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GEOLOGY OF ARCHES NATIONAL PARK

By HeLLmMutr H. DOELLING!

INTRODUCTION

Arches National Park has an unique variety of well-
exposed and colorful rock formations. It is located in
the Paradox Basin of the Colorado Plateau Physio-
graphic Province which lies in parts of four western
states: Utah, Colorado, Arizona, and New Mexico.
The Paradox Basin straddles the Utah-Colorado State
line in the north central part of the physiographic pro-
vince and is an area in which thick beds of rock salt
were deposited some 300 million years ago
(mid-Pennsylvanian time). This salt is older than the
rocks exposed in the park.

Rock salt has many unique properties. Unlike
other rock materials, for example, it is both plastic
and soluble. These properties have greatly influenced
the subsequent geologic history of the area, especially
in the deep part of the basin in which Arches National
Park is found (fig. 3). This area is characterized by
northwest-trending “salt anticlines” which appear at
the surface as valleys bounded by escarpments or
cliffs. Examples of such valleys include Salt Valley
and Cache Valley inside the park and the valley in
which the town of Moab is found (Moab Valley-
Spanish Valley). The arches and fins of the national
park are mostly located on the cliffs adjacent to Salt
Valley and Cache Valley. These, and the other land-
forms of the area, are mostly reflections of the effect
of subterranean salt flowage and dissolution on the
surface rocks. Arches National Park has the greatest
concentration of natural rock arches in the world
(Lohman, 1975, p. 40), but this would not have been
possible without the presence of salt.

GEOLOGY AND ARCHES NATIONAL PARK

The attractions of Arches National Park are based
on geologic phenomena and an increased understand-
ing of its geology can significantly add to the visitor’s
enjoyment. The geologic map is designed to assist in
identifying and locating the rock formations, the axes
of anticlines and synclines, and the alignments of

! Senior geologist, Geologic Mapping Program, Utah Geological
and Mineral Survey.

faults. Because these rock units and structural fea-
tures are so well exposed in the park, the visitor can
graphically visualize what has transpired in the geo-
logic past. Arches National Park has not only a great
accumulation of arches and fins but, more than in
any other park, it displays the features of salt dissolu-
tion and flowage on a grand scale. Many of the rock
units found at Arches are also present in the other
Utah national parks and monuments. Additional geo-
logic information about Arches National Park can be
obtained from the books and pamphlets listed under
the references.

GEOLOGIC HISTORY
AND ROCK FORMATIONS

The descriptions of the individual rock formations
found in Arches National Park are given on the map
and the geologic events that have left their mark on
the area are summarized in figure 4. The rock forma-
tions are classed as sedimentary rocks by geologists
and represent accumulations of sediments (clay, silt,
sand and gravel) and chemicals (salt, gypsum, lime-
stone and dolomite) that were deposited by water,
wind, and gravity. As the sediments and chemicals
piled up they were, in time, cemented together as
hard rock by geologic processes. The thickness of this
accumulation of sediments, including the salt,
amounted to more than 15,000 ft. and was deposited
in a period of time spanning 210 million years,
ending about 80 million years ago (Late Cretaceous).
The deposition of sediments was intermittent, and
during non-depositional periods some erosion proba-
bly occurred.

LATEPALEOZOIC TIME,
360-245 MILLION YEARS AGO

The Paradox Basin was created 300 million years
ago when long northwest-trending faults appeared
and downdropped rock surfaces. Faults are ruptures
or fractures in the earth’s crust along which one side
moves relative to the other (figs. 5, upper block, and
6). This formed an asymmetrical depression, deepest
to the northeast, where it ended sharply against the
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Ficure 3. Location of Arches National Park geologic map and the Paradox Basin in Utah and Colorado. Stippled areas show loca-
tions of salt anticlines with collapsed crests (salt valleys). The axes of uncollapsed salt anticlines are simply shown with standard
anticlinal symbols (see map legend). Paradox Formation salt underlies the entire area within the boundary of the Paradox Basin.
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In last 1-2 million years:
Formation of dissolution featurgs
Erosion of modern landforms
Formation of arches and fins
Local salt flowage

Regional uplift and erosion

La Sal Mountains intrusion

Folding and faulting, synclines
and Moab fault form

Return to continental conditions

Marine conditions

Rivers and floodplain deposition
alternating with erosion

Tidal tlats and beaches

Sandy deserts

Rivers and floodplains

Seas retreat

Fan deposited southwest of ancestral
Uncompahgre Plateau into Paradox Basin

29 cycles of salt deposition
Paradox Basin and Uncompahgre Uplift
form along northwest-trending faulits

Shallow seas

Figured. Table relating rock formations and important geologic events of Arches National Park with geologic ages and time.
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began, first depositing carbonates, then gypsum,
then salt. At least 29 cycles of seawater evaporation
have been recognized by scientists (Hite, 1960).

The rock formation which contains the salt is
known as the Paradox Formation (Ppg and/or Php).
It contains 75 to 90 percent sodium chloride (table
salt) and the total thickness deposited was originally
about 5,000 ft. In the salt anticlines the maximum
known thickness is nearly 14,000 ft. (Hite and
Lohman, 1973, p. 15). The thickness of salt under
Salt Valley in Arches National Park is at least 10,000
ft. In some cases potash salts (valuable as fertilizer)
and magnesium salts were deposited as well. The
non-salt beds of the Paradox Formation are called
“marker beds” because they divide the salt cycles.
Salt is nowhere exposed at the surface in the Salt
Valley and Moab Valley anticlines, but the marker
beds (caprock) are. Caprock is formed as the salt in
the upper part of the Paradox Formation dissolves,
leaving behind a residue comprised of impurities, es-
pecially gypsum, shale, and limestone. The gypsum
occurs in contorted masses and is exposed on each
side of Moab Valley near the town of Moab and in the
middle of Salt Valley along the road to Klondike
Bluffs.

As the weight of accumulating sediments over the
salt beds increased, the salt flowed to areas of less
confining pressure much the same as squeezing
toothpaste from a tube. Displacements along the
northwest-trending faults created paralleling zones of
lower confining pressure to which the salt migrated
and thickened. At the same time the salt was thinned
in the adjacent areas. This shifting of salt was reflect-
ed at the surface as changes in relief, arching the
rocks over the thickened salt zones to form anticlines
(fig. 5, middle block), and forming troughs in the
adjacent areas. As new sedimentary layers were
deposited over the region they were thinner over the
arched areas and thicker over the subsiding troughs.
Consequently these younger formations vary consid-
erably in thickness. At certain times the arching was
pronounced enough to elevate the rocks and subject
them to erosion. This happened intermittently from
the time the salt began to be deposited 300 million
years ago (mid-Pennsylvanian time) until about 220
million years ago (Late Triassic time).

After the 29 cycles of salt were deposited, the basin
became more stable and it filled up with sediment.
The area had a better connection with the open sea to
the west, and limestone and dolomite were deposited
to form the Honaker Trail Formation (part of Php).
Its thickness varies considerably from one locality to
another in the Arches National Park area because of

salt flowage while it was being deposited. The Honak-
er Trail Formation is missing in outcrop along much
of Salt Valley and Moab Valley. In boreholes between
the salt anticlines it is 1000 to 2000 ft. thick and is
composed of fossiliferous gray limestone, cherty
limestone, and brown and lavender siltstone and
sandstone. The best exposures of the Honaker Trail
Formation are located opposite the Arches National
Park Visitor Center above and below the Denver &
Rio Grande Railway tracks. These rocks are at high-
way level at the bend in U.S. Highway 191 north of
the visitor center. Some of the limestones are full of
corals, bryozoans, brachiopods, crinoid stems and, in
smaller numbers, fusulinids and trilobites.

The Uncompahgre Uplift, located near the present
Uncompahgre Plateau (fig. 3), was elevated as the
Paradox Basin was downdropped. Large quantities of
gravel, arkosic sand, and silt were eroded from the
uplift and transported by streams into the sea in
which the Honaker Trail limestones were being
deposited. Coalescing alluvial fans formed along the
margin of the ancient mountains in Pennsylvanian
and Permian time. Along the northeast margin of the
basin (near the Uncompahgre Plateau), arkosic
sandstone, purple and brown siltstone and shale are
interbedded with the Honaker Trail limestones.

Eventually the alluvial fan spread out over the
whole region to form a large coastal plain with
beaches and tidal flats. The rivers that crossed the
coastal plain were often diverted from their courses
as hills formed by salt flowage formed in their paths,
all the while dumping more sediments on the plain.
The ancient Uncompahgre mountain mass that was
being eroded to supply the sediment consisted
mostly of a reddish granite. This deposit is known as
the Cutler Formation (Pc) and exceeds 5,000 ft. in
thickness adjacent to the highland. It is missing in the
cliffs bordering Salt Valley, Cache Valley and Moab
Valley, because these were the salt-induced hills
during the time it was being deposited in the sur-
rounding low areas. Sand and gravel of the Cutler
Formation may have been deposited over the anti-
clines when the salt was less active, but these sedi-
ments were later eroded as the salt activity increased.
The red rocks of the Cutler Formation are well ex-
posed in the cliffs on the southwest side of the high-
way between Seven Mile Canyon and the Arches Na-
tional Park Visitor Center. The formation reaches a
thickness of over 1100 ft. along these cliffs, but the
whole unit thins rapidly to zero in outcrops between
the visitor center and Moab Valley. The Cutler For-
mation rocks were deposited about 260 million years
ago.
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TRIASSIC PERIOD, 245-206 MILLION YEARS AGO

The next geologic formations deposited were the
Moenkopi (Trm) and Chinle Formations (Trc). The
lower (older) Moenkopi Formation consists mostly
of brown fine sands and silts that were deposited on
tidal flats. The thin beds of these rocks are commonly
ripple marked. The Chinle Formation rock materials
were deposited on the flood plains of streams, the sea
by this time having retreated westward. Sands and
gritty materials filled channels of the ancient streams
and rivers between which reddish finer-grained
sands, silts, and clays were deposited when the
streams flooded their banks. As with the Cutler
Formation, salt movements affected the deposition
and thickness of the Chinle Formation, but the
Chinle sediments finally completely covered the salt.

The Moenkopi Formation is mostly missing above
the Paradox Formation in the Salt Valley anticline
and is completely missing in the outcrops along the
flanks of Moab Valley. At least the thin upper part of
the Chinle is exposed along the flanks of both Salt
Valley and Moab Valley. The steep slope of the
Chinle rises from the valley floor and underlies an
impressive sandstone cliff (Wingate Fm.) that forms
the valley escarpments. Good exposures of both the
Moenkopi and Chinle Formations are found along
parts of the canyon of the Colorado River. The basal
part of the Chinle Formation, where it consists
mostly of gritty channel sandstones, is often mineral-
ized with uranium and has been mined in a few areas
around the park.

After Chinle time salt movement in the Paradox
Formation slowed down considerably and each of the
succeeding stratigraphic units completely covered
the salt anticlines as they were deposited. Only locally
did hills arise because of subterranean salt
movement. However, the overlying Glen Canyon
Group of formations is thinner over the salt anticlines
and boreholes indicate that it thickens in adjacent
areas. The Glen Canyon Group of formations was
deposited next and consists of the Wingate Sandstone
(Trw), the Kayenta Formation (Trk) and Navajo
Sandstone (JTrn). These are the hard rocks that
make up the cliffs and the tops of plateaus in a large
part of the region. The lower Wingate Sandstone, in
particular, forms a prominent cliff throughout the
Canyonlands region. These formations are mostly
sandstones, the upper and lower units were largely
deposited by the wind, either in Sahara-like deserts
or on wide coastal areas adjacent to and along
beaches. The high-angle sweeping crossbeds in the
Navajo Sandstone suggest that the sand was deposited
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in dunes. The erosional surface of this unit has fas-
cinated viewers, not only at Arches National Park,
but at Zion, Capitol Reef, and Canyonlands National
Parks. The hummocky, often dome-shaped, cross-
bedded outcrops are commonly called frozen or petri-
fied sand dunes. The Kayenta Formation forms a
ledgy slope between the Wingate and Navajo and con-
sists of thick lavender or reddish channel sandstones.
Occasionally dinosaur footprints are found preserved
in these rocks. Shallow lakes or ponds appeared occa-
sionally during the deposition of the upper two units,
leaving deposits of thin gray limestones or dolomites.
These can be seen on the jeep roads near Klondike
Bluffs on the rim of Salt Valley.

JURASSIC PERIOD, 208-144 MILLION YEARS AGO

The upper part of the Navajo Sandstone and two
other formations were deposited during the Jurassic
period. The two formations, the Entrada Sandstone
and the Morrison Formation, each have three distinc-
tive members. The Entrada is perhaps the most im-
portant formation in Arches National Park (figs. 1
and 2 - on map), since it is the unit in which most of
the arches have formed. An arm of the sea inundated
central Utah from the north and the sands of the
Entrada represent deposits of tidal flats, beaches, and
beach sand dunes. The three members consist of the
dark reddish brown and often contorted Dewey
Bridge Member (Jed) at the bottom, the orange-
brown, sometimes banded, smooth-appearing cliffy
Slick Rock Member (Je), and the whitish cliffy rim-
rock of the Moab Member or Tongue (Jem). The
upper surface of the Moab Member forms dipslopes
on each flank of the Salt Valley anticline which are
prominently marked by joints that parallel the axis of
the anticline. The joints are most noticeable from the
air or on aerial photographs. The Entrada Sandstone
is the cliffy unit exposed on the left side of the main
National Park road from the visitor center to Balanced
Rock.

Overlying the Entrada Sandstone is the Morrison
Formation, an interesting unit which is likely to be
overlooked by the casual visitor to Arches National
Park. The lower Tidwell Member (Jmt) is a thin,
dark red siltstone unit containing large white siliceous
concretions. Most of the exposures are on the periph-
ery of the park, but some are found in tilted blocks in
Cache Valley and Salt Valley, especially along the
trail to Delicate Arch. The remainder of the Morrison
Formation was deposited in stream channels and on
broad flood plains. The middle Salt Wash Member
(Jmsw) is dominated by channel sandstones separat-
ed by thin varicolored siltstones and claystones, the
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whole unit making very rough outcrops. The streams
of Salt Wash time were lined with trees, some of
which were undermined and felled as meandering
and flooding took place. As a result, petrified and
carbonized wood fragments are quite common in the
channel sandstones. There are even occasional petri-
fied dinosaur bones. Northeast of the park, the Salt
Wash Member is mineralized with uranium and vana-
dium minerals. The upper Brushy Basin Member
(Jmbb) consists of varicolored shales, mudstones,
sandstones, conglomerates and limestones that form
a slope. In the northern map area the maroon shades
dominate and to the south a green or aquamarine
color dominates the outcrops. The greenish slopes
south of the Moab airport and north of Seven Mile
Canyon along U.S. Highway 191 are of the Brushy
Basin Member. Other good exposures are found in
the Yellow Cat mining area, northeast of the park,
and in Cache Valley around the Delicate Arch trail
and viewpoint parking lots.

CRETACEOUS PERIOD,
144-66 MILLION YEARS AGO

Except for the thin unconsolidated recent deposits,
the youngest rocks were probably deposited in Creta-
ceous time. A thin unit, the Cedar Mountain Forma-
tion (Kcm), was the only unit deposited during the
first 45 million years. The formation resembles the
Brushy Basin Member of the Morrison Formation,
but its slope-forming mudstones and shales are
generally lighter in color. The Cedar Mountain For-
mation is separated from the Brushy Basin Member
by a prominent ledge of sandstone and conglomerate.
There were several times when previously deposited
materials were eroded only to have new sediments
brought in by the streams. In Late Cretaceous time
another arm of the sea transgressed into Utah, this
time from the east. The last terrestrial deposit, the
Dakota Formation (Kd), was laid down by streams
along the coastal regions. Yellow sandstone,
conglomerate, gray shale and dark coaly shales are
found in this discontinuous unit. It forms a rimrock
on the softer mudstones and shales of the Cedar
Mountain Formation. Overlying these rocks are the
gray muds of the Mancos Shale (Kml and Kmu), well
exposed along Interstate Highway 70 to the north,
and in parts of Salt Valley and Cache Valley. During
10-13 million years the Mancos sea deposited over
3,000 ft. of gray mud which covered everything. At
one time a surge of sand entered the sea from the
west and was deposited over the area (Ferron Sand-
stone Member, Kmf). This sand now forms a slight
ridge that can be followed on the west side of U.S.

Highway 191 between Crescent Junction and the
Moab airport. Fossils are abundant in places along
this ridge and include oysters and cephalopods.

The Mancos Sea, in northeastern Utah, retreated
about 80 million years ago and additional rocks were
subsequently deposited in beach, coastal plain,
fluvial, and finally lake environments. These younger
rocks are exposed in the Book Cliffs north of Arches
National Park. Some of these rocks may also have
been deposited on parts of the Arches National Park
area but, if so, were eroded away long ago.

TERTIARY PERIOD, 66-1.6 MILLION YEARS AGO

Some of the rocks deposited in the Book Cliffs
after the retreat of the Mancos Sea were deposited
during the first 20 million years of the Tertiary
Period. Sometime thereafter the the rocks were
gently warped into synclines and anticlines (fig. 5,
lower block) and then faulted by forces originating
deep in the earth. For the most part the folding fol-
lowed the old northwest trends (the trends of the salt
anticlines), but in a few places new folds formed
across them. The new anticlines were generally align-
ed over the salt anticlines of the past and the layers of
rock between were downfolded into synclines. The
most prominent of these synclines is the Courthouse
syncline, the axis of which follows Courthouse Wash.
The park highway crosses the Courthouse syncline
north of the visitor center. After making the turn at
Park Avenue (Courthouse Towers), the road drops
in elevation down the dipslope of the Navajo
Sandstone, crosses the wash, and then rises on the
opposite dipslope to Balanced Rock.

The Moab fault is the most obvious of the Tertiary
faults and parallels U.S. Highway 191 from the Colo-
rado River northward almost to the Moab airport. At
Seven Mile Wash rocks of the Cutler Formation abut
against rocks of the Salt Wash Member of the Morri-
son Formation, indicating a vertical movement of
about 2,600 ft.

About 35 million years ago the granitic rocks
making up the core of the La Sal Mountains were
intruded into the Earth’s crust. Granitic rocks are
formed within the Earth’s crust by the cooling of
molten rocks called magmas. Molten rocks reaching
and cooling at the surface are called lavas. The La Sal
Mountain magma pushed its way up through the
thousands of feet of salt and pushed aside the overly-
ing rock layers, but little reached the surface.

After the folding and faulting were over, the entire
region was uplifted to a high altitude and the area was
subjected to erosion. Our landscape began to form
about 5 million years ago, and most of what we see



today was created in the Quaternary Period.

QUATERNARY PERIOD,
1.6 MILLION YEARS AGO-PRESENT

The unconsolidated thin deposits of sand, stream
gravels and silt that cover the older rocks are merely
in transit in their voyage to the sea, but they give
clues that help interpret the more recent geologic
history. These recent deposits probably have been in
the area less than 1.5 million years and have been
weathered, broken, scraped, plucked, abraded,
rubbed, or dissolved from the pre-existing rocks by
the action of water, ice, and wind.

Talus deposits (Qmt) consist of blocks, boulders
and smalier angular fragments of rock which fall by
gravity from the cliffy units and accumulate on the
slopes below. Soils developing by weathering slowly
move toward the drainages by a process known as
creep. Eventually these materials reach the drainages
and the flowing waters continue the work by breaking
down the larger particles and moving the smaller
ones downstream. If the drainage is a dry wash, it
gradually becomes choked with rock materials,
eventually to be moved by flash floods.

Alluvium (Qal and Qa) is the sediment deposited
by the rivers, streams, and intermittent streams of
the area. The sediment includes particles of all sizes:
clay, silt, sand, gravel, and even large boulders. The
Colorado River, a through-flowing stream, has intro-
duced much sediment from outside the area, includ-
ing many granitic and metamorphic cobbles and peb-
bles from the very old rocks of the Uncompahgre Pla-
teau in western Colorado. As the river erodes its
deep canyon, it often fails to remove its temporarily
deposited materials (Qat) for a relatively lengthy
period of time and some of these gravels remain in
terraces high above the river level. The processes
that deepen and widen the canyons will eventually
return these sediments to the river.

Most of the more recent unconsolidated sediments
of the area consist of sand and reflect the dominant
hard rock types of the area. The occasional torrential
summer rains first dissolve the cementing material of
the hard (consolidated) rocks and release the sand
grains, and then carry them downslope as sheetwash.
This loose sand is particularly vulnerable to the pre-
vailing winds which blow the sand into dunes or sand
sheets (eolian sand). The dunes and sheets (Qes) are
generally aligned northeast-southwest along the di-
rection of the prevailing wind. They commonly accu-
mulate on the northeast-facing slopes of escarp-
ments, such as opposite the Arches National Park

Visitor Center,
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SALT TECTONIC STRUCTURES

Salt tectonic structures are features formed by salt
movement or salt dissolution. Such features have
been forming continuously since the deposition of
the salt beds. The earlier events are recorded by local
angular unconformities, either at the tops or within
the formations. Examples of angular unconformities
(figs. 7 and 8) can be observed in the Chinle Forma-
tion in Moab Valley at the west portal of the Colorado
River (along the south bank road), and along the
canyon of the Colorado River between Castle Valley
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Ficure1. Diagrams showing the development of an angular un-
conformity in the salt anticline region. Diagram A shows
limestone strata (brick pattern) deposited over salt (small
checked pattern). Salt flowage arches the overlying limestone
(diagram B) which is then eroded to a flat plain (x-x' and di-
agram C). A siltstone bed is then deposited over this erosion-
al plain. The part covered in black (E), is shown enlarged as
diagram E. Angular unconformities indicate when the salt
has moved, in this case after the deposition of the limestone
and before the deposition of the siltstone.
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FiGure9. Cross-section across north end of Salt Valley (modified from Lohman, 1975, p. 28-29). Salt dissolution features can devel-
op over the salt formation (Paradox Formation— Ppg) where overlying rocks are thin. Ridges and hills formed by salt flowage usu-
ally appear where the caprock is close to the surface and not where hard consolidated units cover it. The salt beds adjacent to and 1o
the west of the “salt anticline” are very thin but the overlying beds are thicker. The salt anticline “grew” at the expense of the salt

originally deposited in the thin area.

of the open joints and dissolves it. The dissolution is
followed by the collapse (tilting) of the overlying
units in the crestal part of the anticline. The Moab
anticline, north of the Colorado River, north of
Moab Valley, is a good example of this early phase.
Tributary streams develop that parallel the prominent
joints, faults or fractures (block C). The blocks be-
tween the fractures tilt in zigzag fashion in response
to greater or lesser dissolution along these fractures
(block D). Synclines (downfolds) develop where the
fractures have transmitted the greater amount of
fresh water to the salt (x-x’) and anticlines form be-
tween the synclines (z-z’), or where less fresh water
reaches the salt. The stream has been removed in this
block to simplify the drawing. The fracture traces
(axial planes of the anticlines and synclines) are
generally sharp, the blocks remain uniformly tilted as
dipslopes to form V-shaped rather than U-shaped
synclines (figs. 11 and 12). This sharp dip change is
best exhibited in the brittle formations; more ductile
units tend to produce U-shaped synclines and
anticlines. In some cases the dissolution along a
favored fracture might proceed to the point where
blocks drop vertically in the void (y-y’, block E). In
this case the original length of the strata can increase
as individual beds slip relative to another like slipping
one card over another in a deck. Cache Valley and
the Elephant Butte fold belt are good examples of the
dissolution described by the diagrammatic blocks in
figure 10.

Valley development along a salt anticline is il-
lustrated by another set of block diagrams (fig. 13).
The explanations for the rock units are the same as in
figure 10, except that recent alluvium and unconsol-
idated deposits are shown with a stippled pattern on
blocks B, C, and D. In this case there is a crestal fault
on the anticline (block A). The fault escarpment
erodes and retreats laterally down the flank of the
anticline. Tributaries develop on the downthrown
block and start dissolution in the same manner as de-
scribed in the figure 10 block diagrams. The collaps-
ing and tilting of the blocks helps to preserve them
from early erosion. The process continues and the
valley widens. Later, the edge of the erosional escarp-
ment can tilt inward toward the valley if dissolution
activity proceeds downdip faster than the erosion can
cause the cliff to retreat downdip (blocks C and D).
Very narrow-spaced extensional fractures appear
along the edge of the cliff to form fins (see Arches
and Fins section). Such is the condition of the valley
along parts of Salt Valley (Fiery Furnace). Erosion
can sometimes remove all the overlying strata so that
only caprock and alluvium lie above the salt forma-
tions (block D), as is the case in Moab Valley.

Even the unconsolidated alluvium has been in-
volved in the tilting caused by the dissolution of the
underlying salt and gives an idea of how recent this
activity is. Two volcanic ashes have been identified in
the sediments immediately west of the intersection
of the main park highway and the road to Delicate
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Ficure 10. Block diagrams illustrating sequentially how col-
lapse features may form over salt anticlines as the salt below
is slowly dissolved away. An explanation is carried in the text
under “Salt Dissolution Features.”
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Arch. The eruptions which produced the ashes have
been precisely dated by radioactive methods. The
eruptions took place 620 and 740 thousand years ago
and the tilting occurred both during and after the ash
beds were deposited. Dissolution of salt was quite
rapid during the humid Ice Age glacial cycles occur-
ring 1.6 million to 10,000 years ago. It continues
today at a somewhat diminished rate, but a new ice
age would re-accelerate the process.

RECENT SALT FLOWAGE

Salt flowage (diapirism) is caused by unequal load-
ing on the salt beds. The weight of the rocks on the
flanks exceeds the load carried by the salt in the
valley where there is only 500-600 ft of relatively
lighter alluvium and cavernous caprock. The salt
flowage can “heal” fault planes, mend fractures, fill
in places where dissolution has occurred, or cause
bulges to appear at the surface. Rock salt, however, is
not exposed at the surface in Salt Valley or Moab
Valley. Plastic movement is slow and salt is usually
dissolved by groundwater before it can reach the
surface. Only the caprock gypsum and marker beds
emerge to the surface as hills, domes, and ridges (fig.
14). Such domes are marked by an x on blocks B and
C (fig. 13). These most often appear adjacent to mid-
valley faults or along the valley margins (block D)
adjacent to the cliffs. It is improbable that salt diapir-
ism can push up or dome very thick prisms of rocks.
Examples of mid-valley gypsum hills can be found in
central Salt Valley, and examples of hills marginal to
the escarpments and cliffs are found in Moab Valley.
The diapiric hills and ridges all exhibit highly contort-
ed Paradox Formation strata, never simply tilted as
in the dissolution features. The pushed up rocks dip
away from the domes or ridges in all directions.

ARCHES AND FINS

How arches and fins form is an interesting
question. Arches can form in many ways, but most in
the park are the result of a combination of three pecu-
liar features: the nature of the Entrada Sandstone
sand grains, the susceptibility of the sandstone to
weathering and erosion, and fractures in the sand-
stone that were created during the formation of
anticlines. Most arches and fins at Arches National
Park have formed wherever the Entrada Sandstone is
arched over an anticline on which closely spaced
paralleling fractures have developed. This anticline is
usually partially dissolution induced and parallels the
valley escarpments. Good examples are at Klondike
Bluffs, Devils Garden, Fiery Furnace and Herdina
Park. In the Windows Section a thin remnant of






Geology of Arches National Park, H. H. Doelling

% "v. x>

o
SR

&

0

e e

oss Sk
&
GRS
SH] -
KRR

3585
ode%e!

555
oteteded N3
Seseseses YV

xR

&

%

ot

ot

oled!

03 -

3%

5553

H

258
0’0\

X >
K
Q)
X
5%
20
g
)
32
%
S
9,
%%
9
K/ 0.

&5
N
K
el
S

55
%
5

%5

2%

%
2505

SRR LA 99,91

>
oSS
kX
.0

000,
b
Y

Ficure 13. Block diagrams illustrating valley development over
salt anticlines. An explanation is carried in the text under
“Salt Dissolution Features.”
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Entrada Sandstone stands as Elephant Butte, arched
over an anticline formed many millions of years ago
and probably not formed by dissolution.

The Slick Rock Member of the Entrada Sandstone
(Je) is composed mostly of quartz grains cemented
by calcium carbonate (CaCO3). Rain water, charged
with atmospheric carbon dioxide (CO2), forms weak
carbonic acid, which can dissolve the cement. Many
other sandstone units are also cemented with calcium
carbonate, but the individual Slick Rock sand grains
remain and accumulate on the surface of the parent
rock after they are released. The reasons are not fully
understood; the grain size, angularity, and degree of
grain frosting may or may not have something to do
with it. Nevertheless, large irregular patches of sand
cover a significant percentage of the outcrop area of
the Slick Rock Member. The slightly acidic rainwater
passes through the sand veneer and attacks the un-
weathered rock beneath, forming more sand. This
precipitation-derived groundwater is protected by the
sand from quick evaporation by the wind or hot sun,
as it might occur on bare rock surfaces, and is given
the time to dissolve the rock cement. Therefore the
sandstone under the sandy fields is more quickly
broken down than the bare surface rock. The sand ac-
cumulating on the Entrada Sandstone, behind the
Great Wall where there are few fractures, is illustrat-
ed in figure 15, diagram 1.

Fractures open to form the fins (fig. 15, diagram 2)
across the top of the bent Entrada Sandstone as the
anticline forms. Where thin fins form, little upper
surface is left on which the sand may collect to help
weather the rock. The sand collects between the fins
(fig. 16) and the slightly acidic waters attack the sides
as well as the floor (fig. 15, diagram 3), thinning the
fins even more. The softer, less well-cemented part-
ings in the otherwise massive Slick Rock are especial-
ly prone to the sideward attack of the groundwater.
The contacts between the Slick Rock Member (Je)
and the Moab Tongue (Jem) or Dewey Bridge
Member (Jed) also act as prominent partings. The
water seeps into the partings at favorable places and
dissolves out the surrounding sand grains at a faster
rate than at the unfractured adjacent rocks, creating a
thin opening (diagram A). Gravity stresses
(indicated by the long arrows on diagram A) then
appear in the overlying rock. The strain ellipsoids
(egg-shaped figures) in the diagram indicate the di-
rection of the tensional stresses (short arrows) and
the lines along which fractures would be expected to
develop (those which cut the ellipsoid in half). The
fractures (diagram B) propagate upward into the












