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ABSTRACT

Stratigraphy and sedimentation of basal members
(Douglas Creek and Anvil Points) of the Green River Forma-
tion and adjacent strata were investigated., The Anvil
Polnts Member and upper Wasatch Formatlion were studled at
outcrops on the northeast rim of Piceance basinj; the sub=-
surface Douglas Creck and Garden Gulch members and Wasatch
Formation, 1n Piceance Creek and South Plceance Creek
fields, were investigated by acquisition of mechanical and
sample log data.

The exposed Wasatch Formation 1s characterized by flood-
plain mudstones and point bar channel sandstones. The Anvil
Polnts Member is characterlzed by two facles: sandstone and
siltstone. The sandstone facies 1s composed of intercalated
fluvial and lacustrine shoreline deposits and represents a
transitlional environment at the shoreline of Lake Ulnta.

The slltstone facles contalns thinly interbedded fine-
gralned clastics and was produced by prolonged off=shore
sedimentation.

The Wasatch in the subsurface has a westward lncrease
in paludal and lacustrine deposits, especially 1n the upper
900 feet of the formation. The Douglas Creek Member trends

northwestward across the study area and thickens northeast-
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ward from a feather edge in the western part of Piceance
Creek fleld. The Douglas Creek was deposited at the shore-
line during the initial transgression of Lake Uinta; 1its
upper contact shows a northeastward time transgression, and
a simlilar time relationship has been Iinferred for the lower
contact.

The northeast thickenlng of the Douglas Creek conforms
to the northward thickenlng of the sandstone facles of the
Anvil Points and the two units are belleved to be equivalent.
Increased thickening of thlis facles reflects a stillstand
which 1s recorded in the subsurface by the tlime equivalent
Garden Gulch Member., Deposlitlon of the Douglas Creek-

Anvil Points-Garden Gulch sequence was superceded by deep-
water oll shale deposition when the lake was extended past
the boundarles of the present structural basin.

Both gas and oil occur throughout the Tertiary section.
Hydrocarbons have accumulated locally in 1solated fracture
zones 1n the Green River shales and in lentlcular sandstones
in the Wasatch. Gas and some oll is trapped stratigraphic-
ally in the continuous reservolr of the Douglas Creek. The
high pour-point oil contalned in these rocks 1s characterlstic
of a fresh water geneslis and 1s indigenous to the varlous

members and zones which contain 1t.
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INTRODUCTION

Orientation and Purpose

Lake deposits of Tertiary basins in the Colorado-Utah-
Wyoming area have long been noted for thelr vast deposits of
hydrocarbons. In additlon to the famous high-yield oil
shales of the Green River Formation, there are extensive
occurrences of hydrocarbons in other forms: gas, olil, oll-
impregnated sandstones and solld hydrocarbons (gilsonite,
werlitzerite, etc.). The highly productive 200-milllon
barrel Redwash field in Uinta basin 1s an illustration of
the petroleum potential of these basins,

Although several fields have been established in the
northern part of Piceance Basin, much of this Tertliary
basin remains relatively unexplored. 011 and gas flelds in
this basin show that the occurrence of petroleum 1s closely
related to the stratligraphy of the Tertlary section.
Stratlgraphy of the basal sandstone members of the Green
River 1s particularly pertlnent to petroleum exploration
because these members contaln the reservoirs for Tertiary
hydrocarbons.

The purpose‘of thls investlgatlion, therefore, is to

study the stratigraphy by means of correlation and
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envlironmental interpretation in order to interpret the
depositlonal history of the basal members, the Anvil
Points and Douglas Creek, of the Green River Formatlon.
The study involved two phases of 1lnvestigation: surface
mapping and sectlon measurement of the Anvil Points Member
and upper Wasatch Formation at the northeast rim of the
basin and subsurface stratigraphic analysls of the Douglas
Creek Member and adjacent strata in Plceance Creek and
South Plceance Creek fields. Synthesis of the two phases
of study has resulted in establishling facles, depositional
modes and trends, and tlme-stratigraphlc relationships
between the Douglas Creek and Anvil Points members and with
adJacent Garden Gulch Member and Wasatch Formation. A
knowledge of these deposltional parameters may help dlrect
attention to those regions of the basin which are more

favorable for stratigraphic accumulation of petroleum.

Location, Terraln and Accesslbillity

Surface investlgation was concentrated along a 35-mile
north-south=trending strlp at the northeast rim of Plceance
basin extending from Piceance Creek 1n the south to the
northern boundary of Rio Blanco County in the north (figure
2 and pl. 1). Mapping and sectlon measurement were limited

to the marginal escarpment, a topographic expression of
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Grand Hogback

Figure

1.

Marginal Escarpment

View of valley between Grand Hogback and marginal
escarpment; looking south from Fourteen Mile
Creek. (Kmv = Mesaverde Group, Tw = Wasatch
Formation, Tgr = Green River Formation)
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basinward-dipping Green River strata (fig. 1). The area
contains moderate topographilc rellef, ranging from a few
hundred feet in the south to about 1000 feet north of Whilte
River. Rock exposure is varlable and 1s largely controlled
by the angle of exposure to the sun: southern exposure
generally produces cliffs barren of vegetation, whereas
north=facing slopes normally support heavy vegetation and
soi}s. Two main highways, Colorado route 13 and Strawberry
Creek road, parallel the basin rim and excellent accessibill-
ity to the escarpment is afforded by numerous ranch roads

leading off the maln highways.

Previous Work

The Green River and Wasatch Formatlons were originally
mapped by Hayden (1869). Sears and Bradley (1924) worked
out the basic stratligraphy and establlshed the fluvial
orlgin for the Wasatch and a lacustrine genesis for the
Green River Formation. Bradley (1925, 1926, 1929, 1931,
1948, 1964) has continued studies of the Green River Forma-
tion throughout the Tertlary basins.

Geologlc investigatlions of Piceance basin Tertiary
rocks have been dlrected almost exclusively towards the
Green River oil shales. The U.,S. Geological Survey and U.S.

Bureau of Mines have published numerous reports on olil shale
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resources of the basin. Donnell (1961a) has mapped and
described the Tertlary strata of the northern half of the
basin and has reported briefly on the stratigraphy of the
Wasatch Formation (1961b, 1969). Merriam (1954) investi-
gated the petroleum potential of the basin and Cline (1957)
studied the stratigraphy of the Douglas Creek Member in the
northern portlon of the basin.

Several short reports describe the structure and
stratigraphy of Plceance Creek dome. A map of the surface
structure of the dome was published by Kramer (1939).
Duncan and Belser (1950) described the stratigraphic rela-
tlonship of members of the Green River Formation between
Piceance Creek field and the outcrop. Brilef resumes
(Thurman, 1961; Anon., 1961; Ritzma, 1962) describe the
geology and development history of both Piceance Creek and

gouth Plceance Creek flelds.
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REGIONAL GEOLOGIC SETTING

The Piceance basin 1s a broad, slightly elongate asym-
metrlc structural basin. Tectonic events assoclated wilth
the Laramide orogeny lnitiated subsldence 1in latest Creta-
ceous or early Tertliary time. The basin 1s defined by 1ts
surrounding positlive tectonic elements (fig. 2): Whilte
River uplift on the east, Gunnison and Uncompagre upllifts
on the south and southwest, and crustal upwarping assoclated
with the Uinta uplift on the north. The Douglas Creek arch
separated the Piceance basin from the Ulnta basin during
earllier phases of Plceance basin development. The arch was
subsequently breached during middle Eocene to form one
large basin comprising the two.

The basin 1s decildedly asymmetric due to the dominating
effect of White River upllft relative to the other surround-
ing positive elements. Exceptionally high structural rellef,
in excess of 15,000 feet (Haun, 1966), occurs across the
Grand Hogback monocline at the eastern edge of the basin.
The structural axls, as developed at the base of the Ter-
tlary strata, trends northwestward near the eastern margin.

Eighteen thousand feet of Paleozolc and lMesozolc rocks

unde.'1lie the Tertiary sequence in the Pilceance basin (Warner,
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1959, figs. 17 and 18). The deepest drilling to date (19,702
feet) has penetrated the Permian Weber Sandstone. The only
pre~Tertiary rocks exposed in the basin are the upper beds
of the Cretaceous Mesaverde Formation which crop out at the
basin margin.

The Tertlary system 1s represented by three formatlons:
Ohio Creek Conglomerate, Wasatch Formatlion, and Green River
For@ation. The Ohlo Creek Conglomerate 1s a thin conglomer-
atlc sandstone which bonformably overlles the Mesaverde and
has been tentatlively assigned to the Paleocene (Donnell,
1961, p. 844), The Wasatch Formatlon consists of a thick
sequence of fluvial deposlits which conformably overlie the
Ohlo Creek Conglomerate. The Wasatch has been dated as
Paleocene at 1ts base and Early Eocene near its top (Donnell,
1969). The Green River Formation 1s approximately 3,000
feet of lacustrine rocks which were deposited in the large
and long=1lived Lake Ulnta during middle Eocene time.
Bradley (1931) subdivided the formation into four members:
Douglas Creek at the base, conslsting of sandstones, shales
and limestones; Garden Gulch, containing shales of low
organlic content; Parachute Creek, dominated by oll shales;
and Evacuatlon Creek, the uppermost member consisting of
sandstones and shales. Donnell (196la) added a fifth member,

the Anvil Points, which is conflned to the eastern rim of
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the basin and 1s stratigraphically equilvalent to the Douglas
Creek, Garden Gulch, and the lower portion of the Parachute

Creek members.

10
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STRUCTURAL GEOLOGY

The surface structure of the area 1s relatively uncom-
plicated and is domlnated by the Grand Hogback monocline
and Danforth Hills anticline which define the eastward limit
of the basin (pl. 1). The north-trending Grand Hogback
monocline 1s offset from the northwest-trending Danforth
Hills anticline to form an intervening westward-plunging
syncline.

Strata at the base of the Tertliary dip steeply west-
ward and are locally vertical, but the dip decreases markedly
toward the basin. Basal Green River beds dilp at a maxlimum
of 28° in the south and about 15° in the north.

The dominant structural element in the subsurface i1s
Piceance Creek dome, the gas producing structure of Plceance
Creek filield. As contoured on the orange marker, a strati-
graphlic datum near the base of the Green River Formatlon,
thls structure is a symmetrical, unfaulted, northwest
trending, doubly plunging anticline with 640 feet of struc-
tural closure. The uniform pattern and spacing exhibited
by the contoured orange marker (pl. 1) obscures the complex
change in geometry and axlal position with depth caused by

thinning of the Green River and Wasatch formations. As

11
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mapped on the surface (Kramer, 1939), the structure has 200
feet of closure and a pronounced asymmetric steepening of
the southwest limb, Moreover, the axlal trend of the
structure on the orange marker, 2,600 feet below the surface
structure, migrates 1% miles to the southwest and 1lts apex
shifts 3% miles to the west. Maximum closure 1s developed
at the orange marker; above thls horilzon, closure is
dim;nished by the lowered dip of the northeast 1limb, and
below, by the leveling of the southwest limb.

South Piceance Creek field is located on a east-west
trending doubly plunglng synclline on the south of Piceance

Creek dome,

12
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SURFACE STRATIGRAPHY

Wasatch Formation

The non-reslstant mudstones of the Wasatch form a prom-
inent valley extending continuously along the margin of
Piceance basin, bounded on the west by the Greén River
escarpment and on the east by the upturned sandstones of the
Mesaverde Formation (the Grand Hogback) (Pl. 1). The
Wasatch maintains a rather uniform thickness throughout the
study area; a thickness of 3,400 feet was measured by Gale
(1910) at the extreme southern end near th. head of Piceance
Creek, and Bradley (1931) reports a thickness of 3,500 feet
at Price Creek, a few miles north of the northern boundary
of the study area.

The most conspicuous aspects of the Wasatch Formatlion
is its bright coloration of mudstones. The terrain under-
lain by this lithology is typlcally imparted with shades of
red. Although reds dominate the soils, fresh surfaces of
mudstones show that the red coloration 1s in fact a minor
constituent of the varlegated mudstones which are mottled
and streaked with a wide range of colors: dull and moderate
reds, purple, ochre, greys, and browns. The nmudstones

represent a very poorly sorted llthology, displaylng a wlde

13
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range of grailn sizes, domlnated by clay but contalning an
admixture of silts and minor amounts of fine sand.

Good exposures of the Wasatch in many localltles dis-
play a banded appearance produced by beds and elongate lenses
of non-resistant siltstones and flne-grained sandstones.
These slltstones and sandstones range from several lnches to
a few feet 1n thickness and are dilstinct from the thicker
more prominent irregularly bedded sandstone lenses. Thelr
mode of weathering causes them to blend with the mudstone,
giving little or no topographilic expresslion. These massive
and unstructured quartz slltstones and sandstones range from
clean and well sorted to poorly sorted, with a hlgh percent-
age of interstitlal clay. In general, the finer gralned
slltstones show a poorer degree of sorting.

Lenses of irregularly bedded and cross-bedded sandstones
crop out sporadically through the entire thickness of the
Wasatch. These sandstones comprise a varlable percentage of
the total Wasatch section. Of the upper one-third of the
Wasatch observed durlng this study, the largest number of
sandstones 1s present 1n the Powell Park reglon where they
occupy as much as 39 percent of the section (MS 12, pl. 2).
North and south of thils locallty, they are relatlvely sparse

and make up only a minor part of the sectilon.
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The lentlcular sandstones range from a few feet to a
few tens of feet 1n thickness and from a few hundred feet to
several thousand feet 1n lateral extent. They are typlcally
irregularly bedded, and bedding structure 1ls produced both
by cross-stratification and by differentlal compaction
between the sandstones and interbedded and surrounding
relatively compressible mudstones,

A general description of these lithologlcally varilable
sandstones 1s as follows: 1limonite stailned, friable, flne-
grained, sub-rounded to sub-angular, poorly sorted, sllty,
commonly conglomeratic, slightly porous, sllghtly calcareous,
quartz sandstone., Mineralogically, the sand fraction 1is
almost entirely composed of varying amounts of quartz and
chert, about 70 to 85 percent quartz and 10 to 25 percent
chert. A majJor part of the chert 1s white, but small
~amounts of black chert gilve the rocks a speckled appearance;
thlis 1s characteristlc of many sandstones, both 1n the
Wasatch and in the Green River formatlons. Feldspars form
a minor component (less than five percent) and include
orthoclase, mlcrocline and, 1n some samples, plagloclase.
Clay is a ubiquitous constlituent, present in various
quantities and destroying much of the 1nitial porosity.

The clays probably are derlved secondarily, subsequent to

burial, from adjacent mudstones and 1nterbeds of clay
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wilthin the sandstone unlts. The presence of some grailn
support by the clay, however, indicates that at least some
of the clay was deposited with the sand. It 1is also con-
celvable that the interstitial clay was emplaced penecon-
temporaneously with sand deposition. Interstitial water
percolating through the sands would have contalned clay
which would have been flltered out and trapped in the sand
interstices. Limonite 1s present in the vast majorlity of
these sandstones and accounts for their rust brown color.
In a few cases the limonite i1s present in sufficient quantity
to act as a blnding agent, reducing the friablility of the
grains, Calcite i1s rather uncommon in these sandstones;
some units contain a small amount of calcite, but not
normally enough to indurate the rock.

Graln size distributlon 1is extremely variable. Beds
and laminae normally display poor sorting and in most
samples graln sizes range from silt through medium and
coarse sand. Cobbles and pebbles of well-rounded red and
black chert are common 1n most sandstones and are present
as l1lsolated interclasts\or as conglomeratic concentrations
in zones or beds. In some outcrops a crude sense of grad-
ing can be observed in the vertlical size distribution. In
such cases, a poorly sorted sequence may grade upward from

a coarse conglomeratlc sandstone into a fine, poorly sorted
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sandstone over an interval of a few feet. Thls sequence may
be truncated and superimposed by another similar sequence,
Slltstones, claystones, and mudstones are abundant within
the dominantly sandstone unlts. The flner lithologles

occur variously as interbeds, lenses or tongues extending
from the surrounding lithologles.

The geometry of, and the sedlmentary structures within
the sandstones suggest that they represent polnt bar channel
deposlits. The above mentlioned graded bedding 1s typical of
the lateral accretion of point bar deposits. Scour and fill
1s a common feature and scour channels are present within
the sandstone units and in places at the base of the unilts.
Cross-bedding occurs both as tangentlal-wedge sets and as
trough types. Rilpple marks are not as common as in Green
River sandstones, but are present in some outcrops as
symmetrical ripples, climbing ripples, and sets of ripple
cross=beds. Clay galls are plentiful. Carbonaceous
material 1s ilncorporated in the form of small granules of
coally matter and 1s most commonly preserved 1n the coarser

sandstones.,

Green River Formation

The Green River Formation crops out at the eastern rim

of the basin as a serles of prominent sandstones and shales,

17
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Only the lower portion of the basal member, the Anvil Points
Member of Donnell (1961), is represented on the basin's
marginal escarpment. Anvil Polnts 1s extended northward in
thls study and lincludes those rocks north of Whilte River on
the east slide of the Grey Hills escarpment (pl. 1).

The Anvil Points 1s characterized by a high sand and
silt content. Unlike its equivalent members, Douglas Creek
and_  Garden Gulch, sandstones and siltstones are ubiqultously
present, not only as dilscrete units, but as units inter-
bedded and interlaminated with the shales and limestones,
Thls member, which 1s present excluslvely on the eastern
edge of the basin adjacent to the west flank of the White
River upllift, 1s the result of coarse clastic deposition
produced by the continued tectonic activity of the uplift,

The contact of the Wasatch Formation wilith the over-
lying Green Rlver Formatlon 1s tradlitlonally placed where
the red and varicolored mudstones below meet the relatively
thick and regularly bedded sandstones and somber colored
shales above., The boundary 1s conformable, representing a
change in sedimentatlion from fluvatile to domlnantly
lacustrine. Owing to the transitional environment which
produced the Anvlil Points, 1ts lower boundary 1s correspond-
ingly gradational and indistinct. In the northern part of

the area, interfingering and migratlon of 1ts stratigraphic
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position 1s demonstrated by 1ts relationshlp to a mapped
datum horilzon (pl. 2). At Powell Park the lower contact
loses ldentity due to the numerous channel sandstones con-
talned in the Wasatch and in the Anvil Points. The contact
has been tentatively placed at the top of the uppermost
variegated mudstone. South of Powell Park, the contact is
more distinct and is placed at an abrupt lithologic break
between the variegated mudstones and regularly bedded sand-
stones,

A total thickness of the Anvil Points was not established
in this study. Previous workers have shown that thils member
is 1600 feet thlck at Piceance Creek, 1350 feet at the White
River (Donnell, 196la, pl. 53), and in excess of 1175 feet a
few miles north of Deep Channel Creek (Bradley, 1931, pl. 8).

The present study indicates that the Anvil Polnts con-
tains two facles: sandstone and slltstone. As will be
demonstrated below, the sandstone and the siltstone facles
are belleved to represent the Douglas Creek and Garden Gulch
members respectively. The distribution of these facles 1is
deplcted in plates 1 and 2. The sandstone facles 1s the
more common of the two, extendlng throughout the study area,
and in most of the area accounting for the entire measured
thickness of Anvil Poilnts. The slltstone facles 1s present
only in the southern ten mlles of the area where it over-

lies and interfingers northward with the thlnner portion of
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the sandstone facles. The sandstone facles 1s thinnest at
the southern boundary of the study area and thickens north-
ward at the expense of the slltstone facles,

011l stainlng and impregnatlon 1s present 1n several
sandstones south of the White River and is not limited to a
partlicular facles or horizon. 011 stalning 1s present in
both facies, and ranges in stratigraphic position from the
lowermost Green River sandstones to approximately 800 feet
stratigraphically above the formation contact (pl. 2).
Oil-impregnated sandstones are present sporadically from
about three miles south of the White River to Piceance Creek,
but apparently are most common in the area a few miles north
of Thirteen Mile Creek (pl. 1). The sandstones that host
the oll vary from thin stringers to units ten or more feet
thick, and vary 1in saturation from slightly stalned to

completely saturated with dark brown viscous asphalt.

Sandstone Hacles

The sandstone facles 1s composed of sandstones, sllty
shales and mudstones, and minor limestones. These rocks are
exposed as relatively prominent discontinuous sandstone
ledges with Intervening shale slopes. The sandstones crop
out as massive and irregularly weathered beds and lenses,
locally developlng a flaggy and blocky texture., The 1light

gray and tan sandstones are typically discolored with



T 1278 21

streaks and patches of heavy limonlte stailn. The shales
and mudstones, generally shades of brown and gray, weather
to light drab solls. Only locally do the sandstones domin-
ate the lithologles, ranging from 72 percent at the White
River to about 40 percent on the south and north.

Sedimentation in this faclies has been influenced by
both fluvlal and lacustrine processes. In this study the
sandstone units have been subdlvided into two categoriles:
channel sandstones and shoreline sandstones.

Channel sandstones are best developed in the Powell
Park area where they are the dominant type of sandstone body
and produce thick, wlidespread units. Outside this area
they become less abundant and are dilstributed among the
shoreline sandstones. The channel sandstones of the Green
River show a differing sequence from those in the Wasatch.
Whereas the coarser bed-load zone seems to dominate sand-
stones in the Wasatch, the upper fine-grained zones of
the point bar model (Visher, 1965) prevall in Green River
deposits.

The channel sandstones are generally fine-gralned,
ranging from sllt to medlium-grained sand. Conglomeratilc
zones are present, but not abundant. These conglomerates
are present at the base of some sandstone units, but are

not recorded in many of the sequences. These sandstones
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show a mineralogy similar to those of the Wasatch: they are
composed principally of quartz and chert with minor amounts
of feldspars. Sorting i1s generally moderate to good;
locally sorting 1s poor due to interstitial silts and clays.
Packing 1s extremely tight; even the well-sorted sandstones
have grains closely Jjuxtaposed, glving a maximum nunber of
grains for a given volume. Owilng to this closed texture,
porosities are very low. Calcite content is varlable within
and among individual units, with concentration ranging from
a trace to heavy induration. Calcite in these sandstones 1is
of secondary origin, and i1t 1s presumably controlled, at
least in part, by permeabillity and avallable porespace.
Limonite 1s common 1in most of the deposits; 1t too is
secondary and 1ls concentrated mostly on the weathered sur-
faces.

The well-developed channel sandstones are rougnly
tabular in shape. Many of the basal contacts are quite
flat, maintalning stratigraphic position for considerable
distances. Where a basal conglomerate 1s present the lower
boundary 1s abrupt, otherwlse the lower contact may grade
up from siltstones to fine-grained sandstones. The upper
contact 1is irregular and transitionally interbedded with
the overlylng fine-grained deposits. These deposlts gener-

ally lack a characteristic vertical llthologic trend.
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Variation from silt to medium-gralned sand 1s present
throughout the deposits as zones and beds. Shales and mud-
stones are also incorporated throughout the sequence in
irregularly shaped lenses, tongues, and stringers.

Sedlmentary structures preserved in these sandstones
include most of those noted in the Wasatch sandstones.
Bedding 1s massive, flat bedded, laminated or cross-bedded.
Cross-bedding is of trough, tangentlal-wedge and cross-
ripple types. Whereas trough cross-beds seem to dominate
iIn the Wasatch sandstones, tangentlal-~wedge ls more common
in Green River deposits. Clay galls, limonite nodules, and
carbon granules and fibers are common. Burrow structures
are infrequently represented,

Fine-grained lithologles assoclated wilith these sand-
stones are chiefly sandy and silty mudstones containing
small lenses and stringers of sandstones and slltstones.
Most mudstones are presumably flood plaln sedlments, however
restricted fine-grained channel-fl1ll sequences are also
assoclated with the point bar channels., These sequences are
interbedded mudstones and siltstones, simllar 1n appearance
to the flood plain sequence. Good exposures of channel-fill
reveal thelr small lateral extent and thelr bedding draped
to conform to the shape of the confinlng channel.

The channel deposlits are a westward interfingering of
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continued Wasatch-type sedimentatlion contemporaneous with
Green River depositlon. In the Powell Park area a wedge of
these rocks extends into the transitional lacustrine
sequence and has been preserved. Throughout most of the
reglon, however, the fluviatile sequence has been lost by
post-Eocene erosion and only remnants of thls facles remain.

The shoreline sandstones form relatively thin tabular

24

bodies, normally less than ten feet thick, and typically only

a few feet thick. These sandstones are light gray, tan and
orange, fine grained, moderately to well sorted, and consist
of quartz and chert. Good initlal porosity 1s developed by
their characteristic loose packing, but the porosity is
commonly destroyed by varliable amounts of calclte cementa-
tion. Calclte contained in most of the sandstones 1is
secondary, but thin sectlions of some reveal that primary
calcite 1s developed as druse and micrite. Limonite 1s
also primary in a few samples. Limonlte is commonly con-
centrated in blebs and laminae as encrustations on oolltes,
ostracods and sand grains.

The shorellne sandstones are variously masslive, thin-
bedded, laminated, cross-bedded, and ripple-marked. Cross-
bedding 1s generally low-angle and tangentlal-wedge. Shale
is commonly interbedded and interlamlinated wlth the sand-

stones. These shales are generally more evenly bedded, in
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contrast to the lrregular lenses and tongues of the channel
sandstones., Many of the sandstones cc¢ itain ostracods. The
ostracods are most commonly fragmented and generally in low
concentrations in the sandstones, but are highly concen-
trated in lirestones assoclated with the sandstones. Oolites
are also associated wlth the sandstones 1in some localltiles.
Presumably both the oolites and ostracods are detrital and
are from some nearby source, In some localltles burrow
structures are preserved in the sandstone.

The filne-grained llithologies assoclated wlth these
shoreline sandstones form sequences of Interbedded gray
shales, and gray and orange slltstones and flne-grained
sandstones, similar in appeafance to the off-shore silt-
stone of the siltstone facles. The shales are commonly
qulite sandy and silty, and have a flaky, and occasionally
papery, filssility. The siltstones and sandstones are
generally thinly flat-=bedded or laminated. Low-angle cross-—
beds and ripple marks are present in some localltles.

The contacts between the interbedded llithologles are var-
iously gradational or quite sharp, and are generally flat
and continuous. Thin limestone stringers are a part of
these sequences in some sections. Ostracods are commonly
preserved in the siltstones and sandstones. Fragments,

nodules and heads of Chorellopsils coloniata, a shallow,
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clear-water calcareous algae (Bradley, 1928), are present
sparsely in the shales and slltstones.

Limestones form a mlnor constituent of the sandstone
facles., Carbonates have been observed throughout the area,
but are best developed and most common north of Powell Park;
south of the White River they are relatlvely scarce. All
of the limestones are quite sandy. Sand and coarse sllt
are variously assoclated both as interlaminations or within
the limey matrix. The limestones generally are present as
thin stringers, however, several beds in excess of ten feet
thick are developed in the northern part of the area. Most
of the clastilic constltuents have graln-to-graln contacts.
Sand commonly 1s the dominant clastic component, but
ostracods, oolltes, and pisolites are common framework
materials. The clasts are cemented by sparry, drusy, or
micrite cement. Cementatlon normally causes strong indurge-
tion of the limestones. Some limestones containing larger
clasts, large oolltes and plsolltes, are moderately
cemented, produclng large interstices that yield excep-
tionally good porosity.

The ostracods were not identifled in this study, but

Cline (1957, fig. 7) reported Cyprldea bisulcata, Candona

pagel, Erpetocypris? sp. and Cyprois cf. C. marginata from

the lower portion of the Anvlil Points at the White River.
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Many of the ostracods, which presumably thrive 1n relatively
shallow, qulet water (Swain, 1949), have been transported
and deposited outside or their indigenous environment. Hilgh
concentrations of ostracods in many outcrops are accompanied
by evidence of relatively high-energy depositlion. In these
deposits, well-sorted, flatly packed, clean ostracods are
highly cross-bedded and ripple-marked, probably indicative
of beach deposition. The ostracods are more typilcally
covered with a durable layer of limonite, however, which

was presumably encrusted on the shells 1in relatively quilet
water.

Oolites are present as minor inconspicuous intraclasts
1n sandstones or as highly concentrated beds or lenses;
organic or lnorganic origin 1s not determinable. Inasmuch
as the oolites may show good sorting, grain support, and
contemporaneous splitting, a mechanlcal process may be
inferred. In thin sectlon, however, the ocolites have con-
centric layers of micrite, druse, and limonite. This layer-
ing 1s the same as that of assoclated pisolites, which
Bradley (1928) described as algal pebbles. Both the similar
structure and the close assoclation seem to suggest an
organic origlin. Organlc or inorganic, however, these struc-
tures would require a shallow clear-water environment either

to maintain constant wave agltation for a physio-chemlcal
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origin or to permit penetration of light for an algal
origin. Consequently the oolites indlcate the same near-

shore environment as do the algal structures.

Siltstone Facles

The siltstone facles overlles and interfingers north-
ward wlth the sandstone facies., The full thickness of this
facles 1s not represented in the study area, but the
measured sections of Donnell (1961, pl. 53) 1lndicate that
the facles 1s 1450 feet thick at Plceance Creek and 1100
feet thick at Fourteen Mile Creek. The facles 1s exposed
as a monotonous sequence of light gray and orange slltstones,
containing only an occasional prominent sandstone unit. The
siltstones make up the most representative lithologlc con-
stituent, but there 1ls an increase 1n sand southward.
Shales domlnate much of the silt facles at MS3, but there
1s more sandstone in MS1l (pl. 2).

The siltstones are thinly flat-bedded and laminated,
and highly intercalated with sandstones and shales (fig. 3).
Alternatlion of beds ranges from a few feet down to inter-
laminations. The sandstones are generally filne- to very-
fine-grained, silty and moderately to poorly sorted, flat-
bedded and in some places ripple-marked. Ostracods are
present 1n some of the sandstones and siltstones. The

shales are silty and sandy. Fisslility of the shales 1is
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typically flaky, although some are papery. Some of the
shales have pulverized carbonaceous matter preserved on
bedding planes.

It is believed that thls facles was deposited in an
off-shore environment analagous to the neritic envlironment
of the marine model. Its conslderable thickness and lack
of significant shorellne or fluvatlile deposlts suggests
that deposition took place under conditions which maintailned
a higher degree of stabllity than shoreward equivalents.
That the distance from the shorelline was not great is indil-
cated by fine sand that was deposited in the area. Fluctua-
tions 1n lake level probably had some effect on sedimenta-
tion, and presumably influenced the relative coarseness of
clastics, but throughout most of its hlstory the area

remalined submerged.
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SUBSURFACE STRATIGRAPHY

Stratlgraphic Markers

Stratigraphic markers have been used in reconstruction
of the Eocene deposlitlonal history. The orange, blue and
black markers, which have common usage in the existing
literature, have been used. These electrlc-log markers are
distinctive and persistent beds of low resistivity. It
has been shown by Dyni (1969, flg. 1) that the resistivity
of lacustrine shale of the Green River Formatlon 1ls prin-
cipally a function of relative oll content; the resistivity
of strata lncreases in almost direct proportion to potential
0il yield. Inasmuch as preservation of the organlc con=-
stituent of the shales reflect; the chemistry of the lake's
bottom water during a given interval of time, each marker
may be considered a time surface recording a concurrent
basinwlde event. Numerous other, less dlstinctive but
never-the-less correlatable, markers are present throughout
these shales, and are egually useful in demonstrating
detalled time relations,.

Stratlgraphic markers also have been utilized in
Wasatch Formatlion correlatlons. These horlzons, however,
lack the preclsion of those in the lacustrine shales, and

consequently are termed "correlation lines" in order to
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denote a lower degree of accuracy than the "time llnes"
whlch are drawn through the Green River Formation. The
correlation lines are established by the varlous correla-
tions of beds, zones and phantom horizons and glve time

relationshilps only in a gross sense.

Wasatch Formation

The varlegated siltstones and mudstones which typify
the Wasatch Formatlon on the surface predominate 1n the
eastern portion of the subsurface sectlon, but become less
domlnant on the west.

The slltstones and poorly sorted sandy mudstones are
gray and brown, but in many samples are hilghly mottled with
red, purple, green, and ochre. Beds of llght gray,
commonly calcareous, slltstones are scattered among the
variegated mudstones. Lenticular sandstones are very
common throughout the Wasatch, rangilng 1n thlckness from
thin stringers up to a few tens of feet. Most of these
sandstones persist laterally only a short distance; only a
small minority may be correlated between more than two
wells. The sandstones are light gray, fine- to medium-
gralned, moderately sorted, subangular, slightly porous,
and primarily composed of quartz.

In the western pa.t of Plceance Creek field the upper

portion of the Wasatch Formation contalns both fluviatile
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and lacustrine deposits. The varlegated slltstones and
mudstones, while not absent, are less common. The lacustrine
sandstones have a similar fine- to medlum-grained, moder-
ately sorted, subangular lithology as those of the fluviatile
sequence, however, many sandstones and shales are ostracodal
and 1n places are assoclated with the limestones. The sand-
stones are generally thin and rarely persist laterally.
Sparse data wilill not permit delineation of these Wasatch
lacustrine deposilits, but they apparently are restricted to
the western portion of Plceance Creek fleld, and are present
in the upper 900 feet of the formation. Sample and core
description from wells in sections 15 and 27, T. 2 S.,

R. 96 W. 1indicate that the upper Wasatch 1s dominated by

the varlegated llithologles and 1ls essentlally devold of
ostracods at thcese locallties. Therefore, the fluviatile
Wasatch interfingers wilth lacustrine deposlts 1in the upper
900 feet of the f rmation in the vicinity of the western
half of T, 2 S., R. 96 W. Below 900 feet, sporadic
occurrences of ostracods have been reported in the western-
most wells of Piceance Creek field.

Lacustrine deposits presumably reflect the inclplent
development of Lake Ulnta. Mlinor small lakes were
apparently developed locally for short periods of time as
drainage was deranged by the structural movements affecting

the basin. These non-fluvliatile environments were present
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locally and 1Intermlttently throughout the depositlion of the
Wasatch, but near the end of Wasatch deposltion these con-
dltions became more common, dominating the topographically
lower portions of the basin.

Total thickness of the Wasatch Formation shows a
marked increase from 3400 feet at the exposed eastern edge
of the basin to an undetermined thlckness, probably in
excess of 6000 feet, at a basinal axls east of Piceance
Creek field. Four wells that penetrate the entire Wasatch
section show a northeastward thickenlng at the rate of about
200 feet per mlle, achileving a maximum penetrated thickness
of 5400 feet in section 15, T. 2 S., R. 96 W. The rate of
change 1s relatively uniform across the basin as the forma-
tion thins to about 300 feet (Cashion, 1969) where 1t crops
out on the western silde of the basin, 22 mlles west of the
field. The rate of thickening 1s also apparently uniform
vertically throughout the Wasatch section. Correlation
among deep wells shown on plate 3 indicates that the inter-
val between each palr of correlation lines tapers at about
the same rate throughout the whole thickness, suggesting a
relatlvely continuous and uniform subsldence throughout

Wasatch deposition,
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Green River Formation

Douglas Creek lMember

The Douglas Creek lMember is the lowermost member of the
Green River Formation and the principle gas producer for
both Piceance Creek and South Piceance Creek fields, The
member consists of a serles of sandstones, limestones, and
shales which pinch out 1In the central part of Piceance
Creek field and west of South Piceance Creek fleld. This
member 1s characterized by the dlverse lithologles which
overlie the dominantly fluviliatile Wasatch Formatlon and
underlie the relatively homogeneous shales of the Garden
Gulch Member.

In many localities the lower boundary of the Douglas
Creek Member 1s Iindlstinct owing to the common occurrence
of sandstones at the top of the Wasatch. Sufficlent control
may be attained from sample and core descrilptions in some
wells to permit delineation of the boundary on the basils
of lithology. In the western wells the lithologilc
criterion, even where avallable, 1s unsatisfactory for
recognition of the base of the Douglas Creek owlng to the
similar nature of the lacustrine deposits above and below
the contact. However, many of the electrlc logs display
the Wasatch with a characteristlc resistlivity response ==
a relatively low resistivity (10 ohms. mz/m), lacking sharp

peaks, showing very little separatlion between the normal
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and induction curves -- which permlts a gross correlation of
the upper Wasatch from control wells.

A distinct lithologlc break between the Douglas Creek
and Garden Gulch members exlsts throughout most of the area.
Well-developed sandstones are directly overlain by a dis-
tinctive sequence of shales. Locally, however, a clear
distinctlon between the two wembers 1s lost due to the
occurrence of discontinuous sandstones and siltstones 1n the
lower Garden Gulch. These beds, which are most common in
South Piceance Creek field, have been excluded from the
Douglas Creek because they are enclosed by homogeneous
shales more characteristlc of the Garden Gulch Member.

The sandstone units of the Douglas Creek Member are
generally composed of light gray, speckled, subrounded to
subangular, well sorted, moderately packed, generally cal=-
careous, quartz sandstone. The sandstone beds are up to a
few tens of feet 1n thilckness. Cuttling samples of these
sandstones suggest a close similarity 1n sorting and pack-
ing to the lacustrine sandstones sampled at the outcrop.
Many sandstones contaln ostracods and are closely assoclated
with ostracodal and oolitlc limestones. Small coal granules
are present 1ln some sandstones. The good sorting and loose
packing typilcally produce very good primary porositles, but
secondary calcite cementation has destroyed much of this

porosity 1n many of the sandstones. 011l stalnling and oil
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accunulations are common in many of the sandstones,
especilally in south Plceance Creek fleld., 01l stalning 1is
also common in Pilceance Creek fileld as both live and dead
oil stailn.

Siltstones are assoclated with both the sandstones and
the shales. The slltstones are light to dark gray, gener-
ally calcareous, and commonly laminated. Most of the silt-
stones are carht aaceous, deriving thelr dark color from
pulverized carbon dispersed throughout.

Most of the shr’es are dark, ranging from medium brown
and gray to black. Filssllity ranges from absent to papery.
Both siltstones and shales are sparsely ostracodal and
pyritic.

Thin stringers of light brown ostracodal limestone are
abundant throughout the Douglas Creek Member. The ostra=-
cods are typlcally cemented either by lime mud or secondary
calcite., Interstitial and vugular porosity 1is developed
in some moderately cemented ostracodal limestones. Thege
limestones commonly contaln interlaminations of carbon-
aceous black shale. 0Oolitlc and dense microcrystalline
limestone 1s present, in addition to the more prevalent

ostracodal limestone. Turratella sp. 1s contalned 1n a few

of the microcrystalline limestones.
The porous zones of the Douglas Creek Member have an

average porosity of 13.5 percent and an average permeabilility
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of 19 md (Anon., 1961, p. 210). Porosity i1s developed
Interstitially 1n the sandstones and interstitial and
vugular porosity 1s developed in the limestones. Fractures
in the shales and calcareoun lithologles are commonly
recorded in cores and appar.atly account for a significant
amount of transmissibllity, and probably also provide
porosity. Good pressure communicatlon exlists among the
various productive sandstone units of the Douglas Creek in
Piceance Creek fleld, demonstrated by a predlctable pres-
sure decline which affects all producing wells (Mobil 0i1l,
personal communication, 1969). The lateral persistence and
vertical 1soclation by shale of the indivlidual sandstone
units suggests that communication within the member should
be best developed laterally. However, vertical communica-
tion among porous zones in upper and lower parts of the
member may be lmplemented locally by vertical fractures
developed 1n the siltstones and shales.

The Douglas Creek Member thickens to the northeast from
the zero isopach to greater than 260 feet in the north-
easternmost well of Plceance Creek fleld. The thickening
of the member 1s accomplished by the combined effects of an
increasing number of sandstone units and a thicker develop=-
ment of the indlvlidual sandstone bodies. Both the isopach
(fig. U4) and the sandstone 1isollith (fig. 5) maps show a

simllar northwest trend across both gas fields. This



N
- . FIGURE 4
25 5 7
ajo el
Pl | e < ISOPACH MAP
\F | DOUGLAS CREEK MEMBER
T ‘ i GREEN RIVER FORMATION
S \ | C. B. SNOW /1969
TN ]
‘ oo 150 [200 50 3P 350 40p 450 (500 550 600 | - .| \
: @70\\ \ \:\so \ \ & \ \ \ \ - . °
o \ \ N M_'Q'.—-—_—~ N AN \ '. i}
[—_ [~ 80 ' N \ \ 1
| x ~_.| ¢ N\ \ !
R RN ® DE N N N
I N AN ) \ \ l\\ \ \ \, \\ )
|[ 1?1\5 NG CEANCE \CREEK \7& \ & ! \ \ N z N
2 L T \ SN \ \ \ \ \\\
s | s | & faT & ! \ \ N N \\2\
: s 20 | 240 !
S B . L & ANERNANAN y L
HENEZN AR AR NN S
.E f ad ~ M \ NS ... \ \\ «
L" ] \\K/.é—%\\ \\ 200 _‘ \ \ Z \
o f SN B ;
R 65 mo\ \ % -T\ \x .
R 97 W K I \ \ ﬁ\ \ \\ Y ‘l AN \ ( - =
EXPLANATION /LT_/ \ \ ~\\}\ \\ \ E\R !E
Q - L == N\ < N '8 ﬁ
> aNb 5o REET DASHED ‘ > 78 N AN 3 \ ! ©
WHERE. CONTROL 1S ROGR | [WHL--ﬁ \_ /¢i~>}‘r-*§i \ \ \1\\ _ R N
| @ \ N o
el RN \ \ \ g
S 35 SouTH\ PICEANCE YMg l S
If{_mncxwess OF DOUGLAS \\ ®1 CREEK\F/ELDX \ \ A. 2 l i ‘
CREEK MEMBER \\_ \ y 2 [ S
e @65 85 O‘- mv
@  GAS PRODUCTION FROM » v \4> \ \ \ 1“% e | j
DOUGLAS CREEK MEMBER ® -2 \\ \ ' '_,_- ,, ___
2 3 4 miles % ( \ \ \ \ \ }aﬂ&‘ | ;
\ X ; = f
\25 \50 75 100 SO~ 29 PreEst ER/E/KJ |
R96 W R95W l \‘CEAT [R94W |




TTuNIT
|

IBOUNORY |

FIGURE 5

SANDSTONE ISOLITH MAP
DOUGLAS CREEK MEMBER

T
d \ GREEN RIVER FORMATION
\ \ C B .SNOW /969
TN K
| 0 \ ﬁﬁ\ 6Q, —Iéo 1do
S NN AN S
i —] a0 | ‘ '
RPN \\@ g AN \‘—" —
L _1;1 ‘\\ —/®"\ 37@ i
1 o ! 68
| . 1#\5 PICEANCE }QEEK FIEL %) . |
% \ o ||
(] - ~ - S
f o ‘ié\ " & ) ¢ ¥ |
T J \ m;?_z,o / 68
- LE |
| \ ts 45 &
L N7 N\ K T
L"-} ~ ‘/ 0 ) 100 'L1
-7
= _ N2 85 :
HESYAR AT
R 97 W R I \ l
O/ 3 Iqo
EXPLANATION —‘—--: :
L. N
CONTOUR INTERVAL 20 FEET @20 ! vz A AN L
\ L > las ) 80 -
| L _¢_ i t——
37 - a8 L4
Y\ NET SANDSTONE IN == @"J
DOUGLAS CREEK MEMBER \
T \
F——— \ 25 \
® 6as PRODUCTION From [V & & SOUTINCE'ANCE
DOUGLAS CREEK MEMBER orEbk NFIbLD
20 @35\ :-3 \60
(o} | 2 3 miles 18 26 \
® o
13
- \ \
\éb 40
R96 W R95W




T 1278 41

trend 1s best developed in the northeast where the member is
thickest. The contour pattern becomes Ilncreasingly erratic
as the member thins. The geometry of the edge of the
member, where it consists of only one or two sandstone
unlits, more closely reflects the lenticular and irregular
nature of the units which comprise the Douglas Creek, than
does the more uniform trend elsewhere 1n the area. The
same lenticular and unpredictable nature i1s also character=-
istic of most of the sandstone units on the east, however,
the 1ncreased number of these unlts reduces the disruptlve
effect on the 1sopach and i1solith trends.

As 1llustrated in flgure U4, the lsopach trend estab-
lished by the eastern portion of the Douglas Creek Member
has been tentatively extended to the outcrop of the sand-
stone facles of the Anvil Points HMember. Thils extension 1s
speculative owlng to the tenuous control established 1iIn the
subsurface and relatively long dilstance to the outcrop.
However, a general geometric continulty 1s malntailned,
suggesting that the Douglas Creek of the suhsurface and
the sandstone facles at the northeastern margln of the
basin are stratigraphically equlvalent and contlnuous.

The upper portion of the Douglas Creek Member inter-
fingers wilith the lowermost part of Garden Gulch Member and
demonstrates a time transgression in the direction of

thickening. The time relatlonship between the two members
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is shown by the t.me lines drawn below the orange marker in
plate 3., These time llnes, present throughout the area,

are truncated by the Douglas Creek lMember successlvely
farther to the northeast wilith higher stratigraphlic position,
demons trating that the top of thls member becomes progres—
sively yocunger.

Whether or not a similar lnterfingering relatlonshilp
exlsts at the base of the Douglas Creek Member cannot be
firmly established with exlsting well control. Adequate
penetration of the Wasatch Formation is restricted to the
western part of Piceance Creek fleld; throughout the rest
of the area data are sparse or unavailable. On the west,
the Green River Formation apparently conformably overlies
the Wasatch without significant interfingering. As shown
in plate 3, the base'of the Douglas Creek lMember parallels
the correlation line drawn a short distance below the top of
the Wasatch Formation. A slight drop in stratigraphic
position on the west, indlcated between wells T52-19-G and
43-24, may suggest minor interfingering at the base of the
Greeﬁ River Formation. The upper Wasatch in this region has
been influenced by lacustrine sedlimentation, and therefore,
the nature of 1ts upper contact cannot be consldered repre=-
sentative of that to the east. The lacustrine Wasatch has
been interpreted as 1ndicative of a flat bottomland in the

topographlically lower region of the basin, and as such the
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initial development of Lake Ulnta would naturally affect
most of this area simultaneously, producing an abrupt con-
tact.

Whlle the use of the orange marker as a level datum is
useful in portraying the chronologilc and stratigraphic
relationships at the top of the Douglas Creek Member, it
distorts these relatilionships at the base of the member.

The basal contact relationship deplcted on plate 3 suggests
a time transgression to the east whereas the reverse situa-
tion 1s more prot ble; one which maintains a parallel time
relatlonship at both the top and base of the member. Thils
discrepancy is produced both by topography inherent to the
orange marker and by increased rates of sedimentation of the
Douglas Creek HMember to the northeast. The shale whlch con=-
talins the orange marker was deposilted on a surface which
sloped basinward. This basinal gradlent was produced 1in
part by tectonlc downwarping, and was apparently enhanced

by the geometry of the wedge-shaped Douglas Creek Member

on which the lake floof was developed. An accurate restora-
tion of thls marker, therefore, would requlre 1t to slope
gradually basinward.

The time relationship of the Douglas Creek Member 1s
even more profoundly affected by increasling rates of sedl=-
mentation on the northeast. The 1ncreasing rate of deposi-

tion results in a correspondling lincrease of spatlal
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separatlion of time surfaces. The dramatlc effect of this
phenomenon 1is suggested by the marked thickenlng of the
upper Douglas Creek between the two closely spaced wells at
the eastern end of plate 3. The prominent shale units,
present in both wells, are stratigraphically equlivalent and
presumably time equivalent. An addltlonal 50 feet of
sediment was deposited in the upper part of the member as
recorded in the eastern well, presumably due tc the more
rapld rate of deposition In that direction. Extending the
effect of thils rate of thickening below the shale unit, it
becomes apparent that a time surface near the base of the
Douglas Creek Member or 1in the Wasatch Formation should be
shifted significantly with respect to time surfaces in the
Garden Gulch Mzmber, and in effect, thils reverses the sense
of stratal continuity.

The transgression of the initlally developlng lake
probably occurred as cycles of fluctuation in strand line
position with the neéet result of a northeastward mlgration.
The rate of net migration was apparently highest during
the initial inundation'of the basin lowlands and diminished
to the east as the strandline transgressed. The sandstone
facles of the Anvil Polints Member represents a continuation
of this same process; 1ts thlckest development reflects the
slowest rate of transgresslion and a prolonged stillstand of

the lake's strand line.
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Garden Gulch Member

The Garden Gulch Member overlies the Douglas Creek
Member in the subsurface and presumably 1s the stratigraphic
equlvalent of the slltstone facles and a portion of the
s:ndstone facles of the Anvlil Points Member on the east.
Within the limits of thls study area the member thickens
markedly to the east, from 200 to 1180 feet. The Garden
Gulch 1s distinguished from the overlylng Parachute Creek
Member on the basls of the lower kerogen saturatlon of 1its
shales. Owing to th=2 sensltivity of resistivity logs to the
kerogen content of the Green River shales, delineation
between the two members on thls basls 1s readily practicable
in subsurface studles,

The lithology of the Garden Gulch Member 1s character-
lzed by a uniform 3equence of shales. These shales are
brown and gray, generally flnely lamlnated, and in places
calcareous,., Siltstones and sllty shales are present locally
at the base of the member where the off-shore slltstones of
the Douglas Creek interfinger with the deeper water shales.
Ostracods are sparsely present in the lowermost shales and
in some localltles are concentrated as stringers of grain-
supported ostracodal limestone. These shales, although
considerably less organlic than those of the Parachute Creek
Member, may yleld as much as 55 gallons of oil per ton

(Smith, Trudell and Dana, 1968, p. 26). lMany cores of the
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Garden Gulch contain free oll in fractures and vugs of the
shales and withln porous siltstones and llmestones.

Interfingering between the Garden Gulch and the sllt-
stone facles of the Anvil Polnts lMember 1s recorded in the
easternmost wells of south Piceance Creek fleld. Tongues
of the silltstone facles are present as lsolated beds of
siltstone and sandstone in the lower 200 feet of the member
(ple 4 in no. 1 Miller and 17X-8 wells). The Anvil Polnts
1s not recognized as a separate unit in the eastern wells
of Plceance Creek fleld, but the lower part of the Garden
Gulch Member (secs. 10 and 36, T, 1 S., R. 95 W.) may rep-
resent the siltstone faclesz. The trend of isopach contours
in flgure 6 suggests that the siltstone facies should be
present a short distance east of the present limit of
Piceance Creek field.

A slight but significant modification in depositional
conditions in the Garden Gulch lMember is reflected by
lithologlic and geometric changes Just below the orange
marker. Shales of the lower Garden Gulch have a low
organlic content and time lines within them sre essentially
parallel (pl. 3), whereas the upper Garden Gilch contains
moderate- and high-yleld oll shale and shows a marked
westward thinning. Both the upper and lower shales were
presumably deposited in relatively deep water, but the
lower Garden Gulch, which 1s tlme equivalent to the Douglas

Creek Member 1n the subsurface, was deposlted relatively
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close to the strand line. The upper shales, laterally
equivalent to the more distant Anvll Points lMember, were
deposited much farther basinward. The oll shale, which 1s
thought to originate in stratlified bottom water (Bradley,
1948), 1s indicative of the basinward deep-water deposition.
Westward thinning of the upper shales 1s shown by the
isopach map of the interval between the orange and blue
markers (fig. 6). The thinning presumably reflects the
decreasling rate of sedimentation with distance from sedi-
ment source. Apparently the position of the strand line
remalned relatively constant durlng deposition of this
interval. Thils 1s suggested by the remarkably uniform
vertlical distribution of thinnling throughout the sequence
(fig. 7).

The upper contact of the Garden Gulch lMember exhlbilts
a time transgression to the east. The tlime relatlionship
between Garden Gulch and Parachute Creek nembers is demon=-
strated by their change in stratigraphlc position wlth

respect to the essentlally parallel blue and black markers

(pl. 3).

Parachute Creek Member

The Parachute Creek lMember, which contalns the potential
resource of high-yleld oll shale and deposlts of soda and
alumina salts, 1s composed primarlly of organic shales and

dolomitlic marlstones. The member ranges in thlckness from
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about 1,000 to 2,000 feet in the subsurface area of this
report. Varlations 1n thickness result generally from
interfingering with the underlying Garden Gulch Member; the
upper contact 1s stratigraphically flat, approximately 600
feet above the black marker, The thickness diminilshes to
the east and 1s approximately 700 feet where 1t crops out

above the Anvil Points Member (Donnell, 1961la, pl. 53).

Evacuatlon Creek Member

" The Evacuatlon Creek, the uppermost member of the Green
River Formation, contains the youngest Tertlary sedimentary
rocks 1n the basin. The member 1ls composed of a lithologic-
ally variable sequence of sandstones, slltstones, shales,
and marlstones., In the subsurface, the basal contact of the
member 1s placed at a polnt above which the shales
abruptly loose thelr organic content as Inferred by a drop
in reslstivity on electric lozs. The lower 350 feet of the
member contains approximately equal proportlions of sand-
stone and marlstone (Donnell, 196la, p. 858) and the upper
part, which was originally assigned to the Bridger Forma-

tion (Bradley, 1931), 1s dominated by lenticular sandstones.
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GEOLOGIC HISTORY

The differential tectonic movement between the actlvely
rising White River upllift and continued subsidence along
the eastern edge of the basln exerted the princiliple control
over sedimentation of the Wasatch Formation. Deposition of
the Green River Formatlion was largely'influenced by the
relative depth and strand line position of Lake Ulnta
(fié. 8). During Wasatch deposition, streams heavily
charged with sediments, removed from the newly formed hlgh=
lands, underwent aggradation upon encountering the basin's
abruptly lower gradlent. Sedimentation was greatest along
the basin axis where the continual downwarping éccommodated
thicker deposlts than elscewhere in the region. The rate
of sedimentation diminished to the east partly because the
streams became 1ncreasingly depleted of sediments, but
primarily because the structural downwarping was not suf=-
ficlent to permit a thick deposit to accunmulate there. The
structural low was at the eastern marglin, but the topo-
graphlic low was more nearly In the center of the basin,
displaced to the west of the downwarp by thick sediments
that were deposited there. Throughout most of Wasatch
deposition the topographlcally low basin interlor was the
site of occaslonal swamps and ponds which were subsequently

covered by the more dominant fluvlial sedlmentatlon.
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Nearing the close of Wasatch depositlon, however, these
intermittent swamp and ponds became Increasingly prevalent
and may have dominated much of the l.wlands.

The close of Wasatch sedlmentation was marked by the
1nundation of the basin. Basinal flooding probably resulted
from a gradual tectonic uplift across the basin's outlet.
The flat lowlands of the baslin Interlor was qulckly inundated,
but enlargement of the lake proceeded more slowly where its
strand line encountered the increased topographlc gradlent
rising toward the highlands on the northeast. Streams
enterlng the basin continued to discharge large amounts of
clastics which were dlstributcd along the shoreline. The
lake's transgression was marked by minor fluctuatlons which
resulted 1n several superlmposed strand line deposits
constituting the thickenlng wedge of the Douglas Creek
Member. As a consequence of the basinward gradlent, off=-
shore depositlion of coarse clastics extended only a short
dlstance from shore, and clay deposltlon prevailc ™ beyond,
The rate of transgression diminished as the lake extended
farther eastward, and the shoreline deposilts became
successively thicker to the east due to both hligher rates
of sedimentation that occurred nearer the highlands and to
the greater number of fluctuatlons which affected the area.

The shoreline became stabllized at the edge of the
present structural basin. During this time of relatlve

stability, a thlck sequence of coarse clastlcs (sandstone
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faclies of Anvil Polnts Member) was deposited along the zone
of minor strand line oscillation by both fluvlial and
lacustrine agencies. Thick sedlmentatlon produced shoaling
out from the shore and resulted 1ln extenslve deposits of
off-shore silts (siltstone facles of Anvil Points Member).
In the deeper water, basinward from the marginal shoals,
slow clay deposition persisted, while 1n the deepest water,
still farther basinward, organic-rich clay was deposited,
as interpreted by Bradley (1948).

At least two maJor “ransgressions affected the lake
after 1ts initilial expansion. A second transgression occurred
at the time recorded by the blue marker, in which the deep-
water reglon of Parachute Creek deposition migrated to the
area occupled by Plceance Creek fleld. The lake remained
stable for a relatlvely long time and then was agailn
extended, During thils third transgression the shorellne
was apparently far removed from the boundarles of the pres-
ent structural basln, and deep water organlic shales were
deposited throughout the area of present Green River exposure,

The final phase of Green Rlver deposition was a gradual
withdrawal of Lake Ulnta. The waning stage of the lake was
marked by a serles of rapld regressions and transgressions
which 1s recorded by the shales and sandstones of the

Evacuation Creek Member.
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ECONOMIC GEOLOGY

History of Field Development

Piceance Creek fleld has had a relatively long explora-
tion and development history. Pilceance Creek Dome was first
recognized from 1lts surface structure near the beginning of
the century, but the inltial drilling which led to the
disqovery of the field was not undertaken untll 1929. White
Eagle Refining Company completed the discovery gas well
(Fordham No. 1) in the Douglas Creek Member in 1930, and two
additional wells were drilled in the early 1930's. The
field remained dormant until 1945 when General Petroleum
drilled 84-15-G, a deep test which penetrated the upper
sandstones of the Mesaverde Formation. Although there were
three signiflcant gas shows 1n the Wasatch, the well was
plugged back and completed 1n the Douglas Creek for an
initial flow of 4,350,000 cu ft per day. In 1950 develop-
ment activlity was stepped up wilth the drilling of six wells.
Although four of these holes were dry, they not only
established a gas-water contact on the eastern and northern
flanks of the structure, but they also lndlcated a more
complex stratligraphy and structure than had been assumed
previously. The fleld was first produced 1n 1956 when ten

wells were connected to the E1 Paso Paciflc Northwest plpe-

55



T 1278 56

line, Mobil Ol1l Company 1inlitlated exploration for deeper
accumulation of gas in 1961 and this has proved reserves
in the upper and lower Wasatch Formatlon in the western
portion of the fileld.

At present, Piceance Creek fleld consists of a 15,600-
acre unilt which 1s operated by Mobll 0O1l. A total of 39
wells have been drilled to January 1, 1969; 29 have been
completed as gas wells and ten have been abandoned. Original
reserves have been estlmated as 241,382 million cubic feet;
148,489 MMCF from the Douglas Creek and upper Wasatch and
92,893 MMCF from the lower Wasatch ("Wasatch G") (unpublished
flles of Federal Power Commission, 1967). Total production
through 1968 was 67,573 million cubilc feet of gas and 70,088
barrels of condensate (files of Colorado 01l and Gas
Commission).

South Plceance Creek fleld 1s a combined oll and gas
field. It was discovered by Equlty 01l Company, the present
operator of the fileld, in 1955. Nineteen wells have been
drilled to January 1, 1969; six were completed as gas wells,
five as oll wells, one as an oll-gas well, and seven have
been suspended or abandcned as dry holes. lMost of the
wells are completed 1n the Douglas Creek !Member or upper
Wasatch Formatlon; minor reserves are present in the
Parachute Creek, Garden Gulch, and possibly 1in the lower
Wasatch., Gas produ.tlion was initiated in 1961 and 1s marketed

through the Pacific Northwest pipeline. Gas production
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through 1968 has totaled 1,534 million cublc feet (files of
Colorado 011 and Gas Commlssilon); the oll wells have pro-

duced only during tests and have remained shut-in since

completion.

Petroleum Qccurrence

Present productlon of both Piceance Creek and south
Piceance Creek flelds comes from three principal gas zones:
the Douglas Creek Member and two zones 1n the Wasatch For-
mation which have been designated informally by the fleld
operators as the "Wasatch A" (upper 900 feet of the forma-
tion, consisting of the lacustrine facles) and the
"Wasatch G" (in the lower Wasatch and includes the thick
sandstone unlt below 4920 feet in well 43-24 in plate 3).
Although production 1s primarily limited to these three
zones, shows and reserves of both gas and oll have been
reported locally throughout the Tertilary sequence below the
Evacuatlion Creek Member. Fractured zones In the shales of
both the Parachute Crcek and the CGarden Gulch members have
ylelded gas and high pour-point oll in south Plceance Creek

fleld, as have the siltstones and sandstones of the lower

Garden Gulch.

Although the Douglas Creek 1is primarily gas productive,

57

significant amounts of hligh pour-point oll are common in the

member. Several wells 1n south Plceance Creek fleld have

been completed for oll in the Douglas Creek. No oll
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completions have been made 1n the Douglas Creek of Plceance
Creek field, but occurrences of hlgh pour-=polnt oll are
common. The Douglas Creek olil exists 1n part as a dlscrete
0lil column at the base of the gas column; curtalled gas
production of the down-structure gas wells 1ls assoclated
with increased production of oil (Mobil 011, personal com=-
munication, 1969) which presumably has migrated wlth the
encroachling gas-water lnterface.

- In addlition to the two principal gas zones in the
Wasatch, minor production comes from the middle Wasatch
(Wasatch D). Gas shows have been reported from many of the
sandstones throughout the Wasatch and locally in the Fort
Union. 011 shows have been reported locally throughout the
Wasatch sandstones, normally as dead oll stain on cutting
samples, but oll-=bleeding cores have been recovered from the
"Wasatch A" and significant amounts of condensate are belng
produced with gas from "Wasatch G."

Entrapment of gas in the Douglas Creek of Piceance
Creek field 1s largely the result of the stratigraphic
pinch-out of the member wilith a favorable up-dilp structural
gradient. The member acts as a single reservolr through-
out the fleld, exhlblting a slngle gas-water contact and a
uniform gas expansion-water drlve pressure system. In
south Piceance Creek fleld, however, the Douglas Creek

production 1s irregular and apparently discontinuous. Gas
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and o0ll exlist iIn l1lsolated accumulatlons which are trapped

in stratigraphic irregularitles at the top of the member,
where the sandstones pinch out laterally up-dip to the west.
A lower productivity of the member, compared with Plceance
Creek fleld, should be expected as a result of the generally
unfavorably low structural position,

The accumulations of hydrocarbons above and below the
Douglas Creek Member occur in isolated stratigraphlc traps.
Production in the Garden Gulch and Parachute Creek 1s from
local fractured zones and in the Wasatch 1t is from dis-
continuous sandstone lenses.

011 that occurs throughout the Greecn River and Wasatch
Formations 1s characterized by 1ts high pour-point (85° to
120°F) and high parafflin content. Analysis of crude oll
recovered from Piceance Creek field has shown considerable
simlilarity with olls produced from Red Wash and Duchesne
fields in the Uinta basin. Table 1 llists the properties
and anaiysis of a sample of o0ll recovered from the Wasatch
at White River dome, about ten miles north of Plceance
Creek fileld.

The lentlcular nature of sandstones which contaln oil
in the Wasatch suggests that the oil 1s i1ndlgenous to that
formation, but the simlilarity of properties of olls pro-
duced in the Wasatch and Green River milght suggest a common
gsource desplte the large vertical dlstance between

occurrences. Hedberg (1968), however, has related numerous
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API Gravity 39,8°
Pour Point 70°F
Sulphur Content .037%
Color Brownish green
Analysils -
light gasoline 5.3%
~ total gasoline and naptha 18.1
kerosene 26.9
gas oil 21.5
non-vliscous lubrilcating distllate 20. 4
me@ium lubricating distilate 4,1
viscous lubrilcating distilate ———
residuum 9.0

Table 1. Analysis of crude olls from the Wasatch Formation
at White River Dome (lobil 011, personal communi-
cation).
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high wax, low sulfur olls to various non-marine, below-
normal salinity sources 1n a diverse varlety of occurrences,
The similar propertles of crude olls 1n the Piceance basin
may reflect the fact that they were formed in fresh water
environments, regardless of whether the environment was

deep water lacustrine or paludal, Thus the hydrocarbons

are probably indigenous to the members and zones in which
they occur and are derived from the organlc paludal deposits
assoclated with marginal lacustrine deposits of the Douglas
Creek and Anvil Points Members and transitional lacustrine
deposlts of the upper Wasutch. The Wasatch, therefore,
should be more favorable for hydrocarbon accumulations

near the central part of the basin where deposition occurred
as both fluvial and paludal-lacustrine rather than to the

east where fluvlial deposition dominated.
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SUMMARY AND CONCLUSIONS

l. Deposition of the Wasatch Formation was influenced
most profoundly by the differential tectonlc movement which
occurred at the extreme eastern margin of the basin. Great-
est rates of deposltion were along the locus of maximum
subsldence where deposition was characterized by stream
agg?adation. The central part of the basln recelved smaller
volumes of sediment and i1s characterlzed by bo:h fluvial and
paludal-lacustrine depositlion. The upper Wasatch of the
central basin contains a lacustrine facles produced by
intermlttent flooding.

2. The Douglas Creek lMember trends southwesterly
across Plceance Creek and south Plceance Creek fields, and
it pinches out in the western part of Plceance Creek fileld
and on the southwest of south Piceance Creek fleld. The
member thickens to the northeast and was deposlted at the
strandline during the inltlal transgression of Lake Uinta.
The upper contact of the member exhiblts a time transgres-
sion to the northeast.

3. The Anvil Polnts Member of the northeast rim of the
basin contains two facles: sandstone and siltstone. The
sandstone facles 1s stratigraphilically equivalent to and con-

tiguous with the Douglas Creek Member of the subsurface.
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The increased thickness of this facles resulted from a
stlllstand of the lake's strand line. The slltstone facles
is equlvalent to the Garden Gulch Member and represents
prolonged high rates of off-shore deposition.

4, The Douglas Creek-Garden Gulch-Anvil Points
sequence was deposlted during an early phase of Lake Uinta
and was superceded by deep-water oll shale deposition when
the lake extended a conslderable distance past the present
structural basin.

5. Both gas and oll occur throughout the Tertliary
sequence, Reserves or shows of gas and oll have been
reported from all the members of the Green River Formation
(except the Evacuation Creek) and from the Wasatch and
older formatlons. The o0ll and gas are indigenous to
Douglas Creek and Anvil Points members and to the Wasatch
Formation and are probably derived from associated organilc
paludal and lacustrine deposits. Facles analysils indicates
that the Wasatch should be most promising for petroleum

accumulation in the central part of the basin.
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APPENDIX

Measured Section 1, Upper Piceance Creek

NE %, Sec. 5, T. 3 S., R. 94 W.

Top of leasured Section

~Siltstone facles (part), Anvil Points Member,
River Formatlon-

Interbedded sandstone, slltstone and shale,
Carbonaceous and gypsiferous.
Sandstone: Pale orange, very-fine-
grained, silty, locally calcareous
and limonitic, laminated, ripple-
marked, limonite concretions.
Siltstone: Tan and pale orange, lamin-
ated, few ripple-marks, Ilnterlamlinated
with shale.
Shale: Gray and light green, locally
flaky fissilility, interlawminated with
Siltstone * L ] L L ® L L] - . L ) . . - - L]

Shale: gray, flakye « o o o o o o o o s o s s

Green

. - .

Sandstone: rust brown, fine-grained, moderately

to well sorted, flaggy, ripple-marked,
Slight Oil“staino . - . . . . . . . L] . .

Shale: gray, flakye. ¢« o o o o o« o o o o o s o

Sandstone: rust orange, fine-grained, moderately
sorted, moderate porosity, sparse ostracods,
calcareous limonitiec, locally carbonaceous,

minor interbeds of siltstone and shale,
I‘ipple—marked L) L] . . . 3 . . . . . L] . .

Covered: inferred gray flaky shale. . . . . &«

Sandstone: rust orange, fine-gralned, ripple-marked

Covered: inferred interbedded siltstone and shale .

Shale: gray, flakye. « « « o o o o o o« o o o =

Sandstone: rust orange and light gray, fine-
gralned, calcareous . « « « o « « ¢ ¢ o o

68

Feet

137
13

16

22

60
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Feet

Shale : gray, flaky. L] . . L] L] L L ] * - . . . L L] - - - 33
-Top of sandstone facles, Anvll Points Member-

Sandstone: 1light gray, fine-grained, well sorted,
rounded, porous, slightly calcareous,
massive, few ripple-marks and cross-beddlng,
minor limonite mottling and concretions « « « o« o 15

Shale: gray, flaky, and mudstone: light brown,
Sandy - . - o L ] - - L] - L L] L e . - L[ ] L ] L] L ] . L 4 L ] 8

Sandstone: tan and light gray, fine-grained,
calcareous, heavlily ripple-marked « « « o« o« o o « 5

Covered: 1Inferred gray flaky shale. ¢ « ¢ o« o ¢ o o & 29

Sandstone: 1light brown and light gray, fine-
grained, friable, ripple-cross-bedded « . . . . . 10

Covered: 1Inferred Shale€ ¢« ¢« « « « « o s o o o o o o o 11

Sandstone: pale orange, medlum-gralned, locally
calcareous, base and top of unlt gradatlonal
with shales, trough-cross-beds, ripple-
rnarked. - * L * L] e L] . * * * L) L ] . L] * L] L] L d ® L ] 5

Sl’lale : gray ’ fl aky L] . L - L . . . L] L L] L] . . . . . o 5

Sandstone: light gray and rust brown, flne-
gralned, well sorted, porous, slightly
calcareous, slabby, minor ostracod fragments. . . 3

Covered: inferred shale; contalns %»-foot stringer
of limestone; gray, weathers orange, sandy
(fine grailned), minor ostracods « « « « o o o o o 17

Sandstone: 1light gray, fine-grained, moderate
porosity, sparry calclite in halrline frac-
tures, asymmetric ripple-marks, ostracod
fragments o« « o o o o o o o o o o o o o s o o s o 3

Covered: Inferred gray flaky shal€e o o « o o ¢ o s o 20
Sandstone: rust brown, at base gray above,

medlum-grained, calcareocus, trough cross-
beds, very o0stracodal « « o o o o s o o o v o o s 4
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Mudstone: drab, sandy and siltstone: sandy, frlable

Sandstone: 1light brown and light gray, fine-
grained, well sorted, low porcsity, moderately
to highly calcareous, locally ostracodal, few
ripple MAarkSe o« o o o ¢ o s o s s o o« o o o o

Mudstone: drab, shaly ¢« « ¢ o o o o o o o s s s o o

Sandstce: light gray, fine-gralned, moderately
sorted, calcareous, minor ostracods « « « « o« .

Covered: o« o« « o o o o o s o o s 2 s o s o s o o o o
Sandstone: 1light gray, fine- to medlum-grained,
friable, irregularly bedded, locally oll=-
Stained . L ] * * * * L ] L . L] L ] . L ] L ] L] L] L] [ ) . L]
Total thickness - sandstone facles

-Top of Wasatch Formation-

Mudstone: 1light gray and drab, sandy, occaslonal
sandstone lamlnatlon. « « o« o o o s o o o o o o

Mudstone: varlegated red, purple, orange, brown
and gray L] . L ] X L ] - * L . * * - - * R L] L ] L 4 L » L

Base of Measured Sectilon

Feet
10

15

209

10

90

70
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Measured Sectlon 2, Halandras Ranch
Road Cut, Sec. 20, T. 3 S., R. 94 W.

Top of Measured Sectlon Feet

-Siltstone facles (part), Anvll Points lMember,
Green River Formatlion -

Interbedded sandstone and siltstone.

Sandstone: 1light brown, fine-~gralned, moderately
sorted, calcareous, ostracodal. « o« « o o o o o o 15

Shale: gray, contains stringers of dense
cryptocrystalline 11mestone « « o o o o o ¢ o o o 16

Interbedded sandstone, siltstone and shale.
Sandstone: light brown, fine-grained,
moderately sorted, calcareous, lamin-

ated, ostracodale « o o o o o o s o « s o o o o 14
Covered: Inferred Shale « o« o« s o o o o s o o o o o o 9
Sandstone: light brown, medium-gralned, poorly

sorted, calcareous, possibly ostracodal . . . . 8
SRALE: LAY o o o o o o o s o o o o o o o o o o o o 7
Siltstone and very fine-gralned sandstone. « « « « « & 12

Interbedded sandstone, siltstone and shale.
Sandstone: 1light gray, filne-gralned,
calcareous, Interbeds and inter-
laminatlons of siltstone and shale.,
Shale: gray, flaky, some papery, inter-
laminations of siltstone. « ¢« ¢« « ¢ « o« « « ¢« « 219

Covered: 1nferred interbedded sandstone, silt-
stone and shale « ¢« ¢ ¢ ¢ o « ¢ o s ¢ o o o o o o 70

-Top of Sandstone facles, Anvil Poilnts Member-
Siltstone: sandy, resistant « « « o« ¢ ¢ ¢ o ¢ ¢ o o 13
Sandstone: 1light brown, very-fine-gralned, sillty,

laminated, interlaminations of siltstone,

resistant ¢« ¢ ¢ ¢ ¢ o e o 6 o s o o & e o o s o o 4

Shale: gray, flaky, locally pale orange, locally
papery, relatively free of s1lt . . . « « « « « & 20
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Feet

Slltstone: 1locally sandye « « « o o o o o o o o o o o 13

Sandstone: 1llght brown, fine-gralned, poorly
sorted, silty, slightly calcareous, friable,
locally laminated o« o « « o« o « o o o o o o o o 1h

Siltstone: Clayey « o o o o o o s o o o s s e s o s e 9

sShale: gray, flaky, silty, carbonaceous, silt-
Stone sStringers e « « o ¢ o o o o o o o o o o o . Yy

Sandstone: 1light brown, fine-grained, poorly
sorted, silty, slightly calcareous, minor
ostracods, laminated, interbedded and
interlamlinated wilith sliltstone and shale,
few low=angle cross=bedS. o« « o« « o o« o ¢ o o o o 36

Interbedded sandstone, siltstone and shale,
Sandstone: 1light brown, flne-gralned,
thinly flat-bedded, few low-angle
CI’OSS—bEdS. . . . L) ° . [ ] L] [ L] ° L] ° . L) . . . 33

Shale: gray, flaky, contains 3-inch stringer of
colitic limestone and 6-inch stringer of
oll=Impregnated fine-gralned sandstone. . « « « & 12

Silitstone: Dbrownish gray and rust orange,
medlium- to coarse-gralned, laminated,
locally calcarecus, possibly contains
ostracod fragmentS. « « o o o s o s o o o s o« o o 20

Covered. [ ] L] * L . L ] L] . L L L] ° . * . L . L . L4 . L) L 57

Interbedded sandstone and siltstone.
Sandstone: rust orange, very-fine- to
fine-gralned, calcareous, limonitic,
locally very ostracodal o o « o o o o o o o o @ 19

Sandstone: light brown, very-fine-gralned,
interlaminations of slltstone and shale,
few low—=angle CrossS«=bDedS. « « o s s o o o o s o @ 10

Sandstone: 1light gray, fine- to medlum=-grained,
poorly sorted, silty, lsolated conglomeratilc
slltstone interclages, calcareous . « « « o < o o

.

Total Thlckness - Sandstone facies 267

72
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Feet
-~Top of Wasatch Forration-

Interbedded sandstone, siltstone and shale,

Sandstone: ©rust orange, fine-gralned,
moderately to poorly sorted, calcareous,
lemlnated, locally ripple-marks and low=
angle cross-beds,

Siltstone: pale orange and gray, laminated
interbeds of shale.

Shale: gray, massive to flaky, carbonaceous. . . 22

Shale: gray, silty, locally carbonaceous,
locally interbeds of fine=grained sand=
stone and S11ltsStone « « o o o o s o o o o o o o o 118

Interbedded silltstone and shale.
Siltstone: pale orange and drab, thinly-
bedded and laminated, carbonaceous,
locally filne-gralned, ripple-marked,
sandstone.
Shale: gray and drab, flaky and papery,
sllty, carbonaceous « « « o s o o o o o o o o 23

Interbedded sandstone, sliltstone and shale,
carbecaceous and gypsiferous.
Sandstone: 1lght brown, fine-grained,
moderately sorted, silty, lamilnated,
flat-bedded '3 . ) - . . 3 . Y - * . L3 L3 ) [ ] L] . 32

CoveredO L] L[] L] L] * . * L ] L . L] * * . L L ] * * - ° * [ ] L] 23
Interbedded gray carbonaceous shale and siltstone. . . 8
Sandstone: 1light gray, medium~-grained, well

sorted, calcareocus, massive, locally

flat-bedded and tangentilal-wedge cross-

beds, locally ostracodal, minor interbeds
of shale and slltstone.: « « « ¢« ¢« ¢ ¢ ¢ o o o o & 7

Mudstone: variegated, mottled, dominantly gray
and gray green, locally red and orange. « « s« o o 99

Base of Measured Section
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Measured Sectlon 3, Cox Ranch
Road Cut, Sec. 31, T. 2 S., R, 94 W,

Top of lMzasured Sectlon

-3iltstone facles (part), Anvil Polnts Member,
Green River Formatlon-

Interbedded shale and siltstone.
Siltstone: gray and rust orange, locally
calcareous, shaley.
Shale: dark gray, silty, carbonaceous,
massive and flaky « ¢ « o o« o ¢ o s o o « o o

Sandstone: rust orange, flne- to medlum-gralned,
silty, laminated, partly oll-stained. . « « « &

Interbedded shale and silitstone, dominantly shale,

minor sandstone.

Slltstone: gray and rust orange, lamlnated,
shaley.

Shale: dark gray, massive and flaky,
carhonaceous.

Sandstone: rust orange, fine-gralned,
moderately to poorly sorted, silty,
locally calcareous, thin-bedded, few
ripple MarkSe « o o o s ¢ o o « o s ¢ o o o

Shale cut by minor sandstone stringers.
Shale: dark gray, flaky, carbonaceous.
Sandstone: rust brown, fine- to very-filne-
gralned, locally calcareous, ripple-
marked, interbedded with siltstone, oll-
stalned and oll-impregnated, locally
where poroslty 18 g00de o« ¢ o« ¢ o o ¢ o o o

Interbedded shale, slltstone and sandstone,
as above, locally oll-stained and oill-
impregnated « « o o ¢ o s o o o s o o o o o v o
Shale: gray and drab, flaky, gypsiferous. . « « « .

Sandstone: rust brown, very-fine-grained,
limonitic, flat-bedded. . . . . [ O . . . L) ) .

Shale: griy and dl"ab, flaky e e o e ® e e e e v e o

74

Feet
. 47
. 5
« 211
. 101
. 25
. 25
. 2
. 20
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Feet

Slumped and cross-=bedded sandstone, siltstone and
shale (filled channel scour)
Sandstone: rust orange, flne~grained, silty,
trough cross~bedded, clay galls.
Siltstone: gray and rust orange, sandy and
shaley, carbonaceous.
Shale: gray, flaky, carbonaceous, silty. « « « 32

Sandstone: gray, fine-grained, cut by silitstone
and mudstone Stringer'Se « « o« o o o o o o o v o @ 9

Covered: Inferred drab mudstone + « « o o o ¢ o o o & 13
Sandstone: 1rust brown, very-fine-=grained,
moderately sorted, limonitic, calcareous,
tangentlal-wedge cross—=beds « v « o« o o o s o o 1

Mudstone: greenlsh gray, limonlte concretions . . . . 8

Sandstone: gray, very=fine=grained, well sorted,
calcareocus, massSlve « « « ¢ o o ¢ o o o s o o o o 2

-Top of Wasatch Formatlon=-

Mudstone: mottled gray, green, orange, and purple,
locally gypPSIiferouUs « o + ¢ o o o o o o o o o o 13

Gray siltstone, lenses and stringers of sandy
mudstone, locally conglomeratic « « « o o o« « o o 80

Varliegated mudstone and gray siltstone . « . « « « o & 40
Sandstone: rust brown, fine- to medium-grailned,

very poorly sorted, silty, clayey, locally

calcareous, becomes s8llty upward. « « ¢« ¢ ¢ « o & 10

Gray siltstone and variegated mudstone . « ¢« ¢« « « « o 175

Base of Measured Section
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Measured Section 4, Sanderson Ranch
Road Cut, Sec. 18, T. 2 S., R. 94 W,

Top of Measured Sectlion

-Siltstone facies (part), Anvil Points Member,
Green Rilver Formation-

Interbedded sandstone, siltstone and shale.
Sandstone: 1llght gray and orange, flne-
grained, locally calcareous and
limonitic, lamlnated cross-laminated.
Siltstone: 1llght gray, lamlnated, shaley,
and sandy.
Shale: gray and rust brown, silty and sandy.

-Top of Sandstone facles, Anvil Points Member-

Sandstone: gray and rust brown, fine-grained,
lanlinated’ I‘ippl( “mal’ked. . . . * . [ L] L) . ]

Gray Sklale . o . * . L . L] - . . L L] * . . L] e * .

Sandstone: gray and rust brown, fine-grained,
laminated, ripple-cross—laminated . « « « + &

Shale: gray and rust brown, minor siltstone
Stringers . L J . L] . L4 . L . L) * . * L - L ] . * L

Covered. [ ] * . " L] L] L * * * . L L] * * . . ° L L L

Sandstone: gray speckled, filne-grained, thin-
bedded’ feW CI’OSS—bedS. . . . [} . . L) . . ] °

Gray and rust brown shal€. « « « s o o o o o o o o

Sandstone: rust brown, fine-grained, well sorted,
moderate porosity, lamlnated and thin-
bedded, flat-=bedded, cut by shale stringers,
oll-stalned at base « o« « « o ¢ o o o ¢ o o o

Interbedded gray shale and flne-gralned sandstone,

Shale: gray and drab, contains thilin stringers of
cryptocrystalline limestone « « « ¢ ¢ « o o

Sandstone: rust brown, fine~grained, laminated,
Oil—Stained L] . . . . . L] . L] . L] . . . . . L]

Feet

206

20
60

20
11

20

76
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Light green slltstone and shaley mudstone. . . . . .

Sandstone: rust brown, fine-gralned moderate
porosity, lamlnated, oll-stained. « . . « « . .

Shale, gray and drab, silty, lcocally papery,
contains slltstone stringers. ¢ « « ¢ o « o o &

Sandstone: fine-gralned, well sorted, porous,
Oil-impl”egnated ® . L] L] . . [ ] . . . . . L) . . [ ]

Shale wilth stringers and beds of siltstone
and sandstone.
Shale: gray and drab, locally papery
and :arbonaceous.,
Sandstone: rust brown, fine- to medium-
grained, moderate sorting, locally
carbonaceous, laminated « « « « o ¢ o o s s

Sandstone: rust brown, fine- to medlum—-grained,
moderately sorted, locally silty, laminated,
flat—bedded . . . . . . L) . L] . . . . . . . . -

Coveredes o o o o « ¢ ¢ o o o o o 2 o o o o s o o v »

Green nudstone, siltstone and fine-gralined sandstone

Sandstone: gray and rust orange, flne-grained,
moderately sorted, silty, massive,
contains small (5 Ml) VUESe o o o o o o o o o @

Gray and drab shale with sandstone stringers . . . .

Sandstone: pale orange and gray, fine- to medlum-
gralned, moderately sorted, locally carbon-
aceous and silty, fthin-bedded, cross-bedded,
Clay diSks L] L] L ] L . ) * * L L] L] * * L ) L * . . L

Gray and drab mudstone and shale « « o« ¢ o o o o o

Sandstone: 1light gray, very-fine-grained,
very CalcareoUS « « o « o s o o o o o s s o o

Siltstone: 1light gray, sandy, clayey, massive . . .

Shale: gray, massive, locally S1lty « « « ¢ o o o &

Feet
14

23

N

43

53
52

20

20

15

7
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Sandstone: rust orange, flne-gralned, very
calcareous, locally carbonaceous, massive . . . .

Covered: 1inferred shale wlth stringers of
Sands tone - L ] L] . - - ° L] L L] ® . - L - L} * . - *

Interbedded sandstone and shale,
Sandstone: rust orange, fine-gralned,
moderately sorted, calcareous, masslve,
units about 5 feet thick.
Shale: not exposed, unlts about 5 feet thick . .

Sandstone: rust brown, fine-grained, well sorted,
laminated, symmetrical ripples, ripple cross-—
beds, becomes massive UPWATde « ¢ o o o ¢ o o o o

Sandstone: 1light gray, fine-grained, well sorted,
laminated, ripple-marked, cross-laminated « « « &

Total thickness -« Sandstone facles
-~Top of Wasatch Formatlon-
Covered: Inferred sandstone . ¢« « o ¢ o ¢ o o o o o o
Mudstone: gray, drab and Orange . « o« e« o o s o o s =
Sandstone: 1llght gray, fine- to medium-grained,
moderately sorted, calcareous, siltstone and

mudstone lenses, trough cross=bedding . « « « «

Base of Measured Section

Feet

13

30

30

50

L:O

558

14
115

78
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Measured Section 5
NW %, NE%, Sec. 6, T. 1 S., R. 94 W,

Top of Measured Sectlon

-3andstone facles (part), Anvil Points lMember,
Green River Formatlon-

Sandstone: 1light gray and rust orange, fine-
gralned, moderately sorted, massive, few
ripple marks, migrating ripples, locally
ostracodal, fish bone fragment. « « ¢ o ¢ o &«

Siltstone: pale green, clean, massive, locally
vVery calcareouUS o« e o o s ¢ o o o o o o s o o

Sandstone: bright orange, flne-~grained,
moderately sorted, very calcareous,
limonitic, grades upward into siltstone,
lower part contalns abundant ostracods
and few 00lltes o« o o o o o o o s« o o o v o

Sandstone: 1llght brown, fine-grained, moderately
sorted, lenses of siltstone, massive, some
low=angle cross-beds, few ostracod fragments,
locally very calcCareOuUs8 « « » o o o o s o o o

COVel"ed. . L ] L . L . L ] L4 L] . . * L] L] - L . - * L .

Sandstone: 1light gray and rust orange, fine- to
medium-gralned, very calcareous, locally
OStPaCOdal, thinly flat-beddedo . . - - [} . L]

Sandstone: 1ight brown, flne-grained, moderately
sorted, silty, friable, shale stringers,
limonlte concretlonsS.: + « o o s o o o o o « =

Shale: dark gray, flaky and papery, carbonaceous,
gypsj-ferous . L [ ] . . * [ ] . . . . . - L] . . .

Sandstone: light brown, fine- to medium-grailned,
moderately sorted, friable, calcareous,
channel scour at base « ¢« ¢« o o « ¢ o o ¢ o &

Interbedded slltstone and gray flaky shale,
SGYPSILErousS « o o o o o ¢ o o ¢ o o o o & o

Shale: dark purplish gray, flaky to papery,
gypSiferous * L L ] - [ ] L] L L) . L] . . - L] . L] L)

Feet

14
70

14

13

\O

12

19
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Feet
Siltstone: pale orange, interbeds of dark gray
papery shale, laminated, few ripple marks . « « . 5
Sandstone: 1light gray, fine- to medium-gralned,
moderately sorted, friable, locally very
calcareous, low-angle cross-beds, ripple-
marked' * * * * L] * . L] L] L] L . L] L] L] L] ° * * * L] 6

-Top of Wasatch Formatlon-
Mudstone: gray and orange, Sandye « « s o o o s o o s 20
Covered: 1nferred purple variegated nudstone., . « .« =« 80

Base of Measured Section

80
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Measured Section 6
NE %, SE %, Sec. 11, T. 1 S., R. 95 W.
and NE %, NW %, Sec. 14, T. 1 8., R. 95 W.

Top of Measured Sectlon

-Sandstone facles (part), Anvil Polnts Member,
Green River Formation-

Sandstone: Dbrown, fine- to medium-grained,
moderately sorted, silty, top 4 feet very
calcareous, carbon granules, locally
slight oll stalned, flat-bedded . « « « « «

Covered: Inferred shale, contains l-foot bed
of sandstone; light brown, fine-=grained,
carbon granules and flbers, slight oll-stain,

Sandstone: rust brown, fine- to very-fine-
grained, well sorted, porous, carbon granules
and fibers, oll-stalned and oll-impregnated,
flat=bedded and cross=bedded. « « o« o« o o o o

Covered: inferred slabby claystone. « « « ¢ « o &

Sandstone: fine-grained, well sorted, porous,
heavily oil-lmpregnated, massive. « « ¢« « o &

Gray shale wlth stringers and beds of flne=-
grained flat-bedded sandstone . « « o o o o

Sandstone: light gray and light brown, flne- to
medliun-grained, well sorted, calcareous,
shale stringers, flat-bedded, few low-angle
CrOSS—~DEUSe o + o o o o o o o« o s s o o« s s =

Covered: 1inferred shale wlth sandstone stringers.

Sandstone: 1light brown, fine-gralned, calcareous,
locally ostracodal, stringers of slltstone,
flat-bedded, low-angle cross-beds . « « « « &«

Sandstone: 1llght gray, fine-grained, well sorted,
very calcareous, ostracodal, flat-bedded,
low-angle cross=bedded. « « o« « o o o o s o =

Covered: 1nferred silltstone and shale « « o« « o« @

Feet

13

19

18
32

56

10
27

32

2%

34

81
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Feet

Sandstone: 1light brown, fine- to medium—grained,

moderately sorted, locally ostracodal,

carbon granules, siltstone, and shale

stringers, flat-bedded, tangential-wedge

and trough CI’OSS-bedS L] . . . . . - . . . . . . . lo
Covered: i1inferred shale wlth slltstone stringers. . . 11
Sandstone: 1light brown, fine-~gralned, flat-bedded . . 9
Gray shale with thin filne-gralned sandstone

SEPINEZETS « o o o o o o o o v o o o« o o o o o o o 6

Sandstone: 1light brown, fine- to medium-grained,
well sorted; calcareous, thin shale stringers,
flat-bedded, thin-beddede « + o« « o o o o o o o« 16

Covered: inferred shale wilth siltstone stringers. . . 25

Sandstone: rust brown, fine-grained, well sorted,
very calcareous, flat-bedded, perslstent. . . . . 2

Covered: inferred s5hale o « « « o o o o o o o o o o o« 28

Sandstone: 1light brown, fine-grained, well-sorted,
calcareous, flat-bedded, very-thinly-bedded,
shale STrINEers o« o o o s o o s o o o o o o o o = 25

Covered: Iinferred shale with slltstone and sand-
stone stringers and DedSe + o o o« o ¢ o s o s o 35

Sandstone: 1light gray, fine- to medium-grained,
moderately sorted, carbon fibers, thin-
bedded, flat-bedded, tangentlal-wedge,
CroSsS=bDedSe o« « o ¢ o o o ¢ s o s« o o o o ¢ o o & 12

Covered: 1Inferred shale with silltstone. « . « ¢« ¢« « 15
Sandstone: 1light brown, fine-gralned, well
sorted, locally coarse-gralned, carbonaceous,
thin-bedded, flat-bedded, cross-bedded, « « « .« . 8
Covered: 1nferred Shal€ o« o o o o o o s o s s o o o o 6
Sandstone: 1light brown, flne- to medlum-grailned,

moderately sorted, thiln-bedded, flat-bedded,
ripple-cross-bedded, base of unlt flat. . « « . . 43
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Feet

Sandstone: light brown, fine- to medlum-gralned,
moderately sorted, friable, masslve and
flat_bedded . . [} . [} . L) . . * L] . . . - L] L) . . Zu

Sandstone: 1light green and gray, flne~grained,
porous, massive, thick-bedded; lenses and
zones of slltstone and shales v o o ¢ o o o o o o 56

Sandstone: light brown, fine-gralned, moderately
sorted, silty, frlable, massive, carbon
gran\lles * L ] e L] . * L ] L] L ] * L ] o L] [ ] . ° L4 - . L] . 20

Gray gypsiferous shale, few stringers of silltstone
and beds of flat-bedded, filne-~gralned sandstone . 22

Conglomerate: granules of chert and siltstone in
coarse—gralned sandstone matrix, very cal=
careous, carbon granules, unit tabular. . « . . . 1

Gray Silale * ° ® . . L] * L L] L] L] * L] . L ] L] L ] L] . L] . L ] 15
Sandstone: 1llght brown, fine-grailned, moderately

sorted, silty, flat-bedded, low-angle cross-

beds, limonlte concretlonS. « « ¢« ¢ o o o o « o 12
Shale: gray, gypsiferous, masslve slltstone at base . 15
Sandstone: 1light gray, fine-~ to medlum=grained,

local pebble and cobble conglomerate, locally
silty, carbon granules, massive, flat bedded,

tangentlial-wedge and trough cross-=beds. « « « « 27
Ilenticular sandstones and shale. ¢« o« o« o« ¢ o s o o o « 31
Covered: Inferred shale with siltstone stringers. . . 20

Sandstone: 1light gray, fine-gralned, well sorted,
well rounded, porous, friable, thin-bedded,
trough CPOSS—bedS L] [ . - . . . . . . [ L) ] . . [ 5

Mudstone: gray, shaley, locally sandy and silty . . . 36
Sandstone: 1light gray, medium-grained at base,
fine~-gralned above, porous, lenses of
Siltstone’ thin—bedded. ) . . . . . . . . . ] 3 . 18

Mudstone: gray, Shale¥e « « ¢ ¢ ¢ o o s o o« o o o o o 2
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Feet
Sandstone: pale orange, very-fine-grained, poofly
sorted, silty, very calcareous, massive,
base of undt flat « o o« « o o o ¢ o o o o o o o 3

-Top of Wasatch Formation=

Mudstone: varilegated gray, drab, orange and purple,
lenticular sandstones and siltstones. « « ¢« « « » 100

Base of Measured Sectilon
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Measured Section 7
S %, SE %, Sec., 34, T. 1 ., R.s 95 W.

Top of lMeasured Sectlon Feet

-Sandstone facies (part), Anvil Points llenver,
Green Rlver Formation-

Sandstone: 1light brown, fine-~ to medlum=~grained,
moderately sorted, porous, silty, thin-
bedded., flat"bedded, CI“OSS—bedded . ° . . [ L] . L} 17

Covered: Iinferr -d shale and siltstone with
sandstone Stringers « « « o« ¢ o o ¢ o o + o o+ 25

Sandstone: 1light brown, flne-grained, poorly
sorted, silty, calcarcous, flat-bedded,
thin- to thick=bedded, continuous . « « « « o« « & 2

Irregula: lenticular sandstones in gilltstone
and shale. ‘
Sandstone: 1llght gray, medlium-grain-d,
well sorted, porous, friable. « « « « o« + o o o 45

Sandstone: rust brown and gray, fine-grained,
poorly sorted, silty, calcareous, massive
and thick-bedded, locally thin-bedded and
cross=bedded, stringers and lenses of shale,
siltstone and granule and pebble conglomerate , . 30

Coveredt . ] . . ] L] * . . L] L) . * [ - . . . . - . . . L‘?

Sandstone: light brown, fine- to mediur-gralned,
poorly sorted, silty, calcareous, massive,
flat-bedded, asymmetrlic ripple mars, lovw=-
angle cross—=beds, stringers of gray f{laky
shale, unit irregular lens. . . . .« .

3

Mudstone: gray and DIOWNe « o o o o o o o s o o o o & 50
Sandstone: rust brown, fine-grained, poorly

sorted, silty, very calcareous, unilt

1enticulﬁ.ro ¢ o & o e e e e o s e e« o o s e e e o ll

Sandstone: 1llght gray, fine-gralned, moderately
sorted, silty, flat-bedded, thin-bedded . . . . . 3

Gray Inuds tone . L] L] ] L] L] ] [ ] * . . L] . L] [ ] L] . * . - L] 12
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Feet

Sandstone: rust brown, fine- to medlum-grained,

massive to laminated, flat-bedded, trough

cross=bedded, limonlte concretions,; silt-

stone sStringers o« « « o o « o s o o o o s o o o = 12
Gray mudstone with stringers of fine-grained

Saxldstone L] L] L] [ L ] ° . L] . . . L . . L] L . * L] L 20
Sandstone: rust orange, fine-grained, very cal=-

careous, limonitlc, unlt continuous « « « « o« « & 4

-Top of Wasatch Formation=
Variegated mudstone, containing structureless
silistones and irregular fine- to medium=
grained sandstoneSe « « o« o « s o« o o « o « o« « o« 289

Base of Measured Sectlon

86
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Measured Section 8
N L, SW %, NW %, Sec. 34, 7. 1 N., R. 95 W.

Top of Measured Sectlon

-Sandstor:2 FTacles (part), Anvil Points Member,
Green Rlver Formatlon-

Sandstone: 1llght brown, fine- to medium=-grained,
well sorted, porous, friable, thin-bedded,
flat=bedded, cross—-bedded at base « o« « o o o o

Covered: 1Inferred shale o« « o « o s o o o o o o o @

Sandstone: 1light brown, medlum-grained, moderately
sorted, porous, very calcareous at base,
local siltstone conglomerate at base, cross=
beddede o« o o o o o o o o s s o o s o o o o o o

Covered: iInferred Shale « « e « o« s o s o o s o o a

Sandstone: 1llght brown, flne- to medlun-grained,
ripple marked, trough cross bedsS. « « « « o« o &

Covered: 1Inferred Shale « « « o s ¢ ¢ o o s o« o o =

Sandstone: 1llght gray, very-fine- to fine=grailned,
cross beddEd. - L] L] L] . L] . * L] L L L] e [ ] L ] L ] °

Sandstone: rust brown, medlum-grained, poorly
sorted, porous, calcareous, carbon granules
and molds of small logs, lenses of sliltstone
and shale - granule conglomerate, cross bedded,

Not Salzlpled. L) . . L] [ ] L] L * * L] L] L] L * L] L] . L] * *

Sandstone: light gray, coarse-gralned, poorly
sorted, porous, zonesg of shale-~ and chert-
pebble conglomerate, low=angle c oss=beds,
channel scour at base of unit « « « « o o o o &

Sandstone: rust brown, very-fine-~ to fine-gralned,
calcareous, massive, slltstones and shale beds.

Covered: 1nferred sl1ltStone « o« « o o o o o o o o o
Siltstone: gray, laminated, clayey, calcareous. . .
Sandstone: pale orange, very-flne- to filne-gralned,

calcareous, flat-bedded, thin-bedded,
laminated, shale stringers. « ¢« « « ¢ « ¢ o o &

Feet

11

14

10

115

11

46

13

87
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Covered: inferred slltstone wlth shale stringers. .

Sandstone: light gray and rust orange, very-fine-
grained, moderately sorted, flat-=bedded,
low=angle cross=beds, stringers of ostracodal
1imesStone « o o ¢ o o o o o o o o e o e o o o

Sandstone: 1light brown, flne- to medlum-gralned,
poorly sorted, flat-=bedded. « o« o o« o o o o o

Gray s11ty Sshale « o« « « o o o o o s o ¢ s s s o s o

Interbedded gray shale and massive slltstone,
beds about 3 feet thick « « « o ¢ « o o e e

Sandstone: gray and light brown, flne-grailned,
calcareous, thin-bedded, flat-bedded, low-
angle cross-beds, base of unit gradational
with siltstone and shale. « 4 ¢« o o o« ¢ o o o o

CO"Jeredo L] L] ° L] L d 0- . L] L * L] . L * . * * L] . . - L J

Sandstone: 1l1light gray, fine~grained, flat-bedded. .

CoverEd. L] * e L4 L L ] L] L] . . L J . L] L] L] . . L ] . . * .

Sandstone: Dbrown, very-fine-gralned, flat-bedded. .

Covered: inferred interbedded shale and siltstone,
stringers of oolitic limestone. « « « ¢« ¢ o o

Sandstone: gray, flne-grained, very calcareous,
maSSive . * L L] . L] L [ ] (] . L ] L] L L ] [ ] . . L] L] L]

Siltstone: gray, calcareous, massive. . ¢« « « « « .

Sandstone: light brown, flne-grained, poorly
sorted, silty, interl minated with siltstone,
flat"bedded L] L] L] L] . . L] . . . . ) L] . L] . L] (]

Sandstone: 1light brown, fine-gralned, well sorted,
very calcareous, sparse ostracods, masslve. . .

Siltstone: 1light gray, massive, flat-laminated. . .
Sandstone: 1light brown, coarse-gralned, moderately

to poorly sorted, locally conglomeratic, trough
cross-beds, unit continuous . « « ¢« ¢ ¢ ¢ o ¢ o

Feet

43

18

13
16

18

70

13

13

10

10

88
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-Top of Wasatch Formation-
Covered: inferred varliegated mudstone « « « o « o
Sandstone: 1light gray, medium= to coarse-gralned,
moderately sorted, porous, loosely packed,
carbon granules, cross-=bedded « « o« o« o o o

Shale: Dblack, masslve « o« o« o s o o o o ¢ s o o o

Sandstone: 1light browh, fine- to medium-grained,
maSSive L] L ] L ] L] . L} L[] . [ * [ ] [ ° [ . L] L] L] L]

Base of Measured Section

Feet

89
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Men~sured Section 9
From SW %, NE 3%}, NW %, to
NW %, NW %, SW %, Scc. 28, 7. 1 N., R. 95 W.

Top of Measured Sectilon

-Sandstone facles (part), Anvlil Polnts llember,
Green River Formation-

Sandstone: gray and light brown, fine-grained,
limonitic, interbeds and interlaminations
of siltstone and shale, flat-bedded, cross-
bedded, ripple-marked « o« « « o o o o o o s o

Shale: gray, silty, contalns stringers of ripple-
marked, sandy sSllTotone « « o « o o o o o o o o

Sandstone: 1light brown, fine-grained, locally
heavlly laminated . « o« ¢« o o« o o s ¢ o o o o o

Interbedded shale and siltstone, carbonaceous. . « .

Sandstone: light gray, fine~-grained, poorly sorted,
posslbly ostracodal, cross-bedded, ripple-
marked, limonite concretions.: « « « ¢ o« o o o o

Covered: 1Inferred siltstone and shale « « « « « « &

Sandstone: 1llght brown, very-fine- to medlium-
grained, moderately to poorly sorted,
silty, porous, frlable, flat-bedded,
ripple-marked, burrow tubes locally
abundant, cross-bedded, becomes massive
upward, limonite concretions, siltstone
ZONnes more numerous UPpWarde « « o o o o o o o

Covered: 1inferred shale with interbedded slltstone.

Interbedded sandstone, siltstone, and shale, sand=-
stone dominant.
Sandstone: 1light gray, fine-grained, flat-
bedded, ripple-marked, interlamlnated
with siltstone and shale. « ¢ « ¢« ¢ ¢ ¢ o o

Covered: inferred pale green siltstone. . « . « « &

Feet

33

20

4o
12

90
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Feet
Sandstone: white, flne-grained, well sorted,

calcareous, flat-bedded, thin-bedded to

laminated, burrow tubes, cut by *%-foot

stringers of ostracodal limestone « « « « « « o & 7
Covered: inferred gray shal®e.e « o« o o ¢ o o ¢ o o o &« 15
Sandstone: 1light brown, flne- to medlum-gralned,

moderately to poorly sorted, shale-granule

conglomerate at base, heavlily cross-bedded =

tabular and tangential-wedge, carbonaceous at

base, becomes fine-gralned and flat-bedded

up’-*fard. L] L ] * L L4 * L L] . * L * L ] ° L ] . L] L ] L ] . 5
Shale: gray, flaky and papery, upper part contains

;hin lenses of massldve siltstone. « o o « o o o & 13
Interbedded gray shale and fine-grained silty

SAndStoNe « o« o ¢ « 4 o o 2 ¢ e 4 e e e e s s s s 3
Sandstone: 1light brown, fine-grained, poorly

sorted, lightly 1lnterlaminated with sllt-

stone, flat-bedded, ripple-narked . « « « « « « & 4y
Covered: Inferred sSl1listone « ¢ « ¢ ¢ o o « o ¢ o o @ 5
Siltstone: sandy, clayev, interlamlnae of

shale, CarbONACEOUS 4 « o« « o o o o o s o s o o o 4
Conglomerate: subrounded, siltstone interclasts,

0.5 to 5 em. in dlameter, flne-grained sand-

Stone MatriXe ¢ o ¢ ¢ o o o o ¢ o s ¢ o o o o o = 1
Covered‘ L L] . L J . L] L] L] L] L] - L] L] L * L] L L ] L) L] L] L d * 3
Sandstone: rust brown, fine-gralned, friable,

maSSi.ve L L L] L L] L] * L] L ] L [ ) L] L] * * L L L L] L . 3
Covered. * . L ) * L] L L] L ) L ] L ] L ] L ] . L] L] L] * L] L L] . . L 8
Siltstone: coarse, locally sandy, flat-bedded,

few IOW"angle CI’OSS—bedS. . . . . . . . . . . L] L] 9
Interbedded gray papery shale and gray clayey

slltstone, beds from 1 to 6 inches. « « ¢« « « « & 3

Siltstone: 1light gray, coarse, flat-bedded, few
low=angle CroSs=bedS.: « « ¢ « o ¢ o « ¢ o o o o o 2%
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Feet

Sandstone: 1light brown, fine-~ to medlum-grained,
interbeds of slltstone, lenses of shale,
thin-bedded, flat-bedded, low-angle cross-
beds, ripple=marked o« « « o o o ¢ s o o o o o o @ 18

Covered: inferred interbedded sandy siltstone
and Shale . L ] L] ° L [ ] * ° ® L L ] 0 L ] - . . [ ) ° * L] 9

Sandstone: 1light brown, fine- to medium=grained,
moderately sorted, thin-bedded, flat-bedded,
low-angle cross-beds, becomes masslve upward. . . 7

Covered: Inferred Shale o « « o o o o o s s o« o o s = 4

Siltstone: 1rust orange, lamlnated, rlpple-marked,
CarboONACEOUS. o s o o o s s o s o s o o o o o o o 8

Sandstone: 1light brown, flne-gralned, calcareous,
friable, laminated, tabular cross-beds,
plant fragments « « ¢« ¢« ¢ o o ¢ o o o o ¢ o o o o 3

Sandstone: 1lig!t brown, fine-gralned, poorly
sorted, si.ty, carbonaceous, flat-bedded,
trough cros Dbedded, contorted bedding,
slumped, 1n situ brecciation. « ¢« ¢« ¢ ¢ ¢ o ¢ o & 3

Limestone: 1llght brown, weather orange, very
sandy and sllty, dense, gralns loosely
packed, ocolitic (Sample PRC=63=4) o ¢« o o« ¢ o o o« 1%

Sandstone: 1llight brown, fine. irained, flat-bedded,
few low—-angle cross-=beds, stringers of gray

Shale [ ] L] L] L] L L . L] L] . . . L * A L ] * . v L J . L ] 3
Sandstone: rust orange, fine-grained, ostracodal,

carbon granules, MasSiVe. o« + o o o o o o o o o 6
Sandstone: rust oran-e, medlum-gralned, calcareous,

Qs traCOdal L] [ ] . . . . L] A L] . - L L] L ] L] L] L ° * L 5
Siltstone: rust orange, flat-bedded, locally

CAlCAreOUSe « o o ¢ s o o s o« o s o s o s o o o @ 21
Interbedded siltstone and shal€. « « o « s s o s o o & 2

Siltstone: rust orange, masslve, gray papery
Shale SErIngere o« « o o o « o o« o o s o o o o s o 21
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Interbedded shale and limestone.
Shale: pale green, massive, blebs of
ostracods,
Limestone: rust orange, sandy, ostracodal,
massive . * L] * L] L ] L] L L ] L] A\ ] . L ] L ] * L] - L ]
Shale: pale green, 8llty, massive. « ¢ o ¢ « « o o

Interbedded shale and filne-grained silty sandstone
(Sample PRC‘63-5) . . . L] ¢ o [ . . * e . . (]

Sandstone: 1rust orange, fine- to medlum-grained,
moderately sorted, silty, porous, shale
stringers base of unit flat « ¢« « ¢« ¢ ¢ ¢ o &«

Interbedded shale and sandstone. . « ¢ « « ¢ « o &

Shale: gray, sandstone stringers. « « « ¢« « o o o

Sandstone: rust orange, fine- to medlum-grained,
poorly sorted, silty, cross-bedded. « ¢« ¢ o &

Gray Shale L L L * . *® L ] L] L] * L ] L ] L d L L J * L . L L]

Sandstone: rust orange, filne- to medium-grained,
well sorted, porous, flat-bedded, cross=-
bedded, base of unit scoured into underlying
Siltstone L J L L ] L] * - . L] L] L ] . L] * - e L L d L [ ]

Covered: inferred SiltStone ¢« « o o o« ¢ o o o s o

Slltstone: rust orange, Sandy « e« « o o s s o o o

Sandstone: rust orange, fine- to medium=grailned,
well sorted, porous, friable, massive,
limonite concretlons. « « « ¢ o o o o o o o @

Shale: gray, massive, flaky and Paperye o« ¢ o« o o

-Top of Wasatch Formation=-

Mudstone: varilegated gray, brown and red, beds
of light gray, massive siltstone. + « ¢« o « &

Base of Measured Sectlon

Feet

10

20

58
10

10

20
30

106

93
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Measured Sectlon 10
SE %, SW %, SW %, Sec. 8, T. 1 N., R. 95 W,

Top of Measured Section

-Sandstone facles (part), Anvil Polnts lMember,
Green River Formation-

Sandstone: light gray, fine-~gralned, well sorted,
moderate poroslty, chert-granule conglomerate
at base, locally carbonaceous, heavily
cross—beddedo . . . . . L] . . . [ . . . . . . .

Covered: inferred siltstone wlth beds of shale . . .

Sandstone: 1light brown, fine- to medlium-grained,
moderately to well sorted, locally
calcareous, cross-=beddeds: « o« o o« « o ¢ ¢ o o @

Covered: inferred sSl1ltstone « o« ¢ ¢« « o« o o ¢ o o o

Sandstone: gray, very-fine- to fine-grained,
moderately sorted, calcareous, very-fine-
grained and thin-bedded at base, flne-
grained and massive above, ripple-marked,
Sparse 0OStracodS.: +« o ¢ ¢ ¢« ¢ o o ¢ o o o o o »

Sandstone: gray, fine-grained, moderately sorted,
contains blebs of siltstone, locally extremely
calcareous (sandy limestone), sparse ostracods
(Sample PRC"63-3) L L] . . .« = L] L e e . . . L] .

Covered: inferred siltstone and minor sandstone . .

Sandstone: pale orange, fine-grained, moderately
sorted, calcareous, masslve, local cross-
bedding, trough-cross-bedded, ripple-marked . .

Covered: inferred shale, contlnuous stringers of
extremely calcareous, fine-gralned, ostracodal
SanNdsStone « o« « o ¢ o o ¢ o 6 o o s 6 e e o o o

-Top of Wasatch Formation-

Sandstone: 1light brown, f .ne- to coarse-gralned,
grain size varilable, local chert-granule
conglomerate, large lenses and wedges of
siltstone and silty shale, massive, flat-
bedded, cross-bedded, bedding thinner and
more regular upward, filner gralned upward,
few burrow tubes. « « « ¢« ¢ ¢ o o o s o s ¢ o o

Feet

17

36

30

16

25

70

94



T 1278

Covered: inferred varlegated mudstone « + o+ .«

Sandstone: light brown, fine- to medium-gralned,
moderately sorted, poorly sorted at base,
masslve at base, cross-bedded above, burrow
tubes, unlt lenticular. . . . « « &«

Rase of Measured Sectilon

Feet
L ] . L ] 2}4
L ] L ] L ] 8

95
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Measured Section 11

NW %, NE %, SW %, Sec. 27, T. 2 N., R. 95 W.

Top of Measured Sz=ction

-3andstione facles (part), Anvil Polnts lMember,
Green River Formation-

Covered: I1nferred gray mudstone, stringers of
slltstone and sandstone « « « « o o o o o o

Sandstone: light brown, flne- to medium=-grailned,
moderately sorted, poorly sorted, and
conglomeratic at base, massive, locally
cross—-bedded, trough- and tangentlal-wedge,
base of unlt uneven « « ¢« o« « o « ¢ o o o e

-

Covered: Inferred shale wlith sandstone stringers.

Sandstone: rust brown, fine- to medium-grained,
moderately sortcd, porous, locally silty,
limonitlc, carbonaceous, massive, flat-

bedded in upper part, scour and fill, trough-

cross beds, lenses and zones of siltstone
and Shale L ] L * L ] * L . . L] L ] . L] * * - ° .

Interbedded silltstone and shale, beds range from
3 inches to 1 foot, contains filled scour
channels,

Siltstone: 1light gray, lamlnated, sandy,
ripple-marked, small cross-beds,

Shale: 1light gray, carbonaceous, contalns
blebs of sandstons and slltstone. « . « &

Sandstone: 1light brown, fine- to medium-grained,
porous, silty, flat-bedded, ripple-marked,
cross-bedded, upper part massive, siltstone
and shale Stringers « « « ¢« « e « ¢ o o o @

Covered: 1inferred gray shale wlth sandstone
stringers L ] L ] L J L] * L] . L] L] L] L] L L * L] * L J

Sandstone: 1light gray, flne- to medlum=gralined,
poorly sorted, silty, flat-=bedded, cross-—
bedded, zones of shale-pebble conglomerate.

Sandstone: 1light gray, fine- to medlum-graineqd,
poorly sorted, silty, porous, lenses and
wedges of shale, masslve and lrreg:larly
bedded. L ] [ L L] L] L] . * L] . L] L) . . L L . *

Teet

50

25
40

30

15

30

60

15

15

96
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Feet
-Top of Wasatch Formati. n-

Mudstone: varlegated, red and gray. « « s o« s s o o o 35
Sandstone: 1light brown, fine- to medlum-gralned,

subangular, silty, flat-bedded, trough-

CI'OSS—bedS, base Of unit flat [ . [ . . . . L) . . 2
Covered: 1inferre: varlegated mudstone, stringers of

fine-gralned, poorly sorted, flat-bedded

S&ndstone . . [ . . ] * [ * L] [ . ) . [ ] [} 3 ° ° ° 95
Sandstone: 1light brown, fine- to medium-grained,

subrounded, well sorted, trough and wedge

CI‘OSS-bedS (Sample PRC"63-6)0 e 8 o e ¢ o e e o o 20

Base of Measured Section

97
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Measured Section 12

From NW %, SE %, NW %, Sec. 25, T. 2 H., R. 95 W.
To SE %, SW %, SE %, Sec. 22, T. 2 N., R. 95 W.

Top of Measured Section

-Sandstone facies (part), Anvil Points Member,
Green River Formatlion-

Sandstone: gray, fine- to medlum-grained,
moderately sorted, carbon granules, flat-
bedded, thin-bedded, unit cut by con-
tinuous l1l-foot sandy siltstone stringers. . .

Slltstone: gray, massive, very calcareous at base
Covered: 1inferred varlegated mudstone . « o« « o« «

Sandstone: 1light brown, fine-~ to medium-gralined,
moderately sorted, flat-bedded, locally cross
bedded, zones of shale-granule conglomerate,
fine-gralned ‘'pward, unit continuous (Samples
PRC‘63"‘2 and PRC_63"'110 . ¢ e . . [ * e s e (]

Sandstone: pale orange, very=fine-gralned, well
sorted, calcareous, laminated, ripple-marked.

Mudstone: gray and pale green, peletal. « « « « &

Sandstone: rust orange, fine-grained, moderately
sorted, limonitlic, massive: ¢« o o« o o« o o o o

Mudstone: gray, silty and Ssandy « « « ¢ o« o « o o

Sandstone: pale orange, fine-grained, medium
grained at base, moderately sorted, zones of
shale~-granule conglomerate, locally carbon-
aceous, massive few ripple-marks and cross—

beds. . L] . . L] [ ] L ] . L] L] L] L] L] ] [ ] [ L] L] L] L

Not saInpled. . . L4 L] L) . L] L] L] L] * e * Ll o . L . *

Sandstone: It own, fine- to medlium-gralned,
poorly sorted, porous, conglomeratic and
trough cross-bedded at base, flat-bedded,
thin"bedded . . [] L] . . L] . . [} . . . . . . )

Gray and brown mudsStONE€.: « o« o o ¢ o o ¢ o o o o o

Feet

50
15
Lo

43

&7

20

30
150

18
50

98
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Sandstone: Dbrown, medium-gralned, moderately
sorted, unlt lenticular « « « ¢ o« o ¢ o o o o o o

Variegated mudStOon€. « « « o o o o o o o o o o o o s o
Sandstone: brown, fine- to medlium-grained, poorly
sorted, porous, frlable, locally carbonaceous,
trough cross-bedded at base, tangentlal-wedge
cross-bedded above, finer grained upward. . . « .
Varlegated mudStone.: « « o o o o o o o ¢ o o o o s o
Sandstone: brown, medlium-grained, conglomeratic,
poorly sorted, porous, carbonaceous, chert-

pebrle and cobble conglomerate at base, highly
cross-bedded, unlt continuous (Sample PRC-63-10),

Variegated mudstone: « « o o o o o o o o o s s o o o o

Sandstone: rust orange, fine-grained, locally
very CAlCArCOUS e o o ¢ o o o o o o o s o o o o o

Gray muds tone * L ] L ] L ] L ] L] L] * L ] L] L] L] L ] L] L ] * L ] L L] L ] .

Sandstone: brown, flne-grained, moderately sorted,
sllty, calcareous, shale lenses, ripple-marked,
and CI‘OSS*bedded a.t bafeo . . . - . . ] . L] . 3 .

Varlegated mudStone. « « o« o o o o o o o o o o o o o o

Sandstone: brown, fine- to medlum-grained,
conglomeratic at base, siltstone stringers. . . .

Drab mudston€. o« « o o « e o o o o o o s o s o s o o =
Sandstone: brown, fine-grained, poorly sorted,
sllty, calcareous, flat-bedded, thin-bedded,
laminated At DAGSe « o o« ¢ o « o s o ¢ o « o o o =
Siltstone: gray, coarse, Sand¥e « « o o o o o o o o
Sandstone: 1llght gray, fine- to medlum—-grailned,
moderately sorted, sllty, mass.ve, some
tabular crosSs=bedSe: o« « ¢ o o o o ¢ ¢ o ¢ o o o o

Shale: gray, flaky, S11ty « ¢ ¢ o o o o o o o o o o &

Feet

20
90

48
50

10
95

25

18

55
55

45
35

99
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Feet
Sandstone: brown, flne- to medlum-gralned, poorly
to moderately sorted, locally conglomeratic,
massive, locally lamlnated and cross—bedded . « & 9

Varlegated mudsSton€. « « « o « ¢ o« o o o o s o « « o & 130

Sandstone: 1light brown, medium-gralned, poorly
sorted, calcareous, unit lenticular « . ¢« « « « & 2

B3ase of Measured Section
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Measured Sectlon 13, Gentry Ranch

Wataring Hole, SW %, Sec. 3, T. 2 H., R. 95 W.

Top of Measured Sectlon

-Sandstone facles (part), Anvil Points Member,
Green River Formation-

Llimestone: pale orange, sandy and sllty, hlghly
ostracodal, laminated, contorted bedding,
small-scale cross—beds, symmetrical ripple-
marks, few mudcracks, ase of unlt grades
from siltstone, unlt continuous « « « « o« o o &

Interbedded siltstone and shale with mlnor sandstone.

Shale: gray and brown, flaky, carbonaceous.
Siltstone: gray, massive, interlaminations
of shale,
Sandstone: fine-grained, laminatel, flat=-
beddEd. L] . * L] - * . L] * L] L ] L ] L ] . L L ] . L L]

Sandston~: gray and orange, flne-gralned, well
sor 2d, very calcareous, locally very
limonltic, sparse ostracods, flat-bedded. . . .

Gray, sllty shale. ¢« ¢« o ¢ o o ¢ o ¢ o o o ¢ o o o o

Sandstone: gray, fine-gralned, moderately sorted,
sparse ostracods, flat-bedded, trough cross-
beds at base. ° * ° . . L ) . * * * L ] . L J * . L] L ]

Interbedded shale and silltstone, and minor sandstone

Sandstone: gray, fine-= to medlum=-grained, massive,
interlaminations of shale and slltstone « « .« &

Shale: brown, flaky, silty, carbonaceous . . « « &

Sandstone: gray, fine-gralned, very calcareous,
massive and flat-bedded « « ¢ ¢ o« o o o o ¢« o &

Slltstone: gray, mMasSivVEe « o o o o o o o o o o o o

Interbedded sandstone, siltstone and shale,
Sandstone: pale orange, flne-gralned, well
sorted, lamlnated.
Slltstone: gray, laminated.
Shale: gray, cCarbonaceoUS. « o « o o o o« o o o

Feet

15

35

13

19

43

101
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Feet

Interbedded siltstone and shale.
Siltstone: gray, sandy, masslve and
flat-bedded, locally ostracodal, few
small burrow tubes.
Shale: gray, S11ty ¢ o e o ¢ o o o o o s « s o 19

Gray Sl’lale . . L] - L ] L] . . L ® * - L] - * * L] . L J - L - 3

Sandstone: gray, fine-grained, well sorted,
flat-bedded, ostracod fragments « « « o « o« o o 5

Sandstone: gray, varlable grailn size, grades
from fine silt to medium-grained sand « « « ¢ « 17

Sandstone: orenge, flne-gralned, medium-gralned
at base, well sorted, loosely packed, porous,
flat-bedded’ unit tabulal" [} . L] [ . ] . . . [ ] [ ] L) L‘

Siltstone: gray, laminated, g rades upward to gray
flaky’ Silty ShaleO L J L ] * L] L] L ] L ] L ] * ° . . L] * * 5

Sandstone: gray and pale orange, very-fine-
gralned, moderately sorted, flat-bedded,
small cross-beds, numerous thin (l-inch)
beds of shale and glltstone . ¢« « o ¢« ¢ o ¢ o « o« 12

Siltstone: gray, massive, contorted beddlng,
interlaminatlons of dark gray shale, few
carbon granuleS « o « o« o o s o s o 3 ¢ o o o o o 4

Siltston T pale gl"een, maSSiVG. . e e e e e o e * o . )'l‘

Interbedded sandstone, sliltstone and shale.
Sandstone: 1llght brown, filne-gralned,
moderately sorted, massive, locally
shale-pebble conglomerate,
Siltstone: pale orange, uneven bedding,
ripple-cross-beds.
Shale: 1light gray, massive, peletal. « « « ¢ « &« 9

Interbedded siltstone and shale.
Siltstone: gray, pale orange, and pale green,
coarse, sandy, beds %-foot thick.
Shale: pale green, massSlve « « o o« o o o ¢ ¢ o 51

Slltstone: gray, sandy, masslve « « o« o o o o o o o & 7

Sandstone: 1light gray, fine-gralned, well sorted,
flat-bedded, base of unit scoured . « « « ¢« ¢« « 12
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Shale: gray, massive, locally silty and carbon-
aceous, grades upward into siltstone. . . .

Sandstone: 1light gray and orange, filne-gralned,
moderately sorted, locally abundant plant
fragments, calcareous, massive. « « « « o &

Covered: inferred variegated mudstone, contalns
fine-grained sandstone stringers. « « « «

Slltstone: pale orange, flat-~bedded, ostracodal,
Interlaminations of shale « o« ¢« ¢« ¢ o « o &«

Sandstone: gray, flne-gralned, moderately
sorted, ostracodal, numerous, purpllish-gray
shale stringers, flat-bedded, laminated,
few CI’OSS-bedS. [} . . . . o . (] . . . . . .

Shale' L] [ ] L ° . . L] .‘ L] L] L ] [ ) * L] * L] L] L L] . .

Sandstone: brown, fine- to modium-gralned, conrse

gralned at base, moderately sorted, porous,
cross bedded, thickness of unilt irregular .

covered. - L] L] L 3 [ ] L ] L] ° L] L] L L] L] ® L] . . L 4 L] .

Sandstone: gray, flne=grained, moderately
sorted, massive . ¢« o« o ¢ ¢ o ¢ o o o o o o

-Top of Wasatch Formation-
Covered: inferred varlegated mudstone . « « « =
Mudstone: gray, S1lC¥ « ¢ o o ¢ o o o o s o o s

Sandstone: rust brown, flne-grained, well
sorted, limonitlc, flat-bedded, lamlnated .

Red mMudstone « « o o ¢ o ¢ ¢ ¢ o o o o o o o o o

Sandstone: gray, medium- to coarse-gralned, poorly

sorted, conglomeratic at base, interbeds of
red shale, carbonacCeouS « « « o s o o o o @

Variegated mudstone. « . « « ¢ o o o o o ¢ o o o

Sandstone: gray, fine- to medium-grained,
moderately sorted, masslve. « « « o « ¢ o o

Feet

101

13

16

170
10

10
10

13

103
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Covered: inferred gray sillty mudstone « « o« o o« o o o 14

Sandstone: rust brown, flne-grained, well
sorted, limonltic, flat-bedded. « « ¢ « ¢ o o o = 17

Base of Measured Section
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Measured Section 14
NW %, SW %, SE %, Sec. 28, T. 3 N., R. 95 W.

Top of Measured Section Feet

-3andstone facles (part), Anvll Polnts Member,
Green River Formation-

Limestone: pale orange, ostracodal, oolitic,
pilsoliticy lowar part dense, ostracodal,
sillty; top plsolitic, porous, loosely packed. . . 6

Siitstone: orange, flat-bedded, few shale stringers
(3-inch) ostracodal, locally abundant ostracods,
locally calcareOUS. « « o o s o s s« s s o o o s = T

Shale: gray, flaky, few thin stringers of fine-
grained sandstone and SiltStOoNe .« « o o o o o o « 28

Siltstone: pale orange, coarse, lamninated,
flat-bedded, intcrbeds and l¢mlnations
of shale, filne-gralned, ostr.codal, cross-
bedded sandstone at top « o« o v o « o o o s e o 23

Sandstone: pale orange, flne-grained, discontinu-
ous stringers of gray shale, lrregular lens
of algal(?) 1lmestone at DASE « « o o o o o o o it

Covered: inferred interbedded siltstone and shale . . 25

Sandstone: 1light brown, fiae-grained, mocderately
sorted, cross-bedded, unlt tabular. . « « « + « & 4

Interbedded sll:istone and shale with minor fine-
gralned sandstone and ostracodal limestone. . . . 24

Sandstone: 1light gray, grain silze varlable,
grades from medlum silt to fine-gralned
sand, moderately sorted, clean, moderate
porosity, few interlaminations of shale . . . . . 2%

Siltstone: gray, stringers of flne-gralined sandstone, 18
Sandstone: 1llght gray, fine- to medium-gralned,

moderately sorted, flne-gralned near top and

bottom of unlt, few low-angle cross-beds. . . . . 15

Covered: Inferred gray flaky shal€. « « « « o « o o o 7
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Feet
Sandstone: gray and orange, fine- to medlum-
gralned, poorly sorted, silty, calcareous,
ostracodal and sparse ocolites, unit
1enticular0 L J L ] L ] L ] . L] L L] L] L ] L ] L] L ] L * L ] e [ ] L 5

Shale: gray, flaky, silty, thin lenses of crypto-
crystalline 1lmestone « « « o « o o ¢ o o o o o & 23

Sandstone: gray and light brown, graln slze
varlable from silt to flne-~ and medium=gralned
sand, poorly to moderately sorted, flat-
bedded, lamlnated, few cross-beds at base,
shale StrINEEI " o o« « o o o o o o s s o o o o s o 22

Siltstone: 1light brown, coarse, sandy, numerous
sllty shale stringers . « » o o o« ¢ o o o o o s o 20

Shale: gray and drab, silty, laminae of siltstone . . 7

Sandstone: gray, flne-gralned, well sorfed, sllty
at base, massive, flat-bedded, laminated,
thin-bedded, limonite concretions « « « « o« o « L

Shale: gray, flaky, thin lenses and dlscontinuous
stringers of slltstone and fine-gralned
Sandstone L] L] * L] L] L] ° L] L L ] L ] * e * L] L ° . L] L 50

Sandstone: gray, very-filne-gralned, moderately
sorted, nasslve, few low-angle cross=beds . « « o b

Covered: Inferred sS1ltsStone « ¢« « « o o o o o o s o &« 5

Sandstone: 1light brown, flne- to medlum-grained,
medium-grained at base - flner upwards, well
sorted, locally poorly sorted, sparse ostracod
fragments, locally calcareous, slltstone
stringers, flat beddede « o« o« ¢ ¢ ¢ ¢ o o o o o o 9

106
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Measured Section 15

NE %, NW %, NW %, Sec. 20, T. 3 N., R. 95 W.

Top of Measured Section

-3andstone facles (part), Anvlil Polnts Member,

Green River Formatlion-

Limestone: pale orange, ostracodal, dense flat-
bedded, ripple-marked, low-angle cross-bedded,
laminated, contorted bedding, base of unit

flat (Sample PRC"63—7). [ ('Y . L3 * [} .

Interbedded shale and slltstone.

Siltstone: orange, sandy, ostracodal, flat-

bedded.
Shale: gray, Flaky « « « « o o o o o

Sandstone: 1light brown, fine-grained, moderately

sorted, f.at-bedded, low-angle cross-beds .

Shale,; gray, flaky « « « o o« o o o o o o o
Sandstone: gray, fine-= to medium-gralned,
moderately sorted, ostracodal, burrow
MaASSIVE ¢ o o ¢« o« o o o o o ¢ o o o @
Shale: gray, flakye o « o o s o o o o o o

Sandstone: gray, fine-gralned, moderately
sorted, locally very calcareous . . .

Shale: gray, flaky. o« « o s« o o ¢ o o o o

Sandstone: gray, flne-grailned, moderately
sorted, grades upward intoc siltstone.

Shale: gray, £lak¥e. « o o o o o o o o o o

tubes,

.

Limestone: orange, ostracodal, sandy, flat-bedded

Shale: gray, flaky and papery « « « « o o

Sandstone: gray, fine- to medlum-grailned, moderately
to well sorted, porous, lsolated shale-granule
interclasts at base, base of unlt scoured into

carbonaceous slltstone. « « o o o «

Feet

14

50

17

20

13
15

ol O1 B

11

18

107
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Feet
Interbedded shale and siltstone.
Shale: brown, flaky and papery.
Siltstone: gray, sandy, blebs of very-
fine—grained SAndsStOoNEe o « o« o « s o o o o o o 23

Shale: gray, flaky and PapPerY « « o o o o o o o o o o 20

Limestone: orange, sandy and silty, small-scale

cross-beds, sparse oolites (Sample PRC=63=1)« « o« 2
Covered: inferred sandy slltstone « « ¢« o« o o o « o 5
Shale: gray, flakye « s o o ¢ o o o o o s s o « o s = 4

Covered: Inferred sandy sSlltstone « o« o o o ¢ o o o o 25

Sandstone: 1light gray, flne- to medium~grained,
moderately sorted, sliltstone stringers, masslve . 17

Shale: gray, flaky, S11ty « ¢« o o o o o « o o ¢ o o o 15
Siltstone: gray, cross--laminated, shale laminae . . . 22
Sandstone: gray, fine- to medium-gralned, well

sorted, few 1lsolated shale-granules inter=-

clasts, calcareous, flsh scales « « « o o o o o = 3

Siltstone: gray, coarse, frlable, flat-bedded,
grades upward from shal€e o « o o o o o o o o o o 14

Sandstone: gray and brown, fine- to medium-gralned,
flat-b e dde d L L K] L] . L] A d L L] L . L d - . . L] . L] L 3

Covered: inferred gray silty shalee o« o « ¢ o o ¢ o & 65
Sandstone: 1light gray, flne- to medlium=gralned,
moderately sorted, frilable, massive, few
cross beds. L ] - L ) L ] L ] L ] * L ] * L] L ) * L . . L ) * L] L] 5
- 225 feet to top of Wasatch Formation -

Base of Measured Section



