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LITHOLOGY OF EVAPORITE CYCLES AND
CYCLE BOUNDARIES IN THE UPPER PART OF
THE PARADOX FORMATION OF THE
HERMOSA GROUP OF PENNSYLVANIAN AGE IN THE
PARADOX BASIN, UTAH AND COLORADO

By OMER B. RAUP and ROBERT J. HITE

ABSTRACT

Evaporites of the Paradox Formation of the Hermosa
Group of Pennsylvanian age in the Paradox Basin of south-
eastern Utah and southwestern Colorado are direct precipi-
tates from marine brines and have been changed only
slightly by subsequent events. Geophysical logs of deep
wells indicate that the Paradox Formation is composed of 29
halite-bearing evaporite cycles. Rock types that make up the
cycles, in order of increasing salinity, are organic-carbon-
rich carbonate shale (black shale), dolomite, anhydrite, and
halite (with or without potash). Studies of core from two core
holes in the central part of the basin show that some of the
cycles in the upper part of the Paradox Formation are
remarkably complete, indicating regular changes in salinity.
Newly recognized lithologic textures and cycle boundaries
in 11 evaporite cycles indicate very regular cyclicity of sub-
aqueous sedimentation in a basin in which salinity was prob-
ably controlled by Gondwana glaciation.

INTRODUCTION

The Paradox Basin of southeastern Utah and southwest-
ern Colorado contains a thick section of evaporites in the
Paradox Formation of the Hermosa Group of Pennsylvanian
age. This section contains 29 well-defined cycles composed
of halite beds and associated penesaline and siliciclastic
rocks (interbeds) (Hite, 1960).

Dissolution disconformities that separate each of the
evaporite cycles in the Paradox Formation were recognized
by Hite (1970). Since then, much detailed work has been
done to characterize the sedimentological sequence within
the cycles. The present study was done using cores from two
core holes drilled during potash exploration in two areas
southwest of Moab, Utah. These cores were taken from the

upper part of the Paradox Formation in cycles 2-11 and part
of cycle 13. In this paper we describe some of the important
features of these evaporite cycles that serve as the basis for
interpretations of the mode of deposition of these rocks.

Acknowledgments.—We thank James Hodgkinson and
David Hogle for preparing the polished core samples, Sam-
uel J. Dennis, Robert H. Weir, and H. Leon Groves, Jr., for
photographic processing, and Lisa Ramirez Bader for com-
puter graphics. We appreciate the helpful reviews of the
manuscript by Sherilyn Williams-Stroud and Joseph P.
Smoot.

GEOLOGIC SETTING

The Paradox Basin in southeastern Utah and southwest-
ern Colorado in the eastern part of the Colorado Plateau (fig.
1) is a structural and depositional basin that trends north-
west-southeast adjacent to the southwest flank of the
Uncompahgre Uplift. The depositional basin was asymmet-
rical in a northeast-southwest direction; it was deepest adja-
cent to the Uncompahgre Uplift and shallowed toward the
shelf areas, which were toward the west, southwest, and
south. The present sedimentary basin covers an area of
approximately 11,000 mi2 (28,500 km?), and its boundaries
are defined by the limit of the halite deposits in the Paradox
Formation of the Hermosa Group of Pennsylvanian age. The
original maximum depositional thickness of the Paradox
Formation was 5,000-6,000 ft (1,500—1,800 m) in the deep-
est part of the basin. The halite-bearing interval has been
locally thickened to as much as 14,000 ft (4,300 m) in dia-
piric anticlines (Hite, 1968, p. 321).

Saline rocks of the Paradox Formation consist of 29
known halite-bearing evaporite cycles. Each cycle contains
penesaline and siliciclastic rocks (interbeds) at the base and
a halite bed, with or without potash, at the top. Individual
halite beds are now 20-790 ft (6-240 m) thick near the basin
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center (Hite 1983). Hite (1960) numbered the halite beds
from 1 to 29 from top to bottom. Recent drilling, however,
has shown that there are two younger, thin halite beds near
the depocenter of the basin. These have not as yet been incor-
porated into the present numbering system.

The areal distribution of the evaporite facies reflects the
asymmetry of the basin (fig. 1). The potash facies is best
developed in areas that were the deepest parts of the basin
adjacent to the Uncompahgre Uplift (unpub. data). The halite
facies has a wider distribution and extends farther to the
northwest, southwest, and southeast. The anhydrite facies
extends beyond the halite facies, and the carbonate facies,
both limestone and dolomite, extends onto the shelf areas
beyond the edges of the basin (Hite and Buckner, 1981).

Rocks of the northeastern part of the Paradox Basin are
folded into parallel anticlines and synclines that trend north-
west-southeast. In the area of the thickest evaporites, the
halite facies has flowed into the cores of the anticlines from
the adjacent synclines. Anticlines closest to the Uncompah-
gre Uplift are diapiric, and large volumes of halite in the
upper parts of their cores have been removed by dissolution.
In anticlines farther from the uplift, the halite facies is con-
formable with overlying sedimentary rocks. This is the case
for both the Cane Creek Anticline and Shafer Dome, from
which the cores of this study were taken.

The Paradox Basin was formed in Pennsylvanian time
in response to plate collisions that produced the Ouachita-
Marathon orogeny (Kluth and Coney, 1981). The South
American-African plate encountered the North American
plate from the southeast starting in Late Mississippian to
Early Pennsylvanian time. Major structural displacement
occurred from Middle Pennsylvanian to Early Permian time.
The major stresses of impact progressed from east to west,
first in the Ouachita area, then in the Marathon Basin area
(Ross, 1979). Structural deformation in the ancestral Rocky
Mountains responded to the same east to west sequence.
Coarse arkose flanking the ancestral Front Range is Early
Pennsylvanian to Early Permian in age (Mallory, 1975),
whereas arkose flanking the Uncompahgre Uplift is Late
Pennsylvanian and Permian in age (Peterson and Hite,
1969).

Tectonism in and around the Paradox Basin reached a
climax with major downwarping of the basin in Desmoine-
sian time. The major positive elements were the ancestral
Front Range, the Uncompahgre Uplift, the Emery Uplift, the
Piute positive element (Mallory, 1975), and the ancestral
Kaibab and Zuni-Defiance Uplifts (Peterson and Hite,
1969). Except for the deeper water parts of the Paradox
Basin, the surrounding areas were covered by shallow seas.

CORE DESCRIPTION

This study of evaporite cycles in the Paradox Basin is
based on two cores: the Delhi-Taylor Oil Company Cane

Creek No. 1 and the Delhi-Taylor Oil Company Shafer
No. 1. In these holes, which were drilled for potash,
much of the upper part of the Paradox Formation was
cored. These two core holes are located on nondiapiric salt
anticlines where the stratigraphic sequence of the Paradox
Formation is still well preserved. The two cores are
described in Raup and Hite (1991a, b).

Hite (1960) and Hite and Buckner (1981) established
stratigraphic correlation of the evaporite cycles in the Para-
dox Formation throughout the Paradox Basin. The correla-
tions were based on distinctive geophysical log signatures of
many of the penesaline and siliciclastic intervals (interbeds)
within the evaporite sequence; these log signatures can be
traced from one end of the basin to the other and from the
evaporite facies in the center of the basin into the carbonate
rocks on the shelf of the basin.

DELHI-TAYLOR OIL COMPANY
CANE CREEK NO. 1

The Delhi-Taylor Oil Company Cane Creek No. 1 well
was drilled near the crest of the Cane Creek Anticline, Grand
County, Utah, in section 25, T. 26 S., R. 20 E. (fig. 1). The
total depth of the hole was 2,805 ft (855 m), and the cored
interval included four of the upper five evaporite cycles of
the Paradox Formation (fig. 2). Coring started at a depth of
1,840 ft (561 m) in limestone of the Honaker Trail Forma-
tion, which overlies the Paradox Formation and is the upper
formation of the Hermosa Group.

The rocks of cycle 1 are represented in this core hole by
anhydrite, silty dolomite, black shale, and some limestone
that overlie the halite bed of cycle 2. The halite bed of cycle
1is present in the northeast part of the basin (depocenter) but
is absent at this location.

The upper part of cycle 2 contains a bed of halite that is
171.3 ft (52.2 m) thick and is underlain by interbed units that
are 110.2 ft (33.6 m) thick. The vertical distribution of the
rock types in the interbeds is remarkably symmetrical and
complete. The major rock types of this interval are anhydrite,
silty dolomite, and black shale (Raup and Hite, 1991a). The
basal anhydrite contains a thin unit of black shale.

The upper part of cycle 3 contains a bed of halite that is
133.8 ft (40.8 m) thick and is underlain by interbeds that are
106 ft (32.3 m) thick. Like cycle 2, these interbeds are verti-
cally symmetrical with respect to lithology. The base of this
interval is anhydrite, overlain successively by silty dolomite,
black shale, silty dolomite, and anhydrite. A detailed log of
these interbeds is illustrated in figure 5, and a detailed
description is given later.

The halite bed at the top of cycle 4 is 179.5 ft (54.7 m)
thick. It overlies interbeds that are only 37 ft (11.3 m) thick.
In addition to being thin, this interval does not have the reg-
ular vertical symmetry of cycles 2 and 3. The lithologic units
of these interbeds are thin and repetitious.
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Figure 2. Schematic stratigraphy of Cane Creek No. 1 core hole.
Penesaline and siliciclastic intervals (interbeds) between halite
beds (nonpatterned) are indicated by a diagonal pattern. Locations
of photographic figures are indicated by arrows; location of core
hole shown in figure 1.

The halite bed of cycle 5 and only 1 m of anhydrite
in the underlying interbed were drilled in this core hole.
The halite bed is 127.3 ft (38.8 m) thick. A bed of sylvin-
ite (crystalline intergrowth of sylvite and halite), approxi-
mately 11.8 ft (3.6 m) thick, is near the top of this halite
bed. The Texasgulf Corporation has been mining this pot-
ash deposit near Moab, Utah, since 1964.

DELHI-TAYLOR OIL COMPANY
SHAFER NO. 1

The Delhi-Taylor Oil Company Shafer No. 1 well was
drilled on the crest of Shafer Dome 14 mi (22.5 km)
southwest of Moab, Utah, in section 15, T. 27 S.,, R. 20 E,,

San Juan County, Utah. It was drilled to a depth of 4,155.8 ft
(1,266.7 m) through 11 of the 29 numbered evaporite cycles
in the Paradox Basin (figs. 1, 3). Coring started at 2,160.1 ft
(658.4 m) just above the halite bed of cycle 2. The halite bed
of cycle 1 halite is absent in this part of the basin. No core
was taken from just below the top of the halite bed of cycle
2 to about 30 ft (6.7 m) above the base of the halite bed in
cycle 3 (fig. 3) (Raup and Hite, 1991b).

The interbeds of cycle 3 have the same very regular ver-
tical symmetry as the same interval in the Cane Creek No. 1
core. A detailed correlation and comparison of this interval
in both wells is presented later (fig. 5).

Both the halite bed and the interbeds in cycle 4 are thin,
29.8 ft (9.1 m) and 37 ft (11.3 m), respectively. The interbeds
of cycle 4 are mostly silty dolomite; thin beds of anhydrite
are at the top and bottom of the interbeds and a very thin
black shale is in the middle.

The halite bed of cycle 5 is 213.9 ft (65.2 m) thick and
contains widely disseminated crystals of sylvite. Although
there is no economic concentration of sylvite in cycle 5 at
this locality as there is at Cane Creek No. 1, the total interval
of sylvite-mineralized rock is thicker.

The halite bed of cycle 6, one of the thickest halite beds
in the upper part of the Paradox Formation, is 312 ft (95.1 m)
thick. The underlying interbeds, on the other hand, are only
23 ft (7 m) thick and contain only anhydrite and dolomite. A
zone of sylvinite near the top of the halite bed is approxi-
mately 20 ft (6 m) thick.

Cycle 7 contains a halite bed that is 99.1 ft (30.2 m)
thick. The interbeds at the base of the cycle are only 9.8 ft (3
m) thick and are mostly anhydrite with a thin dolomite in the
middle.

Cycle 8 is similar to cycle 7 in that the interbeds are
composed only of anhydrite and dolomite. The halite bed is
69.9 ft (21.3 m) thick, and the interbeds are 46.9 ft (14.3 m)
thick.

The halite bed of cycle 9 contains a zone of sylvinite
near its top that is approximately 19.7 ft (6 m) thick. The
halite bed is 157.8 ft (48.1 m) thick, and the underlying inter-
beds are 35.1 ft (10.7 m) thick. The bottom two-thirds of the
interbeds is dolomite, and the upper third is anhydrite. A thin
bed of black shale is in the upper part of the dolomite.

The halite bed of cycle 10 is very coarsely crystalline in
its upper part, and it contains several thin zones of anhydrite-
halite pseudomorphs after gypsum. This halite bed is 134.8
ft (41.1 m) thick, and the underlying interbeds are 36 ft (11
m) thick. The interbeds consist mainly of anhydrite and dolo-
mite and contain three thin zones of black shale near the top.

The halite bed of cycle 11 is only 25.9 ft (7.9 m) thick.
It is underlain, however, by thick interbeds that contain two
relatively thick black shale beds and some relatively thin
black shale beds. Because the halite of cycle 12 is not present
in this core, it is probable that part of these interbeds
represents cycle 12.
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Figure 3. Schematic stratigraphy of Shafer No. 1 core hole. Penesaline and siliciclastic intervals (interbeds) between halite beds (nonpat-
terned) are indicated by diagonal pattern. Locations of photographic figures are indicated by arrows; location of core hole shown in figure 1.

The halite bed of cycle 13 and a few feet of underlying
anhydrite constitute the base of this core hole. This halite
bed, which is 169.9 ft (51.8 m) thick, contains thin beds and
disseminated crystals of sylvite scattered throughout, except
for a few meters at the base. Small nodules of kieserite
(MgS04-H,0) are in a 16.4-ft (5 m) -thick zone near the
middle of the halite bed.

EVAPORITE CYCLES

Each of the evaporite cycles in the upper part of the Par-
adox Formation of the Hermosa Group in both the Cane
Creek and Shafer cores contains a halite bed and an underly-
ing sequence of penesaline and siliciclastic rocks that we

collectively refer to as interbeds (figs. 2-4). The cycles are
separated by erosional or dissolution unconformities that are
characterized by sharp knife-edge contacts (Hite, 1970; Hite
and Buckner, 1981; Raup and Hite, 1991a, b).

Most of the interbeds are made up of anhydrite, dolo-
mite, and organic-carbon-rich carbonate shale (black shale).
Some interbeds contain primarily anhydrite and dolomite
and little or no black shale. Each of the interbeds has anhy-
drite at the top and bottom, and most contacts within the
interbeds are gradational.

Of the 11 cycles available for study in the Cane Creek
and Shafer cores, the most perfectly developed, in terms of
lithologic representation and distribution, are cycles 2 and 3.
The interbeds of these two cycles are vertically symmetrical
and comprise a sequence of anhydrite, silty dolomite, black
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shale, dolomite, and anhydrite. Figure 4 illustrates the strati-
graphic sequence in cycle 2.

A typical cycle starts at the base of the lower anhydrite
at a disconformity at the top of the underlying halite bed. As
we discuss later, we believe that the cycle is initiated by an
abrupt rise in sea level and an influx of sea water into the
basin (letter X, fig. 4). The lower part of the interbeds, there-
fore, is termed the transgressive phase because of rising sea
level. We believe that sea level reached a maximum during
deposition of the middle of the black shale (letter Y) and then
began to drop. Thus, we consider the rock types in the upper
part of the cycle (Y to Z) to be regressive.

It is probable that the cycles in the lower part of the Par-
adox Formation were deposited in relatively deep water in a
basin that had subsided before evaporite deposition started.
The rapid rate of evaporite deposition, however, quickly
overtook basin subsidence, and the basin rapidly filled with
evaporites in a manner described for other evaporite basins
(Borchert and Muir, 1964; Wardlaw and Schwerdtner, 1966;
Schmalz, 1969).

LITHOLOGIC CHARACTERISTICS OF
CYCLES 2 AND 3 OF THE
PARADOX FORMATION

The lithology described for cycle 2 (fig. 4) (Hite and
Buckner, 1981) and cycle 3 (fig. 5) is very regular with
respect to vertical distribution and representation of the
evaporite rock types. Each of the cycles is bounded top and
bottom by a solution disconformity, and each has a
sequence, from base upward, of anhydrite, silty dolomite,
organic-carbon-rich carbonate shale (black shale), dolomite,
anhydrite, and halite. All of the contacts within the interbeds
between these rock types are conformable, and most are gra-
dational.

The lithologic sequences of cycles 2 and 3 (figs. 4 and
S, respectively) are almost identical. Hite and Buckner
(1981) described and interpreted the depositional history of
cycle 2. Most of the lithologic detail presented herein is from
cycle 3, but lithologic features of both cycles are presented
and interpreted. Some general characteristics of the major
rock types are included from descriptions of other cycles
(Raup and Hite, 1991a, b).

Semiquantitative mineralogy of the various rock types
in the interbeds of cycles 2 and 3 in the Cane Creek No. 1
core, as determined by X-ray diffraction, is illustrated by his-
tograms for the minerals halite, anhydrite, calcite, dolomite,
quartz, plagioclase, orthoclase, and clay and mica (fig. 6)
(Raup and Hite, 1991a). The quantities of the minerals were
determined by comparing major peak heights of minerals in
the samples with peak heights of prepared standards.
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—_— AN 7 [
A A
2
Halit 2
alite 2 %
e e
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% Anhydrite
%)
Dolomite
Black B A
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2
[2]
]
Silty = ©
dolomite %'g_
s
v Anhydrite X v -
—e LAAAANAN —_—— —_—
SEA LEVEL

UP -«——— DOWN

Figured4. Stratigraphy of cycle 2 facies in Cane Creek No. 1 core.
Curve shows relative sea level and salinity during deposition of
each facies. Points X, Y, and Z (referred to in text) are important po-
sitions in the salinity cycle. Location of core hole shown in figure
1. Modified from Hite and Buckner (1981).

INTERBEDS

ANHYDRITE (TRANSGRESSIVE)

The lower anhydrite unit in cycle 3 overlies the halite
bed of cycle 4 with a very sharp, knife-edge contact (solution
disconformity) in both the Cane Creek and Shafer cores
(figs. 7, 8). The anhydrite rock is composed primarily of the
mineral anhydrite and locally minor amounts of interspersed
dolomite. Other minor constituents include quartz, mica,
clay minerals, and pyrite. The basal part of this anhydrite
unit is very fine grained and laminated. The laminae average
1-3 mm thick and consist of light-gray to dark-gray or tan
layers. The darker layers are colored by accumulations of
organic matter. The laminated interval in the Cane Creek
core is about 4.4 ft (1.3 m) thick. The laminated interval is
overlain by nodular anhydrite (figs. 9-12). This nodular
interval in the Cane Creek core is 8.6 ft (2.6 m) thick.
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Figure 5. Correlation of lithologic units in Shafer No. 1 and Cane Creek No. 1 cores in penesaline and siliciclastic rocks (interbeds) and
lower part of halite bed near base of cycle 3 (see figs. 2, 3). Base of transgressive anhydrite at bottom of interbeds is in knife-edge contact
with underlying halite bed (cycle 4). Top of regressive anhydrite, at top of interbeds, contains coarse pseudomorphs of anhydrite and halite
after gypsum; pseudomorphs are gradational with overlying halite bed. Locations of photographic figures are indicated by arrows; loca-
tions of core holes are shown in figure 1.
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