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Introduction

The White  Mountains  and
Springerville Volcanic Field of east-
central Arizona contain a variety of
spectacular geologic features (Figure A).
Because of the relatively sparse vegetation
over much of this area, most of these fea-
tures are easy to recognize and photograph.
Similar features occur throughout
much of the western United States. Others
are common in all of Earth’s volcanic fields.
This booklet is your field guide to the
geology of this spectacular mountain land-
scape. It is a hiker’s guide; excursions on foot
to the geologic features described are encour-
aged. This book is written for the visitor who
has an interest in geology, but who may not
have had formal training in the subject. It
may also help assure that the visiting geolo-
gist does not overlook features in the area.
To set the stage, we briefly describe
the area’s geologic setting and geologic
history. In the following pages, we empha-

size geologic features that are common in
this landscape and give precise directions
to each feature.

Figure A shows the locations of the
geologic features and the access roads and
trails that should be used. All of the roads
can be driven with any vehicle of moderate
clearance. Most roads are dirt or gravel.
These may be slick when wet and should be
driven with care. Restaurants, gasoline, and
emergency services are available in
Springerville and Eagar.

The purpose of this guide is to provide
the reader with an understanding of the
dynamic processes that have shaped this
exceptional landscape. Many features dis-
cussed in the text will be encountered again
and again as you explore the Southwest.
We hope that your experience in the White
Mountains and the Springerville Volcanic
Field area will enhance the pleasure of
those explorations.



COLORADO
PLATEAU
BOUNDRY

Area covered by
this guidebook

Figure B. Geology of the White Mountain-Springerville area with an inset map of the Colorado
Plateau. Qs=Quaternary sand, silt and gravel; Qb=Quaternary basalt; QTs=Quaternary/Tertiary
sand, silt, gravel and conglomerate; QTb=Quaternary/Tertiary basalt; Tb=Tertiary basalt; Ks=undi-
vided Cretaceous limestone, shale and sandstone; Tre=Triassic Chinle Formation; Trm=Triassic
Moenkopi Formation. Asterisks represent individual cinder cones.



General Geology

The White  Mountain and
Springerville area is on the southern
margin of the Colorado Plateau, a
130,000-square-mile (336,700-square-km)
geologic province of vast plains, high mesas
and buttes, deep canyons, volcanic fields
and isolated mountain clusters (Figure B).
The White Mountain and Springerville
volcanic fields and the surrounding sedi-
mentary rock-capped plateau dominate the
landscape of this area. The sedimentary lay-
ers beneath these volcanic fields are gently
tilted to the northeast from the Mogollon
Rim to the Little Colorado River Valley,
near Holbrook and Winslow. Northwest of
the White Mountains, the Plateau surface
gradually decreases in elevation and is
called the “Mogollon Slope”.

The oldest known rocks underlying
this part of the Plateau are 1.7 to 1.8 bil-
lion-year-old (Precambrian) granite and
schist (Figure C). These rocks, which
make up much of the original crust of
southwestern North America, were
beveled by erosion and offset by late
Precambrian-age (about 1.1 billion years
ago) faults that moved again during later
geologic periods.

During the early and middle Paleozoic
era (544 to 290 million years ago), this area
was high-standing terrain. Any thin sedi-
mentary layers that may have been deposit-
ed were eroded before 290 million years
ago. Horizontal layers of sandstone, shale,
and siltstone of the Permian age (290 to
248 million years ago)—the Supai Group,
the Glorietta Sandstone, and the San
Andres Limestone— were deposited on the

ancient Precambrian rocks. Although these
Permian rocks are not exposed in the guide-
book area, they have been encountered in
deep wells.

The oldest rocks exposed in the guide-
book area are the reddish-brown siltstones,
shales, and sandstones of the early Triassic
(248 to 242 million years ago) Moenkopi
Formation and the multicolored mudstones
and tan sandstones of the late Triassic (227
to 206 million years ago) Chinle
Formation. These formations are best seen
in the area around and north of Lyman
Lake State Park. The Moenkopi and
Chinle Formations in this area were
deposited by northerly flowing streams.
These rivers drained an area known as the
Mogollon Highlands of southern Arizona
and New Mexico and northern Mexico.

During the late Triassic (227 to 206
million years ago) volcanoes were active in
the Mogollon Highlands. Volcanic-derived
mud, sand, and gravel were transported
northward along the ancient Mogollon
slope and deposited as the Chinle
Formation. The “frothy” weathered mud-
stones of the Chinle Formation are com-
posed of highly expandable clays derived
from these ancient volcanoes. Jurassic-age
(206 to 144 million years ago) rocks are not
present in the area. However, thin mud-
stones of late Cretaceous age (99 to 65 mil-
lion years ago) were deposited on the
Chinle Formation in some areas. These
Cretaceous mudstones resemble the late
Triassic Chinle mudstones and can be dis-
tinguished from them only by careful study
of the fossils that they contain.
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In the southern part of the area, the
Triassic and Cretaceous rocks are overlain
by sandstones, shales, and conglomerates of
the “Rim Gravel” and of the Eagar
Formation of Eocene age (54.8 to 33.7 mil-
lion years ago). The Eagar Formation is
overlain by the Oligocene age (33.7 to 23.8
million years ago) Spears Group and the
Bearwallow Mountain Andesite. These
Oligocene rocks record an extended period
of volcanism and deposition of volcanic-
derived sediments in terrestrial (land) envi-
ronments. The regional climate was very
dry during the Oligocene, as indicated by
thick eolian (wind-deposited) sandstone
within the Spears Group. Rocks of early
and middle Miocene age (23.8 to 11 mil-
lion years ago) were either not deposited
here or were removed by erosion.

During the period 9 to 2 million years
ago, new eruptions covered much of east-
central Arizona with the cinder cones and
latite, basalt, and andesite lava flows of the
White Mountain Volcanic Field. This vol-
canic material filled deep valleys that had
been cut into the older Eocene to

1.2

Oligocene age volcanic and sedimentary
rocks and constructed the massive Mount
Baldy volcano. Mudflows and stream
deposits from the rising volcano blanketed
much of the surrounding landscape.

The last episode of eruptions, during
the period 3 million to 300,000 years ago,
formed the cinder cones, basaltic lava flows,
and other landforms of today’s
Springerville Field. These
younger volcanic rocks cover parts of the
older White Mountain Volcanic Field.

Finally, the high valleys cut into the
slopes of Mount Baldy were scoured by
glacial ice several times during the last
212,000 years. Today, running water is
cutting into and wearing down this south-
ern flank of the Colorado Plateau.
Escudilla Mountain is an erosional rem-
nant of once-thick layers of Eocene-
Oligocene age sedimentary and volcanic
rocks; Mount Baldy is the only high
standing feature of the White Mountain
Volcanic Field. Both mountains tower
over the cinder cones and basalt flows of
the extensive Springerville Volcanic Field.

Volcanic
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Feature |
Slump block

Location: Casa Malpais Archaeological Park Ruins Trail. To see this feature you must
sign up for a guided tour at the Casa Malpais Visitor Center and Museum, 318 Main
Street, Springerville, Arizona. A fee is charged for the guided tour.

Figure 1.1. A slump block (B) with Indian ruins. Photo by Arthur S. Trevena.

he plateau here is capped by resistant

basalt (Figure 1.1, A) that is under-

lain by softer clay. When saturated,

the clay loses its supportive strength and

great blocks of basalt (B) break free from

the plateau and slide downslope in a back-
ward rotating movement.

This process of slumping is one of the

principal mechanisms of cliff retreat and

valley-widening in the Southwest.
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Slumping, together with rock falls from
undercut cliffs (see Feature 3), are active
processes that reduce plateaus to mesas,
and mesas to buttes on the Colorado
Plateau. Many of the basalt blocks along
this plateau margin may have slid to their
present positions during wetter climatic
conditions of the last 212,000 to 11,000
years, when rates of weathering and ero-
sion were more rapid.



Feature 2

Rock varnish

Location: Casa Malpais Archealogical Park Ruin Trail. To see this feature you must
sign up for a guided tour at the Casa Malpais Visitor Center and Museum, 318 Main
Street, Springerville, Arizona. A fee is charged for the guided tour.

Figure 2.1. Rock-varnished basalt. The petroglyph may be more than 500 years old.

he black-colored substance on the

surface of the basalt (Figure 2.1) is

rock wvarnish. This mineral patina
masks the true color of the basalt, which is
dark gray. Rock varnish develops best on
rocks that have moderately rough surfaces.
Basalt, sandstone, and many metamorphic
rocks are commonly well varnished, where-
as siltstone and shale disintegrate too rapid-
ly to retain such a coating.

Rock varnish consists of thin layers
(typically less than one hundredth of an
inch [0.25 mm] thick; Figure 2.2) of clay
minerals stained by high concentrations
of iron and manganese oxides. The clay
minerals settle as dust from the atmo-

sphere. Manganese, also derived from
windborne dust and rain, produces a black
to dark-brown coloration on surfaces
exposed to air

Micro-colonies of lichens and bacteria
inhabit the varnish and oxidize the man-
ganese. They anchor themselves to rock sur-
faces with the clay particles, which provide
protection against extremes in temperature
and humidity. In the process, the manganese
becomes attached firmly to the clay and
darkens it. Each time the rock surface is wet-
ted by rain, more manganese and clay are
added to sustain the slowly growing colony.
Such colonies thrive where the rock acidity is
neutral and the surface is so nutrient poor
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that competing colonies of lichens and moss-
es cannot survive.

Scientists are unable to use rock var-
nish as an exact dating tool, even though
older surfaces tend to be more heavily var-
nished and darker than younger surfaces.
The rate at which rock varnish forms is not
constant because it is affected by many vari-
ables, such as climatic change, wind abra-
sion, biological competition, and abun-
dance of manganese. Some researchers
believe that the clay and manganese con-
tent of rock varnish reflects past climatic
conditions. Because some varnished sur-
faces may be one million years old, they
could reveal information about climatic

change that took place repeatedly during
the Ice Age and in the past 10,000 years.

Well-varnished surfaces have a dull lus-
ter that causes entire hillsides to glisten in
intense desert sunlight. This mineral coating
gives the landscape its warm tones of brown
and ebony, commonly masking colorful
bedrock below. All of the Earth’s deserts
have varnished rocks, but in the Southwest
these surfaces provoke even greater interest
because of their archaeological importance.
At innumerable locations prehistoric Indians
pecked petroglyphs (rock drawings) through
the mineral skin to the fresh rock below.
Today these symbols are being re-varnished
as the process continues.

&

Figure 2.2. Transmitted light microscope photograph of layers of clay, manganese, and iron that
form rock varnish (courtesy of Dr. Ron Dorn, Arizona State University).

16



Feature 3

Curved joints

Location: Casa Malpais Archeological Park Ruin Trail. To see this feature you must
sign up for a guided tour at the Casa Malpais Visitor Center and Museum, 318 Main
Street, Springerville, Arizona. A fee is charged for the guided tour.

Sl

TN LY i < 4

Figure 3.1. Curved joints in a basalt cliff face, Casa Malpais Archeological Park.

he long, curving vertical cracks

(Figure 3.1) in the basalt rock that

forms this cliff face are joints.
These joints are produced by the contrac-
tion that accompanied the cooling of the
basalt. The joints are exposed as erosion
slowly washes away the soft clays that
underlie the basalt. As rain and meltwater
remove more of the supporting clay, the
cracks in the overhanging cliff increase in

size. Eventually the cracks widen into
gaping crevasses, and blocks of the basalt
rimrock break off and topple to the slopes
below.

The undermining and failure of joint-
bound blocks of rock along cliff faces is a
slow and episodic process that, together
with slumping (see Feature 1), reduces
plateaus to mesas, and mesas to buttes on
the Colorado Plateau.

17



Feature 4

Shield volcano: Coyote Hills

Location: This feature can be viewed from the end of the ruin trail at Casa Malpais
Archaeological Park. See Feature 3 for directions to the park. To reach the crest of the
Coyote Hills, drive Highway 60 east from Springerville to N. Gutierrez Drive (old High-
way 60). Turn north and follow this road for 3.9 mi (6.3 km) to an east-west dirt road along
a power line. Turn west (left) and continue for 0.3 mi (about .5 km) to a dirt road. Turn south
(left) and drive 0.9 mi (about 1.5 km); park and hike to the top of the shield volcano.

Figure 4.1. The Coyote Hills shield volcano.

he low profile of the Coyote Hills

(Figure 4.1), a shield volcano, con-

trasts markedly with those of the
numerous steep-sided cinder cones of the
Springerville Volcanic Field. This vol-
cano was built between 2.9 million and
820,000 years ago by a series of fluid lava
flows.

Radiating from a central vent, these
thin flows ran for miles over the land-
scape. In time, successive flows formed a
low, symmetrical mountain. The circular
summit of cinders and ash, now breached

18

by running water (Figure 4.2), was built
by a final, explosive episode of eruptions
The non-explosive eruptions of
shield volcanoes tend to produce numer-
ous, relatively low-volume flows that are
too fluid to build volcanoes with slopes
steeper than 5 to 7 degrees. Explosive,
gas-rich eruptions produce fewer flows
but high volumes of cinders, ash, and vol-
canic bombs that can support cinder cone
slopes approaching 36 degrees. Cinder
cones are far more numerous than shield
volcanoes in Earth’s volcanic fields.



Figure 4.2. Satellite image of the Coyote Hills shield volcano.
The town of Springerville (S) is at the southwest corner.
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Feature 5

Calcite (calcium carbonate) deposit on basalt

Locations: Drive on Highway 180 north from Springerville to the road cuts at mile 389.

Figure 5.1. Calcite (calcium carbonate) deposit on basalt.

oad cuts at this location provide an
opportunity to examine deposits of

the mineral caleite (calcium carbon-

ate) on basalt. The calcite coats fractures
and fills vesicles (small cavities) in the
basalt (Figure 5.1). It is likely that the cal-
cite at this location formed in a soil several
thousand to tens of thousands of years ago.
Calcite of this type is common in the
lower parts of soils in semi-arid regions,
where annual rainfall varies between 14
and 25 in (35 to 64 cm) per year. This soil
carbonate is commonly referred to as
caliche in the southwestern U.S. In this
area, calcium is naturally present in the
upper parts of soils within calcium
feldspar minerals and possibly also as
wind-deposited calcite silt. Calcite silt can
be dissolved by rain water, and calcium

20

feldspars weather readily, also supplying
calcium to soil moisture.

The dissolved calcium moves downward
through the upper levels of the soil (called
the “A” and “B” horizons) to where chemical
conditions allow calcium to react with bicar-
bonate (which is also dissolved in rain water)
and to precipitate calcium carbonate. This
zone of carbonate accumulation (termed the
“K-horizon” or “petro-calcic horizon”) is typ-
ically 2 to 10 ft (0.6 to 3 m) below the surface
(Figure 5.2). At some past time, the fractured
basalt in this road cut was probably directly
under such a zone of calcium carbonate accu-
mulation, and calcite was also deposited
within open spaces (fractures and vesicles) in
the basalt (Figure 5.2). Later, the soil was
removed by erosion, leaving the basalt with
its calcite-filled fractures and vesicles.



SOIL UNIT PROCESSES

Ca-feldspar weathering
calcite silt dissolution
A-horizon downward transport of
clays and dissolved
calcium bicarbonate

accumulation of

B-horizon clays (from
A-horizon weathering)

"K"-horizon .
or precipitation of
"Petrocalcic" calcite (CaCOs)
horizon
fractured widening of
basalt fractures in basalt
with calcite precipitation

fracture filling of calcite

Figure 5.2. Diagram showing calcium carbonate formation in soil profile
of a semi-arid region.



Feature 6

Pressure ridges and squeeze-ups

Location: Drive north from Springerville on Highway 180 to mile 388.5. Turn west
(left) on the dirt road and drive for 0.6 mi (about 1.0 km) to a cattle guard. Park and walk
south for about 300 yd (approximately 300 m) to the top of the basalt flow

Figure 6.1. Weathered and eroded pressure ridges and squeeze-ups on a basalt flow.

his rock is the remnant of a 750,000~

year-old lava flow. The surface is bro-

ken by low, narrow ridges (Figure 6.1)
that are pressure ridges and squeeze-ups. They
formed by different but related processes as
the lava flowed across the landscape.

As the surface of the lava flow cooled it
crusted over very rapidly. This crust cracked
into plates by the frictional drag of the
moving lava below. As the margins of these
moving plates collided, they tilted and
buckled into pressure ridges. In places,
wedges of partially cooled, plastic lava

22

extruded through cracks in the flow’s crust
and solidified to form squeeze-ups. The
semi-plastic but still molten squeeze-ups
became striated and grooved as the lava
squeezed through the cracks. Squeeze-ups
are most common where lava flows have
been slowed or partially dammed, forcing
pressurized lava to break through cracks in
the surface crust.

Weathering and erosion have greatly
reduced the original sharpness of these fea-
tures. Some are so modified that it is not
possible to determine their origin.



Feature 7

Double cinder cone and lava flows, Twin Knolls

Location: Drive north from Springerville on Highway 180 to mile 388.5. Turn west
(left) on the dirt road at this location and drive for 0.6 mi (about 1.0 km) to a cattle guard.
Park and walk south for about 300 yds (about 300 m) to the top of the basalt flow.

5% @i

Figure 7.1. Twin Knolls double cinder cone.

win Knolls is an unusual double
cinder cone (Figure 7.1) that is
associated with the two youngest
lava flows in the Springerville Volcanic
Field. The two cones partly overlap, and
the southern cone appears to be the
younger. The northernmost of the two
cinder cones has grass-covered slopes,
and is moderately eroded. The original

profile of the south-
ern cinder cone is well
preserved, however,
implying  relatively
recent origin.
Radiometric dat-
ing of the lava flows
that emanate from
the bases of the two
cinder cones indicates
a substantial age dif-
ference. The lava flow
that erupted from the
base of the northern

cone followed
drainages to the
north for 7 miles

about (11 km) and is
about 750,000 years
old. In a few places
this lava flow is over-
lain by stream gravels
that may have been
deposited during the wetter climates of
the Pleistocene glacial periods. The
northern basaltic lava flow has the rough
surface texture known as aa. The lava
flow that erupted from the base of the
southern cone is about 308,000 years old
and is the youngest dated flow in the
Springerville Volcanic Field.
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Feature 8
Springs

Location: Drive on Highway 180 north of Springerville to mile 386.4 and turn east
(right) on the Springerville Generating Station Road. Follow this road for 0.8 mi (about
1.4 km). The springs are located along bluffs on the west side of the Little Colorado

River Valley.

Figure 8.1. Zone of springs along the western margin of the Little Colorado River Valley
north of Springerville.

he luxuriant growth of cottonwoods

and other trees in Figure 8.1 exists

because of springs that emerge from
the bluff. The springs are here because of
the unique local geology.

Water from rain and snowmelt infil-
trates through the surface volcanic rocks
(Figure 8.2) and the underlying
Pleistocene gravels. This groundwater
then encounters the impermeable mud-
stones of the Chinle Formation, which act
as a barrier, or aquiclude, to further down-
ward infiltration. The groundwater is
forced to flow through the gravels above
these inclined mudstones towards the
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Little Colorado River Valley, where the
Chinle Formation and overlying gravels
are exposed as bluffs. Note that the
groundwater is directed to the spring area
by the regional slope of the permeable
gravels and the underlying aquiclude.
Springs occur where geologic condi-
tions force groundwater to the surface. In
some cases, such as this locality, downcut-
ting by a river has exposed water-bearing
gravels along the side of a valley. In other
places, movement along faults has produced
an impermeable zone of pulverized rock
powder, called gouge, that forces subsurface
water to the surface in springs and seeps.
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Figure 8.2. Diagram illustrating the regional flow of groundwater to the springs in Figure 8.1.




Feature 9

Underfit stream

Location: Drive on Highway 180 north from Springerville to mile 386.4 and turn east
(right) on the Springerville Generating Station Road. Follow this road for 1 mi (about 1.6
km) to the bridge over the Little Colorado River.

Figure 9.1. The Little Colorado River Valley, north of Springerville. Photo by Arthur S. Trevena.

he Little Colorado River at this local-
ity is a very small stream in contrast
to the broad valley through which it
flows (Figure 9.1). Consequently, it is con-
sidered to be an underfit stream. During the
wetter and colder periods of the Ice Age
(Pleistocene Epoch, 1.8 million to 11,000
years ago), much more snow and rain fell in
the drainage area of this river than falls
today. Consequently, river flow rates were
much greater than those of today.
At least three times during the late
Pleistocene (212,000 to 11,000 years ago),
the Little Colorado River Valley was
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eroded by large volumes of meltwater
from glaciers in the Mount Baldy area of
the White Mountains (see Feature 20).
After about 11,000 years ago, however, as
the climate of this region became drier
and warmer, the glaciers in the White
Mountains melted, and there was a gener-
al decrease in regional rainfall and snow-
fall. These changes resulted in dramatic
decreases in water flows in the Little
Colorado River. Today, this relatively
small stream flows in a broad valley that is
a relic of the colder and wetter climates of
the Pleistocene.



Feature 10

Unconformity

Location: Drive north on Highway 180 from Springerville to mile 386.4 and turn east
(right) on the Springerville Generating Station Road. Follow this road for 1.2 mi (about
1.9 km). Hike to the top of the road cut on the north (left) side of the road.

Figure 10.1. Unconformity separating Ice Age stream deposits (sd)
from the Triassic Chinle Formation (cf).

he nearly horizontal surface in

Figure 10.1 (dashed line) separates

deposits of sand, gravel, and cobbles
above from the white and gray-colored
mudstone below. This surface marks a
time gap in the geologic record, an uncon-
Jormity. The mudstone below this surface
is part of the Chinle Formation (late
Triassic age, deposited 227 to 206 million
years ago). The river sediments above the
surface were deposited during the last Ice
Age (Pleistocene, about 1.8 million to
11,000 years ago). More than 200 million

years of geologic history are not represent-
ed by rock at this locality.

An unconformity indicates that either:
a) sediment was never deposited in this area
during the missing interval, or b) that sedi-
ment was deposited but was later removed
by erosion. The latter possibility is more
likely, because the missing time interval is
so great. Unconformities of this type imply
uplift and erosion of the land. Regional
studies indicate that more than 1,000 ft
(305 m) of rock were stripped off at this
unconformity.
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Feature 11

Stream terraces

Location: Drive on Highway 180 north from Springerville to mile 386.4 and turn east
(right) on the Springerville Generating Station Road. Follow this road across the Little
Colorado River for 1.4 mi (2.25 km). Park and hike to the top of the road cut on the south
side of the road for the best view of the stream terraces.

Figure 11.1. Stream terrace (A) along the Little Colorado River, north of Springerville.

he flat, step-like surfaces at point A

in Figure 11.1 are stream terraces.

Terraces are underlain by silt, sand,
pebbles, and cobbles that were deposited by
running water. Tumbling in a stream during
flash floods rounded the pebble- and cob-
ble-sized rock fragments.

Stream sediment was once much
thicker in this area. Over the last several
hundred thousand years, however, the
Little Colorado River began to erode its
valley into the underlying volcanic and sed-
imentary rocks (Figure 11.2, A). Lateral
erosion and deposition by the river built a
floodplain on the floor of the valley. Later,
the river cut its channel downward into the
floodplain (B), leaving remnants of the for-
mer valley floor as high-standing stream
terraces. Repeated episodes of sediment
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deposition and downcutting have produced
a series of terraces (C) along the Little
Colorado River that are visible from this
vantage point.

Stream terraces stand above the flash
flood zones of valleys and have long been
preferred locations for human settlement,
agricultural fields, roads, and railroads. For
example, Sherwood Ranch Ruin (Raven
Ruin), an Indian village occupied from
1270-1400 A.D. (Figure 11.3), was built on
one of these terraces.

The downcutting and channel backfill-
ing were probably triggered by alternating
dry and wet climatic conditions. These
conditions caused variations in the quantity
of water and rock debris that moved down
the Little Colorado River during the last
several hundred thousand years.



— floodplain

n Volcanic and i .
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Figure 11.2. Block diagrams illustrating the formation of stream terraces. A) The Little Colorado River
cut a valley and floodplain into older volcanic and sedimentary rocks. B) The Little Colorado River cut
its bed into the sediment previously deposited along its floodplain. C) Repeated cycles of cutting and
filling by the Little Colorado River produced step-like terraces along the margins of the valley.

Figure 11.3. Sherwood Ranch Ruin (Raven Ruin) on a stream terrace
of the Little Colorado River. Photo by John V. Bezy.
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Feature 12

Moenkopi Formation

Location: Drive north on Highway 180 from Springerville to mile 380.3 and turn east
on the Lyman Lake State Park entrance road (Highway 81). Follow this road for 1.3 mi
(about 2 km) to the ranger station. The Moenkopi Formation is exposed at road level near
the ranger station.

i i " )
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Figure. 12.1. Siltstones, shale, and sandstones of the Moenkopi Formation, Lyman Lake State Park.

he reddish brown siltstone, shale, were oxidized by water (a process similar to
and sandstone that outcrop at road rusting) and transformed into the mineral
level just west of the ranger station hematite, which gives the Moenkopi its
at Lyman Lake State Park are part of the reddish brown hue.
Moenkopi Formation (Figure 12.1). Most of the sandstones in the
The siltstones and shales are easily Moenkopi Formation at Lyman Lake State
eroded and form slopes, whereas the sand-  Park originated as sand bars in ancient
stones, which are cemented, form erosion-  streams that flowed northwesterly toward a
resistant cliffs and ledges. The Moenkopi shallow sea, which existed in what is now
Formation in this part of east-central southwestern Utah and Nevada during the
Arizona originated as sand, silt, and mud early Triassic. After the Moenkopi
that were deposited on a low-lying coastal ~Formation was buried by more than a thou-
plain during the early part of the Triassic sand feet of younger sediment (later
period, about 248 to 242 million years ago.  removed by erosion), the sand, silt, and mud
Small amounts of iron-bearing minerals were compacted and cemented to form
deposited with the Moenkopi sediments sandstone, siltstone, and shale.
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Feature 13

Chinle Formation

Location: Drive north on Highway 180 from Springerville to mile 380.3 and turn east
(left) on the entrance road for Lyman Lake State Park (Highway 81). The Chinle
Formation is exposed at the Park entrance and along the middle to upper slopes of hills

throughout the Park.

Figure 13.1. Multi-colored mudstones and sandstones of the
Chinle Formation at the entrance of Lyman Lake State Park.

he gray, red, and purple “frothy”-
weathered mudstones and tan sand-
stones at the entrance to Lyman
Lake State Park belong to the Chinle
Formation (Figure 13.1). The Chinle
Formation directly overlies the reddish silt-
stones, sandstones, and shales of the
Moenkopi Formation (see Feature 12).
During the late Triassic period (227 to
206 million years ago), streams flowed
through this area from the Mogollon high-
lands in what is now northern Mexico and
southern New Mexico and Arizona. These
streams carried mud (consisting mostly of

clay minerals and volcanic
ash) and sand (mostly
quartz and feldspar). Sands
were deposited on river bars
and the muds were deposit-
ed on river floodplains when
rivers  overtopped  their
banks. Climate in this area
during the late Triassic was
semiarid with pronounced
wet and dry seasons. This
resulted in highly variable
ground water levels and
equally variable intensities
of oxidation. The red mud-
stones were once muds that
were highly oxidized; the
purple and gray mudstones
were formed from muds
that were poorly oxidized.
As Chinle muds and sands
were compacted into mud-
stones and sandstones, volcanic ash within
the muds was altered to expandable clay
minerals of the smectite group (which
includes the mineral montmorillonite).
These smectitic clays expand when wetted
and contract when dried. This repeated
wetting and drying produces the “frothy”
weathering that is characteristic of mud-
stones in the Chinle Formation.

The Chinle Formation is exposed wide-
ly through northeastern Arizona. It forms
the spectacularly colored Painted Desert,
and contains the beautiful fossil wood with-
in Petrified Forest National Park.
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Feature 14

Travertine mounds: Lyman Lake State Park

Location: Drive north on Highway 180 from Springerville to mile 380.3 and turn east
(left) on the entrance road for Lyman Lake State Park (Highway 81). Hike to the top of

the travertine mound in Figure 14.1.

Figure 14.1. Aerial photo of a travertine mound near the
entrance to Lyman Lake State Park. Photo courtesy of AMEC

Infrastructure, Inc.

he light tan, cone-shaped land-
forms in Figures 14.1, 14.2 and
14.3 are travertine mounds.
Travertine is a form of calcite (calcium
carbonate) deposited by warm (thermal)
springs. Travertine deposits occur as
benches, caprocks on buttes and mesas,
and as mounds over an area of about 100
sq mi (259 sq. km) along the Little
Colorado River Valley between St. Johns
and Lyman Lake State Park.
The calcium carbonate that forms
these landforms is from groundwater.
Rainwater and snowmelt are mildly acidic
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due to absorption of carbon

dioxide (CO,) from the

atmosphere. This water
infiltrates  through  the
White Mountain  and

Springerville volcanic fields
and underlying sandstone
and limestone and dissolves
calcium carbonate from
these rocks. This water
eventually accumulates in a
permeable layer called an
aquifer. The carbonate-rich
groundwater drains down
slope until it encounters
impermeable fault zones
east of the Little Colorado
River. Being under pressure,
the groundwater is forced to
rise to the surface along nat-
ural cracks in the bedrock,
and it emerges as springs.
As spring water trickles
onto the ground, dissolved
minerals precipitate due to evaporation
and lower pressure. In time, these precipi-
tated minerals build sheets and mounds of
travertine. The mounds form where
groundwater emerges from a single open-
ing. The water flows in all directions from
the spring, leaving a growing circle of cal-
cite residue that eventually forms a sym-
metrical cone. Some travertine mounds
have a central, circular opening and resem-
ble small volcanoes.

Most travertine landforms along this
part of the Little Colorado Valley appear to
be relict features, deposited over 20,000 years




Figure 14.2. Travertine mound with a summit opening.

ago during wetter climatic conditions of past
glacial periods. In some cases, activity has
continued intermittently to the present, but
few thermal springs flow today in this area.
Fossil pollen from the period 21,000 to
10,400 years ago, found in the summit
openings of some travertine mounds, indi-

cated that this part of Arizona at that time
was a cool, sagebrush shrub land with scat-
tered pinyon, juniper, and limber pine trees.
Bones of pygmy rabbit, sagebrush vole, and
the northern pocket gopher were also found
in the openings, but these species do not
inhabit the area today.

SERTES
Figure 14.3. Travertine mound dissected by the Little Colorado River, Lyman Lake State Park.
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Feature I5

Escudilla Mountain

Location: Drive on Highway 180 southeast from Springerville past Nutrioso to mile
421.1 and turn east on Forest Service Road 56. Follow this road to the Escudilla Mountain
trailhead. Park and hike to the lookout at the top of the mountain.

Figure 15.1. Escudilla Mountain.

ear the Arizona-New Mexico

stateline, 10,912 ft-high (3326 m-

high) Escudilla Mountain (Figure
15.1) is a prominent landmark that can
been seen for more than 100 miles in clear
weather. The mountain is an erosional rem-
nant of Eocene- to Oligocene-age (34 to
24 million years ago) volcanic and sedi-
mentary rocks that were once widespread in
this area. The top and upper slopes of
Escudilla Mountain are composed of the
Bearwallow Andesite, formed from 26 to
24 million years ago, which is the erosion-
resistant cap rock. The middle and lower
slopes are composed of sandstones of the
Spears Group (including the wind-deposit-
ed sands described in Feature 16) and the
34-million-year-old “andesite of Dry
Leggett Canyon.” The andesites originated
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as lava flows that probably were extruded
from vents associated with the Mogollon-
Datil volcanic complex in west-central
New Mexico. The volcanic rocks of the
Mogollon-Datil field are considerably older
than the 9,000,000-to 300,000-year-old
volcanic rocks of the White Mountain and
Springerville Volcanic Fields. The wind-
deposited sandstones, which are best
exposed on the southern slopes of Escudilla
Mountain, formed during a period of arid
climate when sand dunes accumulated
under strong prevailing winds.

Escudilla Mountain was the setting for
Aldo Leopold’s famous essay “Thinking
Like a Mountain,” in which he document-
ed the killing of the last native érizzly bear
in Arizona during the early 20t century.



Feature 16

Eolian sandstone

Location: Drive on Highway 180 southeast from Springerville to mile 423.4 to Forest
Service Road 249 (the Williams Valley Road), about 2 mi (about 3.2 km) north of Alpine.
Follow this gravel road for 1.7 mi (about 2.6 km). The sandstone is exposed in a cut on the

north (right) side of the road.

Photo by Arthur S. Trevena.

he tan-colored sandstone in this

road cut (Figure 16.1) is part of the

Spears Group, one of the sedimen-
tary units that underlie the Springerville
and White Mountain Volcanic Fields. The
sand in this sandstone was deposited as
desert dunes during the Oligocene Epoch
(34 to 26 million-year-old), when this area
was much dryer than it is today. The steep,
inclined layers in the sandstone are called
cross beds; these were deposited as loose
sand avalanched down the steep, down-
wind slopes of migrating sand dunes
(Figure 16.2). The thickness of a single
“package” of cross-beds (a cross-bed “set”)
gives the minimum height of a sand dune.
Actual dune height, however, was probably

Figure 16.1. Eolian sandstone of the Spears Group.

two to three times as great
as cross-bed-set-thickness,
because the upper parts of
most dunes are not pre-
served. Some Oligocene-
age sand dunes in this area
were likely more than 40 ft
(12 m) high. After this
sand was deposited and
buried by younger rocks, it

was  compacted  and
cemented weakly into
sandstone. Later, erosion

and the activity of road
builders exposed the sand-
stone that we see today.
Geologists use several
clues to distinguish wind-
deposited sandstones from
those deposited by running water. These
clues include: 1) very large cross-bed sets
(often exceeding 10 ft [more than 3 m] in
thickness), 2) thin, inclined layering (lami-
nation) that forms from the migration of
wind ripples, and 3) tracks and trails of
insects and scorpions. This road cut dis-
plays excellent examples of large-scale
cross-bed sets (Figure 16.1) and wind-rip-
ple lamination (Figures 16.3). Eolian sand-
stones are important because they offer us
evidence of past climate, and they can serve
as highly productive water sources
(aquifers) and oil and gas reservoirs.

Note: The west end of this exposure is ter-
minated by a fault and possible drag folding.
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Figure 16.2. Cut-away diagram of a desert dune: avalanched sand (A), thick avalanche layering
(grain flow lamination, GFL), thin layering (wind ripple lamination, WRL).

Figure 16.3. Eolian sandstone with thin eolian layering
(wind ripple lamination) in the lower part of the photo.
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Feature 17

Nivation hollows

Location: Drive on Forest Road 285 (Water Canyon Road south from Eagar for 11.5
miles (18.5 km) to its junction with Forest Service Road 90. The nivation hollow is locat-
ed about 50 yards (approximately 50 m) northwest of this junction. Other nivation hol-
lows are located about 100 yards (approximately 100 m) east of the junction

Figure 17.1. Nivation hollow.

he shallow basin in Figure 17.1 is a

nivation hollow. A nivation hollow

begins to form where snow lingers
in depressions on hillsides, such as the
head of the small stream at this locality.
During the day meltwater penetrates frac-
tures in the bedrock beneath these snow
patches. At night the water freezes,
expands and enlarges the fractures.
Chemical decay of the rock by the slightly
acidic water, the removal of rock debris by
trickles of meltwater, and the downslope

flow of saturated soil act in
concert to enlarge these
depressions, which are
capable of holding increas-
ing accumulations of snow
in subsequent winters.

The above processes
attack the original depres-
sions most effectively near
their upslope margins. As a
result, the head and side-
walls become steeper and
the floors become wider
and flatter. Over time the
depressions develop into
semicircular hollows (Figure 17.2).

Nivation hollows are common fea-
tures of high mountain landscapes. They
are geologically significant because they
can enlarge to form cirques, the birth-
places of mountain glaciers. It is in these
high altitude basins that years of accumu-
lated snow compacts to form granular ice
and then glacial ice. Eventually the ice
becomes thick enough to flow from the
cirques and down pre-existing stream val-

leys (see Feature 20).

Figure 17.2. Diagram illustrating the formation of nivation hollows (after Flint, 1971).
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Feature 18
White Mountain Volcanic Field

Location: The remnants of this extensive volcanic field can best be viewed from the
summit of Mount Baldy. Drive west on Highway 260 from Eagar to mile 381.7, turn south
on Forest Service Road 112 (Highway 273) and Forest Service Road 113 and drive for 8.5
mi (about 13.7 km) to the trailhead for Mount Baldy. Hike this trail (Forest Service Trail
94) along the West Fork of the Little Colorado River to the top of Mount Baldy to see

this feature.

he eruptions that formed the 9- to 2-

million-year-old White Mountain

Volcanic Field (Figure 18.1 and
Figure C) followed earlier periods of vol-
canic activity that dominated eastern
Arizona and western New Mexico during
Eocene-Oligocene time (34 to 24 million
years ago). Eocene-Oligocene volcanic rocks
and volcanic-derived sediments, together
with still older sedimentary rocks (sand-
stones, shales, conglomerates, and lime-

38

stones), underlie the White Mountain vol-
canic rocks.

The outpourings of molten rock and
ash from the White Mountain eruptions
filled deep valleys and constructed the
imposing Mount Baldy stratovolcano
(Feature 19). Cinder cones and lava flows
that cooled to form latite, andesite, and
basalt covered most of the older Eocene-
Oligocene rocks in this part of Arizona.
Mudflows and sediment worn from the



Figure. 18.1. Satellite image of the White Mountain Volcanic Field.
Mt Baldy (A); Escudilla Mountain (B)

slopes of the Mount Baldy volcano by
streams, and to a lesser extent by glaciers,
were transported over the surrounding land
for a distance of 25 mi (40 km). These vol-
canic and sedimentary deposits directly
underlie much of the high lake and mead-
ow country of the White Mountains.

Most of the volcanic landforms of the
White Mountain field have been either
worn away by weathering and erosion or

covered by the Springerville Volcanic Field
(Feature 23), which formed 3 million to
300,000 years ago. Poorly consolidated
landforms, such as cinder cones and ash
deposits, are short-lived in terms of geolog-
ic time, and quickly erode from the land-
scape. Only Mount Baldy, the highest rem-
nant of this once-great pile of volcanic
material, and a few related lava flows retain
some of their original form.
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Feature 19

Eroded stratovolcano: Mount Baldy

Location: Drive west on Highway 260 from Eagar to mile 381.7, turn south (left) on
Forest Service Road 112 (Highway 273) and Forest Service Road 113 drive for 8.5 mi (about
13.7 km) to the trailhead for Mount Baldy. Hike this trail (Forest Service Trail 94) along the
West Fork of the Little Colorado River to the top of Mount Baldy to see this feature.

ount Baldy (Figure 19.1) is a highly
M eroded stratovolcano. It is the geo-
logical centerpiece of the Mount
Baldy Volcanic Field, and at 11,400 ft (3475
m), is Arizona’s second highest mountain.
Unlike most of the cone-shaped volca-
noes of the area, Mount Baldy is built main-
ly of numerous, long lava flows. These lavas
cooled to form rocks called latite, basalt and
andesite. Some of the basalt flows spread out
in long sheets that extended for as many as
17 mi (about 27 km) from vents near the
summit of the erupting volcano. Successive
erosion-resistant flows, 36 to 120 ft (11 to 37
m) thick, gave form to the stratovolcano.
Although its slopes may have been only 15-
20 degrees, the strength of the flows enabled

the gentle cone to attain an elevation of

13,000 ft (3962 m) (Figure 19.2).

The building of the volcano began
about 9 million years ago with outpouring
of lava that covered valleys that were more
than 1,900 ft (about 600 m) deep. These
eruptions, like those that formed the cinder
cones of the area, contained compressed
gases, and were explosive. Periodic mud-
flows carried loose material from the slopes
to the base of the volcano. Streams and
glaciers (Feature 20) have cut deep valleys
into the sides of the volcano since eruptions
ended about 2 million years ago.

Mount Baldy is one of the few strato-
volcanos in the Southwest. This type of
volcano is most commonly associated with
the very explosive eruptions that occur
around the rim of the Pacific Ocean in the
Andes, Cascades, and other magnificent
mountain ranges.
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Figure 19.1. Mount Baldy (U.S. Forest Service photograph).
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Figure 19.2. Line drawing comparing the present profile of Mount Baldy with that of the strato-
volcano prior to erosion (After Merrill and Péwé, 1977).
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Feature 20

Glacial features: cirques, morraines, and U-shaped valleys

Location: Follow Highway 260 west from Eagar to mile 381.7, turn south (left) on
Forest Service Road 112 (Highway 273) and Forest Service Road 113 and drive for 8.5 mi
(about 13.7 km) to the trail head for Mount Baldy. Hike this trail for about 3 mi (about
4.8 km) to a glacial moraine in the bottom of the valley.

P
"West Fork Little
Colorado

countour interval 500"~

The high, amphithe-
ater-shaped headwaters of
Paradise and Ord Creeks
and the East and West
Forks of the Little
Colorado River are cirques
(Figure 20.1). Cirques were
the birthplaces of mountain
glaciers during the cooler,
wetter periods of the Ice
Age (1.8 million to 11,000
years ago), when the eleva-
tion of permanent snow in
the White Mountains was
as low as 10,300 ft (3140
m). These cirques originat-
ed as the high altitude
headwaters of streams
where deep snow accumu-
lated. Over centuries, the
sheer weight of these accu-
mulations of snow caused
the snow to be compacted

Figure 20.1. Maximum extent of glaciers on Mount Baldy

(after Péwé and Merrill, 1977).

he broad, straight valleys cut into

the northwestern, northern, and

eastern flanks of Mount Baldy owe
much of their beauty to erosion by glacial
ice. Moving ice and the freezing and thaw-
ing of water in rock cracks formed the
high, semicircular headwater basins of
these valleys, their U-shaped cross-sec-
tional profiles, and the boulder-dammed
wet meadows (cienegas).

42

to granular ice and then
glacial ice. These headwater
basins gradually enlarged as
freezing and expansion of
meltwater shattered bedrock beneath the
ice. The resulting rock fragments were
flushed from beneath the ice by meltwater
and carried downslope by the slow flow of
saturated soil. Eventually, steep-walled
cirques developed by glacial erosion as the
ice became thick enough to flow down the
preexisting river valleys.

Mount Baldy experienced three major
periods of glaciation. The first and most



Figure 20.2. Glacial moraine, West Fork of the Little Colorado River Valley, Mount Baldy.

extensive (the Purcell Glaciation) occurred
sometime between 212,000 and 125,000
years ago. Ice flowed from the high cirques
to form a valley glacier along the West Fork
of the Little Colorado River that was 4.4 mi
(7 km) long and 490 ft ( about 150 m) thick.
During the second glacial advance (the
Smith Cienega Glaciation), which took
place about 100,000 years ago, the glacier in
this valley was only 2 miles (3.5 km) long
and little more than 300 ft (90 m) thick. The
glaciers of the third glaciation (the Baldy
Peak Glaciation) formed perhaps as recently
as 25,000 to 30,000 years ago, reached a
length of 0.8 mi (1.3 km) and were less than
300 ft (about 100 m) thick. A fourth glacia-
tion (the Mount Ord Glaciation) about
6,700 to 2,800 years ago was restricted to a
cirque on the north side of Mount Ord.

A curved ridge of rock debris, called a
terminal moraine, marks the farthest advance
of each of these valley glaciers. Moraines
consist of unsorted boulders, cobbles, peb-

bles, sand and silt pushed ahead of and
deposited along the melting front of the
glaciers. The Smith Cienega moraines
(Figure 20.2) are the most prominent; the
Baldy Peak and Mount Ord moraines, sub-
jected to erosion for the shortest period of
time, are the best preserved.

These rivers of ice were mighty agents
of erosion that modified the landscape.
Millions of tons of rock fragments that
were frozen into the bottom and sides of
the glaciers scraped and scoured the narrow,
pre-existing stream valleys into today’s
broad, straight troughs that are U-shaped
in cross-sectional profile (Figure 20.3).

Ice Age glaciers modified much of
Earth’s landscape. Valley glaciers formed,
advanced, and melted at least three times
on Mount Baldy and on San Francisco
Mountain near Flagstaff. Glaciations are
the products of global climatic changes that
dramatically impacted landscapes and plant
and animal populations.
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Feature 21

Columnar jointing

Location: Follow Highway 260 west from Eagar to mile 390.8, turn south (at the sign
“The Ranch at South Fork”) on County Road 4124, and drive for 1.3 mi (about 2 km).
The columnar joints are in basalt cliffs to the north of the road.

Figure 21.1. Columnar jointing in basalt.

he basalt at this location weathers

into vertical columns approximately

2 to 3 ft (0.6 to 0.9 m) wide (Figure
21.1). The basalt originated as flowing lava,
at a temperature of about 2,000 degrees I
(about 1100 degrees C), which cooled and
solidified. Because the hot lava was in direct
contact with cool rocks underneath and
cool air above, it solidified and cooled very
rapidly to form basalt. As the temperature
dropped, the basalt contracted, and a net-
work of polygonal cracks formed (Figure
21.2). These cracks are typically perpendic-
ular to the upper and lower cooling surfaces
of the flow. Columnar joints are common in
basalt and other types of volcanic rocks,
worldwide. Devil’s Postpile in California,
Giant’s Causeway in Northern Ireland, and
Devil’s Tower in Wyoming provide dramat-
ic examples of columnar jointing.
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upon cooling

Top of lava flow
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Base of lava flow

Figure 21.2. Diagram illustrating the
formation of cooling cracks.



Feature 22

Mima mounds

Location: Drive west on Highway 260 from Eagar to mile 380.3. Turn north (right)
on Forest Service Road 117 and follow it for 2.7 mi (4.3 km) to Forest Service Road 61.
Continue on this road for 1.1 mi (1.8 km) to Forest Service Road 61C, which ends at the
top of Green’s Peak. The mima mounds are in the meadows at the base of Green’s Peak.

Figure 22.1. Mima mounds near Green’s Peak.

he small, circular, evenly spaced

mounds in Figure 22.1 are mima

mounds. Most are about 2 ft (0.6 m)
high and 9 to 18 ft ( 3 to 6 m) in diameter.
The mounds are composed of a mixture of
gravel, sand, silt and clay, as is the material
between the mounds.

Mima mounds occur in most mead-
ows, on flats and slopes, above approxi-
mately 9,000 ft (2743 m) in the Mount
Baldy area. They are also common on the
Great Plains of North America, in prairies
of western Washington state, and in Kenya,
Argentina, and South Africa.

Mima mounds may form by different
processes in different regions. Some may

be the work of burrowing rodents. Others
are islands of shrub-stabilized soil left
behind as wind and sheetwash erosion
removed soil from non-vegetated areas
between the shrubs. Those in the Mount
Baldy area appear to have accumulated by
the freezing and thawing of water-saturat-
ed soil. They may have formed more than
25,000 years ago when glacial ice filled the
high valleys on Mount Baldy and these
meadows were tundra environments with
permafrost soils.

Mima mounds influence today’s plant
and animal populations and illustrate how
now-dormant processes from past climates
can leave a stamp on today’s landscape.
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Figure 23.1. Satellite image of the Springerville Volcanic Field.




Feature 23

Springerville Volcanic Field

Location: Green’s Peak is the best vantage point from which to view most of the
Springerville Volcanic Field. Drive west on Highway 260 from Eagar to mile 380.3. Turn
right on Forest Service Road 117 and follow it for 2.7 mi (4.3 km) to Forest Service Road
61. Continue on this road for 1.1 mi (1.8 km) to Forest Service Road 61C, which ends on

top of Green’s Peak.

reen’s Peak and 400 other cinder
G cones and related features form the

Springerville  Volcanic  Field
(Figure 23.1). Eruptions began in the west-
ern part of the field about 3 million years
ago and ended about 300,000 years ago.
The more recent cinder cones in the eastern
part of the field, particularly those at lower
and dryer elevations, are the best preserved
because they have been weathered and
eroded for a shorter period of time.

Lava that flows, oozes, or explodes onto
the land surface varies in mineral content
over time and location and cools to produce
a variety of rocks and landforms. In general,
the viscosity of lava is determined by its sili-
ca content: the greater the amount of silica,
the greater the viscosity. Basaltic lavas, low in
silica and relatively fluid, can flow rapidly for
great distances and form broad sheets or long
tongues. Basaltic flows are dark in color
because they contain iron- and magnesium-
bearing minerals. Andesite lava, which has
intermediate silica content and viscosity,
solidifies to form cinder cones, domes, and
thick lava flows. Dacite and rhyolite lavas,
rich in silica and very viscous, extrude from
vents as semi-plastic lava domes or short,
thick flows.

Volcanic rocks that make up the 1,158-
square-mile (3000-square-km) Springerville
Volcanic Field are mainly basalt. These rocks
rest on or were injected into older volcanic
rocks of the White Mountain Volcanic Field
and underlying horizontal sedimentary rock
layers that are present in this area (Figure C).
Locally, magma reached the surface at weak

points in the crust and vents aligned along
preexisting cracks (fissures). As a result, many
cinder cones formed in clusters and rows. In
a few areas thick masses of rising magma
folded or domed the overlying rock layers.
The outpouring of lava altered the river sys-
tems. New streams flowed in radial patterns
from volcanic highlands; older drainages
were displaced from their channels.

The Springerville Volcanic Field is one
of several along the southern margin of the
Colorado Plateau (Figure 23.2). These
massive outpourings of lava resulted when
the Earth’s crust was stretched and frac-
tured during the past 25 million years.
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Figure 23.2. Volcanic fields of the southern
Colorado Plateau (after Hunt, 1967).
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Feature 24

Cinder cone: Green’s Peak

Location: Drive west on Highway 260 from Eagar to mile 380.3. Turn right on Forest
Service Road 117 and follow it for 2.7 mi (4.3 km) to Forest Service Road 61. Continue
on this road for 1.1 mi (1.8 km) to Forest Service Road 61C, which ends at the top of

Green’s Peak.

Figure 24.1. Green’s Peak cinder cone.

reen’s Peak (Figure 24.1), located

in the highest part (10,134 ft,;

3089 m) of the Springerville
Volcanic Field, was born of a series of vio-
lent eruptions that began about 760,000
years ago. Molten rock, called magma,
surged from great depth and under intense
pressure toward the surface of the Earth.
Blocks of underlying sedimentary rock
were ripped loose and incorporated into
the gas-rich magma. As the fluid rose
toward the surface, pressure decreased and
dissolved gases came out of solution, pro-
ducing a froth of suspended magma
droplets. This mixture exploded from a
central vent as clouds of cinders and ash.
The ejected material accumulated around
the vent and, over time, built this steep-
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sloped (approaching 36 degrees; Figure
24.2), cone-shaped mountain known as a
cinder cone. Blobs of molten rock were
blown from the vent and molded by rota-
tion during flight into football-shaped vo/-
canic bombs. These bombs litter the slopes
of Green’s Peak.

The chemistry of the erupted magma
in the Springerville Volcanic Field
changed over time. This is reflected in
the diversity of rocks that make up the
hundreds of cinder cones and lava flows
of the volcanic field.

An 11-mi-long (about 18 km-long)
lava flow emerged from the cinder cone dur-
ing the later stages of its development. As
the magma lost volatile gases, the lava oozed
through the cinder pile and flowed north



Figure 24.2. Steep beds of cinders and ash in road cut on Green’s Peak.

from the base of the cone. As the surface of Explosive eruptions of gas-charged,
the flow cooled and crusted over, the lava basaltic magmas have produced hundreds
below continued to move forward in tunnels.  of cinder cones in the volcanic fields along
These tunnels, called /ava tubes, allowed the the southern margin of the Colorado
flow to attain its great length. Plateau.
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Feature 25

Cinder cone with a lake: Lake Mountain

Location: Drive west on Highway 260 from Eagar to McNary. In McNary, turn north
(right) on Forest Service Road 224 (the Vernon Road) and drive 8.4 mi (about 13.5 km)
to Forest Service Road 267. Follow this road for 0.2 mi (about .32 km) to Forest Service
Road 269 and drive 1.2 mi (about 1.9 km) to the rim of Lake Mountain.

the few volcanic cinder cones in the

Springerville Volcanic Field that con-
tains a small lake in its crater. The cinder
cone formed when a rising column of hot,
molten rock (magma) broke through to the
Earth’s surface. Reduced pressure allowed
water in the magma to vaporize and escape
through the volcanic vent. The magma also
encountered shallow ground water. The
interaction of this molten rock at nearly
2,000 degrees F (1100 degrees C) with
ground water resulted in a violent steam
explosion at Lake Mountain. These erup-
tions, which occurred about 970,000 to
400,000 years ago, created a fairly typical
volcanic cone of cinders, ash, and volcanic
bombs. The crater at the top of Lake
Mountain is floored with silt and clay that

I ake Mountain (Figure 25.1) is one of

50

form an impermeable barrier that allows a
small lake to exist in wet years.

The deposits that form this volcano
consist primarily of basalt fragments rang-
ing in size from less than 1/250 in to sever-
al ft (0.1 mm to a meter, or more). If you
take the time to walk around the rim of the
crater, you can see blocks of basalt more
than a yard (about a meter) wide. The cen-
tral crater is now filled by a pond, although
it may evaporate completely during dry cli-
matic cycles. If the pond happens to be dry,
you may observe shrinkage cracks in dried
mud deposits at the bottom of the crater.
Lake sediments within volcanic craters may
contain fossils (including plant pollen and
spores) that provide valuable records of past
vegetation and climate.



Figure 25.1. Oblique aerial photograph of Lake Mountain (U.S. Forest Service photograph).
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Feature 26

Topographic reversal

Location: Drive on Highway 180 north from Springerville to St. Johns and then follow
Highway 61 to Concho. From Concho follow Highway 61 to Highway 180A. Drive this road
to mile 353.6 and turn west (right) on Apache County road 5020 and drive for 12 mi (19.3
km) to the ridge called Black Mesa (also called Black Ridge and Point of the Mountain).

Figure 26.1. Black Mesa.

lack Mesa is composed of hard, ero-

sion-resistant basalt (Figure 26.1).

Its upper surface stands several hun-
dred feet (about 100 m) above the sur-
rounding plain, which is underlain by soft
shales and sandstones of Triassic age (248
to 206 million years ago). About 1.85 to
1.05 million years ago, the basalt that now
forms Black Mesa was molten lava that
erupted from vents in the Springerville
Volcanic Field about 15 mi (24 km) to the
south. Because basaltic lava is very fluid, it
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flows down hill, like water. The lava entered
a stream valley and flowed to the north
(Figure 26.2), extending the northern
boundary of the Springerville volcanic
field. During the million years since the
lava solidified to basalt, more than 250 ft
(76 m) of the surrounding shales and sand-
stones have been removed by erosion, leav-
ing the hard basalt as a ridge where a valley
once existed (Figure 26.3). The extent of
this feature is best seen from the air or on a
satellite image (Figure 26.2).



Figure 26.2. Satellite image of Black Mesa (A),
which is about 10 mi (16 km) long.

Figure 26.3. Block diagram illustrating how a lava flow in a valley becomes a ridge.
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