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INTRODUCTION

This publication includes, in addition to cartographic and text products, geospatial (GIS) databases and other digital
files. The database files are particularly useful because they can be combined with any type of other geospatial data
for purposes of display and analysis. The other files include digital files that support the databases, and digital plot
files that can be used to display and print the cartographic and text products in this publication.

The digital map database, compiled from previously published and unpublished data and new mapping by the
author, represents the general distribution of bedrock and surficial deposits in the map area and provides current
information on the geologic structure and stratigraphy of the area. The database delineates map units that are
identified by age and lithology following the stratigraphic nomenclature of the U.S. Geological Survey. The scale of
the source maps limits the spatial resolution (scale) of the database to 1:24,000 or smaller. The content and
character of the database, as well as two methods of obtaining the database, are described below.

FOR THOSE WHO DON’T USE DIGITAL GEOLOGIC MAP DATABASES

Two sets of plot files containing images of much of the information in the database are available to those who do not
use an ARC/INFO compatible Geographic Information System. Each set contains an image of the geologic map
sheet and explanation, and the database description. There is a set available in PostScript format, and another in
Acrobat PDF format (see sections below). Those who have computer capability can access the plot file packages in
either of the two ways described below (see the section “Obtaining the Digital Data”); however, these packages do
require gzip or WinZip utilities to access the plot files.

Those without computer capability can obtain plots of the map files through U.S. Geological Survey Information
Services. Be sure to request Map MF-2411.

U.S. Geological Survey Information Services
Box 25286
Denver, CO 80225

1-888-ASK-USGS
e-mail:ask@usgs.gov

DATABASE CONTENTS

This report consists of three digital packages. The first is the PostScript Plotfile Package, which consists of
PostScript plot files of the geologic map and map explanation. The second is the PDF Plotfile Package, which
contains the same plot files as the first package as well as the database description, but in Portable Document Format
(PDF). The third is the Digital Database Package, which contains the geologic map database itself and the
supporting data.

PostScript Plotfile Package
This package contains the PostScript image described below:

mf2411.eps A PostScript plotfile containing the complete map composition with geology, base
map, correlation chart, and geologic description at a scale of 1:24,000

mf2411.ai An Adobe Illustrator plotfile containing the complete map composition with geology,
base map, correlation chart, and geologic description at a scale of 1:24,000

The PostScript image of the geologic map and map explanation is 52 inches high by 33 inches wide, so it requires a
large plotter to produce paper copies at the intended scale. The PostScript plotfile of the geologic map was initially
produced by the ‘postscript’ command with compression set to zero in ARC/INFO version 8.0. The geologic
description and correlation chart were created in Adobe Illustrator 9.0.



PDF Plotfile Package
This package contains the PDF images described below:

mf2411.pdf A PDF file containing the complete map composition with geology, base map,
correlation chart, and geologic description at a scale of 1:24,000

readme.pdf This document

The PDF image of the geologic map and map explanation was created from a PostScript file using Adobe Acrobat
Distiller. The PDF image of the pamphlet was produced in Microsoft Word 2000 using the ‘Convert to Adobe PDF’
option from the Acrobat pulldown In test plots we have found that paper maps created from PDF files contain
almost all the detail of maps created with PostScript plot files. We would, however, recommend that those users
with the capability to print the large PostScript plot files use them in preference to the PDF files.

To use PDF files, the user must get and install a copy of Adobe Acrobat Reader. This software is available free
from the Adobe website (http://www.adobe.com/). Please follow the instructions given at the website to download
and install this software. Once installed, the Acrobat Reader software contains an on-line manual and tutorial.

Digital Database Package

The database package includes geologic map database files for the map area. The digital maps, or coverages, and
their associated INFO directories have been converted into ARC/INFO export files. These export files are
uncompressed and are easily handled and compatible with some Geographic Information Systems other than
ARC/INFO. Please refer to your GIS documentation.

ARC export files are converted to ARC/INFO format using the ARC command ‘import’. To ease conversion and
preserve naming convention, an AML is enclosed that will convert all the export files in the database to coverages
and will also create an associated INFO directory. From the ARC command line type &r import.ami. The export
files included are

ARC/INFO export file Resultant Coverage Description

mf2411 poly.e00 mf2411 poly Polygon and line coverage showing faults, depositional
contacts, and rock units

mf2411 point.e00 mf2411 point Point coverage containing sinkholes

mf2411 anno.e00 mf2411 anno Annotation coverage containing unit labels, fault names, and

fault separation values

The database package also contains the following files:

import.aml ASCII text file in ARC Macro Language to convert ARC export files to ARC
coverages in ARC/INFO

readme.txt A text-only file containing an unformatted version of readme.pdf

mf2411.met A parseable text-only file of publication level FGDC metadata for this report

mf2411.rev A text-only file describing revisions, if any, to this publication

mf2411.tif Composite hypsography image

mf2411.tfw World file accompanying mf2411.tif
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The following supporting directory is not included in the database package, but is produced in the process of
reconverting the export files into ARC coverages.

info/ INFO directory containing files supporting the database

Revisions and version numbers

From time to time, new information and mapping, or other improvements, will be integrated into this publication.
Rather than releasing an entirely new publication, the USGS has adopted a policy of using version numbers similar
to that used in the computer industry. The original version of all publications will be labeled Version 1.0.
Subsequent small revisions will be denoted by the increase of the numeral after the decimal, while large changes
will be denoted by increasing the numeral before the decimal. Pamphlets and map products will be clearly marked
with the appropriate version number. Information about the changes, if any, that have been made since the release
of Version 1.0 will be listed in the publication revision file. This file will be availabe at the publication web site (see
below), and will also be included in the digital database package.

OBTAINING THE DIGITAL DATA

The digital data may be obtained via the web from the Western Region Geologic Information Server. Go to the web
page at http://geopubs/wr.usgs.gov/map-mf/mf-2411 and follow the directions to download the files.

DATABASE SPECIFICS

Digital compilation
A tic file was created in latitude/longitude coordinates and projected into the base map projection (UTM). The

geology was digitized on screen over DOQs in ArcView 3.2. The shapefile was converted to a coverage and final
editing and attributing was done in ARC/INFO 8.1 using custom pull-down and form menus.

Map Projection

Parameter Description
Projection UTM
Units Meters on the ground
Zone 12
Datum NAD27

Database Fields

The content of the geologic database can be described in terms of the lines, points, and areas that compose the map.
Each line, point, or area in a map layer or map database (coverage) is associated with a database entry stored in a
feature attribute table. Each database entry contains both a number of items generated by ARC/INFO to describe the
geometry of the feature and one or more items defined by the authors to describe the geologic information
associated with that entry. Each item is defined as to the amount and type of information that can be recorded.
Descriptions of the database items use the terms explained below.

Parameter Description

Item Name Name of database field

Width Maximum number of characters or digits stored

Output Output width

Type B - binary integer; F- binary floating point number, I - ASCII integer, C -
ASCII character string

N.Dec Number of decimal places maintained for floating point numbers



LINES

The arcs are recorded as strings of vectors and described in the arc attribute table (AAT). They define the
boundaries of the map units, faults, and map boundaries in mf2411_poly. These distinctions and the geologic
identities of the boundaries are stored in the LTYPE field according to their line type.

Arc Attribute Table Definition

Item Name Width Output Type N.Dec Description

FNODE# 4 5 B - Starting node of the arc
TNODE# 4 5 B - Ending node of the arc
LPOLY# 4 5 B - Polygon to the left of the arc
RPOLY# 4 5 B Polygon to the right of the arc
LENGTH 8 18 F 5 Length of the arc in meters
<COVERAGE># 4 5 B - Unique internal number
<COVERAGE>-ID 4 5 B - Unique identification number
LTYPE 35 35 C - Line type

PTTYPE 35 35 C - Point type for arcmarkers

Line Types recorded in the LTYPE field

mf2411_poly
contact certain
facies change
fault certain
fault concealed
map_boundary

Arcmarkers recorded in the PTTYPE field

mf2411_poly
fault ball fill
XX

Arcs with PTTYPE value ‘xx’ indicate that there is no symbol attached to the arc.

POLYGONS

Map units (polygons) are described in the polygon attribute table (PAT). This identifies the map units recorded in
the PTYPE, PTYPE2, PTYPE3, and PTYPE4 fields by map label. There are multiple deposit labels for some
polygons to more fully describe the surficial geology. Surficial geologic units may exist as thin (< 2m) veneers over
older units. In areas where this relationship is common the unit designators are shown on the map as being separated
by a slash (/). The younger, or overlying, unit is indicated first. Thus, Qed/Qes indicates an area where a veneer of
sand dune deposits overlies sand sheet deposits. Not all composite units are shown on the map or in the database.
For polygons where an underlying unit either does not exist or is not recorded there is a placeholder ‘xx’ in the
database field.

Definition of Polygon Attribute Table

Item Name Width  Output  Type N.Dec  Description
AREA 8 18 F 5 Area of polygon in square
meters



PERIMETER 8 18 F 5 Length of perimeter in meters
<COVERAGE># 4 5 B - Unique internal number
<COVERAGE>-ID 4 5 B - Unique identification number

PTYPE 5 5 C - Unit label for surface exposure

PTYPE2 5 5 C - Unit label. Underlying unit, with
thin veneer of PTYPE on top.

PTYPE3 5 5 C - Unit label. Underlying unit, with
thin veneer of PTYPE and
PTYPE2 on top.

PTYPE4 12 12 C - Unit label. Composite unit,
indicated with slashes between
deposits.

Unit labels recorded in the PTYPE field
mf2411_poly

PPe PPh Pc Pcu Po Qae

Qaf Qal Qed Qes Qfl Qf2

Qfp Qp Qr Qif Qs Qtl

Qt2 Qt3 water

Plain text is substituted for conventional geologic age symbols (PP for Pennsylvanian) shown on map.

POINTS

Points represent geographic features that have no area or length, or features that are too small for their boundaries to
be apparent for the given input scale. A single X, y coordinate describes each point. A point attribute table (PAT) is
used to hold the attribute data about points. ARC/INFO coverages cannot hold both point and polygon information.

Definition of Point Attribute Table

Item Name Width Output Type N.Dec Description

AREA 8 18 F 5 Area (degenerative)
PERIMETER 8 18 F 5 Perimeter (degenerative)
<COVERAGE># 4 5 B - Unique internal number
<COVERAGE>-ID 4 5 B - Unique identification number
PTTYPE 35 35 C - Point type

Point types recorded in the PTTYPE field

mf2411_point

sinkhole

ANNOTATION

The coverage mf2411_anno contains all annotation for the polygon coverage. It is defined somewhat differently
from the polygon and dip coverages. The arc attribute table is of negligible importance. Arcs in this coverage are
merely leaders from a unit annotation to the related polygon. The coverage contains annotation with unit labels and
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fault separation. Annotation directly related to unit labeling is contained in subclass “anno.unit” and annotation
including fault separation values is contained in subclass “anno.structure”.

BASE MAP PROCEDURE

The base map was prepared from two 1:24,000 DRGs that had been converted to ARC/INFO grids. Any color fill
on the grids was deleted, the collars were stripped, and the images were mosiaced before reconverting to a
monochrome TIFF.

SPATIAL RESOLUTION

Use of this digital geologic map database should not violate the spatial resolution of the data. Although the digital
form of the data removes the constraint imposed by the scale of a paper map, the detail and accuracy inherent in map
scale are also present in the digital data. Although this database was created and consistently edited at a scale of
1:4,000 over digital orthophotos it is presented at a scale of 1:24,000 over a topographic base of that scale. Plotting
at scales larger than 1:24,000 will not yield greater real detail, but may reveal fine-scale irregularities below the
intended resolution.
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CORRELATION OF MAP UNITS

SURFICIAL DEPOSITS

Qfp Qr Qt1

DESCRIPTION OF MAP UNITS

[Units shown with slashes indicate thin deposits of the first unit over the second and sometimes
third unit. Not all composite units are shown. Some unit exposures on the plotted map are too
small to distinguish the color for unit identification. These units are labeled where possible,
and unlabled units are attributed in the database]

SURFICIAL DEPOSITS

Surficial deposits are differentiated from one another chiefly on the basis of
difference in morphologic character and physiographic position illustrated on aerial
photographs and field observations. Older alluvial and aeolian deposits generally
exhibit extensive erosion, whereas younger deposits are actively accumulating
material or are lightly eroded as observed on 1995 color aerial photographs. Salt is a
common constituent in all alluvial deposits and, to a lesser degree, in aeolian

deposits

Qs

Qfp

Qr

Qt1

Qf1

Artificial fill and quarries (Holocene)—Alluvium and (or) bedrock
material removed from barrow-pits and trenches to build stock
tanks, drainage diversion dams, roads, and other construction
projects other than modern highways. No distinction on map
between cut or fill excavations. Areas generally disturbed by
construction projects or quarrying

Stream-channel alluvium (Holocene)—Interlensing silt, sand, gravel,
and pebbles; unconsolidated and poorly sorted. Locally overlaps
or erodes into young and intermediate alluvial terrace deposits
(Qt1, Qt2) and floodplain (Qfp) deposits. Generally inset against
young, intermediate, and old alluvial terrace (Qt1, Qt2, and Qt3)
deposits. Gradational contact with floodplain (Qfp) deposits.
Stream channels subject to intermittent high-energy flows and
flash floods producing sediment accumulation on floodplains or
lateral erosion into young, intermediate, and old terrace deposits.
Little or no vegetation growing in stream channels except for local
tamarisk, willow, juniper, or oak trees due to close proximity to
bedrock where ground water is shallow. Thickness, 3 to 6 ft

Floodplain deposits (Holocene)—Light-gray or tan silt, fine- to
coarse-grained sand, and interbedded pebble gravel lenses;
unconsolidated. Gravel locally contains red, subrounded to
subangular chert fragments and gray-blue, rounded limestone
pebbles 0.25 to 0.75 in. in diameter. Seasonal floods may produce
fresh deposits that generally accumulate on the inside bends (point
bars) of drainages and locally erode into or overlie young alluvial
terrace (Qt1) deposits. Subject to stream-channel erosion or
overbank flooding. Gradational and arbitrary contacts between
stream-channel (Qs) and floodplain (Qfp) deposits both laterally
and vertically. Support thick growths of tamarisk trees and other
water-dependent plants where stream bedrock is very shallow,
usually less than 10 ft in depth. Dense growths of tamarisk often
help to trap and accumulate sediment to form floodplain deposits.
Deposits are generally 3 to 6 ft above stream-channel deposits and
often grade laterally into stream-channel (Qs) deposits where
stream is not eroding. Thickness, 3 to 10 ft

Colorado River terrace deposits (Holocene)—Gray and brown clay,
silt, and sand; unconsolidated. Form terrace deposits along banks
of the Colorado River consisting of thin-bedded to laminated beds
of silt and fine-grained sand and interbedded coarse-grained lenses
of small pebble gravel. Include interbedded thin beds of gray and
red mud and clay. Support heavy vegetation cover of tamarisk
trees and sagebrush. Thickness, 15 to 40 ft

Ponded deposits (Holocene)—Light-gray to white clay, silt, and fine-
gained sand. Locally include angular red chert fragments and
small, gray-blue, rounded limestone pebbles. Sediments
accumulate in temporary ponded areas on intermediate and old
alluvial terrace (Qt2 and Qt3) deposits along Salt Creek due to
temporary natural sand dune accumulations or flood overbank
sand levee deposits that prevent sediments from reaching Salt
Creek for an extended, unknown amount of time. Some deposit
areas have been breached by low-gradient outflow drainage due to
gradual headward erosion from Salt Creek. Include ponded
deposits in Chesler Park and other areas where widespread sand
sheet and dunes accumulate and form temporary internal ponded
areas that eventually become subject to erosion. In The Grabens
area, ponded deposits either have no external drainage or
accumulate in lowland areas where drainage is blocked by young
faulting. Desiccation cracks often form on dry, hardpan surface
that restricts plant growth. Thickness, 1 to 6 ft

Sand dune deposits (Holocene)—Light-red to white silt and fine- to
coarse-grained aeolian sand. Form climbing dunes that ramp
upward toward steep or cliff topography and falling dunes on
steep, downslope topography. A few minor barchan dunes present,
no parabolic dunes observed. Arbitrary and gradational contact
between sand-sheet (Qes) and alluvium and sand-sheet (Qae)
deposits based on topography, aerial photography, or relative
thickness of sand. Dune surfaces are commonly active in large
open valley areas that support sparse growths of grass or small
shrubs. Unit is highly stabilized by grassy vegetation or by crypto-
organic growths in small, nearly enclosed basins or in some
reaches of local canyon drainage areas. Thickness, 12 to 30 ft

Sand-sheet deposits (Holocene)—Light-red to white silt and fine- to
coarse-grained aeolian sand on flat-topped ridges and mesas
derived from the Cedar Mesa Sandstone (Pc). Deposit also
accumulates downwind of local surficial (Qs, Qt1, Qt2, Qt3, Qae,
Qal, and Qed) deposits. Unit forms widespread sand ramps on
southwest-sloping topography. Deposit often leads to sand dune
(Qed) accumulations that pile up against steep bedrock
topography, which also slows the wind to allow sand sheet or dune
accumulation on steep down-slope topography that acts as sand
trap areas. Dunes are often stabilized by grassy and small shrub
vegetation during wet year conditions. Arbitrary and gradational
lateral and vertical contact between sand-sheet (Qes) and sand
dune (Qed) deposits based on morphologic interpretation of aerial
photos. Only most extensive mappable deposits are shown.
Support moderate growths of grass and blackbrush. Thickness, 0.5
to 3 ft, but as much as 9 to 12 ft in large valleys and enclosed basin
areas

Rock fall debris (Holocene)—Sand, small and very large broken
boulders that form talus debris slopes in steep-walled canyons and
as local rock falls in The Grabens area. Includes individual large,
car- and house-size boulders in The Grabens area. Thickness, 1 to
25 ft

Young alluvial terrace deposits (Holocene)—Gray to light-reddish-
brown clay, silt, and fine- to coarse-grained sand; unconsolidated.
Include interbedded lenses of gravel composed of red, subangular
chert fragments; small, gray-blue, subrounded limestone pebbles;
and red or white, well-rounded sandstone pebbles. Deposits inset
against intermediate (Qt2) and old (Qt3) alluvial terrace deposits.
Unit subject to flash flooding and local stream erosion. Heavily
vegetated by sagebrush; include cottonwood and willow trees.
Form terraces 4 to 8 ft above stream-channel alluvium (Qs)
deposits. Thickness, 4 to 10 ft or more

Young alluvial fan deposits (Holocene)—Light-red to brown silt, fine-
to coarse-grained interbedded sand and gravel; unconsolidated.
Red and white chert fragments and small red and white sandstone
pebble clasts common and locally derived from nearby bedrock
outcrops. In The Grabens area, commonly overlapped by or
intertongue with alluvial (Qal) and ponded (Qp) deposits. Subject
to extensive sheet-wash erosion or sediment accumulation.
Support moderate growth of grass, tall sagebrush, and various
small shrub vegetation. Thickness, 5 to 20 ft

Young intermediate alluvial fan deposits (Holocene)—Light-red to
brown clay, silt, and fine- to coarse-grained sand; unconsolidated.
Only in The Grabens area. Similar to young alluvial fan (Qf1)
deposits, but subject to sheet wash and arroyo erosion at upper part
of fan. Generally 2 to 4 ft higher than young alluvial fan (Qf1)
deposits except at distal ends where commonly overlapped by
young alluvial fan (Qf1), ponded (Qp), and alluvial (Qal) deposits.
Thickness, 10 to 55 ft

Alluvium and sand sheet deposits (Holocene and
Pleistocene?)—Gray, light-red, and brown clay, silt, and fine- to
coarse-grained sand interbedded with lenses of coarse-grained
gravel composed of red angular chert fragments and red
subrounded sandstone pebbles. Include sediment accumulated by
combinations of alluvial or aeolian processes that result in an
interbedded mix of aeolian and alluvial deposits. Deposits subject
to sheet-wash erosion and deposition in wet conditions and wind-
blown sand deposition in dry conditions. Commonly occupy
broad lowland tributary valleys and canyons of Salt Creek and
valleys in The Grabens area. Include small isolated deposits where
water and wind transported materials have accumulated in local
shallow canyon drainages or in large joint depressions in higher
slick rock areas. Often overlapped by sand sheet (Qes) or sand
dune (Qed) deposits. Support thick to moderate growth of grass,
cactus, and local shrubs. Thickness in valley areas, 5 to 35 ft; in
slick rock areas, 1 to 4 ft
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Alluvial deposits (Holocene and Pleistocene?)—Gray, light-red, and
light-brown clay, silt, sand, and interbedded lenses of pebble-size
gravel; partly consolidated.  Unit intertongues with or is
overlapped by intermediate (Qt2) or old alluvial terrace (Qt3)
deposits. Common in low-gradient valleys in The Grabens area
and within narrow tributary drainages of Salt Creek and other
unnamed canyon drainages. Deposit is commonly subject to
arroyo erosion as much as 10 ft in depth in narrow tributary
canyons caused by headward erosion from larger mainstream
drainages such as Salt Creek. Unit is subject to sheet-wash
flooding and ponding of silt and mud due to either thickness of
vegetation cover or fresh sand accumulations that allow temporary
ponding of a few months to a few years. Support moderate to
thick growth of sagebrush, grass, cactus, and tall shrubs.
Thickness, 10 to 40 ft or more

Intermediate alluvial terrace deposits (Holocene and
Pleistocene?)—Gray, light-red, and brown clay, silt, and fine- to
coarse-grained sand similar to young (Qt1) deposits; partly
consolidated. Deposits form terraces generally 8 to 12 ft above
local streambeds and often inset against old alluvial terrace (Qt3)
deposits, but equivalent to tributary alluvium (Qal) in upper valley
reaches of Salt Creek. Gradational and arbitrary contact between
alluvial (Qal) deposits where tributary drainages intersect Salt
Creek. Support moderate growth of cottonwood trees, rabbit
brush, and sagebrush. Thickness, 8 to 14 ft

- Old alluvial terrace deposits (Pleistocene)—Gray and light-brown

clay, silt, and sand similar to young (Qt1) and intermediate (Qt2)
alluvial terrace deposits. Locally, include lenses of small pebble
gravel and conglomerate composed of white and red, rounded
sandstone, blue-gray rounded limestone, and subrounded red chert
in coarse-grained gravel matrix. Unit grades or intertongues into
local tributary alluvium (Qal) or alluvium and sand-sheet (Qae)
deposits along lower reaches of Salt Creek. Form terraces about
15 to 24 feet above stream (Qs) deposits. Scattered and isolated
old terrace deposits in upper reaches of Salt Creek and in cutoff
meander loops often covered by sand dune (Qed) deposits.
Support thick to moderate growths of sagebrush, rabbit brush,
cactus, and minor grasses; cactus is most common along Salt
Creek. Commonly interbedded with or overlapped by ponded
(Qp), alluvium (Qal), and alluvium and sand-sheet (Qae) deposits
along lower reaches of Salt Creek. Thickness, 14 to 25 ft

SEDIMENTARY ROCKS

Organ Rock Member of the Cutler Formation (Permian)—Dark-
red, fine- to coarse-grained, thin-bedded, slope-forming, arkosic
sandstone and siltstone. Includes dark-red conglomeratic
sandstone lenses that form ledges in upper part. Gradational
southwest facies change from coarse-grained, ledge- and slope-
forming arkosic sequence to alternating fine-grained, slope-
forming sandstone, siltstone, and mudstone sequence. Unit
intertongues with underlying Cedar Mesa Sandstone forming a
gradational and arbitrary vertical and lateral contact with
underlying Cedar Mesa Sandstone marked by a color contrast
from dark red Organ Rock Member of the Cutler Formation to
white Cedar Mesa Sandstone in southern part of map area, and
dark red Organ Rock Member over light red Cedar Mesa
Sandstone in northeast part of map area. Contact with overlying
Triassic Moenkopi Formation is unconformable just east of the
map area, but not present within the map area due to modern
erosion. Thickest incomplete section, about 60 ft thick, caps the
top of highest unnamed ridge in northeast quarter of map area and
forms red caprock, less than 30 ft thick, on small, unnamed mesas
in south part of map area

Pcu

Cutler Formation and Cedar Mesa Sandstone, undifferentiated

(Permian)—Light-red, fine- to coarse-grained, well-sorted, clift-
forming sandstone and interbedded dark-red, coarse-grained,
slope-forming gravel, sandstone, and mudstone beds. Includes
minor beds of white, fine- to coarse-grained sandstone and blue-
gray, thin-bedded, fossiliferous limestone. Dashed line on map
represents the median of a two-mile-wide transition zone, which is
a regional general facies change from numerous light-red and
dark-red fluvial arkosic sandstone and siltstone sediments of the
Cutler Formation that intertongue with or grade southwestward
into white and light-red, fine-grained, well-sorted, highly
crossbedded marine sandstone beds of the Cedar Mesa Sandstone
(Huntoon and others, 1982; Baars, 1962, 2000). Light-red
sandstone beds of the Cedar Mesa Sandstone thin and pinch out
into the Cutler Formation within a few miles northeast of the map
area. Unit forms a series of alternating sandstone cliffs and
siltstone slopes. Thickness, 800 ft

Be

Cedar Mesa Sandstone (Permian)—Light-red to white, slope- and

cliff-forming, medium- to thick-bedded sandstone and siltstone
interbedded with dark-red, coarse-grained, arkosic gravel,
sandstone, siltstone, and mudstone. Includes thin-bedded, blue-
gray limestone beds as channel lenses interbedded within dark-red
siltstone and arkosic gravel in lower slope. High-angle,
crossbedded sandstone sets accumulated at or near a fluctuating
shoreline environment as aeolian coastal dune deposits, and
interbedded with low-angle, crossbedded sandstone sets
containing rare crinoid ossicles representing near-shore shallow
coastal deposits. Lower slope unit is red, thin-bedded siltstone,
sandstone, and interbedded blue-gray, thin-bedded limestone and
calcareous sandstone. Contact with underlying Elephant Canyon
Formation ([Pe) is gradational and arbitrary, both laterally and
vertically, and placed at the highest continuous cliff-forming
limestone bed of the Elephant Canyon Formation. Thickness, as
much as 1,500 ft

Pe

Elephant Canyon Formation (Upper Pennsylvanian)—Blue-gray,

thin- to medium-bedded, cliff- and slope-forming fossiliferous
limestone, calcareous sandstone, and interbedded red and gray-red
calcareous siltstone and mudstone. Unit generally forms a series
of limestone cliffs and sandstone and siltstone slopes. Limestone
beds thicken and thin locally and pinch out laterally. Originally
indicated as Lower Permian (Wolfcampian) age (Baars, 1962), but
more recently established as latest Pennsylvanian (Virgillian) age
based on re-examination of fusulinids (Baars, 2000). Unit grades
southward into red beds of the Halgaito Formation just south of
the map area, and northeast into the arkosic rocks of the Cutler
Formation just north of the map area. Unconformable contact
with underlying Honaker Trail Formation (Ph) marked by slight
angular discordance difficult to see near confluence of Green and
Colorado Rivers just west of the map area (Baars, 2000). Map
contact placed at top of most prominent and continuous limestone
bed of the Honaker Trail Formation that forms a sequence of
limestone cliffs down to the Colorado River. Variable thickness
due to arbitrary boundaries, 320 to 380 ft

Ph

Honaker Trail Formation (Middle and Upper

Pennsylvanian)—Blue-gray, thick-bedded, cliff-forming
limestone, thin-bedded calcareous sandstone, and interbedded,
slope-forming thin-bedded siltstone. Contains numerous fossil
brachiopods, crinoids, bryozoa, corals, pelecypods, gastropods,
and fusulinids that date the formation as Middle Pennsylvanian
(middle Desmoinesian) to upper Pennsylvanian (upper
Missourian) in age (Baars, 2000). Forms sequence of cyclic
alternating limestone, sandstone, and siltstone beds that comprise
the bulk of the canyon walls of along the Colorado River. Forms
disconformable contact with underlying evaporites of the Paradox
Formation in subsurface of the map area. Incomplete section; 600
to 800 ft exposed in map area

Contact—Contacts between bedrock units are plotted at the 1:4,000
scale on aerial photos and may not match the 1:24,000-scale
contours

++++Fault-Dotted where concealed; bar and ball on downthrown side.

Number is estimated fault separation in feet

777777 Facies change-Line representing median of two-mile-wide

regional facies change between Cutler Formation on northeast
and Cedar Mesa Sandstone on southwest

Sinkhole—Enclosed drainage depressions, crack, or cave
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