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Projection is Universal Transverse Mercator, Zone 13N.
Datum is 1983 North American.
UTM grid information generated from the ArcMapTM layout grid function.
The Geological Survey Program, South Dakota Department of Agriculture and Natural Resources,
engages in an ongoing data collection and interpretation process. An outcome of that process is
to reflect those interpretations on maps such as this one. Reasonable efforts have been made to
ensure that this map accurately reflects the source data used in its preparation. This map is date
specific. As additional data become available, geologic interpretations may be revised and the map
may be updated by the Geological Survey Program. This map should not be enlarged or otherwise
used in an attempt to interpret more detail than can be seen at the 1:24,000 scale.                                                              
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PRECAMBRIAN Lower
Proterozoic

Metagraywacke - Xgw - Quartz-mica schist, quartzose schist, and
phyllite. Thin- to thick-bedded, fine- to very fine-grained. Gray, dark-gray,
to reddish-gray. Initially included in the Roubaix Group of Berg (1946), later
described as the Roubaix Formation (Bayley, 1972). May be partly
equivalent to metagraywacke units Xgw1, Xgw2, or Xgw3 on adjoining
quadrangles. Protolith is distal to proximal turbidite deposits of graywacke
and shale. Metachert - Xgwc - Thick-bedded, with thin light-dark layering.
Thickness approximately 6-10 ft (1.8-3.0 m)

Unconformity

Biotite-garnet schist, phyllite, and quartz-mica schist -
Biotite-garnet schist, gray to black, with dark-gray, reddish-brown, to tan
phyllite and quartz-mica schist. Very fine-grained, laminated to thin-bedded.
Some beds contain abundant garnet, graphite, or pyrite. Poorly exposed.
Protolith is black carbonaceous shale and siltstone

Xgw
Xgwc

Xbs2

Xmg Metagabbro - Amphibolite and chloritic amphibole schist. Occurs as
greenish-gray sills and dikes. Finely to medium crystalline except where
sheared or well foliated. A Pb-Pb zircon age of 1,883 +/- 5 Ma was obtained
from a sill in the Pactola Dam quadrangle (Redden and others, 1990). It is
uncertain that all bodies shown as Xmg are of the same age. Protolith is
gabbro

D3 FOLDS 
Northwest trending superposed structures on D1 folds

Synform
Location of trace of axial plane.
Long dashed where approximately
located; dotted where concealed

Minor fold
Showing bearing and plunge

Ô
33

Long dashed where approximately
located; dotted where concealed or
where projected above land surface
on cross section; queried where
uncertain in cross section. Arrow
indicates dip direction and amount

Long dashed where approximately
located; short dashed where inferred;
dotted where concealed; queried
where uncertain. Bar and ball on
downthrown side. Tic indicates dip
direction and amount

"

33 ?

Anticline
Location of trace of axial plane and
direction of plunge. Long dashed
where approximately located; dotted
where concealed
Syncline
Location of trace of axial plane and
direction of plunge. Long dashed
where approximately located; dotted
where concealed
Monocline, anticlinal bend
Location of trace of axial plane. Long
dashed where approximately located;
dotted where concealed. Short arrow
indicates steeper beds

FH

Dome
Long dashed where approximately
located; dotted where concealed.
Arrows indicate dip direction of
beds

H

H

H

H

Monocline, synclinal bend
Location of trace of axial plane.
Long dashed where approximately
located; dotted where concealed.
Short arrow indicates steeper beds

Overturned anticline
Location of trace of axial plane. Long
dashed where approximately located;
dotted where concealed

Minor anticline
Showing bearing and plunge
Minor syncline
Showing bearing and plunge

Ö
33

×
33

MH

T

V

; ?75

FOLDS (Early Proterozoic)
D1 FOLDS 

CONTACTS

FAULTS

FOLDS (Laramide)

L

q

METAMORPHIC ISOGRAD

FRACTURES
Inclined
VerticalÄ

Located by ground magnetic survey
(Bayley, 1972). Source of magnetic high
noted on side of line. Label indicates
rock type related to anomaly

BEDDING

Horizontale

Verticalv

Inclined

IGNEOUS FLOW FOLIATION

Vertical¨

Inclined

LINEATION

QUARTZ VEIN
! ! ! !

Showing bearing and plunge. Letter
indicates type
C - Columnar jointing
M - Mineral

FOLIATION

Vertical½

Inclined

KARST FEATURE

O Cave

MAGNETIC HIGH

First appearance of index mineral
noted on side of isograd

GARNET
BIOTITE

o
33

¦33

Â33

Crenulation

8" Baslt pillow
Arrow indicates top direction

¹33

80

"

OTHER FEATURES

Prospect pitÃ

TrenchP

> Group of prospect pits

Mine shaft&

Mine aditO

Open pit mine or glory holeÌ

Mineral exploration drill hole
Water exploration well

Ü
54

Iron-formation

"

I
# #

e) Grunwald, R.R., 1970, Geology and mineral deposits of the Galena
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   Le Bas, M.J. and Streckeisen, A.L., 1991, The IUGS systematics
             of igneous rocks: Journal of the Geological Society, London,
             v. 148, p. 825-833.
   Le Maitre, R.W., ed., Bateman, P., Dudek, A., Keller, J., Lameyre,
             J., Le Bas, M. J., Sabine, P. A., Schmid, R., Sorensen, H.,
             Streckeisen, A., Woolley, A. R., Zanettin, B., 1989, A
             classification of igneous rocks and glossary of terms:
             Recommendations of the International Union of Geological
             Sciences Subcommission on the systematics of igneous
             rocks: Oxford, Blackwell Scientific Publications, 193 p.
f) Matthews, C.B., III, 1979, Geology of the central Vanocker laccolith
             area, Meade County, South Dakota: Rapid City, South
             Dakota School of Mines and Technology, M.S. thesis, 111 p.
   McCombs, J.A., Dahl, P.S., and Hamilton, M.A., 2004, U-Pb ages
             of Neoarchean granitoids from the Black Hills, South Dakota:
             implications for crustal evolution in the Archean Wyoming
             province: Precambrian Research, v. 130, p. 161-184.
   McDowell, F.W., 1966, K-Ar dates of igneous rocks from the
             western United States: Isochron/West, v. 2, p. 1-16.
   Mukherjee, N.S., 1968, Geology and mineral deposits of the
             Galena-Gilt Edge area, northern Black Hills, South Dakota:
             Golden, Colorado School of Mines, Ph.D. dissertation, 288 p.
   Plumley, W.J., 1948, Black Hills terrace gravels: a study in
             sediment transport: Journal of Geology, v. 56, p. 526-577.
   Redden, J.A., Peterman, Z.E., Zartman, R.E., and DeWitt, E., 1990, 
             U-Th-Pb geochronology and preliminary interpretation of
             Precambrian tectonic events in the Black Hills, South Dakota:
             [in] Lewry, J.F., and Stauffer, M.R., eds., The Early
             Proterozoic Trans-Hudson Orogen of North America:
             Geological Association of Canada, Special Paper 37,
             p. 229-251.
   Redden, J.A. and DeWitt, E., 2008, Maps showing geology,
             structure, and geophysics of the central Black Hills, South
             Dakota: U.S. Geological Survey Scientific Investigations Map
             2777, scale 1:100,000.

                                 REFERENCES
a) Bayley, R.W., 1972, Preliminary geologic map of the Nemo
             district, Black Hills, South Dakota: U.S. Geological Survey
             Miscellaneous Geologic Investigations Map I-712.
b) Beck, J.A., Jr., 1976, The geology of the Lexington Hill-Pillar Peak
             area, Lawrence County, South Dakota: Rapid City, South
             Dakota School of Mines and Technology, M.S. thesis, 102 p.
    Berg, J.R., 1946, Pre-Cambrian geology of the Galena-Roubaix
             district, Black Hills, South Dakota: South Dakota Geological
             Survey Report of Investigations No. 52, 50 p.
    Dahl, P.S., Hamilton, M.A., Wooden, J.L., and Frei, R., 2003,
             Evidence for 2480 Ma rifting in the Black Hills, S. Dakota:
             U-Pb ages of sphene and zircon from the Blue Draw
             metagabbro sill, and their tectonic significance: Geological
             Society of America Abstracts with Programs, v. 35, n. 6, p.506.
    Dahl, P.S., Hamilton, M.A., Wooden, J.L., Foland, K.A., Frei, R.,
             McCombs, J.A., and Holm, D.K., 2006, 2480 Ma mafic
             magmatism in the northern Black Hills, South Dakota: a new
             link connecting the Wyoming and Superior cratons: Canadian
             Journal of Earth Science, v. 43, p. 1579-1600.
    De la Roche, E., Leterrier, J., Grandclaude, P., and Marchal, M.,
             1980, A classification of volcanic and plutonic rocks using R1R2
             diagram and major-element analyses- its relationships with
             current nomenclature: Chemical Geology, v. 29, p. 183-210.
    DeWitt, E., Buscher, D., Wilson, A.B., and Johnson, T., 1988, Map
             showing locations of mines, prospects, and patented mining
             claims, and classification of mineral deposits in the Deadwood
             South 7 1/2-minute quadrangle and part of the Deadman
             Mountain 7 1/2-minute quadrangle, Black Hills, South Dakota:
             U.S. Geological Survey Miscellaneous Field Studies Map
             MF-1978-F.
    Dewitt, E. and Duke, G.I., 1996, Geochemistry of Tertiary intrusive
             rocks in the northeastern Black Hills, South Dakota: Rapid
             City, South Dakota School of Mines and Technology, Bulletin
             19, p. 135-149.
    Duke, G.I., 2005, Geochemistry and geochronology of Paleocene-
             Eocene alkalic igneous rocks, northern Black Hills, South
             Dakota and Wyoming: Rapid City, South Dakota School of
             Mines and Technology, Ph.D. dissertation, 291 p.
    Frei, R., Dahl, P.S., Duke, E.F., Frei, K.M., Hansen, T.R., Frandsson,
             M.M., and Jensen, L.A., 2008, Trace element and isotopic
             characterization of Neoarchean and Paleoproterozoic iron
             formations in the Black Hills (South Dakota, USA): Assessment
             of chemical change during 2.9-1.9 Ga deposition bracketing
             the 2.4-2.2 Ga first rise in atmospheric oxygen: Precambrian
             Research, v. 162, p. 441-474.
c) Gasser, M.M., 1981,The geology of the southeast portion of the
             Deadman Mountain quadrangle, Black Hills, South Dakota:
             Rapid City, South Dakota School of Mines and Technology,
             M.S. thesis, 89 p.
d) Gosselin, D.C., 1987, Geology, geochemistry, and petrology of
             Archean rocks from the Black Hills, South Dakota: Rapid City,
             South Dakota School of Mines and Technology, Ph.D.
             dissertation, 156 p.
    Gosselin, D.C., Papike, J.J., Zartman, R.E., Peterman, Z.E., and
             Laul, J.C., 1988, Archean rocks of the Black Hills, South
             Dakota: Reworked basement from the southern extension of
             the Trans-Hudson orogen: Geological Society of America
             Bulletin,  v. 100, p. 1244-1259.

INDEX MAP OF
SELECTED REFERENCES

d,a,  c

b

c,a

f,a

fe
e,a

c,f,a
a

                ACKNOWLEDGEMENTS
Prepared in cooperation with the South Dakota School of Mines
and Technology. Many thanks go to the late Alvis L. Lisenbee for
his expertise with Tertiary intrusives, depiction of Laramide
structures, and many conversations about Black Hills geology.
The Geological Survey Program thanks the many South Dakota
landowners who have allowed access to their properties for the
purpose of geologic mapping.

Lichen-covered basal conglomerate of the Deadwood Formation (O_d) composed
of rounded, clast- to matrix-supported cobbles and boulders of the Benchmark
Iron-Formation (Xbi). The iron-formation outcrop formed a resistant island, having
abundant boulders deposited on the stoss side that grade into sand on the
leeward side located on the Nemo quadrangle. Hammer is 16 in (40.6 cm) long. 

Latite porphy (Tlp) partially covered by grus along Vanocker Road (County 3C).
During weathering the rock breaks along mineral boundaries and crystal cleavage
planes forming loose, sand-like material.

Englewood Formation-Pahasapa Limestone contact is at the top of the hammer.
Hammer is 16 in (40.6 cm) long and is on the upper half of the transition zone from
the purplish, restricted marine Englewood Formation (MDe) below, into the light-
colored, open marine Pahasapa Limestone (Mp) above.

Resistant bed of steeply dipping metachert (Xboc) in the Hay Creek Greenstone
(Xbo) capped by horizontal Deadwood Formation (O_d). To the right of the
metachert, the Deadwood Formation has filled a paleotopographic low that was
formed by erosion of the softer Hay Creek Greenstone (Xbo).

Exposure of thin- to thick-bedded Pahasapa Limestone (Mp) along Meadow
Creek, having thin shale partings and chert beds. The limestone was locally
mined and roasted in kilns to produce lime that was transported by narrow gauge
rail to the northern Black Hills for use at gold recovery mills.

Minnelusa Formation (P*m) along Vanocker Road (County 3C) having sandstone
and calcareous sandstone beds separated by thin shale partings. Source of the
sediments was the eroding ancestral Rocky Mountains of Colorado.

Thin- and  thick-bedded sandstone and orthoquartzite of the upper Deadwood
Formation (O_d). Some beds are cross bedded and have vertical Skolithos sp.
burrows.

Blocky exposure of taconite iron-formation in the Greenwood Tongue (Xbgt) of
the Boxelder Creek Quartzite (Xbc). Bedding dips steeply to the right and is cut
by low angle fractures dipping left.

Slump developed in the Winnipeg Formation (Ow) along Vanocker Road (County
3C). The Winnipeg Formation is prone to failure, especially when saturated by
water, with slumps occurring throughout the Black Hills.

Exposure of massive metachert (Xboc) in the Hay Creek Greenstone (Xbo).
Bedding is nearly vertical and dips to the right. Mineral prospects in this unit are
typically developed in brecciated, iron-stained beds.

XWu

Schist, iron-formation, and metachert - Xsic - Schist, phyllite,
and layered metachert with iron-rich carbonate units. Grayish-tan to dark-
gray. Associated with biotite-feldspar schist derived from tuffaceous beds.
May be a facies of the Gingrass Draw Slate (Xgd) (Redden and DeWitt,
2008). Age approximately 2,015-1,975 Ma (Dahl and others, 2006)  Xsicc -
Metachert lenses, thick-bedded and massive, sulfide-bearing and iron-
stained. Thickness approximately 5-10 ft (1.5-3.0 m)
Buck Mountain Quartzite - Xbm - Phyllite and quartzose slate with
flaggy quartzite layers, laminated to thin-bedded. Bluish-gray, tan, to reddish-
brown. Magnetic cherty ferruginous schist occurs near the base of the
formation. Age of 2,170-1,960 Ma (Redden and others, 1990). Protolith is
shallow shelf deposits of sandstone, siltstone, and shale (Bayley, 1972).
Xbq - Quartzite, fine- to medium-grained, thick-bedded and massive. Tan,
white, to reddish-brown. Thickness approximately 10-20 ft (3.0-6.1 m)
Gingrass Draw Slate - Slate and chloritic phyllite. Thin- to medium-
bedded (Bayley, 1972). Olive-drab, greenish-gray, tan to brown. Contains
thin quartzite and metasilt beds in the lower portion similar in appearance
to parts of the Buck Mountain Quartzite (Xbm). Chlorite-rich beds are likely
reworked submarine volcanic tuff. Age of 1,974 +/- 8 Ma (Dahl and others,
2006). Protolith is mafic tuff and shale
Ferruginous metachert - Metachert with minor carbonate facies iron-
formation and magnetic cherty ferruginous schist. Thin- to thick-bedded and
massive with minor lenses of sulfidic and graphitic phyllite. Some beds are
brecciated. Typically iron-stained from oxidized sulfides. Resistant, forming
prominent outcrops. Protolith is likely submarine thermal spring deposits.
Thickness approximately 5-15 ft (1.5-4.6 m)

Little Elk Granite - Augen granite and augen greissic granite, I-type.
Has medium to coarsely crystalline feldspar megacrysts. Moderately to well
foliated. Composed of 25-38% quartz, 20-30% plagioclase, 21-31%
microcline, 3.5-17% biotite, and accessory blue quartz, muscovite, titanite,
apatite, epidote, zircon, allanite, and calcite. With sparse inclusions of biotite
schist (Gosselin, 1987). Has a U-Pb zircon age of 2,549 +/- 11 Ma (Gosselin
and others, 1988) and a 207Pb/206Pb age of 2,559 +/- 6 Ma (McCombs and
others, 2004)
Older metasediments - Quartz-biotite-feldspar gneiss and schist with
local matrix-supported metaconglomerate, and minor bedded amphibolite-
bearing rocks.  Melanocratic, fine- to medium-grained, moderately to well
foliated, and lacking microcline megacrysts. Composed of quartz, biotite,
plagioclase, and microcline with accessory muscovite, titanite, epidote,
almandite, allanite, and zircon. Gradational contact with the Little Elk
Granite. Has a 207Pb/206Pb age of 2,532 Ma (Gosselin and others, 1988) to
2,563 +/- 6 Ma (McCombs and others, 2004). Protolith is possibly igneous
rock, or arkosic sandstone and/or tuffaceous felsic volcanics. Thickness
approximately 1968.6 ft (600 m) (Gosselin, 1987)

Benchmark Iron-Formation - Banded metachert and magnetite-
hematite taconite iron-formation. Thin- to medium-bedded. Contains
approximately 30% iron (Bayley, 1972). Age approximately 2,560-2,480 Ma
(Dahl and others, 2006) to greater than 2,170 Ma (Redden and DeWitt, 2008)

Upper
Archean

Boxelder Creek Quartzite - Includes the Greenwood and Tomahawk
tongues that are gradational into quartzite
Boxelder Creek Quartzite - Xbc - Quartzite. Grayish-white, tan, to brown.
Medium- to coarse-grained, medium- to thick-bedded, having abundant small-
scale trough and planar cross bedding. Includes quartz-muscovite schist
(Bayley, 1972). Age approximately 2,560-2,480 Ma (Dahl and others, 2003)
to greater than 2,170 Ma (Redden and DeWitt, 2008)
Boxelder Creek Quartzite - Tomahawk Tongue
Xbtc - Metaparaconglomerate with metagrit and quartzite interbeds. Dusky-
red to reddish-brown. Clasts to pebble-size are dominantly metachert with
granules of blue rutilated quartz and sparse carbonate and phyllite clasts.
Contains 3-15% muscovite, and up to 7% hematite from oxidized sulfides
(Gasser, 1981). Protolith is alluvial fan deposits having an eastern source
Boxelder Creek Quartzite - Greenwood Tongue
Xbgq - Impure quartzite, chloritic quartzite, and quartzose phyllite. Dark
reddish-brown to dusky-red. Fine- to very-fine grained, thin-bedded. Protolith
is alluvial fan deposits having a western source. Xbgt - Taconite iron-
formation and taconitic metaconglomerate (Gasser, 1981)

Reausaw Slate - Xbs1 - Biotite phyllite, garnet schist, graphitic slate and
schist, and magnetic cherty ferruginous schist with cummingtonite-grunerite.
Reddish-brown, dark-gray, to black. Very fine-grained, laminated to thin-
bedded, carbonaceous. Contains sulfides, iron carbonate, and abundant thin
veinlets of milky quartz (Bayley, 1972). Poorly exposed. Protolith is black
shale with minor siltstone and thin chert beds. Xbs1c - Metachert, layered,
ferruginous

Hay Creek Greenstone - Xbo - Tholeiitic metabasalt and amphibolite
(Bayley, 1972). Grayish-green, pale olive-green, moderate yellowish- green,
to black. Very finely to coarsely crystalline, often having a speckled
appearance. May have a moldic texture from dissolved amphibole laths.
Typically highly fractured. Has pillow structures. Contains interflow deposits
(Xbif) and metachert (Xboc) beds. Age of 2,020-1,970 Ma (Frei and others,
2008) to 1,974-1,964 Ma (Redden and others, 1990). Protolith is tholeiitic
pillow basalt flows and volcanic tuff with minor gabbroic bodies. Xboc - 
Metachert. White to tan, gray to reddish-brown, with thin light-dark layering.
Occurs as thin stringers to thick-bedded and massive. Finely to medium
crystalline, having a sucrosic texture. Some beds are brecciated. May
contain minor grunerite. Typically iron-stained from oxidized sulfides, locally
forming a gossan. Thickness approximately 5-30 ft (1.5-9.1 m), thickened in
fold noses. Beds occur at several stratigraphic levels. Similar in appearance
to ferruginous metachert (Xfc). Resistant, typically forming prominent
outcrops. Protolith is likely submarine thermal spring deposits. Xbif - 
Carbonaceous phyllite and schist, dark-gray to black, with thin stringers of
light-brown to dark-gray layered metachert. Protolith is an interflow deposit
of carbonaceous shale, tuffaceous shale, and chert

Proterozoic and Archean rocks (undifferentiated)  - Shown
only in cross section
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Upper
Permian

Lower
Permian

Minnelusa Formation - Lower portion of formation is medium- to
thick-bedded sandstone, shale, limestone, and dolomite. Upper portion is
mainly thick-bedded, massive sandstone having deformed bedding and
collapse breccia due to dissolution of evaporite beds. Beige, reddish-brown
to yellowish-brown, white to gray. Contact with the Pahasapa Limestone is
an irregular erosional surface having a reddish-brown to maroon terra rossa
deposit. Thickness approximately 400-500 ft (121.9-152.4 m)

Opeche Shale - Mudstone and siltstone. Red to maroon, with purplish
coloring due to groundwater alteration occurring in the upper few feet of the
formation. Fine-grained, poorly consolidated. Typically poorly exposed.
Thickness approximately 60 ft (18.3 m)

Minnekahta Limestone - Limestone, laminated to thin-bedded,
having a varved appearance. Stylolite surfaces are abundant. Beige,
light-gray, pale-lavendar to pinkish-gray. Middle and basal beds shaly.
Has a petroliferous odor when broken. Exposed thickness approximately
25-35 ft (7.6-10.7 m)

Disconformity

Upper
Pennsylvanian

MISSISSIPPIAN

DEVONIAN

Lower
Mississippian

Upper
Devonian

Englewood Formation - Shale, limestone, and dolomite, laminated
to thin bedded. Pale-purple, reddish-purple, to pinkish-gray. Carbonate
beds are very finely to medium crystalline, and typically argillaceous and
bioclastic. Thickness approximately 25-60 ft (6.1-18.3 m)

Pahasapa Limestone - Dolomite and limestone. White to beige,
weathering light- to dark-gray. Thin- to thick-bedded and massive, with thin
lenses of brown to light-gray chert. Forms prominent cliffs. Karstic, having
vugs, caves and solution breccia, mainly in the upper third of the formation.
Upper contact is an irregular erosional surface having a terra rossa deposit.
Brecciated where exposed in the Meadow Creek and Little Elk diatremes.
Thickness approximately 450-475 ft (137.2-144.8 m) 

Disconformity

ORDOVICIAN

CAMBRIAN

Lower
Ordovician

Upper
Cambrian

Disconformity
Whitewood Limestone - Dolomitic limestone and dolomite.
Variegated yellowish-brown, brownish-orange, to gray. Finely to medium
crystalline, thin- to thick-bedded and massive with thin shale partings.
Typically bioturbated. Thickness decreases from approximately 40 ft
(12.2 m) in the northern part of the quadrangle to approximately 5 ft
(1.5 m) in the southeastern portion of the quadrangle
Winnipeg Formation - Shale and siltstone, fissile, thinly laminated to
laminated, glauconitic. Gray to greenish-gray. Locally with small, black
phosphatic nodules. Typically poorly exposed. Thickness approximately
40-65 ft (12.2-19.8 m)

Upper
Ordovician

Disconformity
Deadwood Formation - Local basal conglomerate dominantly of
quartz pebbles overlain by laminated to thick-bedded, very fine- to coarse -
grained, glauconitic sandstone, shale, limestone, and intraformational
limestone pebble conglomerate. Brown, greenish-brown, to gray. Thick-
bedded and massive, iron-stained orthoquartzite from 55-90 ft (16.8-27.4 m)
thick containing Scolithos sp. burrows occurs at the top of the formation.
Cross pattern indicates basal conglomerate of angular to rounded clasts of
Benchmark Iron-Formation (Xbi) as much as 3 ft (0.9 m) across. Some
portions are clast supported. Located in the center of section 6, T. 3 N.,
R. 5 E. Thickness of formation 200-425 ft (61.0-129.5 m)
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Oligocene-
Eocene

White River Group - Unconsolidated to poorly consolidated, subangular
to rounded, clay to boulder-size clasts dominantly of Precambrian rock
types, with Paleozoic sandstone, chert, and carbonate, and Tertiary igneous
rocks. Bentonitic clay and siltstone content variable. Deposited approximately
40-250 ft (12.2-76.2 m) above present-day drainages. Possibly partly
equivalent to the Mountain Meadow terrace of Plumley (1948) or gravel
deposit (QTg). Estimated maximum thickness 100 ft (30.5 m)

Colluvium - Unconsolidated, locally derived angular rock debris to
boulder-size mixed with soil. Typically deposited along steep slopes

Gravel deposit - Unconsolidated to poorly consolidated, subrounded to
rounded, clay to boulder-size clasts. Dominantly of Precambrian rock types
with minor clasts of Paleozoic carbonate and sandstone, and Tertiary igneous
rocks. Occurrences at higher topographic levels may be related to White River
Group (Tw) deposits or the Mountain Meadow terrace of Plumley (1948).
Unit QTg occurring as valley fillings incised by modern streams may be
reworked White River Group (Tw) deposits. May include deposits of multiple
ages. Occurs up to 250 ft (76.2 m) above present-day drainages

Terrace deposit - Unconsolidated to poorly consolidated, subrounded
to rounded, clay to boulder-size clasts. Deposited in present day drainages

Alluvium - Unconsolidated to poorly consolidated, subangular to rounded,
clay to boulder-size clasts. May include associated terrace deposits.
Deposited in present-day stream drainages

Unconformity

Hornblende latite porphyry - Pillar Peak laccolith - Aphanitic to
glassy groundmass of orthoclase with up to 3% quartz containing 40%
euhedral phenocrysts of plagioclase, 1-10% aligned hornblende, and
1-10% sanidine up to 0.2 in (5 mm). Light-gray to dark greenish-gray.
Small intrusives contain calcite- and quartz-filled amygdules up to 0.16 in
(4 mm). Has trace pyroxene, magnetite, ilmenite, pyrite, and calcite, and
local propylitic alteration (Beck, 1976). Has a K-Ar date of 60.5 +/- 3 Ma in
the adjacent Deadwood South quadrangle (Mukherjee, 1968). Classified
as andesite by the IUGS scheme (Le Bas and Streckeisen, 1991) and
quartz latite (La Maitre and others, 1989) 

Sanidine-bearing latite porphyry - Bulldog Gulch laccolith -
Aphanitic groundmass dominantly of potassium feldspar containing 1-5%
euhedral sanidine to .63 in (16 mm), 20-30% euhedral plagioclase  0.008-
0.2 in (0.5-5 mm), 1-4% euhedral hornblende (0.2-5 mm), and accessory
magnetite. Light-gray, weathers greenish-tan and brown. Locally with
trachytic texture and chilled margins. Classified as andesite to trachyte by
the IUGS scheme (Le Bas and Streckeisen, 1991) and dacite (La Maitre
and others, 1989)

Rhyolite - Aphanitic groundmass of potassium feldspar and minor quartz
contains 1-3% euhedral to subhedral plagioclase 0.02-0.12 in (0.5-3 mm),
2-4% euhedral to subhedral hornblende 0.008-0.08 in (0.2-2 mm), and
minor magnetite. Light-gray where fresh, weathering light-tan (Matthews,
1979). Has a moldic texture from weathered phenocrysts, abundant flow
sheeting, and minor columnar jointing

Latite porphyry 1 - Aphanitic groundmass containing phenocrysts of
plagioclase, hornblende, and biotite. Has a fine-grained salt and pepper
appearance. Light-gray, weathering to greenish-tan and brown.  Occurs as
a ring dike having moderately to steeply dipping flow sheeting. Has also
been classified as quartz latite porphyry

Dacite 1 - Kirk Hill, Elk Creek, and Runkel laccoliths - Aphanitic
groundmass containing phenocrysts of 1-3% biotite .04-.08 in (1-2 mm),
3-5% hornblende up to 0.08 in (2 mm), and 15-35% euhedral to subhedral
feldspar typically 0.04-0.28 in (1-7 mm). Locally vesicular with manganese
oxide staining. An Ar/Ar age of 58.01 +/- 0.58 Ma was obtained from the
Kirk Hill body (Duke, 2005)

Dacite 2 - Deadman Gulch laccolith - Aphanitic groundmass containing
phenocrysts of 1% biotite 0.02 in (0.5 mm) and 25-30% euhedral to
subhedral feldspar 0.04-.2 in (1-5 mm). Locally with columnar jointing

Titanite-bearing latite porphyry - Texture and composition varies
greatly over short distances from latite to dacite. The groundmass is
approximately 25-40% of the total rock, and composed of 5-10% quartz,
10% plagioclase, and 80% potassium feldspar. Phenocrysts include 1-3%
euhedral biotite 0.02 in (0.5 mm), 3-10% euhedral hornblende up to 0.04 in
(1 mm), and 15-30% euhedral to subhedral feldspar 0.04-0.2 in (1-5 mm).
Grain sizes are generally smaller than in other dacite bodies. Hydrothermal
alteration along the walls of Alkali Creek canyon is shown by clay alteration
of feldspar and chlorite, pyrite replacement of hornblende, calcite, pyrite,
and magnetite veining, and minor sericite and fluorite veining (Matthews,
1979). Some portions on the adjoining Tilford quadrangle are mapped as
latite porphyry without titanite (Tlp2)

Nonconformity

Plioocene-
Oligocene

Eocene-
Paleocene

Rhyolite porphyry - Aphanitic groundmass of potassium feldspar with
minor quartz similar to rhyolite (Tr) but containing as much as 15% euhedral
to subhedral plagioclase phenocrysts 0.02-0.12 in (0.5-3 mm), 1-2% biotite,
and euhedral to subhedral hornblende 0.02 in (0.5 mm), with minor magnetite.
Light-gray where fresh, weathering light-tan (Matthews, 1979). Has abundant
flow sheeting and minor columnar jointing. Classified as rhyolite by the IUGS
scheme (Le Bas and Streckeisen, 1991) and La Maitre and others (1989)

Xenolith-bearing rhyolite - Meadow Creek and Little Elk Creek
diatremes - Finely to medium crystalline groundmass with a trachytic texture
that bends around phenocrysts and xenoliths. Typically with flow banding.
Porphyritic, locally having up to 25% phenocrysts, but typically with 3-5%
subhedral to euhedral, to broken clear sanidine .001-.14 in (.035-3.5 mm)
altering to clay, 2-3% anhedral partially resorbed quartz .006-.05 in (0.15-
1.25 mm), and 3-13% anhedral biotite plates .002-.01 in (0.05-0.3 mm).
Light-gray to light greenish-gray, irregular to oblate amygdule-like structures
are typically filled with clay, with some having partial quartz fillings. Contains
3-25% subangular to well rounded xenoliths up to 4 in (10 cm) across,
dominantly of Precambrian amphibolite, with lesser amounts of phyllite, 
metagraywacke, quartzite, obsidian, pumice, quartz grains from the
Deadwood Formation, and large blocks of silicified limonite-stained
Pahasapa Limestone (Gasser, 1981). Light-gray where fresh, weathering
dark-gray, medium-gray, to yellowish-orange

The Vanocker laccolith complex is composed dominantly of dacitic rocks as
determined from the chemical analyses of DeWitt and Duke (1996). The dacitic
rocks surround younger plutons of latite, quartz latite, and rhyolite. Textural and
mineralogical differences present within the dacite in individual laccoliths are
complex, as well as within the larger latitic laccolithic mass in the core of the
Vanocker complex. Dacitic rocks of the Vanocker complex have an aphanitic
to microgranular groundmass with a porphyritic texture, are gray to very light-
gray, weathering light-gray to tan. Phenocrysts include euhedral biotite and
hornblende, and euhedral to subhedral feldspar. May include accessory titanite,
magnetite, apatite, zircon, and pyroxene. Lineation from aligned hornblende
laths is common. Flow sheeting is prevalent, locally weathering to layers
1-2.4 in (2.5-6 cm) thick having the appearance of bedding. Rock type variable
depending on the classification system used, De la Roche and others (1980),
La Bas and Streckeisen (1991), or Le Maitre and others (1989)

Dacite 3 - Aphanitic groundmass containing phenocrysts of 2% biotite
.02 in (0.5 mm), 5% hornblende up to .04 in (1.0 mm) altering to clay and
chlorite, and 25-35% euhedral to subhedral feldspar .04-.23 in (1-7 mm).
Has a K/Ar age of 55.9 +/- 1.7 Ma (McDowell, 1966)

VANOCKER LACCOLITH COMPLEX

Sanadine trachyte porphyry - Bear Den Mountain stock - Aphanitic
groundmass containing up to 75% euhedral sanidine phenocrysts as much
as 1.4 in (3.6 cm) across, up to 10% rounded and embayed quartz grains,
and 1-5% clinopyroxene. Tan, pink, to reddish-brown. Has minor titanite,
pyrite, magnetite, and ilmenite. Locally altered to sericite and clay (Grunwald,
1970). Classified as alkali feldspar trachyte porphyry by the IUGS scheme
(Le Bas and Streckeisen, 1991)

Talus deposit - Angular blocks of locally derived bedrock to boulder-size
without soil or vegetation. Typically deposited below resistant rock units

Qt

Qc

Qtl

QTg

Tw

Tstp

Thlp

Tr

Tr2Trp

Tslp

Trachyte porphyry - Deadman Mountain laccolith - Aphanitic
groundmass of potassium feldspar with minor quartz. Contains approximately
15% euhedral to subhedral phenocrysts of plagioclase from 0.02-0.12 in
(0.5-3 mm) and 2-4% euhedral to subhedral hornblende from 0.01-0.08 in
(0.2-2 mm). Has accessory magnetite. Light-brown to light-gray, weathering
to light-tan

Ttp

Dacite 4 - Tilford Gulch laccolith - Aphanitic groundmass containing
phenocrysts of 1-3% biotite 0.04-0.08 in (1-2 mm), 5-8% aligned hornblende
to 0.24 in (6 mm), 25-35% aligned euhedral to subhedral oligoclase, and
accessory euhedral titanite (1-3 mm), magnetite, apatite, zircon, and
pyroxene. Has an Ar/Ar age of 51.05-57.79 Ma (Duke, 2005). Mapped as
titanite-bearing latite porphyry (Ttlp) on the adjoining Tilford quadrangle
where a thickness of 364.2 ft (111 m) was reported in a well log 

Latite porphyry 2 - Similar in composition and texture to titanite-bearing
latite porphyry (Ttlp) but without titanite. Very light-gray to tan, weathering to
medium-gray to light-tan
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