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zona; INTRODUCTION

1o0d Tang - ﬁbjective of this trip is to study the

story, volcanology, petrology, and
- geology of two late Cenozoic velcanic
tnorth-central Arizona. In the north-
l imat ‘aastern” San Francisco field, latest
Holocene basaltic flows, cones, and
3, p . ‘well displayed, and their relation-
e tectonic structures and erosion sur-
¢ observabla, S$ilicic and andesitic
dpyroclastic deposits of the San
hic : ountain composite volcano and five
‘ silicic centers occur in the central
he field. The Mormon field is composed
F th focene to Pliocene(?) basaltic sheet
“shields, scoria cones and small asso-
- s, and scattered silicic and andesit-
on & e d: n addition to the major silicic cen-
L ormon Mountain and Hackberry Mountain.
salt Tavas of the field accumulated
ancestral Colorado Plateau marginal
ent; but younger lavas cascaded cover the
‘and formed a westward-sloping ramp
PTateau into the Transition Zone.
ferenced otherwise, K~Ar ages are by
(written comm., 1977) and E.H. McKee
comm,, 1973).

©- LATE CENOZOIC VOLCANISM
‘THE SOUTHERM COLORADG PLATEAU

ic provinces in Arizona include the

’tateau in the north and the Basin and
e south (Figure 1), Betweenh these

15 a structurally intermediate region

the Transition Zone; in most places its

th the Colorado Plateau 1s paralleled

lon Rim (Escarpment; Peirce, 1985}.

enozoic volcanism {younger than

idely distributed in Arizona, but

> products are most voluminous in

fields situated on the southern margin

Torado Plateau and in the adjacent

one. The major volcanic fields,

minated by basalt, form a zone that

east across the State from its

tner {Luedke and Smith, 1978}. The

¢ and Mormon volcanic fields are in

:0f this zone; both fields are predom-
he southern Colorado Plateau margin,

_Zend across the Mogollon Rim into the

“lone,

yroad

Late Cenozoic Volcanism in the San Francisco
and Mormon Volcanic Fields,
Southern Colorado Plateau, Arizona

George E, Ulrich
U.S. Geological Survey
Hawaiian Volcano Observatory
Hawaii MNational Park, Hawaii 96718

SAN FRANCISCO VOLCANIC FIELD -

tate Miocene to Holocene lava flows and
pyroclastic deposits of the San Frapcisce vol-
canic field cover more than 5000 kmé of the
southern Colorado Plateau_and Transition Zone
(Figure 1). About 500 km3 of volcanic rocks
were deposited on erosion surfaces above neariy
horizontal strata (Woife and others, 1983). In
general, the oldest lavas were extruded on the
highest erosion surfaces, which in many places
were developed on the Triassic Moenkopi Forma-
tion, whereas younger lavas rest on the erosion-
ally-stripped Kajbab Formation of Permian age or
on the older lavas {Ccoley, 1962; Ulrich and
others, 1984}.

Major structural features in the San
Francisce field are high-angle faults and mono-
clines (Figure 1}. Faults of small displace-
ments are dominantly on northwest trends, but
north- and northeast-trending faults occur.
Although normal faultirg and volcanism in the
field are broadly coeval, most of the faults
displace the older lavas and only a few lavas
and deposits of Brunhes age (<0.73 Ma} are
faulted {Wolfe and others, 1983; Tanaka and
others, 1986). The major silicic centers and
many of the scoria cones are aligned or elongat-
ed on trends subparailel to the principal strike
lines of the faults. In the San Francisco
Mountain volicanic system, several of the major
vents, the conduit system of the centra] volca-
no, and a large valley that breache§ its norths
east side are colinear on a northeast trend
parallel with the three major silicic centers in
the western part of the field (Figure 1). '

Basaltic lava flows and tephra deposits
dominate the eruptive products in the velcanic
field and constitute most of the nearly 606 vol-
canoes that have been identified. The less
abundant intermediate to silicic rocks occur in,
or peripheral to, a few major volcanic centers
(Robinson, 1913; Figure 1). The basaltic vol-
canism was broadly contemporaneocus with the
development of the intermediate to silicic cen-
ters, and K-Ar ages reveal a general progression
of volcanism from the Transition Zone, beginning
more than 14 Ma ago, to the central and eastern
parts of the San Francisco field by latest Miocene
to Holocene time (Luedke and Smith, 1978).

Mafic rocks of the San Francise field are
dominantly alkali basalts, but compositions
range from strongly undersaturated basanitoids
to olivine tholeiites, and hawaiitic to mugear-

85



)

“IE““I RHYOLITE
DA DACITE

b

S0

ANDESITE

BASALT, <0.0l Ma

BASALT, <5 Ma

BASALT, 5-10 Ma

BASALT, 1C-16+ Ma

FAULT, BALL ON DOWN SIDE

MONOCLINE, TRACE OF AXIS

1 3 FIELD TRIP STOP
] ol 5 10 6 mi
5 0 5 10 5 20km

Figure 1. Map showing field-trip route and distrib
and Mormon (M)
(1983); structure from Ulrich and others (1984},
River; LCR, Little Colorado River; E, Elden Mountain; HM,
Mountain; ©'L, O'Leary Peak; S, Sitgreaves Mountain; SFM,
line shows approximate Tocation of Mogollon Rim. Cross section X-X'
K-Ar ages {(Ma) fram Wolfe and others {(1983), Luedke and Smith (1978}, and McKee and Elston (1980).

AM, Anderson Mesa; BW, Bill Williams Mountain; CR, Colorado
Hackberry Mountain; K, Kendrick Peak; MM, Mormon
San Francisco Mountain; WCC, West Clear Creek.
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rieties occur. Volcanic rocks of the San

co Mountain composite volcano and five
giticic centers peripheral to it consti-

oherent and continuous suite of 1itholo-

vom low-sitica andesite to alkali rhyo-

:emend1te) that forms a compositional

jiim with the mafic rocks of the field

2

In t%e central and eastern parts of the San

15¢0 field the lavas and cones have been

ied in five age groups primarily on the
‘stratigraphic and physiographic rela-
ps, degree of weathering and erosion, and

ages (Moore, 1974). These age groups are:

apch, 6-5 Ma; Woodhouse, 3.0-0.8 Ma;

pan 0.7-0.2 Ma; Merriam, <150,000 years;

1064 A.D.

SAN FRANCISCO MOUNTAIN
VOLCANIC SYSTEM P e
N

“ HACKBERRY MT
& WEST CLEAR

CREEK AREAS

ST 1t 1 1 1 1 1 1 i ¢t T T1
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WT o SiOon

igire 2. Variation diagram of 5i0; and Ky 0 in
‘ght percent sh0w1ng fields of andesitic to
6litic rocks in the San Francisco Mountain
‘canic system (169 analyses), Hackberry
plntatn and West Ciear Creek areas (56

1yses), and the Mormen Mountain area (33
lyses}.

MORMON VOLCANIC FIELD

‘distinct group of vent structures and
lows between Anderson Mesa and Hackberry
in sets the Mormon volcanic field apart

he San Francisco field to the north and
ack Hills field to the southwest (Figure
Arconvenient boundary between the Mormon

an Francisco fields can be drawn in the Oak
area. In the southern Mormen field,

tic to silicic rocks have been assigned to
hirteenmile Rock Volcanics of Elston and
(1974), which overlie the Hickey Forma-
hat is named for mid-Miocene basalt lavas
edimentary deposits in the Black Hills

: Stratigraphic and K-Ar age data document
ially continuous basaltic volcanism from

~ to late-Miocene time near Hackberry

tain (McKee and Elston, 1980), The volcan-
hat was well established in the southern
field at this time migrated or shifted to
orth end by latest Miocene to middle-

ocene time (Luedke and Smith, 1978). Quater-
volcanism has not been recogn1zed in the

n field.

Basaltic rocks in the Mormon field are

lly similar in composition to those in the
rancisco field, ranging generaily from

iy alkaline basalts to olivine tholeiites.

and Ul__ and Ulrich

The silicic rocks, however, form two distinctive
suites, a northern suite at and near Mormon
Mountain, and a southern suite at the Hackberry
Mountain center and West Clear Creek (Figures 1
and 2). The northern suite is markedly lower in
k-0 than the San Francisce Mountain suite, and
tﬁ1s is reflected in the sparse occurrence of
biotite in the former. Silicic rocks of the
southern suite are intermediate in Ko0 content
between the Mormon Mountain and San Francisco

Mountain suites and commonly contain biotite.

DESCRIPTION OF FIELD TRIP

First Day: Stop 1.
Cherry Street, Flagstaff {30 minutes)

A small cut immediately north of the
Coconino County Courthouse exposes a mesa-
capping, late Miocene {5.82:£0,34 Ma) basalt lava
fiow that rests unconformably on Lower Triassic
redbed sandstone of the Moenkopt Formation. The
basalt fs in the oldest age group {Cedar Ranch)
in the San Francisco velcaric field., The pur-
pose of this stop is to observe the unconformity
and the siructural and petregraphic features of
the lava flow. A structureless regolith about
1 m thick separates the sandstone and the ba-
salt; this weathered surface may be correlative
with the regional Zunf erosion surface (Cooley,
1962). The top 20 cm of the regelith has been
baked red by the lava, which displays a smooth,
generally breccia-free bottom. Spherical,
smooth-wall vesicles are concentrated in the
lower part of the lava; above this zone, large
vesicles are concentrated in vesicle cylinders.
The olivine tholeiite basalt carries phenocrysts
of olivine (Fo8l) and sparse clinopyroxene
(Moore, 1974).

The route to stop 2 is north on 4.5, 89.

At the bottom of the long downgrade north of San
Francisce Mountain turn Jeft on the good dirt
road, which was originally a stagecoach road to
Grand Canyon village. Continue to the north
side of Crater 164 and pass through the gate in
the -barbed-wire fence.

Stop 2. Crater 160 (60 minutes).
Hike to the north rim.

The purpose of this stop is to examine the
structure and xenoliths of Crater 160, a compos-
ite cinder, tuff, and spatter cone of Tappan age
(Figure 3). Its growth began with the buiidup
of welded basalt spatter and rootless flows,
which form the layers exposed in the crater's
wall. A dikelike body of spatter fragments in
the northeastern wail was the source of the lava
flow to the north. A phreatic event late in the
history deepened the crater, widened the rim,
and deposited a mantle of palagonitic tuff that
contains an abundance of xenoliths for which the
locality is noted. The most abundant xenoliths
disptay cumulus textures and include clinopyrox-
enite and wehrlite, but websterite, gabbro,
anorthosite, granite, granulite, and Paleozoic
sedimentary rocks are also present {Cummings,
1972; Stoeser, 1973). The last events in the
cone's history included a series of fire-
fountain eruptions, ending with the 35-m-high
red cinder cone on the floor and scattered bomb
fragments around the rim. The fioor of the
crater is about 80 m Tower than the average
surface outside.
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Figure 3. High-altitude (U-2) oblique aerial photograph

View is o southwest.

Stop 3. SP Cone and Flow (20 minutes)

The purpose of this stop is to see the cone
and lava flow of SP Mountain, which are examples
of the basaltic andesites of the San Francisco
volcanic field. The cone's sharp-rimmed pro-
file, radial symmetry, and steep flanks mark it
as the youngest voicano in the northern part of
the field (Figure 3); its age was determined as
71,000+4,000 yrs {Baksi, 1974; revised for new
constants) and it is typical of the Merriam age
group. The cone is 250 m high and 1200 m in
diameter at its base; its summit crater is 400 m
across and about 120 m deep. The slopes of the
cone are covered with lapilli and bombs; ash is
minor. Welded spatter forms a ruff around the
crater's rim. The blocky lava flow, 15 m thick
in this location, extruded early in the vent's
history and moved down a multiple graben for
7 km; 1t is 55 m thick near its terminus. Spat-
ter from the cone contains phenocrysts of clino-
pyroxene, olivine, and embayed and sieved
plagioclase in a hypocrystalline groundmass.

The flow is similar but contains, in addition,
sparse orthopyroxene and embayed quartz. The
base of the cone overlies the lava flow and is
interpreted to be younger because it is not
deformed by the extrusion (Hodges, 1962).
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Stop 4. Citadel Ruin (30 minutes)

Citadel Ruin is a Sinagua Indian structure
next to the paved road that crosses Wupatki
National Monument. No collecting is allowed
within the National Monument. The ruin was
buiit on a Woodhouse-age basait lava that flowed
down a tributary of the Little Colorado River.
The tributary’s channel was ercded in the
Moenkopi Formation, and subsequent erosional
stripping of the Kaibab Formation resulted in

topographic inversion; the lava now forms a low
ridge that extends over 7 km northeast of the
ruin. The purpose of this stop is te examine
the relationships of the tava flow with erosion
surfaces and fauiting.

Rocks that are exposed in Citadel Sink
(Figure 4) include the Kaibab Formation, the
Moenkopi Formation, which thickens to the left
(east) away from the paleovalley, and the
Citadel basalt lava flow, which thickens to the
right (west) toward the paleovalley. The
southeast-bounding fault of the Citadel graben
displaces the Kaibab Formation by a down-to-the-
northwest throw of about 16.5 m (54 ft), of
which about 6.5 m (21 ft) postdates the lava
flow. The sink originated by karst solution in
the Kaibab Formation along the fault.
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4, Photograph looking south across
"Sink toward 0'Leary Peak (left} and San
co Mountain from stop 4. Citadel basait
'h) thickens in paleovalley eroded in
gpi Formation (TRm} above Kaibab Formation
Bounding fault of Citadel graben is

rown on northwest (right) side.

-

top. 5. Boney Mountain (40 minutes)

i Mountain is the prominent cone north-
he picnic area on the paved road that
Wupatki National Monument. The Doney
ne and an associated row of three small
cones to the south erupted along the
system of the Black Point section of
Kaibab monoclire. The purpose of this
o:examine the volcanic products of the
ountain eruption, see their relationships
ddo Plateau structures and erosion
and review the volcanic stratigraphy
gastern San Francisco volcanic field.

he nature trail to the summit of the
small scoria cone for a panoramic view
Many examples of a variety of

me more than 1 m long, can be seen

. trail. 7o the east across Deadman

Wo basalt lavas are visible: Woodhouse
pped by 1.07+0.06-Ma-oid basalt Tava
owed on the highest and oldest erosion
the Moenkopi Formation in this area;
pan-age basalt lava that fiowed down
ash after it had captured Antelope
bandoned drainage along the west side
nes. Five small Merriam-age basalt
e:extruded from Doney Mountain and its
;cones; ohe of these lavas breached
side of the southern cone and flowed
man Wash. East of Woodhouse Mesa on
rosion surface the mesa-capping Wukoki
{0.89£0.14 Ma) is visible. The Black
flow {2.43+0,32 Ma) on the highest
face in the eastern volcanic field

€n over the left shoulder of Dorey

- Paved Wupatki road passes between a
D of the Black Point structure and
Mtain, in which planar-bedded scoria

te xenpliths can be seen. Turn left
0¢ dirt road 5.5 miles south of Wupatki
Lenter and continue south across the top
N~ (more weathered) and Merriam-age
Wedthered) basalt lava flows to stop 6.

Figure 5. Photograph locking east from summit
of scoria cone south of Doney Mountain at
stop 5. )

Stop 6. The Sproul {40 minutes, optional)

The stop is at the Tow cone situated on the
west side of prominent Merriam Crater. Park on
the west side of The Sproul and fellow the foot
trail to the c¢rater rim. The Sproul is a large
spatter cone of Merriam age. The purpose of
this stop is to observe the structure of the
voicano and the tithology of the lava.

Alkali basalt spatter, agglutinate, and
rootless fiows in outward-dipping layers compose
the cone. These welded pyroclastic deposits
form ramparts that enclose a broad, northwest-
trending fracture-controlled, elliptical crater.
Lava that extruded from the crater breached the
northeast side of the cone and rafted large
blocks of the wall material away. One of the
Tava flows extruded from The Sproul reached the
Little Colorado River and formed the dam at
Grand Falls (Wolfe, 1984).

Stop 7. Vent 235 Tuff Ring (20 minutes)

The purpose of this stop is to examine a
wide-rimmed vent of Tappan age that is typical
of maars in the volcanic field. The tuff con-
tains fragments of basalt from the underlying
flow of Woodhouse age, Meenkopi and Kaibab
Formations, Coconino Sandstone, and oxidized ba-
saltic cinders in a sandy palagonitic matrix.
Depositional structures include cross-beds, low-
angle dune forms, and inwersely graded planar
beds. Gravity data indicate a steep-walled cra-
ter in the subsurface floored at about 150-m
depth; a magnetic high in the center wmay reflect
an intrusive body beneath the crater floor (H.D.
Ackerman, J. Hassemer, and J.D. Hendricks,
unpub.}. The focus of explosion is interpreted
to have occurred in the Coconino Sandstone., A
subsequent lava flow from the cone just to the
north appears to have spilled into the maar.
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Stop 8. Merriam Crater (20 minutes)

The stop is on top of a cinder-mantlied lava
flow that extruded from the northeast base of
Merriam Crater, the largest cinder cone in this
part of the voicanic field and the fype cone of
the Merriam age group. Southeast of Merriam
Crater is a smaller cinder cone, and nestled be-
tween the two cones is the pushed-up, pluglike,
layered mass of a third vent. Two fiows that
were extruded from the latter vent flowed north-
east on a Jow surface beside a Woodhouse-age
mesa. The flow from the north side of the vent
moved directly northeast toward the Little
Colorado River, but the flow from the southwest
side first skirted the south side of the south-
eastern cone before heading down the regional
slope; both flows moved in lava channels and
formed prominent levees, which can be seen south
of this stop. To the north are Woodhouse-age
pasalt lavas capping east-facing mesas over
which lavas of Tappan age cascaded. Between
this tocality and Roden Crater to the north 1s
the basalt lava that flowed about 13 km {8 mi}
to dam the Little Colorado River at Grand Falls
(next stop).

Stop 9. Grand Falls (30 minutes)

Grand Falls was formed 0,15x0.03 Ma ago
when a basalt flow or series of flow lobes from
the Merriam Crater vent group poured into the
canyon of the Little Colorade River, overfilling
it at the pourover and flowing 24 km down-
canyon. The lake behind the new lava dam filled
and eventually overflowed around the distal end
of the flow (Figure &), cascading approximately
43 m down the canyon wall. The river canyon is
cut into the Kaibab Formation {sandy dolomite),
whichk is overlain by the basal part of the
Moenkopi Formation just northeast of Grand
Falls. The uppermost cross-bedded dunes of the
Coconino Sandstone are exposed beneath the
Kaibab Formation below the falls. Alluvial de-
posits caused by the damming of the canyoh
extend at least 45 km up the broad river valley.

Figure 6. Obligue aerial photograph of the
Grand Falls area on the Little Colorado River at
stop 9. View is north. Photograph by J.F.
McCauley.
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Second Day: Stop 10.
Elden Mountain (40 minutes)

The stop is in a railroad spur between the
Ralston Purina plant and the connecting ramp.be-
tween U.S. 89 and I-40, The southern part of
Mount Elden is a composite Tava dome composed of
pulbous, dacite lobes that flowed radially from
at least twe extrusion points onto the flat-
lying Kaibab Formation 0.57+0.03 to 0.49%0.06 My
ago. Prior to construction of the exogenous
lava dome, Pelean-style eruptions about 4.8 km
(3 mi} north of this locality generated pyro-
clastic flows that deposited a block and ash fan
south of the vent. The purpose of this stop is
to examine the structure of the lava dome and to
study the block and ash deposit.

: Six flow lobes, several of which overlap,
are visible on the southeast dome of Elden Moun-
tain. The lowest fiow displays subhorizontal
concentric benches that appear to be related to
ramping shear fractures, whereas the highest
fiow is broken by longitudinal tension fractures
{Kluth, 1974). The preserved thickness of the
block and ash deposit at this locality is about
5 m where it thickens ian a paleovaliey in the
Kaibab Formation. The deposit consists of two
parts: 1) & Tower layer {0 to 25 cm thick) com-
posed of poorly sorted, structureless to crudely
stratified ash and fine lapilli, and 2} an upper
layer composed of very poorly sorted ash, lapil-
1i, and blocks up to 1 m in diameter. The basal
part of the upper layer {10-25 cm) ranges in
character from fines-retained and matrix-
supported to fines-depleted and clast-supported,
The upper part of the upper layer, apparently
structureless, contains matrix-supported essen-
tial blocks that range from dense dacite vitro-
phyre to poorly vesiculated pumice. Concordant
paleomagnetic poles of the blocks indicate depo-
sition above the Curie temperature (K. L.
Tanaka, 1981, oral comm.).

Stop 11. BRlack Bill Park {20 minutes)

The stop is on the paved Timberline Estates
road a few hundred feet west of U.S. 89. Black
Bill Park is an dintercone basin bounded by San
Francisco Mountain, Elden Mountain, and Tappan-
age scoria cones. The purpese of this stop is
to examine the eastern part of the San Francisco
Mountain volcanic system.

From south to north the following features
can be seen on the west side of U.S. 89 (Figures
7 and 8): 1) southeastern dome of Elden Moun-
tain; 2) broad recess in Elden Mountain under-
lain by east-dipping (30°-65°) Paleozoic strata
in a continuous section down from the Kaibab
Formation (Permian) to the Temple Butte Forma-
tion {Devonian) in contact with intrusive dacite
at the base of the cliffs; 3} Little Elden Moun-
tain composed of dacite fiow lobes; 4) uplifted
block of Paleozoic strata that dip northwest at
17%; strata are overlain by basalt lava flows
and a block and ash deposit from a dome cn
Fremont Peak; 5) Schultz Peak {Brunhes geo-
chron), a composite dacite dome partly buried on
its north end by lavas from San Francisco
Mountain; 6) Fremont, Doyle, and Reése Peaks on
San Francisco Mountain, all capped by outward-
dipping andesite lavas about 0.43 Ma old; 7)
Sugarloaf Mountain, rhyolite dome extruded
0.22+0.02 Ma ago; and 8) block lava flow of
dacite extruded 0.40%0.03 Ma ago from a vent on
the upper east side of Doyle Peak.
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Figure 8, <{ross section along X-X' on Figure 1;
the view southwest from stop 11 is approximately
normal to the line of section., Explanation:

P&, Precambrian; P1, Tapeats Sandstone(?)
{Cambrian), Temple Butte Formation (Devonian),
and Redwall Limestone (Mississippian); P2, Supai
Group (Permian and Pennsylvanian) and Coconino
Sandstone {Permian}; Pk, Kaibab Formation
(Permian}; QTb, basalt; Qibr, lavas and breccias
from San Francisco Mountain; Qdi, intrusive
dacite; Qdo, older dacite dome; Qdm, middle
dacite domes (major exogenous domes of Elden
Mountain}; Qdy, younger dacite flow; and (s,
alluyium and debris,

Biock and

V 15 vent area of dacite lava

Stop 12. Bonito Lava Flow {80 minutes)

The Bonito lava flow extruded from the
northwest base of Sunset Crater {Hodges, 1962},
a scoria cone built during an eruption that
began in 1064-1065 A.B. (Smiley, 1958) and con-
tinued episodically for about 120 years (D.
Champion, written comm., 1985). The basait lava
was extruded in at least three stages and ponded
in an intercone basin. North of the Bonito flow
is the 0'Leary Peak center, which is composed of
several silicic lava domes and flows {0.25 to
0.17 Ma) and an andesitic tava flow. The pur-
poses of this stop are to 1) examine the flow
units and structures of the Bonito lava flow; 2)
discuss the history of the Sunset Crater erup-
tion; and 3) review the volcanic history of San
Francisco Mountain,

Beginning at the parking Tot on the Bonito
flow, follow the route on Figure 9 counterclock-
wise to observe 1) stage 1 of the Bonito flow,
covered with a thick mantle of tephra (Colten,
1967); 2} pahoehoe-type structures on stage 2B,
Tava that is at a similar Tevel as stage ! but
has a thin and patchy mantle of tephra; 3) a
squeeze-up that breaks through the crust of
stage 2B; 4) stage 3 lava at a low topographic
Tevel; the fiow is covered with aa clinkers and
lacks a tephra blanket; 5) several hornitos
above a lava tube; 6} large spheroidal bombs
from the last summit eruption of Sunset cone on
top of a small unit of stage 3 lava; 7) the
stage 2A unit that was extruded onto the surface
of the 1st stage; 8) a spatter rampart at the
extrusion point of the stage 2A unit; 9) a pit
crater that collapsed when stage 3 tava extrud-
ed; and 10} several large mounds of spatter,
aggiutinate, and rootless flows, some injected
by shallow dikes, that were rafted by stage 1
Tava when it breached an early cone of Sunset
Crater. The high part of the stage 2A unit pro-
vides a vantage point from which San Francisco
Mountain can be seen (Figure 10). The Inner
Basin originated between 0.43 and 0.22 Ma agoe as
a result of collapse that displaced the top of

Panorama photograph, southwest on ieft to northwest on right at Black Bill Park, stop 11.

ash deposit, derived from a dacite doeme at Fremont Peak, predates Elden Mountain.

flow.

Scoria cone is of Tappan age.

Figure 7.
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San Francisco Mountain outward in debris ava- Stop 13. Debris Fan (30 minutes)
lanches and debris ftows. Truncated lava and . ] . )
pyroclastic units and buried silicic domes form The stop is at the information sign for
the walls of the caldera, and the centrai con- Sunset Crater National Monument eon Forest Road :
duit system of the composite volcano is exposed 545, the paved access road to the Monument. One at @
on the northeast-trending Core Ridge; Sugarioaf of nine debris fans deposited around San 1 more
Mountain erupted through the largest debris fan. Francisco Mountain as a result of its collapse if toe
forms the surface at this locality. The of P
estimated volume of all the fans is 7.7 km3, © sout!
which compares favorably with the 8 km 1 abowut
calculated for the Inner Basin and restored zx  this
cone. and §
The debris-fan slopes gently away from San
Francisco Mountain, which gives rise to ;i fract
intermittent streams that have dissected the top = opel
of the fan. The deposit is coarse, polymictic, . disP
very poorly sorted, and poorly consolidated; it angu|
is part of the Sinagua Formation of Updike and a def
Pewe (1970). Clasts of a wide variety of San | I Er“]
Francisco Mountain 1ithologies can be seen ina & 70
partly excavated Sinagua Indian pit house and . WPdE
gullies south of the information sign. o ered,
Return to east Flagstaff on U.S. 89 and hav:_
take I-40 west to exit 1958; follow the signs to ;:g :
Lake Mary Road, FH-3. aphar
Stop 14. Mormon Lake (25 minutes) AZ 63
the i

The stop is at a scenic overlook next to

FH-3 on the northeast side of Mormon Lake. The - gﬁze;
BONITO LAVA FLO lake is bounded on its east side by a normal T
LOW fault and on its other sides by the Mormon ro
[ STAGE 3 Mountain silicic center and basaltic cones and
£ lavas. The purpose of this stop is to examine g
STAGE 2 the volcanic stratigraphy and structure of the E .
; northern part of the Marmon volcanic field. nort
STAGE 1 L Basalt sheet lavas (Late Miocene?) form the % aavar
AGGLUTINATE MOUNDS low-reiief surface east of the lake and are ex- “ pegil
posed in the cliffs along the fault {Figure 11), sogti
o which has a throw of more than 200 ft. South of 1  Alth
Figure 9. Geologic map of the Bonito lava the lake a small shield volcanc overlies the 48
flow. Dashed Tine shows traverse at stop 12, sheet lavas and both volcanic units are offset ot T
Strike and dip syrflbo}s indicate attitude of by the lake-bounding fauit, as well as by a . (1,81
bedding in agglutinate mounds. FR, forest road; smaller southeast-trending fault that intersects |  nortl
P, parking lot. the former to create a wedge-shaped graben in iz Creel
the meadow. Posttectonic dacite lava that was Bear
emplaced aleng the smaller fault forms the dome : esca
near the summit of the shield volcano. The sion
shield volcano, dome, and fault scarps are over- 1979,
lain by small scoria cones and basalt lava : lavas
fiows. The Mormon Mountain silicic center on The
the west side of the lake is composed of several @ volce
bulbous, block lava flows of dacite {3.1% o tiong
0.6 Ma}, which were extruded radially on top of Tran:
andesite lavas, and a rhyodacite dome that forms PUr po
the rounded peak on the south side of the moun- geols
tain (Gust, 1978). ern {
SHI/ELD Other
north
the r
EN
FAULT:SCARPS . | ;:nei
: color
late
: ¢ depos
. . . e the s
Figure 10, Telephoto picture of view toward San S 5 Hackt
Francisco Mountain from the Bonito Tava flow at Figure 11. Photograph of view south along the |  fauly
stop 12. CR, Core Ridge; 5, Sugarloaf east side of Mormon Lake at stop 14, Sheet 2 throy
Mountain. Dark Javas on top of Humphreys Peak lavas and shield volcano are basalt; hoth are °7 8 Ma
are andesites approximately 0.43 Ma oid. The cut by the faults. Dacite dome was emplaced 2t horis
dike injected the agglutinate before it was along the fault that bounds the west side of the::
rafted from Sunset Crater. graben. i
% Holm

92 Holm and Ukﬂ




op 15. Mormon Mountain (25 minutes)
o e stop is on the west side of Mormon Lake
de pullout between the Tlake and cliffs
100 ft high. The cliffs are at the
nick {>55 m, 180 ft) block lava flow
xene dacite that was extruded from the
Sde of the summit of Mormon Mountain,
ymiles west of here., The purpose of

op: 15 to examine the lava-flow structures
rography of the dacite.

pottom part of the flow is a highly
ed:-zone consisting of randomly oriented
actures bounding blocks of small or no
eent and autoclastic flow breccia of
:blocks. The middie part of the flow is
one broken by moderately spaced (2-
amping shear fractures that dip 60° to

.+ and northwest. Above the cliffs, the

e flow is mantled by rounded (weath-
locks of dacite, many of which appear to
ttie or no displacement. The dacite

s scattered phenocrysts of clinopyroxene
pyroxene, and sparse hornblende, in an
i¢ groundmass rich in plagioclase.

‘route to stop 16 1s south on FH-3 and
and west on FH-9 toward Camp Verde; FH-9,
Grey Highway, closely follows the

rook Trail that connected Fort Verde
Apache in the 1870's as an army supply

op 16. Mogollon Rim {25 minutes)

e'stop 18 on a wide pullout on the right
‘side of the road 4.8 mi west of the
ounty line; at this point, the road
descend toward the Mogotlion Rim, the
: Colorado Plateau marginal escarpment.
h of h-the present Mogellon Rim is about
: {3 mi) west of here, sections of middle
iocene basalt lavas greater than 550 m
ft) thick in West Clear Creek to the
Ulrich and Bielski, 1983) and in Fossil
‘the south {Twenter, 1962; Weir and
11984) indicate that a buried ancestral
pment, developed by pre-middle Miccene ero-
to the Supai Group (Peirce and others,
is several miles to the east, where the
hin abruptiy on the Kaibab Formation.
ngest hasatt lavas in this part of the
anic field flowed westward down a construc-
mp from the Colorade Plateau into the
n Zone {Elston and others, 1974). The
f this stop is to review the general
gyy volcanism, and tectonism of the south-
oiorado Plateau-Transition Zone boundary.
N2 general sequence toward the west are
teenmile Rock volcanics of Elston and
rs (1974); 2) Mogollon Rim, which trends
here, but swings around to the west along
th side of the Verde Valley where red and
mian strata form cliffs; 3) Verde Valley,
onal and tectonic basin; 4) light-

d fluvial and Tacustrine sediments of the
1ocene-Piiocene Verde Formation that were
d in the valley when it was blocked at

uth end by faulting and volcanism at the
¥ Mountain center; 5) scarp of the Verde
. Which accommodated down-to-the-northeast
Of as much as 1,800 m {6,000 ft} since

90; 6) Black Hills, a horst capped by sub-
ntal, mid-Miocene basalt lavas of the

Hickey Formation {14-10 Ma; Elston and others,
1974) that were extruded onto an erosion surface
cutting across gently northeast-dipping
Paleozoic strata.

Stop 17,
Thirteenmile Rock Volcanics {60 minutes)

Stop 17 is 2 miles west of stop 16; park on
the shoulder of the road in a gap between the
guard rails. The upper part of the Thirteenmile
Rock voicanics of Elston and others (1974) are
well exposed in road cuts for the mext 3 miles.
The section consists of valleyward-dipping ba~
salt lava flows, scoria beds, felsic air-fall
tuffs and lapilli tuffs, felsic ignimbrite, a
rhyolite lava fiow or dome, and volcaniclastic
sediments and debris., The basalt tavas were
extruded on or near the plateau margin and
flowed west toward the Verde Vailey, locally
filling channels. The felsic pyroclastic
deposits presumably originated at the Hackberry
Mountain silicic center about 11 km {7 mi)
south-southwest of here. Small-displacement
normal faults are generally downthrown on the
west. The purpose of this stop is to review the
stratigraphic relationships of the basaltic and
silicic units in the southern Mormon velcanic
field and to examine the lithologies and struc-
tures of the volcanic deposits.

Walk down the road for about a half mile to
reboard the bus. Features of interest include
1} basalt Java flows and air-fali scoria depos-
its; 2} planar-bedded air-fall tuffs and lapilli
tuffs, generally of dacite composition; 3) feed-
er dike {1 m thick} of columnar-jointed basalt
lava flow and associated agglomerate; 4) air-
fall pumice bed overlying a flow-banded rhyolite
vitrophyre; 5) basalt Tava flow containing
plagioclase megacrysts up to 2 cm; 6) small-
scale horsts and grabens; and 7) normal faults.

The road down to the Verde Valiey passes
cuts that expose debris-filled channels, non-
welded ignimbrite, felsic tuffs, basalt lava
flows, and velcaniclastic sediments. The
Hackberry Mountain silicic center can be seen on
the left {south) shortly after passing the his-
torical marker at Thirteenmile Rock; several
dome-shaped mountains compose the center.
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