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ORDOVICIAN
Oww

Whitewood Limestone (U pper Ordovician) - Dolom itic lim estone and
dolom ite. Variegated yellowish-brown, brownish-orange, to gray. Finely to
m edium  crystalline, thin- to thick-bedded and m assive with thin shale partings.
T ypically bioturbated. T hickness of 0-80 ft (0-24.4 m )

Whitewood Limestone and Winnipeg Formation (U pper
Ordovician), undifferentiated

Winnipeg Formation (U pper Ordovician) - Glauconitic shale, fissile,
thinly lam inated, gray to greenish-gray. L ocally with sm all, black phosphatic
nodules. Grades upward into tan to yellowish-gray calcareous siltstone and
argillaceous sandstone. Includes the Icebox S hale and Roughlock S iltstone
m em bers. T hickness 0-80 ft (0-24.4 m )

Disconformity

Kp
Pierre Shale(U pper Cretaceous) - Blue-gray to dark-gray and weathers to
brown to olive-brown. Fissile to blocky shale with beds of bentonite, black organic
shale, and light-brown chalky shale. Contains m inor sandstone, selenite crystals,
fracture fillings of lim onite, the cephalopod Baculites sp., and abundant
fossiliferous carbonate and ferruginous concretions. T hickness likely greater than
2000 ft (609.6 m )

Disconformity

Disconformity

Kn
Niobrara Formation (U pper Cretaceous) - White, light-gray, blue-gray, to
dark-gray argillaceous chalk, m arl, siltstone, and shale. Weathers yellow, light-
brown, tan, to orange. Contains thin, laterally continuous bentonite beds, chalky
carbonaceous shale, and m inor sand. Orange to brown spherical concretions as
m uch as 2 ft (0.6 m ) across occur in the m iddle of form ation. L ower part of
form ation is gray calcareous siltstone interbedded with m arl. T hickness
approxim ately 150-265 ft (45.7-80.8 m )

Disconformity
Kc

Carlile Shale (U pper Cretaceous) - S andy to silty shale, dark-gray to black
with large fossiliferous calcareous concretions in the lower portion of the
form ation. S everal beds of m edium - to coarse-grained sandstone with
interbedded sandy shale are near the m iddle. Dark-gray shale with large
fossiliferous calcareous concretions occur in the upper portion of the form ation.
Includes the Pool Creek, T urner sandy, and S age Breaks m em bers. T hickness
approxim ately 370-550 ft (112.8-167.3 m )

Kg Greenhorn Limestone (U pper Cretaceous) - Gray shale, m udstone, m arl,
calcarenite, and shaly lim estone grading upward into light-gray to tan, alternating
m arl and thin-bedded, fossiliferous lim estone. L im estone in upper portion
contains abundant fragm ents ofMytiloides labiatus shells and typically form s a
resistant ridge with a prom inent dip slope. T hickness of 225-400 ft (68.6-121.9 m )

Disconformity
Ks

Skull Creek Shale (L ower Cretaceous) - T hinly lam inated, fissile, shale
containing ferruginous and carbonate concretions. Dark-gray, black, to bluish-
gray, weathers light- to dark-brown. Interbedded with siltstone. Very fine-
grained sandstone lenses occur in upper part. T hickness of 180-280 ft (54.9-
85.3 m )

Kb
Belle Fourche Shale(U pper Cretaceous) - Dark-gray to black, fissile,
clayey, bentonitic shale containing m inor lim estone lenses, bentonitic layers,
fossiliferous calcarenite, and large ferruginous, carbonate concretions especially
at the base. T hickness approxim ately 180-650 ft (54.9-198.1 m )

New Castle Sandstone (L ower Cretaceous) - S andstone, m edium - to
coarse-grained, m edium - to thick-bedded, yellowish to light-brown. Contains
thin bentonite layers, cross bedding, and carbonized plant fragm ents.
S andstone is interbedded with and grades laterally into brown-gray siltstone,
claystone, shale and carbonaceous shale having lenses of lignite. Channels
locally cut into the underlying S kull Creek S hale. T hickness 0-100 ft (0-30.5 m )

Knc

Km
Mowry Shale (L ower Cretaceous) - S hale, dark-gray, weathers m edium -
gray. Fissile, siliceous, noncalcareous. Contains thin bentonite partings and
beds 1 ft (0.3 m ) or m ore in thickness, including the Clay S pur Bentonite at the
top of the Form ation. May contain sandstone dikes. T hickness of 125-280 ft
(38.1-85.3 m )

Kms
Mowry Shale, Newcastle Sandstone, and Skull Creek Shale
(L ower Cretaceous), undifferentiated

Kf
Fall River Formation (L ower Cretaceous) - Calcareous, well-sorted,
cross-bedded, fine-grained sandstone interbedded with siltstone and shale.
Variegated brown, red, and gray to purple, weathering red to brown. S hale,
tan to gray, weathers red, brown, to purple. S iltstone, tan, weathers gray to
brown. Contains m ica flakes, sm all lim onitic concretions, and carbonaceous
layers. T hickness approxim ately 120-200 ft (36.6-61.0 m )

Kfl
Fall River Formation and Lakota Formation (L ower Cretaceous),
undifferentiated

Kl
Lakota Formation (L ower Cretaceous) - S andstone, subrounded,
coarse- to very fine-grained, cross bedded, thin- to thick-bedded and m assive,
interbedded with shale, claystone, and clay pebble conglom erates. S hale and
m udstone, gray, brownish-yellow to brownish-red, occurs at the top of the
form ation. Includes the Chilson and Fuson m em bers. T hickness approxim ately
200-375 ft (61.0-114.3 m )

JURASSIC
Jmu

Morrison Formation and Unkpapa Sandstone (U pper Jurassic),
undifferentiated

Morrison Formation (U pper Jurassic) - L ight-gray to green and
variegated red, brown, yellow, or lavender, siliceous claystone, shale, and
siltstone containing interbedded sandstone and freshwater lim estone lenses.
T hickness 0-150 ft (0-45.7 m )

Unkpapa Sandstone (U pper Jurassic) - Agrillaceous sandstone, buff to
white, m assive to thin-bedded, fine-grained, and poorly consolidated, May be
variegated or banded red, yellow, brown, and lavender. T hickness of 0-280 ft
(0-85.3 m )

Disconformity

Disconformity

Sundance Formation (U pper and Middle Jurassic) - Greenish-gray, yellow,
tan, red to orange, and white, variegated, interbedded, fine- to coarse-grained
sandstone, siltstone, glauconitic shale, and lim estone. Includes the Canyon
S prings S andstone, S tockade Beaver S hale, Hulett S andstone, L AK S hale, and
Redwater S hale m em bers. T hickness approxim ately 160-475 ft (48.8-144.8 m )

Disconformity

Jsg
Sundance Formation (Upper and Middle Jurassic) and
Gypsum Springs Formation (Middle Jurassic) undifferentiated

Gypsum Springs Formation (U pper and Middle Jurassic) - Gypsum ,
thick-bedded and m assive, gray to white. Contains interbedded reddish siltstone
and shale. T hickness 0-45 ft (0-13.7 m )

TRIASSIC
^Ps

Spearfish Formation (L ower Triassic and U pper Perm ian) - Red to
brownish-red sandy shale, siltstone, sandstone, m udstone, and m inor lim estone.
Interbedded with abundant gypsum  m ainly in the lower and m iddle portions of the
form ation. T hickness 440 ft (134.1 m )

Disconformity
PERMIAN

Minnekahta Limestone and Opeche Shale (L ower Perm ian),
undifferentiated

Minnekahta Limestone (L ower Perm ian) -  Pink, purple, beige to gray,
finely crystalline, thin- to m edium -bedded lim estone with red shale in the
m iddle of the form ation. Contains abundant stylolites, sm all folds, m udcracks,
algal lam inae, and is locally karstic. Has a petroliferous odor when broken.
T hickness 35-60 ft (10.7-18.3 m )

Opeche Shale (L ower Perm ian) - Dark-red, orange, to reddish-brown,
siltstone, argillaceous sandstone, and shale with interbedded caliche layers.
U pper several feet is purplish from  alteration due to groundwater m ovem ent.
L ower portion contains thin gypsum  lenses and veinlets. T hickness of 48-150
ft (14.6-45.7 m )

P*m
Minnelusa Formation (L ower Perm ian and U pper Pennsylvanian) -
Variegated, yellow to red, gray to brown, pink to purple, and gray, interbedded
quartz arenite, sandstone, siltstone, shale, lim estone, dolom ite, calcarenite, chert,
and brecciated beds. Reddish terra rossa and local conglom erate of angular chert
fragm ents derived from  the Pahasapa L im estone occur along the lower contact.
T hickness of 400-1150 ft (121.9-350.5 m )

Disconformity

Pmo

Disconformity

Disconformity

Disconformity

MISSISSIPPIAN
Pahasapa Limestone (Lower Mississippian) and Englewood
Formation (Lower Mississippian and Upper Devonian)
undifferentiated

MDpe

Pahasapa Limestone (L ower Mississippian) - White, light-gray, beige, to
tan, thick-bedded, finely to coarsely crystalline lim estone and dolom ite containing
brown to gray chert. S olution features include collapse breccia, sinkholes, and
caves. T hickness 300-400 ft (91.4-121.9 m )
Englewood Formation (L ower Mississippian and U pper Devonian) -
S hale, fissile, gray, purple- to pinkish-gray, grading upward into purple- to pinkish-
gray argillaceous lim estone and dolom ite. L am inated to m edium -bedded, very
finely to m edium  crystalline, with abundant stylolite surfaces. Most beds are
bioturbated. T hickness 30-65 ft (9.1-19.8 m )

Nonconformity

O_d
Deadwood Formation (L ower Ordovician and Middle Cam brian) -
Variegated, yellow to red, brown, gray, and green. L ocal basal conglom erate
dom inantly of quartz pebbles overlain by lam inated to thick-bedded, very fine- to
coarse-grained, glauconitic sandstone, shale, lim estone, and intraform ational
lim estone pebble conglom erate.Skolithos sp. burrows occur at the top of the
form ation. T hickness 200-650 ft (61-198 m )

PRECAMBRIAN
Metamorphosed shale (L ower Proterozoic) - S iliceous biotite slate,
phyllite, and schist. L ocally garnetiferous. Gray, dark-gray, to black. Includes the
Grizzly Form ation, S wede Gulch Form ation, and part of the Oreville Form ation.
T hickness estim ated to be at least 6,562 ft (2,000 m )

Xmg
Metagabbro (L ower Proterozoic) - Grayish-green, dark-green, to greenish-
black dikes and sills of am phibolite, chloritic am phibolite schist, actinolite schist,
greenstone, and serpentine. Medium  crystalline except where sheared or well
foliated and schistose. Com posed of plagioclase, hornblende, biotite, and calcite.
T hickness of sills vary. Bodies m ay represent m ore than one age

Xgw
Metagraywacke(L ower Proterozoic) - Quartz-m ica schist, phyllite, and
quartzose schist. Tan, gray to brownish- and reddish-gray. Fine- to very-fine
grained, thin- to thick-bedded. May be equivalent in part to X gw1, X gw2, and
X gw3. Protolith is distal to proxim al turbidite deposits. T hickness could be as
m uch as 7218 ft (2200 m )
Metagraywacke unit 3 (L ower Proterozoic) - Tan to dark-gray, thick- to
thin-bedded, quartzose schist and phyllite. Calcareous and calc-silicate
concretions occur locally in quartz-rich Boum a A beds. Protolith is proxim al
graywacke with m inor shale interbeds

Xgw3

Xsh

Kfh
Fox Hills Sandstone (U pper Cretaceous) - Bluish-green to green and light-
gray to brownish-yellow, carbonaceous and iron-stained, cross-bedded, very fine-
to coarse-grained, m icaceous or glauconitic sandstone and siltstone having a
speckled appearance. Interbedded with gray, green, to brown shale and silty
shale. Contains large sandy calcareous concretions. Includes the White Owl
Creek and Fairpoint m em bers. Approxim ate thickness 125-225 ft (38.1-68.6 m )
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Unconformity

Xts
Tenderfoot Formation (L ower Proterozoic) - Micaceous phyllite and schist,
lam inated to thin-bedded. Greenish-gray to silver-gray. Includes som e
m etagraywacke beds which increase in abundance to the north. T ypically has
accessory m agnetite and ilm enite, and locally with m alachite-stained m uscovite-
rich schist, and thin spessartine-bearing beds. L aterally equivalent to the Poverty
Gulch S late (X ps). Protolith is alim ina-rich seafloor weathered alkalic volcanic tuff
and shale. Age approxim ately 1,880 Ma

Metamorphosed shale, siltstone, carbonate-facies iron-
formation, and chert (L ower Proterozoic) - Grayish-tan schist and phyllite,
with banded m etachert and iron-rich carbonate units. May be a facies of the
Gingrass Draw S late (X gd). Age approxim ately 2,015-1,975 Ma

Xsic

Buck Mountain Quartzite(L ower Proterozoic) - Phyllite and slate,
lam inated to thin-bedded, gray, olive-gray, to reddish-brown. Interbedded with
tan, gray, to white, fine- to m edium -grained, thin- to thick-bedded and m assive
quartzite and quartzose slate. Protolith is shallow shelf deposits of shale,
siltstone, and sandstone. Age approxim ately 2,170-1,960 Ma

X bm

Poverty Gulch Slate (L ower Proterozoic) - S late, phyllite, and interbedded
graphitic slate and schist. Dark brown to black. L am inated, with alternate lam inae
typically containing abundant sm all garnets (Bayley, 1972a). Gradational into the
Flag Rock Form ation (X f). Protolith is shale, siltstone, tuffaceous volcaniclastic
sedim ents, carbonate- and silicate-facies iron-form ation, and chert beds. Includes
ferruginous m etachert, with light-dark layering

Xps

Xgd
Gingrass Draw Slate(L ower Proterozoic) - S late and phyllite, olive-drab to
tan, thin-bedded. U pper portion contains thin quartzite and m etasilt beds that
increase in abundance to the southeast

Xbo
Hay Creek Greenstone (L ower Proterozoic) - T holeiitic m etabasalt and
am phibolite having pillow structures. Grayish-green, pale to olive-green,
yellowish-green, to black. Very finely to m oderately crystalline, often having a
speckled appearance. May have m olds from  dissolved am phibole laths. T ypically
highly fractured. Contains interflow deposits of dark-gray to black carbonaceous
phyllite and schist, thin-bedded to m assive m etachert and carbonate-facies iron-
form ation. Age approxim ately 2,020-1,974 Ma

Flag Rock Formation (L ower Proterozoic) - Mica schist and lam inated
pyritic and carbonaceous phyllite. L ight-gray to greenish-gray. Contains layered
graphitic quartzite, m etachert, m etabasalt, pyritic beds, and carbonate facies iron-
form ation. Protolith is interflow deposits of siltstone, carbonaceous shale, chert,
and iron carbonate with pillow basalt

Xf

Metagraywacke unit 2 (L ower Proterozoic) - Quartzose schist and phyllite.
Tan to gray, thick- to thin-bedded. Calcareous and calc-silicate concretions occur
locally in quartz-rich Boum a A beds. Protolith is proxim al graywacke deposits

Xgw2

Xby
Rapid Creek Greenstone (L ower Proterozoic) - Pillowed chloritic
greenstone or am phibolite, and layered am phibole schist and am phibole bearing
or biotite-rich schist. T hin interflow deposits include various dark-gray and black
schists, typically containing sulfide m inerals or carbon-rich strata, and lenses of
m assive m etachert and banded siderite-m etachert or cum m ingtonite rich beds.
Maxim um  thickness of about 3281 ft (1000 m ). Age approxim ately 1,884 Ma

Nahant Schist(L ower Proterozoic) - S late and schist, graphitic. Dark gray to
black. Bedding inconspicuous. A chert-grunerite unit is present at the base of the
form ation. Includes ferruginous m etachert with light-dark layering Protolith is
shale and carbonaceous shale, tuffaceous volcaniclastic sedim ents, and chert
beds

Xns

Metaconglomerate, quartzite, and metapelite (L ower Proterozoic) -
S chist, quartzite, and m etaconglom erate. Gray, dark-gray, and tan. Generally
thin- to thick-bedded. Clasts are m ainly quartzite in pelitic m atrix. Includes
interbeds of m etagraywacke. Protolith is debris flow deposits

Xqc

Metagraywacke unit 1 (L ower Proterozoic) - Quartzose schist and
phyllite. Tan to gray, thick- to thin-bedded. Calcareous and calc-silicate
concretions occur in quartz-rich Boum a A beds. Protolith is proxim al
graywacke deposits

Xgw1

Moonshine Gulch Quartzite (L ower Proterozoic) - Metagraywacke and
quartzite. Gray to nearly black. T hin- to thick-bedded, with sub-rounded to
rounded, m edium - to coarse-grained, m oderately to poorly sorted quartz grains
with silica cem ent. S om e beds are graded. Interbedded with alternating silver-
gray and black layered carbonate, and sericitic to m icaceous and graphitic slate
and phyllite. Pyrite occurs as dissem inated grains. Protolith is proxim al turbidite
deposits having sandstone, graywacke, siltstone, and shale

Xmq

Metamorphosed black shale (L ower Proterozoic) - S late, phyllite, or
schist, and local thin beds of m etachert, thin-bedded. Reddish-brown, dark-gray,
to black. Generally biotite-rich and contains thin garnet-rich beds at higher
m etam orphic grade. Carbonaceous and sulfide-rich locally. Equivalent to the
Reausaw S late and upper part of the Poorm an Form ation in the L ead area.
Estim ated thickness 100 to 3280 ft (30.5-1000 m )

Xbs1

Blue Draw Metagabbro (L ower Proterozoic) - S erpentine, hornblendite,
and am phibolite, hom ogeneous to foliated and schistose. Grayish-green to
grayish blue-green. Gravity differentiated sill dipping steeply northwest, consisting
of a m afic lower cum ulate zone altered to serpentine, an interior of hornblendite
and am phibolite that is transitional to diorite, and an upperm ost discontinuous
biotite-granodiorite that is locally granitic. Age approxim ately 2,480 Ma

Xbd

Wos Older metasedimentary rocks (U pper Archean) - Quartz-biotite-feldspar
gneiss and schist with local m atrix-supported m etaconglom erate and m inor
bedded am phibolite-bearing rocks. Melanocratic, fine- to m edium -grained,
m oderately- to well-foliated, and lacking m icrocline m egacrysts. Com posed of
quartz, plagioclase, biotite, and m icrocline with accessory m uscovite, titanite,
epidote, zircon, allanite, and alm andite. T hickness approxim ately 1,968 ft (600
m ). Age approxim ately 2,563 Ma

Xbs2
Metamorphosed black shale (L ower Proterozoic) - Phyllite, and biotite
to garnet schist, thin-bedded, dark-gray to black. L ocally carbonaceous. Contains
thin m etachert and iron-form ation beds. Equivalent to part of the Oreville
Form ation

Northwestern Formation (L ower Proterozoic) - Phyllite, slate, and biotite-
sericite schist. T hin- to m edium -bedded, locally lam inated. Gray to dark-gray.
May contain m inor tourm aline and titanite. T hickness up to 4,265 ft (1,800 m )

Xn

Ellison Formation (L ower Proterozoic) - S ericite– and biotite-quartz phyllite,
quartz-m ica schist, and quartzite. L ight-brown, light-gray, to black. Medium - to
thin-bedded, with m inor carbonate beds and am phibolite. Age approxim ately
1,974 Ma. T hickness 1,312-4,921 ft (400-1500 m )

Xe

Roberts Draw Limestone (L ower Proterozoic) - L ocally graphitic slate
and phyllite, thin- to m edium - bedded, greenish-gray to black, and tan to gray,
finely to m edium  crystalline siliceous lim estone, dolom ite, and m arble. Age
approxim ately 2,170-1,975 Ma

Xrd

Estes Formation (L ower Proterozoic) - Interbedded quartzite, chloritic and
dolom itic quartzite, phyllite, dolom ite, arkose, m etaconglom erate, and
paraconglom erate. Brown, reddish-brown, tan, to gray. Protolith is heterogeneous
intertonguing m arine fan deposits deposited west of the Estes Growth Fault in a
rifting environm ent. Deposition was contem poraneous with faulting. Age
approxim ately 2,170-1,975 Ma

Xei

Little Elk Granite (U pper Archean) - Pink and gray, foliated, m edium - to
coarse-grained, locally pegm atitic, biotite-m uscovite granite, gneissic granite, and
augen gneissic granite. I-type, having m edium  to coarsely crystalline feldspar
m egacrysts. Moderately- to well-foliated. Contains local inclusions of biotite
schist. Age approxim ately 2,559-2,549 Ma

Wl

Iron-formation (U pper Archean and L ower Proterozoic) - Includes m ultiple
ages of oxide-, carbonate-, silicate-, and sulfide-facies iron-form ations with
interbedded carbonaceous and m ica schist or tuffaceous rocks. Dark-green,
reddish-brown, to black, som e having a banded appearance. Includes the
Benchm ark Iron-Form ation, the Hom estake, Montana Mine, and Rochford
form ations, and units of ferruginous m etachert. T hickness variable, with a
m axim um  of approxim ately 200 ft (61 m )

Xif
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Boxelder Creek Quartzite(L ower Proterozoic) - Includes the Greenwood,
N ovak, and Tom ahawk tongues that are gradational into overlying quartzite. Age
approxim ately 2,560-2,170 Ma. T hickness as m uch as 10,000 ft (3,047.8 m )

Xbc

Boxelder Creek Quartzite (L ower Proterozoic) - Quartzite, thick-
bedded, m edium - to coarse-grained, with sm all-scale cross bedding, and
quartz-m ica schist. Grayish-white to tan
Tomahawk Tongue (L ower Proterozoic) - Interbedded quartzite,
m etaconglom erate, and phyllite. T hin- to thick-bedded, with cross bedding.
Gray, green, to brown, iron-stained. Micaceous, fuschitic, uriniferous,
auriferous, and pyritic. Taconite clasts absent. Coarsens to the east, and is
interpreted to be alluvial fan deposits having an eastern source. T hickness as
m uch as 400 ft (121.9 m )
Novak Tongue(L ower Proterozoic) - Chloritic quartzite with thin phyllite
interbeds, and m etaconglom erate having taconite clasts. T hin- to m edium -
bedded, green to gray. Interpreted to be an alluvial fan deposit having an
eastern source, and intertonguing with quartzite to the west
Greenwood Tongue (L ower Proterozoic) - Interbedded green to tan
chloritic phyllite, quartzite, m etaparaconglom erate, light-gray dolom ite, and
reddish-black taconite m etaconglom erate. Medium - to thick-bedded. Cross
bedding only in chloritic quartzites. Interpreted to be alluvial fan deposits

Xbc

Xbct

Xbcn

Xbcg

Nemo Iron-Formation (L ower Proterozoic) - Dom inantly phyllite with thin
m etachert beds, gray to greenish-gray. Poorly exposed. Includes the N em o Iron-
Form ation of three or m ore 15-56 ft (4.6-17.1 m ) thick beds of banded m etachert
and m agnetite-hem atite taconite. Age approxim ately 2,900-2,560 Ma

Wni
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Alluvial deposit(Quaternary) – Poorly consolidated to unconsolidated clay
silt, sand, and gravel on present-day floodplains and stream  valleys. T hickness 0-
65 ft (0-19.8 m )

Qal

Landslide deposit(Quaternary) – L andslide, slum p, and collapsed m aterial
com posed of chaotically m ixed boulders, finer grained rock debris, and soilQl

Terrace deposit(Quaternary) – Poorly consolidated to unconsolidated clay-
to boulder-size clasts deposited as pedim ents, paleochannels, and terraces of
form er flood plains. T hickness 0-90 ft (0-27.4 m )

Qt

Tw
White River Group (Oligocene and Eocene) - Brown to red gravel,
unconsolidated shale, bentonitic clays, and m inor thin, white, lacustrine lim estone
beds. Conglom erate layers have clasts predom inantly of Precam brian origin with
m inor Paleozoic constituents. Includes the Brule and Chadron Form ations.
T hickness as m uch as 250 ft (76.2 m )

Colluvial deposit (Quaternary) – U nconsolidated soil and rock m aterial
deposited on slopes or along cliff bases. Includes talus depositsQc

Eolian deposit (Quaternary) – S ilt, fine- to m edium -grained. Deposited as
sand sheets, barchan, linear, and dom e-like dunes, and as a veneer on uplandsQe

Tg
Gravel deposit (Tertiary) - U nconsolidated to loosely consolidated,
subangular to rounded, clay to boulder-size clasts. Brownish-orange to reddish-
brown m atrix. Clasts are prim arily igneous and m etam orphic rocks from  the
central Black Hills. Also includes m inor Phanerozoic lithic clasts. Bentonitic clay
content is variable. S om e deposits m ay be equivalent to the White River Group.
T hickness 0-60 ft (0-18.3 m )

Unconformity
Phonolite (Eocene and Paleocene) - Dark-gray, greenish-gray, to dark bluish-
gray sills, laccoliths, and sm all stocks of phonolite, trachyphonolite, and
trachyandesite. Aphanitic to porphyritic, having an aphanitic to phaneritic
plagioclase-biotite-feldspathoid groundm ass. Contains phenocrysts of andesine,
feldspathoids, aegirine-augite, biotite, and sphene

Tp

CRETACEOUS

Tt
Trachyte (Eocene and Paleocene) - Gray, tan, to reddish-brown, iron-stained
stocks, laccoliths, sills, and dikes of trachyte, quartz trachyte, and alkali rhyolite.
Aphanitic to porphyritic, having a potassium  feldspar groundm ass with m inor
quartz. Contains phenocrysts of sanidine, orthoclase, anorthoclase, aegirine-
augite, and biotite in a fine-grained orthoclase-quartz-biotite groundm ass

Tr
Rhyolite (Eocene and Paleocene) - L eucocratic, tan, white, pinkish-white to
light-gray stocks and sm all laccoliths of rhyolite that weather to light-tan, gray, to
yellowish-brown. Contains phenocrysts of oligoclase, quartz, and biotite in a
finely crystalline to aphanitic potassium  feldspar and m inor quartz groundm ass

Tl
Latite (Eocene and Paleocene) - Dark-gray, light-gray, to greenish-gray, can have
an orange iron-oxide staining where weathered. L accoliths and sills of latite, latitic
andesite, and quartz latite. Contains phenocrysts of andesine, oligoclase, biotite,
hornblende, and sphene in an aphanitic andesine-biotite-quartz groundm ass

Nonconformity
Ludlow Formation (Paleocene) - White, tan, yellow, and gray, cross-
bedded, locally rippled, fine to m edium -grained, silty quartz sandstone that form s
ledges, especially near the m iddle of the form ation, and interbedded, locally
bentonitic, gray siltstone, claystone, and sandy or silty claystone and shale.
Characterized by num erous coal and uranium -bearing lignite beds with
associated peat-claystone, carbonaceous shale, clinker, and gypsum  crystals.
Exposed thickness approxim ately 100 ft (30.5 m )

Tll

Breccia (Eocene and Paleocene) - Clast- to porphyry-supported heterolithic
breccia com posed of angular to sub-rounded, up to boulder-size clasts of T ertiary
igneous and Precam brian m etam orphic rocks in a very finely crystalline to
aphanitic m atrix. Contains iron oxide and clay where oxidized. T ypically occurs as
dikes and irregular bodies along m argins of larger T ertiary igneous bodies

Tbx

Kh
Hell Creek Formation (U pper Cretaceous) - Tan to brown and light- to
dark-gray, "som ber beds" of shale. Interbedded with brown to red carbonaceous
shale, gray and brown bentonitic silty shale, and gray, brown, and yellow
siltstone, sandstone, and claystone-pebble conglom erate. Resistant sandstone
beds occur near the base. Calcareous and ferrom anganese concretions locally
abundant. Approxim ate thickness 300-375 ft (91.4-114.3 m )

Dacite (Eocene and Paleocene) - Aphanitic to m icrocrystalline groundm ass
containing phenocrysts of euhedral biotite and hornblende, nd euhedral to
subhedral feldspar. Gray to very light-gray, weathering light-gray to tan. L ineation
from  aligned hornblende laths is com m on. Contains accessory titanite, m agnetite,
apatite, zircon, and pyroxene. Flow sheeting prevalent, locally weathering to thin
layers

Td


