claystone, and thin-bedded anhydrite and gypsum (Mapel and
Pillmore, 1963: Whitcomb and Morris, 1964). The formation is generally covered with red
residuum, and forms a slope between the cliffs or thick ledges of the overlying Minnekahta
Limestone and the underlying cliff-forming breccia and sandstone of the upper part of the
Minnelusa Formation. The Opeche Shale disconformably overlies the Minnelusa Formation
with a sharp contact, and is equivalent to the lower part of the Goose Egg Formation in central
Wyoming (Love, Christiansen, and Ver Ploeg, 1993).

PIPm Minnelusa Formation (Lower Permian / Pennsylvanian) — The Minnelusa comprises
650 to 800 feet (198 to 244 m) of thick, massive, white to yellowish and reddish gray,
varying to gray, light-brown and red, well-sorted and cemented, cross-bedded, fine- to
coarse-grained sandstone accompanied by varying amounts of red and white solution
breccia, purplish gray to pink limestone and dolomite, and red, purple, and black shale
(Bergendahl, Davis, and Izett, 1961; Mapel and Pillmore, 1963: Whitcomb and Morris,
1964). The Minnelusa Formation (Figure 9) is variable in lithologic details across the
region. Solution (or collapse) breccia is dominantly represented by anhydrite in the
subsurface, and is well exposed in the upper 164 feet (50 m) of the formation in the
Tinton 1:24,000-scale Quadrangle (Borella, 2000). The basal part of the formation is
distinguished radiometrically by slight uranium anomalies (DeWitt and others, 1989). Qil
is produced from the Minnelusa Formation near the western edge of the Sundance 30’ x
60’ Quadrangle, and was also produced in the past from the small abandoned Rocky Ford
Field northeast of Sundance (De Bruin, 2002).
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Figure 9. Minnelusa Formation along Cold Springs Creek on the west flank of the Black
Hills, west of Mineral Hill.

Pahasapa Limestone and Englewood Formation undifferentiated — Where the Englewood
Formation is present, it is generally mapped with the Pahasapa because of its thinness; in the
Black Buttes area it was combined with underlying units (Elwood, 1978). The Englewood
Formation underlies the Pahasapa with a gradational contact in places. This combined unit
occurs in the eastern part of the quadrangle adjacent to Mineral Hill and along the flank of the
Black Hills.

Pahasapa Limestone (Lower Mississippian) — The Pahasapa Limestone consists of
approximately 300 to 630 feet (91 to 192 m) of cliff-forming, white to light gray and tan,
very fine-grained, thick-bedded, cavernous limestone and dolomitic limestone that
contains nodules and layers of chert in some outcrops (Whitcomb and Morris, 1964;
DeWitt and others, 1989). The Pahasapa Limestone is equivalent, at least in part, to the
Madison Limestone farther west in Wyoming. This unit is identifed near Inyan Kara
Mountain, at Black Buttes, along the flanks of the Bear Lodge Mountains (where it is 550
feet or 168 m thick), and along the flank of the Black Hills in the eastern part of the map
area.

Englewood Formation (Lower Mississippian / Upper Devonian) — The Englewood
Formation underlies the Pahasapa with a gradational contact in places. It is composed of
pink to purplish and light gray, thin-bedded and shaley dolomitic limestone, which varies
in thickness from about 30 to 60 feet (9 to 18 m) (Whitcomb and Morris, 1964; DeWitt
and others, 1989). The Englewood crops out in the southeastern part of the quadrangle
along the flank of the Black Hills.

Englewood Formation, Whitewood Dolomite, Winnipeg Formation, and Deadwood
Formation undifferentiated — These units are undifferentiated in two small areas within
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the Black Buttes area (Elwood, 1978). Descriptions of the Whitewood Dolomite,
Winnipeg Formation, and Deadwood Formation are given below.

Whitewood Dolomite, Winnipeg Formation, and Deadwood Formation
undifferentiated — These units are combined in the Tinton - Mineral Hill part of the
Black Hills because of map scale limitations, the thinness of the Whitewood and
Winnipeg formations, and the heavy vegetative cover and soils that obscure most of the
contacts.

Whitewood Dolomite and Winnipeg Formation — These thin, poorly exposed units are
mapped together in some areas due to considerations of map scale and lack of detailed
original mapping.

The Whitewood Dolomite (Upper Ordovician) varies from 0 to approximately 150 feet (46
m) thick where exposed in the Sundance 30’ x 60’ Quadrangle, and consists of tan to gray
dolomite (DeWitt and others, 1989). Staatz (1983) described the unit as a poorly exposed, light
gray, massive to thin-bedded, fine-grained limestone with pink mottles up to approximately 1.6
inches (4 cm) across. The Whitewood may contain chert nodules in the Tinton 1:24,000 scale
quadrangle where its thickness ranges from 50 to 60 feet (15 to 18 m) (Borella, 2000). The
Whitewood is mapped as a discontinuous individual unit up to 150 feet (46 m) thick in the Bear
Lodge Mountains (Staatz, 1983).

The Winnipeg Formation (Middle Ordovician) underlies the Whitewood, and is
identified in some studies, but is not mapped separately in the Sundance 30’ x 60’
Quadrangle. It consists of 0 to 110 feet (34 m) of light green to gray shale and siltstone
(DeWitt and others, 1989). Within the Tinton 1:24,000 scale quadrangle, Borella (2000)
reported a Winnipeg thickness of 66 to 82 feet (20 to 25 m). The Winnipeg was not
identified in the Bear Lodge Mountains by Staatz (1983), although he described about 50
feet (15 m) of shale between an upper quartzite unit of the Deadwood Formation and the
Whitewood.

Deadwood Formation (Upper Cambrian to Lower Ordovician) — The Deadwood Formation
varies from as little as 4 feet (1.2 m) to as much as 700 feet (213 m) thick. In the Bear Lodge
Mountains, it is dominantly quartzite and interbedded shaly limestone that has been replaced by
Tertiary intrusive bodies in many areas (Staatz, 1983). A hard white medium-grained quartzite
20 to 30 feet (6 to 9 m) thick marks the upper part of the Deadwood in some parts of the Bear
Lodge Mountains. Beneath this is about 30 feet (9 m) of brown to red, medium-grained, thin-
bedded quartzite with locally present worm burrows. The remaining lower part of the formation
comprises fine-grained pink to red limestone with glauconitic silty partings interbedded with at
least three additional hard white quartzites, some thin shale or slate layers, and a local basal
conglomerate (Staatz, 1983; DeWitt and others, 1989).

Elwood (1978) describes the upper part of the Deadwood Formation in the Black Buttes Area
as 150 feet (46 m) of red to green, flaggy limestone and dolomite, dolomitic siltstone, and dark-
gray shale; the remainder of the (assumed) much thicker unit is not exposed.

The Deadwood is mapped as an individual unit in the Black Buttes area, and in the Bear

Lodge Mountains, but is combined with overlying formations in the Mineral Hill area due
to considerations of map scale.
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Pegmatite (Early Proterozoic or Late Archean?) — Pink to light tan pegmatite bodies in the
Mineral Hill area are characterized by anomalously high concentrations of tin and lithium, as
well as minor beryllium and boron. Smith and Wayland (1939) and Welch (1974) both
separated the pegmatites into two types: either tin-bearing or simple. However, map scale
considerations required combining the two. These pegmatites may be Late Archean, or they
may be the same age as the Early Proterozoic (1,697 + 33Ma) Harney Peak Granite that crops
out about 20 miles (32 km) southeast of the map area in South Dakota (DeWitt and others,
1989).

Metabasalt (Early Proterozoic or Late Archean?) — Dark green to black amphibolite
and amphibole schist derived from 50- to 200-foot (15- to 61-m)-thick tholeiitic basalt
and basaltic tuff crop out in the Mineral Hill area. This unit may be Early Proterozoic or
Late Archean (DeWitt and others, 1989).

Metagreywacke (Early Proterozoic or Late Archean?) — An unknown thickness of gray
siliceous mica schist and impure quartzite, derived mostly from greywacke, crop out in the
Mineral Hill area. This unit may be Early Proterozoic or Late Archean (DeWitt and others,
1989).

ARCHEAN

Wg

Granite (Late Archean) — Light gray to tan, medium-grained granite in the Bear Lodge
Mountains occurs as isolated bodies within a larger mass of Tertiary igneous rocks. As such,
the granite is fractured and somewhat altered. Common minerals in the Bear Lodge granite are
quartz (20 to 35%), albite, and microcline, with accessory minerals represented by biotite,
apatite, magnetite, monazite, hornblende, anatase, galena, rutile, pyrite, fluorite, and zircon. U-
Th-Pb zircon analysis from the Bear Lodge Mountains gives a minimum age ot 2.63 Ga
(Staatz, 1983).
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