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P roterozoic

Mayo Formation - Xgwd – Q uartz-biotite-m uscovite sch ist. Ligh t-
to dark-gray, m edium - to coarse-grained. Lam inated to m edium -bedded,
w ith  m edium - to th ick-bedded quartzose units. Alm andite garnets occur
locally. P rotolith  is distal grayw acke deposits. Xgwda - Am ph ibolite.
Dark greenish -gray to black sills, som e h aving a speckled appearance.
Com posed of approxim ately 50% h ornblende and 45% plagioclase,
w ith  5% sph ene and m agnetite. Medium  to coarsely crystalline w ith
h ornblende ph enocrysts to 5 m m  across. P rotolith  is gabbro intrusions
(Redden, 1963)

Pringle Metagraywacke - Xpm - Muscovite and biotite sch ist
to quartz-m uscovite and quartz-biotite sch ist. Brow n, grayish -brow n,
to dark-gray. Lam inated to th in-bedded, fine- to m edium -grained, w ell
sorted, w ith  th in quartzose beds. V ery m icaceous, locally w ith  abundant
sillim anite. Relic bedding is sh ow n by ligh t and dark com positional
banding. P rotolith  is distal grayw acke deposits. Equivalent to th e
Micaceous m etagrayw acke (Xm gw ) on adjacent quadrangles. Xpmq - 
Q uartzite and biotitic quartzite. Reddish -brow n to gray. T h in- to th ick-
bedded, fine- to coarse-grained, w ell to m oderately sorted. Som e beds
h ave abundant sm oky quartz grains. A very th ick-bedded quartzite
as m uch  as 30 ft (9.1 m ) th ick occurs at th e top of th e form ation.
Xpma - Am ph ibolite. O live-black to black sills of very finely crystalline
am ph ibole lath s, to elongate aggregates of am ph ibole lath s to 0.5 in
(1.3 cm ) across, w ith  grayish -orange to yellow ish -gray, finely crystalline
plagioclase. T ypically w ith  a speckled appearance; m ay h ave faint
layering. Approxim ately 10-40 ft (3.0-12.2 m ) th ick. P rotolith  is a gabbro
intrusion

White Elephant Formation - Xwe - Biotite-quartz sch ist,
m uscovite-quartz sch ist, and m inor cum m ingtonite sch ist. Brow n, dark-
gray, to black. Lam inated to th in-bedded, fine- to m edium -grained,
m oderately to w ell sorted. Locally graph itic and carbonaceous. Som e
beds contain pink to w h ite spessartine garnets to 2 m m  across. Xwec -
Metach ert. Lam inated to th ick-bedded, typically h aving a streaked
appearance. Locally brecciated and iron-stained. Som e beds are
altered to lim onite. U p to 10 ft (3 m ) th ick. Not sh ow n on cross section
A-A'. Xwea - Am ph ibolite. Greenish -gray to black sills of finely
crystalline am ph ibole lath s, to elongate aggregates of am ph ibole lath s
up to 0.5 in (1.3 cm ) across. T ypically h aving a speckled appearance
or faint layering. Contains th in calcite streaks and fracture fillings.
Approxim ately 10-15 ft (3.0-4.6 m ) th ick. P rotolith  is gabbro intrusions.
Not sh ow n on cross section A-A'

Oreville Formation - Biotite sch ist and biotite-garnet sch ist.
Dark-gray to black w ith  gray to brow n quartz-biotite sch ist and quartz-
m uscovite sch ist. Dom inantly th in- to m edium -bedded, fine-grained,
w ith  coarser-grained m etagrayw acke beds. Locally graph itic and
carbonaceous. Equivalent to part of th e O reville Form ation (Xbs2) on
oth er quadrangles. P rotolith  is black sh ale

Harney Peak Granite - Granite. Beige, orange-pink, to grayish -
orange. S-type, peralum inous, finely crystalline to pegm atitic. O ccurs
as com positionally h om ogeneous, layered, to zoned bodies. Dom inant
m inerals include plagioclase, m icrocline perth ite, quartz, and m uscovite,
w ith  m inor sch orl and biotite. Isolated sills and dikes are typically sim ilar
in com position to th e larger bodies of granite, and are not sh ow n on
cross section A-A'. Arrow  indicates contact dip direction and am ount.
Age 1,715 +/- 3 Ma based on 207P b-206P b date for m onazite (Redden
and oth ers, 1990)

Fault contact

Fault contact

Fault contact

Bowman Ridge Quartzite - Xbr - Muscovite-biotite-quartz
sch ist to m icaceous quartzite. Brow nish -gray, gray, to silvery-gray.
Fine- to m edium -grained, m oderately to w ell sorted, lam inated to th in-
bedded. Locally w ith  abundant sillim anite. Xbrq - Q uartzite. Ligh t- to
dark-gray, brow nish -gray to tan. Fine- to coarse-grained, poorly to
m oderately sorted, very th in- to th ick-bedded. Beds are a few  inch es
to over 15 ft (4.6 m ) th ick

Reeves Gulch Schist - Xrg - Q uartz-biotite sch ist, quartz-biotite-
plagioclase sch ist, and quartz-biotite-m uscovite sch ist. Interbedded
w ith  th in quartzite and biotitic quartzite beds typically 0.4-19.7 in
(1-50 cm ) th ick. Contains intervals of biotite-m uscovite-rich  sch ist as
m uch  as 9.8 ft (3 m ) th ick. T h in-bedded to lam inated, poorly exposed.
Appears to grade into th e Rankin Ridge Q uartzite (Xrq). Xrgg - Q uartz-
biotite-garnet sch ist containing abundant garnets. T h ickness 9-11 ft
(2.7-3.4 m ). Xrgq - Q uartzite. Medium -grained, m oderately sorted,
m edium - to th ick-bedded. Contains m uscovite. T h ickness up to 8 ft
(2.4 m )

Rankin Ridge Quartzite - Xrr - Muscovite-quartz sch ist and
quartz-m uscovite sch ist w ith  varying am ounts of biotite. Ligh t-brow n,
brow nish - and silvery-gray, to brow nish -black. Fine- to m edium -grained.
Som e beds are sillim anite-m uscovite sch ist, w ith  sillim anite knots to
0.4 in (1 cm ) across. Xrrq - Q uartzite. Gray, brow nish -gray, to bluish -
gray. Fine- to coarse-grained, m oderately sorted. Som e beds h ave
a nodular appearance, graded bedding, or contain biotite. May h ave
fine-grained partings of m icaceous quartzite, siliceous feldspath ic
sch ist, biotite-quartz sch ist, or coarse-grained quartz-biotite-sillim anite
sch ist. Q uartzite beds are several inch es to over 30 ft (9.1 m ) th ick.
Xrra - Am ph ibolite. O live-black to black sills of very finely crystalline
am ph ibole lath s, to elongate aggregates of am ph ibole lath s to 0.5 in
(1.3 cm ) across, w ith  grayish -orange to yellow ish -gray finely crystalline
plagioclase. Foliated. T ypically h aving a speckled appearance; m ay
h ave faint layering. T h ickness 30-35 ft (9.1-10.7 m ). P rotolith  is gabbro
intrusions

W idespread quartzite w ith  interbedded sch ist initially delineated as m eta-
m orph osed quartzite (Xq) (Redden and DeW itt, 2008). T h ough t to be in fault
contact w ith  all oth er adjacent rock units, and above th e sillim anite isograd.
P ossibly equivalent to th e Buck Mountain Q uartzite of Bayley (1972), but
lacks sim ilar sedim entary structures. H ere subdivided into th e Cold Spring
Creek Q uartzite, Reeves Gulch  Sch ist, Rankin Ridge Q uartzite, Bow m an
Ridge Q uartzite, and th e P ringle Metagrayw acke. It is unknow n if th e
associated am ph ibolite sills are of different ages; appearance and com po-
sition are sim ilar. T h in quartzite beds and am ph ibolite sills are not sh ow n
on cross section A-A'

Xgw d
Xgw da

Xo

Cold Springs Creek Quartzite - Xcs - Muscovite-biotite-quartz
sch ist, biotite-m icrocline sch ist, and m uscovite-biotite-sillim anite sch ist.
Brow nish -gray to grayish -brow n, iron-stained. Lam inated to th ick-
bedded, fine- to coarse-grained, m oderately to poorly sorted. Xcsq -
Q uartzite. Gray to brow nish -gray. V ery th in- to th ick-bedded, fine- to
coarse-grained, m oderately to poorly sorted. W ith  m icaceous partings
and  interbedded m icaceous quartzite. Several inch es to over 20 ft
(6.1 m ) th ick. Xcsa - Am ph ibolite. O live-black to black sills of elongate
aggregates of finely crystalline am ph ibole lath s to 0.4 in (1.0 cm )
across, w ith  grayish -orange to yellow ish -gray, finely crystalline
plagioclase. T ypically w ith  a speckled appearance; m ay h ave faint
layering. T h ickness 30-35 ft (9.1-10.7 m ). P rotolith  is gabbro intrusions
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T h rust fault
Long dash ed w h ere approxim ately
located; dotted w h ere concealed.
Saw teeth  indicate upper plate. T h e
Grand Junction fault is interpreted to
be a h igh  angle th rust fault h aving
north -to-north east, east-vergent
m ovem ent (Redden and DeW itt, 2008)

Long dash ed w h ere approxim ately
located; sh ort dash ed w h ere inferred;
dotted w h ere concealed; queried
w h ere uncertain. Bar and ball on
dow nth row n side. Arrow s indicate
lateral m ovem ent. T h e P ringle Fault
is a concealed Early P roterozoic
left-lateral fault indicated by offset of
m agnetic h igh s produced by th e W h ite
Eleph ant Form ation (Meusch ke et. al.,
1963; Redden and DeW itt, 2008).
Relative m ovem ent of faults associated
w ith  folds on cross section B-B' is
inferred
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Sm all synform
Sh ow ing bearing and plunge

Sm all antiform
Sh ow ing bearing and plunge

Minor fold
U ndifferentiated, sh ow ing bearing
and plunge. Sh ow n w h ere m ultiple
sm all antiform al and synform al folds
occur
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D2 FOLDS (Early Proterozoic)
Sm all, likely late folds related to th e em placem ent
of th e H arney P eak Granite

Anticline
Location of trace of axial plane. Long
dash ed w h ere approxim ately located;
dotted w h ere concealed
Syncline
Location of trace of axial plane. Long
dash ed w h ere approxim ately located;
dotted w h ere concealed

D1 FOLDS (Early Proterozoic)
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KARST FEATURE

O Cave
OTHER FEATURES

O pen pit m ine or quarry
       sg - sand and gravel quarry
       sd - sand quarry
        ls - lim estone quarry
Gravel or placer pitÌ

P rospect pitÃ

T renchP

Mine aditO

Ì

> Group of prospect pits

O pen pit m ine or quarry outline

BEDDING

H orizontale

V erticalv

Inclinedo
33

r Inclined
Ball indicates top direction of beds
know n to be in dip direction
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LAYERING IN HARNEY PEAK GRANITE
Inclined
T ypically as tourm alinized layers
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FOLIATION

V ertical½

Inclined¹33

LINEAR STRUCTURES
Lineation
Sh ow ing bearing and plunge

Ü
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FRACTURES
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EXPLANATION
Q al

TERTIARY
Gravel deposit - U nconsolidated to loosely consolidated, angular
to rounded clasts from  clay to boulder-size dom inantly of P recam brian
rock types. Deposited approxim ately 100-280 ft (30.5-85.3 m ) above
present-day drainages

Disconformity

QUATERNARY

Landslide - Coh erent listric slum ps and debris flow s of random ly
oriented, unconsolidated, poorly sorted, locally derived bedrock and
soil occurring along steep slopes

Terrace deposit 1 - U nconsolidated to loosely consolidated,
angular to rounded clasts from  clay to boulder-size. Deposited up to
approxim ately 40 ft (12.2 m ) above present-day drainages

Alluvium - U nconsolidated to loosely consolidated, angular to
rounded clasts from  clay to boulder-size. Deposited in present-day
drainages

Terrace deposit 2 - U nconsolidated to loosely consolidated,
angular to rounded clasts from  clay to boulder-size. Deposited
approxim ately 40-80 ft (12.2-24.4 m ) above present-day drainages
Terrace deposit 3 - U nconsolidated to loosely consolidated,
angular to rounded clasts from  clay to boulder-size dom inantly of
P recam brian rock types. Deposited approxim ately 80-100 ft (24.4-
30.5 m ) above present-day drainages
Alluvial fan - U nconsolidated to loosely consolidated, angular to
rounded clasts from  clay to boulder-size. Deposited at th e m outh s of
present-day drainages
Pediment - U nconsolidated to loosely consolidated, angular clasts
from  clay to boulder-size. Form s gently sloping deposits of locally
derived m aterial parallel to th e base of steep slopes

Q t3

Q l

Q t1

Q T g

Q pd

Q t2

Q af

Minnelusa Formation unit 1 - Sandstone, siltstone, and sh ale.
Moderate red, m oderate reddish -brow n, to brow n. T ypically h as a basal
breccia up to 6 ft (1.8 m ) th ick of angular ch ert fragm ents derived from
th e P ah asapa Lim estone. Basal orth oquartzite as m uch  as 10 ft (3.0 m )
th ick is equivalent to th e inform ally nam ed "Bell sand." T h ickness of
unit varies from  20-100 ft (6.1-30.5 m ) due to deposition on th e irregular
post-Mississippian erosional surface

PERMIAN

PENNSYLVANIAN

Low er
P erm ian

U pper
P ennsylvanian

Opeche Shale - Sh ale and siltstone. Moderate red, m oderate
reddish -brow n to dark reddish -brow n w ith  a pale-purple w eath ered
zone up to 5 ft (1.5 m ) th ick at th e top. Fine- to very fine-grained w ith
few  lith ified beds. Low er contact appears gradational into th e
Minnelusa Form ation. T ypically form s covered slopes. T h ickness
60-80 ft (18.3-24.4 m )

Disconformity

Minnelusa Formation unit 2 - Lim estone. Ligh t-gray, ligh t
pinkish -gray, to gray. Finely crystalline, th in- to th ick-bedded, w ith  th in
sh aly partings. Sim ilar in appearance to th e P ah asapa Lim estone
except for a sligh t pinkish  coloration and th e presence of variegated
red to w h ite ch ert nodules to several feet in diam eter, especially near
th e top of th e unit. T h ickness 40-60 feet (12.2-18.3 m )

Minnelusa Formation unit 3 - Sandstone, siltstone, and sh ale.
Moderate to dark reddish -brow n, to ligh t-brow n. Sandstone beds are
very fine- to m edium -grained, and often silicified. A pale-purple to pale
red-purple, th in-bedded lim estone containing sparse brach iopods occurs
near th e m iddle of th e unit. Few  th in-bedded, gray lim estone beds w ith
algal lam inae are present near th e top. T h ickness 80-120 ft (24.4-36.6 m )

Minnelusa Formation unit 4 - Dolom ite and dolom itic lim estone.
Grayish -orange, yellow ish -orange, to ligh t-brow n. T h in-bedded, w ith
som e beds containing algal lam inae and m ud cracks. Grayish -black to
grayish -brow n concretions occur along th e low er contact w ith  unit 3.
Sm all pale-blue to bluish -w h ite ch ert nodules increase in abundance
tow ard th e upper contact. A 3-6 ft (0.91-1.8 m ) th ick, dark yellow ish -
orange to yellow ish -brow n, cross bedded sandstone occurs approx-
im ately 5-10 ft (1.5-3.0 m ) below  th e upper contact. T h ickness 60-100 ft
(18.3-30.5 m )

Minnelusa Formation unit 5 - Dolom ite and dolom itic lim estone.
P ale-red, beige, to grayish -orange. Locally vuggy and brecciated,
becom ing m ore prom inent near th e top of th e unit. Contains sm all,
w h ite ch ert nodules. A th ick- to very th ick-bedded, yellow ish -brow n
sandstone occurs near th e bottom  and top of th e unit. U nit includes
th e inform ally nam ed "Red Marker bed." T h ickness 60-100 ft (18.3-
30.5 m )

Minnelusa Formation unit 6 - Lim estone, dolom ite, and
sandstone. P ale reddish -brow n, pale-red, yellow , to ligh t-brow n. T h in-
to th ick-bedded, typically brecciated. Locally w ith  brow nish -gray to
grayish -pink, angular ch ert clasts. U pper dark-red sandstone appears
gradational into th e O pech e Sh ale. U nit is generally equivalent to th e
inform ally nam ed "Converse Sand." T h ickness 100-120 ft (30.5-36.6 m )

Disconformity

U pper
P erm ian

Minnekahta Limestone - Lim estone. P inkish -gray, pale red-
purple, to beige. Finely crystalline, lam inated to th in-bedded. Middle
and basal beds sh aly. Contains abundant stylolites. H as a petroliferous
odor w h en broken. T h ickness approxim ately 40 ft (12.2 m )

Unconformity
P m

P m 6

Disconformity

P o

*m 1

*m 2

*m 3

*m 4

P *m 5

Disconformity

MISSISSIPPIAN

DEVONIAN

ORDOVICIAN

CAMBRIAN

Low er
Mississippian

U pper
Devonian

Low er
O rdovician

U pper
Cam brian

Mp

Deadwood Formation - Basal conglom erate and orth oquartzite
overlain by sandstone, glauconitic sh ale, and local intraform ational
conglom erate. Brow n, grayish -red, to dark reddish -brow n. Fine- to
m edium -grained, th in- to th ick-bedded. Low er beds contain w h ite
fragm ents of inarticulate brach iopods. Form ation is th in to absent over
areas of h igh  relief on P recam brian erosional surface. T h ickness
0-120 ft (0-36.6 m )

Englewood Formation - Lim estone, dolom itic lim estone, and
sh ale. P inkish -gray, pale red-purple, to ligh t-gray. Lam inated to th in-
bedded, very finely to finely crystalline. Contains sparse brach iopods,
crinoid colum nals, and th e coral Syringopora sp. T ypically bioturbated.
T h ickness 25-45 ft (7.6-13.7 m ) 

Pahasapa Limestone - Lim estone and dolom itic lim estone.
Ligh t- to dark-gray, to w h ite. T h in-bedded to very th ick-bedded,
very finely to m edium  crystalline. Few  th in, brow nish -gray to pale
yellow ish -brow n ch ert layers and nodules occur th rough out. H as
abundant solution cavities and is locally cavernous. Spiriferid
brach iopods and th e coral Syringopora sp. increase in abundance
tow ard th e top. T h ickness approxim ately 200-250 ft (61.0-76.2 m )

Disconformity
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Xrr
Xrrq
Xrra

Map base m odified from  U .S.G.S. 1:24,000-scale P ringle digital line graph .
P rojection is U niversal T ransverse Mercator, Zone 13N. Datum  is 1983 North
Am erican.
T h e Geological Survey P rogram , South  Dakota Departm ent of Environm ent and Natural
Resources, engages in an ongoing data collection and interpretation process. An outcom e
of th at process is to reflect th ose interpretations on m aps such  as th is one. Reasonable
efforts h ave been m ade to ensure th at th is m ap accurately reflects th e source data used
in its preparation. As additional data becom e available, geologic interpretations m ay be
revised and th e m ap m ay be updated by th e Geological Survey P rogram . T h is m ap
sh ould not be enlarged or oth erw ise used in an attem pt to interpret m ore detail th an can
be seen at a scale of 1:24,000.                                                              

Anticline
Location of trace of axial plane and
direction of plunge. Long dash ed
w h ere approxim ately located; dotted
w h ere concealed; queried w h ere
uncertain
Syncline
Location of trace of axial plane and
direction of plunge. Long dash ed
w h ere approxim ately located; dotted
w h ere concealed
Monocline, anticlinal bend
Location of trace of axial plane and
direction of plunge. Long dash ed
w h ere approxim ately located; dotted
w h ere concealed. Sh ort arrow
indicates steeper beds

FOLDS (Laramide)
Som e folds in th e Minnelusa Form ation m ay be due to later dissolution
and collapse of evaporite beds w ith in th e Minnelusa Form ation, or
collapse into caverns in th e underlying P ah asapa Lim estone

Sm all syncline
Sh ow ing bearing and plunge

Sm all anticline
Sh ow ing bearing and plunge
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Undifferentiated Archean or Early Proterozoic rocks - 
Sh ow n only in cross section

P oint-of-Rocks stagecoach  stop just east of P ringle, form ed by vertical sills of
H arney P eak Granite (Xh ) intruding th e W h ite Eleph ant Form ation (Xw e). W h en
th e railroad reach ed th is area in 1890, it w as renam ed for W .H . P ringle w h o
ow ned th e local w ater righ ts. W ater from  nearby springs h ad a low  dissolved
m ineral content and w as w ell suited for steam  engine boilers.

Section of Minnelusa Form ation unit 1 (*m 1) over 100 ft (30.5 m ) th ick along State
H igh w ay 89. T ypically less th an 40 ft (12.2 m ) th ick, th is section w as deposited in
a topograph ic low  on th e irregular post-Mississippian erosional surface on top of
th e P ah asapa Lim estone (Mp).

Nodules of red ch ert in th e upper part of Minnelusa Form ation unit 2 (*m 2) along
State H igh w ay 89.

Contact of ligh t colored H arney P eak Granite (Xh ) w ith  dark colored P ringle
Metagrayw acke (Xpm ) along U .S. H igh w ay 385. Several granite sills extend
to th e righ t, follow ing foliation and bedding in th e sch ist.

Xenolith s of gray quartzite (Xpm q) of th e P ringle Metagrayw acke (Xpm ) in H arney
P eak Granite (Xh  intruded along th e fault contact w ith  th e W h ite Eleph ant
Form ation (Xw e). H am m er is 16 in (40.6 cm ) long.

T errace deposit 2 (Q t2) on th e w est side of Sh irttail Canyon, gently sloping to th e
east. Cobbles are visible in th e foreground.

Contact of P ringle Metagrayw acke (Xpm ) and Deadw ood Form ation (O _d) in
Cold Brook Canyon.

Entrance to O nyx Cave in funnel-sh aped breccia pipe
in th e P ah asapa Lim estone (Mp).


