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Terrace deposit 2 (Qt,) on the west side of Shirttail Canyon, gently sloping to the
east. Cobbles are visible in the foreground.

; = f S s 1)
Xenoliths of gray quartzite (Xpmq) of the Pring
Peak Granite (Xh intruded along the fault contact with the White Elephant
Formation (Xwe). Hammer is 16 in (40.6 cm) long.

le Metagraywacke (Xpm) in Harney

o

Contact of light colored Harney Peak Granite (Xh) with dark colored Pringle
Metagraywacke (Xpm) along U.S. Highway 385. Several granite sills extend
to the right, following foliation and bedding in the schist.
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State Highway 89.

Nodules of red chert in the upper part of Minnelusa Formation unit 2
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EXPLANATION

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

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

Terrace deposit 2 - Unconsolidated to loosely consolidated,
angular to rounded clasts from clay to boulder-size. Deposited
approximately 40-80 ft (12.2-24.4 m) above present-day drainages

Terrace deposit 3 - Unconsolidated to loosely consolidated,
angular to rounded clasts from clay to boulder-size dominantly of
Precambrian rock types. Deposited approximately 80-100 ft (24.4-
30.5 m) above present-day drainages

Alluvial fan - Unconsolidated to loosely consolidated, angular to
rounded clasts from clay to boulder-size. Deposited at the mouths of
present-day drainages

Pediment - Unconsolidated to loosely consolidated, angular clasts
from clay to boulder-size. Forms gently sloping deposits of locally
derived material parallel to the base of steep slopes

Landslide - Coherent listric slumps and debris flows of randomly
oriented, unconsolidated, poorly sorted, locally derived bedrock and
soil occurring along steep slopes

Disconformity

Gravel deposit - Unconsolidated to loosely consolidated, angular
to rounded clasts from clay to boulder-size dominantly of Precambrian
rock types. Deposited approximately 100-280 ft (30.5-85.3 m) above
present-day drainages

Unconformity

Minnekahta Limestone - Limestone. Pinkish-gray, pale red-
purple, to beige. Finely crystalline, laminated to thin-bedded. Middle
and basal beds shaly. Contains abundant stylolites. Has a petroliferous
odor when broken. Thickness approximately 40 ft (12.2 m)

Disconformity

Opeche Shale - Shale and siltstone. Moderate red, moderate
reddish-brown to dark reddish-brown with a pale-purple weathered
zone up to 5 ft (1.5 m) thick at the top. Fine- to very fine-grained with
few lithified beds. Lower contact appears gradational into the
Minnelusa Formation. Typically forms covered slopes. Thickness
60-80 ft (18.3-24.4 m)

Disconformity

Minnelusa Formation unit 6 - Limestone, dolomite, and
sandstone. Pale reddish-brown, pale-red, yellow, to light-brown. Thin-
to thick-bedded, typically brecciated. Locally with brownish-gray to
grayish-pink, angular chert clasts. Upper dark-red sandstone appears
gradational into the Opeche Shale. Unit is generally equivalent to the
informally named "Converse Sand." Thickness 100-120 ft (30.5-36.6 m)

Minnelusa Formation unit 5 - Dolomite and dolomitic limestone.
Pale-red, beige, to grayish-orange. Locally vuggy and brecciated,
becoming more prominent near the top of the unit. Contains small,

white chert nodules. A thick- to very thick-bedded, yellowish-brown
sandstone occurs near the bottom and top of the unit. Unit includes

the informally named "Red Marker bed." Thickness 60-100 ft (18.3-
30.5m)

Minnelusa Formation unit 4 - Dolomite and dolomitic limestone.
Grayish-orange, yellowish-orange, to light-brown. Thin-bedded, with
some beds containing algal laminae and mud cracks. Grayish-black to
grayish-brown concretions occur along the lower contact with unit 3.
Small pale-blue to bluish-white chert nodules increase in abundance
toward the upper contact. A 3-6 ft (0.91-1.8 m) thick, dark yellowish-
orange to yellowish-brown, cross bedded sandstone occurs approx-
imately 5-10 ft (1.5-3.0 m) below the upper contact. Thickness 60-100 ft
(18.3-30.5 m)

Disconformity

Minnelusa Formation unit 3 - Sandstone, siltstone, and shale.
Moderate to dark reddish-brown, to light-brown. Sandstone beds are
very fine- to medium-grained, and often silicified. A pale-purple to pale
red-purple, thin-bedded limestone containing sparse brachiopods occurs
near the middle of the unit. Few thin-bedded, gray limestone beds with
algal laminae are present near the top. Thickness 80-120 ft (24.4-36.6 m)

Minnelusa Formation unit 2 - Limestone. Light-gray, light
pinkish-gray, to gray. Finely crystalline, thin- to thick-bedded, with thin
shaly partings. Similar in appearance to the Pahasapa Limestone
except for a slight pinkish coloration and the presence of variegated
red to white chert nodules to several feet in diameter, especially near
the top of the unit. Thickness 40-60 feet (12.2-18.3 m)

Minnelusa Formation unit 1 - Sandstone, siltstone, and shale.
Moderate red, moderate reddish-brown, to brown. Typically has a basal
breccia up to 6 ft (1.8 m) thick of angular chert fragments derived from
the Pahasapa Limestone. Basal orthoquartzite as much as 10 ft (3.0 m)
thick is equivalent to the informally named "Bell sand." Thickness of
unit varies from 20-100 ft (6.1-30.5 m) due to deposition on the irregular
post-Mississippian erosional surface

Disconformity

Pahasapa Limestone - Limestone and dolomitic limestone.
Light- to dark-gray, to white. Thin-bedded to very thick-bedded,
very finely to medium crystalline. Few thin, brownish-gray to pale
yellowish-brown chert layers and nodules occur throughout. Has
abundant solution cavities and is locally cavernous. Spiriferid
brachiopods and the coral Syringopora sp. increase in abundance
toward the top. Thickness approximately 200-250 ft (61.0-76.2 m)

Englewood Formation - Limestone, dolomitic limestone, and
shale. Pinkish-gray, pale red-purple, to light-gray. Laminated to thin-
bedded, very finely to finely crystalline. Contains sparse brachiopods,
crinoid columnals, and the coral Syringopora sp. Typically bioturbated.
Thickness 25-45 ft (7.6-13.7 m)

Disconformity

Deadwood Formation - Basal conglomerate and orthoquartzite
overlain by sandstone, glauconitic shale, and local intraformational
conglomerate. Brown, grayish-red, to dark reddish-brown. Fine- to
medium-grained, thin- to thick-bedded. Lower beds contain white
fragments of inarticulate brachiopods. Formation is thin to absent over
areas of high relief on Precambrian erosional surface. Thickness
0-120 ft (0-36.6 m)

Unconformity

Harney Peak Granite - Granite. Beige, orange-pink, to grayish-
orange. S-type, peraluminous, finely crystalline to pegmatitic. Occurs
as compositionally homogeneous, layered, to zoned bodies. Dominant
minerals include plagioclase, microcline perthite, quartz, and muscovite,
with minor schorl and biotite. Isolated sills and dikes are typically similar
in composition to the larger bodies of granite, and are not shown on
cross section A-A'. Arrow indicates contact dip direction and amount.
Age 1,715 +/- 3 Ma based on ?*’Pb-?°Pb date for monazite (Redden
and others, 1990)

Mayo Formation - Xgwd — Quartz-biotite-muscovite schist. Light-
to dark-gray, medium- to coarse-grained. Laminated to medium-bedded,
with medium- to thick-bedded quartzose units. Almandite garnets occur
locally. Protolith is distal graywacke deposits. Xgwda - Amphibolite.
Dark greenish-gray to black sills, some having a speckled appearance.
Composed of approximately 50% hornblende and 45% plagioclase,

with 5% sphene and magnetite. Medium to coarsely crystalline with
hornblende phenocrysts to 5 mm across. Protolith is gabbro intrusions
(Redden, 1963)

Fault contact

Oreville Formation - Biotite schist and biotite-garnet schist.
Dark-gray to black with gray to brown quartz-biotite schist and quartz-
muscovite schist. Dominantly thin- to medium-bedded, fine-grained,
with coarser-grained metagraywacke beds. Locally graphitic and
carbonaceous. Equivalent to part of the Oreville Formation (Xbs;) on
other quadrangles. Protolith is black shale

Fault contact

White Elephant Formation - Xwe - Biotite-quartz schist,
muscovite-quartz schist, and minor cummingtonite schist. Brown, dark-
gray, to black. Laminated to thin-bedded, fine- to medium-grained,
moderately to well sorted. Locally graphitic and carbonaceous. Some
beds contain pink to white spessartine garnets to 2 mm across. Xwec -
Metachert. Laminated to thick-bedded, typically having a streaked
appearance. Locally brecciated and iron-stained. Some beds are
altered to limonite. Up to 10 ft (3 m) thick. Not shown on cross section
A-A'. Xwea - Amphibolite. Greenish-gray to black sills of finely
crystalline amphibole laths, to elongate aggregates of amphibole laths
up to 0.5 in (1.3 cm) across. Typically having a speckled appearance
or faint layering. Contains thin calcite streaks and fracture fillings.
Approximately 10-15 ft (3.0-4.6 m) thick. Protolith is gabbro intrusions.
Not shown on cross section A-A'

Fault contact

Widespread quartzite with interbedded schist initially delineated as meta-
morphosed quartzite (Xq) (Redden and DeWitt, 2008). Thought to be in fault
contact with all other adjacent rock units, and above the sillimanite isograd.
Possibly equivalent to the Buck Mountain Quartzite of Bayley (1972), but
lacks similar sedimentary structures. Here subdivided into the Cold Spring
Creek Quartzite, Reeves Gulch Schist, Rankin Ridge Quartzite, Bowman
Ridge Quartzite, and the Pringle Metagraywacke. It is unknown if the
associated amphibolite sills are of different ages; appearance and compo-
sition are similar. Thin quartzite beds and amphibolite sills are not shown

on cross section A-A'

Pringle Metagraywacke - Xpm - Muscovite and biotite schist

to quartz-muscovite and quartz-biotite schist. Brown, grayish-brown,

to dark-gray. Laminated to thin-bedded, fine- to medium-grained, well
sorted, with thin quartzose beds. Very micaceous, locally with abundant
sillimanite. Relic bedding is shown by light and dark compositional
banding. Protolith is distal graywacke deposits. Equivalent to the
Micaceous metagraywacke (Xmgw) on adjacent quadrangles. Xpmq -
Quartzite and biotitic quartzite. Reddish-brown to gray. Thin- to thick-
bedded, fine- to coarse-grained, well to moderately sorted. Some beds
have abundant smoky quartz grains. A very thick-bedded quartzite

as much as 30 ft (9.1 m) thick occurs at the top of the formation.

Xpma - Amphibolite. Olive-black to black sills of very finely crystalline
amphibole laths, to elongate aggregates of amphibole laths to 0.5 in
(1.3 cm) across, with grayish-orange to yellowish-gray, finely crystalline
plagioclase. Typically with a speckled appearance; may have faint
layering. Approximately 10-40 ft (3.0-12.2 m) thick. Protolith is a gabbro
intrusion

Bowman Ridge Quartzite - Xbr - Muscovite-biotite-quartz
schist to micaceous quartzite. Brownish-gray, gray, to silvery-gray.
Fine- to medium-grained, moderately to well sorted, laminated to thin-
bedded. Locally with abundant sillimanite. Xbrq - Quartzite. Light- to
dark-gray, brownish-gray to tan. Fine- to coarse-grained, poorly to
moderately sorted, very thin- to thick-bedded. Beds are a few inches
to over 15 ft (4.6 m) thick

Rankin Ridge Quartzite - Xrr - Muscovite-quartz schist and
quartz-muscovite schist with varying amounts of biotite. Light-brown,
brownish- and silvery-gray, to brownish-black. Fine- to medium-grained.
Some beds are sillimanite-muscovite schist, with sillimanite knots to
0.4 in (1 cm) across. Xrrq - Quartzite. Gray, brownish-gray, to bluish-
gray. Fine- to coarse-grained, moderately sorted. Some beds have

a nodular appearance, graded bedding, or contain biotite. May have
fine-grained partings of micaceous quartzite, siliceous feldspathic
schist, biotite-quartz schist, or coarse-grained quartz-biotite-sillimanite
schist. Quartzite beds are several inches to over 30 ft (9.1 m) thick.
Xrra - Amphibolite. Olive-black to black sills of very finely crystalline
amphibole laths, to elongate aggregates of amphibole laths to 0.5 in
(1.3 cm) across, with grayish-orange to yellowish-gray finely crystalline
plagioclase. Foliated. Typically having a speckled appearance; may
have faint layering. Thickness 30-35 ft (9.1-10.7 m). Protolith is gabbro
intrusions

Reeves Gulch Schist - Xrg - Quartz-biotite schist, quartz-biotite-
plagioclase schist, and quartz-biotite-muscovite schist. Interbedded
with thin quartzite and biotitic quartzite beds typically 0.4-19.7 in

(1-50 cm) thick. Contains intervals of biotite-muscovite-rich schist as
much as 9.8 ft (3 m) thick. Thin-bedded to laminated, poorly exposed.
Appears to grade into the Rankin Ridge Quartzite (Xrq). Xrgg - Quartz-
biotite-garnet schist containing abundant garnets. Thickness 9-11 ft
(2.7-3.4 m). Xrgq - Quartzite. Medium-grained, moderately sorted,
medium- to thick-bedded. Contains muscovite. Thickness up to 8 ft
(2.4 m)

Cold Springs Creek Quartzite - Xcs - Muscovite-biotite-quartz
schist, biotite-microcline schist, and muscovite-biotite-sillimanite schist.
Brownish-gray to grayish-brown, iron-stained. Laminated to thick-
bedded, fine- to coarse-grained, moderately to poorly sorted. Xcsq -
Quartzite. Gray to brownish-gray. Very thin- to thick-bedded, fine- to
coarse-grained, moderately to poorly sorted. With micaceous partings
and interbedded micaceous quartzite. Several inches to over 20 ft
(6.1 m) thick. Xesa - Amphibolite. Olive-black to black sills of elongate
aggregates of finely crystalline amphibole laths to 0.4 in (1.0 cm)
across, with grayish-orange to yellowish-gray, finely crystalline
plagioclase. Typically with a speckled appearance; may have faint
layering. Thickness 30-35 ft (9.1-10.7 m). Protolith is gabbro intrusions

Undifferentiated Archean or Early Proterozoic rocks -
Shown only in cross section

CONTACTS

% —7?— — Long dashed where approximately
located; queried where inferred in
cross section. Arrow indicates contact
dip direction and amount

FORM LINE

L L Dotted where concealed. Tic

indicates dip direction of beds.

FAULTS

Long dashed where approximately
located; short dashed where inferred;
dotted where concealed; queried
where uncertain. Bar and ball on
downthrown side. Arrows indicate
lateral movement. The Pringle Fault

is a concealed Early Proterozoic
left-lateral fault indicated by offset of
magnetic highs produced by the White
Elephant Formation (Meuschke et. al.,
1963; Redden and DeWitt, 2008).
Relative movement of faults associated
with folds on cross section B-B' is
inferred

Thrust fault

Long dashed where approximately
located; dotted where concealed.
Sawteeth indicate upper plate. The
Grand Junction fault is interpreted to
be a high angle thrust fault having
north-to-northeast, east-vergent
movement (Redden and DeWitt, 2008)

D4 FOLDS (Early Proterozoic)

Anticline

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

Syncline

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

D, FOLDS (Early Proterozoic)
Small, likely late folds related to the emplacement
of the Harney Peak Granite

—_——- . A _A__A..A

Small antiform
Showing bearing and plunge

Small synform
Showing bearing and plunge

Minor fold

Undifferentiated, showing bearing
and plunge. Shown where multiple
small antiformal and synformal folds
oceur

55
——>
70
—_——
18

FOLDS (Laramide)

Some folds in the Minnelusa Formation may be due to later dissolution
and collapse of evaporite beds within the Minnelusa Formation, or
collapse into caverns in the underlying Pahasapa Limestone

Anticline

- Location of trace of axial plane and
direction of plunge. Long dashed
where approximately located; dotted
where concealed; queried where
uncertain

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 and
direction of plunge. Long dashed
where approximately located; dotted
where concealed. Short arrow
indicates steeper beds

Small anticline

H_575 Showing bearing and plunge
_% Srrmgvavlle)égglrllzg and plunge
BEDDING
% Inclined
_% Inclined
Ball indicates top direction of beds
known to be in dip direction
—+ Vertical
@ Horizontal
FOLIATION
% Inclined
—— Vertical
LAYERING IN HARNEY PEAK GRANITE
3 Inclined
Typically as tourmalinized layers
FRACTURES
P Inclined
- Vertical
LINEAR STRUCTURES
. Lineation
33 Showing bearing and plunge
KARST FEATURE
> Cave
OTHER FEATURES

@ Open pit mine or quarry outline
R Open pit mine or quarry
sg - sand and gravel quarry
sd - sand quarry
Is - limestone quarry

Gravel or placer pit
Mine adit

Trench

Group of prospect pits

=~ @ X Y K

Prospect pit

(Pm,) along

Section of Minnelusa Formation unit 1

(Pmy) over 100 ft (30.5 m) thick along State

Highway 89. Typically less than 40 ft (12.2 m) thick, this section was deposited in
a topographic low on the irregular post-Mississippian erosional surface on top of
the Pahasapa Limestone (Mp).
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Entrance to Onyx Cave in funnel-shaped breccia pipe
in the Pahasapa Limestone (Mp).

Contact of Pringle Metagraywacke (Xpm) and Deadwood Formation (O€d) in
Cold Brook Canyon.

Point-of-Rocks stagecoach stop just east of Pringle, formed by vertical sills of
Harney Peak Granite (Xh) intruding the White Elephant Formation (Xwe). When
the railroad reached this area in 1890, it was renamed for W.H. Pringle who
owned the local water rights. Water from nearby springs had a low dissolved
mineral content and was well suited for steam engine boilers.




