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LITHOFACIES OF THE SALT WASH MEMBER
OF THE MORRISON FORMATION

by Thomas E, Mullens and Val L, Freeman

ABSTRACT

The Salt Wash is the basal member of the Upper Jurassic Morrison formation in parts of Utah,
Colorado, Arizona, and New Mexico, The Salt Wash member, deposited by an aggrading fluviatile system,
comprises lenticular cross-laminated sandstone irregularly interbedded with silistone, claystone, and
horizontally laminated sandstone,

Lithofacies, as used in this paper, denotes the lithologic aspect of the Salt Wash member, The
specific lithofacies at a given locality is determined by the thickness, the relative proportion, and the
relative continuity of the sedimentary types that comprise the Salt Wash member, For the purpose of
accurate interpretations of paleodrainage patterns of the fluviatile system that deposited the Salt Wash
member, the sedimentary units in the Salt Wash member are classified as stream deposits and floodplain
deposits, Stream deposits include all rocks interpreted as deposited from moving water, and the floodplain
deposits include all rocks interpreted as deposited from slack water, Thus, the lithofacies of the Salt
Wash member is determined by the thickness, relative proportion, and continuity of the stream and
floodplain deposits,

Regional differences in Salt Wash lithofacies show that the Salt Wash member is a fan-shaped
wedge of sediments with the apex of the fan in south-central Utah, Except in the Four Corners area and
west-central Colorado, the total thickness of the Salt Wash member and the thickness, proportion, and
continuity of the contained stream deposits decrease relatively uniformly to the northeast from the apex
of the fan,

Interpretation of the regional differences in lithofacies indicates the Salt Wash member was
deposited by a distributary stream system that radiated outward from south-central Utah and spread
sediments to the north, east, and southeast over a nearly flat plain, The regional variations can best

be explained by considering the Salt Wash member as an immense alluvial fan, The symmetry of the



Salt Wash “"alluvial fan” was interrupted by irregularities in the surface of deposition in the Four Corners
area and in west-central Colorado,

Most uranium-vanadium ore deposits in the Salt Wash member occur in a medial lithofacies,
This may be a genetic relation and can be explained as a function of transmissibility of the particular litho-
facies, However, the ore deposits are not distributed uniformly through the zone of medial lithofacies;
instead the ore deposits are concentrated in a relatively small area in the zone, Because local geologic
features such as structure or igneous intrusions might control the localization of ore deposits in the small

area, the high degree of correlation of ore depocits and a certain lithofacies may be coincidental,
INTRODUCTION

A lithofacies study of the Salt Wash member of the Morrison formation was made as a part of a
detailed stratigraphic study of the Upper Jurassic Morrison formation of the Colorado Plateau and adjoining
regions, The detailed stratigraphic study was made by the U, S, Geological Survey on behalf of the
Division of Raw Materials of the U, S, Atomic Energy Commission,

The use of the term "lithofacies” in this paper denotes the total aspect of inorganic elements
which furnish record of the depositional environment of a stratigraphic unit, This usage of "lithofacies”
follows Krumbein (1948, p, 1923), and Kay (1947, p, 165), This usage of the term "lithofacies” differs
from usage proposed by Moore (1949, p, 16) in that Moore would use the term " physiofacies" {Moore, op,
cit,, p, 17) to denote the inorganic elements in a sedimentary rock and would retain the term "lithofacies”
to denote both inorganic and organic elements which furnish record of the depositional environment of a
rock regardless of stratigraphic classification,

Specifically, "lithofacies”, as used here, denotes the lithologic aspect of the Salt Wash member
of the Morrison formation, Lithofacies is controlled by the thickness, the relative proportions, and the
continuity of the two sedimentary types that comprise the Salt Wash member,

The purpose of this study was to determine the regional variation in Salt Wash lithofacies with
the ultimate goals of: 1) determining some aspects of the depositional environment of the Salt Wash member,

and 2) determining relations between lithofacies and uranium-vanadium deposits found in the Salt Wash

member,



The lithofacies study was restricted to the Salt Wash member because it is the smallest unit that
has regional stratigraphic continuity and contains within its limits most of the uranium-vanadium ore deposits
found in the Mortrison formation, The Salt Wash member is composed mainly of interstratified sandstone,
claystone, and siltstone, Quantitative data on the lithologic aspect are easily obtained by measuring

sections,
MORRISON FORMATION

The Morrison formation, defined originally by Cross {1894, p, 2), is present in most of the western
interior of the United States, In the Colorado Plateau region the Morrison has been divided into several
members; the Salt Wash, defined by Lupton (1914, p, 127), and by Gilluly and Reeside {1928, p, 82);
the Bluff sandstone, Recapture, Westwater Canyon, and Brushy Basin defined by Gregory (1938, p, 58-59),
A February 1954 decision by the Geologic Names Committee of the U, S, Geological Survey removed the
Bluff sandstone from the Morrison formation and made it a sepérate formation, This decision was based on
detailed work on the Morrison formation by members of the U, S, Geological Survey {Craig, and others,

in preparation; Harshbarger, and others, in preparation; and Strobell, in preparation),

Salt Wash member

The Salt Wash, where present, is the basal member of the Morrison formation, It is best
developed in southeastern Utah and in southwestern Colorado, but as a recognizable unit the Salt Wash member
extends a short distance into northeastern Arizona and northwestern New Mexico where it disappears along an
east-west line by depositional pinch-out and intertonguing and intergrading with the Bluff sandstone below,
and the Recapture member of the Morrison above, Southwest of a line trending northwest through Lee's
Ferry, Ariz,, the Salt Wash member has been removed by pre-Dakota erosion, The western limit of Salt
Wash is buried by younger sediments under the Wasatch Plateau, The northern and eastern limits of
recognizable Salt Wash are exposed in outcrops near Vernal, Utah, and Glenwood Springs and Gunnison, Colo,

The extent of the Salt Wash member as here considered is the limit of a sandstone-bearing portion at the



base of the Morrison formation, Where this sandstone-bearing portion is absent, as in northeastern Utah and
northwestern and central Colorado, the Morrison formation is not divided into members, However, beds
equivalent to Salt Wash are probably present in the lower part of the undifferentiated Morrison formation
(Craig, and others, in preparation), Figure 1 shows the outcrop pattern of the Morrison formation in parts
of Utah, Colorado, Arizona, and New Mexico and the areal extent of the Salt Wash member,

The Salt Wash member consists mainly of lenticular cross-laminated sandstone and conglomeratic
sandstone interstratified with claystone, siltstone, and structureless to Horizontally laminated sandstone,
Some thin beds of limestone, locally containing fresh water fossils, occur near the base of the Salt Wash
in east-central Utah and west-central Colorado,

The cross-laminated sandstone is generally light colored and ranges from fine- and medium-grained
in Colorado to coarsely conglomeratic with common lenses of cobble conglomerate in south-central Utah,
The cross-laminated sandstone may occur as a single lensing unit from 2 to 20 feet thick that extends less
than 300 feet along strike; or many cross-laminated sandstone units may combine and make up a composite
unit, The composite units are more abundant and generally much thicker than the single bed units in the
Salt Wash; some composite units form lenses that are over 80 feet thick and extend several miles along
strike, All cross-laminated units have a gently undulatory to well-defined scour surfaces at the base,

The claystone, siltstone, and structureless to horizontally laminated sandstone are mainly reddish
brown, All gradations and mixtures of grain size between that of very fine-grained sandstone and that of
pure claystone is common among these rock types, Bedding structures in these rocks range from horizontal
to gently lensing types; fissility is rare,

The irregular assemblage of sandstone, siltstone, and claystone, scour surfaces, and other
sedimentary structures in the cross-laminated sandstone indicates that the Salt Wash member was deposited
by an aggrading fluviatile system,

The Salt Wash member is characterized by a steep ledgy outcrop, The cross-laminated sandstone

forms steep-faced ledges; the finer grained units form rubble-covered slopes between the ledges,
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Stratigraphic relations of the Salt Wash member

Over most of its extent the basal contact of the Salt Wash member is the base of the fluviatile
deposits above the marine and marginal marine deposits of the Curtis and Summerville formations, The
contact represents a change in depositional environment and the contact is conformable in most places,

In the San Rafael Swell and Henry Mountains area in Utah, however, contorted beds in the Summerville
formation are locally bevelled by Salt Wash sediments, and over the crests of the salt anticlines in western
Colorado the Salt Wash bevels older formations, Near Gunnison, Colo,, the Salt AWash rests on pre-Cambrian
rocks, The Salt Wash rests on the dominantly eolian Bluff sandstone in Arizona and New Mexico and in

parts of Colorado and Utah near the Four Corners, This contact is a scour surface in the Bluff sandstone

in most places, butlocally fluviatile and eolian deposits intertongue,

In the Four Corners area most of the upper part of the Salt Wash grades laterally into theRe-
capture member of the Morrison formation, In other places the top contact of the Salt Wash represents
a change from a dominantly flu(riatile environment to the dominantly lacustrine environment of the Brushy
Basin member of the Morrison formation, This change in environment is ransitional and in many places
the basal deposits of the Brushy Basin are fluviatile; however, a distinct composition and textural change
between Salt Wash and Brushy Basin sediments is noted in most places where the pasal Brushy Basin is

fluviatile,

METHOD OF STUDY

Classification of sedimentary units

Although the Salt Wash member consists mainly of clastic sediments, the sandstone -shale
classification of sedimentary units used in other lithofacies studies (Dapples, and others, 1948; Read and
Wood, 1947; and Sloss, and others, 1949) was not followed in this study, Instead, a genetic classification
based on types of deposits found in a fluviatile system was used,

Genetically the rocks found in a fluviatile environment may be separated into stream deposits and

floodplain deposits, The stream deposits consist of rocks whose collective characters indicate that the
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" rocks were deposited in areas where sedimentation was noticeably influenced by water currents. In a
fluviatile system these areas are restricted to channels and areas closely bordering the channels, The
floodplain deposits consist of rocks whose collective characters indicate the rocks were deposited from
water in areas not noticeably influenced by current action, These areas are the relatively flat surfaces
adjacent to stream channels where sedimentation from slack water occurs during and after floods,
< The distinction in the field between stream and floodplain deposits is clear in most cases,

o In this study a unit was considered a stream deposit if it was cross-laminated, had a basal scour surface, was

composed of fine or larger sized grains, and was free of clay matrix, A unit was considered a floodplain
deposit if it was structureless or horizontally laminated and was composed of very fine-grained sand or
smaller particles, Limestone, a minor rock type in the Salt Wash member, probably was deposited in
shallow bodies of water on the floodplain and was included with the floodplain deposits, The transitional
rock in the stream-floodplain deposits classification is very fine-grained well-sorted sandstone with poorly
defined sedimentary structures, During the course of field work most sandstone beds over 2 feet thick were
“ identified on the basis of the criteria given above as stream deposits and thinner sandstone beds were
identified as floodplain deposits, Consequently, lacking other criteria, sandstone beds 2 feet or less in
thickness were considered floodplain deposits and sandstone beds over 2 feet thick were considered stream
deposits,

In a lithofacies study of the Salt Wash member of the Morrison formation the stream-floodplain
classification of sedimentary units had two distinct advantages over a sandstone-shale classification,
The first advantage is in reconstructing paleodrainage patterns, Sandstone is not an indicator to areas
of stream current action, for sandstone occurs in both stream and floodplain deposits, The stream-
floodplain classification shows the relations between areas of current action and areas of no current
action; paleodrainage patterns based on stream deposits and floodplain deposits should be more accurate
than those based on sandstone and shale, The second advantage of the genetic classification is a
standardization of units measured, Complete gradation between claystone and sandstone is common and
sandy claystone or clayey sandstone is encountered in every measured section of the Salt Wash member,

?
These units commonly form poorly exposed slopes between ledges of cross-laminated sandstone and the
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?

relative amount of sandstone in the poorly exposed interval is difficult to determine, The difficult
problem of measuring the amount of sandstone in the clayey sandstone and sandy claystone was avoided

by using a genetic classification, for these rock types were included in the floodplain deposits,

Collection of data

Sampling technique

To determine the regional variations in the lithofacies--regional variations in thickness, relative
proportions, and continuity of the stream and floodplain deposits--a sampling technique that gave quan-
titative data was developed, This sampling techinque consisted of measuring several sections through the
Salt Wash member of the Morrison formation at each of a number of selected localities, Several sections
at each locality were measured in order to calculate average thickness figures of the lenticular fluviatile
deposits at each locality, Average thickness figures at each locality are necessary as a single section

’ may not be representative for the locality; a section measured through the fluviatile deposits can be
considerably different in total thickness of stream deposits and proportion of stream deposits from one
measured only 200 feet away, Five sections evenly spaced over about 1, 200 feet of outcrop were
measured at most localities, This number of sections spaced over this length of outcrop is thought to
give a valid representation of the total lithologic aspect at each locality, Exposures and topography did
not permit measuring five sections at all localities; however, all lithofacies localities represent at least
three measured sections, In addition to average thickness values, the relative continuity of the sedi-
mentary units at each locality can be computed by measuring several sections at each locality,

For each locality the average total thickness of the Salt Wash member, the average total thick-
ness of contained stream deposits, the average total thickness of the contained floodplain deposits,
the average percentage of contained stream deposits in the Salt Wash, and the relative continuity
of the stream deposits were computed from the sections measured at that locality,

Sections were measured by Abney level and tape, The thickness and lithologic description of

’ the units were recorded and each unit classified as either stream or floodplain deposits as the section

was measured,
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Field work

The area of study includes the southeastern quarter of Utah, the southwestern quarter of Colorado,

V and small parts of northwestern New Mexico and northeastern Arizona, Most of the Salt Wash member of
the Morrison formation is within the area outlined, but no lithofacies measurements were made in the Salt
Wash member in northwestern Colorado and northeastern Utah, where poor exposures prohibited lithofacies
measurements by the sampling technique used,

Field work was begun by L, C, Craig and others in 1948, Field techniques were developed and
lithofacies measurements were made at five localities that year, In 1949, lithofacies measurements were
made at 19 more localities by J, D, Ryan and the authors, The authors made lithofacies measurements
at 39 additional localities in 1950 and 1951,

Field work started in western Colorado and was extended radially outward from this area with a
decrease in concentration of lithofacies localities away from western Colorado, Figure 2 shows the name

and location of the lithofacies localities,

Conversion of data

Three isopach maps (figs, 3, 4, 5)*and t.wo isolith maps (figs, 6, T) were constructed from the
data collected in the field, The isopach maps show: (1) total thickness of the Salt Wash, (2) total
thickness of contained stream deposits in the Salt Wash, and (3) total thickness of contained floodplain
deposits in the Salt Wash, The isolith maps show: (1) percentage of stream deposits in the Salt Wash,
and (2) relative continuity of the stream deposits in the Salt Wash as measured by the percentage mean
deviation in thickness, In general, the method of converting the data to isopach and isolith maps
follow methods of regional stratigraphic analysis proposed by Krumbein {1948),

Except for use of single measured sections to delineate areal extent of the Salt Wash, all data
used in preparing the isopach and isolith maps were averages of measurements obtained from the
several sections at each locality,

Table 1 summarizes the data collected in the lithofacies study,
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The maps (figs, 3-7) were drawn to represent conditions existing at the end of deposition of the
Salt Wash member, The reconstruction involved drawing lines across areas with no control points because
the Salt Wash member either has been removed by erosion or is covered by younger rocks; however, the
subjective element in drawing the isolith and isopach lines was lessened by plotting the lines at proportional
intervals between control points, Isopach and isolith lines are not connected on thg southwestern sidg of the
maps, because in this area the Salt Wash member was removed by early Cretaceous erosion, and control

points were not obtainable,

DESCRIPTION OF DATA

Isopach map of Salt Wash member

The areal distribution and thickness of the Salt Wash member of the Morrison formation is shown
on figure 3, This isopach map of the Salt Wash member of the Morrison. formation was constructed from
data gathered at lithofacies localities, and the thickness figure for each locality is an average of the
sections measured at that locality, However, some single sections are used to delineate the areal extent
of the Salt Wash,

The map shows that the Salt Wash member is restricted to a neaﬂ& circular area, On the southwest
side the Salt Wash has been removed by pre-Dakota erosion, The remainder of the area is bounded by a
line "extent of Salt Wash member” which'extends, counter-clockwise, from northeastern Arizona through
northwestern New Mexico, western Coloradc;, and then through eastern Utah to a point about 140 miles
northwest of the starting point,

The line marked "extent of Salt Wash member” in part represents a true depositional pinch-out and
in part a grading of Salt Wash into other units, In Colorado and northeastern Utah some Salt Wash
equivalents are probably represented in the basal part of the undifferentiated Morrison formation
(Craig, and others, in preparation),

In Arizona, New Mexico, and the extreme southeastern part of Utah and Salt Wash grades and

intertongues into the Recapture member of the Morrison formation and the Bluff sandstone,



Isopach lines show that the Salt Wash member was deposited as a fan-shaped wedge of sediments,
The apex of the fan, the area of thickest sediments, is in south-central Utah, Isopach lines, which are
crudely conceniric outward to the north and east from the apex, are split into two distinct lobes by an area
of thin Salt Wash in extreme southeastern Utah,

The southern lobe of the Salt Wash member is narrow and trends slightly south of east through
northeastern Arizona and into New Mexico, Thickness of Salt Wash sediments in this lobe thins uniformly
towards the limit of the Salt Wash member in New Mexico,

The northern lobe of the Salt Wash member is more extensive than the southern one, Isopach lines
in the northern lobe form an asymmetric fan with an axis that curves eastward from the apex, Exceptin
western Colorado, thinning in the northern lobe is rather uniform with a greater thinning per unit distance
in areas close to the apex of the fan than in areas far removed from the apex, Anomalous thicknesses,
over 400 feet at the Long Park locality and less than 300 feet at the Summit Point, Dolores group, and
North Sinbad Valley localities, destray the symmety of the isopach lines in western Colorado, Isopach
lines in the area of thin Salt Wash that separates the lobes of thicker Salt Wash form an oval-shape and
the long axis of the oval trends northwest through the Four Cornets, In this area the Salt Wash overlies
the thicker part of the Bluff sandstone, a dominantly wind-blown deposit, If the isopach lines were

connected through this area of thin Salt Wash, the isopach lines would have a nearly perfect fan-shape,

Isopach map of stream deposits

The areal distribution of thickness of stream deposits in the Salt Wash member is shown on figure
4, The data for this map are averages of the thickness of the stream deposits in the several sections
measured at each locality,

The isopach map of the siream deposits is similar 1o the total thickness isopach map but shows
more detail due to a smaller isopach interval, Greater thickness of stream deposits is near the apex of
the fan in south-central Utah, Like the total isopach map, the isopach lines are divided into two lobes

by an area of thin stream deposits in southern Utah, These lobes correspond in general with the 1obes



shown on the total thickness isopach map, The southern lobe is narrow and trends slightly south of east
into New Mexico; the northern lobe is more extensive and isopach lines show a crude asymmetric fan with
an axis that curves eastward from the apex, In western Colorado isopach lines reveal two areas of
anomalous thickness of stream deposits, Both areas are enclosed by isopach lines; however, the lines
around the northwestern anomaly, the Long Park locality, indicate an increase in stream deposits thick=-
ness, and the line around the southwestern anomaly, the Summit Point locality, shows a decrease in stream
deposit thickness,

The area of thin stream deposits in southeastern Utah overlies the greatest thickness of the Bluff

sandstone,

Isopach map of floodplain deposits

The areal distribution of the thickness of floodplain deposits in the Salt Wash member is shown on
figure 5, Data for this map are the averages of the thickness of floodplain deposits in the several sections
measured at each locality,

The map shows that the area of thickest floodplain deposits is near the center of the area of Salt
Wash deposition, In general, isopach lines are roughly concentric about the area of thickest floodplain
deposits, but the spreading of isopach lines from south-central Utah indicates a fan-like shape for the
distribution of the floodplain deposits,

The floodplain deposits generally thin away from the center of the area, but two notable
irregularities exist, One area, controlled by the Mounds and Little Grand Fault localities in east-central
Utah, has anomalously thick floo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>