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Executive Summary

This report accompanies the digital geologic map data for Fossil Butte National Monument
in Wyoming, produced by the Geologic Resources Division in collaboration with its
partners. It contains information relevant to resource management and scientific research.
This report was prepared using available published and unpublished geologic information.
The Geologic Resources Division did not conduct any new fieldwork in association with this

report.

Approximately 50 million years ago, at the beginning of
the Eocene Epoch, frigatebirds swooped above the waves
of Fossil Lake, a vast, expansive lake that once occupied
today’s semi-arid, sagebrush and greasewood region of
Wyoming’s Fossil Basin. At least 15 genera of fish swam
in the lake, including paddlefish, stingrays, gar, pike,
trout-perch and the abundant herring Knightia,
Wyoming’s state fossil. A cacophony of raucous chatter
arose from ancestral parrots, bitterns, goatsuckers,
oilbirds, and other bird species. Palm trees grew along
the lake shore in what is now the quiet, wind-swept
landscape of southwestern Wyoming. Located at
approximately the same latitude as it is today, Wyoming
was part of a warm-temperate habitat that was home to
crocodiles, turtles, snakes, lizards, and a rich variety of
insects, birds, and mammals. By preserving this rich,
diverse record of fauna and flora, Fossil Butte National
Monument not only documents a global greenhouse
climate that extended from the equator to the Arctic, but
also provides many opportunities to interpret and
discuss modern climate change.

Established in 1972, Fossil Butte National Monument
today preserves abundant fossil plants and animals from
both the Green River Formation and time-equivalent
Wasatch Formation. Perhaps the most significant aspect
of Fossil Butte National Monument is the remarkable
preservation of complete skeletons or rarely preserved
organisms that allows for the interpretation of an entire
ecosystem. Such rare preservation is called a Lagerstétte.
The exceptional quality of preservation, which includes
even the delicate skin in some specimens, has propelled
the fish fossils from Fossil Basin into museums and rock
shops around the globe. The lacustrine sediments and
fossils from the Green River Formation and the fluvial
and floodplain sediments of the adjacent Wasatch
Formation present a relatively detailed record of the
complex paleoecology and paleoenvironments in which
these organisms lived.

While the strata in Fossil Butte National Monument are
Eocene in age, the rocks in the mountain ranges that
border Fossil Basin to the east and west record a geologic
history that spans roughly the past 500 million years,
beginning in the Cambrian Period. This geologic story
includes the flooding of the western North American
continent by vast shallow seas, the growth of a
supercontinent, mountain-building episodes that gave
rise to a belt of mountain ranges extending from Alaska
to Mexico as well as the present Rocky Mountains, and

the formation of an inland seaway that connected the
Arctic Ocean with the Gulf of Mexico.

This Geologic Resources Inventory (GRI) report is
written for resource managers, to assist in resource
management and science-based decision making, but it
may also be useful for interpretation. The report
discusses geologic issues facing resource managers at
Fossil Butte National Monument, distinctive geologic
features and processes within the monument, and the
geologic history leading to Fossil Butte’s present-day
landscape.

Based on discussions during a GRI scoping meeting in
2002, a follow-up conference call in 2011, and
subsequent communication, as well as new scientific
understandings, the following geologic resource
management issues were identified and are further
discussed in the report:

¢ Fossil documentation, inventory, monitoring, resource
management, and protection

e Mass-wasting events
e Disturbed lands
e Seismic hazards

¢ Exploration and development of economic resources

Fossil Butte National Monument resource managers
continue to catalogue and study the extraordinary fossils
found in the monument. Monument staff locate
paleontological sites using the global positioning system
(GPS) and monitor new and past sites on a site-by-site
basis. Visitors are informed of the significance of the
monument’s paleontological resources to deter potential
fossil theft.

Mass wasting, rockfall, slumps, and landslides occur in
the national monument. A massive landslide on Fossil
Butte destroyed a portion of the Union Pacific railroad
bed adjacent to the park. Landslides and slumps in the
Wasatch Formation are evaluated for new fossil
exposures or the impact on existing sites.

Following the establishment of the Fossil Butte National
Monument, the Chicken Creek Ranch site was
reclaimed, and little physical evidence remains at the site.
In the late 1990s, three stockpond dams were removed
from the Chicken Creek watershed and a major
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restoration project returned the drainage to pre-dam
hydrologic conditions. Livestock grazing is no longer
permitted in the monument. Today, reclamation of
disturbed lands is not a significant issue for Fossil Butte
National Monument management.

Although common in Wyoming, earthquakes are rare in
the vicinity of Fossil Butte National Monument.
Potential for earthquakes exist on the Rock Creek fault
system, located northwest and west of the monument.
This fault system may generate a maximum magnitude
7.2 earthquake, which is expected to cause only
moderate damage, such as broken chimneys, in
Kemmerer.

The greatest concerns for resource managers are
potential wind farm development and hydrocarbon
exploration near the boundaries of the monument,
which would affect the monument’s viewshed.
Currently, the interest in wind farms has decreased and
no permit was issued for the area around the monument
between 2008 and the completion of this report in 2012.

During the 2002 scoping meeting and 2011 conference
call, the following prominent geologic features and

Acknowledgements

processes were identified and are further discussed in the
report:

¢ Eocene paleontological resources
¢ Quaternary paleontological resources

¢ Triassic paleontological resources

Stratigraphic features of the Green River Formation

o Stratigraphic features of the Wasatch Formation

Fossil Butte National Monument offers an opportunity
to study an entire ecosystem. Research continues to
address the paleoenvironment of Fossil Lake. Research
opportunities include a myriad of paleoecological and
paleoclimate projects.

This report includes an overview graphic (in pocket) that
illustrates the geologic data and a Map Unit Properties
Table (in pocket) that summarizes the main features,
characteristics, and potential management issues for all
rocks and unconsolidated deposits in the immediate area
of Fossil Butte National Monument. This report also
provides a glossary containing explanations of technical,
geologic terms and a geologic time scale showing the
chronologic arrangement of major geologic events.

The Geologic Resources Inventory (GRI) is one of 12 inventories funded by the National
Park Service Inventory and Monitoring Program. The GRI is administered by the
Geologic Resources Division of the Natural Resource Stewardship and Science

Directorate.

The Geologic Resources Division relies heavily on
partnerships with institutions such as the U.S. Geological
Survey, Colorado State University, state geologic surveys,
local museums, and universities in developing GRI
products.
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Introduction

The following section briefly describes the National Park Service Geologic Resources
Inventory Program and the regional geologic and historic setting of Fossil Butte National

Monument.

Geologic Resources Inventory Program

The Geologic Resources Inventory (GRI) is one of 12
baseline natural resource inventories funded by the
National Park Service (NPS) Inventory and Monitoring
Program. The Geologic Resources Division of the NPS
Natural Resource Stewardship and Science Directorate
administers the GRI.

The compilation and use of natural resource information
by park managers is called for in the 1998 National Parks
Omnibus Management Act (section 204), the 2006 NPS
Management Policies, and in the Natural Resources
Inventory and Monitoring Guideline (NPS-75). Refer to
the “Additional References” section for links to these
and other resource management documents.

The objectives of the GRI are to provide geologic map
data and pertinent geologic information to support
resource management and science-based decision
making in more than 270 natural resource parks
throughout the National Park System. To realize these
objectives, the GRI team undertakes three tasks for each
natural resource park: (1) conduct a scoping meeting and
provide a scoping summary, (2) provide digital geologic
map data in a geographic information system (GIS)
format, and (3) provide a GRI report. These products are
designed and written for nongeoscientists. Scoping
meetings bring together park staff and geologic experts
to review available geologic maps, develop a geologic
mapping plan, and discuss geologic issues, features, and
processes that should be included in the GRI report.
Following the scoping meeting, the GRI map team
converts the geologic maps identified in the mapping
plan into digital geologic map data in accordance with
their data model. Refer to the “Geologic Map Data”
section for additional map information. After the map is
completed, the GRI report team uses these data, as well
as the scoping summary and additional research, to
prepare the geologic report. This geologic report assists
park managers in the use of the map, and provides an
overview of the park geology, including geologic
resource management issues, geologic features and
process, and the geologic history leading to the park’s
present-day landscape.

For additional information regarding the GRI, including
contact information, please refer to the Geologic
Resources Inventory website
(http://www.nature.nps.gov/geology/inventory/). The
current status and projected completion dates for GRI
products are available on the GRI status website
(http://www.nature.nps.gov/geology/ GRI_DB/Scoping/
Quick_Status.aspx).

Regional Information and Significance of Fossil Lake

Located about 16 km (10 mi) west of Kemmerer in
southwestern Wyoming, Fossil Butte National
Monument (fig. 1) encompasses 3,318 ha (8,198 ac) near
the geographic center of Fossil Basin. Established in
1972, the monument preserves one of the richest fossil
localities in the world. Articulated skeletons, the delicate
skin of fossil fish, and feathers are preserved along with
amphibians, crocodiles, turtles, birds, and mammals, as
well as mollusks, insects, and a variety of plants (fig. 2).
The extraordinary quality and completeness of fossil
preservation is consistent with a Lagerstétte, where
complete skeletons or rarely preserved organisms enable
the interpretation of an entire ecosystem. Fossils from
Fossil Basin can be seen in museums around the world.
New discoveries continue to define an ecosystem that
developed during the warmest climate of the past 65
million years.

North 0 1 Kilometer
—_—
0 0.5 1 Mile

P«Spung
ey \\

fa 2 '_ﬁ
'\ "Chicken Creek Nature Trail.

/ Picnic area

FOSSIL BUTTE
NATIONAL
MONUMENT &

To Cokeville

To Kemmerer

E Interpretive pullout E Foot trail

E Unpaved road

Seasonal use only

Figure 1. Map of Fossil Butte National Monument. The town of
Kemmerer, Wyoming, is located approximately 16 km (10 mi) east of
the monument on U.S. Highway 30. National Park Service map,

http://www.nps.gov/hfc/cfm/carto.cfm, accessed 12 September
2012.
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Figure 2. Fossil fish. Fossil Butte National Monument is known for its
exceptionally preserved fossil fish. Here, a Diplomystus is caught in
the mouth of a Mioplosus labracoides, which is about 9 cm (4 in)
long. This specimen, referred to as an aspiration, provides evidence
of behavior and life in ancient Fossil Lake. National Park Service
photograph courtesy of Arvid Aase, Fossil Butte National
Monument, http://www.nps.gov/fobu/photosmultimedia/Green-
River-Formation-Fossils.htm, accessed 12 September 2012.

Today, Fossil Basin is dry and the surrounding semi-arid
region is primarily vegetated by sagebrush and
greasewood (fig. 3), but 50 million to 53 million years
ago, palm and deciduous trees grew on the shore of
Fossil Lake, one of three lakes that formed an extensive
great-lakes system in the humid, warm-temperate climate
of Wyoming, Utah, and Colorado during the Eocene
Epoch (fig. 4). Lake Gosiute, which occupied portions of
the Green River Basin to the east, and Lake Uinta, which
formed south of the Uinta Mountains, were much larger,
but not as deep, as Fossil Lake (Eugster 1982; Smith et al.
2008). At its maximum, Fossil Lake inundated at least

1,500 km? (600 mi?), perhaps as many as 3,900 km? (1,500
mi®) (Arvid Aase, curator, Fossil Butte National
Monument, written communication, 11 September 2012)
and produced more than 120 m (395 ft) of lake sediments
(Buchheim and Eugster 1998; Buchheim et al. 2011).

Fossil Lake teemed with a myriad of fish species,
including relatives of today’s paddlefish, stingrays, gar,
pike, and herring. Occasionally, large-scale fish
mortalities occurred, and dead fish settled to the bottom
of the lake. Approximately 98% of the fossil-producing
beds in Fossil Lake consist of limestone that entered the
lake’s alkaline waters as dissolved ions and then
precipitated (Arvid Aase, curator, Fossil Butte National
Monument, written communication, 11 September
2012). The remaining components of silt, volcanic ash,
leaves, and other debris were transported into the lake by
wind or stream processes and subsequently buried and
preserved by overlying sediment.

Before entering Fossil Lake, streams from the
surrounding hills and mountains flowed through forests
containing more than 250 types of plants including oak,
maple, chestnut, and a host of fruit trees. A lush
undergrowth of ferns and succulent plants provided
habitat for ancestral rodents, dog-sized horses, extinct
mammals such as the large Coryphodon, carnivorous
mammals, bats, a wide variety of insects, snakes, and a
host of other animals. Crocodiles and turtles inhabited
nearshore environments. Bittern-like birds waded along
the shoreline. The forest came alive with the chatter of
birds. The hum of insects, squawks of parrots, and
chatter from the jungle would have stood in stark
contrast to the relatively quiet, wind-swept rolling hills of
today’s Fossil Basin.

Figure 3. Fossil Butte. Today, the semi-arid region is dry, but 50 million years ago, the sediments that would become Fossil Butte were being
deposited in a lake that formed in a warm-temperate climate. National Park Service photograph by Jason Kenworthy (NPS Geologic Resources
Division).

2 NPS Geologic Resources Division


http://www.nps.gov/fobu/photosmultimedia/Green-River-Formation-Fossils.htm
http://www.nps.gov/fobu/photosmultimedia/Green-River-Formation-Fossils.htm

4600 —————————(Formation of the Earth|

Eon | Era | Period Epoch Ma Life Forms North American Events
o Holocene 0.01 Modern humans Cascade volcanoes (W)
uatcrnary . ) L ,
) @ Pleistocene g E;‘:;T;;g?g%i‘gﬁg ds Worldwide glaciation
A O =)
g ‘é gu Pliocene g Large carnivores Sierra Nevada Mountains (W)
5 = g . [ Whales and apes Li.nklﬂg of North and South
S b .E z Miocene bt . Alpcrica .
=l £ | 2 | Oligocene & Basin-and-Range extension (W)
= g 33.9 o
= g | Eocenc Early primates Green River Lakes (W)
8 s 55.8 yp Laramide Orogeny ends (W)
= 5F;_’alcoccnc
& 5. ; q 7
@ ZI'M incti Western Interior Seaway (W)
{ croccens 2] s entnetion Vi Grogeny 0
° 5] . Sevier Orogeny (W
iE: : 1455 E E‘arly flowering plants Nevadan Orogeny RW)
g Jurassic ‘ e Karst mammals Elko Orogeny (W)
& 199.6 ass extinction . L .
o < [, %! Flying reptiles Breakup of Pangaea begins
g E ”‘m'cz 51 < | First sinosaurs Sonoma Orogeny (W)
e 2 - -
E % Mass extinction Supcrc_ommcnl Pangfica intact
=2 e Permi 2 | Coal-forming forests Ouachita Orogeny (S)
= I £| diminish Alleghany (Appalachian)
) _g Orogeny (E)
a _ 299 E Coal-forming swamps Ancestral Rocky Mountains (W)
s Pennsylvanian % | Sharks abundant
o N 318.1 | g, Variety of insects
B4 Mississippian < | First amphibians
- 3592 First reptiles Antler Orogeny (W)
Devonian ., | Mass extinction
416 _F‘: First forests (evergreens) Acadian Orogeny (E-NE)
Silurian | First land plants
443.7 » | Mass extinction
o % First primitive fish
Ordovician g Trilobite maximum Taconic Orogeny (E-NE)
& | Rise of corals
488.3 z
Cambri 5 Avalonian Orogeny (NE)
ambrian £ :
s Early shelled organisms Extensive oceans cover most of
12 = proto-North America (Laurentia)
2 . . . Supercontinent rifted apart
g First multicelled organisms  Formagion of early supercontinent
g Grenville Orogeny (E)
E Jellyfish fossil (670 Ma) First iron deposits
Abundant carbonate rocks
2500
Precambrian
Early bacteria and algae
=4000 Oldest known Earth rocks
(=3.96 billion years ago)
Origin of life? Oldest moon rocks
' (4—4.6 billion years ago)
Formation of Earth’s crust

Figure 4. Geologic time scale. The divisions of the geologic time scale are organized chronologically, with the oldest at the bottom and
youngest at the top. The green bar indicates the time spanned by rocks mapped in the GRI digital geologic map for Fossil Butte National
Monument (see fig. 5 and Map Unit Properties Table for more information). Boundary ages are in millions of years (Ma). Major life history
and tectonic events are included. Compass directions in parentheses indicate the regional location of geologic events. Red lines indicate major
boundaries between eras. Graphic design by Trista Thornberry-Ehrlich (Colorado State University), adapted from geologic time scales
published by the U.S. Geological Survey (http://pubs.usgs.gov/fs/2010/3059/) and the International Commission on Stratigraphy
(http://www.stratigraphy.org/ics %20chart/09_2010/StratChart2010.pdf).
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Shale, sandstone, and
Bear River Formation (Kbr) limestone with gastropod
Lower and pelecypod fossils.
Thomas Fork Formation (Ktf) Sandstone and mudstone.
Smiths Formation (Ks) Sandstone and shale.
Mudstone, siltstone,
Cammei Greu (K, [Kge 1K) sandstone, conglomerate.
Upper Stump Sandstone and Preuss Red Beds (Jsp) ﬁ?nneciig?]nee' mudstone, and
MUTEsE Middle Twin Creek Limestone (Jt, Jtg) Limestone.
Lower Nugget Sandstone (JTRn) Sandstone.
Upper Ankareh Red Beds (TRa) Sandstone and mudstone.
Middle Regional Unconformity.
Triassic Silty limestone.
Siltstone and claystone.
Calcareous siltstone, sandy
limestone.

NOTE: *Age is in millions of years before present and indicates the time spanned by associated epoch or period. Rock/sediment units
associated with those epochs or periods may not encompass the entire age range.

Figure 5. General stratigraphic column for the Fossil Butte National Monument region, Quaternary, Tertiary, and Mesozoic units. Geologic
map units are in parentheses. Stratigraphic relationships between the Wasatch and Green River formations are adapted from Buchheim et al.
(2011). Terrestrial environments of the Wasatch Formation existed prior to, contemporaneously with, and after Fossil Lake. See the Map Unit
Properties Table (in pocket) for more detail. Multiple map symbols represent different members of the same formation. The gray areas

represent unconformities, where the stratigraphic succession is missing.

The Eocene lakes expanded and contracted in response
to fluctuating climatic and geologic conditions. Three
major phases of Fossil Lake can be identified from the
sedimentary strata exposed at Fossil Butte National
Monument. The Road Hollow Member of the Green
River Formation (map unit Tgrh) represents the initial
phase, which developed on a floodplain in the southern
part of the basin (fig. 5; Buchheim 1998; Buchheim et al.
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2011). Greater precipitation during the second stage of
Fossil Lake resulted in a much larger lake that contained
an abundant fish population (Buchheim 1998; Buchheim
etal. 2011). Deposition during this phase resulted in the
fossiliferous Fossil Butte Member of the Green River
Formation (map unit Tgfb). The final phase of Fossil
Lake records primarily hypersaline conditions as the
basin became closed to outside drainage and filled with
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Figure 6. Relative Global Climate during the Paleogene and Neogene Periods. The red line was plotted using ocean temperature data from
Zachos et al. (2001, 2008). The yellow dots and horizontal bars indicate the geologic ages or ranges of ages of six NPS units established to
preserve scientifically significant Paleogene and Neogene fossils and strata: Fossil Butte National Monument in Wyoming, Florissant Fossil
Beds National Monument in Colorado, Agate Fossil Beds National Monument in Nebraska, Hagerman Fossil Beds National Monument in
Idaho, Badlands National Park in South Dakota, and John Day Fossil Beds National Monument in Oregon (fig. 7). The transition from global
“Greenhouse” conditions with minimal polar ice sheets to “Icehouse” conditions with ice sheets at one or both poles occurred near the

Eocene-Oligocene boundary. Graphic adapted from Kenworthy (2010).

river sediments (Loewen and Buchheim 1998). This stage
is represented by the Angelo Member of the Green River
Formation (map unit Tga; fig. 5; Buchheim et al. 2011).

While the sheer diversity and exceptional preservation of
fossils have established Fossil Butte as a premier fossil
locality, the record of climate change preserved by the
monument is also significant. The fossils and sediments
preserve ancient biological communities and
environments evolving at a time of maximum Cenozoic
global temperatures (Clyde et al. 2001; Wing et al. 2003).
Mean annual air temperatures warmed from 15°C to
23°C (60°F to 73°F; Woodburne et al. 2009; Kunzig
2011). The increase in temperature from 53 million to 50
million years ago supported a major increase in floral
diversity and habitat complexity (Woodburne et al. 2009;
Kunzig 2011).

Past climate change affected plants and animals on a
global scale. Fossil Butte National Monument, along with
several other NPS units, preserves critical evidence for
the reconstruction of Earth’s global climate throughout
the last 65 million years, when climate transitioned from
a “greenhouse” to an “icehouse” (figs. 6 and 7).

Understanding these past climates and climate changes
may provide clues to the causes of climate change and
suggest ways to predict, monitor, and prepare for future
changes.
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Figure 7. Location of other National Park Service areas established to
preserve and interpret fossils from the Cenozoic Era. Fossil
ecosystems from these six parks illustrate dramatic global climate
change over the past 65 million years. National Park Service map.
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In addition to this report, Geologic Resource Inventory
reports have been completed or are in preparation for
the six NPS areas established to preserve fossils from the
Cenozoic Era (fig. 7): Agate Fossil Beds National
Monument (Graham 2009a), Badlands National Park
(Graham 2008), Florissant Fossil Beds National
Monument (KellerLynn 2006), Hagerman Fossil Beds
National Monument (Graham 2009b), and John Day
Fossil Beds National Monument is in preparation
(Graham in prep.).

Regional Landscape

Most of the landscape in Fossil Butte National
Monument has been carved from the Eocene Wasatch
and Green River formations (fig. 5; Rubey et al. 1975).
The reddish, discontinuous, variegated beds of the
Wasatch Formation (map unit Tw), deposited in rivers
and floodplains (fluvial), contrast sharply with the light-
colored, laterally continuous strata deposited in Green
River Formation lakes (lacustrine).

Fragmentary terrestrial fossils are found in the main
body of the Wasatch Formation (Tw), but the Fossil
Butte Member of the Green River Formation (Tgfb)
contains the majority of fossils in the monument. The
Fossil Butte and Angelo members of the Green River
Formation form the crest and slopes of today’s Fossil
Butte (fig. 3). In the northern part of the basin, the Road
Hollow Member is present along with the Fossil Butte
and Angelo members. These formations are described in
greater detail in the Features and Processes section of
this report.

Near the northwestern border of the monument, the
Lower Member of the Wasatch Formation (map unit
Twl) directly overlies the Early Triassic Thaynes
Limestone (map unit TRt), the oldest formation in the
monument (fig. 4). This contact represents roughly 200
million years of missing geologic history. Such a gap in
the stratigraphic record is known as an “unconformity.”

Paleozoic and Mesozoic strata in the Crawford
Mountains and Tunp Range border the narrow, north—
south-trending Fossil Basin to the west. During the
Eocene, the Crawford Mountains formed an island in
Fossil Lake while the Tunp Range extended as a
peninsula into the lake (Buchheim et al. 2011). The oldest
rock unit in the Tunp-Crawford Mountains, immediately
west of the monument, consists of Upper Cambrian
Gallatin Limestone, but to the east, the oldest rocks
exposed on Oyster Ridge are Cretaceous in age (Rubey et
al. 1975; M’Gonigle and Dover 1992). The age difference
is due to immense thrust faults (fig. 8) that deformed and
transported the Paleozoic and Mesozoic strata from west
to east during a mountain-building episode (orogeny)
that began about 140 million years ago. Evidence of
faulting is conspicuous in the surrounding mountain
ranges and is present in the subsurface below Fossil
Basin. Oyster Ridge separates Fossil Basin from the much
larger Green River Basin to the east. The Uinta
Mountains form the southern border of Fossil Basin and
are cored by Precambrian rocks that were thrust toward
the surface on high-angle reverse faults (fig. 8) during a
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second orogeny beginning approximately 70 million
years ago (Gries 1983).

The stratigraphic units in Fossil Basin and adjacent
mountain ranges rarely consist of complete sections.
Fault displacement, erosion, non-deposition, and other
geologic processes have combined to truncate
stratigraphic sections throughout the geologic record. In
Fossil Butte National Monument, recent fluvial deposits
(map units Qal, Qas) and mass-wasting deposits (map
units Qls, Qd) record geologic processes that continue to
modify the current landscape.
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and thrust
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Figure 8. Three general fault types. As a way of orientation, if you
walked down a fault plane, your feet would be on the “foot wall,”
and the rocks over your head would form the “hanging wall.” In a
normal fault, caused by crustal extension (pulling apart), the
hanging wall moves down relative to the footwall. In the Basin and
Range Province, the uplifted footwall is called a “horst” and the
basin formed by the down-dropped hanging wall is called a
“graben.” In a reverse fault, caused by crustal compression, the
hanging wall moves up relative to the foot wall. A thrust fault is
similar to a reverse fault but has a dip angle of less than 45°.In a
strike-slip fault, the relative direction of opposing plate movement
can be to the right, indicating right-lateral (dextral) movement, or to
the left, termed left-lateral (sinistral) movement. A strike-slip fault
between two tectonic plate boundaries is called a transform fault.
Only normal, reverse, and thrust faults are relevant to the geology
of Fossil Butte National Monument. Graphic by Trista Thornberry-
Ehrlich (Colorado State University).



Cultural History

In 1856, Dr. John Evans picked up a fossil fish
somewhere along Wyoming’s Green River and sent the
specimen to Dr. Joseph Leidy, an anatomist and
paleontologist at the University of Pennsylvania who
became the first person to describe a fossil fish from the
Green River area. His description of the fossil herring,
Clupea humilis (now known as Knightia eocaena),
however, did not draw the attention of scientists. When
the Union Pacific Railroad cut into the bluffs 3 km (2 mi)
west of the Green River Station in 1868, so many fossil
fish were discovered that the right-of-way became
known as the “Petrified Fish Cut” (fig. 9; Hesse 1939;
McGrew and Casilliano 1975; Kiver and Harris 1999).

B

Figure 9. Petrified Fish Cut on the main line of the Union Pacific
Railroad near Green River, Wyoming. Fossil fish discovered at this
location swam in ancient Lake Gosiute, about 150 km (90 mi)
southeast of Fossil Butte. Such discoveries prompted the 1871
Hayden survey to explore Fossil Basin in greater detail. U.S.
Geological Survey photograph by W.H. Jackson, 1869, available at
http://libraryphoto.cr.usgs.gov/htmllib/btch106/btch106j/btch106z/j
wh00014.jpg, accessed 14 February 2012.

A. W. Hilliard and L. E. Rickseeker, employees of the
Union Pacific Railroad, sent many fossils to Ferdinand V.
Hayden, who was in charge of the first federally funded
geological survey in the western Wyoming region.
Hayden’s 1871 report documented features that would
be included in Yellowstone National Park, established in
1872, and also included a description of Green River fish
fauna by noted vertebrate paleontologist Edward
Drinker Cope.

From 1870 to 1877, Cope published a series of papers on
the fish fossils in southern and southwestern Wyoming,
but locality references were obscure or omitted entirely
from his publications. In 1877, he described 25 species of
fish from three locations: 1) the Petrified Fish Cut, 2) a
site “near the mouth of Labarge Creek,” and 3) a locality
“near the main line of the Wasatch Mountains” (Cope
1877; Hesse 1939). The third locality may be equivalent
to Cope’s (1884) Twin Creek locality, which represents
the Fossil Butte area (Hesse 1939; Tweet et al. 2012).

Hayden delegated the Green River district to A. C. Peale,
a geologist, mineralogist, and paleobotanist with the U.S.
Geological Survey. Peale (1879) described the
stratigraphy of the region, including the first geologic
description of Fossil Butte. Veatch (1907) expanded on
Hayden’s general stratigraphic description when he
mapped the rocks in Fossil Basin. His work established
most of the Jurassic to Holocene rock units in the basin
(McGrew and Casilliano 1975).

Old references referred to Fossil Butte as the “Fish
Cliffs” (Hesse 1939). Commercial fossil collecting began
in the late 19™ century and has greatly increased since the
1960s. Fossil Butte National Monument cooperates with
local commercial quarries to improve exhibits, to raise
awareness of the region’s geology and paleontology, and
to increase the accuracy of information presented to the
public (Aase 2009). The park supports a variety of
additional research projects, addressing topics that
include, but are not limited to, paleobotany, trace fossils,
fossil insects, age dating, geologic features, fossil
collection and preparation techniques, and data
collecting (Arvid Aase, curator, Fossil Butte National
Monument, written communication, 11 September
2012). Former commercial sites, including the
Haddenhams site and the Larson Fish Quarry, are
located within the monument (Tweet et al. 2012).

Throughout the 20" century, comprehensive studies by
Bradley (1948), Rubey et al. (1968), Oriel and Tracey
(1970), McGrew and Casilliano (1975), Grande (1980),
Lamerson (1982), Armstrong and Oriel (1986), Roehler
(1993), Buchheim (1994a), Grande and Buchheim (1994),
Buchheim et al. (2011), and other researchers
contributed greatly to understanding the stratigraphy,
geologic structure, and fossil record of the region.
Discoveries of hydrocarbons and oil shale in Fossil Basin,
improved geophysical techniques, and detailed surface
and subsurface research of the faulting in the Rocky
Mountains also helped define the deformational and
depositional history of southwestern Wyoming.

The fossils of the ancient lake bed within and around
Fossil Butte National Monument are nonrenewable
resources. The preservation, diversity, and abundance
fossils in Fossil Basin are extraordinary. Fossil fish, which
document the ancestors of modern freshwater fishes,
dominate the Fossil Lake fauna, but they are associated
with other aquatic taxa such as turtles, shrimp, crayfish,
crocodilians, and plants. Contemporary fossils of
terrestrial fauna and flora are found in strata that
surround the ancient lake. Established as a National
Monument in 1972, Fossil Butte National Monument
currently has the potential for nomination as a
Geological Heritage Site under the World Heritage Site
Program (National Park Service 2006).
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Geologic Issues

The Geologic Resources Division held a Geologic Resources Inventory scoping meeting
for Fossil Butte National Monument on May 23, 2002, and a follow-up conference call
on December 13, 2011, to discuss geologic resources, address the status of geologic
mapping, and assess resource management issues and needs. This section synthesizes
those discussions and highlights particular issues that may require attention from
resource managers. Contact the Geologic Resources Division for technical assistance.

Fossil documentation, inventory, monitoring, and
protection are the primary management responsibilities
at Fossil Butte National Monument. Additional resource
management issues include:

e Mass-wasting events (rockfall, slumps, landslides)
e Disturbed lands
¢ Energy resource exploration and development

e Seismic hazards

Paleontological Resource Management

The 2009 Paleontological Resources Preservation Act
(Public Law 111-11; see the Additional References
section) directs the NPS, and other federal land
management agencies, to implement comprehensive,
science-based paleontological resource management
programs. Such programs must include plans for
inventory, monitoring, research, and education, as well
as the protection of resource and locality information. As
of September 2012, regulations associated with the act
are being finalized (Julia Brunner, policy and regulatory
specialist, NPS Geologic Resources Division, personal
communication, 17 September 2012). Refer to the
Additional References section for a link to a summary of,
and full text for, the Paleontological Resources
Preservation Act. Fossil Butte National Monument has
maintained an active paleontological resource
management program since its establishment in 1972.

Documentation and Inventory

After 100 years of collecting, new fossil species are still
being discovered in the Eocene lake sediments of Fossil
Basin. Tens-of-thousands to hundreds-of-thousands of
fossils are collected each year from commercial fossil
quarries located outside of Fossil Butte National
Monument (National Park Service 2009). Approximately
200 to 500 fossil specimens are collected from the park’s
research and interpretation quarry each year. These
collections are used for baseline data on Green River
fishes and for interpretative opportunities within the
park. Fossil Butte National Monument maintains a
relationship with the commercial quarries; significant
specimens discovered outside the park may be brought

to the park for documentation by photography, and/or
replica production. Museums and rock shops around the
world contain well-preserved fossils from the Eocene
Green River Formation. Extraordinary fossil
preservation has yielded an unparalleled variety of fossil
fish, reptiles, birds, mammals, insects, and plants. Fossil
Butte National Monument protects and manages less
than 1.5% of the Eocene Fossil Lake deposits in Fossil
Basin.

Because of the abundance, diversity, and extraordinary
scientific value of the paleontological resources at Fossil
Butte National Monument, documentation, inventory,
monitoring, and protection of these resources are
especially critical. Fossils collected in Fossil Butte
National Monument are evaluated, catalogued, and
stored by park staff for inclusion in the park’s museum or
interpretation collections. Because more than half of the
fossils found in the research quarry are covered with
matrix and are only visible in cross section, they must be
x-rayed to collect data on such parameters as size,
species, orientation, and articulation. Therefore,
specimen cataloguing lags behind collection (Arvid Aase,
curator, Fossil Butte National Monument, written
communication, 11 September 2012).

The documentation of paleontological resources
provides the baseline data necessary to develop an
effective inventory and monitoring program for the
monument. Paleontological resource inventories
typically include data on the scope, significance, and
distribution of fossils at each locality, as well as a
description of the strata (Santucci et al. 2009). However,
because fossil-bearing layers in the Green River
Formation extend continuously for miles, these generic
approaches need to be modified at Fossil Butte National
Monument to address the park’s specific fossil deposits
(Arvid Aase, curator, Fossil Butte National Monument,
written communication, 11 September 2012). In
addition, monitoring programs may benefit from
identifying environmental and anthropogenic factors,
such as those identified in figure 10, that might affect the
stability of in situ paleontological resources (Santucci
and Koch 2003; Santucci et al. 2009).
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Figure 10. Conceptual diagram illustrating various environmental and anthropogenic factors and processes that might affect the stability of in
situ paleontological resources. National Park Service diagram reproduced from Santucci and Koch (2003).

An Inventory and Monitoring Network-based
paleontological resource summary was completed for
Fossil Butte National Monument and the other parks in
the Northern Colorado Plateau Network in 2002 (Koch
and Santucci 2002), and a substantially updated, revised,
and expanded summary for the Northern Colorado
Plateau Network was completed by Tweet et al. (2012).
That report provides a summary of the scope and
significance of paleontological resources of Fossil Butte
National Monument and all other parks in the network.
Resource management recommendations were also
included.

Monitoring

Once an inventory of paleontological resources has been
completed, a monitoring program can be designed.
Santucci et al. (2009) have developed a list of five
significant properties, or vital signs, to help resource
managers monitor the stability of in situ paleontological
resources. These vital signs are: 1) rates of natural
erosion due to geological variables, 2) rates of natural
erosion due to climatic variables, 3) “catastrophic”
geologic processes and geohazards, 4) hydrology and
bathymetry, and 5) human impacts. They also provide
detailed explanations of the needed expertise,
specialized equipment, and cost of measuring each vital
sign.

In 2002, Fossil Butte National Monument incorporated
appropriate vital signs in the initiation of a monitoring
program designed to study erosion rates and in situ fossil
stability in the highly erosive Wasatch Formation
(Santucci et al. 2009). Although erosion exposes fossil
material, it also leads to fossil loss. In 2002, the park used
a freeze-thaw index, which records temperature
fluctuations above and below freezing in a 24-hour
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periods, to help determine how often fossil sites should
be monitored. Such temperature fluctuations can lead to
the expansion and contraction of water in rock fractures,
which contributes to weathering and erosion. A higher
freeze-thaw index suggests higher rates of weathering
and erosion than a lower index. Erosion stakes were also
installed (fig. 11) and located using the global positioning
system (GPS). The monitoring and documentation of any
change in the ground surface relative to the stake
provides quantitative erosion rate data (Santucci et al.
2009).

A
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Figure 11. Erosion stakes being installed perpendicular to the surface
at Fossil Butte National Monument in 2002. Measurement and
documentation of movement of the erosion stakes provides
information on local erosion rates and the stability of in situ
paleontological resources. National Park Service photograph.

Currently, monitoring frequency is determined by
repeatedly surveying areas for fossils and overlying GIS
data for the repeated surveys. Sites containing
paleontological resources become apparent as do those
with few or no fossils (Arvid Aase, curator, Fossil Butte



National Monument, written communication, 11
September 2012).

Sites where fossils are eroding from the Wasatch
Formation continue to be prospected and located using
GPS by Geological Society of America Geocorps interns.
Aside from the park’s research and interpretation quarry,
exposures of the Green River Formation are not subject
to systematic fossil prospecting and monitoring.
Generally, sites in both formations are evaluated after a
mass movement event, such as a rockfall or landslide,
when new fossils may be exposed or previous localities
damaged. Additional information regarding inventorying
and monitoring procedures for paleontological resources
is available in Santucci et al. (2009).

Fossil Protection and Theft

An expanding market for vertebrate fossils increases
pressure on resource managers to adequately protect the
paleontological resources in fossil parks, such as Fossil
Butte National Monument. Fossil theft can be difficult to
assess and control given the number of exposures and
limited park staff, but theft is not thought to be a major
issue at the park. The NPS offers training to park staff
regarding in the protection of natural resources,
including paleontological resources.

A 2002 study of visitors at Fossil Butte National
Monument showed that the great majority of visitors
agreed with NPS policies that protect fossil resources
(Hockett and Roggenbuck 2002). About 87% of on-site
visitors felt it was unacceptable to take even a small piece
of fossil fish from the monument, and most (81%)
visitors also felt it was wrong to remove a fossil from a
rock layer. However, about 2% thought that taking a
small piece of a fossil fish was acceptable, while about
11% were undecided. In 2011, Fossil Butte National
Monument received 16,552 visitors
(http://www.nature.nps.gov/stats/index.cfm, accessed 25
April 2012). According to the Hockett and Roggenbuck
(2002) study, approximately 330 of these visitors (2%)
would not consider the removal of fossils from the
monument to be stealing.

Visitor surveys along the Nature Trail (previously the
Fossil Lake Trail) yielded similar results (Hockett and
Roggenbuck 2003). A majority (86%) of the hikers
thought it was wrong to take even a piece of any kind of
fossil from Fossil Butte National Monument, and 79%
considered chipping fossils out of a rock layer to be
wrong. However, about 3% of visitors who responded to
the survey believed that taking fossils from the
monument was acceptable. About half of the visitors on
the trail hiked to the research quarry when it was closed,
but most visitors caused no damage to the quarry. In the
summer of 2003, only 5 visitors were observed chipping
at the layers in the quarry or searching through the waste
pile to find fossils. Four of the visitors damaged the
quarry layers, but because of the damage, it was not

possible to determine whether they stole fossils (Hockett
and Roggenbuck 2003).

Santucci (1992) identified three categories of illegal fossil
collecting on NPS land: 1) inadvertent casual collecting,
2) intentional casual collecting, and 3) illegal commercial
collecting. Research collecting without a permit is also
illegal. Commercial quarries operate in Fossil Basin,
providing a legal means to obtain Green River fossils.
Based on the Hockett and Roggenbuck studies (2002,
2003), any unauthorized fossil collecting at Fossil Butte
National Monument would likely fall into the first two
categories. Park staff continues to educate the public on
the history of Fossil Lake and the NPS mission.

Suggestions from the 2002 survey that might decrease
fossil theft and trespass into the park’s research and
interpretation quarry included: 1) improved trail signage,
2) improved training of Quarry Program interpreters, 3)
increased level of interpretive information, and 4)
improved self-guided Nature Trail interpretation. In
2004, new waysides were installed along the Nature
Trail, and the park is always working on ways to improve
the quality of interpretive content and training of
interpreters.

Mass Wasting: Rockfall, Landslides, Slumps, and
Earthflows

Mudstone in the Wasatch Formation (map unit Tw)
contains clay minerals (bentonite) that expand when wet
and contract upon drying. This swell-shrink process
destabilizes slopes and increases the potential for
rockfall, landslides, slumps, and other mass movement.
Wasatch Formation clays become saturated and slump,
and the more solid Green River Formation limestone
(map unit Tgfb) is carried along piggy-back style on top
of the collapsing clays. Past landslides are responsible for
exposing the cliffs on Fossil Butte.

Landslide deposits mantle the slopes beneath Fossil
Butte and Cundick Ridge and are mapped in the park’s
digital (GIS) geologic data as unit Qls. In 2000, the NPS
Geologic Resources Division provided
recommendations regarding landslide impacts within the
park (Pranger 2000). That report suggested that the most
likely trigger for catastrophic landslides of the Green
River Formation is warm spring weather following a
season of high snowpack.

In 1983, a massive landslide on the southeastern flank of
Fossil Butte destroyed a section of the main line of the
Union Pacific Railroad (fig. 12). In 2011, a landslide on
the eastern border of the park demolished about 180 m
(600 ft) of fence. Rockfall also occurred at the northern
end of Fossil Butte near the Wasatch saddle. Not all mass
wasting events are rapid or catastrophic. Slow-moving
earthflows, for example, continue to disturb the Wasatch
Formation, particularly south of Cundick Ridge (fig. 13).
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Figure 12. Landslide damage. In 1984, a massive landslide on the southeastern flank of Fossil Butte destroyed a portion of the Union Pacific
Railroad line immediately adjacent to the park boundary. Left view is to the west, right view is to the east. National Park Service

photographs.

Although mass wasting modifies the landscape at Fossil
Butte National Monument, documented impacts to its
fossil resources are rare. Except for rockfalls occurring in
the Green River Formation, fossils have not been
discovered in mass-wasting deposits of the Wasatch and
Green River formations, suggesting that landslides have
not yet exposed nor buried fossil sites. When rockfalls in
the Green River Formation include fossil-bearing layers,
fossils are found in the talus (Arvid Aase, curator, Fossil
Butte National Monument, written communication, 11
September 2012).

Figure 13. Earthflows in the Wasatch Formation. Whereas the Green
River Formation is subject to rapid landslides and rockfall, the
Wasatch Formation is subject to slow, nearly continuous, earthflow
movement. A large earthflow is visible in the center of the image.
Viewpoint is from the park road east toward Cundick Ridge.
National Park Service photograph.

The Historic Quarry Trail area (on Fossil Butte) is
susceptible to large and small landslides and rockfall,
indeed it passes through four large identifiable landslide
masses (Pranger 2000). The Nature Trail area (on
Cundick Ridge) experiences ground movement
(slumping) with less risk for rapid catastrophic
landsliding (Pranger 2000). Currently, landslides do not
threaten the visitor center or the spring.

The park does not monitor landslides. Should
monitoring mass wasting become a priority, park
managers may consult Wieczorek and Snyder (2009) for
suggestions about how to monitor slope movements.
Wieczorek and Snyder (2009) describe various types of
slope movement and triggering mechanisms for mass-
wasting processes, and suggest five vital signs that can be
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used to monitor slope movements: 1) type of landslide, 2)
landslide triggers and causes, 3) geologic material
components, 4) landslide movement, and 5) landslide
hazards and risks. They accompany their descriptions of
the vital signs with detailed explanations of the needed
expertise, specialized equipment, and cost of monitoring.

Disturbed Lands

Reclamation of disturbed lands is not a significant issue
for Fossil Butte National Monument management.
According to the NPS Geologic Resources Division’s
Abandoned Mineral Lands (AML) database, the park
contains five sand and gravel borrow pits. One additional
historic pit is obscured by 2-m- (6-ft-) tall sagebrush and
cannot be distinguished from adjacent undisturbed areas
(Arvid Aase, curator, Fossil Butte National Monument,
conference call, 13 December 2011). Fossil Butte
National Monument also contains many historic fossil
quarries, which are managed as cultural resources and
will not be actively reclaimed.

The Chicken Creek Ranch site was reclaimed in the
1970s following the 1972 establishment of the park.
Structures were removed and wells plugged so that no
physical evidence remains at the site. Many “two-track”
roads are being reclaimed naturally by vegetation after
they were abandoned when the park was established.
Disturbance from livestock is no longer an issue because
livestock grazing is no longer permitted in the
monument.

In the 1990s, a major restoration project at the Chicken
Creek drainage involved the removal of several
stockpond dams, re-engineering and re-contouring of
the stream channel and floodplain, planting of native
vegetation in the floodplain, and controlling of exotic
plants. A long-term monitoring plan was designed to
monitor stream stabilization and erosion (Kyte and
Santucci 1997; Kyte et al. 1999).

In 2004, the NPS Geologic Resources Division, Water
Resources Division, and Intermountain Regional Office
assessed two disturbed land sites within the park
(Pranger et al. 2004). One site encompasses an
abandoned early—ZOth-century roadbed and culvert



immediately north of the current county road, where it
crosses secondary-stream alluvium (map unit Qas) in
Smallpox Creek. The culvert constricts the channel and
diverts it away from its original flow path. Associated
gully development in unconsolidated Quaternary gravel
(map unit Qg) may threaten a rare stand of thick-leaved
peppergrass (Lepidium integrifolium var. integrifolium).
Pranger et al. (2004) recommended restoration of the site
if peppergrass habitat would not be negatively impacted.
The second site is associated with a remote stock pond
dam. Although the dam was removed in 1998, spillway
and tributary gullies, up to 5.5 m (18 ft) deep, have not
been restored as of September, 2012. Pranger et al. (2004)
noted thta the erosion and sedimentation observed at the
remote site, while originating from anthropogenic
causes, was only marginally more severe than nearby
examples of natural erosional processes. Thus,
restoration was not an immediate concern.

In 2005, a prescribed fire burned in the monument, but
native grasses, sage, and invasive cheat grass have grown
in the area. No significant erosion resulted from the fire.

An abandoned oil and gas well and an abandoned water
well were not completely plugged and are currently
leaking water. Artesian groundwater flow has
transformed them into springs. The wells are within 46 to
90 m (150 to 300 ft) of each other. As of December 2011,
they are scheduled to be plugged with bentonite pellets
in the next few years (Arvid Aase, curator, Fossil Butte
National Monument, conference call, 13 December
2011).

Energy Resource Exploration and Development
Although energy resource exploration and development
cannot occur on the surface within Fossil Butte National
Monument, the NPS does not own subsurface mineral
rights. Future technology may make horizontal drilling
beneath the park economically viable (Vincent Santucci,
geologist, NPS Geologic Resources Division, email
communication, 19 April 2012).

QOil Shale

Potential development of oil shale resources adjacent to
Fossil Butte National Monument was not mentioned in
the conference call as a significant issue for management
at the present time. Although oil shale is considered to be
present in the Green River Formation, the term is
misleading. Kerogen-rich laminated micrite, which is a
type of limestone and not a true shale, was deposited in
Fossil Lake. More accurately, the Green River Formation
contains kerogen-rich deposits that may not prove to be
economically feasible to develop using currently-
available technology. However, the Bureau of Land
Management’s (BLM) Draft Oil Shale and Tar sand
Programmatic Environmental Impact Statement (2012)
indicates that the BLM may deem significant areas of
land within 11-to 16 km (7—to 10 mi) of Fossil Butte’s
eastern and western boundaries as available for oil shale
leasing (Kerry Moss, external energy and minerals
program coordinator, NPS Geologic Resources Division,
written communication, 4 April 2012). Future

technological improvements may make this a viable
resource.

Oil and Gas

Lincoln County contains 38 oil and gas fields and active
exploration continues, but not yet in Lincoln County,
township 21 north and range 117 west (T21N, R117W)
immediately east of Fossil Butte National Monument.
For example, 95 permits to drill for hydrocarbons in
Lincoln County were granted between 1 January 2011
and 15 February 2012 (Wyoming Oil and Gas
Conservation Commission, http://wogcc.state.wy.us/,
accessed 15 February 2012). However, no permit has
been granted to drill in T21N, R117W since at least 1
January 2008.

Wind Energy

Leased land to the east, west, and south of Fossil Butte
National Monument is being considered for wind energy
development. Although outside of the park’s boundary,
such development would impact the park’s viewshed.
Wind tower foundations would be 10 m (30 ft) deep and
filled with concrete. BLM regulations requiring
assessment and mitigation of fossil resources must be
addressed prior to and during any construction.

Gypsum, Trona, and Coal

No economic gypsum or bedded trona deposit exists in
the park, although such deposits are mined in Green
River Formation beds associated with Lake Gosiute.
Although coal is an integral part of the current and past
Kemmerer-area economies, coal deposits are currently
buried too deeply beneath the park to be economic.
Approximately 10 km (6 mi) southeast of Fossil Butte
National Monument and 6 km (4 mi) west of Kemmerer,
the extensive Kemmerer Mine (surface mine) recovers
coal from a north-south-trending exposure of
Cretaceous Adaville Formation (map unit Kav).

Transmission

A major gas pipeline runs immediately south of Fossil
Butte National Monument. Expansion of this pipeline or
other energy transmission projects (above or below
ground) may become viewshed or resource management
iss