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Executive Summary

This report has been developed to accompany the digital geologic map produced by Geologic
Resource Evaluation staff for Arches National Park in Utah. It contains information
relevant to resource management and scientific research.

The 76,359 acres of Arches National Park (ARCH) in

east- central Utah preserves the greatest concentration of

rock arches in the world. In addition to the arches,
Arches National Park is home to an extraordinary
collection of balanced rocks, salt dissolution structures,
folds resulting from salt tectonics, petrified dune fields,
and a maze of deep narrow canyons.

Mesozoic sedimentary rocks are the primary strata
exposed in ARCH. Arches formed mainly within the
Entrada Sandstone, which was deposited about 150
million years ago. The arches result from a continual
process of weathering and erosion, and they accent the
significant role that water plays in a semi- arid climate.
Fins are the result of salt tectonics and wind and water
erosion. Salt- cored anticlines form prominent features
in ARCH.

Geologic resource issues arise in the park due to the
heterogeneous lithology of the rock strata, weathering
and erosion processes, and human influence. These
issues impact road construction and maintenance
projects, groundwater quality, and visitor protection.

The list of geologic issues includes:

Hydrocarbon development
Uranium mining

Water quality and flash flooding
Preservation of fossils
Landslides and rockfalls
Swelling clays

Radon contamination
Earthquakes

Sonic booms and arch stability

Livestock grazing effects on soils

¢ Proposed toxic waste incinerator impact on geologic
features

e Viewshed issues (dust, oil/gas development)

¢ Acid rain impacts

Preservation of Cryptobiotic soils

Scientific research projects suggested for the park
include:

¢ Evaluation of acid rain impacts on deterioration of
the sandstone arches

¢ Connections between gypsiferous rocks and
cryptobiotic soils

¢ Erosion rate of Delicate Arch

¢ Engineering studies of landslides

¢ High resolution GPS and rock movement

¢ Rock color studies

¢ Void spaces in the Needles

e Stratigraphic studies to identify unconformity
contacts, planes of weaknesses, and
porosity/permeability relationships of various strata

¢ Inventory, monitoring, and protection of
paleontological resources, especially in the Dalton
Wells area

¢ Hydrogeologic studies to identify groundwater flow,
aquifers, and potential groundwater contamination

For additional information regarding the contents of this
report contact the Geologic Resources Division of the
National Park Service, in Denver, Colorado, through the
following website: http://www.nature.nps.gov/geology,
or by calling 303- 969- 2090.

ARCH Geologic Resource Evaluation Report 1



Introduction

The following section briefly describes the regional geologic setting and the National
Park Service Geologic Resource Evaluation program.

Purpose of the Geologic Resource Evaluation Program

Geologic resources serve as the foundation of park
ecosystems and yield important information needed for
park decision making. The National Park Service Natural
Resource Challenge, an action plan to advance the
management and protection of park resources, has
focused efforts to inventory the natural resources of
parks. The geologic component is carried out by the
Geologic Resource Evaluation (GRE) Program
administered by the NPS Geologic Resources Division.
The goal of the GRE Program is to provide each of the
identified 274 “Natural Area” parks with a digital
geologic map, a geologic evaluation report, and a
geologic bibliography. Each product is a tool to support
the stewardship of park resources and each is designed
to be user friendly to non- geoscientists. In preparing
products the GRE team works closely with park staff and
partners (e.g., USGS, state geologic surveys, and
academics).

The GRE teams hold scoping meetings at parks to review
available data on the geology of a particular park and to
discuss the geologic issues in the park. Park staff are
afforded the opportunity to meet with the experts on the
geology of their park. Scoping meetings are usually held
in each park individually to expedite the process
although some scoping meetings address multiple parks
within a Vital Signs Monitoring Network.

For additional information regarding the Geologic
Resources of Arches National Park, see the Geologic
Resources Division website at:
http://www2.nature.nps.gov/geology/parks/arch

Regional Information

Over two thousand natural sandstone arches, the
greatest concentration of rock arches in the world, are
preserved in Arches National Park (ARCH). This
74,000- acre park is located 5 miles (8 km) north of
Moab, Utah, along Highway 191 and is about 25 miles
northeast of Canyonlands National Park (figure 1). In
addition to the arches, a collection of balanced rocks,
fin- shaped rock features, rock pinnacles, folded rock
strata draped over salt diapirs, stark exposures of
millions of years of geologic history, petrified sand dunes
that once swept across a desert landscape millions of
years ago, evidence of a sea that once drowned eastern
Utah, and a maze of deep narrow canyons grace the park.

Cultural History

Water, or the lack thereof, and the harsh landscape have
long discouraged settlers to the area. Prehistoric hunter-
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gatherers migrated into the area about 10,000 years ago at
the end of the Ice Age. They explored the area and found
pockets of chert and chalcedony, microcrystalline
quartz, and used these minerals to make stone tools.

About two thousand years ago, agriculturalists, known as
the ancestral Puebloan and Fremont people, entered the
Four Corners region and began to raise maize, beans, and
squash. Villages of these people were similar to those
preserved in Mesa Verde National Park in southwestern
Colorado. None of their dwellings, however, have been
discovered in Arches. Instead, these ancestral settlers left
pictographs on the rock to mark their passing and lithic
fragments around waterholes where they may have
shaped tools as did the people before them. Both the
Fremont and the ancestral Puebloans left the region
about 700 years ago.

The first Europeans to explore the Southwest were
Spaniards who crossed the territory in 1776. When they
came into the country, they met nomadic Shoshonean
peoples such as the Ute and Paiute. What they thought of
the arches remains a mystery. Although the Old Spanish
Trail linking Santa Fe and Los Angeles ran along the
same route, past the park’s Visitors Center, that the
highway does today, they left no written description of
their impressions of the arches. The first reliable date
regarding exploration within the Arches is from Denis
Julien, a French- American trapper, who carved this
description in the rocks, “Denis Julien, June 9, 1844”, but
left no other impressions.

The Mormons attempted to establish the Elk Mountain
Mission in what is now Moab in 1855, but they
abandoned the effort due to conflicts with the Utes. By
the late 19th century, the United States government had
restricted the Southern Ute Reservation to a small
portion of southwestern Colorado so that ranchers,
prospectors, and farmers permanently established the
settlement of Moab in the 1880s and 1890s. A homestead
cabin was built by John Wesley Wolfe, a veteran of the
Civil War, in 1898 but was abandoned ten years later
when he and his family returned to Ohio. The cabin
remains on Salt wash, at the beginning of the Delicate
Arch Trail.

Establishment of Arches National Park

In 1911, a young man, Loren “Bish” Taylor became owner
of the Moab newspaper and began writing about the
marvels of Moab and the rock wonderland just north of
the frontier town. He explored the area with John “Doc”
Williams, Moab’s first doctor whose name graces Doc
Williams Point that overlooks a series of rock fins. Word



spread until the government eventually sent research
teams to investigate the area and to gather evidence to
support preservation. In 1929, President Herbert Hoover
signed the legislation creating Arches National
Monument to protect the arches, spires, balanced rocks,
and other sandstone formations. Notably, this was in the
midst of intense oil exploration in southeastern Utah
during the 1920s but about twenty years prior to the
uranium boom that would strike southeastern Utah after
World War II. Soon after the monument was created,
geologists began to take a serious look at Arches. Carle
H. Dane (1935) was the first geologist to make a
comprehensive geologic study of the area in 1935 as part
of his Ph.D. dissertation. As the unique character of the
area became more and more apparent, more geologists
came to the area and more visitors began arriving to see
the arches. Eventually, in 1971, Congress elevated the
status of Arches to a National Park.

Additional information may be found on the Arches
National Park web site:
http://www.nps.gov/arch/hist.htm.

Geologic Setting

Located in the southeastern corner of Utah, Arches
National Park is part of a much larger geological feature
called the Colorado Plateau Province. Covering parts of
Colorado, Utah, Arizona, and New Mexico, the
Colorado Plateau is a region of high plateaus, deep
narrow canyons, and broad, rounded uplands separated
by vast sage lands used for cattle grazing. Beneath the
rangelands are large, elliptical basins.

The structural fabric of gently warped, rounded folds
contrasts with the intense deformation and faulting of
the terranes bordering the Colorado Plateau. Northeast

and east of the Colorado Plateau are the jagged peaks of
the Rocky Mountains formed by thrust faulting.

The extensional, normal- faulted Basin- and- Range
Province borders the Colorado Plateau to the west and
south. The Rio Grande Rift forms the southeast border.
The sedimentary rock layers on the Colorado Plateau,
while gently folded into anticlines and synclines, remain
relatively undisturbed by faulting except in areas
associated with salt tectonics. Within the park, the arches
and many of the unique features are associated with
northwest- southeast trending synclines, anticlines, and
normal faults caused by the growth of salt structures and
the subsequent dissolution of the salt.

Salt (evaporite) deposits date from the Permian Period
when a shallow sea covered the region. Upper Paleozoic
through Mesozoic sedimentary rocks are exposed in
ARCH or the immediate area (figure 9).

The Entrada Sandstone, which forms the arches, was
deposited about 150 million years ago during the Jurassic
Period. The Entrada is about 300 feet (91 m) thick and is
believed to have been deposited by the wind in a vast
coastal desert. Upon hardening into rock, the Entrada
Sandstone was uplifted and fractured. After erosion
stripped away the overlying layers, the sandstone was
exposed to weathering, and the formation of the arches
began.

The southern boundary of the park is outlined by the
Colorado River. The Colorado River’s channel has
incised obliquely across the folds suggesting that the
river developed independently of any structural control
from the surrounding features. These features are
illustrated in Doelling (2000).

ARCH Geologic Resource Evaluation Report 3



Figure 1: Location Map for Arches NP. From Doelling (2000).
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Geologic Issues

A Geologic Resource Evaluation scoping session was held for Arches National Park and
other NPS units located in southeastern Utah on May 24- 27, 1999, to discuss geologic
resources, to address the status of geologic mapping, and to assess resource management
issues and needs. The following section synthesizes the scoping results, in particular,
those issues that may require attention from resource managers.

Hydrocarbon Development

The combination of salt, organic- rich shale, porous
limestone and sandstone, pressure and time resulted in
large accumulations of oil and gas in the Paradox Basin.
There are several oil reservoirs in the basin, the most
prolific of which are in carbonate algal mounds in the
Pennsylvanian age Paradox Formation. Following
deformation in the Late Cretaceous- Mid Tertiary
Periods, oil generated from Devonian and/or
Mississippian- age shales migrated into these porous
carbonate reservoirs that were sealed by the overlying
salt. The reservoirs are found in Laramide- age anticlines
as well as in stratigraphic pinch- outs where the porous
reservoir rocks grade into nonporous sedimentary rocks.
Hydrocarbons have also been discovered in Devonian
and Mississippian limestones and sandstones and in
Jurassic and Cretaceous sandstones.

The major hydrocarbon producing fields lie south of the
Colorado River in southeast Utah. Lisbon field, the
largest field in the vicinity of Arches National Park, lies
about 48 km (30 mi) southeast of the park. The smaller
Salt Wash field lies about 48 km (30 mi) northwest of the
park. Long Canyon, Big Flat, and Shafer Canyon oil fields
surround the northern end of the northwest- southeast
trending Cane Creek anticline about 16 km (10 mi)
southwest of the park (Fouret, 1996). There is also oil
production southwest of the park in the vicinity of Dead
Horse Point State Park.

The location of abandoned oil and gas wells in the park,
if any, is unknown. Apparently, no oil and gas fields were
discovered in Arches National Park prior to its
designation as a national monument in 1929 although
extensive exploration occurred in the Four Corners area
during the 1920s. A project statement, ARCH- N-
030.000, to locate any abandoned sites is contained in
the Water Resources Management Plan prepared for
Arches and Canyonlands National Parks (Cudlip et al.,

1999).

Uranium Mining

The Paradox Basin has also been the site of uranium
mining for most of the past century. The nuclear arms
race spurred the first “boom” in the 1950s and early
1960s. A discovery of a large unoxidized ore deposit on
the flank of Lisbon Valley anticline, southeast of the
park, kindled public excitement in 1952 (Chenoweth,
1996). A second, short lived, “boom” came in the late

1970s and early 1980s as a result of interest in nuclear
power plant fuel.

Although uranium ultimately comes from igneous rocks,
the principal host rocks for the radium, vanadium, and
uranium deposits are fluvial deposits in Mesozoic rocks.
The principal host rocks are the Salt Wash member of
the Jurassic Morrison Formation and the Triassic Chinle
Formation. The ore bodies in the Salt Wash member
consist of concentrations of uranium and vanadium
minerals within the fluvial sandstones. Miners also
sought fossilized logs because carnotite, a potassium-
uranium vanadate, typically replaced the original organic
material in the wood (Chenoweth, 1996). In the Chinle,
gray, poorly sorted, fine- to coarse- grained, calcareous,
arkosic, quartzose sandstone contains the uranium ore.

With decreased interest in nuclear energy, a decrease in
nuclear arms proliferation, foreign competition, and
excess inventories of uranium worldwide, prices for
uranium ore declined and with them, the interest in
uranium mining. The impacts of uranium mining,
however, remain. On the northwest bank of the
Colorado River, southeast of Arches Headquarters and 3
km (1.9 mi) northwest of Moab, sits the mill site and
associated tailings of the now decommissioned Atlas
Corporation Moab Mill Site. The site includes 400 acres
(162 hectares) of processing facility, tailings pond and 10.5
million ton (9.5 million metric ton) tailings pile (Cudlip et
al., 1999). Cudlip et al., 1999, outlined two concerns over
the mill site: 1) an elevated ammonia level in the Colorado
River downstream of the pile, and 2) potential
radioactivity in the form of alpha particle levels in the
primary drinking water well at Arches Headquarters.
While groundwater typically flows from the northwest to
the southeast towards the Colorado River, the water
level within the tailings pile is above the alluvial
groundwater, and hydraulic pressure variations within
the pile may change the flow patterns under the mill and
tailing site.

Although no official documents are known to date that
identify the Atlas tailings pile as an issue, the eventual
disposition of this tailings pile “will definitely affect
Arches National Park, whether the pile is moved or
capped” (comments from ARCH staff, July 9, 2003).

Uranium mining has also occurred elsewhere in the area,
particularly in the Yellow Flat area northeast of the park.

ARCH Geologic Resource Evaluation Report 5



Water Quality and Flash Flooding

Water plays a key role in defining and shaping the desert
landscapes that encompass Arches National Park. The
climate of Arches National Park is classified as semi- arid
to arid. Typically, annual precipitation is less than 20 cm
(8 in). The park has distinct winter and summer
precipitation maxima (Cudlip et al., 1999). The summer
rainy season in July and August results from an influx of
monsoon air from the south. During the winter,
infrequent intrusions of Pacific air bring snow. Potential
evaporation can equal 101 cm/yr (40 in/yr).

Because of the low precipitation and high evaporation
rates, recharge rates to groundwater are low. The
Entrada, Navajo and Wingate sandstones serve as
aquifers and are underlain by relatively impermeable
strata. The groundwater may be Pleistocene in age and if
s0, the groundwater system is vulnerable to permanent
drawdown (Cudlip et al, 1999). Groundwater mining for
park operations, therefore, must be carefully managed.

Because many of the formations underlying Arches
National Park were deposited in marine environments,
the natural dissolved solids content in groundwater is
high and affects water quality. The water well for the
park headquarters, for example, is in the Navajo
Sandstone and is relatively high in both dissolved solids
content and high specific electrical conductance (see
Cudlip et al., 1999, for water quality data). Since current
flows in ionized or mineralized water, high specific
conductance translates into high mineral content.

Springs and seeps in Arches are not large but provide a
vital source of water for wildlife, aquatic organisms,
vegetation, and visitors. Discharge is typically low from
these seeps and springs. In Arches, the seep line between
the Moab member of the Curtis Formation and the Slick
Rock member of the Entrada Sandstone supports
hanging gardens containing a myriad of endemic plants
and invertebrates (Cudlip et al., 1999). Groundwater
removal from slowly recharged sandstone aquifers may
impact these organisms.

Flash flooding occurs in Arches National Park as a result
of summer thunderstorms rather than spring snowmelt.
During storm events, large amounts of water, debris, and
sediment flow through channels and canyons cut by
fluvial processes. Perennial streams in Salt Wash and
Courthouse Wash drain into the Colorado River.

After the storms pass, the streambeds again go dry;
however, rainwater can still be found in the natural
potholes that form in this slickrock country. Sculptured
in the soft sandstone, these small catchment basins vary
in size and carry water for a time after a storm depending
on the intensity and duration of the storm, the size of the
pothole, and the rate of evaporation.

Water management is critical to Arches National Park.

Water quality is affected by a number of sources
including:
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o Salinity from salt dissolution by meteoric groundwater

¢ Naturally high dissolved solids from geologic
formations deposited in marine environments

e Selenium from Mancos shale

¢ Potential external threats such as increased impacts
from irrigated agriculture, oil and gas development,
and leaching from uranium mine spoil material

All of these concerns are addressed in the Water
Resources Management Plan: Arches National Park &
Canyonlands National Park, Utah (Cudlip et al., 1999).

Preservation of Fossils

A detailed description of the paleontology and
biostratigraphy of Arches National Park is beyond the
scope of this report. A summary of some of the fossil
discoveries within and near Arches may be found in A
Survey of Paleontologic Resources from the National
Parks and Monuments in Utah by Vincent Santucci
(2000) and from the following references:

Duffy, S., 1993, Synopsis of the dinosaur megatrack site in
Arches National Park, iz V. L. Santucci, ed., National
Park Service Natural Resources Technical Report
NPS/NRPO/NRTR- 93/11:4

Engelmann, G. F. and Hasiotis, S. T., 1999, Deep
dinosaur tracks in the Morrison Formation: sole marks
that are really sole marks, iz D. D. Gillette, ed.,
Vertebrate Paleontology in Utah: Utah Geological
Survey Miscellaneous Publication 99- 1, p. 179- 183.

Lockley, M. G., 1990, Tracking the Rise of Dinosaurs in
Eastern Utah: Canyon Legacy 2: 2- 8.

Lockley, M.C,, Kirkland, J.I., DeCourten, F.L., Britt, B.B.,
and Hasiotis, S.T., 1999, Dinosaur tracks from the
Cedar Mountain Formation of eastern Utah —a
preliminary report, in D.D. Gillette, ed., Vertebrate
Paleontology in Utah: Utah Geological Survey
Miscellaneous Publication 99- 1, p. 253- 257.

Mead, J. I, Sharp, S. E., and Agenbroad, L. D., 1991,
Holocene Bison from Arches National Park,
southeastern Utah: Great Basin Naturalist 51 (4), p.

336- 342.

Molenaar, C. M., and Cobban, W. A., 1991, Middle
Cretaceous stratigraphy on the south and east sides of
the Uinta Basin, northeastern Utah and northwestern
Colorado: U.S.G.S. Bulletin 1787, 34 p

Other Geological Issues
The Southeast Utah Group (SEUG) Geologic Resources

Inventory (GRI) Workshop held in 1999 identified the
following potential geological issues related to the SEUG



parks (Arches NP, Canyonlands NP, Hovenweep NM,
and Natural Bridges NM) (SEUG, 1999).

¢ Landslide and rockfall potential. These occasionally
cause road problems, including road closures. The
main road in Arches, just inside the Visitor’s Center, is
of special concern. Rockfalls also occur in other areas
of the park. Several large sandstone pieces fell from the
bottom side of the span of Landscape Arch several
years ago, the event was recorded by a tourist.

o Swelling soils associated with bentonitic shale in the
Chinle, Morrison, and Mancos formations.

e Radon potential associated with mine openings.
o Earthquake potential along the Moab Fault.

In addition, a 1990 management report for Arches
identified the following external threats that could cause
damage to the geological resources in the park
(Statement of Management, 1990):

¢ Low flying military jet aircraft often cause sonic booms
that could affect geological features.

¢ Livestock grazing impacts springs, seeps, streams, and
cryptobiotic soils in the park, in areas where there is
no fencing.

¢ Potential impact on geological features from a toxic
waste incinerator proposed for Green River, Utah.
Green River is on the northwest side of the park and
the prevailing winds in Arches are from that direction.

o Aesthetic impacts as a result of reduced visibility from
dust and other particulate matter with increased
potash mining and intrusions on the viewshed from
regional oil and gas development.

¢ Increased acid deposition from harmful chemicals and
particulates produced by the Navajo Power Plant, 240
km (150 mi) to the southwest; the Four Corners Plant,
178 km (111 mi) to the southeast; and Emery and
Huntington Plants, 150 km (94 mi) to the northwest.

e Destruction of cryptobiotic soils by humans and
livestock.

Research Projects

The SEUG/GRI workshop (1999) listed the following
potential research topics:

e The affect of acid rain on the deterioration of the
sandstone arches

¢ A study of the connections between gypsiferous rocks
and cryptobiotic soils and crusts addressing why the
crusts are healthier on gypsum- bearing rocks.

¢ Erosion and weathering process study to determine
how long Delicate Arch will stand.

e Engineering studies of landslides and mass movements
using a strain meter to assess hazards to visitors.

¢ A project to measure and detect moving, swelling, and
collapse of rock strata in areas of the park using high
resolution Geographic Positioning System (GPS).

¢ Studies focused on rock color. For example, some red
rocks are the result of diagenetic processes and are not
the result of oxidation while exposed at or near the
surface of Earth.

o Locate and map the unconformity between the
Entrada Moab Tongue and adjacent formations.

Additional geologic studies might focus on the following

topics:

¢ Identifying unconformity- bounded stratigraphic
packages in order to better define the depositional
systems in the past. The studies using the Book Cliffs
outcrops, north of the park, could be used as models.

e Detailed sedimentological analysis of the Cutler
Formation in the region as well as geochemical and
diagenesis analyses to study why the lower sandstones
are mottled.

e Hydrogeologic studies to define subsurface flow
patterns, regional and local flow systems, and the
conductivity and transmissivity of the various aquifers
especially in relation to abandoned or operating mines
within and adjacent to the park.

o Paleontological resources need to be inventoried,
monitored, and protected, especially in the Dalton
Wells area.

Interpretive Needs

Two interpretive needs were addressed by the
SEUG/GRI workshop (1999):

e The development of more graphics and brochures
emphasizing geology. These should target the average
park enthusiast.

e The possibility of hiring a full- time geologist to handle
geologic issues for the SEUG.

ARCH Geologic Resource Evaluation Report 7



Geologic Features and Processes

This section provides descriptions of the most prominent and distinctive geologic features

and processes in Arches National Park.

Arches, fins, salt structures, balanced rocks, folds, faults,
and joints are displayed in Arches National Park. The
greatest concentration of natural rock arches anywhere
in the world grace the landscape of Arches National
Park. In addition, few other areas in the world display the
salt- tectonic and salt- dissolution features that are so
magnificently displayed in Salt and Cache Valleys. The
features are enhanced by colorful Mesozoic strata.
Balanced rocks in the park are striking examples of
features shaped by both wind erosion and solution. The
arid climate discourages heavy vegetation and deep soils
that would otherwise mask these features.

The arches and fins at Arches National Park are the
result of the dry climate, the massive brittle sandstones
and their susceptibility to weathering, the vertical joints
in the sandstones produced by folding, and the proximity
of the sandstones to salt- cored anticlines undergoing
dissolution. Most of the arches and fins are associated
with the Entrada Sandstone and form where the
formation overlies an anticline on which closely spaced
parallel fractures developed. Good examples of
solution- induced anticlines and Entrada Sandstone
arches can be found at Klondike bluffs, Devils Garden,
Fiery Furnace, and Herdina Park. Elephant Butte, in the
Windows section of Arches National Park, is a remnant
of Entrada Sandstone that arched over an anticline that
was probably not formed by dissolution (Doelling, 1985).

Because the Entrada Sandstone is a massive crossbedded
sandstone, it is highly susceptible to a style of weathering
called exfoliation wherein slabs of sandstone peel from
the bedrock in a series of concentric layers (Harris et al.,
1997). The Slick Rock member of the Entrada Sandstone
also is composed primarily of quartz grains that are
cemented together by calcium carbonate (CaCO3). Rain
water, charged with atmospheric carbon dioxide (COz2),
forms weak carbonic acid that is very effective at
dissolving CaCO3. When the cement dissolves, the
individual sand grains accumulate on the surface of the
parent Entrada Sandstone.

Wind and water erosion focuses along the large joints,
widening the gaps between the linear cracks, and carves
fin- like structures in the large slabs of rock (figure 2).
Further erosion of the fins creates large holes and arches
out of the fins. The fins are assumed to have formed in
response to the compressional tectonic forces during the
Laramide Orogeny (Doelling, 2000). A discussion of the
jointing in Arches National Park is found in Dyer (1983),
Cruikshank (1993), and in Cruikshank and Aydin (1993).

Water also seeps into fractures in the Entrada Sandstone

and along the contacts with the Moab member of the
Curtis Formation or the Dewey Bridge member of the
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Carmel Formation. Thin openings form along these
partings (diagram A of figure 3). Fractures, created by
tensional stresses in the rock, propagate upward into the
overlying rock (diagram B of figure 3). Groundwater
further dissolves the cement along these fractures until
the roof of the opening collapses forming the typical
stable arch form, neutralizing the stress, and inhibiting
further collapse (diagram C of figure 3). Delicate Arch is
an example of an arch formed by the contact of the
Moab member with the Slick Rock member while
Skyline Arch formed along a parting entirely within the
Slick Rock member. The Windows Arch formed along
the Dewey Bridge- Slick Rock contact. This arch enlarges
with the erosion of the soft Dewey Bridge member
(Doelling, 1985).

Salt- cored anticlines (salt walls) trend northwest-
southeast through Arches National Park. The Salt Valley
and the Moab Valley salt walls lie directly under
anticlinal salt- cored axes. The salt walls that underlie
Salt Valley, Cache Valley, and the Moab anticline in
Arches are 3.2 km (2 mi) high, as much as 4.8- 6.4 km (3 to
4 mi) wide, and 112 km (70 mi) long (Doelling, 2000). The
Moab anticline plunges to the north and gradually dies
out about 10 km (6 mi) northwest of Moab Valley. The
Courthouse syncline borders the Moab anticline to the
northeast.

Abundant normal faults and joints parallel the trends of
the Moab anticline, the Elephant Butte anticline, and the
salt- cored anticlines in Salt Valley and Cache Valley
(Doelling, 1985, 2000).

The tilted and broken blocks of strata that parallel the
salt valleys in ARCH are structural features resulting
from the dissolution of subsurface salt. Development of
salt dissolution structures mentioned above is illustrated
in a series of diagrams in figure 4. In the first diagram,
sandstones and shales bury the salt- rich, Pennsylvanian
Period Paradox Formation. The layers are parallel until
pressure change at depth causes the relatively plastic,
buoyant salt to begin to flow upward through the rock
column. The sedimentary strata above the salt are
deformed into an anticline. Extensional fractures and
normal faults develop along the crest and limbs of the
anticline and allow water to seep downward through the
cracks. When groundwater comes into contact with the
salt, the salt dissolves. With dissolution, the overlying
strata collapse and a graben valley is formed bounded by
a normal fault. The Moab anticline, north of the
Colorado River, is a good example of the collapse of the
crestal part of a salt- cored anticline (Doelling, 1985). The
strata in the hinge zone of the collapsed structure roll
over into the graben, and large joints form to
accommodate the movement. This process is illustrated



along parts of Salt Valley, especially in the area of Fiery
Furnace.

Salt dissolution and salt flowage continue today. Unequal
loading on the salt beds will cause salt to flow. Salt
flowage may seal fractures, “heal” fault planes, fill in
voids created by previous salt dissolution, and cause
bulges to form at the surface. Because salt movement is
slow, groundwater usually dissolves the salt before it
reaches the surface. Today, the Colorado River controls
salt dissolution by controlling the depth to which it
allows fresh water to reach the salt, which, in turn, is
controlled, by the depth to which the river has cut its
canyon.

Delicate Arch

The Slick Rock member of the Entrada Sandstone forms
the base and pedestals of this world- famous, free-
standing arch while the Moab member of the Curtis
Formation forms the bridge. The contact between the
two is a plane of weakness along an unconformity.
Delicate Arch has a horizontal span of about 10 m (32 ft)
and a vertical span of 14 m (46 ft). The top of the arch is
about 16 m (52 ft) over the base.

Landscape Arch

With an opening of 93 m (306 ft) wide and more than 27
m (88 ft) high, Landscape Arch is the longest span in the
park (figure 5) (Doelling, 2000). One end of the arch is
only 1.8 m (6 ft) thick while in the center of the arch, the
hump spreads 6 m (20 ft) wide and weighs thousands of
tons. Originally, Landscape Arch began as a cliff- wall
arch but is now classified as a free- standing arch. The
arch is entirely encased within a fin of the Slick Rock
member.

The Windows Section

Mostly free- standing arches, the Windows are massive
arches formed in a wall of the Slick Rock member
underlain by the Dewey Bridge member. Well known
arches in this area include: the Parade of Elephants,
North Window, South Window, and Turret Arch. This
area is also a good place to see alcoves (Cove of Caves)
and the erosional expression of the softer Dewey Bridge
member of the Carmel Formation (Garden of Eden)
(Doelling, 2000).

Balanced Rock

Balanced Rock (figure 6) is perched precariously near the
Windows and is an excellent example of a feature shaped
by wind and water (Harris et al., 1997). Weathered in
place, the resistant block of Slick Rock sandstone
“balances” on top of the Dewey Bridge member of the
Carmel Formation that rests above the Navajo
Sandstone.

Park Avenue

The bust of Queen Nefertiti and Popsicle Rock, two
other balanced rocks, can be seen on the short, 1.3 km
(0.8 mile) trail in the area of the Courthouse Towers.
Two high monoliths of the Slick Rock member of the

Entrada Sandstone underlain with the Dewey Bridge
member of the Carmel Formation guard the entrance to
the trail. The Three Gossips and the Organ can also be
seen along the trail. Baby Arch, an opening in its
developing stage, is at the end of the trail.

Devils Garden

A walk through the Devils Garden from the Fiery
Furnace northward to Dark Angel along the northeast
rim of Salt Valley reveals 123 arches, most of which are
free standing or cliff- wall arches. Sand Dune Arch,
Broken Arch, Tunnel Arch, Pine Tree Arch, Navajo Arch,
Double O Arch, Landscape Arch (figure 5), and Skyline
Arch (figure 7) are some of the more well- known arches
along this 11.5 km (7.2 mi) round trip trail.

The Great Wall

A wall of Entrada Sandstone stretches for about 6.4 km
(4 mi) along the highway from about a mile north of the
Tower of Babel to Balanced Rock. Hidden along this wall
are several arches, especially pothole arches (Doelling,
2000).

Klondike Bluffs

Tower Arch is the most famous arch at Klondike Bluffs,
an area of fins and exposures of the Entrada Sandstone
on the southeast rim of the Salt Valley anticline. The
Marching Men, another unique erosional feature, is also
located in the Klondike Bluffs area (Doelling, 2000).

Moab Fault

The Moab fault is a major fault that parallels the Moab
anticline just south of the Visitor’s Center. Drill holes
have shown that this fault cuts through and parallels the
middle of the 3.2 km (2 mile) wide Moab Valley salt wall.
The block of rock on the northeast side of the Moab
fault has dropped down relative to the block on the
southwest side. At the Visitor’s Center, the
Pennsylvanian Honaker Trail Formation rests against the
Jurassic Entrada Sandstone, or in terms of ages, rocks
deposited about 295 million years ago (Pennsylvanian)
rest against rocks deposited about 150 million years ago
(Jurassic). For such a situation to occur, displacement
across the Moab fault was at least 732 m (2,400 ft)
(Doelling, 2000). From the Visitor’s Center, two
branches of the fault can be seen. Like the Moab fault,
the primary movement along the swarm of normal faults
located on the Moab anticline is down to the northeast
relative to the southwest blocks (Doelling, 1985, 2000).

The northern block has dropped down relative to the
southern block on the normal fault located on the crest
of the Elephant Butte anticline, also. Along the borders of
Salt Valley and Cache Valley, normal faults are mapped
on the surface with their down- dropped blocks on the
valley side of the fault. Major normal faults, with
displacements down to the northeast, have also been
interpreted to exist in the subsurface along the crest of
the salt- cored anticlines in Moab and Salt Valleys
(Doelling, 1985, 2000). Where the normal fault in Salt
Valley is exposed at the surface, isolated protrusions of
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Paradox Formation caprock, covered by the upper
Chinle Formation, form the southwest block of the fault,
and these strata are juxtaposed against collapsed
Mesozoic rocks on the northeast side of the fault
(Doelling, 1985, 2000). Salt dissolution events have
deformed Triassic through Cretaceous strata on the
northeast side of the fault so displacement caused only
by this fault cannot be accurately determined.

Fiery Furnace

The Fiery Furnace (figure 8) is a maze- like labyrinth
between Entrada Sandstone fins at the south end of
Devils Garden. Because the maze is so complex, first-
time visitors are recommended to accompany a ranger
on a guided walk or obtain a printed trail guide. Former
arches that have collapsed are also present in the maze
(Doelling, 2000).

Cache Valley

The same salt wall extends under both Salt Valley and
Cache Valley although the wall trends northwest under
Salt Valley and east- west under Cache Valley (Doelling,
2000). Cache Valley extends east of the park boundary
and is the best place to view and study the effects of
dissolution collapse. Unlike Salt Valley where the
collapsed rocks are covered with unconsolidated
Quaternary deposits, the collapsed rocks in Cache Valley
are not buried.
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Elephant Butte Folds

Several paralleling anticlines and synclines have
developed on the southwest and south sides of Salt
Valley and Cache Valley as dissolution collapse has
begun on the crest of the Salt Valley- Cache Valley salt-
cored anticline (Doelling, 2000). The V- shaped
synclines lie between sharp, linear anticlines. Eventually,
the fold areas will become part of the Salt Valley- Cache
Valley graben. Numerous talus piles of Morrison and
Cedar Mountain Formation rocks line the axial areas of
the synclines. These rocks once formed the cliffs that
outlined the valley rims, but now, the cliffs have been
eroded back several miles. The main paved road
traverses the folds between Balanced Rock and
Panorama Point.

Petrified Dunes

The Jurassic age sand dunes of the Navajo Sandstone are
preserved in the area east of the Great Wall. The Navajo
desert rivaled today’s Sahara Desert in size. Exposed on
the bare- rock outcrops of the Navajo are sweeping
high- angle crossbeds truncated by crossbed set
boundaries. These ancient dunes were cemented into
solid rock and when exposed on the surface, have been
eroded into rounded domes called petrified dunes or
frozen dunes (Doelling, 2000)



Figure 2: Entrada Sandstone fins. Joints at rollovers open and form fins along Salt Valley graben rims. Weakly cemented partings in
fins can then weather into arches. From Doelling, 2000

[ ] Entrada Sandstone
[ Dewey Bridge mbr. of Carmel Fm.

Figure 3: Diagrams illustrating the formation of an arch from a parting developing between the Entrada Sandstone and the Dewey
Bridge member of the Carmel Formation. An explanation is in the text. Modified from Doelling, 1985.
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Salt-rich sedimentary rock (i.e. Paradox
sedimentary Formation) underlies sandstones and
shales. Inthe absence of stress the

cover
layers are parallel.
salt layer
‘ rain ::Ittﬁr:d Pressure change at depth induces the
relatively plastic, buoyant salt to begin to

flow upwards through the rock column.
The sedimentary strata above the salt
layer deforms into an anticline. Fresh
groundwater seeps down through cracks
and dissolves away some of the salt layer.

A

~~ dissolving salt

The overlying strata collapse and a graben
valley is formed, bound by a normal fault
(i.e. Moab Valley).

— dissolved salt area

) —

“roll-over" of Along the hinge zone of the collapse
structure the strata roll over into the
graben and large joints form to
accomodate that movement. The
graben valley fills with sediment.

”» ) Persistent wind and water erosion and

wind and rain weathering focused on the large joints in
the upper strata increases the linear gaps
between the large slabs of rock or fins.
Further erosion of the fins, especially on
stratigraphic contacts creates large holes
or arches out of the fins.

Figure 4: Schematic diagrams illustrating the formation of salt anticlines and salt dissolution structures. See text for further
explanation
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Figure 5: Landscape Arch with a span of 93 m (306 ft) is the longest span in the park. From Doelling (2000).

Figure 6: Balanced Rock. Well-known and a central landmark in Arches National Park, balanced rock is a huge orange-brown bulb of
the Slick Rock member resting on a narrow dark-brown pedestal of the Dewey Bridge member. From Doelling (2000).
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Figure 7: Skyline Arch. The opening is 22 m (71 ft) wide and 10 m (33.5 ft) high. The arch is formed along a parting in the Slick Rock
member of the Entrada Sandstone. From Doelling, 2000.
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Figure 8: Aerial view toward the Fiery Furnace. Notice how the joints in the Entrada Sandstone (Je) terminate against collapsed rock as
Salt Valley turns to trend east-west and join with Cache Valley. The light biscuit board surface areas are the Moab member of the Curtis
Formation (Jctm). From Doelling, 2000.
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Map Unit Properties

This section provides a description for and identifies many characteristics of the map
units that appear on the digital geologic map of Arches National Park. Unit descriptions
are highly generalized and are provided for informational purposes only. Ground
disturbing activities should not be permitted or denied on the basis of information
contained in this section. More detailed unit descriptions can be found in the help files
that accompany the digital geologic map or by contacting the NPS Geologic Resources

Division.

Middle Pennsylvanian to Late Cretaceous- age
sedimentary rock formations are exposed within Arches
National Park (figure 9) (Doelling, 1985, 2000). Although
these rocks cover a time period from 300 to 85 million
years ago (Ma), they do not represent a period of
continuous deposition. Rather, the contacts between the
layers are unconformities that represent large gaps in
time (figure 10).

The rock formations represent both marine and
nonmarine depositional environments. Some of the
environments represented include warm, shallow seas,
deep ocean basins, beach and tidal- flat areas, sand
dunes, and fluvial channel and overbank deposits. The
formations are identified on figure 9.

In some places, unconsolidated deposits of sand, silt,
gravel, and clay overlie the consolidated rock layers.
Mixtures of these sediments are products of recent
weathering and erosion processes and are only
temporary deposits. Wind, water, and gravity have
generated eolian (wind) and alluvial (river) deposits,
terrace deposit, and landslides (Doelling, 1985, 2000).

Paleozoic Era:

Middle Pennsylvanian Period -
Paradox Formation

The Paradox Formation within the Pennsylvanian Period
(286- 320 Ma) comprises the oldest rocks exposed in
Arches National Park (figure 2; figure 9; Appendix A). In
general, the Paradox Formation is made up of a series of
cyclic deposits containing anhydrite (found in evaporite
deposits), silty dolomite, black shale, and halite (table
salt) (Rueger, 1996). Groundwater dissolves salt near the
surface so that the Paradox Formation exposed in Arches
consists of a cap rock of contorted gray shale,
carbonaceous shale, some gypsum beds, and thin
limestone beds that have remained in place following the
dissolution of interbedded salts. This cap rock overlies
thick salt deposits of anhydrite, halite, and other types of
salt that have not been exposed to intense groundwater
leaching.

The Paradox Formation is more than 3,048 m (10,000 ft)
thick in some areas of the park such as under Salt Valley,
Cache Valley, and Moab Valley (Doelling, 2000).
Individual salt beds can be more than 274 m (9oo ft) thick
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in areas where the Paradox Formation is very extensive.
While the Paradox Formation salt underlies large areas
of Arches, only the cap rock is exposed at the surface. In
the middle of Salt Valley, west of Devils Garden, cap rock
crops out along the Klondike Bluffs access road.
Contorted thin limestone, gray shale, and other insoluble
rock are well displayed along the sides of the Salt Valley
Wash.

Upper Pennsylvanian Period -
Honaker Trail Formation

Overlying the Paradox Formation is the Honaker Trail
Formation (figure 9). The most common rock types in
the Honaker Trail Formation at ARCH are limestone and
sandstone (Doelling, 2000). Both limestone and
sandstone are resistant to weathering and form ledges
and cliffs in ARCH. The gray, thin to medium bedded
limestone is cherty, argillaceous (containing clay
minerals), and fossiliferous. The beds commonly weather
to hackly surfaces and to nodular shapes. The fossils
include normal marine invertebrate fauna such as
brachiopods, horn corals, bryozoa, and crinoids.
Paleontologists have used trilobites and numerous
fusulinids to date the uppermost beds in ARCH as latest
Pennsylvanian in age (Doelling, 2000).

The white, yellow gray, red, maroon, and lavender
sandstones are fine to medium grained, mostly well
sorted, and are found in beds that range from medium to
massive (homogeneous beds containing no internal
structures) (Doelling, 2000). The sandstones are
subarkosic or micaceous, containing high percentages of
feldspar and mica. Like the limestones, the sandstones
form resistant ledges and cliffs. Minor beds of shale and
siltstone are interlayered with the limestones and
sandstones in the Honaker Trail Formation.

The thickness of the Honaker Trail Formation varies
between o and 671 m (2,200 ft) in Arches National Park
(Doelling, 2000). In areas where the underlying Paradox
Formation is very thick, the Honaker Trail Formation is
thin or missing. On the other hand, where the Paradox
Formation is thin, perhaps due to the dissolution or
non- deposition of salt, the Honaker Trail Formation is
exceptionally thick. The Honaker Trail Formation is
only exposed near the Visitor’s Center in Arches
(Doelling, 1985, 2000). Southwest of the Visitor’s Center,
however, more than 182 m (600 ft) of the Honaker Trail



Formation is visible on a bench above U.S. Highway 191
and the railroad (Doelling, 2000).

Permian Period -
Cutler Formation

The contact between the Cutler Formation and the
Honaker Trail Formation is an unconformity, but the
contact and the Cutler Formation are buried beneath
younger formations in the park (figure 9). On the walls of
Poison Spider Mesa, the mesa directly southwest of the
Visitor’s Center and Highway 191, the Cutler Formation
consists primarily of interbedded sandstone and
conglomerate.

The red- brown to orange brown sandstone is mostly
fine- to medium- grained and is classified as a subarkosic
(95% to 75% quartz) to quartzose (100% to 95% quartz)
sandstone. The sandstones are moderately well- sorted
but contain fragments of mica. Sedimentary structures
include tabular- planar crossbedding and horizontal
bedding (Doelling, 2000). The subarkose and quartzose
sandstones are well indurated and generally more
resistant than the red- purple arkosic sandstones and
conglomeratic sandstones that are also found in the
Cutler Formation.

As the feldspar content increases, the sandstone becomes
red- purple in color and is an arkosic sandstone, a
sandstone that contains from 100% to 75% feldspar
grains and less than 25% quartz grains along with some
minor (< 10%) rock fragments. As with the subarkosic
sandstones of the Honaker Trail Formation, the
subarkose and arkose of the Cutler indicate that the
sediment was deposited a relatively short distance from
its source. Because they are deposited near the source
area and rapidly buried by additional sediment, the
arkosic rocks have not been severely weathered, the
grains haven’t been rounded, and the more unstable
minerals like feldspar have not been removed. Thus, the
arkosic rocks are poorly sorted and medium- to coarse-
grained. Sedimentary structures in the arkosic
sandstones include trough crossbedding and cut- and-
fill structures where fluvial channels were cut in the
underlying sediment and backfilled with arkosic
sediments.

The conglomeratic sandstones are also poorly sorted but
the size of the grains suggests either high energy or
deposition close to the source or both. The pebbles and
cobbles, commonly as much as 5 cm (2 in) in diameter,
are composed of the igneous rock, granite, and gneiss
eroded from the Uncompahgre Highlands that rose to
the east of ARCH during the Pennsylvanian and Permian
Periods (Doelling, 2000).

In the lower part of the Cutler Formation, the sandstone
beds are mottled, a nearly white color, and are
interbedded with a few siltstone and limestone beds. The
thinly- bedded, slope- forming siltstones are generally
purple, red, or green. The light gray, bioclastic limestone
is more resistant than the interbedded siltstone and

forms ledges of thin to medium thick beds (Doelling,
2000). Because of the unique nature of the lower Cutler
relative to the upper Cutler, the limestone, mottled
sandstone, and siltstone beds were formerly divided into
a separate geologic unit known as the Rico Formation
(McKnight, 1940). Now, the informal lower Cutler beds
are being applied to the Upper Pennsylvanian and Lower
Permian strata and the Rico Formation name is being
abandoned (Condon, 1997; Dubiel et al., 1996; Loope et
al., 1990; Sanderson et al., 1990).

The Cutler Formation is missing over the thick Paradox
Formation salt that underlies Salt and Cache 