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Mapping is intended for use at 1:100,000 or smaller scale. This map was produced using various topographic and
photographic base maps for spatial (ground) control and does not fit any specific base map. The map depicts
geologic formations, faults, folds, and other information, and is accompanied by an explanatory materials that
include the geologic unit descriptions, figures, tables, mapping sources, correlation charts, lithologic columns,

geologic symbols, and geologic cross sections.
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This open-file release makes information available to the public that may not conform to UGS technical, editorial, or
policy standards; this should be considered by an individual or group planning to take action based on the contents
of this report. The Utah Department of Natural Resources, Utah Geological Survey, makes no warranty, expressed
or implied, regarding its suitability for a particular use and does not guarantee accuracy and completeness of the
data. The Utah Department of Natural Resources, Utah Geological Survey, shall not be liable under any
circumstances for any direct, indirect, special, incidental, or consequential damages with respect to claims by users
of this product.
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The original geologic map, open-filed in 1999, was funded by the Utah Geological Survey and U.S. Geological
Survey through STATEMAP Agreement 1434HQ97AG01797. The views and conclusions contained in this map and
report are those of the authors and should not be interpreted as necessarily representing the official policies, either
expressed or implied, of the U.S. Government. While the map is considered a good representation of the geology of

the map area, users should be aware that it does not meet all modern cartographic, spatial control, or geologic

standards.
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This map is a plot of geographic information system (GIS) files created to visually represent the content of the GIS
data files. It is not a published map and it contains many features that do not meet UGS cartographic standards,
such as automatically generated labels that may overlap other labels and lines.
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GEOLOGIC UNIT NAMES

Qa—Alluvium, undifferentiated

Qal—Stream alluvium

Qat1—Alluvial terrace deposits, level 1

Qat2—Alluvial terrace deposits, level 2

Qat3—Alluvial terrace deposits, level 3

Qaf—Alluvial-fan deposits

Qc—Colluvium

Qcv—Volcanic colluvium

Qes—Eolian sand deposits

Qed—Eolian sand dune deposits

Qem—Eolian silt deposits in mounds

Qea—Eolian and alluvial deposits

Qmt—Talus deposits

Qms—Landslides and slumps, undifferentiated

of map units

Qmsdm—Landslides, debris-slide deposits, mixed lithology

Qmsdv—Landslides, debris-slide deposits, mostly volcanic rock

Qmsbm—Landslides, slump block deposits, mixed lithology
Qmsbv—Landslides, slump block deposits, mostly volcanic rock
Qmsbo—Landslides, slump block deposits, mostly Osris Tuff

Qmsbl—Landslides, slump block deposits, mostly latite tuff unit

QmsIm—Landslides, lobate slide debris, mixed lithology

Qmslv—Landslides, lobate slide debris, mostly volcanic rock

Qmsdt—Landslides, debris-slide deposits, mostly tuffaceous sediments unit

Qmsdb—Landslides, debris-slide deposits, mostly Brian Head Formation

Qmsbj—Landslides, slump block deposits, mostly latite of Johnson Valley

Qmsbt—Landslides, slump block deposits, mostly tuffaceous sediments unit

Qmsbb—Landslides, slump block deposits, mostly Brian Head Formation

Tb—Basalt

Tsr—Sevier River Formation

Tsrd—Sevier River Formation over Mount Dutton Formation

To—Osiris Tuff

Tlc—Trachyte of Lake Creek

Tjv—Latite of Johnson Valley

Tvt—Tuffaceous sediments

Tbh—Brian Head Formation

Tcw—Claron Formation, white member

Tecp—Claron Formation, pink member

Tph—Pine Hollow Formation

Kcg—Grand Castle and Canaan Peak Formations, undivided

Kk—ZKaiparowits Formation

Kwu—Wahweap Formation, upper member

Ktm—Tarantula Mesa Sandstone

Kwl—Wahweap Formation, lower member

Kmk—Masuk Formation

Ksd—Straight Cliffs Formation, Drip Tank Member

Kmc—Muley Canyon Sandstone

Ksj—Straight Cliffs Formation, John Henry Member

Kmb—Mancos Shale, Blue Gate Shale Member

Ksl—Straight Cliffs Formation, lower members

Kmf—Mancos Shale, Ferron Sandstone Member

Kt—Tropic Shale

Kmt—Mancos Shale, Tununk Shale Member

Kn—Naturita Formation (formerly Dakota Formation)

Jm—Morrison Formation

Jsce—Summerville, Curtis, and Entrada Formations, undivided

Jn—Navajo Sandstone

Jk—Kayenta Formation

JRW—Wingate Sandstone

Rm—Moenkopi Formation

P—Permian Formations

Water

Jeh—Henrieville bleached sandstone facies of Entrada Sandstone
Je—Entrada Sandstone, main part

Jecwp—Carmel Formation, Winsor and Paria River Members, undivided
Jtc—Carmel and Temple Cap Formations, undivided

Jcw—Carmel Formation, Winsor Member

Jcp—Carmel Formation, Paria River Member

Res—Chinle Formation, Shinarump Member

Jctjt—Carmel Formation, Thousand Pockets and Judd Hollow Members, and Temple Cap Formation

"Rcu—Chinle Formation, Church Rock, Owl Rock, Petrified Forest, and Monitor Butte Members, undivided
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INTRODUCTION

This open-file release is a partially revised version of Utah Geological Survey Open-File Report 368 (Doelling and Willis,
1999). The 1999 map consisted of new field mapping combined with compiled mapping from several older geologic maps at
various scales (figure lon plate 2). This map includes an interim GIS database and corrects and improves a few selected geo-
logic features on the original map. However, most map features are not modified from the original and many aspects of this map
do not meet modern standards of precision or accuracy. Most significant revisions were near the western border to better match
the recently published geologic map of the Panguitch 30" x 60" quadrangle (Biek and others, 2015b) and along the western part
of the northern border to better match an interim geologic map of part of the Loa 30’ x 60" quadrangle (Bick and others, 2015a).
A few units were updated with newer names and a few geologic unit descriptions were updated with newer ages and selected
other information. Spatial placement of most geologic features used methods in common practice in the 1980-90s and does not
match modern standards.

Drill holes and other resource features were not shown on the original source map. Drill holes shown on this map were extracted
from Utah Division of Oil, Gas and Mining data accessed June 14, 2018; accuracy and completeness have not been verified.
Mines, quarries, and prospects are not shown because they are not available from a uniform database or source map. The Utah
Geological Survey website contains much resource information for the area, including many publications, resource maps, and
the Utah Mineral Occurrence System database.

MAP UNIT DESCRIPTIONS
QUATERNARY
Alluvial deposits
Qa Alluvium, undifferentiated (Holocene to upper Pleistocene) — Gravel, sand, silt, and clay in poorly to moderately

sorted and stratified deposits in most drainages and depressions; clast size and composition vary between drainages and
are dependent on local bedrock; dominantly ephemeral stream deposits, but commonly include some debris flow depos-
its, eolian sand and silt, colluvium, low-level alluvial terrace deposits, alluvial-fan deposits, and floodplain deposits too
small to map separately at this scale; 1.5 to 9 meters (5-30 ft) thick in most drainages, may be thicker in Johns Valley.

Qal Stream alluvium (Holocene) — Pebble to boulder gravel, sand, silt, and clay deposited by streams and rivers; gener-
ally in sediment-choked, flat-bottomed canyons and washes; generally moderately to poorly sorted but locally well
sorted; mostly silt and clay in broad, low-gradient floodplain areas; coarsens up drainages; locally includes colluvium
and alluvial fan deposits from side slopes and small side drainages; in upper parts of drainages is similar to many
Qa deposits but in most areas still has a flat-bottomed stream channel near the middle of the deposit; generally 0 to 9
meters (0-30 ft) thick, but locally thicker; may include thick valley fill in Johns Valley.

Qat1, Qat2, Qat3

Alluvial terrace deposits, level 1 (Holocene to upper Pleistocene), level 2 (upper to middle Pleistocene), level 3 (mid-
dle to lower Pleistocene) — Poorly to moderately sorted boulders and cobbles with pebbles, sand, silt, and clay matrix
preserved as terrace remnants above present stream levels and on wider pediment-like benches; similar in composition
to alluvium (Qa), but generally with larger percentage of bouldery clasts; most clasts moderately to poorly rounded;
composition varies from dominantly volcanic-derived to dominantly quartzite, sandstone, or limestone, dependent on
local source; commonly includes eolian silt and sand and pedogenic carbonate in upper part of deposit that gradually
accumulated such that older deposits have thicker accumulations; in general, older deposits are preserved as relatively
higher benches; in Boulder Creek drainage may be partly glacial outwash; level 1 deposits are generally 6 to 18 meters
(20-60 ft) above current well-graded stream valleys, level 2 are 18 to 50 meters (60—165 ft) above, and level 3 are over
50 meters (165 ft) above with some as much as 400 meters (1300 ft) above (relative elevations vary across the area
and some exceptions exist due to local geologic factors); probably entirely Quaternary in age but a few highest-level
deposits may be Pliocene, though no definitive ages exist; 0 to 15 meters (050 ft) thick.
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Qaf Alluvial-fan deposits (Holocene to upper Pleistocene) — Poorly to moderately well sorted sand, silt, clay, and gravel
deposited where gradients decrease at the mouths of canyons and washes; commonly include boulders up to a few
meters in diameter near the mouths of canyons; clasts decrease in size down-slope from canyon mouths; some eolian
sand and silt common on older fan surfaces; deposited by debris flows and alluvial processes; form fan-shaped depos-
its where not confined by side slopes; composition reflects local source materials; generally less than 15 meters (50 ft)
thick, but locally may be as much as 30 meters (100 ft) thick.

Colluvial Deposits

Qc, Qcv

Colluvium, volcanic colluvium (Holocen to Pleistocene) — Poorly sorted, subangular to subrounded, pebble- to boul-
der-sized clasts in a silty to sandy matrix; generally mantles low to moderate slopes, especially slopes with a northern
aspect; mapped as mixed lithology (mostly limestone, sandstone, and quartzite) (Qc) or as dominantly volcanic clasts
(Qcv); locally includes varying amounts of alluvial stream, slope wash, rock-slide, rockfall, and eolian deposits; in-
cludes active and older inactive deposits that have been isolated by downcutting streams and washes; surfaces of older
deposits are typically mantled by a thin cover of eolian silt and sand; deposits commonly migrate slowly downslope
through slope-creep processes; as much as 30 meters (100 ft) thick.

Eolian-Dominated Deposits

Qes, Qed

Eolian sand deposits, eolian sand dune deposits (Holocene to Pleistocene) — Fine to very fine grains of quartz sand
and minor silt deposited by wind; common on Jurassic sandstones (primarily Navajo and Entrada) and locally on Creta-
ceous sandstones; form thin sheets and small dunes; local larger dune areas mapped as Qed; up to 9 meters (30 ft) thick.

Qem  Eolian silt deposits in mounds (Holocene to Pleistocene) — Gray-brown silt, sand, and small angular volcanic pebbles
deposited by wind in evenly spaced mounds in treeless areas on the Escalante Mountains; up to 1 meter (3 ft) thick.

Qea  FEolian and alluvial deposits (Holocene to Pleistocene) — Moderately to moderately well sorted sand, silt, and small
angular to subangular rock fragments over pebble to cobble gravel; accumulates on broad surfaces now protected from
alluvial activity by inset incised drainages; windblown material is commonly slightly to moderately reworked by wa-
ter; locally buries or partly buries coarser gravel deposits (terrace or pediment-mantle deposits); commonly have thin
to thick pedogenic carbonate (caliche) in upper part of deposit that indicates long period of soil development; 3 to 15
meters (10-50 ft) thick.

Mass-Movement Deposits

The quadrangle contains extensive mass-movement landslide deposits. Deposits on the flanks of the Escalante Mountains are
differentiated as slump block masses, debris slides, and lobate slides following the mapping of Williams (1985), with some
modifications by the authors. Other landslide deposits are not differentiated by type (Qms). Colluvium (Qc, Qcv) and some
bedrock areas also contain undifferentiated landslides. Extensive debris-flow deposits are associated with the landslides; some
are mapped as alluvial units (Qa, Qaf) while others are included in the various landslide map units.

Qmt  Talus deposits (Holocene to middle Pleistocene) — Fallen, angular blocks that have accumulated at the base of steep
slopes and cliffs; generally contain minor fine-grained matrix; composition and size of materials dependent on source
bedrock; blocks are typically up to 3 meters (10 ft) in diameter but locally are 9 to 30 meters (30—100 ft) across; typi-
cally up to 9 meters (30 ft) thick.

Qms  Landslides and slumps, undifferentiated (Holocene to Pleistocene) — Very poorly sorted, chaotic deposits rang-
ing in composition from silt to large blocks several tens of meters in average diameter that moved down-slope by
slumping, sheet-sliding, or flowing; upper surfaces are typically hummocky and some have closed depressions;
most landslides and slumps are inactive but some show evidence of historical movement; involve most units but
most detachment surfaces are in units containing abundant smectitic materials, including the tuffaceous sandstone
unit, the Claron Formation, Tropic Shale, Morrison Formation, Carmel Formation, and Chinle Formation; locally
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include alluvial, colluvial, and eolian deposits; highly variable in thickness, generally 5 to 15 meters (16-50 ft)
thick, but locally up to 90 meters (300 ft).

Qmsdm, Qmsdv, Qmsdt, Qmsdb

Landslides, debris-slide deposits (Holocene to Pleistocene): Qmsdm—mixed lithology, Qmsdv—mostly volcanic
rock, Qmsdt—mostly tuffaceous sediments unit, Qmsdb—mostly Brian Head Formation — Very poorly sorted, cha-
otic boulders typically up to 9 meters (30 ft) in diameter in a sandy, silty matrix; moved downslope primarily as sheets
or disarticulated flows; follows mapping of Williams (1985); upper surfaces are typically hummocky and some have
closed depressions; most landslides and slumps are inactive but some show evidence of historical movement; most
detachment surfaces are in units containing abundant smectitic materials; locally differentiated by primary involved
units (last letter of label); typically 5 to 15 meters (1650 ft) thick.

Qmsbm, Qmsbv, Qmsbo, Qmsbl, Qmsbj, Qmsbt, Qmsbb

Qmslm,

Landslides, slump block deposits (Holocene to Pleistocene): Qmsbm-—mixed lithology, Qmsbv—mostly volcanic
rock, Qmsbo—mostly Osiris Tuff, Qmsbl—mostly tuff of Lake Creek, Qmsbj—mostly latite of Johnson Valley,
Qmsbt—mostly tuffaceous sediments unit, Qmsbb—mostly Brian Head Formation — Large, intact blocks of rock
that have separated from bedrock along distinct fractures and rotated backwards while sliding down-slope; follows
mapping of Williams (1985); slumps of mixed lithology or primarily sedimentary rocks mapped as Qmsbm; upper
surfaces are typically hummocky and some have closed depressions; most landslides and slumps are inactive but
some show evidence of historical movement; most detachment surfaces are in units containing abundant smectitic
materials; locally differentiated by primary involved units (last letter of label); slumps of more than one volcanic map
unit mapped as Qmsbv; Qmsbt has high smectitic clay content and is primary detachment zone for many landslides;
the slump complex on the west flank of the Escalante Mountains includes some slump blocks in excess of 2 km (1.2
mi) across with only minor internal deformation; this area is also complicated by the Paunsaugunt fault zone—some
mapped slump scarps may have developed along fault scarps with part of the offset due to tectonic fault movment;
some large coherent slump blocks are differentiated by involved bedrock unit; contacts are highly generalized.

Qmslv

Landslides, lobate slide debris (Holocene to Pleistocene): Qmslm—mixed lithology, Qmslv—mostly volcanic rock
— Very poorly sorted, chaotic clay to boulder materials that primarily flowed rather than slid downslope; follows map-
ping of Williams (1985); typically has higher silty, sandy matrix content than sheet-slide deposits; forms hummaocky,
lobate mounds and ridges, flank levees, and closed depressions; most landslides and slumps are inactive but some
show evidence of historical movement; most detachment surfaces are in units containing abundant smectitic materials;
may include some debris-flow deposits; mapped as QmsIm where composed primarily of sedimentary rocks or rocks
of mixed lithology; mapped as Qmslv where composed primarily of volcanic rock; 5 to 15 meters (16-50 ft), but lo-
cally may be up to 90 meters (300 ft) thick.

PALEOGENE-NEOGENE (TERTIARY)

Tb

Tsr

Tsrd

Basalt (probably Pliocene or Miocene) — Dark-gray, olivine-clinopyroxene-labradorite basalt in thin flows; commonly
weathers to rough blocks; less than 60 meters (200 ft) thick on Aquarius Plateau. These small basalt outcrops, mapped
only near the northern edge of the quadrangle, are part of a large group of basalt flows in the Loa 30’ x 60’ quadrangle
to the north (Biek and others, 2015a). Biek and others noted that few of these relatively small-volume, widely scat-
tered, basaltic lava flows are dated but most appear to be of Pliocene to middle Miocene age.

Sevier River Formation (probably Miocene) — Poorly to moderately sorted, crudely stratified conglomerate, sand-
stone, and siltstone derived mostly from volcanic source deposits; forms poorly exposed slopes and low hills mantled
by colluvium and residuum; thickness 0 to 60 meters (0-200 ft); not dated in this area but in areas to northwest yielded
isotopic ages of about 5 to 14 Ma (Steven and others, 1979; Best and others, 1980; Willis, 1988; Rowley and others,
1994, 2005; Biek and others, 2015a, 2015b).

Sevier River Formation over possible Mount Dutton Formation (probably Miocene over Oligocene) — Poorly
to moderately sorted, crudely stratified conglomerate, sandstone, and siltstone derived mostly from volcanic source
deposits; poorly exposed due to colluvium and residuum cover; thickness 0 to 60 meters (0-200 ft). Dissected slopes
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(whalebacks) near the northwest quadrangle corner may consist of Sevier River Formation unconformably overlying
Mount Dutton Formation, both mostly obscured by thin colluvium and residuum. Based on good exposures in the Pan-
guitch 30" x 60’ quadrangle about 1 kilometer (0.6 mi) west of the boundary, Biek and others (2015b) mapped Mount
Dutton Formation to the quadrangle boundary, though exposures are poor near the boundary making identification
uncertain. A few Sevier River Formation outcrops are exposed a few hundred meters east of the quadrangle boundary,
but we have not recognized any exposed Mount Dutton Formation. Like Biek and others (2015b), we did not recog-
nize a contact or fault in the poorly exposed interval between the Mount Dutton and Sevier River outcrops. Mapping
to the north (Biek and others, 2015a) has Sevier River Formation against the quadrangle boundary, whereas mapping
to the northwest (Rowley and others, 2005) has Mount Dutton Formation in its quadrangle corner. Additional mapping
is planned for this area before final maps are published.

To Osiris Tuff (Miocene) — Gray, purplish-gray, and red-brown trachyte ash-flow tuff; densely welded; crystal rich; 20—
25 percent phenocrysts of andesine, biotite, sanidine, minor quartz, and clinopyroxene; characterized by prominent
black to coppery biotite and large white plagioclase phenocrysts; weathers to rounded boulders; thickness 0 to 180
meters (0—600 ft); early to middle Miocene age, about 23 Ma (summarized in Biek and others, 2017); Ball and others
(2009) reported that several °Ar/3Ar ages on sanidine average 23.03 + 0.08 Ma.

Tlc Trachyte of Lake Creek (Oligocene) — Dark-gray to purplish-gray, aphyric to sparsely porphyritic, welded trachyte
ash-flow tuff; commonly contains 5—10 percent phenocrysts of andesine, sanidine, and clinopyroxene; commonly
weathers to thin plates and flat chips; probably about 25.3 to 25.8 Ma as summarized in Biek and others (2015a); thick-
ness 0 to about 180 meters (0—600 ft); name is temporary pending completion of ongoing work to correlate and name
volcanic rocks in this area as explained in Biek and others (2015a).

Tjv Latite of Johnson Valley (Oligocene) — Dark-gray, dark-brown, and dark-red, dense to vesicular, crystal-rich, blocky
to massive basaltic trachyandesite flows and flow breccias; contains large distinctive green augite and equant labrador-
ite, and less common olivine phenocrysts; probably about 26 Ma as summarized in Biek and others (2015a); thickness
0 to 215 meters (0—700 ft); name is temporary pending completion of ongoing work to correlate and name volcanic
rocks in this area as explained in Biek and others (2015a).

Tvt Tuffaceous sediments (Oligocene to Eocene?) — White, pale-brown, and red tuffaceous siltstone, shale, arkosic sand-
stone, and pebble conglomerate in thin planar to thick lenticular beds; local silicified zones yield dense red, orange, yel-
low, and white chalcedony; exposed under cliffs of Tlc or Tjv; thickness 0 to 180 meters (0600 ft); possibly equivalent
to upper part of Brian Head Formation as mapped to north (Biek and others, 2015a) and west (Bick and others, 2015b).

Tbh Brian Head Formation (middle Eocene?) — Pink to red-brown to pale-gray sandstone, siltstone, mudstone, and limy
mudstone; slope-former; interbedded with white to gray, fine- to coarse-grained sandstone; 3- to 9-meter-thick (10-
to 30-ft) basal conglomerate contains well-rounded black chert, light quartzite, and gray limestone and is possibly
equivalent to conglomerate at Boat Mesa (Bowers, 1990; Biek and others, 2015b); thickest exposures west of Griffin
Top; pinches out to east near Rogers Peak; thickness 0 to 180 meters (0—600 ft), thickening northward.

Claron Formation (middle to lower Eocene)

Tcw  Claron Formation, white member — White to light-gray limestone to muddy limestone and yellow-gray
mudstone; limestone is very finely crystalline to microcrystalline and increases upward; some beds contain
early to middle Eocene fresh-water gastropods; pinches out to east in upper part of North Creek; caps Table
Cliff Plateau and forms vertical cliffs or steep forested slopes; thickness 0 to about 180 meters (0—600 ft).

Tcp Claron Formation, pink member — Pink, pale-orange, and light-gray, calcarecous mudstone to white muddy
limestone; commonly mottled pink or yellow; irregularly bedded to massive; contains thin gray to red limy
mudstone interbeds; locally contains lenticular fine- to coarse-grained calcareous sandstone or calcarenite
and thin (0.3-2 m; 1-6 ft) dark-gray microcrystalline limestone beds that contain dark shell fragments; over-
all has distinctive “salmon” pink color; forms deeply eroded cliffs, columns, and spires, or steep forested
slopes; 0 to 270 meters (0-900 ft) thick; the basal Claron is early Eocene in age near Sweetwater Creek (Jeff
Eaton, written communication, Jan. 24, 2018).

unconformity?
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TERTIARY-CRETACEOUS

Ages of Pine Hollow, Grand Castle, and Canaan Peak Formation exposures in the Table Cliff Plateau area are not well estab-
lished (Larson and others, 2010; Jeff Eaton, written communication, Jan. 24, 2018). Tentative ages assigned here are based on
sparse, poorly constrained fossil and isotopic ages and stratigraphic relationships.

Tph Pine Hollow Formation (Paleocene?) — Purple-gray to red-brown conglomerate, mudstone, siltstone, and claystone;
mudstone is commonly arenaceous and calcareous, locally grading to light-gray or white argillaceous or silty lime-
stone; claystone is commonly smectitic, particularly near middle of formation; contains interbeds of gray, tan, or red,
fine- to coarse-grained sandstone in lower part and thin conglomerate lenses mostly near base; generally poorly ex-
posed around flanks of Table Cliff Plateau (figure 2); overlies Grand Castle or Canaan Peak Formation; thins to north;
0 to 135 meters (0450 ft) thick (Bowers, 1972); probably Paleocene in age (Larsen and others, 2010; Jeff Eaton,
written communication, Jan. 24, 2018).

possible unconformity?

Kcg Grand Castle and Canaan Peak Formations, undivided (Upper Cretaceous?, Maastrichtian? to upper Campan-
ian?) — Grand Castle is boulder to pebble conglomerate and sandstone; clasts are quartzite, limestone, silicified car-
bonate, and minor dolostone and kaolinite (Goldstrand, 1990, 1994; Goldstrand and Mullett, 1997); Paleozoic fos-
sils are common in carbonate clasts; highly variable in thickness, ranging from 0 to as much as 230 meters (0-750
ft) in short distances. Underlying Canaan Peak is interbedded sandstone, conglomeratic sandstone, and conglomer-
ate; upper part is tan, pink, or red and lower part is light-brown or gray; contains well-rounded pebbles, cobbles,
and small boulders of quartzite, chert, dense to porphyritic igneous rocks, and some gray limestone; boulders may
locally exceed 30 cm (12 inches) in diameter; generally forms steep gravel-covered slopes; as much as 140 meters
(460 ft) thick. The map unit is probably unconformable beneath the Pine Hollow Formation where present, and
beneath the Claron Formation in other areas such as along Johns Valley anticline. It unconformably overlies the
Kaiparowits Formation throughout the region. Larson and others (2010) maintained that the two formations cannot
be distinguished in the quadrangle and called the entire interval Canaan Peak Formation. Biek and others (2015a)
found evidence indicating that the Grand Castle is Late Cretaceous in age in the Panguitch 30’ x 60" quadrangle to
the west.

unconformity

CRETACEOUS

Cretaceous strata are exposed in two widely separated parts of the quadrangle, the Kaiparowits Plateau area in the western
part, and the Henry (geologic) basin (Henry Mountains basin in some older reports but Henry basin is preferred usage) in the
northeastern part northeast of Capitol Reef National Park (figure 2). Though some units are mostly correlative, they have differ-
ent names and contacts (see figure 2 on plate 2). Most ages, correlations, and names used here are from Seymour and Fielding
(2013); the formation rank of the Masuk and Muley Canyon units follows Eaton (1990).

Kk Kaiparowits Formation (Kaiparowits Plateau area) (Upper Cretaceous, middle to lower Campanian) — Green to
brown-gray, very fine to fine-grained, friable sandstone; contains a few thin, light-gray mudstone interbeds and buff to
brown, moderately resistant, lenticular, fine- to medium-grained sandstone interbeds; locally contains dinosaur bones,
turtle shells, and fresh-water mollusks; weathers to badland topography or is poorly exposed; thins northward; correla-
tive strata in Henry basin not preserved in quadrangle; base conformable and gradational with Wahweap Formation
below; 365 to 915 meters (1200-3000 ft) thick.

Kw Wahweap Formation (Kaiparowits Plateau area) (Upper Cretaceous, middle to lower Campanian) — shown on
cross sections.

Kwu  Upper member (Kaiparowits Plateau area) (middle Campanian) — Light-gray to white sandstone; me-
dium- to coarse-grained, massive, cross-bedded, cliff-forming, grades upward into the Kaiparowits For-
mation; approximately correlates with Tarantula Mesa Sandstone in Henry basin area; 75 to 150 meters
(250-500 ft) thick.
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Kwl Lower member (Kaiparowits Plateau area) (middle to lower Campanian) — Light- to dark-brown sandstone;
fine- to medium-grained, cross-bedded, lenticular, with interbedded olive-gray to tan mudstone; lower part
forms steep slope with local ledges and is conformable on Straight Cliffs Formation; approximately correlates
with Masuk Formation in Henry basin area; 200 to 300 meters (660—1000 ft) thick.

Ktm Tarantula Mesa Sandstone (Henry basin area) (Upper Cretaceous, middle Campanian) — Yellow-gray to light-
brown, fine- to medium-grained sandstone with partings of platy-weathering sandstone and gray sandy mudstone;
intertongues with Masuk Member of Mancos Shale below; mostly cliff forming; approximately correlates with upper
member of Wahweap Formation in Kaiparowits Plateau area; 70 to 120 meters (230—400 ft) thick.

Kmk  Masuk Formation (Henry basin area) (middle to lower Campanian) — Sandy to silty, gray to olive-gray mudstone
near the base, interbedded with light-yellow to brown sandstone beds that increase in number and thickness upward;
sandstone beds are slope-forming, friable, and thin to thick bedded with local ledges; shales become more carbonaceous
higher in the section and locally coaly; approximately correlates with lower member of Wahweap Formation in Kaip-
arowits Plateau area; 135 to 270 meters (450-900 ft) thick; see Eaton (1990) for nomenclature information.

Ks Straight Cliffs Formation (Kaiparowits Plateau area) (Upper Cretaceous, lower Campanian to lower Turonian)

Ksu Drip Tank and John Henry Members, undivided (upper members) (Kaiparowits Plateau area) — shown
on cross sections

Ksd Drip Tank Member (Kaiparowits Plateau area) (Upper Cretaceous, lower Campanian) — Light-gray, gray-
orange, and white sandstone; medium- to coarse-grained and locally conglomeratic, massive, cross-bedded,
and cliff forming; base is reworked marine beach sand; approximately correlates with Muley Canyon Sand-
stone in Henry basin area; 60 to 120 meters (200-400 ft) thick.

Ksj John Henry Member (Kaiparowits Plateau area) (Upper Cretaceous, lower Campanian to lower Coniacian) —
Interbedded light-yellow-orange, tan, and light-brown sandstone, olive-gray to tan mudstone, dark-gray to black
carbonaceous mudstone, and coal; forms alternating cliffs and slopes; base may contain thin pebble conglomer-
ate lenses and lower sandstone lenses may contain fragmentary inoceramus shells; base rests unconformably on
lower member of Straight Cliffs Formation; contains commercial coal deposits in at least two zones—an upper or
Alvey zone and a lower or Christensen-Henderson zone; approximately correlates with Blue Gate Shale Mem-
ber of Mancos Shale in Henry basin area; 215 to 300 meters (700—1000 ft) thick.

unconformity

Ksl Lower members (Kaiparowits Plateau area) (Upper Cretaceous, lower Coniancian to lower Turonian) —
Consists of combined Smoky Hollow and underlying Tibbett Canyon Members; Smoky Hollow Member
consists of a white sandstone, medium- to very coarse grained, conglomeratic, massive, cross-bedded, and
cliff-forming, 7.5 to 27 meters (25-90 ft) thick, overlying interbedded sandstone, mudstone, carbonaceous
mudstone, and a few very thin impure coal beds; underlying Tibbet Canyon Member is tan to light-brown
sandstone, fine-grained, partly cross-bedded, cliff forming, and marine, and intertongues with the Tropic
Shale below; approximately correlates with Ferron Sandstone Member of Mancos Shale in Henry basin area;
Smoky Hollow Member is 34 to 90 meters (110-300 ft) thick; Tibbet Canyon Member is 24 to 55 meters
(80—180 ft) thick; entire unit is 60 to 140 meters (200—460 ft) thick.

Kmc  Muley Canyon Sandstone (Henry basin area) (Upper Cretaceous, lower Campanian) — Upper part is light-brown,
lenticular, cross-bedded sandstone at the top, up to 40 meters (130 ft) thick, that scours into a coal-bearing unit of in-
terlensed sandstone, sandy shale, gray shale, carbonaceous shale, and coal, 0 to 15 meters (0-50 ft) thick; middle part
is cliff-forming, massive, cross-bedded sandstone that is fine to medium grained, calcareous, with thin shale or sandy
shale partings, and 30 to 60 meters (100-200 ft) thick; lower part is interbedded gray to tan sandstone and gray shale,
transitional with the Blue Gate Shale Member, and up to 23 meters (75 ft) thick; approximately correlates with Drip
Tank Member of Straight Cliffs Formation in Kaiparowits Plateau area; 37 to 120 meters (120400 ft) thick; see Eaton
(1990) for nomenclature information.
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Km

Kt

Kn

Mancos Shale (Henry basin area) (Upper Cretaceous, lower Campanian to upper Cenomanian)

Kmb  Blue Gate Shale Member (Henry basin area) (Upper Cretaceous, lower Campanian to lower Coniacian) —
Blue-gray, finely laminated mudstone, thin smectitic clay, and limestone beds in lower two-thirds; becomes
progressively sandier in upper third by adding thin beds of yellow-gray calcareous sandstone toward the
top; forms a fluted slope; may overlie the Ferron Sandstone Member unconformably; approximately corre-
lates with John Henry Member of Straight Cliffs Formation in Kaiparowits Plateau area; 365 to 460 meters
(1200-1500 ft) thick.

unconformity

Kmf Ferron Sandstone Member (Henry basin area) (Upper Cretaceous, middle Turonian) — Consists of three
units (descending), a coal-bearing unit of interbedded lenticular sandstone, shale, carbonaceous shale and
coal up to 21 meters (70 ft) thick; a cliff-forming unit of yellow-gray, tan, or brown fine- to coarse-grained
sandstone that is cross-bedded, calcareous, and massive, with partings of shale or sandy shale, 18 to 60 me-
ters (60—200 ft) thick; and a lower unit of interbedded gray to light-brown, very fine-grained sandstone and
gray sandy shale, up to 27 meters (90 ft) thick; intertongues with the Tununk Shale Member below; lower
contact is placed at base of the first prominent sandstone bed; approximately correlates with lower members
of Straight Cliffs Formation in Kaiparowits Plateau area; 58 to 117 meters (190385 ft) thick.

Kmt Tununk Shale Member (Henry basin area) (Upper Cretaceous, middle Turonian to upper Cenomanian)
— Dark-gray to blue-gray, thinly laminated, marine shale that is calcareous and locally fossiliferous; forms
a slope gradational with Naturita (Dakota) Sandstone; contains a few thin beds of very fine grained quartz-
ose sandstone; approximately correlates with Tropic Shale in Kaiparowits Plateau area; 134 to 220 meters
(440-720 ft) thick.

Tropic Shale (Kaiparowits Plateau area) (Upper Cretaceous, lower Turonian to upper Cenomanian) — Medium- to
olive-gray marine shale; contains thin tan, yellowish-gray, or light-brown, very fine grained to fine-grained sandstone
interbeds in upper 30 meters (100 ft) and thin beds of bentonite and fossil-bearing limestone concretions near the base;
forms steep slope; approximately correlates with Tununk Shale Member of Mancos Shale in Henry basin area; 180 to
270 meters (600-900 ft) thick.

Naturita Formation (formerly Dakota Formation) (Cretaceous, Cenomanian to Albian) — Gray-orange to light-
brown, moderately resistant, locally fossiliferous sandstone interbedded with light-olive-gray shale in upper half of
formation; mostly thin, but locally thick, coal beds in middle of formation; dark-brown to black carbonaceous clay-
stone, gray shale, and siltstone, and some beds of gray-orange to white coarse-grained sandstone in lower half of for-
mation; locally channel conglomerate at base; forms ledges and slopes; Late Cretaceous in age; channel conglomerate
at base may be separated from remainder of formation by an unconformity and may be Albian in age based on pollen
(may be part of Cedar Mountain Formation) (Doelling and Davis, 1989); typically 24 to 60 meters (80-200 ft) thick,
but locally varies from 0 to 107 meters (0-350 ft) thick.

unconformity, cuts deeper into underlying section to southwest

JURASSIC

Jdm

Morrison Formation (Upper Jurassic, Tithonian to Oxfordian) — Consists of Brushy Basin, Salt Wash, and possibly
Tidwell Members, which are too thin to map separately; Brushy Basin Member is variegated mudstone and claystone,
minor sandstone and conglomerate, mostly slope-forming, and 0 to 90 meters (0-300 ft) thick, thinning westward due
to unconformity; underlying Salt Wash Member is mostly ledge- and cliff-forming, gray or yellow-gray, medium- to
coarse-grained sandstone and conglomerate; conglomerate contains pebbles and cobbles of red, black and gray chert,
petrified wood, and quartzite; contains a few interbeds of red and green siltstone; locally uraniferous and vanadiferous
in the bases of channel sandstones; 0 to 137 meters (0—450 ft) thick, varying irregularly across the quadrangle; un-
derlying Tidwell Member is alternating thin beds of light-gray and greenish-gray, fine-grained, calcareous sandstone
and moderate-red or green shale; calcareous; beds on east side of Kaiparowits Plateau mapped by previous workers as
Summerville Formation are here considered part of the Tidwell Member (the Tidwell Member in the Escalante area
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may include thin beds of actual Summerville Formation); Salt Wash is 0 to 55 meters (0—180 ft) thick; total Morrison
Formation is 0 to 230 meters (0750 ft) thick; sub-Naturita unconformity cuts increasingly deeper westward, and has
cut out all of Morrison Formation in southwest corner of quadrangle.

unconformity

Jsce  Summerville, Curtis, and Entrada Formations, undivided (Middle Jurassic, Oxfordian to Callovian) (locally in-
cludes Tidwell Member of Morrison Formation) — Mapped only along Waterpocket Fold in northeastern part of map;
Summerville is red-brown, ribbed or thin-bedded siltstone and mudstone and brown to white, fine-grained sandstone;
locally includes pink and white gypsum near top, generally forms a steep slope, about 9 meters (30 ft) thick; due to
compilation from older maps and difficulty in mapping contact, upper part of Summerville interval includes interbedded
red and gray mudstone, pink and white gypsum, gray limestone, and gray sandstone that are part of Tidwell Member
of Morrison Formation; underlying Curtis Formation is up to 1.5 meters (5 ft) of discontinuous, ledge-forming, white,
calcareous sandstone to sandy limestone that pinch out a few kilometers south of latitude 38° N.; top of Entrada is an
unconformity; the Entrada Sandstone is slope- to cliff-forming, thin- to thick-bedded, reddish-brown sandstone and silt-
stone in upper and lower parts, separated by a middle silty, slope-forming unit; upper part of Entrada is 52 to 76 meters
(170250 ft) thick; middle part is 98 to 110 meters (320360 ft) thick; lower part is 64 to 110 meters (210-365 ft) thick;
Entrada ranges from 215 to 275 meters (700-900 ft) thick; map unit ranges from 225 to 285 meters (740-935 ft) thick.

unconformity?
Entrada Sandstone

Jeh Henrieville bleached sandstone facies of Entrada Sandstone (Middle Jurassic, Callovian) — White to
pale-yellow, fine- to medium-grained, poorly sorted, calcareous sandstone, siltstone, claystone, and shale in
upper part of Entrada Sandstone; highly altered by bleaching from overlying coaly beds in Naturita (Dakota)
Formation; contains scattered coarse grains; lower part (25 to 33% of formation) is planar-bedded siltstone,
claystone, and shale of probable fluvial origin; upper part is mostly cross-bedded sandstone of eolian origin;
entire unit forms cliff or steep slope; present only in Tropic Ampitheater (SW corner of Escalante 30’ x 60’
and SE corner of Panguitch 30’ x 60" quadrangle); upper part may include some beds that correlate with
overlying unit; 0 to 70 meters (0-230 ft) thick.

Je Entrada Sandstone, main part (Middle Jurassic, Callovian) — Generally consists of upper, middle, and
lower members that are not mapped separately; upper (Escalante Member) consists of 24 to 120 meters
(80400 ft) of white, light-gray, pale-orange, and yellow-brown, fine- to coarse-grained, massive, high-angle
cross-bedded, cliff-forming sandstone; middle (Cannonville Member) consists chiefly of 60 to 128 meters
(200420 ft) of red-brown and gray-banded, slope-forming, silty sandstone and sandy siltstone; lower (Gun-
sight Butte Member) consists of 45 to 111 meters (150-365 ft) of red-brown, fine-grained, cross-bedded,
cliff-forming or earthy-weathering, silty sandstone; total Entrada is 120 to 305 meters (400-1000 ft) thick.

Carmel Formation

Jcwp  Carmel Formation, Winsor and Paria River Members, undivided — Consists of undifferentiated Winsor
and Paria River Members in areas where too thin to map separately; 60 to 168 meters (200-550 ft) thick,
thinner sections to east and south; conformable with Entrada Sandstone above.

Jew Winsor Member (Middle Jurassic, Callovian) — Chiefly red-brown siltstone, yellow-brown fine-grained
sandstone, and gypsum; 15 to 45 meters (50—150 ft) thick.

Jep Paria River Member (Middle Jurassic, Bathonian) — Red mudstone and sandstone capped by chippy-weath-
ering, white or pink, thin-bedded limestone; 45 to 120 meters (150400 ft) thick.

Jtc Carmel and Temple Cap Formations, undivided (Middle Jurassic, Callovian to Aalenian) — shown on cross sec-
tions and mapped in Waterpocket Fold where steeply dipping formations are too thin in map view to map separately;
from top: Winsor Member of Carmel Formation is chiefly red-brown siltstone, yellow-brown fine-grained sandstone,
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Jetjt

and gypsum 15 to 45 meters (50—150 ft) thick; Paria River Member is chiefly red-brown siltstone, yellow-brown fine-
grained sandstone, and gypsum 15 to 45 meters (50-150 ft) thick; Thousand Pockets Member is light-gray-orange,
fine- to medium-grained, cross-bedded sandstone 0 to 24 meters (0-80 ft) thick; Judd Hollow Member is chiefly red-
brown siltstone or mudstone, commonly contorted fine-grained sandstone, and light-gray, thin-bedded limestone 0 to
33 meters (0110 ft) thick, pinching out to south and east; Temple Cap Formation is light-gray-orange, cross-bedded,
fine-grained sandstone with small chert pebbles at base, rests unconformably on Navajo Sandstone, and is 3 to 37
meters (10—-120 ft) thick where exposed, generally thickening westward (see Doelling and others, 2013, for discussion
of Temple Cap); entire map unit varies from about 50 to 120 meters (160—-400 ft) thick. In many places, due to scale
and difficulty in mapping the variable lower contact, part of the Temple Cap Formation is included in the underlying
Navajo Sandstone.

Thousand Pockets and Judd Hollow Members of Carmel Formation, and Temple Cap Formation (Middle Juras-
sic, Bathonian to Aalenian) — Consists of three generally thin units that are combined for mapping: (descending) Thou-
sand Pockets Member of Carmel Formation, Judd Hollow Member of Carmel Formation, and Temple Cap Formation
(Doelling and others, 2013); Thousand Pockets Member is light-gray-orange, fine- to medium-grained, cross-bedded
sandstone, 0 to 24 meters (0-80 ft) thick; Judd Hollow Member is chiefly red-brown siltstone or mudstone, commonly
contorted fine-grained sandstone, and light-gray, thin-bedded limestone 0 to 33 meters (0-110 ft) thick, pinching out
to south and east; Temple Cap Formation is light-gray-orange, cross-bedded, fine-grained sandstone with small chert
pebbles at base, rests unconformably on Navajo Sandstone, and is 3 to 37 meters (10-120 ft) thick where exposed,
generally thickening westward; entire map unit is 18 to 70 meters (60-230 ft) thick. In subsurface in southwest part
of map: Thousand Pockets (Jct on figure 2) is 10-60 meters (30-200 ft) thick; Judd Hollow (Jcj on figure 2) is 30-40
meters (100-135 ft). Along the Waterpocket Fold the map unit is too thin (9 to 18 meters [30—60 ft] thick) and the
contact too indistinct to map and the unit is included with the Navajo Sandstone.

unconformity

Jn

Jk

Navajo Sandstone (Lower Jurassic, Toarcian to Pliensbachian) (locally includes Temple Cap Formation) — Mostly
light-gray-orange, white, gray, and pink, fine- to medium-grained sandstone; cross-bedded on a large scale with very
thick cross-bed sets; lower 30 meters (100 ft) are generally planar bedded; crops out as cliffs, rounded to hummocky
knobs and monuments, and bare slopes; 168 to 520 meters (5501700 ft) thick, thickening generally westward.

Kayenta Formation (Lower Jurassic, Pliensbachian to Sinemurian) — Gray-red, dusky red, purple-red, thin- to thick-
bedded sandstone interbedded with lesser amounts of dusky-red siltstone, shale, light-yellow limestone, and intrafor-
mational conglomerate; contains some pink eolian sandstone beds near top that show large-scale cross-bedding; forms
ledges, cliffs, and a few slopes; 60 to 110 meters (200-360 ft) thick.

JURASSIC-TRIASSIC

JRgc  Glen Canyon Group — Navajo, Kayenta, and Wingate Formations; shown on cross sections

JRW  Wingate Sandstone (Lower Jurassic to Upper Triassic, Hettangian to Rhaetian) — Orange-red, gray-red, and red-
brown, fine-grained, well-sorted, large-scale cross-bedded, massive sandstone; generally forms vertical cliffs; around
parts of the Circle Cliffs the lower part is bleached white to yellow-gray by hydrocarbons; unconformable contact with
Chinle below is abrupt, but locally upper Chinle contains similarly colored, but planar sandstones; 60 to 120 meters
(200400 ft) thick.

unconformity

TRIASSIC

RC Chinle Formation (Upper Triassic, Norian to Carnian) — shown on cross sections

Recu Church Rock, Owl Rock, Petrified Forest, and Monitor Butte Members, undivided — These upper four
members are combined in mapping; in descending order: the Church Rock Member is brown to red-brown,
fine- to medium-grained, thin planar-bedded sandstone and siltstone and forms thick, blocky and cliffy beds
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with thin intervening slopes under Wingate Sandstone, and is 0 to 7.5 meters (0-25 ft) thick; the Owl Rock
Member is red, brown, and green-gray, ledge- and slope-forming sandstone and green and gray, thin-bedded
silty limestone beds with local nonbentonitic mudstones, 46 to 76 meters (150-250 ft) thick; the Petrified
Forest Member is slope-forming variegated bentonitic mudstone with a few sandstone and conglomerate
beds that bear petrified wood, 46 to 107 meters (150-350 ft) thick; and the Monitor Butte Member is green
and gray bentonite, bentonitic mudstone, limestone-pebble conglomerate lentils, and rippled gray to dark-
gray micaceous sandstone, 30 to 60 meters (100200 ft) thick; four combined members are 90 to 245 meters
(300-800 ft) thick.

Res Shinarump Member — Chiefly white, light-gray, or light-yellow, medium- to fine-grained, cross-bedded
sandstone with minor conglomerate beds; contains interbeds of green-gray mudstone; contains carbonaceous
and coaly material, especially near base; locally underlain by mottled siltstone with medium grains of quartz;
discontinuous in Circle Cliffs area where consists of channels cut into top of Moenkopi Formation; thickest
channels are locally mineralized with uranium, copper, lead, silver, and cobalt; 0 to 30 meters (0—100 ft)
thick, thickening westward.

unconformity

’m Moenkopi Formation (Lower Triassic, Anisian to Induan) — Divided into several unmapped members in the Circle
Cliffs area, in descending order: Moody Canyon Member, Torrey Member, Sinbad Member, and Black Dragon Mem-
ber; Moody Canyon Member is red-brown mudstone and yellow-gray sandstone, dolomite, and dolomitic sandstone
forming ledgy slopes and cliffs, 60 to 98 meters (200-320 ft) thick; Torrey Member is light-yellow to dark-gray sand-
stone and siltstone, slope-forming with a few ledges; commonly saturated with oil or asphalt, 73 to 94 meters (240-310
ft) thick; Sinbad Member is brown and yellow-orange, oolitic, fossiliferous dolomite and conglomeratic dolomitic
sandstone, 0 to 17 meters (055 ft) thick; Black Dragon Member consists of white to light-gray, fine-grained, dolomitic
sandstone to sandy dolomite containing abundant fragments of white chert, 0 to 12 meters (0—40 ft) thick. The mem-
bers generally thicken westward and northward from 88 meters (290 ft) in the east to 290 meters (950 ft) in the west
(includes Timpoweap Member [ kmt] on figure 2). The Moenkopi changes in the subsurface such that it is divided into
different members where encountered in drill holes in the western part of the quadrangle and where exposed just south
and southwest of the quadrangle (Doelling and Willis, 2006, 2008; Doelling, 2008) (figure 2).

unconformity

PERMIAN

P Permian Formations (Lower Permian) — Undivided Kaibab Formation and White Rim Sandstone as mapped in the
Circle Cliffs and undivided Permian units in the subsurface; Kaibab is light-yellow, thin-bedded, oolitic dolomite and
thin-bedded, fine-grained, very light yellow, calcareous siltstone, and contains chert and chert layers in upper part,
cliff-forming, 0 to 60 meters (0-200 ft) thick, thickening northward; White Rim Sandstone is light yellow-gray, thin-

to thick-bedded, dolomitic sandstone overlying fine-grained sandstone with medium- to large-scale cross-beds, and is
incompletely exposed.

SUBSURFACE UNITS
The following units are present in drill holes in the Upper Valley anticline in the Kaiparowits Basin.
Permian

Kaibab Formation: 43 to 60 meters (140-200 ft) thick (Pk on figure 2).

Toroweap Formation: 110 to 128 meters (360—420 ft) thick (Pt on figure 2).

Organ Rock Formation: 43 to 49 meters (140160 ft) thick.

Cedar Mesa Sandstone (Queantoweap): 411 to 427 meters (1350—1400 ft) thick.
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Pennsylvanian
Hermosa Formation: about 104 meters (340 ft) thick.
Molas Formation: 12 to 21 meters (4070 ft) thick.
Mississippian
Redwall Limestone: about 274 meters (900 ft) thick.
Devonian
about 119 meters (390 ft) thick.
Cambrian

30+ meters (100+ ft) thick.
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