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INTRODUCTION 

Purpose and Scope 

The late Paleozoic (Mississippian, Pennsylvanian, 
Permian) section in central Arizona contains a broad 
range of siliciclastic and carbonate sedimentary rocks 
that were deposited in various continental, shoreline, 
and shallow marine depositional systems. Three
dimensional outcrops provide excellent opportunity to 
examine sedimentary facies and facies changes and to 
relate these facies to the processes that formed them. 
The purposes of this trip are: 

1. To examine and interpret complex eolian and 
sabkha facies in the Permian Schnebly Hill 
Formation and Coconino Sandstone. 

2. To study sharp lateral eolian facies changes 
within the above formations. 

3. To examine and interpret interbedded 
ephemeral and perennial fluvial systems in the 
Permian Hermit Formation and to analyze a 
somewhat enigmatic fluvial facies assemblage. 

4. To briefly examine diverse lithologies in the 
Paleozoic section of the Jerome area including 
siliciclastic tidal deposits in the Cambrian 
Tapeats Sandstone; carbonate sabkha, 
restricted-shelf, and open-marine deposits of 
the Devonian Martin Formation; carbonate 
shelf deposits of the Mississippian Redwall 
Limestone; and diagenetically altered coastal
plain deposits in cyclic siliciclastic and 
carbonate rocks of the Pennsylvanian and 
Permian Supai Group . 

5. To provide a brief framework to the general 
geology of central Arizona. 

Participants on this field trip will be exposed to a 
broad variety of eolian facies. Those having little 
experience with eolian sediments will see how the 
latest advances in eolian sedimentology can be used to 
reconstruct detailed eolian depositional systems. 
Those with experience will see as diverse a suite of 
eolian facies and depositional styles as we have seen 
in the geologic record. Participants will walk through 
small-scale (10 m thick by 100 m lateral) and large
scale (150 m thick by 15 km lateral) facies changes, 
the latter involving a change from zero to more than 
80% cross-stratified sandstone. The leaders of this 
trip have been studying these sequences in detail and 
will demonstrate how detailed sedimentology and 
stratigraphy can be used to interpret not only 
sedimentary processes but also both external and 
intrabasinal controls on a complex stratigraphic 
sequence. 
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Location and Geologic Framework 

The trip begins and ends in Phoenix, Arizona, but 
all formal stops are within the confines of the 
Sedona-Jerome area (Figure 1). The mild, semiarid 
climate of central Arizona allows field work year
round and most of the outcrops are accessible and 
workable in all but the most severe weather. The 
descriptions and instructions provided herein are 
sufficient so that anyone using this paper can run any 
part or all of the trip and locate the stops and 
outcrops. During wet weather, local inquiry is 
advised before traveling on dirt roads. This partic
ularly applies to parts of the Schnebly Hill, Boynton 
Pass, Red Canyon, and Perkinsville Roads. 

The Sedona-Jerome area comprises several distinct 
topographic styles, which to some extent reflect the 
different structural regimes across the field area. 
The uplands of the southern Colorado Plateau 
(6500-7500 ft elevation), generally capped with 
Tertiary basalt, are underlain by very gently north
easterly dipping Paleozoic strata. Several faults, the 
largest of which is the Oak Creek fault, disrupt the 
otherwise simple structural grain. The southern 
ramparts of the Colorado Plateau, the Mogollon Rim, 
are dissected into a series of spectacular canyons, 
buttes, mesas, and spires (4000-6000 ft elevation), 
composed chiefly of sandstone of the Schnebly Hill 
Formation and Coconino Sandstone (Figure 2). 
Several faults, mostly with throws of less than 150 m, 
offset the gently dipping strata. The trip will be 
concentrated in this terrain. The Verde Valley is a 
fault-bounded, down-dropped block filled with 
Cenozoic fluvial-lacustrine deposits, the Verde 
Formation, and basalt flows with intercalated sand and 
gravel, the Hickey Formation. This low region 
(3500-4500 ft elevation) consists of broad plains and 
valleys and low hills and mesas. Most of the small 
apparent folds and faults are probably mostly due to 
sediment compaction and are not tectonic, although 
several tectonic faults have been mapped in the 
valley_. . The northwestern Black Hills, part of the 
Trans1t10n Zone, form the southern edge of the field 
area. Elevations range from 5000-7000 ft and the 
area consists of steep, rounded mountainous terrain. 
The Black Hills are bounded on the north by the 
Verde Fault with hundreds of meters of throw down 
to the north. Near Jerome the fault splays into nu
merous smaller faults, which offset the north-dipping 
Paleozoic and Cenozoic rocks. The western edge of 
the Black Hills comprises Mingus and Woodchute 
Mountai~s; their no~hem and western flanks expose 
the enure pre-Permian Paleozoic section and the 
Precambrian basement. A schematic cross section of 
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the area of the trip is shown in Figure 3. 

GEOLOGIC illGHLIGHTS EN ROUTE TO STOP 1 

From Phoenix to stop 1, the terrain and geology 
can be divided into several general areas. Phoenix 
lies in the valley of the Salt River (once a perennial 
stream before dam construction), better known as the 
Valley of the Sun. The area is low (elevation 1100 
ft), flat, and punctuated by several small mountain 
ranges. The route of the trip follows the Black 
Canyon Freeway (I-17) north out of the valley. Near 
Carefree Road the broad valley gradually narrows and 
the freeway enters the Black Canyon area. Tertiary 
sedimentary rocks and volcanic deposits form the 

mesas, and Precambrian basement is exposed in the 
river valleys and deeper road cuts. At Black Canyon 
City, the highway begins an abrupt ascent out of 
Black Canyon onto a basalt plateau. At the top of 
the climb is Sunset Point Rest Area. We will make a 
brief stop here for R and R. At Sunset Point, the 
view to the west is across the Agua Fria River valley 
to the Bradshaw Mountains. The entire terrain is 
underlain by Middle Proterozoic metamorphic rocks 
and granites. Northward the highway traverses rolling 
upland underlain by Precambrian and Cenozoic rocks. 

Near Cherry Road, the highway begins the descent 
into Verde Valley via Copper Canyon. The road cuts 
display the complex geometry of the Tertiary volcanic 
rocks. After crossing the Verde River the Interstate 

Trip route: 

..,___.'h1; 1!·~ o_A oa.:;. 

Tb 

Figure . 1. Index ~ap and schematic geologic map of field-trip area. Explanation of symbols and numbers: Tv-Verde 
F?rmatlon; Tb-Tertiary basa~t and ~ssociated sediments; PP-Pe~ian and Pennsylvanian sedimentary rocks; MDC-Mississip
pian, Devoman, and Cambnan sedimentary rocks.; P~-Precambnan. Roads: A-Schnebly Hill; B-Red Rock Loop; C-Dry 
Creek; D-Boynton Pass; E-Red Canyon; F-Perkinsville. Other features: G-Woodchute Mountain· H-Wilson Mountain· 
J-Black. Mountain; K-Casner Mountain; L-Bell Rock; M-Cathedral Rock; N-First View; P-Capit;l Butte; R-Scheurm~ 
Mountam. Numbers show stop localities. 
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traverses the broadest part of Verde Valley with 
numerous road cuts in the light-gray lacustrine rocks 
of the Miocene-Pliocene Verde Formation. All the 
low mesas and hills in this part of the valley consist 
of the Verde Formation, which comprises a broad 
range of carbonate and siliciclastic rocks deposited in 
lacustrine, lacustrine-margin, and fluvial-alluvial 
depositional systems. 

Interstate 17 ascends the north wall of Verde 
Valley via a broad, relatively undissected, basalt ramp. 
The ramp formed when upper Tertiary basalt flows 
spilled over the Mogollon Rim; the basalts probably 
followed a southward-directed drainage system. The 
steep ascent begins at the AZ 179 (Sedona) exit. 

(NOTE: The trip is designed to proceed northward 
on I-17, up the Mogollon Rim to the Schnebly Hill 
exit. Because the Schnebly Hill Road is dirt and 
gravel, traverses rugged terrain, and is nearly 
7000 ft elevation, it is subject to closure due to 
snow and heavy rains; a contingency plan is 
necessary. Information on road conditions can be 
obtained by calling the Coconino County Sheriff, 
Sedona Office (282-4121). If necessary, the trip 
can exit at AZ 179 and proceed northward to 
Sedona. After crossing Dry Beaver Creek, 
Highway 179 enters the "Red Rock Country." The 
red tree-covered hills are composed of the 
Permian Hermit Formation and the slickrock 
terrain and orange cliffs consist of the Schnebly 
Hill Formation. The upper white cliffs consist of 
Coconino Sandstone. 

Usually, except in the most severe weather, 
the lower Schnebly Hill Road is open. In Sedona 
the road intercepts Highway 179 immediately east 
of the bridge over Oak Creek. Stops 2 and 3, 
and perhaps even 1, are therefore accessible by 
proceeding eastward up the Schnebly Hill Road 
from Sedona. Should even the lower portion of 
the road be closed, stay on Highway 179 and 
follow the roadlog to Stop 4.) 

If you can follow I-17 to Schnebly Hill Road, 
proceed north on Interstate 17 up the basalt 
ramp, across the Mogollon Rim, and onto the 
southern highlands of the Colorado Plateau. Exit 
at the Schnebly Hill Road (exit 320) and drive 
west (left). The road crosses a broad valley with 
a long, narrow reservoir, Foxboro Lake. The road 
continues west through dense ponderosa pine 
forest and into the more open pinyon-juniper 
country of the brink of the Mogollon Rim. 
Proceed to the well-marked first stop, the 
Schnebly Hill Vista. 

STOP 1. -- SCHNEBLY HILL VISTA 

Purpose 

From this view point (elevation 6000 ft) on the 
Mogollon Rim, we look southwest across the dissected 
margin of the Colorado Plateau, across the Verde 
Valley, and into the distant Transition Zone. The 
complete upper Paleozoic section is exposed (Figure 4) 
and structure typical of the region is well developed 
and exposed. Oak Creek Canyon lies perpendicular to 
our view; the obvious difference in canyon-rim 
elevation marks the offset of the Oak Creek Fault. 
The fault jogs sharply to the southeast and trends up 
Casner Canyon in front of us, then breaks sharply to 
our left, and cuts across the road on which we will 
be driving. The fault then trends to the south, out 
of our field of view. Reverse-drag features are 
present at several locations along the fault. Note 
that the east (downthrown) side of the fault is 
everywhere capped by Tertiary basalt whereas the 
west side has small scattered patches of basalt. 
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Regional Stratigraphy 

The entire upper Paleozoic stratigraphic section is 
visible from the view point. Below in the middle 
distance beneath the steel arches of Midgley Bridge is 
the top unit of the Permian-Pennsylvanian Supai 
Group, the Permian Esplanade Sandstone. Many 
previous papers have assigned all of the red rocks in 
the section before us to the Supai Formation; 
however, careful regional correlation (Blakey, 1979a,b; 
1980; Blakey and Knepp, in press) has demonstrated 
that only the lowest portion of the red-rock sequence 
in the Mogollon Rim is correlatable with the type 
Supai of the Grand Canyon region (Figure 5). 

The Esplanade Sandstone is succeeded by the 
slope-forming and tree-covered Hermit Formation. 
The Hermit is overlain by red-orange slickrock and 
orange cliffs of the Schnebly Hill Formation (type 
section in front of us), which grades upwards through 
a zone of intertonguing into the Coconino Sandstone. 
A prominent green line of vegetation divides the 
Coconino into two parts: the lower white cliff is 
directly equivalent to the Coconino in the Grand 
Canyon; the upper broken cliff is an eolian facies of 
the Toroweap Formation (Rawson and Turner-Peterson, 
1980). The uppermost knobs of Wilson Mountain to 
the west consist of the Permian Kaibab Formation, 
marine carbonate and sandstone. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 2 

All mileages on the Schnebly Hill Road will be 
given from Schnebly Hill Vista. At 0.4 mi the road 
makes a sharp bend across the head of Casner 
Canyon. The road has descended through the basalt 
cliff and near here, white, badly weathered Coconino 
Sandstone is exposed. At 1.1 mi the road bends 
sharply to the south, crosses the Oak Creek fault, and 
enters a small pass. The fault is clearly marked by 
the change from white Coconino to red Schnebly Hill. 
Reverse drag is displayed in the red rocks. At 1.1 mi 
the road widens, where we will make the next stop. 

STOP 2A. -- SCHNEBLY HILL FORMATION FACIES 

Purpose 

The rounded cliffs immediately to our west expose 
the upper portion of the type Schnebly Hill Forma
tion; Blakey (1979a) assigned this unit to the Syca
more Pass Member. The Fort Apache Member (light
gray, ledgy dolomite) is exposed at the south end of 
the outcrop. The purpose of this stop is to examine 
the Schnebly Hill facies and to walk out a sharp 
lateral facies change. 

Facies and Facies Interpretation 

Blakey and Middleton (1983) recognized six facies 
within the Schnebly Hill Formation and Coconino 
Sandstone of the Sedona area (Figure 6) : 

1. Tabular- and wedge-cross-stratified facies 
(TWC) includes the largest sets of cross
stratified sandstone, up to 10 m thick (Figure 
7). The pale grayish-orange to yellowish-gray 
sandstone comprises sand flow and wind-ripple 
laminae as angle-of-repose foresets. Cross
bedding geometry ranges from simple sets to 
complex cosets that contain internal bounding 
surfaces. Trough-shaped sets 30 or more 
meters wide are present and locally abundant. 

2. Intraset-cross-stratified facies (IC) consists of 
chiefly tabular cosets of grayish-orange to 
reddish-orange cross-stratified sandstone with 
intrasets of planar-tabular and trough-sand 
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Fi~ure 2: View across Verde Valley from southern edge of Colorado Plateau at Schnebly Hill. 
Chff, sptres and buttes formed by Permian Schnebly Hill Formation and Coconino Sandstone. 
Verde Valley underlain by Verde Formation. Distant hills are southern escarpment of the Black 
Hills. 

flow and wind-ripple strata arranged within 
the larger cosets (Figure 7) . The tabular 
cosets range to 12 m in thickness; the 
intrasets average 0.2 m. All variations and 
gradations between facies IC and TWC exist. 

Facies IC is thought to represent the 
deposits of large complex and compound draas 
in which smaller dunes migrated obliquely 
across the face of larger bedforms. General
ly, the master sets have a southerly dip and 
the intrasets a southwesterly or southeasterly 
dip, though many variations are present. 

3. Trough-cross-stratified translatent facies 
(TCT) form tabular beds up to 6 m thick 
(Figure 7) and internally contain trough
shaped sets and cosets 3-10 m wide and up to 
1.5 m thick. The trough axes dip less than 
10° and plunge both southwesterly and 
southeasterly. The troughs, clearly erosional 
in origin, are filled nearly exclusively with 
climbing translatent (wind-ripple) strata and 
measurement of wind-ripple foresets are to 
the southwest. 

SW 
NE 

The erosional troughs were formed by wind 
scour associated with blowout dunes, migrat
ing scour pits, and possibly strongly trough
shaped akle'dunes. The scours, regardless of 
origin, were then filled in by migrating wind
ripple deposits. Repeated periods of erosion 
and deposition mark the sequences. 

t.41NGUS MTN 
7000 
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Figure 3. Schematic topograp~ic and geologic cr?ss 
section from Mingus Mountam to Schnebly H1ll. 
Length of section about 25 miles (40 km). Symbols: 
Tv-Verde Formation; Tb-Tertiary basalt; Pc-Cocomno 
Sandstone; Ps-Schnebly Hill Formation; PPs-lower 
Supai Group; Mr-Redwall Limestone; pm-Martin 
Formation; Ct-Tapeats Sandstone; PC-Precambnan. 

4. Complexly cross-stratified facies (CC) consists 
of irregular small-scale cross-stratified 
sandstone. Sets and cosets vary greatly and 
include trough-, wedge-, rare planar-, and 
irregular-shaped sets several em to 0.3 m 
thick (Figure 7). The facies may form all of 
a given bed or be intercalated with other 
facies. Ripple-form strata of both subaqueous 
and eolian type are rare, as are mud drapes 
that occur on irregular bedding planes 
and within foreset laminae. 

Cross strata in facies CC were formed by 
subaqueous and subaerial bedforms. Subaerial 
features include small, irregular inClptent 
dunes, irregular hummocks, and wind ripples. 
Subaqueous forms include both ripples and 
megaripples that likely existed in a varied 
coastal-plain setting including lagoons, tidal 
creeks, supratidal flats, and possibly intertidal 
environments. Commonly both aqueous and 
eolian strata are intercalated, demonstrating 
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Figure 4. Permian and Pennsylvanian rocks of Sedona area. A,B-lower Schnebly Hill Formation in Hart Well Canyon and 
Bell Rock. Note great increase in cross-stratified eolian deposits at Hart Well. C-upper Schnebly Hill Formation at 
Schnebly Hill. D-Esplanade Sandstone (lower cliff), Hermit Formation (slope), and Schnebly Hill Formation, Oak Creek 
Canyon. E-ledges and slopes of Supai Group, Sycamore Canyon. F-Cliffs of Coconino Sandstone overlying Schnebly Hill 
Formation, Hart Well Canyon. 
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Figure 5. Restored stratigraphic cross section along the Mogollon Rim; top: Schnebly Hill Formation; bottom: Naco and 
Supai Groups and Hermit Formation. 

the transitional nature of the depositional 
setting. 

5. Wavy bedded to ripple-laminated facies (WBR) 
is a varied assemblage of sandstone and silty 
sandstone, generally dark reddish-brown, that 
includes a broad suite of sedimentary struc
tures (Figure 7). Lithologic end members are 
well-sorted, very fine- to medium-grained 
sandstone, and fissile to massive mudstone. 
Typical components of the broadly defined 
facies include sandstone with wave ripples; 
sandstone with wind-ripple strata; homogen
eous or structureless sandstone; crinkly 
bedded sandstone; silty sandstone with ripple, 
crinkly, and irregular lamination; fissile to 
crinkly laminated mudstone; and evenly lamin
ated to wavy bedded intercalated sandstone, 
silty sandstone, and mudstone. Rare sedimen
tary structures include salt-crystalcasts, ripple 
marks, and pollygonal desiccation cracks. 
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Facies WBR was formed by a variety of 
sedimentary processes in eolian-margin and 
coastal-plain settings. Traction and suspen
sion processes alternanted to produce the 
intricate patterns that characterize the facies. 
Careful examination of sedimentary structures 
and sedimentary associations document the 
following specific origins: eolian wind-ripple 
and sand-sheet flats; wave-influenced shallow 
water; shallow, confined to unconfined 
aqueous currents; suspension in standing 
bodies of water; and alternating current and 
slack-water deposition. Alteration by growth 
of evaporative crystals, compaction and 
dewatering, and organisms is common. 

6. Dolomite facies is present in the Fort Apache 
Member of the Schnebly Hill Formation in the 
Sedona area. It ranges in . composition from 
fairly pure carbonate to dolomitic sandy 
siltstone and contains cryptalgal laminations, 
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Figure 6. Facies of Schnebly Hill Formation and 
Coconino Sandstone. See text for additional des
cription and interpretation. 

fenestral structure, ripple laminations, and 
structureless units. 

The Fort Apache Member in the Sedona 
area was deposited at the margin of a 
restricted carbonate shelf. To the southeast 
along the eastern Mogollon Rim an abundant 
molluscan fauna indicates more open marine 
conditions. 

The distribution of the above facies is not random 
but rather shows a definite regional pattern (Figure 
8). Blakey and Middleton (1983) interpreted this 
pattern as representing the alternation of rapid 
marine transgression followed by seaward progradation 
of an eolian complex or erg. Eolian deposits increase 
laterally to the northwest and vertically upsection, 
showing a gradual expansion of eolian environments 
through time. Controls on the coastal plain to eolian 
cycles were imposed by subsidence along the Sedona 
arch and eustatic sea-level changes (Figure 9). 

Depositional Systems at Schnebly Hill 

The exposures before us contain examples of all 
of the above facies. A short walk of about 100 m 
across the shrubby terrain allows detailed examination 
of the upper Schnebly Hill Formation. Note that all 
of the cross-stratified sandstone lies above the Fort 
Apache Member. After studying each facies, we will 
walk out a lateral facies change of less than 150 m 
width. 

The facies change occurs in a unit about 10 m 
thick about 40 m above the Fort Apache Member. At 
the north end of the outcrop, the unit consists of 
facies TWC overlying facies TCT; we interpret that 
this sequence was formed by large dunes that 
prograded across coastal blowout dunes. Near the 
south end of the outcrop, the lower portion of the 
large dune complex grades into facies CC and WBR. 
The change reflects the destructioll: of the dunal 
complex as it migrated southward mto a body of 
water, possibly a coastal lagoon. 

STOP 2B. -- OVERVIEW OF FACIES PATTERNS 

Purpose 

The purpose of this stop is to view from a 
distance the facies patterns described above. Between 
0.3 and 0.4 rni from the last stop are several places to 
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view the entire Schnebly Hill Formation. Here we 
can see at least 15 cycles in the upper part of the 
formation and document the increase in eolian-formed 
deposits up the section. Also note the lack of 
cross-stratified sandstone in the lower part of the 
Schnebly Hill Formation; on Day 2, we will examine a 
lateral facies change in this sequence. 

Continue the descent along the Schnebly Hill 
Road. At 0.8 mi (from Schnebly Hill Vista) the road 
crosses a concrete bridge; excellent views are present 
along the route. At 2.7 mi, the Hermit-Schnebly Hill 
contact is exposed on the left side of the road. At 
3.3 mi, a channel in the Hermit Formation is exposed 
along the road. At 4.0 mi the road has a sharp 
hairpin curve; note that exposures along the road are 
in the Schnebly Hill Formation as we have crossed a 
normal fault, downthrown to the south. At 4.4 mi is 
a broad pulloff that offers excellent views of the 
cliffs to the north; this is Stop 3. 

STOP 3. --VIEW OF HERMIT FORMATION FACIES 

Purpose 

Approximately 4.4 rni from the Schnebly Hill Vista 
we will view a typical slope of the Hermit Formation. 
The purpose of this stop is to define the major facies 
of the Hermit; from this distance, geometry and 
relative distribution will be stressed. Two subsequent 
stops will examine Hermit facies at close range. 

Hermit Facies and Interpretation 

The Hermit Formation forms chiefly steep slopes 
broken by subordinate ledges and low cliffs. Figure 
10 schematically illustrates and interprets Hermit 
facies. The slopes, exposed only in steep, narrow 
gullies and road cuts, are mostly red mudstone, some 
of which contains calcite concretions. The mudstone 
formed in overbank environments and the calcite 
formed as pedogenic caliche nodules. The ledges 
include sandstone and conglomerate as follows: 

1. Large-scale, high-angle, cross-stratified, 
well-sorted sandstone forms a prominent low 
cliff near the base of the formation. 
Stratification type confirms an eolian origin 
for this and other similar units in the Hermit. 
Dune deposits common at the top of the 
underlying Esplanade Sandstone persisted as 
Hermit fluvial systems developed in the area. 

2. Medium to large channel-shaped sandstone 
complexes, some nearly 20 m thick and one 
km wide, contain epsilon cross-stratification; 
heterogeneous sandstone, mudstone, and con
glomerate fill; sharp bases; and gradational 
tops. These are interpreted as the deposits 
of medium-size meandering rivers and included 
point-bar deposits. 

3. Narrow, conglomerate-filled channels with 
width-to-depth ratios typically in single digits 
and locally near unity are generally less than 
3 m deep. They contain crudely stratified 
sedimentary-pebble conglomerate with thin 
intercalations of sandstone and mudstone. We 
tentatively interpret these units as having 
formed in narrow, steep-walled arroyos. 

4. Sheetlike thin bodies, generally less than 2-3 
m thick, include one or more of the follow
ing: structureless fine- to very fine-grained 
sandstone; sedimentary-pebble conglomerate; 
or mottled silty sandstone with calcite con
cretions. We suggest that the sheets formed 
in broad arroyos or as unconfined flows 
across flood plains. The structureless 
sandstone may represent reworked or altered 
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Figure 7. Facies of Schnebly Hill Formation and Coconino Sandstone. A-facies TWC, Coconino Sandstone at Stop 6. B
sandy, ripple-laminated WBR at Bell Rock. C-silty sandstone of WBR, Bell Rock. D-facies IC at West Fork. E-facies 
TCT at Hart Well Canyon. F-facies CC at Bell Rock. B-F all Schnebly Hill Formation. 
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eolian deposits and the mottled sandstone is 
pedogenically altered. 

The above facies including the mudstone are 
randomly distributed throughout the Hermit Formation 
in the Sedona area. The pattern of facies does not 
resemble any published facies model and obviously 
reflects a broad mixture of stream types, flow 
strengths, and consistency of flows. We offer the 
following model. The Hermit system was dominated 
by flood-plain deposits. Many of these deposits were 
sufficiently removed from channel processes to allow 
widespread and extensive caliche deposits to form. 
Such flood plains were resistant to lateral erosion as 
the narrow, steep-walled arroyo deposits indicate. 
These arroyos were of local extent and ephemeral. 
The conglomerate was derived from older Hermit 
caliche and limey siltstone. The sheetlike bodies 
formed either during times when arroyos were filled 
with sediment and spread laterally as sheet-flood 
deposits across flood plains, or when arroyos were 
broad rather than narrow. Eolian sandstone formed 
on flood plains or in abandoned arroyos. The mean
dering stream and point-bar deposits seem out of 
place. The random distribution argues against climatic 
or tectonic controls of their distribution. We suggest 
that they indicate regional-scale streams with peren
nial flow. The arroyos had lengths on the order of 
tens of kilometers and flowed into the larger mean
dering streams with lengths of perhaps hundreds of 
kilometers 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 4 

Continue west on the Schnebly Hill Road. At 5.2 
mi, the pavement begins and the road en~ers Sedona. 
At 5.8 mi, junction with AZ 179. Turn nght (north). 
The highway immediately crosses Oak Creek; at the 
junction, US 89A (stoplight), turn right. Mileages 
given here refer to milepost markings on US 89A. At 
mile 375 the highway leaves Sedona and enters lower 
Oak Creek Canyon. The prominent cliff is the 
Esplanade Sandstone. The highway crosses a side 
canyon on the steel-arched Midgley Bridge near mile 
376. About 0.6 mi north is the Grasshopper Point 
Recreation Area. Narrow Hermit channels are well 
exposed in the road cuts. Stop 4 is about 0.2 m1 
north of the recreation area at a pullout along the 
highway near where the powerlines cross above. 
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Figure 8. Regional schematic cross section of upper 
Schnebly Hill Formation. See text for explanation. 
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STOP 4. - HERMIT CHANNELS NEAR 
GRASSHOPPER POINT 

Purpose 

A series of narrow "u"-shaped channels are well 
exposed in the road cut. The exposures are near the 
base of the Hermit Formation. We will examine the 
channels, the fill, and the stratification in order to 
interpret the origin of the deposits. 

Arroyo Deposits 

The following characteristics support an ephemeral 
arroyo origin for the channel deposits: the channels 
are narrow, steep walled, and .show no evidence of 
lateral migration. The fill contains conglomerate with 
clast size to several centimeters. Stratification is 
poorly developed but present and shows no obvious 
vertical trends. Cross-stratification is absent, as is 
any inclined bedding. Mud and sand are intercalated 
in some channels. The conglomerate is intraforma
tional and the source of most clasts can be seen in 
the enclosing overbank deposits. 

The channels were cut during a period of arroyo 
cutting. Vertical accretion was episodic and was 
deposited by strong flows. During accretion, there 
was little or no modification of channel size or shape. 
The streams were small, local, and incised into older 
flood-plain deposits. 
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Figure 9. Map showing facies distribution, environ
ments of deposition, and tectonic elements of Arizona 
during deposition of lower Schnebly Hill Formation. 
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Figure 10. Diagram of hypothetical portion of Hermit 
Formation in the Sedona area showing distribution of 
facies . Symbols: ES-eolian sandstone; LA-point bar 
and channel deposits with lateral accretion; UC-
'u' -shaped channel deposits; SB-sheet bodies of 
sandstone and conglomerate; OD-overbank deposits 
including suspension deposits, crevasse splays, and 
levees, all typically with pedogenic alteration. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 5 

Continue north on US 89A up Oak Creek Canyon. 
Near mile 377 the highway crosses the Oak Creek 
fault, as evidenced by prominent reverse drag in the 
Esplanade Sandstone. At 378 is the settlement of 
Indian Gardens at the mouth of Munds Canyon. 
Cross-bedded sandstone in the road cuts is in the 
Schnebly Hill Formation. At mile 380 the elevation is 
5000 ft. At mile 381 is the parking area for the 
famous Slide Rock. Spectacular cliffs of the Schnebly 
Hill Formation and Coconino Sandstone are to the 
west. The road crosses Oak Creek. Near mile 384 
are Don Hoel's Cabins; prepare for Stop 5. About 0.6 
mile north of the cabins is the paved pullout for West 
Fork. Park and carefully cross the highway; descend 
the paved path to Oak Creek. Cross the creek (note: 
Oak Creek is not crossable during high water) and 
follow the west bank 50 m south to the junction of 
West Fork and Oak Creek. 

STOP 5. -- SCHNEBLY HILL FACIES 
AT WEST FORK 

Purpose 

Several adjacent outcrops will be analyzed at the 
mouth of West Fork. A popular hiking trail ascends 
the canyon of West Fork for a number of miles. At 
the mouth, we will analyze eolian stratification and 
bedding geometry in order to reconstruct dune type 
and interpret changing dune styles. 

Interpretation of Eolian Dunes 

The spectacular exposures are in the upper 
Schnebly Hill Formation (Figure 11). We estimate 
that the Fort Apache Member is about 15-30 m below 
the base of the section. Recent studies of modern 
and ancient eolian sedimentation have yielded 
important clues in the interpretation of eolian 
stratification and geometry (Hunter, 1977; Kocurek, 
1981; Hunter and Rubin, 1983; Rubin and Hunter, 
1983). Further discussion of eolian stratification and 
bedding geometry is provided by Rubin and Hunter 
(this guidebook). Two dune types will be examined. 
The first is exposed along the southwest margin of 
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Figure 11. Column of upper Schnebly Hill Formation 
and lower Coconino Sandstone in Sedona area showing 
cyclic distribution of facies. 

the junction of West Fork with Oak Creek and in the 
shallow water of the two streams. The troughs of 
facies TCT are clearly exposed and range in width 
from about 1.5 m to 10 m. All the eolian fill in the 
troughs consists of wind-ripple strata. Measurements 
of plunging trough axes yield a bimodal southwest
northeast trend; however, careful measurement of 
wind-ripple foresets yields a narrow southwest trend. 
We interpret the toughs to have been formed by a 
scouring, bimodal, coastal-wind regime. The sequence 
grades up from underlying facies WBR, in which 
subaqueous ripples are clearly developed. The WBR is 
interpreted as a tongue of coastal-plain and 
restricted-shelf shallow marine deposits. The wind
ripple fill displays an unusually large amount of wind
ripple foresets, perhaps due to variations in wind 
speed and variations in sediment size during wind
ripple migration. Note that a few layers of eolian 
sand flow strata wedge downward into some troughs. 
This suggests that local avalanching took place along 
some oversteepened trough margins. 

The troughs were formed by scouring winds as 
blowout dunes and perhaps as slipfaceless sinuous 
akle'dunes. The troughs along the creek do not show 
the en-echelon pattern expected for deposits of 
migrating crabbing scour pits (Rubin and Hunter, 
1983). Instead, they appear to have a random 
stacking arrangement. 

The second dune type is exposed on the lowest 
wall of Oak Creek about 150 m south of West Fork. 
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When leaving the creek and climbing up to the 
exposure, watch for poison ivy, which laces some of 
the crevices along Oak Creek. The longitudinal 
exposure of the cross-stratified coset is typical of 
facies IC. Note that the mastersets are equally 
spaced and contain both trough and planar intrasets. 
Eolian stratification type is a mixture of wind-ripple 
and sand-flow strata and the latter increases up a 
given foreset. Also note that the intrasets. decrease 
up the long mastersets. 

Return to the junction of West Fork and follow 
the main hiking path 75-100 m west to where one can 
scale the south-facing, partly forested broken cliff. 
This is a transverse exposure of the same coset we 
just examined; note the completely different aspect of 
this exposure! The mastersets are defined by the 
south-dipping bedding planes and the intrasets are the 
southwest-dipping planar sets. 

This coset was formed by a large compound dune 
or draa. The consistent dip of the mastersets 
suggests that the large bedform had a fairly straight 
planar crest and lee face. The intrasets represent 
smaller superimposed, probably also straight-crested 
dunes. The even spacing of the mastersets suggests 
that the smaller dunes accreted laterally and climbed 
across the major bedform. Therefore, dune migration 
was oblique at some angle between those of the 
mastersets and intrasets (see Rubin and Hunter, 1985). 

Continue climbing up seciton while bearing to the 
west (carefully; the west-facing cliff is up to 90 m 
straight down to West Fork). Exposed in a south
facing amphitheater is a spectacular section of facies 
TCT. Note that here the troughs are arranged in 
somewhat of an en-echelon pattern, suggesting that 
they might have formed as crabbing scour pits. It is 
possible here to ascend the section up into the over
lying Coconino Sandstone through several more upper 
Schnebly Hill cycles; it is unlikely that we will have 
time to do so. 

Return to the vehicles and continue northward up 
Oak Creek Canyon. The road bends sharply to the 
right and then back to the left. After this horseshoe 
bend, the road straightens. A steep cliff of Coconino 
lies to the right and a paved parking strip is on the 
left; the travel distance from West Fork is about 0.9 
mi; this is Stop 6. Continue past here about 0.5 mi 
to the road to Troutdale Ranch; this provides a 
convenient turnaround. Return to the south end of 
the paved pulloff, park, cross the highway and ascend 
the small draw at the south end of the Coconino cliff. 

STOP 6. -- INLAND DUNES OF UPPER 
COCONINO SANDSTONE 

Purpose 

At this location in the upper Coconino Sandstone, 
inland dune sequences can be contrasted with the 
more coastal settings of dunes in the Schnebly Hill 
Formation. Cross-stratification includes both simple 
and compound types arranged in tabular, wedge, and 
trough sets. Facies WBR is missing, though hori
zontally stratified wind-ripple laminae are present 
above some major bounding surfaces. 

Return to the vehicles and drive down (south) 
Oak Creek Canyon to Sedona. Remain on US 89A 
through West Sedona. Note some spectacular expo
sures of Hermit flood-plain and channel deposits in 
the road cuts. 

Follow 89A about 1 mi west of the built-up area 
of Sedona to the Red Rock Loop Road (east end) and 
turn left. Follow signs to Red Rock (Baldwins) 
Crossing (no longer crossable). 
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STOP 7. --RED ROCK CROSSING 

Purpose 

This final stop of the day will provide an 
opportunity for discussion in one of the most famous 
and beautiful settings in the Southwest. Reflected in 
the till waters of Oak Creek are the rugged spires of 
Cathedral Rock. The entire Schnebly Hill Formation 
is exposed, although from this view the underlying 
Hermit Formation is not visible. This is the last stop 
of the day; return to Sedona; end of Day 1. 

ANATOMY OF AN EOLIAN FACIES CHANGE 

Introduction 

The cliffs north and west of Sedona expose a 
dramatic facies change in the lower Schnebly Hill 
Formation. Approximately 150 m of strata are 
involved over a distance of less than 15 km (Figure 
12). At locations such as Schnebly Hill, Bell Rock, 
and Cathedral Rock, the entire lower portion of the 
formation (beneath the Fort Apache) comprises silty 
ripple-marked to wavy-laminated sandstone of facies 
WBR; cross-stratified sandstone is absent. Several 
kilometers to the north and west at Slide Rock, 
Capitol Butte, and Scheurman Mountain, prominent 
cross-stratified sandstone, 10-30 m thick, of facies 
TWC, IC, and TCT, crop out about 30 m below the 
Fort Apache Member. At Boynton Canyon nearly 50% 
of the interval is cross-stratified; at Loy Butte, 75%; 
and at Sycamore Pass, 90%. The facies change is 
very similar to that described for the upper Schnebly 
Hill Formation except that laterally it covers 15 km 
rather than 150 km; eolian sandstone increases up 
section and to the north and west. 

In studying the facies change in the lower 
Schnebly Hill Formation, it is important always to be 
aware of stratigraphic position. East of Boynton 
Canyon, the Fort Apache marks the top and the 
Hermit marks the base of the sequence of interest. 
West of Boynton Canyon, however, the Fort Apache 
has pinched out but the brick-red, ragged, cliff
forming, silty sandstone that underlies the Fort 
Apache across the entire region can be traced as far 
west as Sycamore Canyon; a prominent 2-m-thick 
orange cross-stratified sandstone immediately underlies 
the Fort Apache Member and it too is tracable to 
Sycamore Canyon, well west of the pinchout of the 
carbonate marker. The Hermit remains at the base of 
the sequence throughout the region. 

The Facies Change 

On Day 1 we saw that the lower Schnebly Hill 
Formation at the type section lacked cross-stratified 
sandstone. Rather, the red, ripple-laminated, wavy
bedded, slickrock-forming sequence is best interpreted 
as having formed adjacent to a highly restricted sea 
in supratidal or sabkha environments. Thin, relatively 
mature, fine-grained sandstone beds several centi
meters thick represent eolian sand blown into this 
semiaqueous setting. Fifty to 100 km east and 
southeast, sabkha and restricted shallow marine 
deposits increase including mudstone, gypsiferous 
mudstone, and several thin carbonate beds (Blakey and 
Middleton, 1983). 

Several eolian tongues have been traced laterally 
from northwest to southeast. In general, the facies 
change across the edge of these tongues proceeds as 
follows. Large-scale cross-stratified sandstone of 
facies TWC and IC becomes smaller in scale and more 
complex in geometry. Intercalations of troughs (TCT) 
and wavy and ripple-bedded sandstone, sandy WBR, 
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Figure 12. Correlation of detailed columnar sections, Schnebly Hill Formation, Mogollon Rim. 

become more numerous. Towards their distal margins, 
the tongues comprise chiefly varieties of sandy and 
silty WBR, eolian wind-ripple strata, and small 
complex cross-bed sets (CC). The last vestiges of 
eolian sedimentation include the sandy horizons of 
WBR, and rare wind-ripple stratification fully enclosed 
in red, silty WBR. 

The interpretation of such a change, from 
northwest to southeast, is as follows. Large inland 
dunes prograded southward towards and onto the 
coastal plain. As the eolian sands entered the coastal 
regime, changing winds, humidity conditions, ground
water conditions, and reduction of sand caused dune 
types to alter to smaller, more complex forms. Some 
dune deposits in this transitional area display 
northward-dipping foresets, rare in more inland dune 
sequences. Evidence of subaqueous deposition 
increases as storm, washover, and possibly tidal 
processes influenced the coastal eolian complex. The 
distal margin of the erg was the site of small eolian 
dune, eolian sand-sheet, lagoonal, tidal-creek, and 
sabkha deposition. Conditions must have changed 
rapidly because all variations and intercalations of the 
above environments are exposed across the facies 
change. A broad sabkha or supratidal flat separated 
the erg margin from restricted shallow marine 
environment. We intuitively suggest that an average 
of 5-l 0 km of sabkha flats lay between the low
energy shoreline and the erg margin. In places, 
however, large-scale eolian cross-bedding grades 
directly into subaqueous environments as we saw 
yesterday at Schnebly Hill. Possibly some of the 
dunes were immediately adjacent to the marine waters. 
The restricted shallow marine shelf was the site of 
silty WBR deposition. Knee-deep water may have 
extended many kilometers offshore and the arid, 
evaporative conditions were likely unfavorable to 
organisms as shown by the sparse bioturbation in the 
rocks. The nearly constant rain of loess into the 
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shallow water restricted algae production. Conditions 
were very rough for living organisms! 

The several stops at which we will examine this 
facies change are logged and briefly described below. 
The first stop today will display less than 10% eolian 
sedimentation, whereas the stop at Hart Well Canyon 
contains over 70% eolian deposits. 

Proceed west out of Sedona 1.2 mi past the east 
Red Rock Loop Road to the junction of the west Red 
Rock Loop Road; turn left onto the road and park 
near the junction. This is Stop 8. 

STOP 8. --WEST SCHEURMAN MOUNTAIN 

The northwest spur of Scheurman Mountain 
extends exactly to the junction of US 89A and the 
west Red Rock Loop Road. We will climb the north 
face of this spur. We are within 20 m of the Hermit 
Formation in the lower Schnebly Hill Formation. 
Approximately 60 m of silty WBR form the lower 
portion of the spur. Another 60 m contain several 
thin sandy WBR beds with wind-ripple strata (distal 
erg margin). About 20 m of eolian cross-bedded 
sandstone form the major objective of this stop. 
Extremely complicated cross-stratification was formed 
by complex coastal dunes. Less than 2.5 km to the 
southeast, this sandstone is absent. The upper part 
of the section is partly covered here and consists of 
30-40 m of silty WBR, 2 m of cross-stratified 
sandstone, and the Fort Apache Member. 

Return to vehicles, turn around, and head east 
back to Sedona. At 2.2 rni is the junction with Dry 
Creek Road; turn left (north) onto Dry Creek Road. 
Travel north approximately 1.4 rni to the boundary 
line of Coconino National Forest to Stop 9. 
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STOP 9. -- WEST CAPITOL BUTTE 

The prominent cliff before us displays the 
Schnebly Hill Formation and Coconino Sandstone. The 
same sequences we just examined at Stop 8 are 
clearly displayed here. This brief stop is to em
phasize the abrupt facies change to be encountered. 
Stop 11, 4 km to the northwest, will document a 
fourfold increase in eolian deposits! 

Continue north on the paved road 1.3 mi to the 
steel-grate bridge that crosses Dry Creek. Tum right 
(northe·ast) on Long Canyon Road and travel 50 m to 
the dirt pulloff marked by two capped oil-test pipes. 
This is Stop 10. 

STOP 10. --HERMIT CHANNEL AT DRY CREEK 

Purpose 

This stop provides a brief break in our study of 
the eolian facies change. Here we will contrast the 
larger Hermit channels with the small-scale "u" 
channels we saw at Stop 4. The channel is exposed on 
the northeast bank of Dry Creek immediately opposite 
the oil-well test sites. 

Point-Bar Deposits 

Unlike the "u" channels at Stop 4, the channel 
complex before us shows evidence of lateral accretion. 
The westward-dipping foresets are comprised of 
trough and planar sets of strata oriented perpendi
cular to the dip of the mastersets. Up-dip the 
foresets flatten out into upper point-bar and flood
plain deposits and contain imprints of the plant 
Walshia and abundant bioturbation. Down-dip the 
foresets grade into interformational conglomerate that 
marks the channel center. Down Dry Creek at the 
bridge, the conglomerate grades into sandstone. At 
this point we are some 8-10 m below the top of the 
point bar, indicating that the stream was at least that 
deep during floods. 

The streams that formed the point-bar deposits 
were clearly larger than those that formed the "u" 
channels. The abundant bioturbation, plant material, 
cross-stratification, and fining-up sequences suggest 
perennial flow in contrast to the ephemeral nature of 
the "u" channels. Our explanation for the contrast of 
fluvial styles was explained at Stop 3. 

Return to the vehicles and head west on the 
pavement towards Boynton Canyon. Stay on the 
pavement to the "T" junction; the left fork is dirt, 
the right fork is paved. Tum right and travel ap
proximately 0.3 mi to the parking area and trailhead 
marked "Boynton Canyon Trail 47." Here we will hike 
for about 10 minutes up the trail to examine the 
lower Schnebly Hill Formation. 

STOP 11. -- BOYNTON CANYON 

The lower Schnebly Hill Formation contains more 
than 50% eolian cross-stratified sandstone here, most 
of it in the upper 2/3 of the unit. The Fort Apache 
Member is only about 15 em thick and is not present 
northwest of Boynton Canyon. The major increase in 
eolian sandstone has taken place at the interval, 
which at Scheurman Mountain is occupied by the thin 
beds of sandy WBR. We can ascend the slickrock to 
the base of the eolian sequence, but steep cliffs 
prevent further climbing at this point. Note that the 
lower WBR slickrock contains several sandy horizons 
and some wind- ripple strata are present. Several 
beds of WBR contain white siliceous nodules that 
originally were evaporite crystals. 
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Although we can only examine the lower part of 
the eolian sequence here, a good example of a 
prograding erg-margin sequence can be seen. As the 
sequence ascends, intermixed silty and sandy WBR 
increases in sand content, small cross-stratified 
sandstone of facies CC becomes dominant, and it is 
succeeded by larger sets of facies TWC and IC. 

Return to the vehicles; at the "T" junction, 
continue straight (southwest) on the dirt Boynton Pass 
Road (152-C) through Boynton Pass. Note the 
increase in sandstone in the lower Schnebly Hill 
Formation as we travel west. The Fort Apache 
Member is here completely absent but the interval can 
be followed by paying close attention to the marker 
beds. Follow the road to where it ends at a "T" 
junction with the Red Canyon Road; turn right 
(north). At the junction 0.2 mi further, bear left; at 
the junction reached in another 1.2 mi, bear right. 
The road now descends into Hart Well Canyon. After 
crossing the drainage in the canyon, continue 0.4 mi 
to Stop 12. Park along the road and examine the 
cliffs immediately to the east. Note that the cliffs 
round off in a broad amphitheater; this is where we 
will ascend the section. Cross the brushy slope to 
the base of the section; every bush and plant has 
thorns and spikes. The catclaw is the worst; shorts 
are not recommended! 

STOP 12. --HART WELL CANYON 

At this location, the entire interval of study is 
accessible by a relatively easy climb. The lower 
Schnebly Hill Formation contains approximately 70% 
cross-stratified sandstone. Eolian deposits extend all 
the way to the base of the formation. The distance 
between Scheurman Mountain and Hart Well Canyon is 
11 km and the section has had a seven-fold increase 
in eolian-formed units! 

Retrace the route to the "T" junction at the end 
of Boynton Pass Road. Continue straight ahead 
(south) on the Red Canyon Road to the junction with 
US 89A. Turn right (west) onto the highway. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 13 

Highway 89A trends southwest across Verde 
Valley; the Black Hills form the skyline. Light
colored limestone ridges along the highway are 
composed of the upper Tertiary Verde Formation. 
The lacustrine carbonates formed in the subsiding 
graben of Verde Valley. Damming of the Verde River 
by basalt flows may have been a partial cause of the 
lake. The highway crosses the Verde River and 
enters Cottonwood. Continue on 89A and follow signs 
towards Jerome. 

The road begins its steep ascent up the Black 
Hills though Deception Gulch. Gravels are coarse 
facies of the Verde Formation. Gray carbonate ledges 
are Devonian Martin Formation and Mississippian 
Redwall Limestone. The two formations are jux
taposed by a series of normal faults, most of which 
are parallel to the Verde Fault. The road climbs up 
the gulch through a series of switchbacks. Note the 
odometer reading when passing the old Mingus Union 
High School. At 0.1 mi is the junction to the State 
Historical Museum; continue straight on 89A. At 0.3 
mi the badly deformed sidewalk marks the location of 
the Verde Fault. Follow narrow, winding one-way 
street through downtown Jerome, once a city with 
more than 10,000 inhabitants. At 0.8 mi past the high 
school is the junction with Perkinsville Road; turn 
right and head west on Perkinsville Road. Note the 
odometer reading at the junction. The road passes 
north of the open pit of the United Verde mine. 
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Black, green, and brown fractured rocks are Pre
cambrian schists. At 1.0 mi from the junction, the 
Perkinsville Road recrosses the Verde Fault; here the 
Martin Formation is exposed in the footwall. The 
road ascends the Martin Formation. Near the top of 
the grade, at 1.6 mi, is a quarry in Redwall Lime
stone; this is Stop 13. 

STOP 13. --PALEOZOIC ROCKS ALONG 
HAYNES FAULT 

Purpose 

The main Verde Fault has peeled off towards the 
northwest. A prominent branch, the Haynes Fault, 
trends west near where we stand. Like most large 
normal faults in the area, the fault comprises a series 
of smaller faults and in places at least four distinct 
strands can be mapped. In this area, we will examine 
the Cambrian Tapeats Sandstone, Devonian Martin 
Formation, and Mississippian Red wall Limestone. 

Tapeats Sandstone 

The Tapeats Sandstone is exposed in a small gulch 
several hundred meters south of the Perkinsville Road; 
a jeep trail follows the contours to the location. The 
Tapeats Sandstone is a coarse-grained, feldspathic, 
trough-cross-stratified sandstone. Subordinate planar
tabular and horizontally stratified units and con
glomerate are also present. 

This sequence closely resembles the deposits of 
modem and ancient braided streams; however, 
Hereford (1977) felt that the well-developed "u~shaped 
trace fossils, Corophioiodes. were indicative of 
tidal-dominated marine-shoreline deposits and he 
interpreted that the Tapeats of the Jerome area was 
deposited in braided tidal channels. This outcrop 
illustrates the difficulty of discriminating between 
prevegetation fluvial deposits and nearshore marine 
environments. 

Martin Formation 

The Devonian Martin Formation crops out at 
numerous locations in our immediate vicinity including 
in the gulch above the Tapeats Sandstone, along the 
jeep trail, and along the Perkinsville Road. The 
Martin Formation is chiefly aphanitic to sucrosic 
dolomite, purplish siltstone, and local fossiliferous 
dolomite. 

Cryptalgal laminations suggest that much of the 
unit formed on supratidal flats. Fossiliferous horizons 
near the top of the formation (Beus, 1978) document 
open-marine carbonate-shelf deposition. 

Redwall Limestone 

The Redwall Limestone is exposed throughout the 
area including the small quarry at the junction of the 
jeep trail and Perkinsville Road. The Redwall con
tains crinoidal grainstone and packstone with a typical 
Mississippian open-marine fauna. 

A closer look at the Redwall suggests that the 
unit was deposited on a carbonate shelf with specific 
environments ranging from supratidal to restricted 
marine to open marine. Several transgressive-
regressive events can be documented. 

Continue west on the Perkinsville Road for 
another 1.9 mi to First View, a notch through cliffs 
of the Supai Group that afforded riders on the 
railroad (the Perkinsville Road in this area generally 
follows an abandoned railroad grade) their first view 
of Jerome when coming from the west. This is Stop 
14. 
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STOP 14. --SUPAI GROUP AT FIRST VIEW 

Purpose 

The rocks of the lower part of the Supai Group 
are complex, cyclic, chiefly red sandstone, mudstone, 
aphanitic carbonate, and hybrid calcareous sandstone. 
Many units are highly altered by a rather intense 
diagenetic event. 

Cyclic Sedimentation 

Across the valley to the north in Sycamore 
Canyon, t~e entire Supai Group is exposed and 
includes m ascending order the Pennsylvanian 
Watahomigi, Manakacha, and Wescogame Formations, 
and Permian Esplanade Sandstone (Blakey, 1980). In 
the Jerome area, only the Pennsylvanian portion of 
the section is preserved because of pre-Tertiary 
erosion of younger Paleozoic rocks. The outcrops at 
First View are probably in the Manakacha Formation. 
Note that the ledge and slope topography defines a 
number of cyclic events. 

Although there is considerable variation, a typical 
Manakacha cycle begins with a sharp-based sandstone 
that grades upwards into limestone and then red 
mudstone. The sandstone is complexly cross-stratified 
with large sets dipping predominantly to the southeast 
and smaller sets dipping a variety of directions. Tops 
of the sandstone bodies are altered by diagenetic 
trends that appear to be influenced by bioturbation 
patterns. Some sandstone bodies grade upwards into 
cryptalgally laminated aphanitic carbonate. The red 
mudstone is poorly exposed. 

We suggest the following origin for such a cycle: 
the sandstone represents shallow-marine, probably 
tidal sandwave deposition. Some eolian stratification 
indicates that winds modified the bedforms. Probably 
due to gradual withdrawal of the sea, organisms 
reworked the now stagnant sandbodies, and algae 
colonized the moist coastal flats. The origin of the 
red mudstone is uncertain. It may represent the low
energy transgressive deposits of the next marine cycle 
or perhaps supratidal mudflats of the preceding cycle. 

. END OF FIELD TRIP 

Return to Jerome via the Perkinsville Road. Head 
south on 89A over Mingus Mountain. We will return 
to Phoenix via US 89A south to Prescott Valley (a 
cutoff will save traveling through Prescott), south on 
Arizona Highway 69 to I-17, then south on I-17 to 
Phoenix. 
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INTRODUCTION 

One of the first major discoveries of the infant 
discipline of zircon geochronology was that the Early 
Proterozoic of Arizona comprised two age provinces 
with a boundary in the central part of the state 
(Silver, 1965, 1967, 1969). Rocks in the central to 
northwestern part of the state are about 1.70 to 1.78 
Ga, whereas those in the central to southeastern part 
of the state are about 1.61 to 1.71 Ga. Since these 
results were first reported, the exact position and 
nature of the two-province boundary have been the 
subject of much debate and still elude geologists. It 
has become obvious that several iterations of field 
and geochronologic studies, each giving direction and 
raising questions for the next, are required for a 
understanding of the boundary and the Early 
Proterozoic history of Arizona in any detail. Because 
the two-province boundary in Arizona may extend north
eastward into the mid-continent and perhaps farther 
and because the Transition Zone in Arizona offers 
superb outcrops across this boundary, Arizona may hold 
answers to questions regarding the Early Proterozoic 
crustal growth of the southern part of the North 
American craton. One of the major goals of this field 
trip is to examine the nature of the proposed boundary 
through stops and discussions of rocks in both 
provinces. 

The controversy surrounding the nature of the 
boundary and the two provinces extends to the authors 
of this field guide. We cannot find agreement on 
definitions. It appears that the concept of a two
province boundary, at least on a local scale, is in 
question. Recently, the boundary has been viewed not 
as a simple line (e.g. a suture or shear zone), but as 
an area distributed over a distance of about 150 km 
NW-SE in the transition zone (Conway and Karlstrom, 
1986; Karlstrom and Conway, 1986). In other words, 
the northern part of the boundary zone contains 
scattered examples of southern province rocks and the 
southern part of the boundary zone contains scattered 
areas of older rocks of the northern province. 

Aside from isotopic age, two sets of criteria may 
be used to assign rocks to one province or the other 
-- broad lithologic characterization and deformational 
style. A fairly good correspondence exists between 
lithology and geochronology: "'northern"' province rocks 
are fundamentally submarine volcanic and volcani
clastic rocks and penecontemporaneous batholiths, most 
likely of oceanic or continental-margin arc deriva-
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tion, and ''southern'' province rocks are fundamentally 
continental to possibly passive continental margin 
rocks, including rhyolite caldera suites and mature 
sandstones. The correspondence is not so good between 
structure and lithology, nor between structure and 
geochronology. "'Northern"' province rocks commonly 
have a ductile fabric and show evidence in several 
places of polyphase deformation, whereas "'southern"' 
province rocks generally are brittlely deformed in one 
stage at high crustal levels. These generalizations, 
however, do not hold up everywhere. 

The Early Proterozoic terrane contains a number 
of major north- and northeast-trending faults or shear 
zones, along which the movement directions are not yet 
fully deciphered; minimum displacements in some cases 
are on the order of tens of kilometers. The signif-

Figure 1. Index and highway map of region of field 
trip. Sites to be visited (1-10) are circled numbers. 
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icance of these discontinuities is uncertain. One 
author (Karlstrom) suggests that some of these taults 
may separate tectonostratigraphic blocks of diverse 
crustal origin and tectonic evolution. Other authors 
(Silver, Conway) hold a view that the "southern" 
province rocks are basically a coherent continental 
suite that has for its substrate cratonized "northern" 
province rocks, and that the faults separate blocks of 
similar crustal history. It may be that the ultimate 
resolution of the problems lies in middle ground . 

This paper concentrates on the Early Proterozoic 
of central Arizona. We realize that accumulating data 
to the northwest and southeast add complexities to our 
interpretations, but they are beyond the scope of this 
discussion. We agree that one boundary in central 
Arizona is important yet not fully understood -- the 
Moore Gulch fault. In any further discussion of a 
boundary, unless specifically stated otherwise, we are 
referring only to the Moore Gulch fault. 

TIMETABLE AND SITE DESCRIPTIONS 

The route of the field trip and locations of 
sites to be visited are shown in Figure 1. Sites are 
also shown in other figures. In reading the site 
descriptions, one should refer to Figures 2 and 3 and 
subsequent text for geologic context of the units 
discussed. 

TIME SITE DESCRIPTIONS AND OBJECTIVES 

Friday, Oct. 23, 1987 
7:00a.m. Leave Phoenix. 
9:00 - Site 1 Superb exposures of rhyolite ash-flow 
Mount Peeley tuff of the Red Rock Group lie on the 

southeast face of Mount Peeley . At 
this site, hike several hundred 
meters up the slope through one or 
more probable cooling units. Rhyo
lite in this exposure is typical of 
ash flows that are abundant in the 
upper part of the ca. 1700 Ma Tonto 
Basin Supergroup. 

11:30 - Site 2 Examine lithic sandstone and shale of 
Slate Creek the Alder Group and highly deformed 
(lunch) rocks of the Slate Creek shear zone. 
(optional geologic stop) 
1:00 - Site 3 Mazatzal Group stratigraphy and 
Barnhardt deformational style. Descend through 
Canyon the Mazatzal Group section - Mazatzal 

Peak Quartzite, Maverick Shale, and 
Deadman Quartzite - towards the core 
of an anticline. The Maverick con
tains abundant mesoscopic evidence 
for northwest-verging thrusts and 
folds . 

5:00 - Site 4 
Round Valley 
(optional stop) 

6:30 
7:30 

Saturday, Oct. 
7:30 
8:00 - Site 5 
Viewpoint, 
Oxbow Hill 
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Examine layered gabbro in the Gibson 
Creek batholith. Several square 
kilometers in this locality are 
underlain by two-pyroxene gabbro with 
cumulate texture and compositional 
layering. A gradation southeastward 
appears to exist from this ortho
pyroxene-rich gabbro into hornblende-
rich gabbro and then into diorite. 
Dinner at Payson. 
Slides, maps, discussion - Swiss 
Village Lodge, Payson. 

Depart Swiss Village Lodge. 
View of the Mazatzal Mountains and of 
thrusts in the Mazatzal Group from 
Mazatzal Peak to North Peak. Offsets 
on thrust faults visible from this 
site are 2 km or less. Fault planes 

9 : 00 - Site 6 
Gisela 
(lunch) 

12 : 15 - Site 7 
Snowstorm Mtn. 
(optional stop) 

1 : 00 - Site 8 
North Peak 

4 : 30 
6:00 
7 : 30 

Sunday, Oct. 25 
8:00 
9 : 00 - Site 9 
Crazy Basin 

dip moderately to gently and 
generally southeastward (southerly 
rake in this view). 
A number of geologic units are found 
in a small area at Gisela : diorite of 
the Gibson Creek batholith, pendants 
within the diorite, Payson Granite, 
Green Valley Hills Granophyre, rhyo
lite of the Red Rock Group, and a 
hybridized mafite porphyry. The 
mafite porphyry intrudes rhyolite of 
the Red Rock Group and is intruded by 
the Payson Granite. These are key 
relations that led to the hypothesis 
that a number of felsic volcanic and 
hypabyssal units in the region are 
cogenetic parts of caldera 
complexes. Pendants of stratified 
rock are the oldest known rocks in 
the Tonto Basin-Mazatzal Mountains 
region. The Agate Mountain thrust 
fault, probably of the same 
generation as the thrust faults in 
the Mazatzal Mountains, is also 
exposed at Gisela. 
Layering (igneous lamination) in 
gabbro-diorite of the Gibson Creek 
batholith. Characterized by 
plagioclase- and amphibole-rich 
layers, these layered rocks contrast 
with the layered gabbro of Round 
Valley in having randomly oriented, 
highly acicular amphibole . 
Graywacke of the East Verde River 
Formation and a plug of granophyre 
are overlain in this area by the 
Deadman Quartzite of the Mazatzal 
Group. Recent mapping suggests that 
a fold in the graywacke and several 
units in the East Verde River Forma
tion are overlain in angular uncon
formity by the Deadman Quartzite. 
The granophyre that intrudes the 
graywacke bears both granophyric and 
spheruli tic textures and is thus 
similar to a sill of the Green Valley 
Hills Granophyre at King Ridge in 
Tonto Basin. 

This area is important and 
controversial. One question is 
whether the graywacke and granophyre 
are perhaps similar in age and were 
deformed together prior to erosion 
and deposition of the Deadman 
Quartzite, or whether the graywacke, 
if it is older than the Gibson Creek 
batholith, was folded and then 
intruded by high-level granophyre 
that is essentially the same age as 
the Deadman Quartzite. 
Drive to Cottonwood. 
Dinner, Camp Verde or Cottonwood . 
Slides, maps, discussion - Best 
Western Cottonwood Inn, Cottonwood. 

Leave Cottonwood. 
Northern terminus of the Crazy Basin 
Quartz Monzonite. Examine stratified 
rocks of the Yavapai Series and 
intrusive rocks of the Crazy Basin 
Quartz Monzonite, and consider the 
timing of various phases of defor
mation relative to metamorphism and 
plutonism. A new U-Pb zircon age of 
1699 ± 5 Ma for the Crazy Basin 
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Site 9A 

Site 9B 

Site 9C 

Site 9D 

Quartz Monzonite indicates that this 
batholith was crystallizing at about 
the same time that rhyolites and 
quartz areni tes were being deposited 
in the terrane south of the Moore 
Gulch fault. 
Margin of the Crazy Basin Quartz 
Monzonite. Examine cross-cutting 
relationships of numerous dikes of 
granite, aplite, pegmatite, and 
tourmaline-bearing quartz veins in 
pelitic rocks of the Yavapai 
Series . The variation in relative 
age and degree of deformation 
suggests that these various materials 
were injected during deformation. 
Middleton Creek. Examine metamorphic 
rocks at the margin of the batho
lith. Staurolite-andalusite-garnet
biotite assemblages in pelitic rocks 
record P /T conditions of 3. 7 kb and 
500° c. 
Aplite dike north of the Crazy Basin 
contact. An aplite dike (1700 Ma) 
intrudes Yavapai Series rocks just 
north of the Crazy Basin contact 
along the Desoto Road. This dike 
crosscuts an isoclinal fold in the 
Yavapai Series and is itself bou
dinaged and foliated, further 
evidence for syntectonic (specif
ically syn-F2) intrusion of the 
batholith. 
Cleator shear zone. The east side of 
the Crazy Basin Quartz Monzonite is 
bordered by the Shylock fault zone, a 
zone 1 to 3 km wide of vertical 
foliation and vertical stretching 
lineation. The vertical foliation 
and folds in the Shylock are over
printed in a wide zone by the Cleator 
shear zone and related asymmetrical 
folds, which exhibit evidence for 
sinistral strike-slip displacement. 

12:00 - Site 10 Moore Gulch fault. Ductilely 
Moore Gulch deformed rocks of the Yavapai Series 

crop out northwest of the fault, 
whereas rocks to the southeast 
include brittlely deformed equiv
alents of the Tonto Basin Super
group. The fault in this locality 
has Tertiary movement, but the 
juxtaposition of diverse rock 
packages across the fault suggests 
major Precambrian movement. 

OVERVIEW OF EARLY PROTEROZOIC GEOLOGY 
AND GEOCHRONOLOGY OF ARIZONA 

The major stratigraphic and plutonic groups and 
structural features of the Early Proterozoic of 
central Arizona are shown in Figure 2. From the Moore 
Gulch fault to northwestern Arizona, U-Pb zircon ages 
range .from about 1700 to 1775 Ma. The Yavapai Series 
o.f Anderson and others (1971) and most plutonic rocks 
in the Bradshaw Mountains and Black Hills are about 
1720 to 1775 Ma (Anderson and others, 1971; L. T. 
Silver, 1unpublished data; S. A. Bowring, 1987, oral 
comm.). Volumetrically less significant plutonic 
masses are about 1700 Ma, and a belt of volcanic rocks 
in the Bagdad area has volcanic rocks as young as 1709 
Ma (Bryant and Wooden, 1986). 

Volcanic rocks of the Yavapai Series are 
subaqueous rocks generally considered to be of oceanic 
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or continental-margin calc-alkaline arc affinity 
(Anderson, 1978, 1986; Condie, 1986; Vance, 1986). 
These volcanic rocks and associated penecontem
poraneous batholiths are broadly similar to those of 
late Phanerozoic circum-Pacific magmatic arcs. 

Quartzite in northern Chino Valley (Wilson, 1939; 
Krieger, 1~65; Trevena, 1~79) is an anomalous lithol
ogy in the terrane northwest of the Moore Gulch fault 
and probably belongs to the Mazatzal Group, a major 
unit in the generally 1700 Ma terrane southeast of the 
Moore Gulch fault. The Texas Gulch Formation, which 
rests unconformably on strata of the Yavapai Series 
and on the Brady Butte Granodiorite, has lithologic 
similarity to the Alder Group of the southeastern 
terrane, but may be older. 

Plutons northwest of the Moore Gulch fault that 
are 1700 Ma are of special interest because they were 
apparently emplaced at the same time that rhyolite 
volcanism and quartz-arenite sedimentation were 
occurring south of the Moore Gulch fault. These are 
the Crazy Basin Quartz Monzonite (Site 9) in the 
southern Bradshaw Mountains (about 1680 Ma, Blacet and 
others, 1971; 1699 ± 5 Ma, Karlstrom and others, 
1987), and a granite mass in the Arrastra Mountains 
southwest of Bagdad, previously included in the Signal 
Granite (Lucchitta and Suneson, 1982; Bryant and 
Wooden, 1986). This class of granites is distinct 
from the older calcic to calc-alkaline batholiths that 
are probably genetically related to volcanic belts of 
similar or slightly older age. 

Southeast of the Moore Gulch fault in Arizona, 
most U-Pb zircon ages range from 1610 to 1710 Ma 
(Conway and Silver, 1987). In the Tonto Basin
Mazatzal Mountains region, numerous ages on rhyolite 
to rhyodacite flows in the Tonto Basin Supergroup are 
1700 to 1710 Ma (Silver, 1967; Silver and others, 
1986). Flows of this age are also found in the 
Redmond Formation of the Hess Canyon Group along the 
Salt River (Livingston, 1969a, 1969b; L. T. Silver, 
unpublished data) and in the Pinal Schist in south
eastern Arizona (Silver, 1978). Widespread felsic 
hypabyssal units of the Diamond Rim Intrusive Suite in 
the Tonto Basin are 1692 to 1703 Ma (Silver and 
others, 1986), and felsic intrusive bodies in the 
southeastern part of the state are of similar age 
(Silver, 1978). There is an apparent gap between 
about 1692 and 1640 Ma. Granitic bodies ranging in 
age from 1610 tn 1640 Ma occur at the town of Young in 
the northern Sierra Anchas (Conway, 1976), at 
Sunflower in the central Mazatzal Mountains (Silver, 
1965), and at scattered localities in southeastern 
Arizona (Silver, 1978, unpublished data). 

The Gibson Creek batholith and pendants of 
stratified rocks at Gisela appear to be lithologically 
anomalous geologic units in the southeastern terrane 
and are some 40 million years older than most other 
dated rocks southeast of the Moore Gulch fault. This 
batholith contrasts petrologically with the spatially 
associated 1700 Ma rocks and is similar to the batho
liths of the northeastern terrane . The dominant sub
aqueous mafic volcanic rocks and turbidite graywacke 
of the East Verde River Formation are lithologically 
more like the strata of the Yavapai Series than the 
Tonto Basin Supergroup, and these units may also 
predate the Gibson Creek batholith. 

The large felsic complexes of the Tonto Basin
Mazatzal Mountains-New River Mountains region, in-

1 The oldest age published in the Precambrian of 
Arizona is 1795 Ma for the Cleopatra Member (Anderson 
and Nash, 1972) of the Deception Rhyolite at Jerome 
(Anderson and others, 1971), but subsequent work by 
L. T. Silver suggests this age should be reduced by 
some 20 million years. 
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Figure 2. Proterozoic (1400 to 1800 Ma) rocks of central Arizona. The explanation headings NORTHWEST AREA and 
SOUTHEAST AREA refer, respectively, to the areas northwest and southeast of the Moore Gulch fault. The Moore 
Gulch fault is an abrupt discontinuity between rocks of the Yavapai Series (Anderson and others, 1971) and younger 
rhyolite of the southeast area. U-Pb zircon dates in m. y. are shown in boxes; see Karlstrom and others (1987) for 
tabulation of U-Pb zircon data for central Arizona. Abbreviations: B- Bumblebee Granodiorite, BS- Badger 
Spring Granodiorite, C - quartz diorite of Cherry Creek area, GC - Government Canyon Granodiorite. 

eluding thick, widespread ash-flow tuff units and 
hypabyssal sills and plugs, are part of a magmatic 
suite that extends northeastward at least as far as 
north-central New Mexico (Silver, 1984; Silver and 
others, 1986). Quartz-rich sandstones, the second 
most abundant lithology in the Tonto Basin Supergroup, 
are broadly contemporaneous with the felsic rocks. 
Similar rhyolite or quartzite successions occur at 
various places in central to southeastern Arizona. 
Strata in the southeastern part of the state, however, 
are dominated by immature sedimentary rocks of the 
Pinal Schist. The 1700 Ma stratified rocks from 
central to southeastern Arizona are variously viewed 
as belonging to a continental to continental-margin 
suite with onshore to offshore facies changes 
(Trevena, 1979; Silver, 1984; Conway and Silver, 1984, 
1987; Silver and others, 1986) and as continental 
margin arc rocks and unrelated oceanic basin rocks 
(Condie and others, 1985; Copeland and Condie, 1986). 

TONTO BASIN SUPERGROUP 
AND DIAMOND RIM INTRUSIVE SUITE 

2 The Tonto Basin Supergroup (Conway and others, 
in prep.) shown in Figure 3 is fundamentally a con
tinental suite, based on the predominance from the 
upper part of the Alder Group through the Mazatzal 
Group of ash-flow rhyolite and mature quartz sandstone 
(Conway and Silver, 1984). The Alder Group is pri
marily a subaqueous unit that shoals upward (Gastil, 
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1958; Ludwig, 1974). Its volcanic rocks are bimodal, 
with rhyolite dominant over basalt, and it contains 
abundant shale, shaly tuff and graywacke, and mature 
sandstone. Upsection there is a general increase in 
grain size and maturity of the sediments. Rhyolite 
units in the upper part of the Alder Group are 
petrologically similar to rhyolite in the Red Rock 
Group and yield similar zircon ages (Ludwig, 1974). 
The Red Rock Group (Wilson, 1939; Conway and others, 
in prep . ) is composed almost entirely of alkali 
rhyolite in the form of ash-flow tuff, various ash
fall and reworked tuffs, viscous flows, breccia, and 
conglomerate up to 2 km in thickness. The name 
Mazatzal Group (Conway, 1976; Anderson and Wirth, 
1981; Conway and others, in prep.) is now applied to 
the quartzite-shale-quartzite sequence (Deadman 
Quartzite, Maverick Shale, Mazatzal Peak Quartzite; 
see Conway and others, in prep.) first described by 
Wilson (1939). This sequence is not recognized with 
certainty in the area of Figure 3 outside the Mazatzal 
Mountains. Red to red-brown hematite-bearing 
quartzite, similar generally to both the Deadman and 
Mazatzal Peak, is found at several places and is 
assigned to the Mazatzal Group undivided. The 
quartzite sequences are up to 1.5 km in thickness and 

2 
The Mazatzal Group is currently not subdivided in 

the Tonto Basin; the Alder and Red Rock Groups are 
likewise not subdivided in the Mazatzal Mountains. 
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composed largely of medium- to coarse-grained, cross
bedded quartz arenite of fluvial to shallow marine 
origin (Trevena, 1979). 

The Diamond Rim Intrusive Suite (Figure 3; Conway 
and others, in prep.) includes hypabyssal rocks of the 
Tonto Basin-Mazatzal Mountains re~ion that are broadly 
cogenetic with volcanic rocks of the Tonto Basin 
Supergroup. It consists of the Payson Granite, Hells 
Gate Rhyolite, Green Valley Hills Granophyre, Bear 
Flat Alaskite, Pine Mountain Porphyry, and unnamed 
granite, granophyre, and intrusive rhyolite bodies in 
the Tonto Basin-Mazatzal Mountains region (Conway and 
others, in prep.). These rocks are considered to be 
products of magmas that were emplaced at high crustal 
levels beneath the calderas that erupted the volcanic 
rocks. The hypabyssal units are perhaps more volu
minous than the stratified rocks of the Tonto Basin 
Supergroup and are almost entirely of granitic 
composition. 

Dated units of the Diamond Rim Intrusive Suite 
are 1692 to 1703 Ma (Silver and others, 1986), similar 
in age to the supergroup strata. This is consistent 
with field relations that indicate intrusion of some 
units into younger parts of the stratified section, 
including the Mazatzal Group. Intrusive bodies older 
than the Mazatzal Group also exist . A granophyre plug 
in graywacke of the East Verde River Formation north
east of North Peak (Figure 3; Site 8) is overlain by 
the Deadman Quartzite and a probable intrusive rhyo
lite at Natural Bridge is overlain by a thin section 
of the Red Rock Group and the Mazatzal Group. 
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There are minor mafic intrusive units in Tonto 
Basin that are probably of the 1700 Ma magmatic 
event . A contaminated, plagioclase megacryst-basalt, 
given the field name mafite porphyry, is important in 
deciphering the Proterozoic geologic history of Tonto 
Basin (Site 6). The Payson Granite intrudes mafite 
porphyry which in turn intrudes the Red Rock Group 
(Conway, 1976). This, in connection with geochrono
logic and petrologic data, led to the model that 
rhyolite of the Red Rock Group, the sills, and the 
Payson Granite are comagmatic - all parts of ancient 
caldera systems. 

Figure 4 summarizes the model envisioned (Conway, 
1976; Silver and others, 1986) for the 1700 Ma vol
canic event. The schematic cross-section is con
structed from a projection of various relations 
observed in the Tonto Basin-Mazatzal Mountains region 
to a line that would run in Figure 3 from approx
imately the area of Natural Bridge southeastward to 
the Sheep Basin Mountain area. The sedimentary
volcanic regime of the roughly 1705 to 1695 Ma period 
is viewed as being one in which deposition of mature 
quartz sands in fluvial to marine near-shore environ
ments (Trevena, 1979) was interrupted by major 
caldera-forming rhyolite eruptions. Immediately 
following the great ash-flow events, post-eruptive 
degradation of the new rhyolite calderas dominated the 
sedimentation. Quartz-arenite sedimentation took over 
as the edifices were reduced by erosion , more or less 
to base level, or as a result of broad subsidence 
following withdrawal of magmas from high-crustal-level 
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Figure 4. Summary of model for caldera formation depicting the final stage (caldera resurgence) at about 1697 to 
1692 Ma in the Tonto Basin-Mazatzal Mountains region. In the Gisela area, the Payson Granite crosscuts the Gibson 
Creek batholith, as well as conformably intruding the stratified section, and rhyolite of the Haigler Formation 
strikes into the Gibson Creek batholith. The interpretation of these relations is that the rhyolite was down
dropped on a caldera-margin fault against Gibson Creek rocks and that the Payson Granite then concordantly 
intruded the rhyolite section in the caldera and discordantly intruded the Gibson Creek outside the caldera. 
Subsequently, both granophyre and mafite porphyry magmas rose along the caldera fault and were emplaced at a level 
now exposed at Gisela. At Oxbow Mountain, the massive, thick Oxbow Mountain Rhyolite is interpreted to be a 
protrusive unit emplaced along a caldera margin. Current work at Sheep Basin Mountain (Brady and others, 1987) 
suggests that the undivided Mazatzal Group there is also involved in caldera collapse. Abbreviation: gphr -
granophyre. 

magma chambers. The large granite bodies, such as the 
Payson Granite, may represent high-level magma 
chambers that cooled during these periods of volcanic 
quiescence. At least some of the hypabyssal bodies, 
especially the rhyolite, granophyre, and alaskite 
sills at Tonto Basin, represent a resurgence of 
magmatic activity. The Gibson Creek batholith in this 
model is required to be part of the basement on which 
the 1700 Ma rocks were being deposited. 

GIBSON CREEK BATHOLITH AND PENDANTS AT GISELA 

The Gibson Creek batholith underlies about 300 
km2 in an area between Tonto Creek and the East Verde 
River (north-central part of Figure 3) and is composed 
primarily of diorite, but also contains gabbro, grano
diorite, and minor granite. Layered two-pyroxene 
gabbro at Round Valley (Site 4), a few miles south of 
Payson, appears to grade southward into diorite 
(Conway, 1976). A few intermediate to felsic bodies 
occur in the southeastern parts of the batholith. 
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Abrupt local variations in texture and grain size 
suggest there may be internal intrusive boundaries 
within the diorite. Western parts of the batholith 
(Wrucke and Conway, in prep.) appear to be mostly 
diorite, except for a granodiorite body along the East 
Verde River that is tentatively assigned to the Gibson 
Creek batholith. This granodiorite is intruded by the 
Payson Granite and has a preliminary age of 1709 Ma 
(L. T. Silver, unpublished data). Though closer in 
age to the Payson Granite than to the diorite of the 
Gibson Creek batholith, its calcic(?) character 
suggests closer affinity to the Gibson Creek than to 
the Payson Granite (see section on geochemistry). 
This would give the Gibson Creek batholith nearly a 
3G-m.y. age spread and would raise the possibility of 
a continuity of magmatism from 1740 to 1700 Ma, with 
an evolution from calcic to alkali-calcic (Peacock, 
1931) magma type. 

Petrographically, the batholith is characterized 
by hornblende-rich rocks and plagioclase high in 
calcium for a given rock type. Hornblende is present 
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even in the two-pyroxene gabbro and replaces clino
pyroxene in the transition to hornblende gabbro and 
thence into hornblende diorite. The gabbro in Round 
Valley and much of the diorite is well preserved; 
there is little indication of alteration or meta
morphism. In southeastern parts of the batholith, 
some diorite and more felsic rocks are extensively 
deuterically(?) altered (Conway, 1976). Aside from 
faulting and local shearing, the rocks of the batho
lith are not penetratively deformed, bearing in places 
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only a mild foliation. 
Pendants of stratified rock occur within the 

Gibson Creek batholith near Gisela (Figure 5). The 
pendants contain feldspathic graywacke, rhyodacite and 
rhyolite, mafic volcanic rocks, and minor quartz-ri.ch 
masses that may be recrystallized chert. These rocks 
were slightly to locally extensively recrystallized 
during contact metamorphism. 
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Figure S. Geologic map of the area between Gisela and Payson showing pendants near Gisela in the Gibson Creek 
batholith and the mafite porpyhry near Gisela that intrudes rhyolite of the Red Rock Group and is intruded by the 
Payson Granite. 
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EAST VERDE RIVER FORMATION 

The East Verde River Formation (Conway and 
others, in prep.) is disrupted by both Early 
Proterozoic and Tertiary faults in the northernmost 
Mazatzal Mountains and along the central stretches of 
the East Verde River (Wrucke and Conway, 1988). With 
the exception of strata that are disposed about a 
northeast-trending syncline along the northeastern 
flank of the Mazatzal Mountains, all sections face to 
the west. 

The generalized stratigraphy of the East Verde 
River Formation is 3 to 6 km of basalt and andesite, 
overlain by 40 to 200 m of rhyolite and jasper, 20 to 
200 m of variegated siltstone and shale, and 4 to 5 km 
of highly variable graywacke. This stratigraphic 
order is repeated in four and perhaps five structural 
blocks. Pillows, jasper as infillings in basalt and 
as lenses in the jasper-rhyolite unit, and turbidity 
structures indicate that the entire sequence was 
deposited subaqueously. Thickness is difficult to 
determine in the poorly bedded basalt and andesite 
section because folding and faulting may be ob
scured. Estimated thickness of the best-exposed 
graywacke section, several kilometers west of North 
Peak (Figure 3), is better controlled because ubi
quitous graded beds give consistent tops to the west. 

The graywacke section is striking in its monotony 
of graded bed upon graded bed. It is mostly a gray 
lithic-feldspathic graywacke with pebbly to silty 
grain size in graded beds ranging from a few centi
meters to several meters in thickness. Many beds 
display the complete Bouma sequence (Bouma, 1962). 
There are intervals also of singular lithologies 
ranging from gray siltstone-shale to cobble-boulder 
conglomerate. Clasts are of volcanic rocks or 
graywacke. 

Lithologies of the East Verde River Formation are 
sufficiently similar to permit correlation with the 
pendants near Gisela, but this needs to be tested by 
geochemical, petrologic, and isotopic studies. An 
important topic for further research is the field 
relation between the East Verde River Formation and 
the Gibson Creek batholith. It appears that a contact 
might be found only in a limited area along the East 
Verde River 6 to 8 km northwest of Payson. In recon
naissance in this area by the senior author, diorite 
of the Gibson Creek was found to intrude rhyolite that 
may belong to the East Verde River Formation. 

GEOCHEMISTRY AND PETROLOGY OF MAJOR UNITS 
SOUTHEAST OF THE MOORE GULCH FAULT 

Suites of 1700 Ma volcanic rocks from the Tonto 
Basin and New River Mountains and the hypabyssal suite 
from the Mazatzal Mountains yield alkali-lime indices 
(Peacock, 1931) that are alkali-calcic to calc-alkalic 
(Figures 6 and 7). Taken together, the broad suite is 
alkali-calcic. Rocks of the felsic volcanic and 
hypabyssal suites of the region may be classified from 
modal and chemical characteristics of individual 
lithologies as alkali rhyolite, muscovite-biotite 
alkali granite, biotite alkali granite, and ferro
hastingsite granite (Nockolds, 1954). The alkali
calcic bimodal caldera suite of the region is charac
teristic of so-called high-silica rhyolites and 
related rocks that are well known in Phanerozoic 
continental settings, particularly in regions of 
crustal extension. Conway and Silver (1976) noted the 
remarkably close similarities, both compositional and 
lithologic, to rhyolite of the Yellowstone Plateau and 
suggested that if Yellowstone were deformed and eroded 
to a depth of 5 to 6 km, hypabyssal rocks similar to 
the Hells Gate Rhyolite, Green Valley Hills Grano-

166 

phyre, and Payson Granite would be exposed. 
Further evidence for the continental character of 

the 1700 Ma felsic suite is the enrichment in these 
rocks of Sn, Be, Nb, Y, and Ta (Conway and others, 
1983; Wrucke and others, 1983). Similar tin-bearing 
granitic rocks at many localities world wide are 
recognized as continental granite (Sawkins, 1976; 
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Figure 6. Alkali-lime variation diagram (Peacock, 
1931) showing approximate intersections of curves 
based on data points for volcanic rocks of the region 
in central Arizona southeast of the Moore Gulch 
fault. Filled symbols are Na2o + K20; open symbols 
are CaO; squares crossed with horizontal lines are 
data points for the lower part of the Alder Group in 
the central Mazatzal Mountains. 
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Pearce and Gale, 1977; Sillitoe, 1977). Finally, 
various trace-element discrimination diagrams suggest 
continental affinity for the 1700 Ma rocks, by way of 
comparison with Phanerozoic rocks of known tectonic 
settings. The most diagnostic diagram is the Rb vs . 
Yb + Ta diagram of Pearce and others (1984), in which 
the data lie in the field of within-plate granite 
(Figure 8). This suite is similar to several Early 
Proterozoic terranes in the southwestern United States 
that Condie (1986) considers, primarily on trace
element data, to have continental involvement in their 
tectonic settings. 

In strong contrast to the 1700 Ma rocks, the 
Gibson Creek batholith and the East Verde River 
Fo·rmation have calcium-dominated minera1ogies, and 
have alkali-lime indices that are calc-alkalic to 
calcic (Figures 6 and 7). In general petrographic 
character, these rocks are similar to the older 
province rocks (Yavapai Series and associated batho
liths) north of the Moore Gulch fault. Silica
variation plots of whole-rock data from various U.S. 
Geological Survey publications on Yavapai Series and 
associated batholiths by C. A. Anderson and colleagues 
yield alkali-lime indices similar to or more calcic 
than those of the Gibson Creek batholith and East 
Verde River Formation. 

The Gibson Creek and East Verde River rocks also 
contrast in trace-element character with the 1700 Ma 
rocks. They plot in a field of volcanic-arc granite 
(Figure 8), suggesting they formed either in an 
oceanic or continental-margin arc setting above a 
subduction zone. Condie (1986) and Vance (1986) come 
to a similar conclusion from trace-element discrim
ination diagrams for the Yavapai Series. 

Limited data on the lower part of the Alder Group 
in the central Mazatzal Mountains suggest that it has 
closer geochemical affinity to the East Verde River 
Formation than to the upper part of the Alder Group 
with which it appears to be stratigraphically con
tinuous. Alder data points on the silica-variation 
diagram (Figure 6) lie close to the lines for the East 
Verde River Formation, and the sing!~ point on the 
Rb vs.Yb + Ta diagram lies well into the field for 
volcanic arc granites. Either there is a magma evo
lution trend (which would presumably reflect changing 
tectonic regime) in the Alder, or the geochemical data 
are telling us we need to reexamine the stratigraphic 
continuity within the Alder Group. 

STRUCTURE IN THE TONTO BASIN
MAZATZAL MOUNTAINS REGION 

Postdepositional tectonic history in the Tonto 
Basin-Mazatzal Mountains region is characterized by 
high-crustal-level brittle deformation and very low
grade metamorphism. Wilson (1939) originally 
characterized deformational style in the Mazatzal 
Mountains in terms of a system of far-traveled thrusts 
(he postulated displacements of 11 to 30 km on these 
thrusts), giving way to the south to a major upright 
syncline that is now referred to as the Red Rock 
syncline. Subsequent structural work by Gastil (1958) 
in the Tonto Basin to the east showed a system of 
upright anticlines and synclines cut by high-angle 
faults. Mapping by Ludwig (1974) in the central 
Mazatzal Mountains and Conway (1976) in Tonto Basin 
refined earlier mapping and essentially corroborated 
the general style of structures seen by previous 
workers . 

Recent structural work (Puls and Karlstrom, 1985, 
1986; Roller and Karlstrom, 1986) has focused on 
thrust-related deformation in the Mazatzal Moun
tains. This work suggests a major thrust system with 
about 50% shortening, compatible with Wilson's ori-
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Figure 8. Diagram for the discrimination of tectonic 
setting of granitic rocks based on Rb vs Yb + Ta 
contents (Pearce and others, 1984). Syn-COLG
Syntectonic collision granites, including continent
continent, continent-arc, and arc-arc collisions; 
WPG- Within plate granites, granites intruded into 
normal or attenuated continental crust; ORG - Ocean 
ridge granites, including oceanic plagiogranites; VAG 
- Volcanic arc granites, primitive to mature, oceanic 
to continental margin arc granites. 

gina! estimates. The Red Rock syncline is interpreted 
as a highly complex structure, pordered on the south 
by a major movement zone that dxtends northeast 
through the Sierra Anchas. In both areas, large 
displacements on thrusts have caused important repe
titions and disruptions of stratigraphy. Figure 9 is 
a generalized cross section that summarizes newer 
interpretations by Karlstrom and Roller of the rela
tionship of thrust faults and folds in the Mazatzal 
Mountains. 

Thrust geometries are best developed in the 
northern Mazatzal Mountains. Barnhardt Canyon (Site 
3) displays many of the features of foreland thrust
belt deformation in a small area. Mesoscopic defor
mational features observable along the trail include 
the following: 1) asymmetric chevron folds with 
northwest vergence and shallowly plunging but gently 
curvilinear hinge lines; 2) syntaxial quartz fibers 
that grew along movement planes during thrusting and 
flexural slip folding, and related quartz-filled 
tension gashes, both of which record northwest
directed movement; 3) mullion structures that repre
sent hinges of buckle folds of competent sandstone 
beds; 4) minor thrust faults and thrust systems in 
sandstone beds of the Maverick Shale that record in 
two well-exposed examples along the trail 30% and 65% 
shortening; 5) cleavage in the Maverick Shale, as 
pressure-solution, axial-plane cleavage in folded 
shales, and as shear cleavage related to bedding-plane 
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slip; and 6) mesoscopic box folds above minor movement 
planes. 

One regional problem is the extent of thrust 
deformation outside the Mazatzal Mountains. Isolated 
outcrops of the Mazatzal Group in other areas may 
represent remnants of a once-extensive Proterozoic 
foreland thrust belt in Arizona, a possibility that 
seems to be supported by the geometry and large scale 
of displacement seen in the Mazatzal Mountains, both 
of which are similar to Phanerozoic thrust belts. 
Evidence for thrusting is also seen or can be inferred 
in other localities (Wilson, 1939; Sherlock, 1986). 
Brady and others (1987) suggest that the folds and 
high-angle faults in the Sierra Ancha are the product 
of tectonic wedging above a decollement, similar to 
geometries observed in other foreland thrust belts 
(Tirrul, 1983; Price, 1986). These ideas for the 
Sierra Anchas rely heavily on estimates of shortening 
in the Mazatzal Mountains cross section •. Parallel 
cross sections of orogenic belts must record •similar 
shortening strains unless lateral discontinuities 
exist (Dahlstrom, 1969). No such discontinuities 
exist between the two ranges, so the ca. 50% 
shortening of the Mazatzal Mountains must carry 
eastward to the Sierra Ancha. This appears to require 
a decollement at depth in the Sierra Ancha that may 
surface as the Agate Mountain thrust (Figure 5). 

The transition from thrust-belt structures to 
highly foliated and folded units of the Alder Group 
can be seen in the area of Site 1. The Red Rock Group 
at Mount Peeley is in the hinge of the Cactus Ridge 
syncline, a kilometer-scale asymmetric syncline that 
is in the hanging wall of the Mazatzal thrust fault, 
(Figure 9). Strain is minimal in this area and 
primary features are essentially unmodified. The 
drive to this stop crosses highly deformed rocks on 
the northwest limb of the Red Rock syncline. 
Reversals in younging can be seen along the road, and 
distinctive purple slates appear more than once in 
what Ludwig (1974) interpreted to be a faulted 
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anticline. The interpretation of Figure 9 is that an 
anticline in the Alder Group here formed above a ramp 
in the Mazatzal thrust, which therefore carried the 
Alder Group in its hanging wall. Several factors 
support the int·erpretation shown in Figure 9: 1) More 
than 18 km of displacement on the Mazatzal thrust is 
necessitated by balanced cross sections in the 
northern Mazatzal Mountains (Karlstrom and Conway, 
1986; Puls, 1986). Since the Mazatzal thrust, with 
Red Rock Group in its hanging wall, is last seen 
dipping to the south within 6 km north of the Alder 
Group, the Alder must also be in the hanging wall of 
the thrust. 2) If the anticline in the Alder is a 
ramp anticline, the Red Rock syncline can be inter
preted as a syncline above a flat, similar in geometry 
to the Cactus Ridge syncline. 3) Mesoscopic thrusts 
and isoclinal folds in the Alder provide evidence of 
early, pre-cleavage displacements. Thus, Figure 9 
suggests that the Red Rock syncline is part of a 
larger thrust system, that it overlies a flat in a 
major thrust (Mazatzal thrust), and that its north 
limb is disrupted by thrusts and folds, in agreement 
with mapping by Wilson (1939) and Ludwig (1974). 

Deformation on the south limb of the Red Rock 
syncline (Site 2) is also complex. The Slate Creek 
movement zone occupies a large area in what Wilson 
(1939) and Ludwig (1974) interpreted as the south limb 
of the syncline. The shear zone exhibits both brittle 
and ductile flow fabrics over a zone several kilo
meters wide. The prominent stretching lineation in 
the Slate Creek area plunges 30° to 70° west in the 
subvertical foliation plane . Movement was south-side 
up, as seen from foliation fish, rotated porphyro
clasts, and minor shear zones, and appears to be 
compatible with northwest-directed thrusting in the 
Mazatzal Mountains. The Slate Creek movement zone 
also exhibits late conjugate shear bands and faults 
that exhibit strike-slip displacement (dextral offsets 
are predominent) and may accommodate late oblique 
shortening across the zone, as the early thrust zone 
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was rotated to vertical. 
Deformational history in the Gibson Creek 

batholith (Sites 6 and 7) that may be basement to the 
Tonto Basin Supergroup is a key problem in central 
Arizona. The Gibson Creek batholith was certainly 
involved in the thrust-related deformation that 
affected all of the Tonto Basin-Mazatzal Mountains 
area (Conway, 1976), but it is still unclear whetner 
it may have also undergone earlier (pre-Tonto Basin 
Supergroup) penetrative deformation, as did the 
Yavapai Series and associated batholiths to the 
northwest. Similar questions regarding deformational 
and metamorphic history apply to the East Verde River 
Formation. The relationships at the northern end of 
the Mazatzal Mountains (Site B) are thus of key 
importance because in this area folded graywackes of 
the East Verde River Formation are unconformably 
overlain by flat-lying Mazatzal Group rocks (Wrucke 
and Conway, in prep.) 

YAVAPAI SERIES AND ASSOCIATED BATHOLITHS 

Rocks northwest of the Moore Gulch fault include 
the Yavapai Series of Anderson and others (1971) and 
voluminous batholithic rocks. Strata of the Yavapai 
Series are crosscut by batholiths that are pre
dominantly granodioritic and are probably temporally 
and genetically related to the volcanic rocks. 

Figures 10 and 11 show lithologic subdivisions 
rather than the stratigraphic subdivisions of Anderson 
and others (1971) because structural complexity makes 
stratigraphic subdivisions highly controversial. 
Rocks in this region are geographically divided into 
three major areas by fault zones, the north-trending 
Shylock fault and the northeast-trending Chaparral 
fault. Anderson and coworkers proposed a statigraphy 
that roughly corresponded to this geographic 
subdivision. Their Ash Creek Group (oldest) is 
restricted to the area east of the Shylock fault, the 
Big Bug Group lies mainly between the Shylock and 
Chaparral faults, and the Green Gulch Volcanics of the 
Big Bug Group lies northwest of the Chaparral fault. 
The Texas Gulch Formation in the central block rests 
with unconformity on the 1750 Ma Brady Butte Grano
diorite and on Big Bug Group volcanic rocks. This 
unit was considered by Anderson and others to be 
younger and not part of the Yavapai Series, although 
new structural interpretations suggest these slates 
and graywackes may correlate with graywackes and 
pelitic schists in the Big Bug Group around the Crazy 
Basin Quartz Monzonite. If so, the unconformity at 
the base of the Texas Gulch Formation [and possibly at 
the base of pelitic rocks in the Crazy Basin area 
(Site 9)] may represent a regional change from 
volcanism and plutonism in the arc to establishment of 
forearc or backarc sedimentary basins in the Yavapai 
Series. 

Early deformation apparently predated 1740 Ma in 
the Ash Creek Group, and perhaps the in Big Bug 
Group. It was this deformation that may have been 
contemporaneous with collision of island-arc terranes 
and incipient development of continental crust. This 
early deformation, however, was followed by later 
deformation in the Big Bug Group, and it is this later 
deformation that is most pertinent to the discussion 
of the significance of the Moore Gulch fault as a 
tectonic boundary between diverse provinces. 

The earliest deformation in the Big Bug Group is 
seen in the Brady Butte area. F1 recumbent isoclinal 
folds in this area fold the pretectonic Brady Butte 
Granodiorite (1750 Ma) and the unconformably overlying 
Texas Gulch Formation. The unconformity between these 
two units is marked by· boulders of granodiorite in 
basal conglomerate and is a mappable form surface that 
defines the recumbent folds (Karlstrom and Conway, 
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1986). F1 folds plunge shallowly to the. north and 
verge west or northwest. Fl folds are refolded by F2 
upright folds that are fair y open in the Brady Butte 
area but become tighter to the southeast, where F2 
folds are highly attenuated and exhibit curved hinge 
lines believed to be related to hinge line rotation 
during progressive shortening. The northeast-trending 
vertical foliation that has an axial-plane orientation 
to the tight folds forms the dominant fabric of the 
Yavapai Series; it is interpreted to be a composite 
fabric consisting of transposed bedding, s1 com
positional layering, and s2 cleavage. It can be 
traced eastward to the area of the Crazy Basin Quartz 
Monzonite (1699 Ma) and to the Shylock fault zone. 

EMPLACEMENT AND DEFORMATION 
OF THE CRAZY BASIN QUARTZ MONZONITE 

In the Crazy Basin area (Figure 11), the s1/s2 
foliation is bent around the north terminus of the 
Crazy Basin Quartz Monzonite. This warping of 
foliation was interpreted by DeWitt (1979), O'Hara 
(1980), and Blacet (1985) to be related to post
tectonic intrusion of the batholith, but recent work 
by Argenbright and Karlstrom (1986) suggests that the 
pluton was syntectonic, in agreement with the early 
interpretations of Jagger and Palache (1905). A 
macroscopic anticline cored by volcanic rocks just 
north of the Crazy Basin Quartz Monzonite (Figure 11), 
believed to be an F2 fold because of overprinting of 
earlier generation folds on its limbs, is crosscut by 
a dike of aplite that is the same age (1700 Ma) and of 
similar lithology (muscovite-bearing) as the batho
lith. By this evidence, folding (F1 and F2) was in 
part pre-1700 Ma. The aplite, however, is folded and 
contains a cleavage that has an axial-plane orienta
tion to the large fold (Site 9C), indicating that the 
fold was tightened after injection of the aplite at 
1700 Ma. Independent evidence that the Crazy Basin 
Quartz Monzonite crystallized during F2 shortening 
comes from the eastern margin of the batholith. Here, 
stretching lineations in highly evolved phases of the 
granite are defined by aligned and boudinaged tourma
line needles. These lineations are steeply plunging, 
subparallel to the vertical L2 stretching lineation in 
the Shylock fault zone. 

F2 folds and s
2 

layering are refolded by F3 folds 
in a wide zone close to the Shylock fault zone. F3 
folds have a consistent (sinistral) asymmetry. These 
folds and their northeast-trending axial-plane 
cleavage are believed to be the product of sinistral 
strike-slip displacement over a wide zone, but concen
trated near the Cleator shear zone. The Cleator shear 
zone (Figure 12; Darrach and others, 1986) is a 
several-hund-red-meter-wide mylonite zone with subhori
zontal stretching lineation and abundant sinistral 
kinematic indicators. It overprints F2 folds (Figure 
12) but apparently moved while the Crazy Basin Quartz 
Monzonite was still partially liquid, as shown by 
sinistral vein arrays filled with granite in the east 
margin of the batholith . Sinistral kinematic indica
tors are also present in the west and north margins of 
the batholith, indicating that the entire batholith 
was involved in a wide zone of distributed sinistral 
shear. Shallowly plunging stretching lineations de
fined by tourmaline on the. north and west of the 
batholith apparently reflect the strike-slip movement, 
just as similar lineations on the east margin reflect 
the dominance of vertical stretching during 
shortening. 

The data suggest that F2 shortening and F3 
sinistral strike slip were both contemporaneous with 
crystallization of the batholith at about 1700 Ma. 
These data are compatible with an overall trans-
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Figure 11. Generalized geologic map of the Crazy Basin Quartz Monzonite, showing locations of stops in Site 9 and 
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pressionai shortening across the Shylock fault zone, 
with shortening and strike slip being partitioned into 
separate components, as is common during transpression 
(Sanderson and Marchini, 1984). 

Well-developed foliation in the Crazy Basin 
Quartz Monzonite (Figure 11) also rules out the 
interpretation that the batholith is posttectonic, 
especially because the internal foliation crosscuts 
the margins of the granite and can be shown to be 
continuous with the regional foliation. Foliation in 
the granite is domainally developed, as in many 
deformed granites (Page and Bell, 1986) and is defined 
by shape-preferred orientation of feldspar, quartz, 
and phyllosilicate grains. The foliation is northeast 
trending and is closer in orientation to s3 than s2 
(Figure 11). It may be sub-perpendicular to the bulk
shortening direction during transpressional conver
gence because the granite was presumably a relatively 
homogeneous crystal mush during F2-F3 where there 
would be less tendency for layering anisotropy to 
partition strain into shortening versus displacement 
components. 

The crustal level at which the Crazy Basin Quartz 
Mor.zonite was emplaced can be estimated from metamor
phic data . Peak metamorphism in pelitic rocks near 
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the margin was at about 500°C and 3.7 kb, as shown by 
garnet-biotite geothermometry and garnet zoning pro
file (M. Williams, 1987, oral comm.). Porphyroblasts 
overgrow s1/s2 foliation and are themselves folded, 
boudinaged, and rotated, indicating syntectonic growth 
during s2/s3 • Thus, plutonism, deformation, and 
metamorphism are all believed to have been broadly 
synchronous (1699 Ma) and to have taken place at 
depths of 12 to 15 km. This is compatible with the 
strongly peraluminous chemistry of the Crazy Basin 
Quartz Monzonite, which suggests crystallization 
depths of greater than 2.5 kb (Miller, 1985). 

MOORE GULCH FAULT 

The name Moore Gulch fault was introduced by 
Maynard (1986), who noted offset of Tertiary units but 
suggested that extensive Precambrian movement had 
occurred on the fault. He contrasted juxtaposed Early 
Proterozoic units on a segment of the fault in the 
western New River Mountains as belonging on the north
west to the Yavapai Series and as correlating on the 
southeast with various 1700 Ma units in the Tonto 
Basin region. 

Granite, granophyre, and rhyolite on the south-
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east side of the Moore Gulch fault from the Verde 
River to Interstate 17 are lithologically similar to 
the high-silica, mostly alkalic, 1700 Ma caldera 
suites of the Tonto Basin and Mazatzal Mountains. The 
correlation is supported by a tentative 1700 Ma age on 
rhyolite from the New River Mountains (S. A. Bowring, 
1987, oral comm.). In contrast, the plutonic rocks 
examined on the northwestern side of a large stretch 
of the fault are mostly calc-alkaline granodiorites 
and quartz diorites characteristic of many of .the 
batholiths (1735-1745 Ma; Anderson and others, 1971) 
in the Bradshaw Mountains and Black Hills. 

The Crazy Basin Quartz Monzonite crystallized at 
about the same time tl700 Ma) as rhyolite was depos
ited in the New Kiver Mountains, now only 10 to lO km 
distant across the Moore Gulch fault. These units 
were apparently not in the same relative position at 
1700 Ma because the Crazy Basin area was at 10 to 15 
km depth and undergoing ductile deformation, whereas 
subaerial volcanism was occurring in an area now 
underlain by the New River Mountains. Possible 
explanations for this juxtaposition across the Moore 
Gulch fault (Karlstrom and others, 1987) involve 1) 
5-10 km of throw on the fault and 2) large lateral 
translations between diverse tectonic provinces. 

The Moore Gulch fault coincides closely with 
major magnetic and gravity anomalies on regional 
geophysical maps (Sauck and Sumner, 1970; West and 
Sumner, 1973) that have their best expression north
eastward on the Colorado Plateau. The trends are 
roughly northeastward from the New River Mountains 
region through the Holbrook area. Seismic refraction 
data in the Transition Zone (Warren, 1969) show a 
possible offset of the Moho, which also trends north 
to northeast in the New River-Mazatzal Mountains 
region . The position of this suggested offset is 
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poorly constrained, but its proximity and similar 
trend to other geophy_sical anomalies and to the Moore 
Gulch fault suggest that the Moore Gulch fault may be 
related to a discontinuity of crustal proportions. 

LITHOLOGIC AND STRUCTURAL CONTRASTS 
AND THE PROBLEM OF THE TWO-PROVINCE BOUNDARY 

Three broad models have been proposed for the 
tectonomagmatic evolution of the Early Proterozoic 
complex in Arizona. Two models (Conway and Silver, 
1984, 1986; Silver and others, 1986; Karlstrom and 
others, 1987) deal with the issue of the two-province 
boundary. One holds that the two-province concept is 
basically valid - that the 1692 to 1710 Ma rocks, 
including the 1700 Ma deep-seated plutons, were 
emplaced over a large part of Arizona onto or into 
proto-cratonic crust composed primarily of .1720-1775 
Ma rocks. The other states that the Early Proterozic 
crust is composed of several tectonically juxtaposed 
terranes, recording non-parallel magmatic and tectonic 
histories as a result of their origins in diverse 
places and under diverse crustal conditions. The 
third (Anderson, 1986) contends that the Arizona crust 
grew incrementally from northwest to southeast by 
successive development of magmatic arcs and that there 
is more or less a continuum of ages in these arcs from 
about 1775 Ma to 1695 Ma. All three models consider 
the Moore Gulch fault, along all or most of its 
length, to juxtapose contrasting terranes. 

Answers to the following questions are critical 
to the modification or development of any model that 
seeks to explain the two-province boundary or the 
Early Proterozoic evolution in general. 

1. Is the East Verde River Formation older than 
the Gibson Creek batholith? If it is older, as 
suggested in Figure 3, it is part of an anomalous 
older terrane southeast of the Moore Gulch fault that 
must be compared and contrasted, along with the Gibson 
Creek batholith, with the Yavapai Series and asso
ciated batholiths. If it is equivalent in age to 
parts of the Tonto Basin Supergroup, its lithologic 
differences would suggest facies changes, neces
sitating large-scale displacements on faults, 
especially the Sheep Mountain fault. An intermediate 
age, as suggested by Anderson (1986), would be the 
first evidence of a volcanic event during the interval 
between about 1740 and 1710 Ma in central Arizona. 

2. Can it be demonstrated that the Gibson Creek 
batholith (and East Verde River Formation?) did or did 
not form as a part of the northwest terrane? Geo
chronologic and petrochemical data only permit a 
correlation. Whether the tectonic histories were 
different is open to question. The Gibson Creek 
batholith appears to have been deformed and metamor
phosed at higher crustal levels than the rocks of the 
northwestern terrane, but the unconformity over the 
East Verde River Formation near North Peak, if of 
regional significance, raises the possibility of a 
deformational history that could correlate with that 
in the northwestern terrane. Further structural study 
and perhaps trace-element and isotopic investigations 
may help to resolve this question. 

3. Does the compositional difference between the 
1700 Ma felsic caldera suites in the southeastern 
terrane (silica- and alkali-rich) and the 1700 Ma 
megacrystic granite plutons in the northwestern 
terrane (strongly peraluminous) preclude a genetic 
connection? If so, a case can be made that the two 
host crustal blocks were not connected at 1700 Ma and 
that the age equivalence is a coincidence. Otherwise, 
the hypothesis is permitted that both calderas and 
plutons originated in the same continental crus-tal 
block and simply represent different levels of 
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erosion. 
4. Are the tectonic settings implied by quartz 

arenite and rhyolite ash-flow deposition in the Tonto 
Basin Supergroup (continental and possibly exten
sional) and by synLectonic intrusion of the peralu
minous granites in the northwestern terrane (compres
sion at deep crustal levels), both at about 1700 Ma, 
mutually exclusive? 

5. What are the implications of the different 
crustal levels and tectonic styles in the northwestern 
and southeastern terranes? The longer, more complex 
deformational history of the northwestern terrane may , 
on one hand , simply reflect the fact that the north
western province is older (with exceptions noted in 
this .paper) and more deeply eroded. This terrane 
passed through one or more events prior to evolution 
of the 1700 Ma rocks. On the other hand, there is 
evidence at Crazy Basin for deformation at 1700 Ma, 
not seen in the southeastern terrane. This may be 
taken to mean that the 1700 Ma southeastern rocks were 
not contiguous with the older terrane when this defor
mation occurred. They would have been juxtaposed in a 
later event, presumably during a plate collision. 

6. What are the implications of thrusting in the 
Early Proterozoic rocks? Thrusting involving the 
Tonto Basin Supergroup and cogenetic intrusive rocks, 
as well as the Gibson Creek batholith, may represent a 
minor local event or these thrusts may be a remnant of 
a great regional foreland thrust and fold belt. In 
either case, it is not yet clear that the thrusting 
can be taken in support of any of the three models 
discussed above. In any of these models, either minor 
jostlings or major plate collisions can occur that 
lead to thrusting on one scale or the other. For 
example, emplacement of all the 1700 Ma rocks into the 
same continental crustal block does not preclude an 
outboard post-1695 Ma collision that could produce a 
regional thrust and fold belt affecting both 1700 Ma 
rocks and substrate. 

7. Does the nature and extent of offset on the 
Moore Gulch fault have a bearing on the models? The 
Moore Gulch fault postdates the 1700 Ma caldera event, 
but its character is not well known. It may be a 
feature on which suspect terranes are juxtaposed, or 
it may be a crustal break within a single terrane, on 
which rocks from different crustal levels are juxta
posed . Clearly, more work is needed on the Moore 
Gulch fault before we can assess its role in Early 
Proterozoic tectonic evolution. 

8. What is the significance of each of the 
northeast- and north-trending shear zones in central 
Arizona? Are they sutures representing large 
translations? If so, how large? 

These and other questions are currently being 
addressed. Raising new questions is equally important 
to answering those we have. Authors of this paper 
hold views, partly expressed in this paper, that to 
them may be partial answers to some of these 
questions. It is our purpose here, however, to 
present to the reader and field-trip participant 
problems and related information that we may 
objectively consider together. 

REFERENCES 

Anderson, C. A., Blacet, P . M., Silver, L. T., and 
Stern, T. W., 1971, Revision of Precambrian 
stratigraphy in the Prescott-Jerome area, Yavapai 
County, Arizona : U.S. Geological Survey Bulletin 
1324-C, 16 p. 

Anderson, C. A., and Nash, J. T., 1972, Geology of the 
massive sulfide deposits at Jerome, Arizona--a 
reinterpretation: Economic Geology, v. 67, 
p. 845-863. 

Conway and others 

Anderson, P., 1978, The island arc nature of Pre
cambrian volcanic belts in Arizona: Geological 
Society of America Abstracts with Programs, v. 10, 
p. 156. 

1986, Summary of the Proterozoic plate tectonic 
~lution of Arizona from 1900 to 1600 Ma, in 

Beatty, B., and Wilkinson, P. A. K., Frontiers in 
geology and ore deposits of Arizona and the 
Southwest: Arizona Geological Society Digest, 
v. 16, P• 5-ll. 

Anderson, P. , and Wirth, K. R. , 1981, Uranium 
potential in Precambrian conglomerates of the 
central Arizona arch: Bendix Field Engineering 
Corporation Open-File Report GJBX-33(81) for 
National Uranium Resource Evaluation, U.S. 
Department of Energy, 122 p. 

Argenbright, D. N., and Karlstrom, K. E., 1986, 
Revised structural and stratigraphic interpretation 
of the Proterozoic Yavapai Supergroup, Crazy Basin, 
Arizona: Geological Society of America Abstracts 
with Programs, v. 18 , p. 338. 

Blacet, P. M., 1985, Proterozoic geology of the Brady 
Butte area, Yavapai County, Arizona: U.S. 
Geological Survey Bulletin 1548, 55 p. 

Blacet, P. M., Silver, L. T., Stern, T. W., and 
Anderson, C. A., 1971, Precambrian evolution of the 
Big Bug Group (Yavapai Series) and associated rocks 
in the northern Bradshaw Mountains, central 
Arizona: Geological Society of America Abstracts 
with Programs, v. 3, p. 84 . 

Bouma, A. H., 1962, Sedimentology of some flysch 
deposits--a graphic approach to facies 
interpretation: Amsterdam, Elsevier, 168 p. 

Brady, T. B., Sherlock, S.M., and Karlstrom, K. E., 
1987, Early Proterozoic crustal shortening by 
tectonic wedging, northern Sierra Anchas, central 
Arizona: Geological Society of America Abstracts 
with Programs, v. 19, p. 263. 

Bryant, B., and Wooden, J. L., 1986 1 Early and Middle 
Proterozoic crustal history of the Poachie Range, 
Arizona : Geological Society of America Abstracts 
with Programs, v. 18, p. 344. 

Condie, K. C., 1986 , Geochemistry and tectonic setting 
of Early Proterozoic supracrustal rocks in the 
southwestern United States: Journal of Geology, 
v. 94, p. 845-864. 

Condie, K. C. , Bowling, G. P., and Vance, R. K., 1985 , 
Geochemistry and origin of Early Proterozoic 
supracrustal rocks, Dos Cabezas Mountains, south
eastern Arizona: Geological Society of America 
Bulletin, v . 96, p. 655-662. 

Conway, C. M., 1976, Petrology, structure, and 
evolution of a Precambrian volcanic and plutonic 
complex, Tonto Basin, Gila County, Arizona [Ph.D. 
thesis]: Pasadena, California Institute of 
Technology, 460 p . 

______ in prep., Geologic map of the Hells Gate 
Roadless Area and the upper Tonto Basin area, Gila 
County, Arizona: U.S. Geological Survey 
Misce llaneous Field Studies Map MF-1644-B, scale 
1:48,000. 

Conway, C. M., and Karlstrom , K. E., 1986, Early 
Proterozoic geology of Arizona: EOS (American 
Geophysical Union Transactions), v. 67, p. 681-682. 

Conway, C. M., McColly, R. A., Marsh, s. P., Kulik, D. 
M., Martin, R. A., and Kilburn, J. E., 1983, 
Mineral resource potential of the Hells .Gate 
Roadless Area, Gila County, Arizona: U.S. 
Geological Survey Miscellaneous Field Studies Map 
MF-1644-A, scale 1:48,000. 

173 



Conway, C. M., and Silver, L. T., 1976, Rhyolite
granophyre-granite complex, Tonto Basin, Gila 
County, Arizona--a deeply exposed Precambrian 
analog of the Yellowstone rhyolite plateau: 
Geological Society of America Abstracts with 
Programs, v. 8, p. 579-580. 

1984, Extent and implications of silicic 
~alic magmatism and quartz arenite sedimentation 

in the Proterozoic of central Arizona: Geological 
Society of America Abstracts with Programs, v. 16, 
P• 219. 

1986, Implications of the juxtaposition of two 
Early Proterozoic terranes in central Arizona 
[abs.], in Van Schmus, W. R., ed., International 
field conference on Proterozoic geology and 
geochemistry: Lawrence, University of Kansas, 
p. 91-92. 

1987, Early Proterozoic rocks of 1710-1610 Ma 
age in central to southeastern Arizona, in Jenney, 
J.P., and Reynolds, S. J., eds., Geolog~of 
Arizona: Arizona Geological Society Digest, v. 17 
(in press). 

Conway, C. M., Wrucke, C. T., and Silver, L. T., in 
prep., Revisions in nomenclature of Early 
Proterozoic rocks in the Tonto Basin-Mazatzal 
Mountains region, Arizona: U.S. Geological Survey 
Bulletin. 

Copeland, P., and Condie, K. C., 1986, Geochemistry 
and tectonic setting of lower Proterozoic 
supracrustal rocks of the Pinal Schist, 
southeastern Arizona: Geological Society of 
America Bulletin, v. 97, p. 1512-1520. 

Dahlstrom, C. D. A., 1969, Balanced cross sections: 
Canadian Journal of Earth Sciences, v. 6, 
p. 743-757. 

Darrach, M. E., Karlstrom, K. E., and Argenbright, D. 
A., 1986, The Cleator mylonite zone : sinistral 
strike slip adjacent to the Shylock fault zone, 
central Arizona: Geological Society of America 
Abstracts with Programs, v. 18, p. 350. 

DeWitt, E., 1979, New data concerning Proterozoic 
volcanic stratigraphy and structure in central 
Arizona and its importance in massive sulfide 
exploration: Economic Geology, v. 74, 
p. 1371-1382. 

Gas til, R. G., 1958, Older Precambrian rocks of the 
Diamond Butte quadrangle, Gila County, Arizona: 
Geological Society of America Bulletin, v. 69, 
p. 1495-1514. 

Jaggar, T. A., and Palache, C., 1905, Description of 
Bradshaw Mountains quadrangle, Arizona: U.S. 
Geological Survey, Folio 126, 11 p. 

Karlstrom, K. E., Bowring, S. A., and Conway, C. M., 
1987, Tectonic significance of an Early Proterozoic 
two-province boundary in central Arizona: 
Geological Society of America Bulletin (in press). 

Karlstrom, K. E., and Conway, C. M., 1986, 
Deformational styles and contrasting 
lithostratigraphic sequences within an Early 
Proterozoic orogenic belt, central Arizona, in 
Nations, J. D., and others, eds., Geology of--
central and northern Arizona: Geological Society 
of America, Rocky Mountain Section, Guidebook, 
p. 1-25. 

Krieger, M. H., 1965, Geology of the Prescott and 
Paulden quadrangles, Arizona: U.S. Geological 
Survey Professional Paper 467, 127 p. 

Livingston, D. E., 1969, Geochronology of older 
Precambrian rocks in Gila County, Arizona [Ph . D. 
thesis): Tucson, University of Arizona, 224 p. 

Lucchitta, I., and Suneson, N., 1982, Signal Granite 
(Precambrian), west-central Arizona, in 
Stratigraphic notes, 1980-1982: u.s.-c;eological 
Survey Bulletin 1529-H, p. 87-90. 

174 

Ludwig, K. R., 1974, Precambrian geology of the 
central Mazatzal Mountains, Arizona (part I) and 
Lead isotope heterogeneity in Precambrian igneous 
feldspars (part II) [Ph.D. thesis] : Pasadena, 
California Institute of Technology, 363 p. 

Ma·ynard, S., 1986, Precambrian geology and 
mineralization of the southwestern part of the New 
River Mountains, ·Maricopa and Yavapai Counties, 
Arizona [M.S. thesis): Albuquerque, University of 
New Mexico, 155 p. 

Miller, C. F., 1985, Are strongly peraluminous magmas 
derived from pelitic sedimentary sources? : Journal 
of Geology, v. 93, p. 673-689. 

Nockolds, S. R., 1954, Average chemical compositions 
of some igneous rocks : Geological Society of 
America Bulletin, v. 65, p. 1007-1032. 

O'Hara, P. F., 1980, Metamorphic and structural 
geology of the northern Bradshaw Mountains, Yavapai 
County, Arizona [Ph.D. thesis): Tempe, Arizona 
State University, 117 p. 

Page, R. W., and Bell, T. H., 1986, Isotope and 
structural responses of granite to successive 
deformation and metamorphism: Journal of Geology, 
v. 94, p. 365-379. 

Peacock, M. A., 1931, Classification of igneous rock 
series : Journal of Geology, v. 39, p. 54-67. 

Pearce, J. A., and Gale, G. H., 1977, Identification 
of ore-deposition environment from trace-element 
geochemistry of associated igneous host rocks, in 
Volcanic processes in ore genesis: Geological 
Society of London, Special Publication no. 7, 
p. 14-24. 

Pearce, J. A., Harris, N. B. w., and Tindle, A. G., 
1984, Trace element discrimination diagrams for the 
tectonic interpretation of granitic rocks: Journal 
of Petrology, v. 25, pt. 4, p. 956-983. 

Price, R. A., 1986, The southwestern Canadian 
Cordillera: thrust faulting, tectonic wedging, and 
delamination of the lithosphere: Journal of 
Structural Geology, v. 8, p. 239-254. 

Puls, D. D., 1986, Geometric and kinematic analysis of 
a Proterozoic foreland thrust belt, northern 
Mazatzal Mountains, central Arizona [M.S. 
thesis]: Flagstaff, Northern Arizona University, 
102 p. 

Puls, D. D., and Karlstrom, K. E., 1985, Proterozoic 
foreland thrusting in the Mazatzal Mountains of 
central Arizona: Geological Society of America 
Abstracts with Programs, v. 17, p. 261. 

1986, Proposed names for major thrusts in the 
~thern Mazatzal Mountains, central Arizona: 

Geological Society of America Abstracts with 
Programs, v. 18, p. 404. 

Roller, J. A., 1987, Geometric and kinematic analysis 
of the Proterozoic Slate Creek movement zone, 
central Mazatzal Mountains, Arizona [M.S. 
thesis): Flagstaff, Northern Arizona University, 
60 p. 

Roller, J. A., and Karlstrom, K. E., 1986, Structural 
geometry of the upper Alder Group, Mazatzal 
Mountains, central Arizona: Geological Society of 
America Abstracts with Programs, v. 18, p. 407. 

Sanderson, D. J., and Marchini, D., 1984, Transpres
sion: Journal of Structural Geology, v. 6, 
p. 449-458. 

Sauck, w. A., and Sumner, J. S., 1970, Residual 
aeromagnetic map of Arizona: Tucson, University of 
Arizona, scale l:l,UUU,UUO. 

Sawkins, F. J., 1976, Metal deposits related to 
intracontinental hotspot and rifting environ
ments: Journal of Geology, v. 84, p. 653-671. 

Sherlock, S.M., 1986, Structure, stratigraphy, and 
sedimentology of Early Proterozoic rocks, McDonald 
Mountain-Breadpan Mountain area, northern Sierra 

Conway and others 



Ancha, Gila County, Arizona [M.S. thesis]: 
Flagstaff, Northern Arizona University, 81 p. 

Sillitoe, R. H., 1977, Metallic mineralization 
affiliated to subaerial volcanism: a review, in 
Volcanic processes in ore genesis: Geologica~ 
Society of London Special Publication no. 7, 
p. 99-116. 

Silver, L. T., 1965, Mazatzal orogeny and tectonic 
episodicity [abs.]: Geological Society of America 
Special Paper 82, p. 185-186. 

1967, Apparent age relations in the older 
~cambrian stratigraphy of Arizona [abs . ], in 

Burwash, R. A. , and Morton, R. D., eds., --
Geochronology of Precambrian stratified rocks: 
Edmonton, University of Alberta, p. 87. 

1969, Precambrian batholiths of Arizona 
~s.]: Geological Society of America Special 

Paper 121, p. 558-559. 
1978, Precambrian formations and Precambrian 

~tory in Cochise County, southeastern Arizona : 
New Mexico Geological, 29th Field Conference, 
Guidebook, p. 157-163. 

1984, Observations on the Precambrian evolution 
~northern New Mexico and adjacent regions: 

Geological Society of America Abstracts with 
Programs, v. 16, p. 256. 

Silver, L. T., Conway, C. M., and Ludwig, K. R., 1986, 
Implications of a precise chronology for Early 
Proterozoic crustal evolution and caldera formation 
in the Tonto Basin-Mazatzal Mountains region, 
Arizona: Geological Society of America Abstracts 
with Programs, v. 18, p . 413. 

Tirrul, R. , 1983, Structure cross-section across Asiak 
foreland thrust and fold belt, Wopmay orogen, Dis
trict of Mackenzie: Current Research, Geological 
Survey of Canada Paper, v. 83-lB, p. 253-260. 

Trevena, A. s., 1979, Studies in sandstone petrology: 
origin of the Precambrian Mazatzal quartzite and 
provenance of detrifal feldspar [Ph.D. thesis]: 
Salt Lake City , University of Utah, 390 p. 

Vance, R. K., 1986, Geochemistry and tectonic setting 
of the Yavapai Supergroup , west central Arizona 
[Ph.D. thesis]: Socorro, New Mexico Institute of 
Mining and Technology. 

Warren, D. H., 1969 , A seismic-refraction survey of 
crustal structure in central Arizona: Geological 
Society of America Bulletin, v. 80, p. 257-282. 

West, R. E., and Sumner, J. S., 1973, Bouguer gravity 
anomaly map of Arizona: Tucson, University of 
Arizona, scale l:l,OOO,OUO. 

Wilson, E. D. , 1939, Pre-Cambrian Mazatzal revolution 
in central Arizona: Geological Society of America 
Bulletin, v. 50, p. 1113-1164. 

Wrucke, C. T., and Conway, C. M., in prep., Geologic 
map of the Mazatzal Wilderness and contiguous 
roadless areas, Gila, Maricopa, and Yavapai 
Counties, Arizona: U.S. Geological Survey Open
File Map, scale 1:48,000. 

Wrucke, C. T., Ma rsh, S. P., Conway, C. M. , Ellis, C. 
E., Kulik, D. M., Moss, C. K., and Raines, G. L. , 
1983, Mineral resource potential of the Mazatzal 
Wilderness and contiguous roadless areas, Gila , 
Maricopa, and Yavapai Counties, Arizona : U.S. 
Geological Survey Miscellaneous Field Studies Map 
MF-1573-A, scale 1:48,000. 

Con t r i but ion #45 28 

Conway and others 

Division of Geol ogical and Pl anetar y Sc i ences 
Ca l iforn ia Insti tute of Technology 

Pasadena , Califo rnia 

175 



Field .. Trip Guide 
to the Geology, Structure, and Alteration 

of the Jerome, Arizona Ore Deposits 

Paul A. Lindberg 
205 Paramount Drive 

Sedona, Arizona 86336 

PURPOSE AND OBJECTIVES 

In conjunction with the 100th Annual Meeting of 
the Geological Society of America at Phoenix in 1987, 
a one-day, postmeeting field trip (Oct. 30; repeated 
Oct. 31) will tour a portion of the Verde district 
and examine the sites of world-class massive sulfide 
orbodies at Jerome (mines now inactive). Proterozoic 
stratigraphic successions, evolutionary models for 
ore formation, and superimposed structural effects 
will be observed and discussed on site. The trip will 
leave the Phoenix convention area in the morning and 
travel by bus to Jerome as shown in Figure 1. 

There are two main objectives for this Jerome 
field trip. First of all, it presents an excellent 
exposure of a Proterozoic volcanogenic system that 
produced rich massive sulfide ores of copper, gold, 
and silver. Two previous G.S.A. field trips to Jerome 
have been conducted (Lindberg and Jacobson, 1974; 
Lindberg, 1986a) and scores of geology field classes 
have toured the district over the past 15 years. 
Secondly, a newly completed study by Gustin ( 1986; 
in prep.) of the redefined Cleopatra Formation adds 
a new dimension to the understanding of the geological 
evolution and ore deposit formation of the Verde dis
trict. Gustin describes these new data at Stop 5 
(see Figure 5) and does not necessarily endorse the 
interpretation of the cauldron model as proposed by 
Lindberg (1986a). 
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Figure 1. Field-trip route to Jerome, Arizona. Route 
follows I-17 from Phoenix to Camp Verde, Highway 279 
to Cottonwood, and Highway 89A to Jerome. The return 
to Phoenix is by the same route. 
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Mae Sexauer Gustin 
Dept. of Geosciences, The University of Arizona 

Tucson, Arizona 85721 

HISTORICAL PERSPECTIVE 

In the authoritative study of the Jerome ore 
deposits, Anderson and Creasey (1958) state that the 
Spanish explorer "Espejo with four others and Hopi 
guides visited the copper deposits" on May 5, 1585. 
They further state that "Farfan arrived at the Jerome 
deposits on November 24, 1598, and found an old shaft, 
three estados ( 16~ feet) deep, and a large dump." 
It is probable that malachite and azurite pigments 
were mined from the site in prehistoric times. 

Modern mining activities did not commence until 
about 1883 when small amounts of high-grade oxide 
ores were mined for gold, silver, and copper. The 
United Verde deposit became the principal mine in 
the district. During the early years of -mining the 
easily combustible massive pyrite fed a number of 
very serious mine fires. This eventually required 
the excavation of the present United Verde open pit, 
despite the fact that the overall mining operation 
was underground. The deposit continued production 
through two World Wars until its principal copper 
ores were exhausted in 1953. It produced an estimated 
32,784,578 short tons of ore with an average yield 
of 4.79% copper, 0.043 oz/t gold, and1.61 oz/t silver. 
A small lease operation from 1954-1975 mined an addi
tional 206,149 tons of high-grade chalcopyrite vein 
ore from the footwall that averaged 6.13% copper, 
0.014 oz/t gold, and 1.01 oz/t silver. 

The bonanza-grade United Verde Extension orebody 
(U.V.X.) remained concealed beneath Tertiary and 
Paleozoic rock cover about 3000 feet due east of the 
United Verde body. The intervening Verde fault offset 
the section and prevented the U.V.X. from being dis
covered until 1914. Supergene-enriched ores, mined 
from 1915-1938, amounted to 3,878,825 tons,which gave 
an average yield of 10.23% copper, 0.039 oz/t gold, 
and 1. 7l oz/t silver. Supergene enrichment of the 
Proterozoic ores is thought to have occurred in late 
Precambrian and again in Tertiary time. The United 
Verde and U. V. X. ores constituted 99.4% of the Verde 
district massive sulfide production. The remainder 
came from oxide and sulfide ores of the Copper Chief 
(Lindberg, 1986b), Cliff, and Verde Central mines. 

GENERAL GEOLOGIC HISTORY 

Figure 2 shows the geology of the northern part 
of the Jerome area, the rock types, and the field-trip 
stops. Precambrian rock exposures are limited to the 
immediate west of Jerome by Paleozoic cover, and down
faulted Paleozoic and Tertiary strata further restrict 
the exposures to the northeast. of the Verde fault. 
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Figure 2. Simplified geologic map of the Jerome area, Verde district, Yavapai County, Arizona (modified from 
Lindberg, 1986a). Post-1971 detailed contact mapping modifies the interpretations and nomenclature of Anderson 
and Creasey (1958) and Anderson and Nash (1972). Current informal district usage is given below. 

MAP SYMBOLS: 

~ Shafts: A=Jerome Grande, B=Verde Central, 
C=Verde Combination, D=Gadsden, E=Texas, 
F=A&A, G=Haynes, H=Edith & !=Audrey 
~- -\- · F 1 Folds (NNW) & F 2 "Cross Folds" 

•••.. ::j,, .• _ Proterozoic Cauldron Faults 
---Tertiary Faults; Laramide/Miocene 

PHANEROZOIC ROCKS: 

Qg Quaternary Alluvium 
Thv Miocene Hickey Basalt 
Tmrg Pre-Miocene Conglomerates 
Pz Paleozoic Sediments; Undiff. 
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PROTEROZOIC ROCKS: 

gb 

ggs 
usr 
ms 
bs 
cf 
cqp 
ms 
dru 
drudc 
sbu 
drl 

Synvolcanic Intrusive Gabbro Sill 

Grapevine Gulch Fm; Volcaniclastic Sediments, Tuffs 
Upper Succession Rhyolite/Dacite Domes & Breccias 
United Verde & U. V. X. (Concealed) Massive Sulfides 
Mg-Chlorite Alteration Zone ("Black Schist") 
Cleopatra Formation; Undiff. Rhyodacitic Extrusive 
Cleopatra Quartz Porphyry Dikes 
Verde Central Massive Sulfide Horizon 
"Upper Deception Rhyolite" with Polygonal Flow (p) 
Dacitic Dome within "Upper Deception Rhyolite" 
"Upper Shea Basalt"; Includes Minor Rhyolitic Strata 
"Lower Deception Rhyolite" Flows & Breccias 
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The geology and ore deposits of the Jerome area 
were described by Anderson and Creasey (1958) and they 
assigned the Precambrian rocks of the Verde district 
to the Ash Creek Group of the Yavapai Series. Silver 
and coworkers (Anderson and others, 1971) later dated 
these rocks at 1820 ± 10 Ma. At that time the massive 
sulfide ore deposits at Jerome were believed to be re
placement bodies . A quartz porphyry intrusion into 
the volcanic and sedimentary stratigraphy was thought 
to have been the principal agent responsible for ore 
formation. One of the earlier published accounts in 
Arizona that challenged the replacement concept was 
a paper by Gilmour and Still (1968), who proposed a 
volcanogenic origin for the Iron King massive sulfide 
ores at Humboldt. That deposit is located 20 miles 
to the southwest of Jerome and is hosted in similar
age volcanic rocks. 

The volcanogenic model for the Jerome orebodies 
was well established by 1971 (P.A. Handverger, pers . 
comm.). Detailed post-1971 contact mapping and struc
tural analysis reveal that the stratigraphic nomen
clature of Anderson and Creasey (1958) needs revision. 
There are two main reasons for this . First of all is 
the recognition of multiple strata repetitions on fold 
limbs within the Jerome anticlinorium (Lindberg and 
Jacobson, 1974) that were not previously recognized. 
Secondly, Anderson and Nash ( 1972) reinterpreted the 
the former quartz porphyry to be an extrusive crystal 
tuff and defined it as the Cleopatra Member of the 
Deception Rhyolite. Geologic usage shown in Figure 
2 is based on the informal stratigraphy given by Lind
berg (1986a), and is further modified by the redefined 
Cleopatra Formation of Gustin (pers. comm.). Gustin 
has concluded that the Cleopatra Formation is largely 
composed of rhyodacitic extrusive rocks. This ore
associated Cleopatra Formation is further described 
during Stop 5. 

The oldest rocks in the district are massive to 
pillowed basalts that are exposed in the core of the 
Jerome anticlinorium and located just south of the 
coverage shown in Figure 2. Conformably overlying the 
"Shea" basalts are rhyolites, dacites, and basalt 
flows that were formerly included within the Deception 
Rhyolite. These are overlain by a series of rhyolitic 
flows and breccias that form the prominent outcrops 
in Deception Gulch, just south of Jerome along Highway 
89A. Because of the north-northwest-plunging folds, 
these rock exposures generally become younger toward 
the north. 

Submarine hot springs formed on the top surface 
of this series of rhyolitic flows, as evidenced by the 
thin massive sulfide ore lenses found at the Verde 
Central mine. Lindberg (1986a) infers that an abrupt 
cauldron collapse of the tumescent submarine volcanic 
pile occurred simultaneously with the rapid eruption 
of the voluminous Cleopatra Formation. Numerous field 
relationships along the quartz porphyry feeder dikes 
and cauldron faults (all prefolding) show down-to-the
north lithologic offsets. One set of cauldron offsets 
and feeder dikes can be seen in the lower portion of 
Figure 2. 

Shortly after consolidation of the lower member 
of the Cleopatra Formation, as defined by Gustin in 
Figure 5, additional cauldron faulting is interpreted 
by Lindberg (1986a) to have cut through the entire 
volcanic pile and extended well into the underlying 
rhyolites. The Dillon tunnel followed one mineralized 
and chlorite-altered fracture zone from the base of 
the United Verde orebody into the rhyolite flows of 
Deception Gulch. 
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Hydrothermal solutions vented from the sea-floor 
fracture zones and massive sulfides were precipitated 
at the sites . Widespread footwall alteration of the 
Cleopatra Formation resulted from an intense hydro
thermal system. The most concentrated alteration can 
be seen at the immediate base of the United Verde ore 
deposit where rock replacement by Mg- rich chlorite 
reaches a climax in the fractured Cleopatra footwall. 
The miners called this rock "black schist." Similar 
alteration zones are seen at the U. V .X. ore body as 
described by Handverger (1975). A recent study of 
trace-element mobility in the Cleopatra crystal tuff 
has been made by Lesher and others (1986) . 

In the vicinity of the United Verde ore body, 
postore rocks include volcaniclastic sediments, minor 
cherts, rhyolitic/dacitic flows, tuffs, and ·breccias, 
and andesitic flows and hyaloclastites. Further south 
along Highway 89A and Hull Creek, the postore rock 
succession includes the upper member of the Cleopatra 
Formation,as defined by Gustin (Ph.D. thesis in prep.), 
as well. The post-Cleopatra rocks at this location 
also include small blister domes, breccias, and tuffs 
of dacitic to rhyolitic composition that are, in turn, 
covered by a thick series of volcaniclastic turbidites 
included within the Grapevine Gulch Formation (Ander
son and Creasey, 1958). Synvolcanic gabbro sills were 
intruded into the postore succession prior to folding. 
The alteration state of postore rocks is generally 
very low compared to preore volcanic rocks. 

A depositional hiatus of 1.3 b.y. marks the un
conformity between the folded Precambrian and flat
lying Paleozoic cover rocks. Deep valleys were cut 
into the Paleozoic rocks during post-Laramide erosion 
of the uplifted terrane. Hickey Basalt, dated at 
10-15 Ma by McKee and Anderson (1971), covers pre
Hickey conglomerates,which fill the channels. 

STRUCTURAL GEOLOGY 

All Proterozoic volcanic , sedimentary, and syn
volcanic intrusive rocks of the Verde district are 
penetratively deformed into similar folds with steep, 
subparallel axial planes. Fold amplitudes (FJ) exceed 
6000 feet. In the Jerome area the F fol s strike 
north-northwest with the axial planes dipping steeply 
toward the east-northeast. The primary folds at the 
United Verde deposit plunge northerly at 60". "Cross 
folds" (F2 ) intersect the primary set at nearly right 
angles, creating fold plunge reversals and the complex 
"Christmas tree" interference patterns seen in the 
southeast corner of Figure 2. 

Precambrian faulting is mainly restricted to pre
ore cauldron faults that are directly related to the 
ore-forming process. All known Precambrian faults 
were formed prior to the onset of Proterozoic folding . 
High-angle reverse faulting occurred during the uplift 
of the region in Laramide time, but normal faulting 
did not occur in the district until the Verde graben 
began to form about 10 Ma (Lindberg, 1983, 1986a). 

STOP 1 

Stop 1, near the Cottonwood airport, is for 
orientation purposes. The exposed Proterozoic rocks 
occupy the middle slopes of Mingus Mountain to the 
west of the observer and are overlain by Paleozoic 
sediments and Tertiary basalts. The Verde fault marks 
the break in slope along the western edge of the Verde 
graben. The Precambrian surface is estimated to lie 
about 3500 feet below the airport, with a total offset 
in excess of 6100 vertical feet, 
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STOP 2 

Stop 2 is located at a pullout along Highway 89A 
just west of the old Mingus Union High School on the 
east side of town. The Verde fault passes through 
the upper part of Jerome and separates the bold Pre
cambrian exposures of Cleopatra Hill from the down
faulted block where the observer is standing. The 
fault displacement is about 1500 feet at this point. 
About 2000 feet to the northwest are the headframes 
of the U. V. X. mine (Edith and Audrey shafts) . The 
bonanza-grade U.V.X. orebodies, now mined out, were 
located about 1000 feet due south of the shafts, or 
just north of the old "Powderbox Church" (solitary 
building just above the access road leading to the 
mine and museum area). The cave zone just south of 
the white building at the Jerome State Park Museum 
lies to the east of the deposit and was used to back
fill mined-out U.V.X. stopes. 

Figure 3 shows an east-west cross section that 
passes 500 feet to the north of Stop 2. The observer 
is situated just in front of the right edge of the 
figure. The section crosses the Jerome anticlinorium 
and shows the opposite-facing and separate United 
Verde and U. V .X. massive sulfide ore bodies. Depth 
of oxidation at the U.V.X. deposit is nearly 500 feet, 
which exceeds the typical depth of weathering beneath 
the pre-Paleozoic unconformity. Part of the supergene 
enrichment of the U.V.X . ores is post-Laramide in age. 

STOP 3 

Stop 3 will be at the United Verde open pit. 
Permission from Phelps Dodge Corporation is required 
to enter the pit area. The large flat bench leading 
into the pit was the former 300- foot level of the 
underground mine. 

At the pit edge the observer is standing near 
the apex of an anticlinal drag fold in the Cleopatra 
Formation footwall. The Cleopatra has conspicuous 
quartz phenocrysts that are set within an intensely 
sericitic matrix. Across the pit, where most of the 
massive sulfide body has been mined away, the massive 
pyrite at the top of the deposit can still be seen. 
Overlying the laminated to massive pyrite (poor in 
copper values) is a highly folded jasper caprock and 
thin remnants of postore volcaniclastic sediments 
of the Grapevine Gulch Formation. The bold western 
wall is composed of a large synvolcanic gabbro sill. 
The sill mainly intruded and dilated the postore 
sedimentary section and bleached some of the jasper 
to a whitish "quartz" (miner's term). Looking toward 
the southwest, at the southernmost part of the pit, 
the observer can see the darker, Mg-rich chloritic 
Cleopatra footwall ("black schist"), which plunges 
at 60° to the north-northwest. This alteration zone 
directly underlies the zone of highest grade copper 
ores that were mined out. Flanking the chloritic 
footwall alteration zone, with its chalcopyrite veins 

(Normal Fau l t ing Associated Wi th the Formation of 
Begins ~10M. Y. Ago,' Normal Fau lt s Break 

Subporo l/elto Ancestral, High-Angle Laramide Reverse Fou/ls) 
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Figure 3. East-west cross section, looking north, through the Jerome anticlinorium. 
Geologic notations are given in Figure 2. The time is about 10 Ma when normal 
Verde graben faulting began. The United Verde and U. V .X. are separate ore bodies 
which are now located on opposite limbs of the fold system. 
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and stockworks, are yellowish zones of sericitized 
Cleopatra Formation containing disseminated pyrite. 
The westernmost wall of Cleopatra, which divides the 
dominantly chloritic and sericitic alteration zones, 
is thought to represent a preore sea-floor fault scarp 
associated with cauldron fracturing (Lindberg, 1986a). 
To the immediate south of the pit edge are two tight 
synclines,which contain cherty exhalites, and postore 
rhyolitic tuffs and volcaniclastic sediments. Banded 
exhalites, time-equivalent to the ore horizon, are 
somewhat distal to to vent site. The ore horizon lies 
at the apex of the Cleopatra at this point. 

The orebody was mined down to the 4500-foot mine 
level (4200 feet below the pit edge). Below the 2400-
foot level the deposit began to thin and spread out 
into discrete lenses. Figure 4 shows the distribution 
of copper within a typical level in the United Verde 
mine. The best copper ore was located in the basal 
portion of the massive sulfide body as well as in the 
chloritic Cleopatra footwall. This represents a late
stage hydrothermal replacement that was most intense 
at the base of the earlier formed, syngenetic massive 
sulfide body that overlies the venting site. 
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Figure 4. Distribution of copper on the United Verde 
2400-foot level. Much of the copper ore lies below 
the massive sulfide layer. (Adapted from Anderson 
and Creasey, 1958, fig. 17, p. 117.) 

STOP 4 

Stop 4 will examine two locations at the contact 
between the highly folded and fine-grained rhyolitic 
flows of Deception Gulch and the overlying Cleopatra 
Formation. Stop 4a will examine the upper portion 
of the Deception Rhyolite flows and breccias (Anderson 
and Creasey, 1958). Sedimentary horizons are absent 
within this thick series of flows. Stop 4b is located 
along a drag-folded contact between these rhyolitic 
flows and the overlying massive Cleopatra Formation. 
The contact is marked by a thin Mg-chloritic altered 
layer, thin sedimentary beds, jasper lenses, and foot
wall jasper veinlets, which give evidence of a pre
Cleopatra mineralization event. The blind massive 
sulfide ores of the Verde Central mine are located 
a short distance to the south of this point. Between 
1928-1930 this small mine produced about 140,000 short 
tons of 2. 7% copper ore. Mineral associations seen 
at Stop 4b are excellent indicators of potential ore. 
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STOP 5 
(by Mae Sexauer Gustin) 

At this stop the rhyodacitic rocks associated 
with the United Verde deposit, previously named the 
Cleopatra Member of the Deception Rhyolite (Anderson 
and Nash, 1972), will be examined. Previous workers 
in the Jerome area, i.e., Anderson and Creasey (1958), 
Anderson and Nash ( 1972), and Lindberg and Jacobson 
( 1974), did not define mappable stratigraphic units 
within the Cleopatra Member. Norman (1977) attempted 
to do so by dividing the rock types into uniform and 
nonuniform quartz-feldspar porphyry. His mapping did 
not produce a coherent stratigraphy. 

As a result of recent work by Gustin (1986; in 
prep.), it is proposed that the Cleopatra Member as 
defined by Anderson and Nash (1972) be renamed the 
Cleopatra Formation and that it be divided into two 
distinct members, the upper (UC) and lower (LC). This 
subdivision, shown in Figure 5, is based in large part 
on detailed mapping of alteration facies within the 
Cleopatra Formation. The contact between the LC and 
UC is the lateral continuation on the United Verde 
ore horizon. This horizon had previously been inter
preted to lie between the Cleopatra Formation and the 
Grapevine Gulch Formation and/ or Upper Deception Rhyo
lite (Anderson and Nash, 1972; Lindberg and Jacobson, 
197 4). 

0 

0 

Alteration Facies of LC: 
quartz+sericite±chlorite 

chlorite±sulfide(bl.sch.) 
chlorite±quartz±carbonate 

chlorite veining (stockwork) 

---contacts (Dashed where inferred), .... _ Faults 

Figure 5. Geology of the Cleopatra Formation by Mae 
Sexauer Gustin. The upper and lower boundaries of 
the formation and faults are taken from Anderson and 
Creasey (1958) . 
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The LC and UC are represented by flows, volcani
clastic and vitroclastic tuffs, volcanic breccias, 
and volcaniclastic sediments that contain abundant 
quartz and feldspar phenocrysts. The LC is massive 
immediately beneath the orebody with breccias increas
ing in abundance to the south. This implies that the 
LC immediately beneath the orebody may have been a 
dome with slump and talus breccias being deposited 
to the south. The UC consists of abundant breccias, 
flows, and a large component of quartz-feldspar tuffs. 
The contact between the LC and UC is marked by changes 
in alteration facies and by a unique quartz-sericite
chlorite-carbonate tuff, hematitic cherts, and vol
caniclastic sediments at the immediate base of the UC. 

Within the LC, north of the Hull fault, feldspars 
are destroyed and some are pseudomorphed by coarse
grained quartz. The alteration varies from complete 
chloritization to sericitization and silicification 
(Figure 5). South of the Hull fault the LC contains 
feldspars and is variably silicified and chloritized 
(Stop Sa). The contact between the LC and UC, as 
exposed along Hull Creek, is marked by deformed vol
caniclastic sediments, hematitic cherts, and hematitic 
veining (Stop Sb). 

The UC contains rocks that are much less altered 
than those in the LC. Alteration is represented in 
the UC by the mineral assemblage of hematite ± quartz 
± carbonate ± chlorite. The UC chlorites may be dis
tinguished from those in the LC by a lighter green 
color and Fe/Fe+Mg>0.48 versus the dark green to black 
color and Fe/Fe+Mg( 0.48, characteristic of the LC. 
Hematitization is represented by veining (replacement 
and open-space fillings), pervasive hematitization 
(producing purplish quartz-feldspar porphyries), and 
disseminated hematite found in the matrix of various 
UC rocks. Veining and pervasive •hematitization may 
be seen along Hull Creek (Stop Sc). A rock that is 
found within the UC is called "mottled" rock. This 
outcrops at and below Stop Sd where a coarse breccia 
contains irregular pink fragments set within a grey 
matrix. Hematite is present in both domains, but is 
predominant in the pink areas. 

Thus, the LC is distinguished from the UC by the 
type of chlorite present, the abundance of sericite 
and secondary silicification, and the lack of feldspar 
in areas of intense alteration. The uppermost portion 
of the LC contains patchy zones of chloritization and 
silicification, which often immediately underlie the 
contact with the UC. Sediments and/or a distinctive 
tuff may lie at the base of the UC and the rocks 
directly above the contact are hematitized and often 
appear unaltered. 

STOP 6 

Stop 6 is located at the top of the Cleopatra 
Formation along Hull Creek. Thin, finely banded, and 
purplish sediments, minor tuffaceous sediments, and 
rare jasper lenses cover the Cleopatra. Local blister 
domes and breccias of dacitic to rhyolitic composition 
conformably overlie the thin sediments. Further up
stream are superb exposures of cyclic turbidite sheets 
composed of volcaniclastic sediments. These rocks 
are included within the Grapevine Gulch Formation 
of Anderson and Creasey (1958). Jasper lenses and/or 
angular rip-up clasts of jasper or grey chert at the 
base of a turbidite cycle indicate that minor chemical 
exhalites were still being formed atop the volcanic 
pile. Lindberg (1986a) infers that the center of vol
canic activity lies somewhere to the north of Jerome. 
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IJjTRODUCTION 

The purpose of this trip is to examine the 
Tertiary geology along the southern edge of the 
Colorado Plateau and adjacent Transition Zone 
separating the Plateau from the Basin and Range 
Province in Arizona. It has recently been 
demonstrated that much of the gross physiography 
of the Plateau had developed by Eocene time, if not 
earlier (Young and Hartman, 1984). It still remains 
to be proven whether the fragmentary regional 
Tertiary record can be reconstructed into a coherent 
geologic framework representing a more-or-less 
contemporaneous sequence of events preceding the 
Basin and Range Orogeny . 

It is evident that the southern edge of the 
Plateau is an artifact of early Tertiary erosion and 
was partially buried by an unknown thickness of early 
Tertiary fluvial deposits referred to as "Rim 
gravels." In this guidebook the term "Rim gravels" 
will be used to designate gravel-bearing sediments 
containing significant proportions of Precambrian 
lithologies, presumably derived from sources south of 
the present Plateau. Some of these sediments have 
been reworked during subsequent Tertiary exhumation 
of the Colorado Plateau margin. The deposition of 
the early Tertiary lacustrine sequences of southern 
Utah was contemporaneous with the uplift, erosion, 
and burial of the plateau margin in Arizona. 

To appreciate the complexity of the early 
Tertiary geology, one must unravel the overprinted 
middle Tertiary structural history, much of which 
appears to have been influenced by older Laramide 
tectonic trends. 

This trip provides an overview of the basic 
elements in the Tertiary geology that have been used 
to piece together the geologic history (Figure 1). 
It also demonstrates the problems of interpretation 
and correlation that still need to be resolved. 

GENERAL GEOLOGIC SETTING 

The margin of the Colorado Plateau Province 
in Arizona is a complex physiographic and structural 
feature with a history of development that probably 
encompasses all of Tertiary time, as well as an 
unknown portion of late Mesozoic time. The plateau 
margin defies a simple structural definition in some 
places, and there has been disagreement concerning 
whether some terranes more logically belong in the 
Transition Zone. The distinction between the Plateau 
and the Transition Zone is less obvious west of the 
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Chino-Aubrey Valley system (Figure 1). Peirce (1984) 
has suggested that the physiographic boundary marked 
by the Coconino-Toroweap-Kaibab Formations scarp 
(Mogollon Rim of central Arizona) be extended 
northwestward to the Grand Wash Cliffs. Although 
this provides a simple solution to the problem and 
constitutes a coherent physiographic boundary, it 
severs the western Grand Canyon region from the 
Plateau proper and it lacks a structural basis for 
distinguishing the Plateau from the Transition Zone 
on the Hualapai Plateau. However, regardless of 
the difficulty of choosing a consistent structural 
boundary to mark the plateau margin, the country 
adjacent to this extended Mogollon Escarpment 
(Peirce, 1984) has been yielding a relatively 
consistent Tertiary record predating the Basin and 
Range Orogeny. 

The geologic history that is emerging for early 
Tertiary time begins with the regional uplift and 
deformation associated with the Laramide Orogeny, 
which raised central Arizona above the relatively 
undeformed rocks to the north. This eventually 
created a broad north- to northeast-sloping 
alluvial plain, which became graded to the early 
Tertiary lakes of the Uinta Basin region (Young, 
1985; Dickinson and others, 1986). This episode 
has not yet been shown to have been simultaneous 
across Arizona, but the early period of erosion 
adjacent to the modern plateau margin seems to have 
produced a similar physiography across a broad 
region. Scarp recession northward from the adjacent 
highlands probably produced a major ancestral 
"Mogollon Escarpment" across much of the State, 
paralleled by a lesser scarp in the Cambrian
Mississippian limestones below. 

The study of the early Tertiary history of the 
region is made difficult by both the extensive period 
of erosion that followed the Laramide Orogeny and 
the younger structural deformation and volcanic 
activity that occurred from Oligocene through early 
Pliocene time. Important Tertiary stratigraphic 
sections have been preserved both on the Colorado 
Plateau edge and in the adjacent Transition Zone 
Provence beneath volcanic flows, along incised 
paleovalleys, and in downdropped structural blocks 
(Figure 2). Collaborative, ongoing research (Young, 
research in progress) is showing that a series of 
progressively younger paleovalleys developed in some 
places, probably controlled by contemporaneous 
movements along Laramide structures. 

The most difficult aspect of studying these 
early Tertiary fluvial deposits is the problem of 
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ascertaining whether reworking of individual fluvial 
deposits has occurred. Widespread, surficial lag 
gravels on the Plateau document extensive reworking 
of some of the older sediments during middle to late 
Tertiary time. Other fluvial sequences could have 
been only slightly reworked and redistributed in such 
a way as to produce deposits that look very similar 
to their Laramide parent sediments. The discovery of 
a volcanic ash horizon within the Frazier Wells 
Gravels (Billingsley and others, 1986) on the 
Hualapai Plateau by one of the authors (Young) should 
permit better age control concerning the time 
interval during which reworking of those gravels 
might have occurred. Evidence related to other 
gravels has been reviewed by Peirce and others (1979). 

The oldest demonstrated age for the gravels on 
the Plateau surface is based on the discovery of 
viviparid gastropods in the Tertiary section at Long 
Point (Figure 1), south of Grand Canyon National Park 
(Young and Hartman, 1984). These gastropods became 
extinct throughout North America in the middle Eocene 
(Hartman, 1984). The fossils, located within the 
upper portion of a thick section of Tertiary 
sediments resting on an eroded Kaibab-Moenkopi 
Formation surface (Figure 3), suggest that the 
initial erosion of the Paleozoic rocks must have 
occurred during Paleocene time or earlier. 

Aside from these limited age constraints and 
those described by Peirce and others (1979), there 
are many problems in attempting to correlate the 
Tertiary "Rim gravels" across the Plateau margin and 
adjacent Transition Zone. One of the purposes of 
this trip is to illustrate some of these correlation 
problems. The other goals of the trip are to 
highlight the critical areas of current interest, and 
to demonstrate the evidence for the preservation of 
an early Tertiary (Laramide) landscape, complicated 
by middle Tertiary structural disruption. 

FIELD-TRIP ROAD LOG 

The trip begins at Kingman, Arizona, with 
overnight stops at Prescott at the end of Day 1, and 
Payson at the end of Day 2. The third day will 
contain fewer stops and end at the GSA meeting 
registration headquarters in the late afternoon. 

Day 1 begins with an examination of the rather 
abrupt Basin and Range - Colorado Plateau structural 
boundary documented by the Peach Springs Tuff 
structural datum (Young and Brennan, 1974). The 
continuation of Day 1 includes the well-exposed, 
thick Tertiary section exposed along the Hurricane 
fault zone in and near Peach Springs Canyon, 
including the buried channels defined by drilling 
logs. The latter portion of Day 1 examines the more 
complex Transition Zone region from the Aubrey Valley 
to Prescott, including evidence for Laramide 
structural trends which have not yet been mapped in 
detail (Lucchitta and Young, 1986). 

Day 2 begins in the Precambrian terrane near 
Prescott and proceeds through the Tertiary Hickey 
Formation gravels of the Black Hills (Jerome area) in 
the vicinity of the Shylock fault zone. Day 2 
continues with a traverse through the Verde Valley 
structural trough, stops at exposures of Oligocene(?) 
gravels bearing on the structural evolution of the 
Oak Creek Canyon region, karst features in the Verde 
Formation, and an ascent back onto the Plateau to 
view the Tertiary gravels and physiography along the 
Tonto segment of the Mogollon Rim. Day 2 ends with 
a descent to Payson via Buckhead Mesa, where evidence 
for the ancestral Mogollon Rim is preserved. 

Day 3 comprises a transect from the Mogollon 
Rim southward along the west edge of the Fort Apache 
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Indian Reservation, crossing the Transition Zone 
where the Salt River drainage is exhuming a paleo
canyon filled with early to middle Tertiary sediments 
and volcanic rocks. 

DAY 1 - KINGMAN TO PRESCOTT 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 1 

The trip begins on Arizona Route 66 where it 
trends northeastward from its junction with 
Interstate 40 on the east side of Kingman (mile 0.0). 
This saddle between the Cerbat Mountains (north) and 
the Hualapai Mountains (south) funneled the Peach 
Springs Tuff ash flow (Miocene, 18± Ma) toward the 
Plateau from its source in the Colorado River trough. 
Kingman sits on faulted tuff outcrops (Ruesch and 
Valentine, 1986), and tilted remnants of the ash 
flow can be seen on the flanks of all the ranges en 
route to the Plateau. Where the highway curves 
around the north end of the Peacock Mountains 
(Antares) well logs record the base of the tuff at 
710 feet below the surface, indicating an offset of 
2000 feet relative to the same datum on the plateau 
margin near Valentine. 

North of the highway near mile 22 (MP 79) a 
valley filled with gravels and lavas is cut into the 
Plateau margin. This feature is the west end of the 
buried paleovalley connecting with Peach Springs 
Canyon along the Hurricane fault trend. 

STOP 1 

Near mile 25.5 (MP 82.5) where the Hackberry 
Cutoff joins the highway from the south a major 
fault is exposed that brings Tertiary gravels down 
into contact with Precambrian granite. This fault is 
essentially parallel with the trend of the Plateau 
margin, and is one of the few well-exposed structures 
along this edge of the Plateau. It is closely 
associated with the obviously faulted hogbacks of 
tuff and basalt seen to the south of the highway. 
Here the tuff outcrops demonstrate 1000 feet of 
offset between the Plateau and the Basin and Range 
Province since middle Miocene time. 

On the west (downthrown) side of the fault the 
gravels dipping into the fault plane at about 25 
degrees contain many fragments of Peach Springs Tuff 
derived from an easterly direction. At the fault 
contact itself a thin wedge of older gravels has been 
caught up in the structure. These gravels resemble 
the typical, obviously weathered early Tertiary 
gravels later to be seen in the Peach Springs Canyon 
section, except for a few fragments of basaltic 
rocks. It is unclear whether these are early 
Tertiary gravels that have been contaminated with 
younger volcanic clasts by the fault movement or if 
the deposits represent reworking of older (pre
volcanic) and younger units prior to the main fault 
displacement. 

This stop demonstrates how abrupt the boundary 
can be between the Plateau and Basin and Range 
provinces. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 2 

For the next 7 miles the route climbs onto the 
Plateau through Precambrian rocks (mostly granite) 
immediately south of the buried paleochannel that is 
aligned with Peach Springs Canyon. South of the 
highway the exposed, irregular contact between 
Precambrian and Tertiary rocks results from recent 
stream erosion exposing tributaries to the old canyon 
north of the highway. The Peach Springs Tuff is the 
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prominent volcanic cliff-former, and in some places 
the volcanic flows and volcaniclastics rest directly 
on the Laramide erosion surface (granite). Minor 
faults are visible in the tuff until exposures are 
gradually buried beneath the younger Tertiary fill of 
the Truxton Valley to the east. 

The gradual flattening of the terrain as the 
highway emerges into the Truxton Valley is caused by 
the sedimentary infilling of a large erosional 
reentrant cut into the edge of the Plateau by the 
convergence of the Hurricane fault trend and the 
paleochannel north of the highway. The valley has at 
least 1600 feet of Tertiary-Quaternary fill in a deep 
well at Truxton, where the Peach Springs Tuff is at 
depths between 350 and 400 feet. Approaching 
Truxton, one can see the low fault scarp of the 
Hurricane fault in the center of the valley (east
southeast) where it offsets the Peach Springs Tuff by 
about 100 feet. 

STOP 2 

Near mile 34 (MP 91) at Stop 2 the base of the 
Peach Springs Tuff rests on Miocene gravels in a 
highway cut where the section is downfaulted on the 
west. From this viewpoint the geologic relationships 
can be seen throughout the 15-mile-wide Truxton 
Valley. 

Wells drilled for water and uranium exploration 
near Truxton show that the oldest Tertiary gravels 
beneath the volcanics are about 750 feet thick, of 
which the upper 100 feet are conspicuously weathered 
and decomposed. Above this weathered zone are about 
300 feet of volcanic-bearing gravels and volcanics, 
overlain by 240 feet of gravels and finer sediments 
that filled the valley following the disruption of 
the drainage by the Peach Springs Tuff. The upper
most sediments are finer grained overall and Pleisto
cene fossils have been found in surface exposures 
(Twenter, 1962). The prevolcanic portion of this 
section is essentially correlative with the Rim 
gravel equivalents that will be seen in Peach Springs 
Canyon at Stop 3. It is important to note that the 
thick lacustrine limestones present in wells at Peach 
Springs, east of the Peach Springs (Toroweap) 
monocline, are not present in the Truxton wells, 
although both locations are within the same broad 
valley. This is taken as evidence that the lime
stones formed in response to Laramide deformation 
along the monocline, pending drainages entering the 
valley from the southeast, but not affecting drainage 
flowing into Peach Springs Canyon from the west 
(Young, 1979) . 

Very similar limestones formed on the upwarped 
(west) side of the Meriwhitica monocline in Milkweed 
Canyon (15 miles north) from pending of the drainage 
crossing onto the Hualapai Plateau from the west. 
These relationships all suggest that deposition of 
the oldest gravel units and interbedded lacustrine 
facies was occurring while Laramide tectonism was 
still active, and prior to the extended period of 
weathering that followed. All of these events 
predate the onset of Basin and Range volcanism, 
represented locally by the Peach Springs Tuff. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 3 

The Hurricane fault zone intersects the highway 
near MP 101, but does not appear obvious in the late 
Miocene-Pleistocene gravels that cover the surface 
between Truxton and Peach Springs (Willow Springs 
Fm.). The Truxton Valley paleocanyon narrows as the 
highway approaches Peach Springs, where local Miocene 
basalt flows obscure the Peach Springs Tuff north of 
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the highway. The railroad wells drilled in the thick 
Tertiary sediments at Peach Springs (Young, 1979) are 
located south of the highway along the tracks. The 
canyon along which the railroad enters the town from 
the east is a tributary paleocanyon connecting the 
upper Chino Valley with ancestral Peach Springs 
Canyon. Its significance will be discussed following 
Stop 3. Climb eastward from Peach Springs and turn 
off into Peach Springs Canyon near the Bureau of 
Indian Affairs facilities (between MP 104-105). 

STOP 3 

This stop will include a 16-mile round trip into 
Peach Springs Canyon to view the exposed paleocanyons 
and the Tertiary sediments shown on Figures 2 and 3. 
Peach Springs Canyon is, in part, the location of an 
early Tertiary paleocanyon that closely parallels the 
Hurricane fault zone. However, the Hurricane fault 
zone probably underwent either monoclinal compression 
or up-to-the-west deformation coincidently with the 
other monoclines on the Hualapai Plateau during the 
Laramide orogeny. It probably has a complex history 
of normal and reversed displacements exactly like 
those documented for other major faults in the Grand 
Canyon. 

It now appears that older paleocanyons formed 
to the east of the fault zone during its complex 
history of compressional and extensional deformation 
(Billingsley and others, 1986). G. Billingsley has 
asked one of the authors (Young) to collaborate in 
defining the extent and interrelationships of these 
multiple paleocanyons. At present, it appears that 
two or more sinuous or meandering channels converged 
on the zone from the east, in addition to the Truxton 
Valley and Milkweed-Hindu Canyon channel segments, 
which converged from the west. Based on the con
flicting elevations and imbrication data collected to 
date, it would not appear possible to make one single 
reconstruction of the channels that would permit 
them all to have operated simultaneously (Figure 1). 

It is hypothesized that the channel segments 
were periodically displaced or beheaded by warping or 
faulting during episodic tectonic activity in early 
Tertiary time. Several of these former valley 
segments are presently left with hanging relation
ships to the modern Peach Springs Canyon drainage 
developed along the fault trace. In July 1986 a 
joint helicopter survey of the channel system was 
undertaken (Billingsley and others, 1986) so that the 
ongoing work by Young (1966, 1985) could be inte
grated with recent USGS mapping . The results of 
these studies are now being synthesized. 

Stop 3 begins in lower Peach Springs Canyon 
above the Hell's-Lost Man Canyon junction where 
portions of five potentially different paleocanyon 
segments can be viewed. These several canyon 
segments range up to 1800 feet above the modern 
canyon floor, and all of them have been incorporated 
into headwardly eroding segments of Peach Springs 
Canyon and its tributaries. 

These old channel segments are related to the 
north-flowing drainage system,which blanketed 
northern Arizona with fluvial deposits graded to the 
Green-River-age (Wasatch) sediments in southern Utah 
during or following the Laramide erosional stripping 
of the Plateau surface. 

From the lower canyon the route will climb out 
through Peach Springs Wash, stopping at several of 
the contacts within the Tertiary section that 
underlies the Peach Springs Tuff. About 1000 feet of 
section is reasonably well exposed along 4 miles of 
road, but an undetermined amount of faulting might be 
present. Movement on small faults is difficult to 
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demonstrate, but it is not likely that the overall 
thickness of the Tertiary section has been signifi
cantly changed (Figure 2). 

After returning to Route 66, a final stop will 
be made near MP 105 to permit an overview of the 
terrain previously visited. The flat surface of the 
Hualapai Plateau to the northwest is striking, with 
the Shivwits Plateau rising to the north across the 
Colorado River. This scarp is equivalent to the 
Mogollon Rim to be visited later in the trip. 
Stripping of the Hualapai Plateau surface occurred 
while the paleocanyons were being formed. 

The small isolated butte visible in the 
vicinity of the Colorado River, in the distance below 
the Shivwits Plateau, is an outlier of Miocene 
volcanic flows now completely surrounded by deep 
tributary canyons of the Colorado River. It caps a 
thin section of Tertiary gravels on the southeast 
side of Separation Canyon. This remnant demonstrates 
that the present-day tributaries to the Colorado 
River had not formed when the Tertiary gravels and 
Miocene flows reached that position from a westerly 
source. The dip of the Paleozoic rocks along the 
western edge of the Hualapai Plateau can be seen to 
increase several degrees above the regional dip of 1 
or 2 degrees. This may be a vestige of a more 
complex (compressional?) structure or marginal upwarp 
that might have predated the modern fault scarp . 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 4 

After climbing the hill east of Peach Springs 
the highway levels off through a series of road cuts 
along the axis of the Peach Springs or Toroweap 
monocline (Billingsley and others, 1986). This 
monocline (MP 106-107) is intersected by the deep 
wells along the railroad in Peach Springs, where 
Young (1979) has shown that deposition of 400-foot
thick lacustrine limestones probably accompanied and 
was initiated by deformation along the structure. 
The Tertiary section in the wells is similar to that 
in Peach Springs Canyon except for the thickness of 
limestones in the lower part of the section. 

For the next 30 miles the route traverses a 
series of northwest-trending fault blocks obscured by 
surficial gravels of the Willow Springs Formation 
(postvolcanic gravels generally present throughout 
the western Plateau that predate the Colorado River 
for the most part). These fault blocks parallel the 
trend of the plateau margin crossed near Stop 1 as 
well as the Chino-Aubrey Valley scarps near Seligman. 
The structures have not been properly mapped, but 
some may extend as a complex of an echelon faults for 
30 miles or more. Some appear to involve the 
reactivation of older Laramide folds. The best 
exposures of these structures are to be found along 
Interstate 40 south of this region as shown by the 
mapping of Goff and others (1983). These structures 
constitute the best evidence for defining this region 
as part of the Transition Zone. 

At Milepost 112 (roadcut in Willow Springs 
Formation) the Nelson Dome -can be viewed about a mile 
south of the highway. Miocene basaltic rocks are 
present on the south flank of the structure, which 
exposes rocks of Upper Cambrian age near the center 
(Muav Limestone). The dome is partially fault 
bounded on the west. 

Between Peach Springs and Seligman the rock 
units exposed on the surface consist mainly of the 
Redwall Limestone and the Supai Group. Some karst 
features can be observed in road cuts near the top of 
the Redwall Limestone. 

One of the most obvious manifestations of the 
buried structural fabric can be seen about a mile 
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east of Grand Canyon Caverns where the highway drops 
into a small graben, climbing out of the feature at 
the abandoned settlement of Hyde Park (MP 117). By 
this time the Aubrey Cliffs are visible north of the 
highway. Stop 4 will be at the intersection of these 
cliffs with the highway. Between Hyde Park and Stop 
4 the highway parallels the low scarp (south) created 
by the Blue Mt.-Yampai-Purcell Canyon trend 
(Lucchitta and Young, 1986). Near Milepost 122 a 
small Tertiary volcanic center can be seen along the 
low scarp, suggesting that some of the older 
structures are associated with younger volcanic vents. 
South of the turnoff to the old Pica railroad station 
a well penetrates the Supai-Redwall contact at 144 
feet below the surface . 

STOP 4 

The Aubrey Cliffs intersect the highway west of 
Seligman at Stop 4 (Chino Point). This portion of 
Peirce's (1984) "Mogollon Escarpment" is composed of 
the red Supai Group at the base capped by the lighter 
Coconino, Toroweap, and Kaibab Formations. Along 
these cliffs three miles north of the highway 
Toroweap limestones in the downthrown block are in 
fault contact with Supai beds, giving an estimated 
displacement on that segment of 500 to 600 feet 
(Blissenbach, 1952). However, the highway cut 
exposure near MP 135 (beds dip 60°) suggests that the 
main structure buried at the base of the scarp is 
probably a continuation of the faulted monocline 
mapped by Billingsley and others (1986) at the 
northern end of the valley. They estimate the offset 
along the structure at between 350 and 550 feet. The 
younger fault is displaced in the opposite sense from 
the monoclinal fold, which is down to the east. Thus 
this feature is another of the refaulted Laramide 
folds that have been shown to be common throughout 
the Grand Canyon region. 

It is here in the Aubrey Valley where it first 
seems to be possible to begin to define a "Transition 
Zone." However, the contrasting structural domains 
and surficial cover make it difficult to choose a 
simple explanation for the origin of the escarpment. 
The southern Aubrey Valley trend is clearly parallel 
to the northwest-trending Plateau margin viewed at 
Stop 1, whereas the northern portion of the Aubrey 
scarp changes to a more northerly trend, parallel to 
the Hurricane fault. All of these structures appear 
to have inherited, or to be coincident with the two 
main Laramide structural trends seen in the unfaulted 
monoclines. 

Thus it appears that the fault-bounded nature 
of the Mogollon Escarpment in this region may be the 
fortuitous result of the proximity of a number of 
older structural domains to the retreating erosional 
scarp. It is not clear whether the relationship of 
the structures to the physiographic scarp here is as 
simple as it appears further to the southeast. For 
example, the Hurricane trend, while clearly estab
lished prior to the old paleocanyons near Peach 
Springs Canyon, cuts obliquely across the Mogollon 
Escarpment. Along this part of the Plateau the 
Mogollon Escarpment both follows and intersects 
strong structural trends that appear to be Laramide 
in or~g~n. It appears likely that the scarp has 
adjusted to the older structures, in part, and has 
been accentuated by reactivation of the Laramide 
trends. By contrast, the most obvious structures 
associated with the Transition Zone along the classic 
Mogollon Rim have often been presumed to be younger 
features. The Transition Zone has been assumed to 
have developed as the Plateau evolved during middle 
to late Tertiary time. It is possible that many of 
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the structures along the Mogollon Rim were also 
active during early Tertiary time and that the Rim is 
related to the structures in a more complex fashion 
than has been demonstrated. It is necessary to 
distinguish between younger structural movements and 
older structural trends, which may have influenced 
the early period of scarp erosion. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 5 

From Seligman the route continues south on a 
gravel road (Forest Service Road 6) to Walnut Creek 
(Exit 123 on Interstate 40, recalibrate mileage to 0). 
Well logs in this vicinity indicate up to 235 feet of 
lavas and cinders on bedrock beneath the valley floor 
with Redwall or lower Supai Group limestones begin
ning near a depth of 832 feet . This valley probably 
represents the trend of the early Tertiary drainage 
system,which spread Rim gravels northwestward onto 
the eastern Hualapai Plateau. During one of the 
early erosional phases of the drainage development 
the canyon incised along the railroad at Peach 
Springs must have been a major outlet for the 
drainage from this area. 

The lavas along the road form the southern edge 
of the Mount Floyd volcanic field. The volcanic 
neck, Picacho Butte (9.8± Ma on rhyodacite; Goff and 
others, 1983) can be seen to the east. Stop 5 is 
about 5.5 miles south of the Interstate (all subse
quent mileages noted from Interstate exit). 

STOP 5 

This stop is in the northeast corner of the 
Purcell Canyon Quadrangle near Mormon Peak Tank. The 
road crosses a small divide capped by volcanic rocks 
with Mormon Peak Tank visible about 250 feet below 
road level to the west. Across the tank to the west 
is a 400-foot hill of Redwall(?) Limestone dipping 
20° NE. The hillside below the road consists of 
conglomerate with clasts from rock units representing 
Precambrian through Supai Group formations, with 
imbrication indicative of northeast-flowing streams. 

This outcrop illustrates the problems associated 
with some of the random exposures of Tertiary 
gravels that cannot readily be dated. The absence of 
Tertiary volcanic clasts suggests that these are 
early Tertiary gravels. Volcanic rocks to the south 
give late Oligocene ages (Goff and others, 1983), and 
they rest on a surface eroded down to Cambrian and 
Precambrian formations (Figure 3). Precambrian 
outcrops occur three miles to the south. It is 
likely that any gravels younger than the late 
Oligocene volcanics would have incorporated volcanic 
clasts from the widely distributed flows. 

It is likely that these gravels formed at about 
the time that the e x isting outcrops of Paleozoic 
rocks were exposed by the extensive Laramide erosion 
of the region. Erosion of the adjacent terrain would 
have resulted in the local valleys being filled with 
the mix of lithologies represented in these exposures . 
Because of the high proportion of locally derived 
rock types, it appears reasonable that these gravels 
could predate the more typical Rim gravels that are 
composed almost entirely of Precambrian lithologies, 
and which tend to blanket the terrain at higher 
elevations. In other words, the local erosion and 
stripping away of the Paleozoic cover had to occur 
before the crystalline Rim gravel facies could bury 
the eroded surface. Throughout the eastern and 
western Hualapai Plateau there are gravels in similar 
topographic or stratigraphic positions (along scarps, 
beneath the Precambrian-clast-rich gravels) that 
apparently record the early Laramide stripping of the 
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Paleozoic cover before a blanket of Precambrian rock 
debris covered the erosional landscape (Young, 1985). 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 6 

The road descends into Big Chino Wash and 
follows the contact of Tertiary volcanic rocks to the 
east with Paleozoic rocks and Tertiary gravels to the 
west . Descending into Big Chino Wash at the Double 0 
Ranch, the road intersects a small graben(?) with the 
Precambrian-Tapeats contact visible in the side of 
the wash (mile 12). The route climbs up through 
Turkey Canyon, continuing south through similar 
geologic terrane. Upper Cambrian through 
Mississippian limestones dominate the Juniper 
Mountains to the west. Volcanic rocks and Tertiary 
gravels are well exposed in the washes to the east. 
The Road crosses two miles of basalt outcrops and 
passes the Iron King Mine at mile 20. 

STOP 6 

The Iron King Mine roadside pits expose 
interesting lenticular, contact-metamorphic pyre
metasomatic replacement of Redwall Limestone by 
hematite near contacts of sill-like intrusive 
andesites (Harrer, 1964). Ages of the local volcanic 
rocks suggest Miocene mineralization. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 7 

The route climbs over the divide between Turkey 
Canyon and the Chino Valley to the east, crossing 
outcrops of Devonian and Mississippian limestones 
(Forest Service Road 7 and powerline crossing near 
mile 27). Continue on Forest Service Road 6 south to 
Walnut Creek where the Tapeats Sandstone-Precambrian 
contact is clearly visible in the cliffs of the 
Juniper Mts. to the west (intersection and bridge 
crossing of Walnut Creek at 33.6 miles). 

STOP 7 

A stop is planned in this vicinity to view and 
discuss the significance of the scarp in lower 
Paleozoic rocks north of Walnut Creek, and to discuss 
the overall structural character of the region which 
has been traversed south of Seligman. 

Maps published to date do not show any major 
faults paralleling the edge of the scarp in the 
Paleozoic rocks on the north side of Walnut Creek. 
These cliffs of lower Paleozoic rocks mark the south 
end of the Juniper Mts. and are the continuation, on 
a southeast trend, of the scarp formed in the same 
lower Paleozoic units south of the Truxton Valley 
(Stops 1 and 2). 

Although the Paleozoic rocks between here and 
Peach Springs are partially obscured by volcanic 
rocks and cut by some northwest-trending faults and 
folds, the overall structure is not dissimilar from 
that of the Plateau to the north. It could be argued 
that, except for the Aubrey Cliffs monocline, there 
is no strong reason to characterize this as a 
significant structural "transition" zone (by compari
son with the structures to the southeast in central 
Arizona). There are monoclinal structures and faults 
on the Plateau proper which have more significant 
offsets. However, it is obvious that a zone of 
persistent northwest-trending structures does exist 
between Seligman and Walnut Creek. Two questions 
should be considered: 1) Is the structural deforma
tion significant enough to warrant the region being 
placed in a geologic province considered fundamen
tally different from the Plateau? and 2) If the major 
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structural deformation along these features occurred 
during the Laramide, will the use of the term 
"Transition Zone" create the impression that this 
region developed its present structural fabric and 
physiography during middle Tertiary time? Perhaps 
the more important objective is to focus on how and 
when the margin of the plateau evolved, whether now 
in the Transition Zone or not. 

In this part of western Arizona the Mogollon 
Escarpment as discussed by Peirce (1984) lies about 
35 miles northeast of this less well-recognized scarp 
developed on Cambrian through Mississippian lime
stones. The Mogollon (Kaibab) Escarpment experienced 
a greater erosional recession in this region than has 
occurred to the southeast of the Chino Valley. 
Perhaps this reflects a somewhat earlier Laramide 
uplift in the western region. Alternatively, it is 
possible that the thickness and character of the 
intervening Permo - Pennsylvanian shales permitted more 
efficient downdip erosional recession of the upper 
scarp. In any case, it appears that the Plateau 
physiography that developed across this region in 
Late Cretaceous(?) and Paleocene time is the land
scape we see today, with the addition of volcanic 
cover to the surface and a modest amount of reactiva
tion of Laramide structures, not dissimilar from 
events on the Plateau. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 8 

The route climbs out of the Walnut Creek 
drainage heading east and descends into the Chino 
Valley (still on Road 6) via the drainage of Mud 
Creek . The route crosses several miles of 
Precambrian outcrops descending toward Simmons, 
Arizona and enters the Prescott National Forest at 
mile 36 (cattle guard). Pass through 5 miles of 
probable Tertiary gravels with stop planned at 
roadcut about 1 mile into National Forest . 

STOP 8 

Stop 8 is intended to allow participants to 
examine the Tertiary or Quaternary gravels 
resting on the Precambrian rocks on the west side of 
the Chino Valley in a region outside the influence of 
the Sullivan Buttes volcanic center (ahead). In 
situations like that seen here, with no volcanic 
clasts present in many outcrops, it is not always 
possible to accurately determine the relative age or 
stratigraphic position of such gravels . Geomorphic 
constraints, relative to the overall landscape, are 
sometimes the only criteria to apply . 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 9 

For geographic orientation, the top of Bill 
Williams Mt. can be seen across the Chino Valley to 
the northeast. This feature is directly south of 
Williams, Arizona on Interstate 40 near the south 
edge of the San Francisco volcanic field (Plio
Pleistocene) . Past the powerline crossing (mile 39) 
there are good views into the Chino Valley, and the 
Sullivan Buttes Latite comes gradually into view at 
the 10 o'clock position (mile 42.5). Further to the 
south, Granite Mountain, near Prescott, is now on the 
horizon. 

STOP 9 

Daylight permitting, Stop 9 (mile 64, begin 
pavement at Camp Wood Road) is intended to allow for 
views and discussion of the setting of the Chino 
Valley-Sullivan Buttes-Prescott region (Figure 3). 
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The Sullivan Buttes, near the center of the 
Chino Valley to the east, are 23 to 27 Ma potassic 
volcanic rocks and have been compared to the felsic 
rocks found in the area of the Buell Park diatreme 
south of the Four Corners area (Roden and others, 
1979). It has been suggested that these Oligocene 
rocks constitute part of a related suite of felsic 
rocks erupted in isolated areas at about the same 
time. The Sullivan Buttes are underlain by Tertiary 
gravels along their southeast margin, but the area is 
not readily accessible by road. The first stop in 
the morning on Day 2 will be on the opposite side of 
the Chino Valley almost directly over the Buttes from 
this position. 

In this region the Tertiary gravels can be 
divided into older and younger units, based on their 
content of latite pebbles (Krieger and others, 1971). 
The older Tertiary gravels beneath the Sullivan 
Buttes Latite are interbedded with basalts (undated). 
We will pass through a number of post-latite gravel 
outcrops along the road from here to Prescott. 
Prescott is located in Precambrian rocks near the 
center of the Transition Zone (Peirce, 1984). 

OVERNIGHT STOP AT PRESCOTT 

Continue southeast on paved road toward 
Prescott to mile 67 (T junction and light) at end of 
Williamson Valley Road. Turn left at light onto Iron 
Springs Road and continue, merging with Miller Valley 
Road or Grove Avenue (also known as Willow Creek 
Road). Continue south toT junction with Thumb Butte 
Road (right) and Gurley Street (left); turn left 
(east) on Gurley Street and continue to motel. 

DAY 2 - PRESCOTT TO PAYSON VIA JEROME 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 10 

On Highway 89 northeast of Prescott the mileage 
starting point for the second day begins at the 
Junction of Route 89A, about 4 miles from town, past 
Watson Lake, in the Granite Dells area. The first 
leg will be about 25 miles over Mingus Mountain and 
the Black Hills to the town of Jerome on the east 
side of the Verde Valley trough. Stop 10 is in the 
vicinity of the Shylock fault zone at the east edge 
of the Chino Valley. The first 15 miles cross the 
eastern Chino Valley on volcanic rocks and gravels 
similar to those viewed at the end of Day 1. The 
Sullivan Buttes can be seen to the north. 

Near mile 9 the Hickey Basalts can be seen 
capping the Redwall and Martin limestones at the top 
of Mingus Mountain directly ahead. At the base of 
the prominent basalt-capped limestone escarpment on 
the north side of the highway the Precambrian Shylock 
fault zone (north-south) disappears beneath the basal 
Paleozoic Tapeats Sandstone. This structure is one 
of the most prominent lineaments on ERTS images of 
Arizona. The 2-mile-wide zone of subparallel 
fractures is a right lateral Precambrian fault with 
at least 5 miles of displacement. There is also a 
strong contrast in the aeromagnetic data on opposite 
sides of the fault. It is parallel to the Oak Creek 
fault zone, south of Flagstaff, but not to the 
general trends we have examined thus far on this 
trip. Since there is no offset of Paleozoic rocks at 
Mingus Mountain, it is clear that not all Precambrian 
structural zones became reactivated later in geologic 
time during the Laramide or other orogenies. 
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STOP 10 

Where the highway intersects the Shylock fault 
zone and the base of Mingus Mountain, we are in the 
same relative physiographic position along the edge 
of the old eroded "plateau" margin as was discussed 
on Day 1 at Walnut Creek (Stop 7). However , north of 
this location a significant number of northwest
trending faults separate the Black Hills block from 
the Plateau proper, including the Verde fault (1500-
foot minimum displacement) at Jerome on the other 
side of the range. 

The main Shylock fault zone is crossed near 
mile 13 (MP 332-333). Due to the narrow winding 
nature of the road, stops are only possible at small 
turnouts near Mileposts 333-335. The reddish beds 
seen in this vicinity are apparently the upper member 
of the Tapeats Sandstone which resembles a red-brown 
shale in some places (Anderson and Creasey, 1958). 
The Martin and Redwall sequence rests directly on the 
Tapeats throughout most of the mountain block. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 11 

The highway climbs steeply through the Martin 
and Redwall Formations and then into the Hickey 
basalts (14.6± Ma on the east side of the range) . At 
the pass (7000 feet) volcaniclastics are present 
(mile 17 .5). 

STOP 11 

Between Mileposts 338 and 339 a borrow pit for 
the highway exposes Hickey Formation gravels beneath 
the Hickey basalts. In this locality the gravels 
have imbrication indicating flow to the north. 
Throughout the range Anderson and Creasey (1958) 
considered that some of these gravels represent local 
deposition from nearby outcrops, and it appears that 
they may not all be representative of the early 
Tertiary gravels seen throughout Day 1. Some of the 
gravel horizons in what has been mapped as the Hickey 
Formation contain local volcanic clasts, which would 
suggest a middle Tertiary age. However, the mapped 
formation once blanketed the entire range, and 
portions of it contain alaskite fragments presently 
known only from the southeastern part of the Prescott 
quadrangle . Thus drainage at the time could have 
come from a considerable distance to the west or 
southwest and has been equated with the Laramide Rim 
gravel interval by Lindberg (1986). However, Peirce 
bel i eves that these gravels are correlative with the 
younger type 2 Beavertail gravels exposed at Stop 13 
(Peirce and Nations, 1986). 

STOP 12 

The route continues to descend the narrow 
winding road into Jerome. Opportunities may be taken 
to stop at one or more convenient overlooks above or 
below Jerome to discuss the local geology (volcano
genic massive-sulfide deposits) as well as that of 
the Verde Valley to the east. 

Of particular interest is the complex geologic 
history of the Verde fault zone passing through 
Jerome and forming the west side of the Verde Valley 
graben (Lindberg, 1986). This fault underwent high
angle, reverse displacement during Laramide time. 
This event is recorded further north where the 1500-
foot, post-Miocene normal faulting did not entirely 
eliminate evidence of the earlier reversed movement. 
Evidence of the compressional Laramide movement is 
also seen in local fault-plane slices and near 
Clarkdale, where vestiges of a monoclinal fold remain 
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(Lindberg, 1986). The total normal displacement 
across the several closely spaced faults in the 
Jerome area is 6100 feet. Important secondary 
enrichment of the United Verde Extension Mine orebody 
has been attributed to proposed Tertiary supergene 
enrichment (Lindberg, 1986 ). controlled by Laramide 
structures and Rim gravel channel trends. However, 
Peirce associates these channels and gravels with the 
Rim-forming events preserved in the geology seen at 
Stop 13. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 13 

The route descends through Jerome, Clarkdale, 
and Cottonwood into the Verde Valley (stay on Route 
89A). After passing through Cottonwood and turning 
northeast toward Sedona, turn right off Route 89A 
onto the Cornville Highway near mile 36. Pass 
through Cornville and turn left at the intersection 
about three miles past the settlement (mile 44). 
This gravel road leads to Stop 13 near mile SO. 

The lacustrine limestones in this valley are 
part of the Verde Formation studied extensively by 
Nations and others (1981). The downfaulted basin was 
apparently blocked by volcanic activity and filled 
with fluvial, lacustrine, and volcanic sediments 
during late Miocene and Pliocene time. The basin is 
ten miles wide and thirty miles long and was origi
nally filled with sediment to an elevation of 5000 
feet. About 1500 feet of sediment has been removed 
during the Quaternary, producing interesting land
forms and local karst features (Lunch, Stop 14). 

Displacement along the Verde fault continued 
while the basin was filling with sediments and 
evaporite deposits. 

STOP 13 

After turning left (north) off the Cornville 
Highway at mile 44 onto Forest Service Road 120 
(dirt), proceed northward across Beaverhead Flat 
about 5 or 6 miles to exposures of Beavertail gravels 
along the road and in borrow pits near Dry Beaver 
Creek. Stop includes short hike. 

The eroded Supai Formation is covered with 
Tertiary gravels overlain by 15.4± to 13.7± Ma 
basalts cut by normal faults. Lee Mountain, 5 miles 
to the northeast, is a remnant of the Mogollon 
Escarpment (Figure 2), which demonstrates that nearly 
2700 feet of erosional relief existed prior to gravel 
deposition (Peirce and Nations, 1986). The lower, 
lighter gravel (type 1) contains predominantly 
Kaibab and Coconino clasts, whereas the upper gravel 
(type 2) is pinker with numerous Precambrian and pre
Permian rock fragments. 

As was commonly seen to the west (Day 1), the 
Tertiary crystalline gravels derived from distant 
sources are invariably underlain by gravels related 
to nearby scarps in the Paleozoic section. The 
relationships here demonstrate both the antiquity of 
the Mogollon Escarpment and the stripping of local 
Paleozoic formations preceding the influx of far
traveled clasts from the south or west. 

STOP 14 

Continue about 1 mile to Route 179 and turn 
right (south) toward Interstate 17. Note faulting in 
Supai Formation across creek at intersection (MP 
303). Pass through gravels and volcanics continuing 
on to intersection with I-17. Proceed through under
pass onto dirt road to Montezuma Well. About 0.8 mile 
past I-17 is a basalt in the Verde Formation dated at 
5.5± Ma (Peirce and Nations, 1986). Lunch stop at 
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Montezuma Well is intended to provide an opportunity 
for those interested to view more closely the Verde 
Formation and archaeological ruins in the vicinity 
(obtain information at visitor's headquarters). 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 15 

The mileages for the remainder of Day 2 are all 
calculated from the beginning of the blacktop road 
departing from the Monument. 

This 23-mile leg crosses the Transition Zone
Colorado Plateau boundary east of Camp Verde, 
climbing to 7000 feet. Leave the Monument on Beaver 
Creek Road and enter I-17 South. Proceed about 3.2 
miles on I-17 and exit at Middle Verde Road. Turn 
left at the stop sign to the bridge over the Verde 
River (bridge at mile 9.9). Continue half a mile to 
the stop sign (Y junction) in Camp Verde. Continue 
east on the General Crook Trail (Toms Creek Road, 
Zane Gray Highway) heading toward the junction of 
Highway 87 about 32 miles away. 

Geologic relief on the base of the Tertiary 
sediments and volcanics is considerably greater here 
than the visible topographic relief and is estimated 
from drilling data to exceed 5500 feet. Along the 
route volcanic rocks dominate and obscure the 
prevolcanic geology. 

This Mormon Segment (Peirce, 1984) of the 
Mogollon Escarpment displays observable prevolcanic 
relief of up to 2000 feet in Fossil Creek and in West 
Clear Creek. Canyon cutting now exposes up to 1000 
feet of the volcanic section along the trip route. 
Up on the Plateau volcanic rocks tend to be thin or 
absent. The volcanic section abuts a preexisting 
scarp directly related to the early Plateau margin. 

Canyons in the volcanics reveal gravels 
deposited in old valleys topographically lower than 
the Permian cliffmakers. Thus there is evidence of a 
prevolcanic Plateau margin that predates certain of 
the gravels. However, the relationship between 
gravels and faulting is not always clear. 

Although the base of the thick volcanic section 
is not well dated, the volcanic rocks appear to be 
younger than the faulted 14-15 Ma basalts near the 
Beavertail stop. Dates on the younger volcanics 
(Thirteen Mile Rock volcanics) range between 10 Ma 
and 3 Ma (Elston and others, 1974; Peirce and others, 
1979). 

Turn left (east) at the junction of Highway 87 
and proceed northeastward through Clint's Well 17 
miles to Stop 15 (mile 59.6) on Blue Ridge. 

STOP 15 

State Highway 87 trends northeastward over 
rocks (mostly Kaibab) capping the southern margin of 
the Plateau through remnants of Miocene basalts (12± 
Ma) probably related to the volcanic pile at Baker 
Butte. Remnants of basal Mesozoic rocks and Cenozoic 
rocks are preserved beneath the flows. 

The early Tertiary rocks at this stop have not 
been studied in detail, but they are of considerable 
interest because the section is unlike any other 
known along the central Arizona Plateau margin 
(Figure 2). Their relationship to the so-called "Rim 
gravels" to the east, west,and north is unknown. The 
presence of a basal conglomerate overlying the 
Triassic Moenkopi Formation is analogous to the 
Triassic Shinarump Conglomerate, and one might be 
tempted to correlate it with a basal phase of the 
Chinle Formation. However, the basal conglomerate is 
analogous to Rim gravel in that it contains clasts of 
Precambrian rock types deposited from a southerly 
source across a continuous surface connecting 
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Precambrian through Triassic rocks. 
The carbonate rocks and associated plants are 

unprecedented in Rim gravels along this segment of 
the Plateau. These rocks may be older than classic 
Rim gravels to the east and might represent deposi
tion prior to the tectonic pulse that increased 
energy levels to those represented by the gravels at 
Stop 16. This portion of the plateau margin may have 
been marginal to the main fluvial system and topo
graphically too high (7200 ft) to have received the 
major pulse of Rim gravel deposits. Throughout the 
section at Stop 15 the pebble imbrication indicates 
local current directions toward the east. 

The cementation of the outcrops of the early 
Tertiary gravels throughout the region traversed thus 
far (Days 1 and 2) seems to be related to the content 
of or proximity to carbonate rocks. Where thick, 
crystalline-rich Rim gravels have accumulated they 
are seldom well cemented. However, local carbonate
clast lenses within Rim gravel sections, or immedi
ately above or below them are often more strongly 
indurated. Cementation is not a reliable criterion 
for relative age when contrasting different gravel 
deposits. 

Possible Rim gravel remnants occur as lag 
deposits about 6 miles to the northwest (6750 ft ASL) 
along the road to Mormon Lake. 

The only age constraints associated with the 
deposits at this stop are those inferred by analogy 
with the Ft. Apache region to the east (Figure l), 
where dates restrict the deposits at Round Top 
Mountain (Peirce and others, 1979) to the interval 
between 54 and 28 Ma (lower Eocene through upper 
Oligocene). 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 16 

Retrace Highway 87 southward for 8.3 miles to a 
left turn onto the Jones Crossing Road (logging 
traffic) . Coconino Sandstone is exposed at the East 
Clear Creek crossing and at Hi View Point (Figure 2). 
From the Jones crossing turnoff it is 14.7 miles to 
Stop 16. Turn left at the intersection with the Rim 
Road and continue 1.2 miles to Hi View Point. 

STOP 16 

This stop offers a panoramic view from the 
Tonto segment of the Mogollon Rim. The extensive 
irregular terrain seen in the adjacent Transition 
Zone will be crossed during Day 3 . The prominent 
scarp of the Tonto segment is structurally and 
topographically the highest of the Rim subdivisions. 
The structurally and topographically lower Apache 
segment across the Canyon Creek fault to the east 
contains Rim gravels overlying Cretaceous marine 
strata at 6500 feet and above. 

Two erosional events truncated the Paleozoic 
rocks south of the Plateau. By comparison with the 
low-angle unconformity beneath the Cretaceous strata, 
the more angular unconformity is present beneath the 
Rim gravels. These episodes of erosion, especially 
the latter, completely removed the Permian cliff
makers to a point just south of the present escarp
ment. Explaining the evolution of the present scarp 
involves consideration of base-level-lowering events 
sufficient to induce the destruct i on of the original 
surface of transport,which carried the Rim gravels 
onto the Plateau at present elevations ranging from 
over 6750 feet north of Stop 15 to 6500 feet south of 
Grand Canyon . 

The Mogollon Escarpment has previously been 
attributed to a middle to late Tertiary "plateau 
uplift" involving differential movement sufficient to 
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create 2000 feet of relief. However, relationships 
at Stop 13 (Beavertail) illustrated that over 2000 
feet of relief can be attributed to pre-Miocene 
erosion, with little or no significant faulting. 

What has occurred here along the Tonto segment? 
The answer lies in the geologic relationships 
preserved at Stop 17, described below. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 17 

Turn back and continue along the Rim Road 5 
miles to Forest Service Road 218 and turn left. 
Continue on to Highway 87 (blacktop) and turn left 
(south). Proceed to Stop 17 about 0.7 miles beyond 
Milepost 262. The distance between Stops 16 and 17 
is about 29 miles. Highway 87 descends rapidly and 
enters the Transition Zone near Buckhead Mesa about 
one mile above sea level. The Rim is largely formed 
by the 700- to 900-foot-thick Coconino Sandstone. 
The combined loss of elevation and northerly tilt 
bring the route quickly into Precambrian exposures, 
after which the section is repeated south of the 
Diamond Rim fault. The Paleozoic section consists of 
Coconino, Supai, Naco, Redwall, and Martin Formations 
resting on the Cambrian Tapeats Sandstone. Precam
brian rocks are largely granitic. 

STOP 17 

Buckhead Mesa is capped by basalt (12± Ma) 
underlain by gravels that rest on the Pennsylvanian 
Naco Formation (Figure 2). Permian strata were 
removed prior to gravel deposition. Measurements of 
transport directions indicate flow in the fluvial 
system toward the southeast, parallel to the 
ancestral rim. On this basis it can be argued that 
the gravels at Buckhead Mesa postdate the Rim gravels 
up on the Plateau. The Rim gravels would first have 
to have been deposited across a continuous surface 
sloping northward above this site, then the scarp 
would have been created, and finally, the Buckhead 
Mesa gravels would have been deposited (during or 
after scarp formation). 

The topographic relationships here are analogous 
to those at Blue House Mountain to the east where 22 
Ma volcanic rocks cap gravels at the base of an BOO
foot scarp. If the two cases are comparable, it 
would appear that the scarp-forming episode was 
completed prior to late Oligocene time. If the scarp 
is that old, then the higher surface,which permitted 
gravels to spread onto the Plateau near elevations of 
6800 feet,must be a considerably older event. 

OVERNIGHT STOP IN PAYSON 

Continue south from Stop 17 on Highway 87 for 
about 9 miles to the intersection with Route 260 at 
Payson. The lower Paleozoic rocks, although faulted, 
tend to be nearly flat lying. Payson straddles the 
contact between the Tapeats Sandstone and Precambrian 
granitic rocks. Proceed to motel at end of Day 2. 

DAY 3 - PAYSON TO PHOENIX VIA YOUNG 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 18 

Day 3 includes portions of all three provinces, 
the Plateau, the Transition Zone, and the Basin and 
Range. Elevations range from 7600 feet at the Rim to 
1300 feet at Phoenix. The relief between the 
Tertiary rocks at the edge of the Plateau and those 
buried in the first basin south of the Transition 
Zone is approximately 15,000 feet. 
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Day 3 mileage begins at the intersection of 
Highways 87 and 260 on the north side of Payson (MP 
252). Turn right on Highway 260 toward Young, 
Arizona (near MP 284). 

The first part of the route begins in Precam
brian granitic rocks just below the Paleozoic contact 
near 5000 feet. Tilted and faulted Paleozoic rocks 
can be seen between Mileposts 267 and 271. The 
highway ascends the Plateau through the red beds of 
the Supai Formation, capped by Paleozoic sandstone 
(MP 282) that forms the Rim near an elevation of 7500 
feet. Upon reaching the junction with Highway 288 
about 33 miles from Payson, turn right (south) toward 
Young, Arizona. 

STOP 18 

Stop 18 is 3.9 miles south of the junction of 
Highways 260 and 288. The surface rocks are Coconino 
Sandstone at an elevation of 7615 feet. Watch for 
the appearance of gravel as the edge of the Plateau 
is approached (Figure 2). This is classic "Eocene(?) 
Rim gravel," which is not actually on the highest 
part of the escarpment. It is up against a south
east-trending channel wall below the Rim. Exhumation 
of the relief is exposing the early Tertiary topog
raphy. Current indicators suggest southeasterly flow, 
and there is no evidence as yet that Rim gravel was 
deposited at the highest elevations of the 40-mile
long Tonto segment. Note the contrast between these 
coarser sediments and those at the Blue Ridge section 
(Stop 15). 

The gravel is approximately 800 feet thick 
with its base near 6800 feet on Naco-Supai strata, 
and it extends for 6 miles south of the rim. These 
Tertiary deposits are just above the Naegelin Rim, a 
local escarpment that contains Precambrian and lower 
Paleozoic rocks, analogous to the Diamond Rim to the 
west. This is similar to the situation observed in 
the area west of Prescott on Day 1, except the 
distance from the lower rim to the Mogollon Escarp
ment is much shorter here. The highest elevation 
along the Naegelin Rim on the trip route is capped by 
the southern edge of the gravel outcrops. 

Hundreds of feet of gravels cover the Precam
brian rocks near the base of the Naegelin scarp. 
Local elevation of the gravel base is nearly 5500 feet, 
but these gravels have not been well studied. They 
must be Tertiary because they predate the modern 
canyon-cutting episode (Figure 2). Their relation
ship to the Rim gravels and faulting is not known. 

The route continues down through Precambrian 
rocks and ends at the Chamberlain Trail intersection. 
The modern drainage there has not eroded far below 
the Tertiary surface in the Precambrian rocks. 
Undated Tertiary sediments overlie the granitic rocks 
a short distance up the Chamberlain Trail. From the 
Rim above to the Chamberlain Trail, 2000 feet of 
geologic relief exists on bedrock covered by Tertiary 
sediments, but the respective contributions of 
erosion and unrecognized faulting need to be 
evaluated. 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 19 

Continue south on Highway 288 through Tertiary 
sediments and granitic rocks to Young, Arizona at 
mile 55. Subsequent mileages for this last leg of Day 
3 are all measured from Young (mile 0.0; MP 306). 

Leaving Young (5200 ft) the road crosses 
Pleasant Valley and climbs into the Sierra Ancha. 
Sedimentary rocks of probable late Tertiary age along 
the edge of Pleasant Valley rest primarily on 
Precambrian basement. 
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At mile 3 (MP 303) is an outcrop of 1.4 Ga 
Ruin Granite consisting of porphyritic biotite 
quartz monzonite, part of a suite of 1.4 to 1.5 Ga 
anorogenic plutons extending from Labrador to Sonora. 
Ruin Granite batholithic rocks underlie much of east
central Arizona. 

In contrast to the Paleozoic strata on the Rim, 
the Sierra Ancha is largely composed of middle Pro
terozoic strata, and part of the basal Paleozoic sec
tion. The structurally higher position of the Sierra 
Ancha is due to the slight northeast tilt inherited 
from the Laramide deformation. Thrust-induced, 
southwestward thickening of the lower crust may have 
produced the regional tilting within the Transition 
Zone (Reynolds and Spencer, 1985). The northeast 
tilt creates more than 3300 feet of structural relief 
between the Sierra Ancha and the Mogollon Rim. 

At mile 6.2 Apache Group strata dip east as 
part of an east-facing monoclinal flexure of probable 
Laramide age. Monoclinal folds are a common feature 
in the pre-Tertiary strata of east-central Arizona, 
generally formed along inherited Precambrian weak
nesses during northeast-directed regional compres
sion. The monoclines have been assigned a Laramide 
age on the basis of (1) paleomagnetic studies of the 
diabase sills, (2) folded Paleozoic strata, (3) 
truncation of monoclines by Tertiary erosion sur
faces, and (4) similarities to monoclines of Laramide 
age in northern Arizona. 

The Cherry Creek drainage and associated west
facing monocline is seen at mile 13.2 (Figure 1). 
The north-northwest-trending Cherry Creek fault zone 
extends across nearly the entire Transition Zone of 
east-central Arizona, and has been active in four 
separate post-Proterozoic deformational events . 

A third fold, the east-facing Sierra Ancha 
monocline, is passed at mile 16.8 (MP 289). This is 
followed shortly by the beginning of several miles of 
Proterozoic diabase sills. 

A view of the early Tertiary erosion surface at 
mile 25.4 (MP 279-280) includes cliffs of Proterozoic 
sedimentary rocks and diabases (east). By contrast, 
Tertiary sedimentary rocks and volcanic rocks in the 
Salt River Canyon region (south) rest directly on 
Ruin Granite with 4600 feet of Proterozoic and 
Paleozoic rocks mtssing. The difference in erosion 
levels in the two regions cannot be due to the 
Laramide structural relief (tilting), but is related 
to the erosional · relief produced across the surface . 
The age of the surface is bracketed between the 
truncation of Laramide structures and early Paleocene 
plutons, and overlying Oligocene-early Mi ocene 
fanglomerates. Also, the 4600 feet of early Tertiary 
topographic relief is a minimum figure because the 
surface is not preserved in the high terrain of the 
Sierra Ancha . 

STOP 19 

After the impressive Parker Canyon (west) is 
passed, a major stop ( . 75-mile hike) will be made at 
mile 29.3 (between MP 275-276). 

Exceptional views from this overlook (east) on 
the southern edge of the Sierra Ancha provide a view 
of the respective contributions of early, middle, 
and late Tertiary events that shaped the modern 
Transition Zone. 

Laramide basement-cored uplifts, northeast 
tilting, and magmatism placed the Transition Zone 
structurally and topographically higher than the 
Plateau. The Apache Uplift formed between outward
facing monoclines and reverse faults along the Canyon 
Creek and Cherry Creek fault zones. The Apache 
Uplift is the easternmost block of a larger, regional 
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uplift (Faulds , 1986a) tha t ex tends to the southwest and 
includes much of the region within the panorama to 
the east . 

Early Tertiary erosion in Proterozoic and 
Precambrian rocks west of the Canyon Creek fault zone 
created a 4600-foot-deep, 14-mile-wide, 18+-mile
long, northeast-trending paleocanyon (Salt River 
paleocanyon, Faulds, 1986a). The paleocanyon is 
paralleled by middle Proterozoic rock escarpments and 
filled with up to 1900 feet of Tertiary strata 
(Figures 1 and 3) . 

The Tertiary erosion surface can be seen to the 
east sloping from the Sierra Ancha escarpment and 
continuing beneath the Tertiary strata to the axial 
part of the paleocanyon. 

Although Darton (19 25) indica ted portions of 
the paleocanyon on cross sections, Peirce (1982, 
unpublished work) was the first to formally speculate 
on the origin of the canyon and its significance. 
Faulds (1985, 1986a, 1986b) did detailed mapping and 
defined the Tert i ary stratigraphy. 

This old drainage system was part of the 
northeast-flowing consequent drainage network that 
previously delivered Rim gravels onto the topograph
ically and structurally lower Colorado Plateau . 
Gravels 17 miles northeast of the Canyon Creek fault 
zone in the Flying "V" Canyon region (Rim gravel?) 
contain boulders of metavolcanic rock identical to 
1. 7 Ga rocks along the paleocanyon axis (Faulds, 
1985). 

Down-to-the-west Oligocene normal faulting 
disrupted the northeast-flowing Tertiary drainage 
system . Subsequent headward erosion east of the 
paleocanyon may have carved a segment of the ances
tral Mogollon Rim. The Oligocene tectonism sealed 
off the eastern outlet and induced a long period of 
internal drainage. Deposition in the canyon (basin) 
included Oligocene fanglomerates, the Apache Leap 
Tuff (20± Ma), and Miocene fanglomerates, evaporites, 
and basalts. A relict northeast-flowing drainage 
into the basin persisted until middle Miocene time. 

A second episode of down-to-the-west normal 
faulting (mi ddle Miocene) caused the Tonto basin to 
become the most prominent topographic depression. 
Structurally disrupted remnants of the Salt River 
paleocanyon skirt the southeastern corner of the 
Tonto basin. Although Oligocene tectonism may have 
initiated its development, the primary evolution of 
the Tonto basin probably occurred in middle Miocene 
time. 

Middle Miocene tectonism shif ted the depo
centers of the internal drainage toward the Tonto 
basin, after which the modern Salt River, eroding 
headward from the Basin and Range province, became an 
integrated, through-flowing drainage system by late 
Pliocene time . 

The Salt River paleocanyon i s presently 2400 to 
4900 feet lower than the Tertiary gravels for which 
it apparently was a source . With the exception of 
deep structural troughs, Oligocene and Miocene 
tectonism did not cancel Laramide structural relief . 
Consequently, pre-Tertiary rocks within much of the 
Transition Zone remain hundreds to thousands of feet 
structurally higher tha n the Mogollon Rim . 

The total tectonic e xtension increases south
westward from less than 1% at the Rim to more than 
15% at the Tonto basin, and the degree of block 
tilt i ng incre ases accordingly . Also, the inclination 
of Tertiary normal faults generally decreases to the 
southwest across this part of the Transition Zone as 
the structural complexities increase approaching the 
Basin and Range province . 
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GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 20 

At Milepost 271 Tertiary sedimentary rocks of 
the Tonto Basin first appear , and at Milepost 266 
there is a good view of the Tertiary strata in the 
Salt River paleocanyon with more than 1600 feet of 
Oligocene-middle Miocene rocks e xposed in Black Mesa 
(east). The Apache Leap Tuff makes up the prominent 
cliff above the fanglomerates, both of which lap out 
against the Sierra Ancha escarpment to the north. 
The sediments above the tuff are capped by middle 
Miocene basalt flows. 

STOP 20 

This stop near MP 266 provides a chance to 
discuss the Tertiary section exposed nearby and to 
clarify some of the stratigraphic relationships 
e xposed in the paleocanyon (Figure 3). 

GEOLOGIC HIGHLIGHTS EN ROUTE TO STOP 21 

At the bridge over the Salt River (mile 42.8) 
the Apache Leap Tuff forms prominent cliffs on either 
side of the valley (575 feet thick in axial portion 
of paleocanyon). The unit is a useful datum by which 
to date and relate major deformation and paleogeomor
phic features. The tuff flowed northeastward up the 
canyon, and its regional distribution may help 
delineate the continuation of the paleodrainage 
across other portions of east - central Arizona . 

An unexposed normal fault just past the bridge 
bounds the Tonto basin on the east. The route then 
ascends through the Tertiary section as it thins to 
the south away from the canyon axis. 

Just past Milepost 258 (mile 47.2), turn left 
(south) onto Highway 88. 

STOP 21 

About 3.1 miles after turning onto Highway 88 a 
stop will be made to v i ew the southern escarpment of 
the Salt River paleocanyon . The Apache Leap Tuff and 
associated sediments are thinning toward the south. 
To the north the tuff rests on fanglomerate above 
Ruin Granite, but to the south a thin layer of tuff 
rests directly on Apache Group strata and the 
fanglomerates are generally absent. 

END OF FORMAL TRIP LOG 
(Approximately 55 miles from Mesa city limits.) 
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