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ABSTRACT

The Wasatch Formation within the Government Creek area 
of the eastern Piceance Creek basin consists of more than 
4200 ft (1280 m) of varicolored mudstones, siltstones, and 
claystones along with interbedded relatively thin 
sandstones. The Wasatch Formation within the area can be 
subdivided into four informal members. The lowest is only 
163 ft (50 m) thick. Similar to the thicker Fort Union 
Formation to the north, the lowest unit is here called 
member 1 of the Wasatch Formation. This member consists of 
tan to gray, calcareous and siliceous siltstones and thin, 
dark-brown sandstones of fluvial character. It lies 
unconformably on a weathered zone developed on Cretaceous 
conglomeratic beds.

The rest of the Wasatch Formation is characterized by 
varicolored mudstones and channel sandstones and is 
divisible into three parts : member 2, 2570 ft. (783 m)
thick, of mudstone with minor thin lenticular sandstones ; 
member 3, 553 ft (169 m) thick, of relatively thick multi
story sandstones interbedded with mudstones ; and member 4, 
938 ft (286 m) thick, of mudstone and minor sandstones that 
are more laterally persistent than those in member 2. The 
boundary between member 2 and member 3 is sharp, whereas
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that between member 3 and member 4 is gradational. The 
contact with the overlying Green River Formation is also 
gradational.

Depositional environments of these rocks included 
meandering streams and associated crevasse splays and 
floodplains. Variations in sandstone characteristics 
indicate that the sandstones of member 2 may have been 
deposited by streams having some characteristics of an 
anastomosing system. Color variations within the mudstones 
divide the Wasatch Formation (excluding member 1) into six 
zones, consisting of a repeated three-zone sequence. These 
three zones are red-white, mixed, and gray-brown. These 
zones are a result of their depositional environments and 
may also reflect uplift patterns of the source areas.

The geologic history of the Wasatch Formation is one of 
low gradient fluvial deposition by west-flowing rivers which 
derived much of their sediment from the growing White River 
uplift. The middle Paleocene member 1 sediments were 
subjected to more intense weathering than the rest of the 
formation, leading to the development of numerous weathering 
horizons. Tectonic uplift during the latest Paleocene or 
early Eocene led to deposition of the thicker and coarser 
sandstones of member 3 over the mudstones of member 2. As 
the early Eocene continued, the rate of uplift decreased,
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resulting in the thinner sandstones of member 4. Lacustrine 
deposition became more common as the Eocene continued, 
resulting in a gradation to the Green River Formation.

Within the Wasatch Formation to the west and southwest 
of the study area within the Piceance Creek basin, 
significant deposits of coal or uranium are possible, but 
the main economic value of the Wasatch Formation will be its 
natural gas resources. Significant resources are possible 
due to the likelihood of thick channel sandstones with 
abundant stratigraphie traps and well developed fracture 
porosity in proximity to good source beds.
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INTRODUCTION

A study was conducted of the Wasatch Formation of early 
Tertiary age in an area of the east-central Piceance Creek 
basin of northwestern Colorado. The purposes of this study 
were to measure sections through the Wasatch Formation and 
describe its stratigraphy in detail and to take samples for 
description and dating purposes. From all of these data, it 
was hoped that determinations of the depositional 
environments, geologic history, and age of the Wasatch 
Formation could be made. Furthermore, other sources of 
data, including published descriptions of the Wasatch and 
well logs in nearby areas, were used to correlate the 
Wasatch Formation in the study area with areas to the north,
west, and south, and to evaluate the petroleum potential of
the Wasatch Formation in the study area and in areas
adjacent to the west and southwest.

Location

The study area is located in Garfield County, Colorado, 
approximately 10 mi (16 km) northwest of the city of Rifle, 
Colorado (Figure 1). U.S.G.S. topographic maps which cover 
the area include the Rio Blanco and Horse Mountain 7.5' 
quadrangles. In this area, the Wasatch Formation crops out 
within the valley between the Grand Hogback on the east-
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northeast and the Roan Cliffs to the west-southwest. Down 
this valley flows Government Creek, a small but perennial 
stream which rises a few miles to the north and flows in a 
southeastward direction into Rifle Creek within the city 
limits of Rifle. Government Creek is confined in this area 
to a deep, narrow arroyo ranging from 10 to 20 ft (3 to 6m) 
in depth.

Elevations in the area range from 6400 ft (1950 m) in 
the valley bottom to 8500 ft (2590 m) along the Grand 
Hogback and nearly 9000 ft (2743 m) at the summit of the 
Roan Cliffs. Vegetation is sparse in the lower elevations 
except along water courses. The vegetation consists 
primarily of sagebrush cover with some juniper and ponderosa 
pine. However, large stands of oak are often developed 
along the streams. Thick groves of ponderosa pine and 
spruce grow in the higher elevations. Wildlife, such as 
deer, elk, bear, mountain lion, and smaller animals, is 
fairly abundant.

Colorado State Highway 13 follows the valley and, along 
with smaller ranch roads, provides access to the out
crops . Private land is confined mostly to the valley 
bottoms, where ranchers are engaged in sheep raising and 
related hay growing. The remainder of the land is 
  -nistered by the Bureau of Land Management except for a
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section of the southwestern part of the : which is within
the Naval Oil Shale Reserve.

Methods of Investigation

Field work for this thesis was conducted during the 
summer of 1985. This field work included limited geologic 
mapping of the study area to understand the structural 
setting and identify the best localities for more detailed 
stratigraphie work. Mapping was done on U.S.G.S. 7.5'
(1:24,000) topographic maps. The major field work in this 
study involved section measurement and simultaneous detailed 
stratigraphie description of the Wasatch Formation. An 
almost complete stratigraphie section through the Wasatch 
was measured with the use of a Brunton compass mounted on a 
5 ft (1.5 m) Jacob's staff. Details described during this 
measurement included bedding characteristics, stratigraphie 
relationships between facies, petrologic details and 
variation, fossils and trace fossils, and colors of the 
beds. Samples of the various rock types were collected 
throughout the formation for later description and analysis.

Laboratory work was conducted during late 1985 and 
1986. Many of the mudstone samples were processed for 
pollen analysis, and the resulting material was identified 
for age determinations. Rock samples of all types were
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further studied for their characteristics relating to this 
study. Published sources of data relating to the area or 
similar areas were consulted, as they had been before field 
work was done. Finally, logs, completion information, and 
production reports for oil and gas wells in nearby sections 
of the Piceance Creek basin were studied to evaluate the 
petroleum potential of the Wasatch Formation in and near the 
study area.

Previous Work

Hayden (1869) first described the variegated fluvial 
sandstones and mudstones of the Wasatch Formation, naming 
them after exposures in the Wasatch Mountains of Utah.
Hayden assigned a middle Tertiary age to the beds. Peale 
(1876, 1878) mapped and described the Wasatch beds in the 
southern Piceance Creek basin and found fossil plants of 
supposed Eocene age within the beds southwest of the study 
area. Peale considered as Wasatch all of the beds lying 
between the Cretaceous sandstones (considered by Peale to be 
of the Laramie Group) and the Green River shales.

Gale (1910) also considered the Wasatch Formation to be 
the rocks lying between the Cretaceous sandstones and the 
unoxidized rocks of the Green River Formation. However, he 
recognized the possibility that this grouping may include a
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Paleocene Fort Union equivalent in its lower part. Lee 
(1912), in a study of the Grand Mesa coal fields southwest 
of the study area, referred the Cretaceous sandstones to the 
Mesaverde Group and noted the widespread occurrence of 
conglomeratic beds (which he referred to the Ohio Creek 
Conglomerate) between the Mesaverde and the Wasatch 
Formations. Lee considered his Ohio Creek to be of 
Paleocene age. Lee also recognized the equivalence of the 
Wasatch Formation of the Piceance Creek basin with the Ruby 
Formation of the West Elk Mountains. Woodruff (1913) 
collected poorly preserved vertebrate and invertebrate 
fossils from the Wasatch Formation in the DeBeque area which 
he considered to be of Eocene age.

Patterson (1933) described a new species of the 
amblypod mammal Titanoides from a basal section of the 
Wasatch along the Colorado River. Comparison of this 
specimen with other species strongly suggested the presence 
of a Paleocene horizon within the lower Wasatch. Later work 
by Patterson (1936) on other mammals he found associated 
with Titanoides established a late Paleocene age for the 
fauna of either Clarkforkian or Tiffanian time.

Erdmann (1934), mapping in the Book Cliffs north of 
Grand Junction, noted the transitional nature of the contact 
between the Wasatch Formation and the overlying Green River
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Formation and the corresponding difficulty of assigning an 
upper boundary to the Wasatch Formation. Duncan and Denson 
(1949) mapped and described the geology of the Naval Oil 
Shale Reserves. This work involved reconnaissance geologic 
mapping of part of the Government Creek area. For mapping 
purposes Duncan and Denson included the underlying 
conglomeratic beds with the Wasatch Formation and picked the 
top of the Wasatch as the highest red or varicolored shale 
zone 10 ft (3 m) or more thick, although recognizing that 
this included beds of predominantly Green River character 
within the Wasatch. Duncan and Denson noted that the 
overlying Green River beds in the Government Creek area were 
different from typical beds of the Green River in most of 
the Piceance Creek basin and designated them, therefore, as 
the "lower sandy member" of the Green River Formation. This 
unit would later be named the Anvil Points Member (Donnell, 
1961a).

Wood et al (1941) preferred to call the Wasatch 
Formation in the Piceance Creek basin the DeBeque Formation, 
a name still in use by some workers (Kihm and Middleton, 
1980) .

Donnell's (1961a) study of the Tertiary geology of the 
Piceance Creek basin between the Colorado and White Rivers 
noted the three-part nature of the Wasatch Formation near
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DeBeque. Donnell first referred to the lowest of the three 
parts (of Paleocene age) as an unnamed formation but later 
(1961b) redefined it as the lower member of the Wasatch 
Formation. Donnell described these three members of the 
Wasatch as a lower predominantly varicolored claystone and 
siltstone member, middle ledge-forming sandstone member, and 
another varicolored siltstone member overlying that.

Donnell (1969) later named these units for the Wasatch 
Formation of the southern Piceance Creek basin. The lower 
member became the Atwell Gulch Member, the middle sandstone 
unit became the Molina Member, and the uppermost unit became 
the Shire Member. Donnell reported a Tiffanian (late 
Paleocene) age for fossils found in the lower part of the 
Atwell Gulch Member, and a probable Wasatchian (early 
Eocene) age for fossils found in the Shire Member. Donnell 
noted that an apparently similar sequence existed north of 
Rifle, but could not be correlated precisely with his 
members.

Newman (1974) separated the Wasatch Formation in the 
study area into four zones on the basis of palynomorph taxa. 
These zones range in age from middle Paleocene to early 
Eocene, with the Paleocene-Eocene boundary lying somewhere 
near the middle of the formation. Roehler (1974) summarized 
the depositional environments of rocks within the Piceance
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Creek basin. He identified the main depositional 
environments of the Wasatch Formation to be mountain front 
(pediment), red-bed fluviatile, and non-red-bed fluviatile.

Recently, Johnson and May (1980) have redefined the 
Ohio Creek Formation of the southern Piceance Creek basin as 
a kaolinitic member of the Late Cretaceous Hunter Canyon 
Formation (Mesaverde Group). This is in disagreement with 
findings by other workers (Gaskill and Godwin, 1963) who 
originally reported Paleocene floras from the Ohio Creek. 
Other recent works relating to the Wasatch Formation will be 
cited in the appropriate places within the text.
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GENERAL GEOLOGY

The Government Creek area is situated on the east- 
central rim of the Piceance Creek basin of northwestern 
Colorado. Within this area, the basin is bordered by the 
White River uplift to the east. The basin is bordered on 
the south and southeast by the Elk and West Elk Mountains, 
on the southwest by the Uncompahgre uplift, on the west by 
the Douglas Creek arch, on the north by the Uinta uplift, 
and on the northeast by the Axial Basin anticline (Figure 
2). The Piceance Creek basin is an asymmetrical synclinal 
structure. The basin axis generally parallels the eastern 
rim. The border between the basin and the White River 
uplift is a sharp one characterized by a steeply west and 
southwest dipping monocline known as the Grand Hogback.

Rocks ranging in age from Late Cretaceous to Eocene are 
exposed within the study area. Figure 3 shows the 
nomenclature used in this report for these units. These 
formations dip away from the White River uplift into the 
Piceance Creek basin, as shown in Figure 4. The Cretaceous 
section is represented by non-marine sandstones, shales, and 
conglomerates of the Williams Fork Formation which forms 
most of the Grand Hogback (Figure 5). The Tertiary is 
represented by the fluvial Wasatch Formation sandstones and 
mudstones described in this report, along with the overlying
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Green River and Uinta Formations, as shown in Figure 6. The 
Green River is separated in this area into two members. The 
lowest, the Anvil Points, consists of mixed fluvial and 
lacustrine rocks. whereas the overlying Parachute Creek 
Member is dominantly lacustrine and contains the oil-shale 
beds for which the Green River Formation is famous. The 
Parachute Creek Member forms the Roan Cliffs and is itself 
capped by thin, mixed fluvial-lacustrine sandstones of the 
Uinta Formation.
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DESCRIPTIVE STRATIGRAPHY

The Wasatch Formation in the Government Creek area can 
be subdivided into four informal members in the field (Plate 
1 and Figure 7). The lowest unit is a series of drab 
siltstones and mudstones with a few thin ferruginous 
sandstones totaling 163 -ft (50 m) in thickness. Although 
only a small part of the total Wasatch, its position and 
characteristics make it worthy of special attention. These 
beds are similar to and stratigraphically equivalent to the 
Fort Union Formation in the northern Piceance Creek basin. 
However, in this area these beds are traditionally included 
in the Wasatch Formation. These beds will here be 
informally referred to as member 1 of the Wasatch Formation.

The rest of the Wasatch is divisible into three 
members. The lowest division of the main portion of the 
Wasatch is here called member 2. Member 2 consists 
dominantly of mudstones with scattered lenticular 
sandstones. Member 3 is a thick multi-story sandstone and 
interbedded mudstone zone, and member 4 is composed of 
mudstones with thin but laterally extensive sandstones. 
Members 2, 3, and 4 are similar to the Atwell Gulch, Molina, 
and Shire Members of the Wasatch Formation in the far 
southern portions of the Piceance Creek Basin (Donnell,
1969). However, as the members have not been correlated
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between the two areas, these names will not be used here. 
Figure 8 illustrates the outcrop relationships between the 
Wasatch and adjoining formations within the study area.

Member 1

For the purposes of this study, member 1 of the Wasatch 
Formation in the Government Creek area is defined to be the 
drab-colored mudstones, siltstones, sandstones, and 
conglomerates in the lowest part of the Wasatch, which occur 
between the underlying Cretaceous conglomeratic beds and the 
lowest varicolored beds of member 2 above (Figure 9). The 
contact with the underlying conglomerates and sandstones is 
unconformable, as shown by a white, kaolinitie weathering 
zone developed on top of the conglomerates. Palynological 
evidence also indicates a gap in time between the two units 
from Late Maastrichtian to middle Paleocene (K.R. Newman, 
1986, personal communication). No evidence could be found 
that the unconformity is angular. Contact with member 2 of 
the Wasatch Formation, however, is conformable and 
gradational and is defined to be at the first appearance of 
varicolored mudstones. Although outcrops showing this 
contact are uncommon in the study area, Figure 10 shows one 
locality where is is visible. A conglomeratic bed rich in
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volcanic debris seems to lie very near the top of member 1 
and could prove to be a useful marker bed if widespread.

Member 1 crops out along the western base of the Grand 
Hogback in a northwest-to-southeast strip parallel to, and 
east of. Government Creek. There it forms steep slopes and 
characteristic "mounds" of drab material against the white 
sandstones below. These drab-colored beds are 163 ft (50 m) 
thick in the study area. This thickness is fairly 
consistent along strike. Though minor when compared to the 
4061 ft (1238 m) thickness of the rest of the Wasatch, its 
distinctive nature makes these drab beds worthy of special 
attention.

Member 1 within the study area consists of 
conglomerates, sandstones, siltstones, and mudstones, in 
increasing order of abundance. Sandy zones are most common 
within the middle of the member, but this is true only where 
the section was measured. A few miles to the south these 
same drab beds contain thin lenticular sandstones similar to 
those in member 2.

The dominant rock present in member 1 is a dark-tan, 
silty claystone to clayey si 1tstone which weathers to a 
characteristic light-tan color and is very calcareous. 
Occasional flecks of muscovite (approximately 1 to 2 percent 
of the rock) can be seen, along with rare fine-grained mafic



T-331> 22

minerals. The dominant trends within this facies seem to be 
very gradual and nearly imperceptible fining-upward 
sequences. Clayey siltstones fine upward into silty 
claystones over thicknesses of a few feet.

Sandstones in this member are quite distinctive when 
compared with those of the rest of the Wasatch Formation.
As already stated, they are very thin and brown and weather 
to very dark brown. The sandstone consists of medium- 
grained , sub-angular to sub-rounded quartz, is poorly 
sorted, with much silty material, and occasionally contains 
plant debris. These sandstones are unusual not only for 
their high ferruginous content, but also for their highly 
calcareous nature. Not only are the sandstones very 
calcareous, but they also often contain layers and veinlets 
of coarsely crystalline calcite throughout them. Original 
bedding is often totally disrupted in the sandstones, 
leaving the sand in the form of irregularly shaped dark- 
brown concretion-like masses of sand and crystalline 
calcite.

Calcite occurs throughout member 1, in the form 
mentioned above as well as disseminated throughout the rock. 
Thin layers of secondary calcite also occur within the 
mudstones and siltstones. These layers are often traceable 
at the same level throughout the outcrop, and are thus
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fairly laterally extensive. These layers range in thickness 
from 1/25 to 1/5 in (1 to 5 mm), and consist of 1/50 to 1/25 
in (1/2 to 1 mm) thick pink and white calcite layers 
deposited one on top of the other. The lower layers are 
usually pink, whereas the upper layers are white to 
transparent. These calcite layers are most common within 
the lower third of member 1.

Silica layers similar to those of calcite are another 
unusual feature of the lowermost beds of member 1. The 
silica is hard and white and forms thin sheets from 1/25 to 
1/8 in (1 to 4 mm) thick. The significance of the silica 
and calcite layers will be discussed within the geologic 
history section of this study.

Finally, the conglomeratic bed at the top of member 1 
is comprised of a 3 ft (0.9 m) thick bed of alternating 
sandstones and conglomerates different from any of the 
conglomeratic zones elsewhere in the Wasatch. The 
difference is that this conglomeratic bed is rich in 
volcanic debris. The clasts within the conglomerate are 
well rounded and consist primarily of volcanic tuff of 
biotite-hornblende quartz diorite composition. This tuff is 
extremely rich in quartz, making up perhaps 50 percent of 
some specimens. The quartz often forms large 1/25 to 1/4 in 
(1 to 6 mm) doubly-terminated crystals. Scattered among the
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volcanic clasts are also a few rounded clasts of hard black 
shale. Although these clasts are rounded, they break easily 
into thin 1/12 to 1/4 in (2 to 6 mm) layers.

Member 2

The lowest varicolored beds of the Wasatch Formation 
make up the thickest portion of the entire formation, and 
are 2570 ft (783 m) thick. The valley of Government Creek 
is developed within this member, making it the hardest to 
study in its entirety. Consequently, it is not possible to 
measure a complete section through these beds. However, 
sections can be found where most of the member is exposed.

The contact with member 1 is defined here as the top of 
the volcanic-rich conglomerate described earlier. Vari
colored beds also make their first appearance above this 
conglomerate. However, within these varicolored beds are a 
few beds of drab mudstone very similar to those below, 
indicating that the contact here is a transitional one and 
not an unconformity.

The upper contact of member 2 is defined to be at the 
first appearance of multi-story sandstones greater than 20 
ft (6m) thick which characterize member 3. This contact, 
although easy to recognize at any particular locality, does 
not lie at the same level everywhere. For example, a thick
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section of mudstone occurs at the same stratigraphie level 
less than 1 mi (1.6 km) north. Thus, the contact between 
member 2 and member 3 is also conformable, though sharp.

Member 2 of the Wasatch Formation consists of 
mudstones, siltstones, and claystones of various shades of 
tan, brown, orange, red, purple, gray, and white, 
interbedded with sandstones ranging in color from white 
through orange to brown (Figure 11). These beds often 
weather to unusual badland features such as those in Figure 
12. The ratio in total thickness of sandstones to finer- 
grained rocks in this member is approximately 1 to 9. The 
member as a whole thus consists of thin sandstones encased 
in thick mudstone sequences.

The sandstones, although comprising little of the 
section, are more interesting than the mudstones, because 
the sandstones are more resistant and thus show more 
sedimentary structures and bedding details. Individual 
sandstones are from 3 in to 25 ft (7.6 cm to 7.6 m) thick.
In general, thick sandstones (those greater than 3 ft (0.9 
m) thick) are lenticular and pinch out abruptly, whereas the 
thinner sandstones tend to persist laterally for greater 
distances at relatively constant thicknesses. Figures 13 
and 14 contrast these member 2 sandstones with those of 
member 3 discussed later. The thin sandstones are more
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heavily iron stained than the thick ones, which tend to be 
white to light orange in color.

The sandstones are all very similar to each other 
petrologically, varying for the most part only in details 
such as grain size. The thick lenticular sandstones are 
generally fine to medium grained, although coarser zones 
exist, and are moderately to well sorted, and rounded.
These sandstones are fairly porous and permeable. Quartz 
sand makes up 90 to 95 percent of the rock, the balance 
consisting of silty material, fine-grained chert, black 
mafic materials, and some feldspar. Some of the sandstones 
are cemented with calcite, whereas others are cemented by 
silica. The two types seem equally common.

Conglomerates and conglomeratic zones do occasionally 
occur within the basal portions of these lenticular 
sandstones. The clasts within these conglomerates consist 
of variously colored well rounded chert. Claystone clasts 
may also be present. Wood fragments and pieces of fossil 
bone are found more rarely within the conglomerates. The 
matrix of these conglomerates is generally more angular than 
that of the sandstones. These conglomeratic zones are often 
more ferruginous and therefore more darkly colored than the 
sandstones with which they occur.
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Figure 13: Generalized member 2 sequence showing lenticular 
sandstones and thin sandstones encased in mud
stones (1 in = 50 ft (15.2 m), horizontal and 
vertical).

Figure 14: Generalized member 3 sequence showing multi
story, laterally persistent sandstones inter
bedded with mudstones (1 in = 50 ft (15.2 m) , 
horizontal and vertical).
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Primary sedimentary structures are best seen in the 
thicker lenticular sandstones. These features include high- 
angle planar cross-bedded, low-angle cross-bedded, trough 
cross-bedded, horizontally bedded, and massively bedded 
portions. these structures can occur alone or together in 
any combination. However, certain combinations repeat more 
than others. Massively bedded sandstones are the most 
common, followed by cross-bedded zones. High-angle cross 
bedding, much of it of the epsilon type, predominates over 
other cross-bedding types.

A generalized lenticular sandstone body, showing the 
features most characteristic of member 2 sandstones, would 
contain the following features: the base may or may not
have the presence of a conglomeratic layer, most commonly 
not. Above that, and comprising the bulk of the sandstone 
body, would be alternating cross-bedded and massively bedded 
intervals. In general, the thicker the sandstone, the more 
likely cross-bedding is in evidence. The uppermost part of 
this generalized lenticular sandstone would consist of a 
thinly bedded zone. Although horizontal bedding is nowhere 
near as common as other types of bedding, where it does 
occur it is almost always either at the top or the base of 
the sandstone body, the top being far more common.
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These lenticular sandstone bodies can be anywhere from 
10 to 100 ft (3 to 30 m) in width, although commonly they 
average from 40 to 50 ft (12 to 15 m) in width.
Depositional transport directions, as well as strikes and 
dips, are difficult to determine because the mudstone around 
these sandstones erodes quickly, leaving the thin sandstone 
bodies unsupported and subject to movement out of original 
positions. However, depositional transport directions, 
usually from trough axes, generally indicate an east to west 
transport pattern (Plate 1).

Scattered within the sometimes great thicknesses of 
mudstone which surround these sandstones are found thinner, 
non-lenticular sandstone bodies, which may be traced for 
hundreds of feet along strike and can sometimes be traced 
back to one of the lenticular sandstones. These thin 
sandstones range from as thin as 3 in (7.6 cm) to as great 
as 5 ft (1 ; 5 m) in thickness. Their thickness is relatively 
constant along the length for which they may be traced.

The thin laterally persistent sandstones are similar to 
the lenticular ones petrologically. Generally, they are 
fine to medium grained, well rounded, but poorly sorted.
They are sometimes very silty, although chert pebbles are 
also sometimes present. The most distinguishing feature of
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these sandstones is their highly ferruginous nature, 
resulting in dark brown coloration in outcrop.

These thin sandstones most commonly show no bedding 
characteristics. Sometimes, however, the sandstones are 
thinly and horizontally bedded, leading to the sandstone 
breaking easily into 1/2 in (1.3 cm) or less thick slabs. 
Uncommonly, the thin sandstones are cross laminated, which 
also allows the sandstone to be broken into very thin slabs. 
Occasional fossils of both mammal bones and plants can be 
found within these sandstones. Trace fossils sometimes 
found on the tops of these beds included possible plant 
rootholes and invertebrate trails.

Although rocks finer grained than sandstone make up 
9/10ths of member 2, they are less interesting than the 
sandstones because so few details of bedding and other 
structures can be seen in them. These fine-grained rocks 
are most commonly mudstones, although siltstones are not 
uncommon, and occasionally the rock is fine grained enough 
to be called a claystone. In addition, may mudstone and 
siltstone zones are very sandy, the sand being of the same 
type as that which makes up the sandstones.

These mudstones and associated rocks are usually very 
brightly colored. The colors occur in bands parallel to 
depositional bedding. These bands range in thickness from 1
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to 55 ft (0.3 to 16.8 m), and average from 10 to 15 ft (3 to 
4.6 m) thick. They can generally be traced without 
significant change in thickness across hundreds of feet 
where they are exposed for that great a distance, although 
in places the color bands can be seen to pinch out over a 
distance.

The colors evident in the mudstones in outcrop are (in 
decreasing order of abundance) light brown, white, purple, 
gray, red, dark brown, tan, and orange. The tan mudstones 
occur only near the base, near the contact with the drab 
member 1. One difficulty involved in describing these 
colors is that the color of the outcrop is not always 
exactly the same as the color of the rock under the surface. 
In general, fresh rock is darker than surface exposures.
For example, white zones on outcrop tend to actually be 
light gray when fresh. Similarly, some red zones are very 
dark purple and some dark brown zones are actually a deep 
red. The colors are usually not different enough to make 
this disparity a problem, however. Mudstone color 
variations and their significance will be discussed more 
later in regard to their depositional environment.

Sandy mudstones and siltstones within member 2 tend to 
exhibit more observable features than the finer-grained 
facies. These sandy zones are thin, ranging from 6 in (15
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cm) to 3 ft (0.9 m) in thickness. They are light to dark 
gray in color when fresh, weathering to white or light gray. 
The sand within them is very fine grained and well rounded 
quartz. A conspicuous feature of these zones as a whole is 
their carbonaceous nature, small pieces of black plant 
debris being common within the rock. Bedding is usually not 
observable, although some zones are horizontally bedded, 
especially at their tops. The uppermost parts also 
sometimes have root casts in place. Besides these sandy 
zones, some mudstones can be found with what appear to be 
fillings of tubes, possibly caused soon after deposition by 
the actions of worms or other invertebrates.

Member 3

Member 3 of the Wasatch Formation in the Government 
Creek area consists of 553 ft (169 m) of mudstones, 
sandstones, and associated lithologies. Member 3 differs 
from member 2 basically by the greater percentage of 
sandstone present within it. These sandstones are also 
often thicker and much more extensive than those in the rest 
of the Wasatch (Figure 15). Because of these 
characteristics, member 3 forms cliffs and steep slopes 
above member 2. Where streams cut through member 3, the 
drainage slopes usually exhibit a "ribbed" appearance caused





T-3314 35

by the weathering away of the mudstone layers between the 
many sandstones (Figure 16).

Member 3 of the Wasatch Formation crops out in a narrow 
band parallel to Government Creek and approximately halfway 
between the creek and the Roan Cliffs. The contact between 
member 3 and member 2 of the Wasatch is generally easy to 
recognize in the field but more difficult to define 
precisely. The boundary can be drawn at the base of the 
first sandstone 25 ft (7.6 m) or more in thickness. This 
sandstone is also generally the first to exhibit a 
"stacking" of channels. That is, the sandstone can be 
divided into two or more channel forms, each exhibiting 
evidence of scouring at its base. Although these types of 
sandstones serve to distinguish member 3 from member 2, 
thinner sandstones similar to those of member 2 predominate 
in member 3. This lower contact, as discussed in the 
previous section, does not lie at the same level throughout 
the area.

The contact between member 3 and member 4 is much 
harder to define and can be placed at various points. In 
this study, the contact was placed at the top of the 
stratigraphically highest sandstone 20 ft (6 m) or more in 
thickness within the zone of abundant sandstones. Within 
member 4 of the Wasatch, only one sandstone of this
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magnitude exists, and it is 600 ft (183 m) higher in the 
section, surrounded dominantly by mudstone. I believe that 
the contact between members 3 and 4 as defined here 
represents the highest the contact should be placed. 
However, the contact could be placed lower in the section 
based on mudstone characteristics, as will be discussed 
further later on.

Although sandstone is more common in member 3 than in 
the rest of the formation, it still makes up only 25 to 30 
percent of the member as a whole. The sandstones are 
uniformly white to very light orange in color and range in 
thickness from 1 to 35 ft (0.3 to 10.7 m). They are very 
similar petrologically to the white sandstones of member 2, 
consisting of quartz sand with less than 5 percent black 
minerals, chert, or feldspar. The percentage of impurities 
within the sands seems to decrease slightly as one goes up 
in the section. The sand grains are most commonly fine to 
medium grained, although sometimes coarser, and are 
generally well rounded, spherical, and well sorted, giving 
the rock generally good porosity and permeability. As in 
member 2, some sandstones are cemented by calcite, whereas 
others are not. The one conglomerate that was described 
from this unit is composed of clasts of red, white, and 
brown chert and quartz. One other basal sandstone featured
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detrital coal particles, which either formed 
contemporaneously nearby or were eroded from Cretaceous 
rocks.

Sedimentary structures are generally common and well 
exposed within the thicker sandstones. These consist of 
trough cross-bedding, high-angle cross-bedding, low-angle 
cross-bedding, horizontal bedding, and massive bedding. The 
base of each channel form is often marked by scour surfaces 
filled by trough cross-stratified sandstones. Bottoms of 
trough cross-sets are sometimes lined with thin layers of 
clay. Along with these trough cross-bedded portions are 
often high-angle epsilon cross-bedding dipping towards the 
middle of the channel. Above this first zone can occur 
practically any sequence of cross-bedded and massively 
bedded zones. Upper parts of these channel sequences are 
often horizontally bedded, becoming more thinly bedded at 
the top of the sequence. At this point, if it is a multi
story sandstone, another scour surface will cut into the 
horizontally bedded section or deeper and another sequence 
will begin (see Figure 14). If no scour surface is present, 
the top of the channel often contains white sandstones 1/2 
to 1 ft (15 to 30 cm) thick interbedded with white mudstones 
of similar thickness. This alternation may continue for 5 
ft (1.5 m) or more before the sandstones end.
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These sandstones can be traced along outcrop for 
hundreds of feet and may continue for even longer distances. 
The thin sandstones which are in the majority within the 
member are not quite as laterally continuous. These thin 
sandstones range in thickness from 1 to 10 ft (0.3 to 3 m), 
although most are less than 5 ft (1.5 m) thick. They are 
nearly always completely featureless, massive, white 
sandstones, although one was found in which possible trace 
fossils (burrows?) were poorly developed at its top. These 
sandstones seem to take the place of the thinner iron- 
stained sandstones common within member 2. This is probably 
due to the nearness of the large channels which served as 
the source for the sand.

As common with Wasatch sandstones, outcrops are often 
not exactly in their original positions, making depositional 
transport direction measurements difficult. However, those 
obtained (usually from trough axes) were generally in good 
agreement with each other. These measurements indicate that 
the streams which deposited the sands and muds were flowing 
from east to west, with much variability toward the 
northwest and southwest. In no case were beds found which 
indicated deposition towards any eastern quadrant.

The mudstones which occur within member 3 are virtually 
indistinguishable petrologically from those of the rest of
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the formation except for the fact that member 3 mudstones 
and siltstones are generally sandier than the mudstones of 
the rest of the formation. The colors within member 3 are 
much less varied than they are elsewhere. Mudstones and 
siltstones within most of member 3 are either red (reddish- 
orange) or white in color. This pattern is broken only in 
the uppermost 150 ft (46 m) of the member, where gray, 
purple, brown, and orange mudstones occur. On this basis 
alone, the top of member 3 could be defined as the first 
appearance of mudstones of other than red or white color. 
However, any subdivision based on gross color changes would 
be risky without a better understanding of the reasons 
behind color variations, subject which will be touched upon 
further in another section.

One unusual claystone bed within member 3 should be 
noted here. A dark gray, slightly fissile, fairly pure 
claystone occurs within the uppermost sandstone of member 3. 
This rock is unusual because of all the siltstone, mudstone, 
and claystone samples taken, this clay was the only one to 
yield fossil pollen after treatment. Most of the pollen can 
be identified as reworked Cretaceous gnnera (Proteacidites, 
Lilliacidites) derived from rocks being eroded toward the 
east. However, the presence of Momipites triradiatus dates
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this particular claystone, and the upper part of member 3, 
as Eocene in age.

Member 4

The uppermost beds of the Wasatch Formation within the 
study area are 938 ft (286 m) thick and are similar to 
member 2 in many ways, but with some differences. In 
general, member 4 consists of mudstones, siltstones, 
claystones, sandstones, and conglomerates in the ratio of 
approximately 9 to 1, mud-sized material to sand and larger 
material, similar to member 2.

Member 4 of the Wasatch Formation forms moderately 
steep slopes and minor cliffs between the major cliff- 
forming units of member 3 and the Anvil Points Member of the 
Green River Formation (Figures 17 and 18). The contact 
between member 4 and the overlying Green River Formation is 
easily recognized. This contact is traditionally drawn in 
the field at the top of the highest red bed. This 
definition is used in this study and works well in the study 
area, as this boundary is generally easy to find and at a 
constant stratigraphie level (Figures 17 and 18). However, 
this boundary may lie at different stratigraphie levels in 
different areas of the basin. Beds typical of the Anvil 
Points Member of the Green River Formation occur above this
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last red bed in the study area. These include laterally 
persistent gray sandstones, shales, and stromatolitic 
limestones of mixed fluvial and lacustrine environments.

The sandstones of member 4 are petrologically similar 
to those in the rest of the formation. Most are fine to 
medium-grained, well-rounded, quartz sandstones with only a 
few percent impurities, usually in the form of hornblende 
and other mafic minerals. The percentage of impurities, in 
the form of mafics and chert, increases within the coarser- 
grained sandstones, but never to more than 5 to 8 percent at 
most. Conglomerates occur only within a major sandstone 
unit in the middle of the member (Plate 1 and Appendix).
The clasts within these conglomerates closely resemble those 
that occur within the Cretaceous conglomerates immediately 
below the Wasatch Formation.

The sandstones within member 4 exhibit the same 
sedimentary structures as those in member 2. These upper
most Wasatch sandstones tend to be less lenticular and much 
more laterally extensive, being traceable for 100 ft (30 m) 
or more in some instances. The thickest of these sandstones 
lies near the middle of the member and is between 20 to 2 5 
ft (6 to 7.6 m) thick. It is made up of three channel 
sequences, each beginning with a conglomerate-filled scour 
at its base. These conglomerates are the thickest measured



T-331^ 43

within the entire Wasatch Formation, the middle one being 3 
ft (0.9 m) thick. Transport direction indicators within 
most member 4 sandstones are sparse.

Thin, massively bedded, white sandstones subsidiary to 
the main channel forms are the most common sandstone bodies 
within member 4. However, very thin dark brown sandstones, 
often thinly bedded or thinly cross-bedded such as are 
common within member 2, also occur in the uppermost parts of 
member 4.

The finer-grained lithologies within member 4 are 
mudstones, siltstones, and claystones of varying colors.
The upper approximately 350 ft (107 m) of the Wasatch are 
dominantly dark gray mudstones along with a few brown or 
reddish-brown mudstones. The increasing amount of dark gray 
mudstone is indicative of the overall transition from 
Wasatch sediments to typical Anvil Points sediments.
Indeed, the gray beds of the uppermost Wasatch Formation are 
indistinguishable from those of the lowermost Anvil Points 
Member of the Green River Formation.
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FACIES AND THEIR DEPOSITIONAL ENVIRONMENTS

The earliest investigators recognized the Wasatch 
Formation within the Piceance Creek basin to be dominantly 
fluvial in origin. However, few detailed studies have been 
carried out to delineate depositional environments on a 
finer scale due to the relatively low economic potential of 
the Wasatch Formation compared to the surrounding 
formations. This contrasts with the Green River Formation, 
which has been the subject of numerous detailed studies in 
the past. However, the study of Wasatch depositional 
environments may aid in the interpretation of the geologic 
history and development of the Pieceance Creek basin and may 
also furnish clues as to locations of economic deposits 
within the Wasatch Formation.

Although generally fluvial in origin, the Wasatch 
Formation within the Piceance Creek basin exhibits many sub
environments embracing nearly the entire spectrum of fluvial 
and associated deposits. Five main facies can be delineated 
within the Government Creek area, each with its own 
particular depositional environment. These facies are : A,
moderately thick channel-form sandstones of a very 
lenticular nature, such as those of member 2; B, very thick, 
multi-story, channel sandstones of great lateral extent, 
such as those of member 3; C, moderately thick, channel
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sandstones of relatively great lateral extent, such as those 
of member 4; D, thin to very thin, non-lenticular sandstones 
which occur throughout the formation; and E , fine grained 
rocks such as mudstones, siltstones, and claystones, which 
characterize the entire Wasatch.

Facies A

Facies A consists of sandstones such as those that 
typify member 2 of the Wasatch Formation. These sandstones 
are moderately thick, ranging from 3 to 25 ft (0.9 to 7.6 m) 
in thickness, and are generally fine to medium grained (some 
coarse grained) quartz sand with minor chert and mafic 
minerals. These sandstones commonly feature massively 
bedded, planar cross-bedded, trough cross-bedded, and 
horizontally bedded portions in that order of decreasing 
abundance. Coarse channel lag deposits occasionally occur 
at the base of the sandstone. Unlike sandstones of facies B 
or C, facies A sandstones are highly lenticular and lack 
lateral persistence. The lenticular channel forms range 
from 10 to 100 ft (3 to 30 m) in width, with an average of 
25 ft (7.6 m). Unlike the sandstones of facies B, these 
channel forms appear to be single, with no stacking of 
channels into multi-story sandstones. Typical facies A 
sandstones are shown in Figures 19 and 20. Facies A rocks
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are always in sharp contact with rocks of facies D or E at 
their bases. The upper contacts may be sharp or 
gradational.

The depositional environment postulated for facies A 
sandstones is one of a fluvial system characterized by 
somewhat sinuous, possibly anastomosing, suspended-load- 
dominated fluvial channels flowing westward across a very 
low gradient plain. Anastomosis here refers to a river 
system that features multiple channels as envisioned by 
Galloway and Hobday (1983) for low gradient, suspended-load- 
dominated, highly vegetated riverine plains, as opposed to 
the standard meandering stream model for low gradient, 
suspended-load fluvial systems.

The channel forms of the sandstone bodies, the bedding 
characteristics, and their association with abundant 
varicolored mudstones which contain terrestrial animal and 
plant fossils and root traces all indicate a fluvial 
environment. In addition, the abundant mudstone which 
encases these sandstones in combination with the bedforms 
involved argues against a braided-stream model of deposition 
(Collinson, 1978).

Many of the channel forms observed within these 
sandstones are common to those of a meandering stream 
depositional system, as described by Walker and Cant (1984).
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In the classic meandering stream model, deposition within 
the channel itself results in sinuous-crested dunes which 
result in trough cross-stratification when preserved.
Higher velocities and shallow depths lead to the formation 
of plane beds and their interbedding with trough cross
stratified units. Deposition on lateral accretion surfaces 
during point-bar formation results most commonly in epsilon 
cross-bedding dipping into the channel. All of these 
structures are present within facies A rocks.

There are some factors arguing against this generalized 
meandering stream model. Sandstones of facies A are 
associated with mudstones of facies E roughly at the ratio 
of 1 to 9, sandstone to mudstone. According to Schumm 
(1963), the one dominant factor affecting sinuosity of a 
stream is the sediment character, and the one parameter of 
sediment character that shows good correlation with 
sinuosity is the percentage of silt and clay in the sediment 
load. Thus, the facies A channels should have been very 
sinuous, characterized by wide meander loops and channels 
oriented at nearly every angle to the strike of the beds. 
However, the majority of the channel forms observed within 
facies A sandstones are oriented roughly perpendicular to 
present-day strike of the beds.
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Furthermore, sandstones of facies C, although of 
comparable thickness and structure to those of facies A, 
usually persist for hundreds of feet in outcrop, whereas 
those of facies A can rarely be traced for as much as 100 ft 
(30 m). This difference may be explained by a valley 
gradient that is so gentle that meandering is inhibited, 
even if the stream is transporting great amounts of fine 
sediments (Schumm, 1963).

Putnam and Oliver (1980) described a sandstone facies 
within the Cretaceous upper Mannville Formation of Alberta 
which is similar to facies A in many ways. These sandstones 
are characterized by channel forms exhibiting rip-up clasts, 
cross beds, current ripples, plane beds, and massive beds 
all occurring without distinct patterns and in association 
with rocks nearly identical to facies D and E of this study. 
The Mannville channels tended to cut down into the 
floodplain rather than widen. The sandstones within the 
Mannville were interpreted as anastomosing channels on the 
basis of these characteristics plus subsurface mapping of 
sandstone trends and geometries. The sandstone bodies 
studied in the Mannville are thicker than those in the 
Wasatch, but the processes involved should be similar for 
smaller drainages.
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Smith and Smith (1980) have studied anastomosing 
Canadian rivers and have described several facies similar to 
those of member 2 of the Wasatch Formation. They have found 
that channel sands make up roughly 15 to 20 percent of the 
total sediment within anastomosing stream deposits. This is 
roughly similar to the percentage within member 2. Smith 
and Smith stated that the essential ingredients of such a 
system are rapid aggradation, conditioned by downstream 
control, and multiple channels, largely caused by bank 
vegetation. Whereas straight channels tend to aggrade 
vertically, curved channels may migrate slowly, producing 
laterally non-extensive point-bar deposits. Anastomosis is 
thought to be most favorable during times of relative 
climatic stability coupled with tectonic instability. These 
conditions were common during basin formation in the Rocky 
Mountains during the late Mesozoic and early Cenozoic and 
should thus have resulted in anastomosing streams in many 
areas (Smith and Putnam, 1980). Downstream base-level 
control in the form of swamps and lakes farther basinward 
existed during deposition of member 2 in the Government 
Creek area (Johnson, 1985). Also, the thick vegetation 
which commonly characterizes anastomosing channels was 
certainly present.
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In summary, facies A may represent a fluvial system 
characterized to some degree by anastomosing channels. 
However, most fluvial systems are more complicated than can 
be explained by a single depositional model such as braided, 
meandering, or anastomosing. Thus, facies A probably 
represents stream channels of moderate sinuosity which 
frequently changed to new channel patterns as they flowed 
over a very low gradient plain towards the swamps and small 
lakes farther to the west (Figure 21).

Facies B

Facies B consists of the sandstones which characterize 
member 3 of the Wasatch Formation in the Government Creek 
area. These sandstones are the thickest of the entire 
Wasatch section, ranging from 10 to 31 ft (3 to 9.4 m) in 
thickness, and are commonly multi-story stacked channels. 
Though varying in thickness along strike, they are laterally 
persistent and are often traceable for hundreds of feet.
Only six such sandstones occur within Member 3. One such 
sandstone, 23 ft (7 m) thick, occurs within member 4.
Facies B sandstones have sharp, channeled contacts at their 
bases with rocks of facies D and E and sharp to transitional 
contacts with rocks of facies E at their tops.
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Figure 21: Generalized late Paleocene paleogeography and 
fluvial system of facies A in the study area 
and nearby.
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The depositional environment postulated for the 
sandstones of this facies is the standard meandering stream 
model. These streams differ from those postulated for 
facies C by being larger and carrying a greater ratio of bed 
load to suspended load. Johnson (1985) has interpreted the 
thick sandstones of the Molina Member of the Wasatch 
Formation in the southern Piceance Creek basin as being the 
products of braided streams draining the Uncompahgre uplift. 
However, the sandstones within member 3 are still 
subordinate in total thickness to mudstones by the ratio of 
3 to 1. The presence of so much mud-sized sediment within 
these fluvial systems is a strong argument against a 
braided-stream model (Schumm, 1963).

The bedding characteristics of these sandstones are 
those expected from the meandering-strearn model. These 
features include a basal scour surface, lying either on 
mudstone or another sandstone. These scour surfaces are 
sometimes filled with conglomerates or coarse grained 
sandstones (Figure 22). Above these scour surfaces the 
sandstones are typically trough cross-stratified with 
overlying mixed zones of cross-bedded, and massively bedded 
intervals (Figure 23).

In summary, the thick sandstones that occur most 
abundantly virhin member 3 appear to be the deposits of
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Figure 24: Generalized early Eocene paleogeography and 
fluvial system of facies B within the study 
area and nearby.
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mixed-load meandering streams cr moderate to high sinuosity. 
These streams flowed over a low to moderate gradient, 
somewhat higher than that represented by facies A (Figure 
24) .

Facies C

Facies C is characterized mostly by the sandstones that 
typify member 4 in the study area. These sandstones exhibit 
some characteristics common in each of facies A and B. In 
general, they are similar to the sandstones of facies A in 
being relatively thin, ranging from 5 to 15 ft (1.5 to 4.5 
m) in thickness, and consisting of a single channel sequence 
with no multipie-channel stacking. However, like the 
sandstones of facies B, facies C sandstones are quite 
laterally extensive, being traceable for hundreds of feet 
along outcrop. These sandstones share the same relationship 
to facies D and E as do the sandstones of facies A and B .

Like those of facies B , these facies C sandstones are 
interpreted to be the deposits of meandering streams. They 
exhibit sedimentary structures similar to those of facies A 
and B . However, unlike those of facies B, the fluvial 
systems which deposited these sandstones were dominated by 
suspended load sediments, as were those of facies A.
However, unlike those of facies A, the streams which
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deposited facies C apparently migrated extensively over 
their floodplain. This resulted in the much greater lateral 
extent and tabular nature of facies C sandstones.

The change in environments between those of facies B 
and C is transitional as noted by the difficulty in 
assigning an upper contact to member 3. Therefore, the 
streams must have slowly lost their carrying capacity as 
valley gradients lessened. The presence of a B-like 
sandstone near the top of a typical C-sandstone sequence 
indicates that the factors controlling carrying capacity 
were subtle and could fluctuate over time.

Facies D

Facies D consists of thin, non-channel sandstones which 
are common throughout the Wasatch Formation in the study 
area. These sandstones range from 3 in (7.6 cm) to rarely 
as much as 6 or 7 ft (1.8 to 2.1 m) in thickness with 
average sandstone being less than 2 ft (0.6 m) thick. They 
are laterally extensive, often traceable for 100 ft (30 m) 
or more as they gradually thin away from the channels. They 
can sometimes be traced laterally to sandstones of facies A, 
B , or C. Figure 25 shows a thin sandstone of facies D which 
can be traced laterally 100 ft (30 m) to the channel shown 
in Figure 26. Facies D sandstones are interpreted to
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Figure 25: Top surface of thin crevasse-splay sandstone of 
facies D, showing small holes possibly caused by 
plant action (Arrows) and brown circular upraised 
areas (1632 ft level of Plate 1).

Figure 26: Small channel sandstone outlined by arrows, 10 ft 
(3 m) thick, which apparently served as source 
for unit in Figure 25. Channel is about 100 ft 
(30 m) north along strike from Figure 25.
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represent crevasse-splay sands along with some possible 
levee deposits. The thicker of these sandstones may be very 
minor channels or distal portions of thicker channels.

Besides their thinness, these sandstones differ from 
facies A, B, and C sandstones in their bedforms. Most 
commonly they are massively bedded. Very thin horizontal 
and cross-bedding is also common. Trough cross-bedding and 
scouring are totally absent. The entire bed is usually 
characterized by one bed form. For example, a bed that 
exhibits cross bedding will generally be cross bedded 
throughout, and these cross beds will form only one set.
They thus appear to represent one event of limited duration.

The sandstones of facies D are generally interbedded 
with rocks of facies E with usually sharp, although less 
commonly gradational contacts at the top of the sandstones. 
Some of the sandstones of facies D lie directly below, and 
are scoured into by, sandstones of facies A, B, or C. This 
indicates that major channels often switched their flow into 
the break through which crevasse-splay sandstones were 
deposited, as would be expected.

These sandstones occasionally contain fossil leaves and 
other organic matter, although their preservation is poor 
due to the coarse sand they occur in. Root traces are 
sometimes preserved at the tops of these beds. Figure 25
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shows holes possibly left by roots or stalks on the top of a 
thin sandstone in member 2. This sandstone also has, not 
visible on the photograph, possible invertebrate trails. 
These organic traces support the depositional interpretation 
made for facies D.

Facies D sandstones within member 3 are usually thicker 
than those in the rest of the Wasatch Formation. These 
thick facies D sandstones probably resulted from deposition 
in close proximity to the channels. Elsewhere in the 
formation, facies D sandstones are much thinner and very 
much darker in color.

Facies E

Facies E is comprised of mudstones, siltstones, and 
claystones which make up the largest part of the Wasatch 
Formation. These rocks occur in many shades of red, white, 
gray, orange, brown, purple, and tan. They are interpreted 
to be the result of vertical accretion in floodplains, 
marshes, and possibly small ponds. Rocks of this facies are 
interbedded with those of all the other facies in sharp or 
gradational contact.

The intimate association between rocks of this facies 
and the sandstones of the other facies is indicative of 
their origin. The question which arises regarding these
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rocks is: how did they arrive at their present varicolored
state? There are two general answers to this question. The 
first is that the original sediment was red (in an oxidized 
state) and the red color was preferentially preserved in 
places and changed or removed in others. The second is the 
exact opposite, that non-red sediment was deposited and then 
selectively oxidized.

As to the original coloration of the sediment, it seems 
likely that much of it was red. Red soils are the common 
product of upland weathering in a humid, warm-temperate to 
subtropical climate (Van Houten, 1948). The climate during 
most of Wasatch deposition is almost universally regarded as 
being warm and humid (Leopold and MacGinitie, 1972), and the 
presence of nearby upland sediment sources is a certainty.

Whether the original sediment was red or not, 
conditions have to be found under which the original color 
of the sediment could change after deposition. The 
parameters which seem to affect mudstone color include the 
presence or absence of iron within the sediment, the grain 
size of the mud, the amount of organic material within the 
sediment, and the oxidizing or reducing conditions under 
which it is deposited (Van Houten, 1948; Braunagel and 
Stanley, 1977). Iron compounds were apparently common 
within the Wasatch sediment, as shown by the various colors
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within it. The layers which are now gray or white must have 
had this iron reduced or removed.

The degree of grain size control upon Wasatch mudstone
color is hard to assess because the dominant rock within the 
Wasatch Formation ranges from a silty claystone to a clayey
siltstone. Thus, differences between any two layers are
indiscernible. In general, though, the finer-grained 
mudstones seem to be the darkest red to purple in color. 
Mudstones that are noticeably sandy are generally white to 
light colored. This trend suggests an original red 
sediment, as original colors are best preserved in the 
finer-grained material with lesser porosity and 
permeability.

The presence of abundant organic particles within the 
light to dark gray mudstones indicate that organic material 
also influences color. Of course, the amount of organic 
material is interrelated with the depositional conditions. 
Organic material is more likely to be abundant and to 
survive decomposition in areas with reducing conditions such 
as areas which are always slightly below the water table.
How might all of these factors result in the colors 
observable within the Wasatch Formation?

Gray mudstones, usually interbedded with brown or 
reddish-brown mudstones, are common in the upper parts of
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member 2, a time when paludal conditions were dominating in 
the center of the Piceance Creek basin (Johnson, 1985).
This sequence reappears in the uppermost beds of the Wasatch 
where it grades into the Green River Formation, another time 
characterized by swamp and lake development. This indicates 
the possibility that the gray beds have been reduced due to 
the abundance of organic matter available in the perennially 
wet swamps or ponds. The brown zones probably were 
deposited in areas that, although usually wet, were 
subjected to fluctuating water tables and less vegetation. 
These areas must have been on slightly higher ground. These 
high areas were either far away from the channel or were 
levees adjacent to the channel.

In contrast, zones of the Wasatch which are character
ized by the greatest percentages of sandstone are also 
usually characterized by white mudstones/siItstones 
alternating with red to orange mudstones (Figure 27). Grain 
size may play a part here, as the white rocks are sometimes 
sandier and were probably deposited closer to the channels. 
However, in many zones grain size variations are 
indiscernible. Some reddish zones may be the result of 
deposition on levees, which were not always water saturated 
in their upper portions. It should be noted that the red- 
grayish-green sequences described by Braunagel and Stanley
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Figure 27 : Red-white color zonation in member 2 about 100 ft 
(30 m) above contact with member 1 shown in 
Figure 10.

Figure 28: Mixed-color zone in upper section of member 2 
(area shown lies between levels of 2100 ft and 
2400 ft, Plate 1).
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(1977) from the Wasatch of Wyoming are different from the 
red-white sequences within the study area. The Wyoming 
deposits are thin (usually less than 16 in (40 cm) thick) 
fining-upward couplets of green and red material 
attributable to individual floods. The red-white layers 
within the study area are most probably not individual flood 
units, as they are too thick. Some red-white couplets are 
10 ft (3 m) or more thick, much too thick to be the result 
of a single flood (Galloway and Hobday, 1983).

Within most of the Wasatch Formation, the dominant 
color sequence is a complex mixture of white, red, brown, 
gray, and purple beds (Figure 28). Purple beds are the most 
characteristic color of this sequence and are generally 
farthest from the channels. Few trends other than that can 
be defined. This sequence is probably the result of an 
interplay of all the factors mentioned earlier. Reduced 
colors were probably formed in perennial swamps, whereas 
oxidized colors were preserved where the water table 
fluctuated, farther from the channels or on levees. Areas 
farthest from the channels are also where the finest 
material would settle out after flood stages. A wide 
variety of color shades could be produced by the interaction 
of grain-size variation depending on distance from channel
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and the location of the various environments (swamp, forest, 
or possibly even grassland) present.

Van Houten (1948) noted that reddish beds within Early 
Tertiary rocks often yield the bones of large ungulates and 
carnivores, which would be expected in marshes and 
grasslands. Gray beds usually yield small arboreal-type 
creatures, common to swamps and thick forests. Even the 
areas that feature the most apparently oxidized sediment did 
not necessarily require a dry environment. Indeed, the 
small round calcareous and ferruginous concretions which 
often occur within the study area are similar to those 
formed by groundwater activity in warm, humid climates 
marked by dry seasons and fluctuating water tables (Van 
Houten, 1948) .

The overall color zonation of the Wasatch mudstones is 
shown in Figure 29. The color sequences (with the exception 
of the drab beds of member 1) seem to break down into two 
major cycles. Each cycle consists of three zones : the
lower red-white zone, the middle mixed zone, and the 
overlying gray-brown zone. It is possible that these two 
cycles are related to tectonic pulses within the nearby 
uplifts, each pulse changing stream gradients and sediment 
loads and beginning a new cycle. The red-white zone would 
thus correspond to the highest gradients, the mixed zone to
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intermediate gradients, and the gray-brown zone to the 
lowest gradients.
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Figure 29 : Mudstone color zonations within the Wasatch 
Formation of the Government Creek area.
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GEOLOGIC HISTORY

Late Cretaceous

During the Late Cretaceous, the area that was to become 
the Piceance Creek basin was a low-gradient coastal plain. 
Fluvial systems drained from the Sevier uplift area of 
central Utah eastward into the shallow epicontinental sea 
which covered a broad area of the continent from Utah to 
Kansas and northward into Canada and southward to Texas 
(Berman et al, 1980). The deposits of these rivers formed 
the Williams Fork Formation, the uppermost unit of the 
Mesaverde Group in this area. The Williams Fork Formation 
consists of more than 4000 ft (1219 m) of channel sandstones 
interbedded with siltstones, gray shales, and coal beds 
interpreted as swamp and floodplain deposits (Berman et al, 
1980).

The structural elements controlling deposition of the 
Williams Fork Formation changed slowly over time. The 
dominant source of sediments was the Sevier thrust zone of 
central Utah. However, elements of Laramide uplifts began 
to affect depositional patterns in the Late Cretaceous. 
Uplift began first in the area of southwestern Colorado and 
slowly spread towards the northeast (Tweto, 1975). One of 
the earliest uplifts to affect Williams Fork deposition was
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the Sawatch uplift, which supplied sediment to the upper 
part of the Mesaverde Group in the extreme southeast portion 
of the Piceance Creek basin (Johnson, 1985). Continued 
uplift on the Sawatch and other uplifts ultimately resulted 
in the total retreat of the sea from Colorado before the end 
of the Cretaceous.

At some point near the beginning of the Laramide, 
deposition of the Mesaverde Group ended and a period of 
erosion began over most of what is now the Piceance Creek 
basin. Before the end of the Cretaceous, deposition of a 
relatively thin sequence of conglomeratic beds took place on 
top of the Williams Fork Formation. These beds, although 
previously assigned to the Tertiary, are now considered to 
be late Maastrichtian in age (K.R. Newman, 1986, personal 
communication). Within the study area these conglomeratic 
beds, previously assigned to the Ohio Creek Formation, mark 
an abrupt transition from the sandstones and shales of the 
Williams Fork (Figure 30). These conglomerates represent a 
time when high-energy braided streams drained the already 
well developed uplifts of the Laramide Orogeny. Transport 
directions within the conglomeratic beds in the study area 
suggest an eastern source such as the Sawatch uplift. 
Deposition of these conglomerates ended during the late
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Figure 30: Contact along line of measured section between 
Williams Fork sandstones below and Cretaceous 
conglomeratic beds above (contact shown by ink 
line).

Figure 31: White kaolinitic weathered zone developed in 
Cretaceous conglomeratic beds (Kc) dipping 
towards camera. Tan beds are member 1 (Twl) of 
Wasatch. Section traverse through canyon at 
right.
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Maastrichtian and a long period of erosion and weathering of 
the Cretaceous section had begun.

Early to Middle Paleocene

The early Paleocene was a major time of non-deposition 
and erosion in the Government Creek area. The main result 
of this time was the development of a thick weathered zone
characterized by kaolinitic beds on the Cretaceous
conglomeratic beds. This kaolinitic horizon gives the 
conglomeratic beds a bright white color which is distinctive 
when compared to the tan to orange sandstones of the 
surrounding rocks (Figure 31). This white zone extends 10 
to 15 ft (3 to 4.5 m) below the unconformity in the study 
area.

Sometime during the middle Paleocene, deposition of the 
drab beds of member 1 began in the Piceance Creek basin. 
These beds are classified as the Fort Union Formation in the
northern part of the basin. Onlap of these beds onto the
Cretaceous-Tertiary unconformity occurs to the south.
Within the Sand Wash basin to the north, the lower Fort 
Union dates to the early Paleocene (Newman, 1961). Within 
the Piceance Creek basin at Government Creek and at Meeker, 
these beds have been dated as middle Paleocene in age 
(Newman, 1974). In the DeBeque area the equivalent beds
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have not been dated, although the rocks immediately above 
have yielded late Paleocene fossils (Donnell, 1969).

Fort Union deposits are thickest in the northern basin 
and thin rapidly to 100 ft (30 m) or less in the southern 
portions of the basin (Figure 32). The unit is entirely 
absent in the western part of the basin. Within the study 
area the Fort Union-equivalent member 1 is 163 ft (50 m) 
thick.

Definition of drainage patterns during this time is 
difficult, as no major channel sandstones outcrop within 
this unit near the study area. However, general inferences 
may be made based on other work. The major question to be 
answered by this evidence is the existence and importance of 
the various uplifts in the area. By the early to middle 
Paleocene, the major uplifts such as the Sawatch, Park, and 
Uinta were already well established and provided sediments 
to the surrounding basins. The existence and importance of 
the White River uplift and the Axial Basin anticline during 
this time are what is questioned.

Tweto (1975) believed that the presence of clasts in 
Fort Union conglomerates within the southeastern portion of 
the Sand Wash basin evidently derived from the Sawatch 
uplift argued against the existence of the White River 
uplift or the Axial Basin anticline, as elements of these
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today block drainage from the Sawatch northward. Johnson 
(1985) suggested the possibility that only the Axial Basin 
anticline did not exist, and drainage from the northern 
portion of the Sawatch uplift was actually diverted 
northward by a proto-White River uplift. Johnson believed 
it possible that sediments were diverted around the west 
side of the White River uplift into the Sand Wash basin.

The second of these two possibilities seems the most 
likely, but not exactly in the way Johnson envisioned it. 
Sandstone sequences within the Fort Union Formation in the 
northeastern corner of the Piceance Creek basin have been 
interpreted to be from the Park Range (Johnson and Keighin, 
1981). This would seem to indicate the presence of a major 
fluvial system draining through the Sand Wash basin into the 
Piceance Creek basin (Figure 33). The presence of 
contemporaneous Sawatch clasts further upstream (Tweto,
1975) indicates that this fluvial system drained a large 
area which included the northern Sawatch uplift.

Furthermore, if the Sawatch uplift was able to supply 
large amounts of coarse-grained sediment as far north as the 
Sand Wash basin, it should have also been able to supply 
large sediment loads directly west into the southern and 
central Piceance Creek basin. However, the Fort Union 
equivalent within these areas is relatively thin and fine-
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Figure 33: Tectonic elements and inferred sediment
dispersal patterns during deposition of the 
middle Paleocene member 1. Dashed line 
represents line of section shown in Figure 32.
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grained. The possibility thus exists that an early element 
of the White River uplift interfered with drainage patterns.

The Fort Union-equivalent member 1 within the study 
area shows no obvious indication of a Sawatch source area. 
The only conglomerate present within member 1 within the 
study area is composed dominantly of clasts of tuffs which, 
although probably ejected from Sawatch volcanoes, could have 
been deposited into many nearby drainage areas. The small 
apparent size of the channels also argues for relatively 
nearby headwaters of the streams. Figure 33 shows the 
inferred drainage patterns of this time based on all of this 
information.

The final question to be answered concerning member 1 
is: what makes it different from the overlying beds?
Within the study area the drab brown beds are similar 
stratigraphically and sedimentologically to member 2 of the 
Wasatch. The main difference between the two is the uniform 
drab tan color of member 1 as compared with the varicolored 
mudstones of the rest of the Wasatch. Two possibilities to 
account for this difference are differences in source rocks 
or changes in water table characteristics during the time 
these rocks were deposited.

Different source rocks for the two units is an unlikely 
possibility. The same general relationship between drab
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Fort Union beds and overlying varicolored Wasatch beds 
occurs in many basins in the western United States, 
indicating that the change between the two was due to events 
affecting the entire area and not just a local change of 
sediment source. This is also supported by the observation 
that drab beds are interbedded with other colors at the 
bottom of member 2 within the study area.

Member 1 within the study area contains not only 
calcareous layers (which occur within the rest of the 
Wasatch Formation also) but also siliceous layers (lacking 
within the the rest of the Wasatch) similar to what are 
called silcretes. These layers are especially abundant in 
the lower sections of the member, gradually disappearing 
towards its top. According to Collinson (1978), silcretes 
tend to be the product of semi-arid settings as a result of 
very mature soil development and also tend to develop more 
rapidly where pyroclastic rocks are abundant.

Although the climate during Fort Union time was 
probably relatively wet, these silcretes indicate that the 
sediment was strongly weathered. Water table fluctuations 
could account for this. Perhaps the middle Paleocene 
climate was slightly drier or had more pronounced wet and 
dry seasons than climates of later times. Perhaps valley 
gradient changes tied to regional tectonism also played a
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part in determining how well drained the sediment was. The 
abundance of pyroclastics aiding the formation of silcretes 
in middle Paleocene rocks would have magnified any of these 
processes.

Late Paleocene

Beginning sometime in the late middle or early late 
Paleocene, the conditions previously discussed changed, 
leading to deposition of member 2 of the Wasatch Formation 
in the Government Creek area. A late Paleocene age (with a 
possible Eocene upper portion) has been well documented for 
this lower unit throughout the Piceance Creek basin, 
including the Government Creek area (Patterson, 1936 ; 
Donnell, 1969 ; Newman, 1974 ; Johnson and May, 1980).

For most of the time of deposition of member 2, I 
believe that meandering to anastomosing rivers flowed on a 
very low-gradient floodplain across the Government Creek 
area. The streams' sources were to the east and the streams 
flowed towards the center of the Piceance Creek basin to the 
west. The rocks of this lower unit grade abruptly to the 
west into paludal and lacustrine rocks in the central part 
of the basin, indicating that the area had a very low 
gradient. Major lakes were developed within the nearby 
Uinta basin at this same time (Johnson, 1985).
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Once again, the White River uplift, thought by some to 
be nonexistent until the Eocene, was a likely source for the 
sediments of member 2 in the study area. Whereas the 
Wasatch Formation in the southern Piceance Creek basin is 
often arkosic and contains clasts of granites and volcanic 
rocks derived from the Sawatch uplift (Tweto, 1975), the 
Wasatch within the Government Creek area is much finer- 
grained, non-arkosic, and the few clasts that are present 
are dominantly cherts. The small channels of member 2 also 
argue for a nearby source area such as the White River 
uplift. Streams draining all the way from the Sawatch 
uplift should have been significantly larger than those 
observed in member 2.

The possibility that the White River uplift could have 
served as a source of large amounts of relatively fine
grained sediments is demonstrated by the fact that the core 
of the White River uplift had already been eroded down into 
the Paleozoic section by latest Oligocene to Miocene time 
when basalt flows were laid down over the area (Tweto et al, 
1978). Thus, in Paleocene to Oligocene time, thousands of 
feet of Cretaceous shales and sandstones, along with lesser 
thicknesses of Jurassic, Triassic, and upper Paleozoic rocks 
had been removed. Abundant reworked Cretaceous pollen
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within the Wasatch Formation in the study area indicates 
that much of this material was deposited here.

The late Paleocene White River uplift, as postulated
here, would no doubt have been much smaller in area than the
present uplift, as indicated by the fact that member 2 is 
now steeply dipping due to later uplift of the White River 
area. Furthermore, lacustrine beds in the overlying Eocene 
Green River Formation lack shoreline and near-shore facies, 
indicating that the shoreline of this lake was father to the 
east beyond what is today the Grand Hogback.

This is not surprising, as the general trend of
Laramide uplifts was one of expansion laterally combined 
with vertical growth (Tweto, 1975). It is also possible 
that the Sawatch uplift may have supplied some sediment to 
the area even if a small-scale White River uplift existed if 
streams had breached through the slowly rising White River 
dome by canyon cutting.

The reason for the abrupt change between Sawatch uplift 
clasts being present in the Fort Union Formation of the Sand 
Wash basin (Tweto, 1975) but not in the overlying Wasatch 
Formation and the exact opposite case in the Piceance Creek 
basin is unknown. Perhaps slight expansions of uplifts 
changed the drainage patterns or streams of lower base-level 
cut through surrounding soft sedimentary rock to capture the
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Figure 34: Tectonic elements and inferred sediment
dispersal patterns during the late Paleocene- 
early Eocene.
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drainage area of the northern Sawatch. All of this is 
speculation, however. The important fact is that the 
Sawatch was established as a major source area for the 
southern Piceance Creek basin by the late Paleocene. Figure 
34 shows the inferred directions of sediment movement during 
this, and the rest of Wasatch deposition.

The area in the late Paleocene was probably of 
relatively low elevation (no more than 1000 ft (305 m) above 
sea level) with surrounding highlands rising perhaps a few 
thousand feet above that at their highest point (Van Houten, 
1948). Most researchers agree that, though warm and humid, 
the climate did have a rainy season and a dry season. The 
result was for the most part highly forested marshes and 
swamps, possibly with savanna-like grassy areas away from 
the river courses. These forests were similar to those 
existing today in southeast Asia (Leopold and MacGinitie, 
1972) , and were inhabited by a large fauna most notable for 
its large herbivorous mammals and the primitive carnivores 
which preyed upon them (Kihm and Middleton, 1980). The 
nearby upland areas probably featured the deep canyons 
characteristic of tropical geomorphology.

Early Eocene
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Conditions during the early Eocene were apparently very 
similar to those which prevailed during the late Paleocene, 
with one major exception. This exception is the event which 
resulted in deposition of the thick member 3 sandstones, 
which fossil pollen dates as Eocene in age. This deposition 
was probably triggered by orogenic pulses which affected 
primarily the southern and eastern margins of the Piceance 
Creek basin. To the south, this event may be represented by 
the Molina Member of the Wasatch, which has been tentatively 
placed in the earliest part of the eocene by Donnell (1969). 
Activity along the Uncompahgre uplift has been postulated as 
the source of the Molina sandstones (Johnson and Keighin, 
1981) .

Orogenic activity at or near the Paleocene-Eocene 
boundary has been documented in many basins of the western 
United States (Hendricks, 1978 ; Soister and Tschudy, 1980 ; 
Tweto, 1980 ; Johnson, 1985). This activity often resulted 
in unconformities and/or coarser-grained facies in the lower 
Eocene than in the upper Paleocene rocks of the various 
basins.

Member 3 of the Wasatch Formation in the Government 
Creek area probably represents the effects of this earliest 
Eocene tectonic activity in the eastern Piceance Creek 
basin. Transport directions from the sandstones indicate a
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source to the east, where the core of the White River uplift 
is. Also, member 3 is composed of mudstones and quartz-rich 
sandstones. Late Cretaceous sedimentary rocks eroding from 
the White River area would have supplied this type of 
sediment, as opposed to the coarser-grained arkosic material 
which igneous, metamorphic, and sedimentary rocks eroding 
from older and larger uplifts would have. Work by Ochs and 
Cole (1981) shows that in the Rio Blanco region north of the 
study area Wasatch sandstones are also more quartz-rich than 
in the southern Piceance Creek basin. Their paleocurrent 
measurements also indicate a source area due east.

The sparse conglomerates present within member 3 and 
member 4 in the study area show many similarities to those 
of the Late Cretaceous conglomerates of the area. The main 
difference is that the clasts within the Wasatch Formation 
are smaller. Although a Sawatch source for these Wasatch 
clasts is possible, it seems more likely that expansion of 
the White River uplift exposed areas of nearby Late 
Cretaceous conglomerates to erosion.

As the early Eocene continued, the uplift that occurred 
in the surrounding areas had evidently slowed or ceased 
entirely, and the depositional systems returned to a state 
similar to what it was during the late Paleocene. This is 
indicated by the gradual thinning and lessening of the
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sandstones within member 3 as it slowly grades into member 4 
within the study area. The same relationship holds for the 
southern Piceance Creek basin where the Molina similarly 
grades into the overlying Shire Member (Donnell, 1969).
Thus, the early Eocene in the Government Creek area was a 
time of muddy meandering streams depositing large amounts of 
fine-grained sediment during flood times.

Post-Wasatch Formation Eocene

During latest early Eocene time, the river-dominated 
plains which characterized the Wasatch Formation were 
gradually replaced by the expanding lakes of the Green River 
Formation. This change was rather gradual, as gray beds 
similar to those of the Green River intertongue with Wasatch 
Formation rocks within the upper 300 ft (90 m) of the 
Wasatch. At some point, however, oxidizing conditions 
ceased entirely and deposition of the Wasatch Formation came 
to an end locally. Development of these lakes was probably 
aided by subsidence of the Piceance Creek basin and 
associated blocking of drainages. Minor climatic change may 
also have played a part.

Along the eastern edge of the Piceance Creek basin, the 
rocks above the Wasatch are somewhat unusual for the Green 
River Formation, and have been named the Anvil Points
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Member. This member consists of approximately 1500 ft (457 
m) of mixed fluvial, marginal lacustrine, and lacustrine 
rocks (Newman, 1980). Thus, the nearby uplifts continued to 
affect sedimentation types and patterns even after 
lacustrine sedimentation began to dominate in the area.

Structurally, the White River uplift was apparently 
quiescent during most of Green River time. However, 
sometime between the middle Eocene and the early Oligocene, 
the uplift achieved its present configuration, resulting in 
the formation of the Grand Hogback at or near its present 
location (Tweto, 1975).
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ECONOMIC GEOLOGY

The Wasatch Formation within the Piceance Creek basin 
has historically been of great economic importance, 
producing great amounts of natural gas and some associated 
oil. However, the Wasatch has traditionally been 
overshadowed by the oil shale deposits in the overlying 
Green River Formation and the oil, gas, and coal reserves of 
the underlying Mesaverde Group. The Wasatch Formation 
within the Piceance Creek basin has produced up to 200 
billion cubic feet of gas along with a minor amount of 
associated oil (all production and well information in this 
section is from the Petroleum Information Corporation). The 
Wasatch has not been tested within the area of the basin 
immediately west of the study area. When it is, there are 
many indications that this area will also be productive.

Besides petroleum, the Wasatch Formation in and near 
the study area also has possibilities for coal and/or 
uranium resources. Coal is extensively mined from the 
Wasatch and Fort Union of the Sand Wash basin of Colorado 
and several areas of Wyoming. However, none has of yet been 
mined within the Piceance Creek basin (Speltz, 1974). No 
coal beds were found within the study area, although a few 
sandstones contain detrital coal particles and organic 
material is common in the section. Coal layers up to 3 ft
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(0.9 m) or more in thickness have been found in paludal 
sequences within the Wasatch to the west (Johnson, 1979a, 
1979b, 1979c). In the Government Creek area, the most 
likely zone for significant coal formation should be within 
the upper portion of member 2, with the likelihood of thick 
coal increasing towards the basin center where thick paludal 
deposits'exist at this stratigraphie level (Johnson, 1985).

Uranium has also not yet been discovered within the 
Wasatch of the Piceance Creek basin. However, areas near 
the fringes of the basin have produced from the Jurassic 
Entrada, Navajo, and Morrison Formations along with the 
Miocene Browns Park Formation (Chenoweth, 1980). The 
channel sandstones of the Wasatch must also be considered a 
possible host to these same types of deposits. However, any 
deposits of this kind are probably farther basinward, and 
any near-surface occurrences near the study area should have 
already been detected by their associated radioactivity. 
Development of any coal or uranium deposits farther 
basinward would be very difficult due to the thousands of 
feet of rock which would overlie the deposits.

History of Petroleum Development

The presence of gas seeps near the White River was 
recognized early, leading to the drilling of two shallow
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wells In 1890. these wells were successful In recovering 
small amounts of gas from the Wasatch Formation. The first 
sizable Wasatch production was not established until 1930 
with discoveries in the Piceance Creek Field northwest of 
the study area (Figure 35). These early developments were 
hampered by the lack of pipelines to transport the gas. 
Exploration of the Wasatch expanded greatly when major 
outlets were finally constructed during the late 1950‘s 
(Dunn, 1974) .

During the late 1950's and early 1960's, initial 
development of the Wasatch Formation took place in the 
Sulphur Creek and Willow Creek Fields. Slow development of 
the Piceance Creek Field also continued (Figure 35). Middle 
Wasatch sandstones were first proven productive in the 
Rulison Field 10 mi (16 km) south of the study area during 
this time. However, development of the Mesaverde Group 
within the field led to neglect of the Wasatch Formation for 
over ten years.

The next spurt of activity took place during the late 
1960's and early 1970's, when Wasatch production in the 
Pieceance Creek and Sulphur Creek Fields was greatly 
extended. Some development also took place in the southern 
part of the Rulison Field. The third boom began in the late 
1970's when Wasatch discoveries extended Piceance Creek
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Field to the east, but peaked during the early 1980's with 
the explosion of development of the Rulison Field, where 
Molina wells were often drilled right next to older 
Mesaverde wells. Finally, the most recent development of 
Wasatch gas has been the Parachute Field, beginning in 1985 
and continuing to the present. Except in the last case, 
Wasatch tests in most fields were secondary to drilling to 
test the overlying Douglas Creek Member of the Green river 
Formation or the underlying Mesaverde Group sandstones.
Only now is the Wasatch Formation really being recognized as 
a primary target.

Potential Gas Resources

The occurrence of natural gas within the Wasatch 
Formation is dependent on several factors. The most 
important of these factors include availability and 
thicknesses of sandstone units, porosity development within 
the sandstones, an adequate trapping mechanism, and 
proximity to favorable source beds. The potential for all 
of these is present in the Piceance Creek basin to the west 
and southwest of the study area.

The general scarcity of sandstones within the Wasatch 
Formation combined with their relatively thin nature, has 
made the Wasatch appear unfavorable as a host for major



T-331> 93

petroleum reservoirs. However, study of the producing wells 
shows that this is not the case. Examination of the 
productive intervals of two gas fields near the study area 
reveals many similarities between the sandstones of all 
three areas.

Within the Piceance Creek Field northwest of the study 
area the Wasatch Formation produces from several sandstones 
within the middle Wasatch. The main productive sandstone 
sequence is a unit 60 to 90 ft (18.3 to 27.4 m) thick within 
a zone locally called the "G" sandstone series (Chancellor 
et al, 1974). This one zone is extremely prolific in some 
wells. For example, on well in the nearby Sulphur Creek 
South Field produced over 1 billion cubic feet of gas from a 
single 25 ft (7.6 m) section of the zone. This sandstone 
sequence can be correlated from well to well within the 
Piceance Creek Field, an uncommon characteristic for the 
Wasatch Formation.

The sandstones recently developed for petroleum in the 
southern Piceance Creek basin are similar to those in the 
north. In the Rulison and Parachute Fields these sandstones 
are assigned to the Molina Member (Johnson et al, 1979), and 
the most productive interval is approximately 60 ft (18.3 m) 
thick. These sandstones are even more consistent over 
distance than in the northern fields, being traceable for
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over 10 mi (16 km) through the Rulison and Parachute Fields 
as they thicken toward the south and west.

Within the study area, the zone which is most similar 
to these contains the two thick sandstones which occur at 
the base of member 3. Figure 36 shows a comparison between 
the three areas. Although these zones are very similar to 
each other, it should not be assumed that they Lie at 
exactly the same level or represent a single channel trend. 
However, they all lie within the middle of the Wasatch 
Formation and quite possibly are representative of 
contemporaneous uplift of nearby areas. Whether or not this 
is the case, sandstones similar to those which produce both 
to the northwest and south exist in the study area. These 
sandstones within the study area were evidently deposited in 
westward-flowing streams, whereas those within the south
eastern part of the basin were possibly deposited in 
northwest-trending systems (Ochs and Cole, 1981). These 
facts raise the possibility of a combination of the two 
channel trends within a zone 5 to 10 mi (8 to 16 km) west of 
the study area. The probability of untested, relatively 
thick sequences of middle Wasatch sandstones existing in the 
subsurface immediately to the west of the study area seems 
high.
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The mere presence of a thick sandstone is not enough to 
insure the existence of a reservoir, however. The sandstone 
must also have adequate porosity developed within it. 
Unfortunately, Wasatch Formation sandstones often lack 
porosity and permeability due to clay fillings or tight 
cementation. This lack results in much lower reservoir 
volumes than expected and often rapid decreases in 
productivity (Sanborn, 1981). The porosity which is present 
within these sandstones is usually due to extensive 
fracturing of the beds. These fracture systems are thought 
to be the result of high pore-fluid pressures developed 
during hydrocarbon generation and the tectonic stresses 
associated with the structural uplift and erosional periods 
that have occurred since deposition of the Wasatch Formation 
(Pitman and Sprunt, 1985).

As such, the presence of these fractured zones is 
difficult to predict with certainty. However, those areas 
of the basin subjected to the most tectonic stress seem to 
be the most favored locations for these fractured zones. 
Figure 37 shows the structural setting of the east-central 
Piceance Creek basin. Movement of the White River uplift 
and associated tilting of the basin in this area were 
probably the most significant structural events because the 
last stages occurred after Wasatch deposition. This
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tectonic stress should have been greatest along a zone 
centering on and parallel to the so-called Piceance Creek 
basin syncline, where the most severe folding occurred.
This feature represents the present-day axis of the basin.
As seen in Figure 37, most of the major gas fields lie on or 
near this structural axis and the structures which branch 
off of it. Thus, the lesser porosity and permeability 
expected in the sandstonestrending west from the study area 
due to their finer-grained character may be offset by the 
fracture porosity which is probably developed within the 
sandstones in the subsurface.

Although structure may enhance porosity within the 
Wasatch, it apparently has little to do with creating 
petroleum traps (Dunn, 1974). This is because the traps 
seem to be stratigraphically controlled by the location of 
major sandstones, giving structure a secondary role in their 
formation. Once again, precise locations of stratigraphie 
traps are hard to pinpoint. However, the thick sandstone 
accumulations all along the eastern rim of the basin and the 
possibility of more than one channel trend within the 
subsurface west of the study area would provide ample 
opportunities for the presence of stratigraphie traps. 
Although structure is considered to most to be unimportant,
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it seems possible that areas where the sandstones were 
tilted could form some degree of combination stratigraphie- 
structural traps.

The source of the petroleum within the Wasatch 
Formation is another important question. The underlying 
Mesaverde Group is a relatively good source of gas- 
generating material, and appears to have reached the 
temperature range of gas generation throughout nearly the 
entire basin (Johnson and Nuccio, 1983). The Mesaverde 
seems an especially likely source for the Wasatch gas of the 
Rulison and Parachute Fields.

Unlike the southern fields, the Piceance Creek and 
Sulphur Creek areas produce some associated oil with the 
gas. The source of the oil, and probably also the gas, is 
probably the overlying Green River Formation, which also 
contains high-density oil deposits. This relationship is 
shown by the close proximity the most productive Wasatch 
wells in the vicinity have to the richer beds of Green River 
lacustrine shales (Dunn, 1974). The possibility that some 
of the gas within the Wasatch anywhere within the basin 
could be self-sourced from coaly intervals or minor 
lacutrine deposits also exists. According to Hood et al 
(1974), Paleocene and Eocene rocks within the Piceance Creek
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basin are within the region of oil and gas productive 
maturity.

Any gas found within the Wasatch Formation in the areas 
of the basin nearest the study area is more likely to be 
sourced in the underlying Mesaverde Group. This is because 
directly above the Wasatch in this area is the Anvil Points 
Member of the Green River Formation, a mixed fluvial- 
lacustrine sequence with less source potential than most of 
the Green River Formation. Also, the paucity of coal beds 
and carbonaceous shales within the local Wasatch Formation 
argues against much self-generated gas. However, underlying 
Mesaverde Group rocks are very thick and quite capable of 
generating gas. The potential for better Tertiary source 
beds should increase farther westward as the Anvil Points 
grades quickly into more promising units of the Green River 
Formation (Duncan and Denson, 1949) .

Exploration within the Wasatch Formation has been 
discouraged by the presence of scattered dry holes in areas 
away from the main fields. However, the great majority of 
these dry holes were drilled in the early stages of 
development of the basin when the methods of the time could 
not as successfully handle the lost-circulation problems 
encountered within the Wasatch Formation. These problems 
led to incomplete drill cutting recovery, undependable logs,
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and poor mud quality control (Chancellor et al, 1974). 
Furthermore, better methods exist today for developing 
lenticular sandstone reservoirs. This is not to suggest 
that if drilled today all of the wells would produce ; 
doubtless various factors have combined to make many areas 
unfavorable.

In conclusion, the areas immediately west and southwest 
of the study area appear to be good localities for gas 
exploration. Relatively thick sandstone sequences should be 
located there, and these sandstones have probably been 
tectonically fractured. Furthermore, source beds are 
abundant throughout the area. Although some of these wells 
might have a somewhat short productive time, most should be 
in the range of the Rulison wells, which have each produced 
on average 200-300,000,000 cubic feet of gas and are still 
producing at a rate of 500,000 to 5,000,000 cubic feet per 
month five years later. This, if continued, would still not 
match the better wells of the Piceance Creek and Sulphur 
Creek Fields, some of which produced 5 to 10 billion cubic 
feet of gas over a period of 10 to 15 years. Although 
wells this prolific are rare, economically attractive gas 
wells will likely be drilled in the future on the dominantly 
federally owned lands west and southwest of Government 
Creek.
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CONCLUSIONS

The following conclusions can be reached from this 
study :

1. The Wasatch Formation within the Government Creek 
area is a well exposed, steeply to moderately westward 
dipping unit which can be subdivided into four informal 
members on the basis of lithologie and stratigraphie 
changes. Each of these members varies f. m the others in 
its characteristics, however, subtle.

2. Member 1, comprising the lowermost part of the 
Wasatch Formation, is correlative with the Fort Union 
Formation farther north. It is composed of tan to gray 
siltstones and thin brown sandstones deposited in a fluvial 
environment during middle Paleocene time. These sediments 
were deposited on a weathered surface developed on Late 
Cretaceous sandstones and conglomerates. The unit thickens 
towards the north, suggesting that major drainage systems 
entered the Piceance Creek basin from the Sand Wash basin. 
Volcanic activity was common in the area, and the sediments 
were subjected to more intense weathering than in later 
times.

3. Member 2 of this area was deposited primarily 
during the late Paleocene and early Eocene, but possibly 
began to be deposited during the middle Paleocene. This
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section of varicolored mudstones and lenticular sandstones 
was deposited in a meandering to anastomosing west-flowing 
river system and associated floodplain; Various evidence 
points to the White River uplift as a major source of 
sediment for the beds. Climate was generally warm and 
humid.

4. Member 3 of the Wasatch Formation, dated as early 
Eocene, is composed of thicker west-trending multi-story 
channel sandstones and interbedded mudstones deposited in a 
meandering-strearn-floodplain environment. Grain size 
increase from member 2 probably indicates a tectonic pulse 
of the nearby uplifts, as was common during this time in the 
western United States. This resulted in an increased valley 
gradient and higher river energies. Once again, the White 
River uplift would seem to be the dominant source of 
sediment.

5. Still during the early Eocene, tectonic activity 
subsided, resulting in a gradual change from the sandy 
member 3 to the characteristic varicolored mudstone and thin 
sandstones of member 4. Member 4 streams, although smaller, 
continued in a meandering pattern. Increasing influence of 
expanding lakes during the late early Eocene resulted in 
more poorly-drained conditions as time went on, and an
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eventual end to red-bed formation, marking the end of 
Wasatch deposition in the immediate area.

6. Mudstone color variations are the result of an 
interplay of many variables, resulting in various shades of 
red, white, gray, brown, orange, and purple beds. The 
Wasatch Formation as a whole (excluding member 1) can be 
roughly divided into six color zones consisting of a 
repeated pattern of three sequences, a lower red-white zone, 
a middle mixed zone (characterized by purple beds), and an 
upper gray-brown zone. These sequences may be related to 
uplift cycles and related stream gradient changes in nearby 
areas.

7. The potential for natural gas occurrences within 
the Wasatch Formation to the west and southwest of the study 
area is high. Sandstones as thick as those in nearby 
productive areas should exist there, and the likelihood of 
fracture porosity development is good. Adequate source beds 
are nearby, and stratigraphie traps within the channel 
sandstones should be common. Although Wasatch wells are 
known to be relatively short-lived, many are excellent 
producers, especially with modern development procedures.
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APPENDIX

Government Creek Measured Section

Section ends on north side of canyon in extreme NW 1/4 of 
section 2, T5S R94W, about 800 ft (244 m) west of section 
line (Figure 8).

Green River Formation, Anvil Points Member: ft.

2. Sandstone, tan, fine grained, calcareous,
thick horizontal bedding. Sandstone is non- 
lenticular and grades upward into interbedded
white mudstone and tan sandstone............ 17.0

1. Mudstone, greenish-gray, sandy, non-calcareous. 52.0
Partial Anvil Points Member, Green River Formation.. 69.0

Wasatch Formation, member 4:
76. Mudstone, sandy, non-calcareous, brown

becoming gray and red alternating at top  66.0
75. Covered interval - probably light brown

mudstone....................................  2 3.5
74. Sandstone and conglomeratic sandstone ; sand

stone dark brown, medium grained, moderately 
well reounded quartz sand, conglomeratic layers 
1 to 3 in (2.5 to 7.6 cm) thick consisting of 
clay, sandstone, and chert clasts avg. 1/8 in
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73. 

72 .

71 . 
70.

69 . 

68 .

(3 mm) dla., max 1/2 in (12.7 mm). Sandstone 
in 1 to 2 ft (0.3 to 0.6 m) layers separated 
by brown mudstone. Lowest sandstone ent.
cross-bedded, otherwise massive.............
Mudstone, red, color app. bleached to gray
in places............................ .......
Mudstone, red, white, and gray ; with 2 to 
6 ft (0.6 to 1.8 m) thick white sandstone 
layers. Sandstone occ. cross bedded at base.
Mudstone, light gray........................
Sandstone, white, interbedded with light-gray 
mudstone. Main sandstone body 5 ft (1.5 m) 
thick, other 1/2 to 1 ft (0.15 to 0.3 m) thick 
Mudstone, light gray and reddish-brown. Few
less than 6 in (15.2 cm) thick sandstones....
Sandstone and conglomerate. Sandstone white, 
fine-medium grained, 95% quartz, 5% chert and 
dark minerals, mod. well reounded and sorted, 
good porosity and perm. Conglomerate light 
gray, clasts avg. 1 in (2.5 cm) dia., 6 in 
(15.2 cm) max. consisting of red quartzite, 
brown and white chert, white quartz, and 
sandstone in a coarse grained sand matrix, 
calcareous. Conglomerates fill several scour

6.5

17.0

65.0
65.0

30.0 

67 . 5
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surfaces below cross-bedded, horiz. bedded,
and massively bedded sandstone.............  23.5

67. Mudstone, orange, red, and purple. Thin
massive sandstones interbedded.............  85.0

66. Sandstone, white, massively bedded. 2 ft
(0.6 m) of light-orange mudstone in middle.. 12.0

65. Mudstone, orange, light red, and white,
much slope cover.........   90.0

64. Sandstone, white, massive becoming inc.
horizontally bedded in top 4 ft (1.2 m)  14.0

63. Mudstone, light orange.....................  43.0
62. Sandstone, white, massively bedded except

for 1 ft (0.6 m) horizontally bedded portion
near middle of unit........................  12.0

61. Mudstone, light orange.....................  19.5
60. Sandstone, white, with weakly developed

horizontal bedding.........................  6.5
59. Mudstone, light orange, red, purple, and

white ; few thin scattered sandstones, unit
poorly exposed.............................  204.0

58. Sandstone, white, cross-bedded in uppermost
parts......................................  6.0

57. Covered interval, small exposures of thin
sandstones and light-red mudstones   . . .____ 82.0
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Total member 4, Wasatch Formation................

Wasatch Formation, member 3:

56. Sandstone, similar to unit 68 except finer
grained and with less impurities. Sandstone 
cross-bedded, trough cross-bedded, and 
massively bedded, becoming horizontally 
bedded at top. Lowermost 1 ft (0.6 m) of 
sandstone separated from rest by 1 ft (0.6 m) 
of light-gray shale containing Eocene pollen 
species Momipites triradiatus and Late Cret. 
genera Proteacidites, Lilliacidites. Trough 
cross-beds give transport direction ranging
from N30 W to S80 W ........................

55. Covered interval, probably purple mudstone..
54. Sandstone, white, two scour surfaces present,

detrital coal present at base of upper scour, 
5 ft (1.5 m) above base. Each bed massive, 
lower one cross-bedded at top, upper one
horizontally bedded at top.................

53. Covered interval, probably mudstone........
52. Mudstone, gray, brown, and purple, with

very few scattered thin sandstone layers. 
Lower part of unit obscured by much slope

938 .0

23 .0 
26.0

10 .0 
48 . 0
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wash.......................................  135.0
51. Sandstone, white, massive.................. 11.0
50. Mudstone, light red, very poorly exposed.... 27.0
49. Sandstone and mudstone alternating. Mud

stone white and light red. Sandstone white, 
massive except for occ. horizontal bedding.
Basal sandstone of unit features dark red 
conglomerate at base. Conglomerates consist 
of 1/4 to 2 in (6.4 to 51 mm) dia. clasts of 
red, white, and brown chert and quartz in a 
medium grained quartz sand matrix, below 3 ft
(0.9 m) cross-bedded portion...............  37.0

48. Mudstone, white and light red, alternating in
layers from 5 to 20 ft (1.5 to 6.1 m) thick. 65.0

47. Sandstone, white, massive..................  9.0
46. Covered interval with occ. poorly exposed

light-red mudstone................   26.0
45. Sandstone, white, massive ; upper 5 ft

(1.5 m) separated from rest by 3 ft (0.9 m)
of white sandy siltstone...................  16.0

44. Mudstone and siltstone, white, with thin
(less than 2 ft (0.6 m) thick) white sand
stones. Mudstones very poorly exposed..... 31.5

43. Sandstone, white, similar to unit 41, massive
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42. 
41.

Total

except for 3 ft (0.9 m) cross-bedded section 
beginning 6 ft (1.8 m) above base. Upper 11 
ft (3.4 m) consists of sandstone alternating 
with white sandy mudstone, mudstone layers
becoming thicker towards the top...........
Mudstone, light red........................
Sandstone, white. Major multi-story channel 
unit, lowest channel 11 ft (3.4 m) thick, 
features weak trough cross-bedding and massive 
bedding becoming horizontally bedded in upper 
3 ft (0.9 m). Middle channel 6 ft (1.8 m) 
thick, trough cross-bedded at base followed 
by massive section below complex cross and 
trough cross-bedded portion becoming horiz. 
bedded at top. Upper channel 14 ft (4.3 m) 
thick, trough cross-bedded at base, rest 
mixture of cross-bedded and massively bedded 
portions. Sandstone fine-medium grained,
95% quartz, 2% red chert, 3% black mineral 
(hornblende?), well sorted, well rounded, 
food porosity and perm., non-calcareous. 
Transport direction from trough axes -
S75 W ...................................  . . .__
member 3, Wasatch Formation................

32 . 5 
25.0

31.0 
553 . 0



T-3314 120

Wasatch Formation, member 2:

40. Mudstone, light brown, sample yielded no
fossil pollen..............................  55.0

39. Sandstone, white, trough cross-bedded, low
and high-angle cross-bedded, horizontally 
bedded, and massively bedded in no particu
lar combination............................  10.0

38. Mudstone, light brown. Thin sandstones
less than 1 ft (0.3 m) thick occur near base.
Fossil mammal bone fragments occur within
these sandstones...........................  28.0

Offset 1000 ft (305 m) to northwest along strike of beds 
from above into SW 1/2 section 36, T4S R94W.
37. Mudstone, dark gray with occ. light brown

layers.............   56.0
36. Sandstone, white, massive..................  7.0
35. Mudstone, dark gray and light brown, with

one purple bed. A few very thin dark-brown 
sandstones also occur. Samples of both gray 
and brown mudstones yielded no fossil pollen. 105.0

34. Sandstone, white, massive. Appears to be
distal portion of large channel becoming 
thicker to north along strike.............. 9.0
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33. Mudstone, lower half light brown with dark 
gray layers, upper half dark gray with 
light brown layers. Light brown layers 
sometimes feature limonitic calcareous 
concretions. Samples from this unit yielded
no fossil pollen...........................  272.0

32.. Mudstone, dominantly purple with some brown
beds. Some brown zones sandy. Samples of
both colors yielded no fossil pollen....... 77.0

31. Sandstone, white, and mudstone, light
brown; two beds of sandstone, lower one 3 ft 
(0.9 m) thick, cross-bedded at base, upper 
one 5 ft (1.5 m) thick, massive, separated by 
7 ft (2.1 m) mudstone. Unit poorly exposed. 15.0

30. Mudstone, gray, brown, purple, and white.... 75.5
29. Sandstone, white, trough cross-bedded at

base and top, cross-bedded in middle 2 ft 
(0.6 m), otherwise massive. Transport
direction from trough axes - S23 W ...........  13.5

28. Mudstone, light brown to dark brown.
Sample yielded no fossil pollen..............  47.0

27. Alternating white to brown sandstones and
white sandy mudstones. Sandstones 4 to 9 ft 
(1.2 to 2.7 m) thick, often characterized by
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very low-angle cross-bedding at tops, other
wise massive...............................

26. Mudstone, brown, purple, red, orange, and
white, with occ. thin dark brown sandstones. 
Fragment of fossil jaw found near top of 
unit. Samples of red and brown mudstone
yielded no fossil pollen...................

25. Sandstone, white, cross-bedded in upper and 
lower parts, otherwise massive except for 
middle horizontally bedded part. 6 ft (1.8 m)
from top is a 6 in (15.2 cm) layer featuring 
occ. 1/8 in (3 mm) dia. claystone clasts and 
possible wood fragments. Sandstone body 
well exposed, very lenticular channel form 
40 ft (12.2 m) wide at thickest part.
Transport direction from cross-bedding
is S80 W ...................................

24. Mudstone, white and light brown. Sample
of white material yielded no fossil pollen.. 

23. Sandstone, orange-brown, entirely cross
bedded except for upper 2 ft (0.6 m) 
which becomes inc. horizontally bedded. 
Cross-bed sets app. 3 in (7.6 cm) thick.
Unit very lenticular.......................

61.0

77.0

22.0

59.0

8.0
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22 .

21 .

20.
19.

18 .

Mudstone, gray, brown, orange, purple, and 
white, with occ. thin dark-brown cross
bedded sandstones. Samples of brown and
purple beds yielded no fossil pollen.......
Sandstone, white, and mudstone, light brown. 
Sandstone in two beds, lower 5 ft (1.5 m) 
thick, upper 2 ft (0.6 m) thick, both
massively bedded........... ................
Mudstone, brown, red, and purple...........
Sandstone, white, massive except with weak 
horizontal bedding in upper foot, total 
6 ft (1.8 m) thick, overlain by purple and 
orange claystone containing two 6 in (15.2 cm) 
thick dark-brown sandstones. Lower one cross
bedded in upper half. Fossil bone fragments 
found near base. Upper thin sandstone well 
exposed, horizontally bedded, top bedding 
surface features numerous vertical holes 
3 to 4 in (7.6 to 10.2 cm) deep, 1/2 in (1.3 
cm) dia. and occ. horizontal tracings. Top 
also features very dark-brown upraised areas,
often circular.............................
Mudstone, light brown, purple, and red.
Rare thin dark-brown sandstone also occur...

148.0

13.0 
29. 5

14 . 5 

72.0
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17. Sandstone, white, massive, part of very 
lenticular channel form app. 100 ft
(30.5 m) wide..............................  10.0

16. Mudstone, light brown and purple...........  51.0
15. Sandstone and conglomerate. Conglomerate

orange, 2 ft (0.6 m) thick at base of unit, 
clasts avg. 1/8 in (3 mm) dia., max. 1/2 in 
(1.3 cm) of chert and limonite nodules (clay 
clasts?) in a matrix of fine to coarse 
grained quartz sand. Sandstone fine to 
medium grained quartz sand trough and cross
bedded in lower 8 ft (2.4 m) becoming massive.
Trough axes indicate transport direction
toward NW..................................  16.0

14. Mudstone, light brown and purple, includes 
one 6 in (15.2 cm) dark-brown sandstone in 
which was found fossil of an apparent
branching plant............................  2 2.0

13. Sandstone, white, massive except for basal
1 ft (0.3 m) cross-bedded and trough cross
bedded portion and uppermost 1 ft (0.3 m) 
horizontally bedded portion. Transport
direction towards WNW......................  9.0

12. Mudstone and siltstone, white and brown  120.0
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11. Mudstone and siltstone, white and red, with
scattered interbedded 4 to 7 ft (1.2 to 2.1 
m) thick white sandstone layers. Sandstones 
usually massive, occ. cross-bedded. Silt- 
stones sometimes feature small gray
concretions...........................  93.0

10. Mudstone, white and red, occ. very thin
brown sandstones......................  50.0

9. Mudstone, siltstone, and sandstone very
similar to unit 11. One sandstone features 
6 in (15.2 cm) thick layer of conglomerate 
composed of 1/8 in (3 mm) dia. chert clasts. 70.0

8. Mudstone and siltstone, red, white, and
gray. Numerous calcareous layers and 
concretions in mudstones. In lower parts of
the unit white zones are very sandy... 170.0

7. Major covered interval where valley of
Government Creek is developed. Thick fluvial 
deposits cover bedrock. State Highway 13 
here also. Section below is measured in
SE 1/4 section 36, T4S P94W..............  470.0

6. Mudstone, red and white, exposed in gully
and cut in hill next to highway....... 19.0

5. Covered interval......................  40.0
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78.0

21 . 0

 57 . 0
2570.0

Wasatch Formation, member 1:

1. Siltstone and mudstone, tan, often sandy,
featuring thin layers of calcite and silica, 
especially in lower part. Sandy layers often 
feature dark-brown calcareous concretions.
Top of unit capped by 3.5 ft (1.1 m) thick 
layer of sandstones and conglomerate. Sand
stone light gray, composed of 95% coarse 
grained quartz, 5% dark minerals, sub-angular, 
poorly sorted, very silty. Conglomerate 
dark gray, clasts avg. 1/2 in (1.3 cm) dia., 
max. 1 in (2.5 cm) dia., of well rounded

4. Mudstone and siltstone, red, white, and
tan, with 6 ft (1.8 m) massive sandstone in
middle of unit i......................

3. Sandstone, white, fine to medium grained 
quartz, silty, mod. sorted and rounded, 
very soft and non-resistant. Cross bedded
in upper parts, massive otherwise.........

2. Mudstone and siltstone, tan, brown, and
gray, occ. very thin dark-brown calcareous
sands t ones.............. ...............

Total member 2, Wasatch Formation...............
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clasts of volcanic tuffs, very quartz rich. 
Occ. clasts of black shale also present. 
Matrix of same sand as comprises sandstone..

Total member 1, Wasatch Formation.............  . . .

Total Wasatch Formation..........................

"Ohio Creek Conglomerate":

1. Conglomerate and conglomeratic sandstone.
Conglomerates dark gray to white, matrix of 
coarse grained quartz, some silt, very poorly 
sorted, clasts range from coarse sand to 
boulder size, constituting 30% of the rock, 
consisting of various colors (most commonly 
red) of quartzite, chert, and quartz, with 
occ. volcanics and metaconglomerates. Clasts 
are well rounded. Sandstones are white, 
coarse grained, consisting of quartz 5% 
apparent kaolinite grains. Sandstones 
sometimes conglomeratic, pebbles similar to 
clasts described above. Unit very calcareous 
Upper parts rich in kaolinite, less so in 
the lower portions. Cross-bedded portions 
indicate transport towards S55 W    . . .

Total "Ohio Creek Conglomerate"..................

163.0 
163 .0

4224.0

36 . 0 
36 . 0
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Williams Fork Formation:

1. Sandstone and shale, sandstone tan, fine 
grained quartz with minor hematite and 
biotite, well rounded, well sorted, with 
good porosity and permeability. Sandstones 
usually massive, occ. cross bedded. Shale
dark gray, very silty, calcareous....... . . .____ 51.0

Partial Williams Fork Formation.................  51.0

Section begins in the Williams Fork Formation in the bottom 
of a small canyon near the center of the eastern boundary of 
section 35, T4S R94W (Figure 8).




