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ABSTRACT

An early Tertiary northeast-flowing consequent drainage in the

Transition Zone of east-central Arizona excavated an 1170+-m-deep, 14-

to 23-km-wide, 30+-km-long, northeast-trending paleocanyon in a broad

Laramide uplift west of the Canyon Creek fault, which included, but

was not confined to, the Apache uplift of Davis et al. (1982).

Detritus removed from the paleocanyon was deposited in the form of

Eocene-early Oligocene gravels in the Flying "V" Canyon region. The

northeast-flowing drainage was disrupted by down-to-the-west Oligocene

normal faulting, which induced a long period of internal drainage in

which the paleocanyon served as a depositional basin for Oligocene

fanglomerates, the 20 m.y. Apache Leap Tuff, and Miocene

fanglomerates, evaporites, and basalts. Post-14 m.y. down-to-the-west

normal faulting completed the 180° Tertiary drainage reversal by

permitting development of the southwest-flowing Salt River, which has

partly exhumed the paleocanyon.

X



CHAPTER 1

INTRODUCTION

Purpose and Scope 

The primary aim of this investigation is to unravel the

Tertiary geologic history of the Salt River Canyon region in order to

contribute to a better understanding of the evolution of the

Transition Zone of central Arizona. The Salt River Canyon region

essentially includes the broad northeast-trending valley occupied by

the deep canyons of the Salt River and its tributaries between the

Sierra Ancha on the northwest, the Apache Mountains and Natanes

Plateau on the southeast, the confluence of the White and Black Rivers

on the east, and Roosevelt Lake on the west. This research focuses on

that part of the Salt River Canyon region west of Canyon Creek,

particularly the Rockinstraw Mountain quadrangle (see Fig. 1), because

of the presence of a thick, well exposed, faulted sequence of Tertiary

volcanic and sedimentary rocks.

Geologic research within the Rockinstraw Mountain quadrangle

permits an evaluation of two intriguing hypotheses concerning the

Tertiary evolution of the Transition Zone in east-central Arizona:

(1) Davis et al. (1981, 1982) suggested that the study area includes

the fault-bounded western margin of an inferred major Laramide uplift,

the Apache uplift. Renewed faulting during middle to late Tertiary

1
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time presumably cancelled most of the Laramide structural relief.

(2) Peirce (personal communication, 1982) deduced the existence of a

major paleocanyon within the Rockinstraw Mountain quadrangle.

Although now occupied by the southwest-flowing Salt River, this

paleocanyon may have originally contained a northeast-flowing

drainage. Peirce (1967), Moore and Peirce (1967), Moore (1968), and

Peirce, Damon, and Shafiqullah (1979) recognized gravels to the

northeast of the paleocanyon that were derived from the southwest. An

enigma is the fact that most possible source regions, including the

study area, presently lie at elevations lower than these gravels.

Major drainages such as the Salt River currently flow to the southwest

within east-central Arizona. A 1800 drainage reversal is postulated

by Peirce (personal communication, 1982) to have occurred across this

region at some time during the middle to late Tertiary. A major

aspect of this study concerns a careful assessment of the above

hypotheses.

Detailed geologic mapping at a scale of 1:24000 within the

Rockinstraw Mountain quadrangle (see Figs. 2 and 3) and geologic

reconnaissance throughout east-central Arizona proved to be essential

for deciphering the Tertiary evolution of the Salt River Canyon

region. For the purposes of this investigation, east-central Arizona

encompasses the extreme northeastern corners of Maricopa and Pinal

Counties, most of Gila County, and the southern portion of Navajo

County. Figure 4 shows the major geologic features within east-

central Arizona. The geologic map of part of the Rockinstraw Mountain
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quadrangle (see Figs. 2 and 3) forms the basis of descriptions and

interpretations. Radiometric dating, sedimentologic studies, and

structural analyses supplement the map relationships. Because of the

lack of previous detailed investigations of the Tertiary features

within the map area and surrounding region, much of this report

involves descriptive work that defines both the Tertiary stratigraphy

and major structures. In addition, the Precambrian rocks were

thoroughly examined in order to better define both the structural

history of the region and the source areas of Tertiary sedimentary

rocks. The final chapter synthesizes the stratigraphic and structural

record into an interpretation of the Tertiary geologic history of the

Salt River Canyon region.

Location and Access 

This research was conducted primarily in the Salt River Canyon

region of Gila County, approximately 35 km north of Globe, Arizona

(see Fig. 1). The map area, which encompasses More than 90 km 2

(nearly 40 square miles) in the northeastern part of the Rockinstraw

Mountain 15' quadrangle, extends north to the foothills of the Sierra

Ancha, east to Cherry Creek and Horseshoe Bend, south to Rockinstraw

Mountain, and west to Redmond Mountain and Black Mesa (see Figs. 2

and 3). The southwest-flowing Salt River bisects this area between

the mouth of Cherry Creek and Black Mesa. The entire study area lies

within the Tonto National Forest.
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A network of forest service roads permitted good access to the

map area (see Fig. 1). Foret Service Road 203 (the Cherry Creek

Road) provides access to the north side of the Salt River. South of

the river, Forest Service Road 219 leads to Horseshoe Bend, and Forest

Service Roads 223 and 644 furnish access to the Redmond Wash area.

Backpacking was required to gain access to much of the country between

Horseshoe Bend and Redmond Flat, north of the Salt River.

Geography 

Three distinct geomorphic segments make up the Salt River

drainage system within east-central Arizona. East of Canyon Creek, a

network of deep canyons cuts principally into Paleozoic and middle

Proterozoic strata within a broad plateau. Numerous canyons also

characterize the Salt River drainage system between Canyon Creek and

the Tonto basin. However, the canyons in this area, which includes

the Rockinstraw Mountain quadrangle, have been carved primarily into

Tertiary strata and Precambrian crystalline rock within a large

northeast-trending valley bounded by the Sierra Ancha on the northwest

and the Apache Mountains on the southeast. By contrast, the Salt

River drainage in the Tonto basin lies largely within a broad

northwest-trending valley etched into late Tertiary sedimentary rocks.

A magnificent landscape of rugged mesas, spectacular canyons,

and impressive vistas dominates the Rockinstraw Mountain quadrangle.

The southwest-flowing Salt River is generally entrenched in a deep

canyon within the study area. Many side drainages including Cherry

Creek, Coon Creek, and Chalk Creek pass through narrow canyons before
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entering the Salt River. Elevations within the map area range from

1392 m atop Redmond Mountain to 678 m on the Salt River, yielding a

total relief of 714 m (see Fig. 2, geologic map).

The map area can be subdivided into three major geographic

domains. The first domain consists of northeast-trending, southeast-

dipping hogbacks of resistant early Proterozoic rock, which extend

across the central part of the area. The second domain encompasses

the broad northeast-tilted mesas southwest of the Coon Creek fault on

either side of the ridges of early Proterozoic rock. Thick sequences

of Tertiary strata are exposed within these prominent mesas. Portions

of the mesas form breathtaking promontories more than 600 m above the

Salt River. Precipitous cliffs bound the mesas on the southwest. The

third distinctive geographic domain, consisting of both Tertiary

strata and Precambrian granite, comprises the highly irregular terrain

of buttes and ridges in the northeastern part of the study area. This

muddled landscape coincides with a complex zone of faulting.

Southwest-tilted buttes within the third domain give way to broader

flat-lying mesas near the northeastern margin of the map area.

Flora and Fauna 

The rare combination of Upper Sonoran desert and riverine

environment of the Salt River Canyon region provides habitat for a

wide assortment of plants and wildlife. Desert scrub vegetative type

of the Upper Sonoran desert covers most of the study area. However,

the free-flowing Salt River meanders through this desert landscape
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leaving a trail of riparian vegetation, which contrasts with the

hillsides of cholla, saguaro, and other typical desert plants. The

Sonoran desert extends a long arm northeastward into central Arizona

along the Salt River drainage between higher terrain to the southeast

and northwest. The study area is situated near the northeastern

terminus of this arm where Sonoran desert vegetation impinges on and

gives way to chaparral. Numerous springs and several perennial

streams together with large amounts of winter precipitation, as

compared to other parts of the Sonoran desert, promote a lush growth

of desert vegetation. However, because many of the desert plants lie

near the limits of their range, their substrate affiliation is more

definitive than usual. For example, saguaros thrive on basalt

substrate whereas turpentine bush, dodonea, and Canotia favor the ash-

flow tuff. A detailed account of these relationships is beyond the

scope of this project. However, such relationships offer significant

research potential for ecologists. Mesa tops with different cap rocks

but similar aspect and elevation collectively offer extraordinary

sites to investigate plant-substrate relationships.

A diverse and fascinating faunal assemblage also occupies the

Salt River Canyon region. At least 183 species of wildlife inhabit

the desert scrub vegetative type (United States Department of

Agriculture, 1981). These include mountain lion, mule deer, white-

tailed deer, javelina, Gila monster, Arizona coral snake, and many

species of raptors. In addition, black bears occasionally visit the

region. Riparian areas support 219 species of wildlife, most of which
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are birds (United States Department of Agriculture, 1981). The

riparian habitat furnishes critical wintering grounds for many species

of birds. Many threatened and endangered animal species reside in

this area including the bald eagle, tiger salamander, desert tortoise,

zone-tailed hawk, osprey, and black-crowned heron. One of the twelve

known desert nesting sites of the bald eagle in the world is located

within the map area along the Salt River.

Methods of Study 

Field work began in June 1982 and was completed in December

1983. Detailed geologic mapping involved more than 100 days of field

work. Photographic enlargement of the 15' Rockinstraw Mountain

quadrangle to a scale of 1:24000 provided a mapping base. Several

aerial photographs (USDA-18-613120, Tonto National Forest) were used

as an aid, but did not serve as a base for mapping purposes.

Detailed petrographic analysis of nearly 100 thin-sections

furnished fundamental information concerning textural, mineralogical,

and overall compositional characteristics of the diverse rock types.

The relative proportions of the mineralogical components represent

visual estimates only. Where possible, plagioclase compositions were

determined using the Fougue, or bisectrix, method. X-ray powder

diffraction work was carried out in order to determine the composition

of a carbonate rock type. K-Ar dating of 5 samples was conducted by

personnel of the Laboratory of Isotope Geochemistry at the University

of Arizona.
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Previous Studies 

Although many previous studies include discussions and

descriptions of Tertiary strata and tectonism within east-central

Arizona, few reports have comprehensively examined the Tertiary

evolution of this part of the Transition Zone. Wilson, Moore, and

Peirce (1959) and Wilson, Moore, and Cooper (1969) compiled

generalized geologic maps of east-central Arizona (see Fig. 4).

Most of the work on the Tertiary stratigraphie and structural

framework of east-central Arizona has been directed south and west of

the Rockinstraw Mountain quadrangle toward the Basin and Range

province. Although the majority of these studies centered around the

mineral-rich Laramide orebodies of the Globe-Miami-Superior region,

several investigations, including those of Ransome (1903),

N. P. Peterson (1954, 1962), and D. W. Peterson (1960, 1969), also

contained thorough accounts of the Tertiary stratigraphic and

structural recant RansmWs (1903) examination of the Globe-Miami-

Superior region represented the first attempt at delineating the

Tertiary evolution of part of east-central Arizona. The later studies

further defined the Tertiary history of specific areas within this

economically important region. In addition, D. W. Peterson (1960,

1961a, 1961b, 1968, 1969, 1979) carefully analyzed a regionally

extensive ash-flow sheet, the Apache Leap Tuff. Lance, Downey, and

Alford (1962) and Pederson and Royse (1970) studied late Tertiary

sedimentary deposits in the Tonto and Payson basins, respectively.
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Finally, Titley (1962) and Mayer (1979) respectively examined Tertiary

faulting and the late Tertiary geomorphic evolution within

northwestern Gila County.

Significant research has also been conducted on the Tertiary

stratigraphic and structural framework to the northeast of the

Rockinstraw Mountain quadrangle toward the Colorado Plateau region.

Darton (1925) prepared several cross sections of eastern Gila County

that display major structural features and the distribution of

Tertiary volcanic and sedimentary units. Although apparently not

recognized by Darton, his cross sections do show a large paleovalley-

like feature in the Salt River Canyon region, which is partially

filled by Tertiary strata. Finnell (1966a, 1966b), McKay (1972),

Moore and Peirce (1967), Moore (1968), Cuffney (1976), and Bergquist,

Shride, and Wrucke (1981) mapped and briefly described the Tertiary

units within specific areas of eastern Gila and southern Navajo

County. Peirce (1967), Moore and Peirce (1967), Moore (1968), and

Peirce et al. (1978, 1979) carried out more detailed research on early

to middle Tertiary gravel deposits in the vicinity of the Mogollon

Rim. They demonstrated that the gravels were derived from source

regions to the southwest and were deposited by a northeast-flowing

regional drainage network. Peirce et al. (1979) also conducted

geochronologic studies of Tertiary sedimentary and volcanic rocks

within this region. In addition, Finnell (1962), Cuffney (1976), and
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Davis et al. (1981, 1982) reviewed evidence for opposing senses of

movement along the Canyon Creek and/or Cherry Creek fault zones during

Laramide and Neogene time.

The Rockinstraw Mountain 15' quadrangle has been virtually

untouched by previous research. Bishop (1935) examined the Richmond

Basin in the southeastern corner of the quadrangle, an area devoid of

Tertiary deposits. The map of the Sierra Ancha by Bergquist et al.

(1981) extends into the extreme northern margin of the quadrangle.

Although this map includes little in the way of Tertiary strata, it

does exhibit structural relationships that are pertinent to the

Tertiary evolution of the Salt River Canyon region. Remaining areas

of the Rockinstraw Mountain quadrangle have been mapped only in

reconnaissance fashion by Wilson et al. (1959, 1969). Cuffney (1976)

mapped most of the 7 1/2' Haystack Butte quadrangle, which borders the

Rockinstraw Mountain quadrangle on the east. Moore and Peirce (1967),

Cuffney (1976), and Peirce et al. (1979) succinctly described the

Tertiary stratigraphy of parts of the Salt River Canyon region east of

the study area. Moreover, Davis et al. (1981) defined the general

Tertiary stratigraphic and structural framework of the Salt River

Canyon region, including that within Rockinstraw Mountain quadrangle.

Peirce et al. (1979) and Davis et al. (1981) conducted the

most comprehensive research regarding the Tertiary history of east-

central Arizona. Peirce et al. (1979) delineated four tectonic

episodes that combined to influence the development of the

southwestern physiographic edge of the Colorado Plateau and
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neighboring regions of the Transition Zone: 1) pre -Turonian regional

northeast-tilting; 2) Laramide deformation that uplifted much of east-

central Arizona relative to sea level and added another increment of

regional northeast-tilting; 3) an Oligocene (?) base level change that

initiated the onset of erosion, which in turn produced a plateau edge

escarpment with up to 600 m of relief; and 4) the late Cenozoic Basin

and Range disturbance that relatively raised and lowered crustal

blocks. They further concluded that, in most cases, prior erosion

created more local relief than did subsequent faulting. In addition,

Peirce (personal communication, 1982), on the basis of creative

regional syntheses, postulated the existence of an early to middle

Tertiary paleocanyon within the Salt River Canyon region of central

Gila County, which may have been part of the northeast-flowing

drainage network that delivered Eocene-Oligocene gravels onto the

Colorado Plateau region. The multifaceted geologic reconnaissance of

the Salt River Canyon region by Davis et al. (1981) revealed the

multitude and diversity of geologic wonders within the Transition Zone

of east-central Arizona. Most importantly, they suggested that a

basement-cored uplift, the Apache uplift, dominated much of central

Gila County during Laramide time. Outward-facing monoclines bordering

the uplift formed along the reactivated Precambrian structures of the

Canyon Creek and Cherry Creek fault zones. Renewed faulting during

middle to late Tertiary time presumably erased most of the structural

relief created by the Laramide uplift.
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Detailed accounts of the widespread exposures of Proterozoic

rock within east-central Arizona also contain information pertinent to

unraveling the Tertiary evolution of the region. Gastil (1958),

Livingston (1969), Conway (1976), Cuffney (1976), and Trevena (1979)

thoroughly analyzed the distribution, internal stratigraphy, and

structural features of early Proterozoic rocks in various localities

of east-central Arizona. Shride (1967) and Granger and Raup (1964,

1969) conducted similar investigations of middle Proterozoic strata.

These studies provide essential data for deciphering depositional

patterns of Tertiary units, the origin and distribution of Tertiary

structures, and the amount of Tertiary displacement along major faults

that traverse large areas of Precambrian exposure. Shride's (1967)

analysis of the deformation within middle Proterozoic strata along the

Cherry Creek fault zone furnishes especially relevant information

concerning middle to late Tertiary activity along this regionally

extensive structure. In addition, Davis et al. (1981) considered the

effect imposed upon Laramide and Neogene tectonism by both the

composition of and inherent weaknesses within the upper basement of

the Salt River Canyon region.

Geologic Setting of the Transition Zone 

The Transition Zone of Peirce (1984) essentially forms a

bridge between the profoundly extended Basin and Range province with

its thin crust and lithosphere and the relatively undeformed Colorado

Plateau province with its cratonic crust of normal thickness. Because

of its highly rugged terrain, the Transition Zone has commonly been
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referred to as the central mountain belt. Having recognized the lack

of a sharp boundary between the Colorado Plateau and Basin and Range

province in central Arizona, Wilson and Moore (1959) formalized the

concept of a "Transition Zone". Peirce (1984) designated an expanded

Transition Zone, the boundaries of which are marked by significant

contrasts in structure and physiography (see Fig. 1). The erosional

escarpment and structural hinge of the Mogollon Rim of Peirce et al.

(1979) defines the northern edge of the Transition Zone whereas deep

structural basins and metamorphic core complexes bound much of the

southern margin.

Deciphering the Tertiary history on the basis of the

stratigraphic and structural record presents fewer problems within the

Transition Zone than within either the Basin and Range province or the

Colorado Plateau province. For example, unlike vast areas of the

Colorado Plateau, early to late Tertiary strata and structural

relationships are well preserved throughout much of the Transition

Zone. Furthermore, major crustal telescoping along Laramide thrust

faults and large-scale attenuation along middle Tertiary low-angle

detachment faults, both of which are prevalent within the Basin and

Range province, generally do not complicate the Tertiary section

within the Transition Zone.
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Seismic refraction surveys show that crustal thickness

increases from less than 28 km to more than 40 km from southwest to

northeast across the Transition Zone of east-central Arizona (Warren,

1969). Crustal thickness contours trend northwest, subparallel to the

Mogollon Rim.

Although less deformed than the Basin and Range province, the

Transition Zone does record pre -Turonian, Laramide, and middle to late

Tertiary tectonism. A slight regional northeast tilt, which is

inherited from separate increments of deformation in pre -Turonian and

Laramide time, generally places the pre-Tertiary rocks within the

Transition Zone structurally higher than those within the Colorado

Plateau (Peirce et al., 1979). Erosion beveled the structurally high

terrain of central Arizona, removing entire sequences of Mesozoic and

Paleozoic strata, sometime prior to deposition of middle Tertiary

volcanic and sedimentary rocks, which usually rest directly on the

Precambrian basement. Gravel deposits (Koons, 1948; Price, 1950;

McKee, 1951; Hunt, 1956; Cooley and Davidson, 1963; Peirce, 1967;

Moore and Peirce, 1967) of an early Tertiary drainage system (Peirce

et al., 1979; Chapin and Cather, 1981; Young, 1982) crop out in the

vicinity of the Mogollon Rim of Peirce et al. (1979). Although these

gravels were derived from the southwest and were deposited by a

northeast-flowing regional drainage network (Peirce et al., 1979),

most possible source regions within central Arizona presently lie at

elevations lower than the gravels.
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Major drainages such as the Salt River currently flow toward

the southwest across the Transition Zone in contrast to the early

Tertiary northeast-flowing drainage network. Deformation apparently

induc Transition Zone in contrast to the early

Tertiary northeast-flowing drainage network. Deformation apparently

induced a 1800 drainage reversal during middle to late Tertiary time.

The Mogollon Rim now serves as a drainage divide between the

southwest-flowing drainage system within the Transition Zone and the

northeast-flowing streams on the Colorado Plateau.

As a result of Tertiary erosion and tectonism, the Tertiary

section within the Transition Zone generally lies both topographically

and structurally lower than the plateau margin. The pre-Tertiary

rocks in most areas of the Transition Zone also rest topographically

lower, but remain structurally higher, than the Mogollon Rim.

Numerous, but isolated, northwest-trending structural troughs within

the Transition Zone contain thick sequences of late Tertiary strata.

Fault blocks accentuate exposures of Tertiary volcanic and sedimentary

rocks throughout the Transition Zone and reveal relationships critical

to deciphering the overall Tertiary geologic history of Arizona.
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STRATIGRAPHY

General Stratigraphic Framework 

A well exposed sequence of middle to late Tertiary volcanic

and sedimentary rocks, ranging up to 700 m in thickness, dominates the

stratigraphic framework throughout most of the map area. The Tertiary

section rests directly on the Precambrian basement. Figure 5 depicts

a generalized stratigraphic column of the Salt River Canyon region.

The Precambrian basement consists primarily of the 1.4 b.y.

Ruin Granite, a batholith of porphyritic biotite quartz monzonite,

which encompasses a large northeast-trending, generally southeast-

dipping roof pendant of early Proterozoic metavolcanic and

metasedimentary rock. The pendant, which extends across the central

part of the map area (see Fig. 2, geologic map), ranges from less than

1.2 km to more than 8.0 km in width and exceeds 22 km in length (see

Fig. 4). Massive metavolcanic rock of probable pyroclastic origin

within the Redmond formation makes up the lower portion of the pendant

of early Proterozoic rock and thus constitutes the oldest rock unit

within the Salt River Canyon region. Quartzites and argillites of the

the Hess Canyon group form the upper part of the pendant. The basal

unit of the Hess Canyon group, the White Ledges formation,

discoriformably (?) overlies the Redmond formation. Highly resistant

17
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units within the White Ledges formation weather to impressive

southeast-sloping ridges that give way to spectacular, multicolored

northwest-facing cliffs.

The two lower formations of the middle Proterozoic Apache

Group, the Pioneer Formation and Dripping Spring Quartzite, crop out

along the northern margin of the map area (see Fig. 2, geologic map).

The Pioneer Formation rests unconformably on the Ruin Granite.

Several 1100 m.y. diabase sills are intruded into Apache Group strata

and greatly inflate the middle Proterozoic section. A tabular body of

diabase is also sandwiched within the Ruin Granite 3.5 km southeast of

Horseshoe Bend. The Sierra Ancha, which looms just to the north of

the Rockinstraw Mountain quadrangle, exposes a full section of middle

Proterozoic strata, including the upper units of the Apache Group and

the Troy Quartzite.

A "pre-Whitetail" Tertiary erosion surface with considerable

topographic relief separates the Tertiary section from the Precambrian

basement. Approximately 700 m of topographic relief is developed on

this erosion surface within the map area. Moreover, the regionally

extensive erosion surface exhibits more than 1400 m of relief between

the high peaks of the Sierra Ancha to the north of the study area and

the Salt River. The configuration of the surface resembles that of a

large-scale northeast-trending paleocanyon, or paleovalley, with the

axis centered in the vicinity of the Salt River. The thickest
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accumulations of Tertiary strata generally correspond to major

topographic lows developed on the "pre-Whitetail" Tertiary erosion

surface.

Coarse angular detritus of the Whitetail Conglomerate of

Oligocene-early Miocene age constitutes the oldest recognized Tertiary

unit in the Rockinstraw Mountain quadrangle. The Whitetail

Conglomerate unconformably overlies the Precambrian basement on the

pre-Whitetail Tertiary erosion surface. It locally exceeds 275 m in

thickness near the Salt River, but thins significantly to the

southeast and pinches out altogether along the northwest margin of the

map area.

The 20 m.y. Apache Leap Tuff, a regionally extensive quartz

latite ash-flow sheet, rests upon the Whitetail Conglomerate. This

prominent cliff-former thins from more than 180 m to less than 85 m

from southwest to northeast across the study area. The ash flow laps

out in both the Horseshoe Bend area and the foothills of the Sierra

Ancha.

The early to middle Miocene Chalk Creek formation, varying

from less than 12 m to more than 40 m in thickness, generally

disconformably overlies the Apache Leap Tuff. It consists of three

distinct interfingering members including a lower unit of pebble

conglomerate and sandstone, a middle section of dolomite, and an upper

member of mudstone and volcaniclastic sandstone and conglomerate. The

dolomites, which are intercalated between 16.21 and 14.67 m.y. basalt

flows, crop out only within the north-central part of the map area.
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A thick sequence of middle Miocene olivine to tholeiitic

basalt flows, the Black Mesa basalts, covers much of the Salt River

Canyon region. The basalts locally exceed 80 m in thickness. They

usually rest conformably upon the Chalk Creek formation.

Several intrusions of Miocene age are aligned along a N4OW -

trending zone, which cuts diagonally across the entire map area. The

composition of these intrusions ranges from olivine basalt to dacite.

The basaltic intrusions include a large volcanic complex along lower

Coon Creek and several isolated plugs and dikes. Two dacite plugs

crop out 2 km west of Horseshoe Bend. In addition, a large andesitic

plug protrudes 3 km southeast of Horseshoe Bend.

The late Tertiary Coon Creek conglomerate overlies all older

rock types on an erosion surface with substantial topographic relief.

A basal volcaniclastic conglomerate, less than 25-m-thick, and an

upper member of up to 200 m of pebble to cobble conglomerate make up

the Coon Creek conglomerate. This formation fills narrow, 200+-m-deep

paleocanyons in the vicinity of Redmond Flat. More commonly, however,

these late Tertiary deposits are confined to isolated north-northwest -

trending structural basins.

All of the Tertiary units are deeply dissected by the Salt

River and its tributaries. Quaternary deposits, including river

terraces, pediment gravels, and alluvium, locally mantle all older

rock types in the rugged terrain of the Salt River Canyon region. The

deep dissection by the Salt River drainage system combined with large

amounts of structural relief created by middle to late Tertiary normal



22

faulting accentuate exposures of the Tertiary volcanic and sedimentary

rocks, thus providing an excellent opportunity to interpret the

Tertiary geologic history of part of the Transition Zone.

Redmond Formation 

The early Proterozoic Redmond formation of Livingston (1969)

is the oldest rock unit. It primarily consists of a massive sequence

of felsic to intermediate, porphyritic metavolcanic rock of probable

pyroclastic origin. Cogenetic zircons yielded a U-Pb age of

1715 15 m.y. (Silver, as quoted in Conway, 1976, p. 22). The

Redmond formation forms the lower part of the northeast-trending,

southeast-dipping pendant of early Proterozoic rock. Although hidden

by the cover of Tertiary rocks, an intrusive contact with the 1.4 b.y.

Ruin Granite presumably bounds the Redmond formation on the northwest.

Deeply dissected drainages east of the Coon Creek fault such as the

Salt River and lower Cherry Creek offer optimum exposures of this

porphyritic metavolcanic rock (see Fig. 6).

The gray to reddish-brown rock of the Redmond formation

readily breaks down into pebble- to cobble-size angular fragments,

which commonly form a thin veneer on moderately sloping roundedhdlls.

Although much less resistant than the quartzites of the White Ledges

formation, the metavolcanic rock of the Redmond formation is less

susceptible to weathering and erosion than the Tertiary sedimentary

units and the Ruin Granite.
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Figure 6. Redmond formation.

Looking east at 325-m-high cliff exposure of the Redmond formation
along the Salt River, 1.5 km north of Horseshoe Bend. This massive
metavolcanic rock does not exhibit any definitive bedding or flow
foliation within the study area. However, note the pronounced north-
dipping parting or jointing (?) within this exposure, the trend of
which parallels a possible relict flow-banding in units near the
Redmond fault (see Fig. 2, geologic map). An angular unconformity may
separate the southeast-dipping Hess Canyon group from the Redmond
formation.
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The massive metavolcanic rock of the Redmond formation does

not exhibit any apparent bedding or flow foliation within the study

area. However, volcaniclastic sedimentary units within the Redmond

formation to the east of the map area dip 300 to 60° southeast

(Livingston, 1969; Cuffney, 1976). Structural continuity of the

pendant of early Proterozoic rock suggests that similar attitudes

extend into the study area. Thus, the exposed thickness of the

Redmond formation within the map area probably ranges between 1710 m

and 2950 m.

The porphyritic metavolcanic rock of the Redmond formation

varies little in lithology. On average, phenocrysts constitute 20% of

the rock and consist of 12% oligoclase-andesine, 8% quartz, and 1%

microcline. From 10 to 80% of the plagioclase crystals have been

altered to sericite. Anhedral quartz phenocrysts typically exhibit

large embayments, polycrystalline forms, and undulose extinction. The

phenocrysts, which average 1.6 mm and range up to 4.5 mm in length,

commonly display angular and fragmental forms. Preferentially

oriented lens-shaped aggregates of mafic minerals make up about 5% of

the metavolcanic rock (see Fig. 7). They generally average 1.3 mm in

length, but locally exceed 3.6 mm. Despite the subparallel

arrangement of the lenses, individual crystals within the aggregates

show no consistent orientation. These aggregates typically consist of

40-60% biotite, 20-40% pennine chlorite, 20-40% titanomagnetite r

hematite, and leucoxene, and accessory epidote, quartz, feldspar, and

sericite. It remains unclear as to whether the orientation of the
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Figure 7. Texture of the Redmond formation.

The textural features within this microphotograph (crossed nicols) are
typical of the Redmond formation. The predominance of angular,
fragmental phenocrysts suggests a pyroclastic origin for the bulk of
the formation. Low-grade metamorphism of primary biotite and/or
hornblende phenocrysts probably produced the preferentially oriented,
lens-shaped aggregates of mafic minerals.
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lenses reflects a primary or metamorphic foliation. A virtually

featureless microcrystalline groundmass, consisting primarily of

quartz and feldspar, constitutes 80% of the Redmond formation.

Accessory minerals within the groundmass include 3% biotite and

chlorite, 2% iron oxides, up to 1% epidote, and lesser amounts of

muscovite, apatite, and zircon.

An isolated exposure of feldspathic argillite within the

Redmond formation crops out along the Redmond fault, 0.5 km south of

the Salt River. This well sorted, thin-bedded, silty argillite

consists of interlocking grains of 70% feldspar, 20% quartz, 6%

biotite, 2% muscovite, 1% pennine chlorite, and accessory magnetite,

hematite, sericite, and apatite. Albite and K-spar make up most of

the feldspar. Preferentially oriented biotite crystals parallel

bedding and average 0.1 mm in length. A cover of Tertiary rocks

precludes resolution of the full extent of the feldspathic argillite.

The metavolcanic rocks of the Redmond formation provide few

diagnostic indicators of the metamorphic grade. However, the combined

presence of secondary biotite and touching grains of chlorite and

muscovite implies greenschist facies metamorphism (Winkler, 1979).

The aggregates of mafic minerals probably resulted from metamorphism

of original mafic phenocrysts such as hornblende and/or biotite. The

proximity of the Ruin Granite also warrants a consideration of contact

metamorphism. The occurrence of microcline and both porphyroblasts

and small flakes of muscovite is typical of the hornblende hornfels
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facies (Williams, Turner, and Gilbert, 1954). Nevertheless, a

definitive delineation of the metamorphism within the Redmond

formation lies beyond the scope of this project.

Lack of sorting, faint bending of the groundmass around

phenocrysts, and angular, fragmental, and broken phenocrysts (see

Fig. 7) indicate a pyroclastic origin for much of the metavolcanic

rock of the Redmond formation. Well defined pumice fragments, fiamme,

and relict glass shards are extremely rare. Welding and

devitrification combined with metamorphism apparently obliterated the

original eutaxitic texture within these ash flows, leaving the

cryptocrystalline groundmass. Weathered surfaces best display the

remnant eutaxitic textural features. The foliation within the Redmond

formation near the Redmond fault (see Fig. 2, geologic map) may

represent a primary flow-banding, which suggests that some units

within the formation possibly originated from felsic to intermediate

lava flows, as opposed to a pyroclastic origin. Rare outcrops of

aphanitic metavolcanic rock were probably derived from air-fall and

water-laid tuff, as evidenced by faint layering and a lack of

phenccrysts.

Without chemical analyses of the metavolcanic rock, any

classification of the original rock type is somewhat speculative.

However, a primary assemblage of 12% plagioclase, 8% quartz, 5%

hornblende and/or biotite, and 1% K-spar phenocrysts suggests a
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dacitic to rhyodacitic composition. If not a metamorphic product, the

andesine-oligoclase composition of the plagioclase favors the

rhyodacite designation.

The stratigraphic position beneath the White Ledges formation

indicates that the early Proterozoic metavolcanic rock within the map

area correlates with the upper member of the Redmond formation, as

defined by Cuffney (1976). Cuffney's upper member consists of a thick

multiple flow unit of highly welded trachyandesite ash flows, which

are locally separated by thin beds of air-fall and via -tier-laid tuff.

Phenocrysts constitute 15% of the rock and are composed of 65%

plagioclase (An35), 10% K -spar, and 5-10% biotite and hornblende. The

relative proportions of crystals, especially the lack of quartz and

abundance of K-spar, and the corresponding trachyandesite

classification of this upper member differ significantly from that

determined for the Redmond formation within the map area. Lateral

variations in the volcanic pile and limited sampling may account for

these discrepancies.

The Redmond formation records an early Proterozoic episode of

voluminous and widespread volcanism. Extensive deposits of similarly

aged volcanic rock are found throughout the early Proterozoic terrane

of central Arizona (Wilson, 1939; Gastil, 1958; Conway, 1976). The

exposure of feldspathic argillite marks the only obvious hiatus in

volcanic activity in this portion of the Redmond formation.
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Hess Canyon Group 

Superb exposures of early Proterozoic quartzites, siltstones,

and argillites characterize the Hess Canyon group of Livingston (1962,

1969). In ascending order, the Hess Canyon group consists of the

White Ledges, Yankee Joe, and Blackjack formations. This group of

three metasedimentary formations forms the upper portion of the

northeast-trending pendant of early Proterozoic rock, which rests

within the batholith of Ruin Granite. Due to the configuration of the

intrusive contact with the Ruin Granite, only the White Ledges and

Yankee Joe formations crop out within the map area. The age of the

Hess Canyon group is constrained by the underlying 1715 m.y. Redmond

formation and the intruding 1425 m.y. Ruin Granite. Livingston (1962,

1969) correlated the Hess Canyon group with similar sequences of

metasedimentary rock in the Mazatzal Mountains (Wilson, 1939) and

Diamond Butte quadrangle (Gastil, 1958). The reader is referred to

Cuffney (1976) and Trevena (1979) for thorough accounts of the

internal stratigraphy and depositional environments of the early

Proterozoic metasedimentary rocks of the Hess Canyon group.

The White Ledges formation primarily consists of thin-bedded,

moderate to well sorted, siltstone and very fine to medium-grained

quartzite in shades of red, purple, gray, and white. It

disconformably (?) overlies the metavolcanic rock of the Redmond

formation along a fairly sharp contact of generally low relief.

Trevena (1979) noted thin granule conglomerates and argillaceous

material with angular fragments along this contact. Due to a
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predominance of non-resistant argillite and siltstone, the lower part

of the White Ledges formation weathers to low rounded hills except

where protected by overlying resistant beds of quartzite. Highly

resistant quartzites prevail in the upper part of the White Ledges

formation, giving rise to a chain of impressive southeast-dipping

hogbacks (see Fig. 8). The spectacular dip slopes give way to

imposing multicolored northwest-facing cliffs. Conspicuous white

ledges of 20- to 30-m-thick vitreous white quartzite, from which

Livingston (1969) derived the name of the formation, generally cap

these awesome cliff exposures and highlight nearly the entire 22+-km-

long pendant of early Proterozoic rock. The intrusive body of Ruin

Granite eliminates exposures of the upper part of the White Ledges

formation from the western half of the map area. The maximum

thickness of this formation, as exposed in the Horseshoe Bend area, is

approximately 940 m. Quartzites and siltstones within the upper part

of the White Ledges formation grade into the finer-grained sequences

of the Yankee Joe formation. The White Ledges formation extends to

the top of a massive red quartzite, which is interbedded with some

argillaceous units above the two most prominent vitreous white

quartzite beds (Livingston, 1969).

The Yankee Joe formation incorporates thin-bedded, moderate to

well sorted, gray to reddish-brown argillite, siltstone, and

subordinate amounts of very fine to fine-grained quartzite. It rests

conformably upon the White Ledges formation. In sharp contrast to the

underlying quartzites of the White Ledges formation, the Yankee Joe



Figure 8. White Ledges formation.

Looking northeast from the Horseshoe Bend area at the northeast-
trending, generally southeast-dipping pendant of early Proterozoic
rock. Highly resistant quartzite units within the White Ledges
formation give rise to the impressive chain of hogbacks. A20- to
30-m-thick vitreous quartzite forms the conspicuous white marker bed.
The White Ledges formation thins significantly northeastward across
the Salt River Canyon region.
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formation weathers to topographic depressions. A mantle of weathered

rock and talus debris shed from the White Ledges formation generally

restrict good exposures of the Yankee Joe formation to deeply

dissected drainages. Only the basal 145 m of the Yankee Joe formation

are exposed within the map area in the vicinity of Horseshoe Bend.

The intrusive contact with the Ruin Granite bounds the Yankee Joe

formation on the southeast.

Mineralogical and textural features indicate that the

metasedimentary rocks of the Hess Canyon group were subjected to

contact metamorphism by the emplacement of the Ruin Granite. For

example, these metasedimentary rocks most commonly exhibit

porphyroblasts of muscovite, biotite, and andalusite set in a fine- to

medium-grained granoblastic mosaic of quartz and feldspar. Tightly

interlocking quartz grains with undulose extinction and well sutured

boundaries dominate the metasedimentary rocks. Feldspar constitutes

less than 1% of most layers. Many units also display some remnant

sedimentary textures in the form of subangular to well rounded grains

in a matrix of sericite and muscovite. Accessory minerals include

chlorite, iron oxides, apatite, tourmaline, zircon, and sphene. The

predominant granoblastic (hornfelsic) texture, lack of schistosity,

and occurrence of andalusite all indicate the presence of a

metamorphic aureole within the pendant of early Proterozoic rock.

Argillaceous units were more susceptible to metamorphism than

sandy, quartz-rich layers. For example, an unusual sequence of light

greenish-gray to brown, slightly schistose rock, which crops out along
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the north side of the Salt River about 1.5 km north-northwest of
Horseshoe Bend, is composed almost entirely of clay-size material.

Metamorphic products such as biotite and muscovite/sericite constitute

60 to 85% of the rock, whereas quartz and feldspar make up less than

25%. Large porphyroblasts of unknown origin have been altered to

chlorite. The parent rock type of these argillaceous rocks remains in

doubt. They were included within the White Ledges formation because

of the presence of an underlying quartzite bed. In contrast, the

prominent vitreous white quartzite beds contain 95 to 100% fine- to

medium-grained quartz and relict sedimentary textures such as

subrounded quartz grains, which are locally enclosed in a matrix of

clay-size material.

Porphyroblasts generally constitute 15% or less of the

metasedimentary rock of the Hess Canyon group. Porphyroblasts and

small flakes of muscovite make up about 5% of most units, but range up

to 35% in the more argillaceous deposits. Approximately 4% of these

rocks consist of biotite porphyroblasts, some of which show preferred

orientation. Although no systematic studies were conducted,

porphyroblasts of andalusite appear to increase from mere traces more

than 350 m from the intrusive contact to between 3% and 10% within

several meters of the Ruin Granite. The habit of andalusite varies

from locally well defined prismatic crystals to a more typical

xenoblastic form with abundant inclusions of quartz, biotite, and

opaque minerals. Much of the andalusite has been replaced by fine-

grained aggregates of sericite. Substantial quantities of andalusite



34

within the White Ledges formation immediately adjacent to the Redmond

fault, but hundreds of meters from the nearest exposure of Ruin

Granite, suggest that the Redmond fault roughly coincides with an

original intrusive contact. Some units within a few meters of the

granitic contact also contain minor amounts of almandine and possibly

altered cordierite. The spotted appearance of many of the more

argillaceous rocks results from scattered ovoid knots, up to 6 mm in

length, of coarse mica, incipient andalusite porphyroblasts, and

aggregates of sericite, muscovite, and biotite.

The mineral assemblage within the Hess Canyon group,

especially the occurrence of muscovite together with andalusite,

implies metamorphic conditions equivalent to that of the upper albite-

epidote and/or hornblende hornfels facies. The increasing abundance

of andalusite toward the granitic contact suggests a corresponding

increase in metamorphic grade from the albite-epidote to hornblende

hornfels facies. Minor amounts of almandine and possible cordierite

adjacent to the Ruin Granite are compatible with the hornblende

hornfels designation.

Despite the effects of metamorphism, primary sedimentary

structures are well preserved within the Hess Canyon group, thus

providing important evidence of the depositional environment. Cuffney

(1976) and Trevena (1979) analyzed the sedimentary structures, which

include horizontal laminations in quartzite and siltstone intervals,

lenticular and flaser bedding in argillite layers, herringbone and

hummocky cross-stratification, various forms of ripple marks, and
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mudcracks. Cuffney (1976) determined that the sedimentary structures

indicate deposition in a high-energy, shallow-water environment under

the influence of strong wave, current, and tidal action with

intermittent subaerial exposure. Trevena (1979) also conducted

provenance studies based on paleocurrent data and the composition of

the metasedimentary rocks.

The highly resistant quartzite units in the upper part of the

White Ledges formation have long stood topographically higher than

much of the surrounding region, as evidenced by their great influence

on depositional patterns in both middle Proterozoic and Tertiary time.

The middle Proterozoic Pioneer Formation laps out against a paleoridge

of quartzite within the White Ledges formation about 16 km northeast

of Horseshoe Bend (Livingston, 1969; Cuffney, 1976). These resistant

quartzite beds later towered more than 250 m Above the encompassing

terrain as part of an early Tertiary erosion surface, which predates

deposition of the Oligocene-early Miocene Whitetail Conglomerate. The

Whitetail Conglomerate pinches out against a paleoridge of the White

Ledges formation 2.0 km west of Horseshoe Bend. In this same area,

the dramatic exposure of the 20 m.17. Apache Leap Tuff overlying the

hogback of early Proterozoic rock (see Fig. 9) is the only locality

observed within the region where Tertiary rocks cover the highly

resistant quartzite units.



Figure 9. Angular unconformity separating early Proterozoic and
Tertiary strata.

The 20 m.y. Apache Leap Tuff rests directly on the southeast-dipping
hogback of highly resistant, early Proterozoic quartzite of the White
Ledges formation, 2.0 km west of Horseshoe Bend. This exposure marks
the only known locality within the Salt River Canyon region, where
Tertiary strata clearly covered the paleoridges of early Proterozoic
quartzite. These paleoridges influenced depositional patterns in both
middle Proterozoic and middle to late Tertiary time.
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Ruin Granite 

The regionally extensive Ruin Granite primarily consists of

pinkish-gray, porphyritic biotite quartz monzonite. Livingston (1969)

deduced a K-Ar age of 1425 15 m.y. for the Ruin Granite in the Salt

River Canyon region. Silver (1968) and Silver et al. (1977) included

the Ruin Granite in a suite of 1.4 to 1.5 b.y. transcontinental

anorogenic plutons, which extend across North America from Labrador to

northwest Sonora. The Ruin Granite constitutes a plutonic body of

batholithic proportions that underlies the entire Salt River Canyon

region.

The northeast-trending early Proterozoic rock within the Salt

River Canyon region rests as a large roof pendant of at least 140 km 2

within the quartz monzonite. Emplacement of the Ruin Granite

subjected the early Proterozoic rocks to contact metamorphism of the

albite-epidote and hornblende hornfels facies. Where exposed, the

intrusive contact is generally concordant with the structural grain in

the early Proterozoic rocks. In the southwestern part of the map

area, however, the contact cuts discordantly across the White Ledges

formation. Several isolated blocks of the White Ledges formation lie

within the Ruin Granite near the discordant contact (see Fig. 2,

geologic map). Preliminary studies of the metamorphic constituents

within the White Ledges formation suggest that the Redmond fault

roughly corresponds to a preexisting intrusive contact with the Ruin
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Granite. A few small and irregular bodies of quartz monzonite intrude

into the White Ledges formation within 1.0 km of the major intrusive

contact with the Ruin Granite.

Conspicuous microcline phenocrysts, up to 8 cm in length, set

within a fine- to coarse-grained equigranular to senate groundmass

characterize the Ruin Granite. The porphyritic biotite quartz

monzonite is usually composed of 40-45% microcline-microperthite,

20-25% andesine, 20-35% quartz, 1-10% biotite, 1-3% opaque oxides, and

accessory muscovite, sphene, zircon, chlorite, and hornblende. Chill

zone boundaries with the early Proterozoic country rock contain lesser

amounts of both biotite and large microcline phenocrysts. Dikes and

irregular bodies of fine-grained, xenomorphic quartz monzonite form a

subordinate aphte phase within the Ruin Granite. A few isolated pods

of quartz-feldspar pegmatite also occur within the granite. In

addition, the granite contains scattered mafic xenoliths that bear no

apparent relationship to the early Proterozoic rock types within the

Salt River Canyon region.

The Ruin Granite rapidly disintegrates into knobby boulders

and coarse-grained arkosic debris, which mantles rounded hillsides and

fills drainages. Erosion has generally beveled the quartz monzonite

into topographic depressions with surfaces of gentle relief. Good

exposures are confined to deeply dissected drainages, ridge tops,

fault scarps, and steep slopes beneath highly resistant, cliff-forming

middle Proterozoic and Tertiary strata. Structurally high areas such

as the Cherry Creek horst and the western margins of northeast-tilted
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fault blocks best expose the Ruin Granite (see Fig. 2). However,

extensive exposures south of Horseshoe Bend occur within the

structurally low part of the Roc:MI:straw Mountain fault block.

Apache Group 

In ascending order, the Pioneer Formation, Dripping Spring

Quartzite, Mescal Limestone, and unnamed basalt flows make up the

Apache Group. These strata are entirely missing from all but the

northern margin of the map area, where only the Pioneer Formation and

Dripping Spring Quartzite are preserved. An essentially complete

section of the Apache Group, ranging in thickness from 375 to 480 m,

is exposed to the north, however, in the Sierra Ancha. The underlying

1425 m.y. Ruin Granite and intrusive bodies of 1100 m.y. diabase

constrain the age of Apache Group strata to middle Proterozoic. The

reader is referred to the comprehensive studies of Shride (1967) and

Granger and Raup (1964, 1969) for thorough accounts of the internal

stratigraphy and depositional environment of the Apache Group.

Pioneer Formation

A thin basal conglomerate, fine- to medium-grained feldspathic

sandstone, and tuffaceous mudstone and siltstone in shades of purple.,

red, and brown, compose the Pioneer Formation. The Pioneer formation

is approximately 85-m-thick within  the study area. It offers little

resistance to weathering and erosion and is commonly buried under

debris from the overlying more durable Dripping Spring Quartzite. The

basal Scanlan Conglomerate Member unconformably overlies the Ruin
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Granite on a surface of low relief. Superb exposures of this

nonconformity (see Fig. 10) crop out on the Cherry Creek horst 2.0 km

west of Cherry Creek (see Fig. 2). The conglomerate ranges in

thickness from 2 to 12 m. It consists of subangular to well rounded

pebbles and cobbles primarily of quartzite and quartz in a medium- to

coarse-grained arkosic matrix. The more prevalent thinly-bedded

tuffaceous mudstones and siltstones principally contain devitrified

glass shards and angular quartz and feldspar grains (Shride, 1967).

Distinctive white to light brown reduction spots, up to 3 cm in

length, occur within many of the tuffaceous units.

Dripping Spring QuArtzite

The 165- to 210 -m -thick, orange to reddish-brown, Dripping

Spring Quartzite incorporates up to 12 m of the basal Barnes

Conglomerate Member and roughly equal thicknesses of the lower arkose

and upper siltstone members. A sharp, disconformable contact

separates this formation from the underlying Pioneer Formation. The

Dripping Spring Quartzite weathers to cliffs and ledges. The

laterally persistent Barnes Conglomerate Member contains well-rounded

pebbles and cobbles of quartzite and quartz in a fine- to coarse-

grained arkosic matrix. The prominent cliff-forming arkose member

comprises fine- to medium-grained, thinly laminated to thick-bedded,

cross-stratified arkose and feldspathic quartzite. The upper

siltstone member consists of thinly parted, irregularly bedded, cross-

laminated feldspathic siltstone and arkose with locally abundant

mudcracks and ripple marks (Shride, 1967).



Figure 10. Middle Proterozoic nonconformity.

Looking north at the nonconformity between the middle Proterozoic
Scanlan Conglomerate Member of the Pioneer Formation and the 1.4 b.y.
Ruin Granite on the Cherry Creek horst along the northern margin of
the map area.
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Diabase Intrusions 

Intrusions of olivine diabase inflate the middle Proterozoic

section of Apache Group rocks and the 1.4 b.y. Ruin Granite. Similar

bodies of diabase within the Sierra Ancha yield a Pb-Pb age of

1075 ± 50 m.y. (Silver, 1960) and a K-Ar age of 1140 40 m.y. (Damon,

Livingston, and Erickson, 1962). The chemistry of the middle

Proterozoic diabase in east-central Arizona varies from high-alumina

(Nehru and Prinz, 1970) to alkali-olivine basalt (Fouts, 1974). A

thin, 20-m-thick, subhorizontal tabular body of diabase is emplaced

within the Ruin Granite in the southeastern corner of the map area.

This intrusion furnishes an important stratigraphic marker inasmuch as

sill-like bodies of diabase rarely occur more than 150 m beneath the

base of the Apache Group (Shride, 1967). A 135-m-thick sill crops out

within the Pioneer Formation along the northern margin of the study

area. Thin, local zones of altered or deformed rock surround the

masses of diabase. Weathering transforms the medium to dark gray

diabase to a yellowish- to greenish-brown granular soil. Good

exposures are restricted to deep canyons and areas directly beneath

resistant cliff-forming strata. Shride (1967), Nehru and Prinz

(1970), and Fouts (1974) conducted more detailed studies of

Precambrian diabase within east-central Arizona.

The diabase within the map area exhibits a fine- to coarse-

grained ophitic to subophitic texture. It typically consists of 65%

andesine-labradorite, 15% clinopyroxene, 7% olivine, 5% reddish-brown
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biotite, 1% hornblende, 1% serpentine, and 6% magnetite, ilmenite, and

hematite. Deuteric alteration has converted most of the olivine into

a mixture of serpentine, chlorite, magnetite, aUgite, iddingsite, and

biotite; some of the clinopyroxene into dark green hornblende,

biotite, and chlorite; and the cores of many plagioclase laths into

sericite.

Dagger Ranch Conglomerate 

An isolated exposure of well indurated, dark reddish-brown

pebble to cobble conglomerate of unknown age and origin crops out on

the Cherry Creek horst in the northeastern part of the map area (see

Fig. 2). This exotic deposit is informally named the Dagger Ranch

conglomerate for the purposes of this study, because it lies just

1.5 km south-southwest of the Dagger Ranch. The poorly sorted,

crudely-stratified Dagger Ranch conglomerate, ranging up to 30 m in

thickness, overlies the Ruin Granite on a surface that slopes

approximately 15 ° to the south. It weathers to knobby, pock-marked
cliffs. Fine- to medium-grained, angular to subrounded granitic

detritus with scattered pebbles of quartz, quartzite, and feldspar

dominate the lower 2 to 13 m whereas massive, matrix supported cobble

conglomerate characterizes the upper part of the Dagger Ranch

Conglomerate.

Angular to subangular clasts make up about 40% of the Dagger

Ranch conglomerate. Some large blocks exceed 3 m in length, but most

average around 7 cm. Most of the larger boulders consist of red

quartzite. Nearly 65% of the clasts were derived from early
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Proterozoic metasedimentary rocks, granite, and Apache Group strata.

The remaining 35% could not be clearly identified. Definitive samples

of the Troy Quartzite and Paleozoic strata were not observed. The

clasts reside in a medium- to coarse-grained matrix of lithic arkose,

consisting of subangular grains of feldspar (50%), lithic fragments

(30%), and quartz and chert (20%).

The age of the Dagger Ranch conglomerate is poorly constrained

between middle Proterozoic and Oligocene time by the clasts of Apache

Group strata and the onlapping Whitetail Conglomerate. The strong

induration within this conglomerate sharply contrasts with the poorly

consolidated Whitetail Conglomerate. In an attempt to obtain a lower

age limit for the Dagger Ranch conglomerate, a cobble of porphyritic

andesite (?) with sericitized plagioclase phenocrysts, up to 2 cm in

length, was dated by the Laboratory of Isotope Geochemistry at the

University of Arizona. The K-Ar date of 837 19 m.y. on the andesite

clast represents an anomalously young age, because the plagioclase

appears to have gained some potassium during alteration (Shafiqullah,

personal communication, 1984).

The Dagger Ranch conglomerate resembles the basal conglomerate

of the Troy Quartzite in the Globe-Miami region. N. P. Peterson

(1962) described the basal conglomerate of the Troy Quartzite as a

highly variable, firmly indurated, massive conglomerate as much as

24-m-thick. The basal conglomerate contains large angular blocks, up

to 1.5 m in diameter, of Apache Group strata set within a matrix of

dark reddish-brown sandstone. The Troy Quartzite in the Globe-Miami
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region rests disconformably upon units within the Apache Group,

including the Pioneer Formation, on a highly irregular erosion surface

(N. P. Peterson, 1962). Thus, the stratigraphic position of the

Dagger Ranch conglomerate on the Ruin Granite does not preclude a

correlation with the basal Troy Quartzite. The lack of similarities

between the Dagger Ranch conglomerate and other previously described

rock types in east-central Arizona favors such a correlation.

However, any firm conclusions concerning the age and origin of such an

isolated deposit are prevented by the missing stratigraphic record,

spanning middle Proterozoic to middle Tertiary time, within the study

area and much of the surrounding region.

"Pre-Whitetail" Tertiary Erosion Surface 

A regionally extensive "pre-Whitetail" Tertiary erosion

surface, featuring hundreds of meters of topographic relief, truncates

deeply beveled Precambrian rocks and structures of probable Laramide

age. The erosion surface is roughly bracketed between Paleocene and

Oligocene time by the truncation of the Laramide Apache uplift of

Davis et al. (1981), including the Laramide structural features along

the bounding Cherry Creek and Canyon Creek fault zones, and the

deposition of the overlying Whitetail Conglomerate of Oligocene-early

Miocene age (Cornwall, Banks, and Phillips, 1971; Banks et al., 1972;

Krieger, Cornwall, and Banks, 1972). The pre-Whitetail surface may be

correlative with the late Eocene erosion surface of Epis and Chapin

(1975) in the southern Rocky Mountains.
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A minimum of 1400 m of topographic relief is developed on a

pre-Whitetail erosion surface within east-central Arizona. The Sierra

Ancha largely consist of nearly flat-lying middle Proterozoic strata,

which overlie Precambrian crystalline basement, and erosional remnants

of the basal part of the Paleozoic section. In contrast, the

Oligocene-early Miocene Whitetail Conglomerate rests directly on the

Precambrian crystalline basement throughout most of the Salt River

Canyon region. Thus, more than 1100 m of middle Proterozoic and

Paleozoic strata exposed in the Aztec Peak area of the Sierra Ancha

are missing 16 km to the south within the Salt River Canyon region.

Furthermore, cross section A-A' (see Figs. 2 and 3) shows that the

erosion surface slopes gently southward on the Ruin Granite from an

elevation of 960 m in the foothills of the Sierra Ancha along the

northern margin of the study area to a low of 680 m in the vicinity of

the Salt River. The absence of nearly 300 m of Ruin Granite brings

the total amount of missing section in the Salt River Canyon region to

1400 m. Because of the lack of suitably oriented faults, the

difference in the erosion levels between the Sierra Ancha and Salt

River cannot be associated with original structural relief created by

faulting or tilting. The 1400 m of missing section is instead related

directly to the amount of topographic relief developed on the pre-

Whitetail Tertiary erosion surface. For example, this erosion surface

can be followed roughly along strike within an individual fault block,

which had been tilted slightly toward the northeast in Neogene time,

from an elevation of approximately 700 m at the Precambrian-Oligocene
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contact in the Salt River Canyon near the western margin of the map

area to an elevation of about 2100 m at an exposure of Paleozoic

strata in the Sierra Ancha, 3 km southwest of Aztec Peak (see

Fig. 11). The 1400 m of early Tertiary topographic relief is a

minimum, because the high terrain of the Sierra Ancha does not

preserve the pre-Whitetail reference surface. The imposing pre-

Whitetail and contemporary erosional edge along the southeast flank of

the Sierra Ancha is here designated the Sierra Ancha escarpment.

The configuration of the pre-Whitetail Tertiary erosion

surface greatly resembles that of a large northeast-trending

paleocanyon (see Fig. 3, cross section A -A'). The axis of the

topographic depression trends northeastward across the study area from

the western edge of Black Mesa, approximately 1.0 km north of the Salt

River, to the Dagger Canyon area. In addition to the 1400 m of relief

on the north, the erosion surface steadily increases in elevation

south of the axis (see Fig. 3, cross sections A-A' and F-F', and

Fig. 12). The northeast-striking ridge of early Proterozoic quartzite

projects at least 270 m above the base of the Whitetail Conglomerate

in the Redmond Flat area, which represents a minimum amount of

topographic relief on the pre-Whitetail erosion surface, 3.0 km

southeast of the axis of the erosional depression. In addition, more

than 500 m of topographic relief are developed on the erosion surface

between the Salt River and southern margin of the study area, as best

evidenced by a significant southward thinning of the Whitetail

Conglomerate. Moreover, the thick section of middle Proterozoic



Figure 11. Early Tertiary erosion surface, north of the Salt River.

Looking north-northwest roughly along strike at the northeast-tilted
Black Mesa fault block, which extends from Black Mesa in the middle
foreground to the snow-capped Sierra Ancha on the horizon. The
Oligocene-early Miocene Whitetail Conglomerate, which crops out at the
base of Black Mesa, rests directly on the 1.4 b.y. Ruin Granite
throughout most of the Salt River Canyon region. In contrast, the
Sierra Ancha contain a thick sequence of middle Proterozoic strata and
the basal part of the Paleozoic section. Approximately 1400 m of the
middle Proterozoic and Paleozoic section exposed within the Sierra
Ancha are missing from the vicinity of the Salt River. Because of the
lack of suitably oriented faults, the difference in erosion levels
between the Sierra Ancha and Salt River cannot be associated with
original structural relief created by faulting or tilting. Instead,
the 1400 m of missing section can be related directly to the amount of
topographic relief developed on the early Tertiary (pre-Whitetail
Conglomerate) erosion surface.
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Figure 12. Early Tertiary erosion surface, south of the Salt River.

Looking southeast at the northeast-tilted fault blocks in the southern
part of the study area. The Apache Leap Tuff makes up the prominent
cliff former. A southeastward increase in elevation of the
Precambrian-Tertiary contact along strike within the northeast-tilted
fault blocks is related to topographic relief developed on the early
Tertiary erosion surface (see Fig. 3, cross sections A-A' and F-F').
At least 500 m of topographic relief existed on the early Tertiary
(pre-Whitetail Conglomerate) erosion surface between the Salt River
and the southern edge of the map area. Moreover, because several
hundred meters of middle Proterozoic strata exposed in the Apache
Mountains on the southeast horizon (center to right) are missing from
the Salt River Canyon region, early Tertiary topographic relief
between the vicinity of the Salt River and Apache Mountains probably
exceeded 1000 m.
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strata in the Apache Mountains, 15 km southeast of the Salt River,

suggests that topographic relief along the southeast edge of the

erosional depression was comparable to that along the Sierra Ancha

escarpment.

The paleocanyon incorporates essentially the entire map area

and much of the surrounding region. It extends 20 km northeast of

Cherry Creek to the Canyon Creek fault zone, as demonstrated by both

the configuration of the pre-Whitetail Tertiary erosion surface and

the distribution of Tertiary units. Though somewhat obscured by

deformation, the paleocanyon also continues several kilometers to the

southwest of Black Mesa. The overall dimensions of the remnant

paleocanyon exceed 13 km in width and 30 km in length. The axis of

the northeast-trending paleocanyon generally parallels both the Salt

River and the structural grain within the early Proterozoic rocks,

roughly corresponding to the contact between the Redmond formation and

Ruin Granite. Because of the near coincidence of its axis with the

segment of the present-day Salt River between Canyon Creek and

Roosevelt Lake, this broad northeast-trending topographic depression

is here named the Salt River paleocanyce.

Whitetail Conglomerate 

Thin- to-medium bedded, generally poorly sorted, weakly

consolidated pebble to cobble conglomerate and thin interbeds of

sandstone constitute the oldest Tertiary unit within the map area. I

correlate this conglomerate with the Whitetail Conglomerate of the
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Globe-Miami-Superior region (Ransome, 1903; N. P. Peterson, 1962;

D. W. Peterson, 1969; Cornwall et al, 1971; and Krieger et al, 1972)

on the basis of similar lithologies and stratigraphic positions.

The age of the Whitetail Conglomerate in the Salt River Canyon

region is constrained to Oligocene-early Miocene time by the

underlying, regionally extensive erosion surface of probable Eocene

age and the conformably overlying 20 m.y. Apache Leap Tuff. An

interbedded air-fall tuff in the upper part of the formation near Ray

yielded a K-Ar age of 32 m.y. (Cornwall et al., 1971; Banks et al.,

1972; Krieger et al., 1972). Although no interbedded volcanic

deposits were observed within this formation in the map area, an

undated andesite flow is intercalated within the upper portion of the

Whitetail Conglomerate 7 km to the west, near Klondike Mountain. In

addition, undated flows of olivine basalt or basaltic andesite locally

rest conformably on the Whitetail Conglomerate within the Salt River

Canyon region.

The thickest:accumulations of the Whitetail Conglomerate occur

along a northeast-trending zone that bisects the study area between

the southern edge of Black Mesa and Dagger Canyon. This zone of

maximum thickness corresponds to the axis of the major early Tertiary

topographic low, which is carved into the Precambrian crystalline

basement (see Fig. 3, cross section A -A'). Thicknesses exceed 275 m

in the vicinity of Black Mesa along a segment of this northeast-

trending axis (see Fig. 3, cross section B-B'). To the southeast of

the axis, the Whitetail Conglomerate thins appreciably and locally
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pinches out against highly resistant paleoridges of early Proterozoic

quartzite within the central part of the map area and paleohills of

non-resistant 1.4 b.y. granite south of Horseshoe Bend (see Fig. 2,

geologic map). No evidence exists to suggest that the Whitetail

Conglomerate ever completely buried resistant ribs of quartzite within

the pendant of early Proterozoic rock. Up to 120 m of the

conglomerate rest upon the Ruin Granite to the southeast of the early

Proterozoic exposures. The Whitetail Conglomerate also thins

dramatically toward the northwest and laps out against paleohills

composed of middle Proterozoic strata in the foothills of the Sierra

Ancha along the northern margin of the map area (see Fig. 2, geologic

map, and Fig. 3, cross section A-A').

The weakly indurated Whitetail Conglomerate generally weathers

to rubbly debris in steep, rugged, and highly dissected terrain

beneath the overlying cliff-forming Apache Leap Tuff. Good exposures

of the non-resistant conglomerate are ordinarily restricted to steep

cliffs either directly underlying the Apache Leap Tuff or beneath

resistant talus derived from the tuff. Optimum exposures occur along

the southwest-facing escarpments of northeast-tilted fault blocks.

The conglomerate is rarely preserved more than 1.0 km away from the

protecting cliffs of the Apache Leap Tuff.

The Whitetail Conglomerate consists primarily of massive,

crudely-stratified, poorly to moderately sorted, light reddish-brown

to grayish-brown pebble to cobble conglomerate. Though commonly

poorly defined, laterally extensive beds, ranging in thickness from
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2.5 to 200 cm, characterize most of this formation. Bedding becomes

more distinct in the upper part of the section. Cut-and-fill

structures occur locally, but rarely exceed 50 cm in depth. Individual

outcrops ordinarily exhibit both matrix- and clast -supported

conglomerate units. The generally subangular clasts constitute about

55% of the rock. Typical exposures contain a variety of clast

compositions, which normally reflect derivation from local sources.

The average composition of the clasts is 45% middle Proterozoic

sedimentary rock, 25% granite, 8% andesite and mafic volcanic rock, 6%

early Proterozoic strata, 2% Paleozoic strata, 1% diabase, and 13%

miscellaneous. The amount of andesite and other volcanic fragments

appears to increase substantially toward the southwest. No local

sources of this volcanic material were observed within the study area.

The relative amounts of the other constituents roughly correlate with

the proximity of local sources, as best illustrated by the

predominance of clasts of early Proterozoic strata in the lower part

of the section in the vicinity of the pendant of early Proterozoic

rock. The length of the clasts averages 5 cm, but commonly ranges up

to 50 cm. A few, boulders, up to 3 m in length, reside in the lower

part of the formation. The size of the clasts tends to decrease up -

section.

Poorly to moderately sorted, medium- to coarse-grained

feldspathic litharenite dominates both the matrix of the conglomerate

and the interbedded layers of sandstone. The subordinate amounts of

interbedded sandstone occur as both small lenses and laterally
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extensive units. The beds and matrix of sandstone are generally

composed of subrounded to subangular grains of 48% feldspar, 25%

quartz, 20% lithic fragments, 5% chert, and 2% opaque minerals, a

feldspathic litharenite in the sandstone classification scheme of

McBride (1962). A few beds also display a very fine-grained to silty,

clay-rich matrix. Small quantities of calcareous cement within the

matrix poorly indurate the Whitetail Conglomerate. However, moderate

induration characterizes some units, especially those lying directly

beneath the Apache Leap Tuff.

Several features within the Whitetail Conglomerate match

criteria established by Bull (1972) for identifying fanglomerates.

These include: (1) the apparent oxidation of much of the formation to

a reddish-brown color; (2) the lack of organic matter; (3) a variety

of strata and depositional types within individual outcrops as

sequences of beds vary greatly in particle size, sorting, and

thickness; (4) the uniform thickness of many beds; and (5) minor

amounts of small-scale cut-and-fill structures. The poorly sorted

sedimentary rocks with ill-defined bedding and scattered boulders

were probably derived from debris-flows whereas the moderately sorted,

gravelly to sandy beds of uniform thickness are more indicative of

sheetflood deposits (Bull, 1972). Most of the Whitetail Conglomerate

presumably originated from these closely related depositional

processes. Fluvial processes were less influential, as evidenced by

the small-scale cut-and-fill structures and the lack of rounded grains
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and clasts. Efforts to discern flow directions met with little

success because of poorly developed cross-bedding and pebble

imbrication.

Mud Springs Basalt 

An isolated, 12-m-thick, flow of non-resistant mafic volcanic

rock and associated breccia fills a shallow 200-m-wide channel in the

Whitetail Conglomerate, 1.6 km southwest of Horseshoe Bend. This

deposit is informally referred to as the Mud Springs basalt, because

it crops out 0.5 km west of Mud Springs Wash. The Apache Leap Tuff

directly overlies the Mud Springs basalt. Thicker and more widespread

deposits similar to the Mud Springs basalt occur at this stratigraphic

level to the south and west of the map area in the vicinity of

Rockinstraw Mountain and Klondike Mountain.

An intergranular texture characterizes the light gray,

vesicular to amygdaloidal, porphyritic rock of the Mud Springs basalt.

Mafic phenocrysts, which have been completely replaced by iddingsite,

hematite, and magnetite make up 5% of the rock. The crystal shapes

together with the intensity and type of alteration indicate an olivine

composition for the original phenocrysts. Highly altered mafic

constituents also compose approximately 20% of the aphanitic

groundmass. Slightly sericitized microlites of plagioclase dominate

the groundmass and constitute 75% of the mafic rock. Varying amounts

of breccia, consisting of fragments, up to 50 cm in length, of both

volcanic and sedimentary rock, are randomly distributed within the Mud



56

Springs basalt. The mineralogical and textural features suggest an

olivine basalt or olivine basaltic-andesite classification for the Mud

Springs basalt.

Apache Leap Tuff 

A thick ash-flow sheet within the Salt River Canyon region

usually encompasses a single cooling unit with well developed zones of

welding and superimposed crystallization. The ash flow generally

conformably overlies the Whitetail Conglomerate. The Laboratory of

Isotope Geochemistry at the University of Arizona deduced a

20.2 t 0.5 m.y. K-Ar date from a sample collected on the west side of

Cherry Creek, 1.5 km south of the mouth of Bee Canyon. The 20.2 m.y.

K-Ar date, stratigraphic position above the Whitetail Conglomerate,

and both the composition and relative proportions of the phenocrysts

all suggest that the ash-flow sheet within the Salt River Canyon

region correlates with the 19.9 0.9 (Damon and Bikerman, 1964)

Apache Leap Tuff of D. W. Peterson (1969) in the Superior region. The

Apache Leap Tuff can be classified as a quartz latite or rhyodacite on

the basis of its chemical composition (D% W. Peterson, 1961a).

The regional extent of the Apache Leap Tuff provides an

important stratigraphic and structural datum, which may permit

reconstruction of the underlying surface. The Apache Leap Tuff

presently covers at least 1000 km 2 of central Arizona (see Fig. 13),

but may once have blanketed more than 4000 km 2. It attains a maximum

thickness of 600 m in Queen Creek Canyon east of Superior. D. W.

Peterson (1968, 1979) estimated an average thickness of 150 m for this
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Figure 13. Distribution of Apache Leap Tuff.

The denser stippling corresponds to known or probable exposures of the
20 m.y. Apache Leap Tuff. The Apache Leap Tuff may also crop out in
areas defined by the lighter stippling. However, a likely correlative
with the Apache Leap Tuff has not been observed within the
Superstition Mountains (Sheridan, personal communication, 1985). The
Apache Leap Tuff presently covers at least 1000 km of east-central
Arizona. It attains a maximum thickness of 600 m just east of
Superior, thins northeastward to an average thickness of 100 m in the
western part of the Salt River Canyon region, which is blocked off in
the northeast corner, and pinches out in the vicinity of the Canyon
Creek fault zone. The 'V"-like distribution pattern of the Apache
Leap Tuff in the Salt River Canyon region coincides with the axial
part of the Salt River paleocanycal.
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ash-flow sheet, which implies an original volume of as much as

600 km 3. The source of the Apache Leap Tuff has not yet been

discovered.

The Apache Leap Tuff "V"s northeastward into the Salt River

Canyon region and extends across all but the northern extremities of

the map area. The "V"-like pattern directly corresponds to the

aforementioned regionally extensive, northeast-trending topographic

low, which is developed on the pre-Whitetail Tertiary erosion surface.

The thickness of the ash-flow sheet, which averages 100 m in the Salt

River Canyon region, decreases from more than 180 m to less than 85 m

from southwest to northeast across the study area. It thins abruptly

to less than 20 m in the Horseshoe Bend area and laps out altogether

against the foothills of the Sierra Ancha. The thickest deposits of

the ash flow generally coincide with the axis of the major northeast-

trending topographic depression etched into the pre-Whitetail erosion

surface. The Apache Leap Tuff is confined to the central part of this

large-scale erosional depression northeast of the map area (see

Figs. 4 and 14).

The degree of welding greatly influences the weathering

characteristics of the Apache Leap Tuff. Relatively thin, lower and

upper zones of nonwelding and partial welding weather to gentle to

moderate slopes. The upper zones are best preserved beneath resistant

caps of basalt. Excellent exposures of the non-resistant lower zones

abound as a result of the protection afforded by the overlying cliffs

of the densely welded mid-section of the ash flow. The highly



Figure 14. Distal end of Apache Leap Tuff.

Looking northeast from the Jump-Off Canyon horst across the eastern
part of the Salt River paleocanyon and distal end of the Apache Leap
Tuff. The view encompasses nearly the full width of the Apache
block, which is situated between the Canyon Creek fault of Finnel
(1962) and the Cherry Creek fault zone. The Sierra Ancha, with its
thick section of middle Proterozoic strata, dominates the horizon.
The horizon on far right, however, corresponds to middle Proterozoic
strata within the structural block on the east side of the Canyon
Creek fault zone. Early Proterozoic quartzites make up the
conspicuous hogbacks and white marker bed at lower right. The cliff-
forming Apache Leap Tuff caps the mesas that extend across the field
of view from left to right center (note thin, white basal nonwelded
zone). The ash flow overlies the Whitetail Conglomerate, which in
turn rests directly on Precambrian crystalline basement. The Apache
Leap Tuff is confined to the axial part of the Salt River paleocanyon
in this area.
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resistant, cliff-forming, densely welded zone constitutes more than

70% of the Apache Leap Taff. The awesome cliffs induce development of

buttes and mesas, which dominate the landscape of the Rockinstraw

Mountain quadrangle (see Figs. 11 and 12).

The character of the surface beneath the Apache Leap Tuff

varies according to the underlying rock type. For example, a highly

irregular unconformity with large amounts of local relief separates

the 20 m.y. ash flow from the Precambrian basement. More than 155 m

of relief exists on this surface 1.0 km southwest of the mouth of

Cherry Creek, where the Apache Leap Tuff fills paleodrainages cut into

the early Proterozoic Redmond formation. In contrast, gently sloping

terrain with small amounts of local relief and no significant

channeling characterizes surfaces developed on the Whitetail

Conglomerate. Nonetheless, such gently sloping surfaces create

hundreds of meters of relief on a regional scale, as shown by the

steadily increasing elevation of the base of the Apache Leap Tuff

toward the south away from the vicinity of the Salt River (see Fig. 3,

cross section A-A' and Fig. 12). In addition, the ash-flow sheet

rests upon the Whitetail Conglomerate at an average elevation of 885 m

(2900 ft) along the southern edge of Black Mesa just north of the Salt

River. Roughly along strike 6.0 km to the northwest, it onlaps middle

Proterozoic strata at an elevation of 1020 m (3400 ft) in the

foothills of the Sierra Ancha. Cross section A-A' (Fig. 3)

demonstrates that similar to the Whitetail Conglomerate, the Apache

Leap Tuff occupies a major northeast-trending topographic depression.
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The deposition of the ash flow within the topographic

depression effectively erased some of the former topographic relief.

Nevertheless, outcrops of Paleozoic strata at 2100 m in the Sierra

Ancha, 10 km to the northwest, require a minimum of 1200 m of

topographic relief in early Miocene time before deposition of the ash

flow and at least 1000 m of relief following the eruption.

Subvertical and subhorizontal joint systems dissect the Apache

Leap Tuff. Well developed joints are generally restricted to the

densely welded zone of the ash flow. Distinct joint systems prevail

in the southwestern part of the map area, especially in the vicinity

of Redmond Wash. The joints become less obvious toward the north and

east roughly in conjunction with the decrease in thickness of the

Apache Leap Tuff. The subvertical joints, which commonly trend

northwest, are laterally continuous and exhibit a spacing of several

meters. The subhorizontal system of joints subparallels the lower

contact of the ash flow, thus providing an important indicator of the

structural attitude. The subhorizontal joints are especially useful

because of the poorly defined bedding within the Tertiary sedimentary

rocks of the region. The spacing between the subhorizontal joints

generally ranges from 1.0 to 4.0 m. The attitude of the subhorizontal

joints must be regarded cautiously, however, because orientations vary

substantially in areas where these structures are widely-spaced or

poorly developed.
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The Apache Leap Tuff within the Salt River Canyon region

exhibits the typical zonation of welded tuffs, as defined by Smith

(1960). Three distinct zones of welding within the ash flow comprise:

00 light gray to white, lower and upper nonwelded zones, (2) a light

brown lower zone and light brown to light gray upper zone of partial

welding, and (3) a brown middle zone of dense welding. A basal

vitrophyre, which crops out near Superior (D% lc Peterson, 1968), was

not observed within the study area. Two overlapping zones of

crystallization, devitrification and vapor-phase crystallization, are

superimposed upon the zones of welding and all but the lower part of

this pyroclastic deposit. The lack of repetition of the zones of

welding and crystallization indicates that the entire deposit consists

of a single cooling unit. The reader is referred to the thorough

investigations of D. W. Peterson (1961a, 1961b, 1968, 1979) for more

comprehensive analyses of the internal stratigraphy of the Apache Leap

Tuff. Peterson's research was conducted primarily within the thick

proximal part of the ash-flow sheet. The following description may

represent the first detailed account of the thinner distal portion of

the Apache Leap Tuff.

The 6- to 15-m-thick, basal nonwelded zone typically consists

of 35% pumice fragments, 25% glass shards, 24% massive dark brown

glass, 15% phenocrysts, and 1% lithic fragments. It locally thickens

at the expense of the more densely welded overlying zones in areas

where major irregularities exist on the underlying erosion surface.

The pumice fragments and glass shards show no evidence of flattening
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or superimposed crystallization. Although some exceed 5.0 mm, the
pumice fragments display an average length of 0.8 mm. Lithic

fragments are largely restricted to the basal nonwelded zone of the
Apache Leap Tuff. These inclusions average 1.25 cm in length, but
range up to 10 cm. They are most commonly composed of reddish-brown

quartzite. The basal nonwelded zone grades upward into a thin, less

than 10-m-thick, zone of partial welding, as pumice fragments and

glass shards become progressively more flattened and slightly

crystallized.

The highly resistant densely welded zone incorporates 60 to

130 m of the mid-section of the Apache Leap Tuff. Difficulties in

delineating the thickness of this zone arise from gradational

boundaries with the surrounding zones of partial welding and the near-

complete obliteration of shards and pumice fragments by welding and

superimposed crystallization. The zone of dense welding is very

conspicuous, however, because of its cliff-forming tendencies. In

addition, the relative proportion of phenocrysts within this zone

exceeds that observed in other zones. Phenocrysts constitute 33% of

the densely welded zone, as compared with 15% of the nonwelded zones

and 20% of the partially welded zones. Other diagnostic features of

the densely welded zone include the lack of vugginess and the

predominance of flattened pumice fragments and shards, where not

obscured by superimposed crystallization.
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The densely welded zone grades upward into the light gray

partially welded zone. Although its full extent is obscured by the

gradational contact and intense crystallization, the partially welded

zone thickens somewhat toward the northeast at the expense of the

densely welded zone. The total thickness of the upper zone of partial

welding is probably on the order of 20 to 35 m. The best exposures of

this zone occur in the Cherry Creek area. Several features help to

distinguish the upper zone of partial welding from other parts of the

ash-flow sheet. These include the light gray color, susceptibility to

erosion, vuggy appearance in thin-section, and the relative proportion

(20%) of phenocrysts.

Clear-cut remnants of the upper nonwelded zone crop out within

the north-central part of the study area. These exposures underlie a

16.21 m.y. basalt flow and the dolomite member of the Chalk Creek

formation. Superimposed zones of devitrification and vapor-phase

crystallization obliterate most diagnostic features within the matrix

and conceal the full extent of the upper nonwelded zone. Local

concentrations of undeformed pumice fragments, which range up to 40 cm

in length, and the amount of phenocrysts (15%) provide the most useful

criteria for delineating the upper nonwelded zone. Concentrations of

large pumice fragments (see Fig. 15) appear to be confined to the

axial part of the early Tertiary topographic depression.

Devitrification has been superimposed upon all but the basal

nonwelded zone of the Apache Leap Tuff. Devitrification products,

which consist of cristobalite-feldspar intergrowths (Ross and Smith,
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Figure 15. Upper nonwelded zone, Apache Leap Tuff.

The rarely preserved upper nonwelded zone of the Apache Leap Tuff
locally contains large concentrations of pumice fragments. The
concentrations were only observed along the axial part of the Salt
River paleocanyon. Note hammer for scale.
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1961), first occur in the lower partially welded zone and

progressively increase in abundance upward through the zone of dense

welding. A decline in the isotropic character of the original glassy

matrix accompanies the increasing amount of cristobalite -feldspar

intergrowths. Devitrification pervades the matrix of the upper

portion of the densely welded zone and all overlying zones, commonly

obliterating primary glass shard structures. Well developed axiolitic

and spherulitic structures, containing slender parallel intergrowths

of cristobalite and feldspar, furnish stunning evidence of the

intensity of devitrification (see Fig. 16). These devitrification

structures generally make up less than one-half of the groundmass.

Though devitrified, much of the matrix remains cryptocrystalline. In

addition, devitrification locally overprints the tuff structure,

leaving well defined relicts of shards and pumice fragments.

Lithophysae occur within a few isolated horizons of the densely welded

zone in the southwestern part of the map area.

A subordinate zone of vapor-phase crystallization is

superimposed on both the zones of welding and the zone of

devitrification within the upper half of the ash-flow sheet. The

vapor-phase minerals, which include feldspar, tridymite, and

cristobalite (Smith, 1960), are generally coarser-grained and less

fibrous than the products of devitrification. Vapor-phase minerals

are largely confined to remnant pumice fragments within the densely

welded zone. The intensity of vapor-phase crystallization steadily

increases up-section through the upper zone of partial welding in
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Figure 16. Spherulites, Apache Leap Tuff.

The devitrified zones of the Apache Leap Tuff commonly contain small,
well developed spherulites. The radial intergrowths of quartz and
feldspar show up best under crossed nicols.
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conjunction with a progressive decrease in the flattening ratio of

pumice fragments and a corresponding increase in the amount of pore

space, both of which provide additional loci for crystallization.

Vapor-phase minerals also become increasingly abundant within the

groundmass in the upper part of the partially welded zone, but are not

easily distinguished from devitrification products.

Although the ratio of phenocrysts to groundmass varies

according to the degree of welding, the overall composition of the

assemblage of phenocrysts changes little throughout the ash-flow

sheet. The quantity of phenccrysts, which ranges between 15 and 33%,

increases proportionally with the degree of welding. Most of the

phenocrysts exhibit anhedral to subhedral forms. They average 0.7 mm

in length, but range up to 2.8 mm. The predominance of broken,

fragmental, and angular crystals attests to the pyroclastic origin of

this deposit (see Fig. 17). Plagioclase, which varies in composition

from calcic oligoclase to sodic andesine (An 25-An36 ), constitutes

approximately 64% of the phenocrysts. The assemblage of phenocrysts

also includes 18% sanidine, 9% quartz, and 9% reddish-brown biotite.

In addition, the Apache Leap Tuff contains accessory amounts of

magnetite, apatite, hornblende, sphene, and zircon.

Several features within the Apache Leap Tuff in the

Pockinstraw Mountain quadrangle differ significantly from that

described by D. W. Peterson (1968) for the more proximal part of the

ash-flow sheet near Superior. These differences include: (1) Lack of

a basal vitrophyre; (2) Fewer lithic inclusions --lithic fragments make
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Figure 17. Pyroclastic texture, Apache Leap Tuff.

The broken and angular phenocrysts within the Apache Leap Tuff attest
to its pyroclastic origin (compare with Fig. 7). Note the bending of
the groundmass around some of the phenocrysts. The dark red to
brownish biotite phenocrysts are conspicuous in the plane light.
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up approximately 1% of the lower part of the ash-flow sheet in the

study area, as compared with 10 to 25% in the Superior region;

(3)Smaller lithic inclusions--lithic inclusions range up to 10 cm in

length in the Salt River Canyon region whereas boulder-size material

is common in the thicker, more proximal part of the ash flow;

(4)Smaller pumice fragments--pumice fragments rarely exceed 1 cm in

length in the Salt River Canyon region in contrast to the Superior

area where they commonly surpass several centimeters in length; and

(5) Fewer phenocrysts--phenocrysts constitute 15 to 33% of the ash

flow in the map area, as compared with 35 to 45% near Superior.

Despite these important differences, similar K-Ar dates, stratigraphic

positions, and assemblages of phenocrysts all argue convincingly for

the correlation of the ash-flow sheet in the Salt River Canyon region

with the Apache Leap Tuff of the Superior region.

Chalk Creek Formation 

The Chalk Creek formation consists of three distinct

interfingering members: GO a lower unit of pebble conglomerate and

sandstone, (2) a middle unit of dolomite, and (3) an upper unit of

interbedded mudstone and volcanic lastic sandstone and conglomerate.

This sequence of sedimentary deposits was named the Chalk Creek

formation for the purposes of this study, because excellent exposures

of all three members crop out in the vicinity of Chalk Creek in the

north-central part of the map area (see Fig. 2, geologic map). The

Chalk Creek formation typically rests disconformably on the Apache

Leap Tuff on a gently sloping erosion surface. The non-resistant
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Chalk Creek formation is best preserved in cliff exposures beneath the

overlying basalts. The thickness of this formation rarely exceeds

20 m, but ranges up to 50 m in the Dry Creek-Chalk Creek area. The

Chalk Creek formation is thin or missing along the northern part of

the Coon Creek fault, near the pendant of early Proterozoic rock, and

in local areas immediately west of Cherry Creek. Interbedded basalt

flows occur within these sedimentary rocks just west of Cherry Creek,

in the lower Coon Creek area, and north of Horseshoe Bend along the

Coon Creek fault (see Fig. 2, geologic map). The age of the Chalk

Creek formation is constrained to early to middle Miocene time by the

underlying 20.2 m.y. Apache Leap Tuff and an overlying 14.67 m.y.

basalt flow.

Up to 25 m of thin-bedded, moderately sorted, matrix-

supported, light gray to pink pebble conglomerate and sandstone

constitute the lower member of the Chalk Creek formation. This member

is the most widespread unit within the Chalk Creek formation.

Nevertheless, it pinches out altogether beneath beds of dolomite in

the north-central part of the map area. In addition, relatively thin

deposits in the Horseshoe Bend area decrease to less than 1.0 m in

thickness near the pendant of early Proterozoic rock. The

conglomerate contains subangular to angular clasts, averaging 1.5 cm

in length, which rest in a fine- to coarse-grained, poorly indurated

matrix of arkose. In the Black Mesa area, clasts are primarily

composed of Apache Group rocks and subordinate amounts of basalt,

rhyolite, andesite, diabase, and early Proterozoic quartzite. In



72

contrast, granitic clasts predominate in the Horseshoe Bend area. The

conglomerate grades upward into thin-bedded, poorly to moderately

indurated, fine- to medium-grained sandstone on the east side of Black

Mesa, where the sandstone units interfinger with the dolomite member.

Both the matrix of the conglomerate and the sandstone layers generally

consist of subrounded to subangular grains of 70% feldspar, 20% quartz

and chert, 8% lithic fragments, and 2% magnetite.

Thin-bedded, moderately indurated, aphanitic white dolomite,

which ranges up to 50 m in thickness, makes up the middle member of

the Chalk Creek formation. The dolomitic composition was confirmed by

X-ray powder diffraction analysis of three samples obtained from

different parts of the section at three separate localities. A very

close match of the diffraction patterns with the dolomite standard

indicates few, if any, impurities. However, silt-to sand-size,

subrounded to angular grains of quartz, plagioclase, sanidine, and

biotite vary from a trace to 5% of the rock. Many of these grains

exhibit angular shard-like forms. The largest proportion of these

accessory constituents was observed 700 m east of Coon Creek along the

Redmond monoc line near the eastern limit of the distribution of the

dolomite member. Abundant burrows, up to 3.0 cm in length, occur

locally, especially within the basal units. The dolomite member

commonly grades both upward and laterally into the upper member of the

Chalk Creek formation.
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The dolomite member of the Chalk Creek formation is confined

to a northeast-trending zone in the north-central part of the study

area (see Fig. 18). The distribution of the dolomite member is

essentially superimposed upon segments of both the axis of the

regionally extensive early Tertiary topographic depression and the

zone of maximum thickness of the Whitetail Conglomerate. The dolomite

member pinches out along the northern margin of the map area and in

the east-central part of Black Mesa. Furthermore, it does not extend

east of the Coon Creek fault-Redmond monoc line area nor southeast of

the major basaltic intrusions along lower Coon Creek (see Fig. 18 and

Fig. 2, geologic map). Maximum thicknesses occur in the vicinity of

Chalk Creek, where the dolomite member directly overlies the 20.2 m.y.

Apache Leap Tuff.

The age of the dolomite member is middle Miocene. At its

western and northern extremities the dolomitic rock rests conformably

on the lower member of the Chalk Creek formation. It also lies atop a

16.21 ± 0.45 m.y. basalt near Coon Creek (see Fig. 19). A thin flow

of undated basalt is intercalated within the lower part of the

dolomite member east of Coon Creek. Moreover, a 14.67 ± 0.34 m.y.

basalt flow overlies the dolomite in the northeastern part of Black

Mesa (see Fig. 20). Thus, the age of the dolomite is constrained

between the 16.21 m.y. and 14.67 m.y. basalts.

The thin-bedded upper member of the Chalk Creek formation,

which rarely exceeds 20 m in thickness, consists of interbedded

volcaniclastic conglomerate and sandstone, tuffaceous siltstone, and



Figure 18. Distribution of the middle Miocene dolomite member of the
Chalk Creek formation.

The middle Miocene dolomite member of the Chalk Creek formation
accumulated along a segment of the axial part of the Salt River
paleocanyon. The dolomite was not deposited east of the Coon Creek
fault-Redmond monocline nor to the southeast of a basaltic volcanic
center along lower Coon Creek, which yielded a K-Ar date of 14.8 m.y.
The dolomite member is intercalated between 16.2 and 14.7 m.y.
basalts.
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Figure 19. Dolomite member of Chalk Creek formation overlying
16.21 m.y. basalt.

Looking north at the dolomite member of the Chalk Creek formation in a
40-m-high butte immediately east of Coon Creek. The white dolomite
member rests conformably on a 16.21 0.45 m.y. basalt near the base
of the butte. An undated 5-m-thick basalt flow is intercalated within
the dolomite beds. The basalts and dolomite dip 10 to 30 0 west as
part of the west-facing Redmond monocline. A thin layer of Coon Creek
conglomerate unconformably overlies the dolomite.
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Figure 20. Black Mesa basalts overlying dolomite member of the Chalk
Creek formation.

The Black Mesa basalts rest conformably on the white dolomite member
of the Chalk Creek formation in this canyon along the northeastern
edge of Black Mesa. The lower basalt flow within the Black Mesa
basalts in this area yielded a K-Ar age of 14.67 0.34 m.y. The
underlying basalt near Coon Creek (see Fig. 19) and the overlying
basalt at Black Mesa constrain the age of the dolomite member to
between 16.21 and 14.67 m.y.
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mudstone in shades of gray, brown, white, and pink. Thin beds of

dolomite are locally intercalated within the upper member. In

addition, thick accumulations of lapilli agglomerate commonly dominate

the upper member adjacent to basaltic intrusions. This member usually

rests conformably on the lower members of the Chalk Creek formation,

but locally overlies flows and intrusions of basalt. The most

widespread deposits of the upper member generally coincide with the

distribution of the underlying dolomite member. The upper member laps

out to the southwest near Chalk Creek and in the Coon Creek area to

the northeast. Isolated exposures outside of the north-central part

of the study area are generally composed of volcaniclastic sandstone

and conglomerate. The matrix- to clast -supported, poorly sorted

pebble conglomerates within the upper member contain subrounded to

subangular clasts, which typically consist of basalt and subordinate

amounts of rhyolite and middle Proterozoic sedimentary rock. The

fine- to coarse-grained sandstone beds and matrix of the conglomerate

commonly incorporate subrounded grains of 40% lithic fragments, 40%

feldspar, and 20% quartz and chert. A clay-rich matrix characterizes

some conglomerate units. Calcareous cement poorly indurates these

sedimentary rocks.

The various lithologies within the Chalk Creek formation

indicate a diverse depositional environment. The lower member of

conglomerate and sandstone was likely deposited on alluvial fans, as

evidenced by the angularity of clasts and the lack of both cross-

bedding and cut-and-fill structures. The dolomite member of this
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formation accumulated in a shallow lake. Friedman (1980) concluded

that most dolomites originate from hypersaline brines, which may form

from the concentration of freshwater by evaporation. The presence of

this evaporite unit in the nonmarine Tertiary setting of central

Arizona strongly suggests a lacustrine depositional environment. The

limited distribution of the dolomite combined with facies

relationships with other members of the Chalk Creek formation further

indicate lacustrine sedimentation. The angular shard-like shapes of

many of the terrigenous particles imply that pyroclastic ejecta

settled into the shallow lake. A low energy environment probably

produced the thin layers of interbedded mudstone, tuffaceous

siltstone, and volcaniclastic sandstone and conglomerate within the

upper member of the Chalk Creek formation. The conformable

relationship with the dolomitic lakebeds suggests that these deposits

formed in a playa or small delta, which received a large influx of

volcaniclastic material. Accumulations of lapilli agglomerate near

basaltic intrusions probably represent remnant cinder cones.

The Chalk Creek formation essentially defines a lacustrine

facies pattern, as described by Picard and High (1972). The lower

conglomerate and sandstone member marks the outer fanglomerate and

fluvial facies through which ephemeral streams fed the nearshore

fluvial-deltaic facies (or playa-like deposits) of sandstone,

siltstone, and mudstone of the upper member, as well as the deeper

water facies of the dolomite member. Portions of all three members

were probably deposited contemporaneously. The transition from the
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dolomite of the middle member to the interbedded mudstone, sandstone,

and conglomerate of the upper member in the north-central part of the

map area reflects the typical coarsening-upward sequence of lake

sediments into shore and fluvial deposits. Most lakes completely fill

with sediment over relatively short periods of geologic time (Blatt,

Middleton, and Murray, 1980).

Gomez (1979) and Wilt and Scarborough (1981) described

sedimentary sequences of early to middle Miocene age in the region

north of Phoenix, approximately 120 km to the west of the map area,

which greatly resemble the Chalk Creek formation. Wilt and

Scarborough (1981) postulated that similar carbonates and mudstones

exist beneath dapping Hickey basalts throughout the Transition Zone.

Black Mesa Basalts 

Erosional remnants of a sequence of olivine to tholeiitic

basalt flows, ranging up to 80 m in thickness, are widespread

throughout the study area. The basalts are referred to as the Black

Mesa basalts in this investigation, because Black Mesa contains the

thickest, most areally extensive section of basalt (see Fig. 21). The

thick accumulation of basalt in the Black Mesa area coincides with the

axis of the early-Tertiary regionally extensive northeast-trending

topographic low, the zone of maximum thickness of the Whitetail

Conglomerate, and part of the distribution of the dolomite member of

the Chalk Creek formation (see Fig. 3, cross section A-A' and B-B').

The basalts conformably overlie the Chalk Creek formation in most

areas. However, a few thin flows are intercalated within the dolomite



Figure 21. Black Mesa basalts, Salt River Canyon.

Looking east along the southern edge of Black Mesa. The upper black
cliffs consist of at least three separate flow units within an
80-m-thick section of Black Mesa basalts. The thickness of the
individual flows increases up-section. Pebble conglomerates within
the lower member of the Chalk Creek formation make up the slope former
immediately beneath the Black Mesa basalts. The lower light brown
cliff-forming unit is composed of more than 150 m of the 20.2 m.y.
Apache Leap Tuff. The thick accumulations of basalt in the Black Mesa
area correspond to the axial part of the northeast-trending Salt River
paleocanyon, maximum zones of thickness of both the Whitetail
Conglomerate and Apache Leap Tuff, and part of the distribution of the
dolomite member of the Chalk Creek formation.
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member of the Chalk Creek formation in the Coon Creek area. In

addition, the basalts locally rest directly on the Apache Leap Tuff

and Precambrian basement on a gently sloping erosion surface in the

vicinity of the Redmond monocline and Coon Creek fault. The

elevation of the lower contact of the basalt increases toward the

south away from the Salt River. The basalts lap out altogether

against the foothills of the Sierra Ancha along the northern edge of

the map area.

K-Ar isotopic systematics conducted by the Laboratory of

Isotope Geochemistry at the University of Arizona indicate a middle

Miocene age for the Black Mesa basalts. A 16.21 0.45 m.y. basalt

rests on the Apache Leap Tuff and underlies the dolomite member of the

Chalk Creek formation about 300 m east of lower Coon Creek. A

14.67 ± 0.34 m.y. basalt flow directly overlies the dolomite member

3.0 km to the west on the northeastern edge of Black Mesa. The

distinct stratigraphic positions and ages of the above basalts permit

delineation of two separate formations of basalt in the Coon Creek-

Black Mesa area. However, the lack of lateral continuity between the

many exposures of basalt precludes delineation of two formations

throughout the map area without extensive geochronological and

geochemical analyses. Thus, all basalt flows stratigraphically above

the Apache Leap Tuff have been lumped together into the Black Mesa

basalts. The age, stratigraphic position, and composition of the
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Black Mesa basalts closely compare with that of the Hickey Formation

(Anderson and Creasey, 1958; McKee and Anderson, 1971), which covers

much of the Transition Zone in west-central Arizona.

The more complete sections of the relatively resistant, medium

to dark gray Black Mesa basalts usually contain three or four, and no

more than six, distinct flows, as revealed by the moderately steep

slopes and cliffs of basalt that cap numerous mesas and buttes (see

Fig. 21). Thin red paleosols, less than 1.0-m-thick, separate some of

the basalt flows. The thickness of the individual flows, which ranges

from 3 to 36 m, commonly increases up-section. The thickest

individual flows occur in the Black Mesa area. Many of the flow units

display basal agglomerates and scoriaceous tops. Some flows contain

abundant vesicles and amygdules, which are commonly filled with

calcite. Substantial quantities of cinder-like material are locally

interbedded within this formation, especially in the lower Coon Creek

area.

The Black Mesa basalts most commonly exhibit textural and

mineralogical features indicative of an olivine basalt classification,

as defined by MacKenzie, Donaldson, and Guilford (1982). Phenocrysts

of subhedral to euhedral olivine constitute from 2 to 10% of the rock.

Some units also contain small amounts of euhedral plagioclase

phenocrysts. A few phenocrysts range up to 3.5 mm in length, but most

average around 0.70 mm. An intergranular texture with only minor

amounts of interstitial glass dominates the microcrystalline

groundmass. The groundmass is typically composed of 75% plagioclase



8 3

microlites, 10% augite granules, 6% olivine, 3% iron oxides, and

accessory apatite. Iddingsite and opaque oxides completely replace

groundmass olivine and form rims around olivine phenocrysts. The

plagioclase in these basalts probably consists of calcic andesine

and/or labradorite. Calcite-filled vesicles commonly make up abaft. 1%

of the rock. The abundance of olivine, absence of a low-Ca pyroxene,

and presence of only minor amounts of glass all suggest an olivine

basalt composition for much of the Black Mesa basalts.

The thick and massive basalt flows that cap Black Mesa differ

significantly from the more widespread deposits of olivine basalt and

are more properly grouped within the tholeiitic basalt field according

to the classification scheme of MacKenzie et al. (1982). An absence

of groundmass olivine is the most striking contrast with the olivine

basalts. Olivine phenocrysts may have composed up to 2% of the

original rock, but have been completely altered to aggregates of

clinopyroxene, iron oxides, and serpentine. Euhedral plagioclase

phenocrysts, averaging 0.5 mm in length, of probable labradorite to

sodic bytownite composition constitute 10% of the rock. Traces of

hypersthene phenocrysts also occur in these basalts. The

microcrystalline groundmass displays an intergranular to locally

intersertal texture. The groundmass typically comprises 68%

plagioclase microlites, 12% granular clinopyroxene, 8% interstitial

glass, and 1% iron oxides. Some units also contain up to 1% of

rounded quartz xenocrysts with reaction rims of clinopyroxene. The
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apparent absence of olivine, significant amounts of interstitial

glass, and presence of hypersthene support a tholeiitic basalt

designation.

Andesite Intrusion 

A large isolated plug of moderately resistant, light gray

hornblende andesite rises 120 m above surrounding terrain as a

conspicuous butte 3.2 km southeast of Horseshoe Bend (see Fig. 22).

This intrusion of andesite is informally named the Grapevine plug,

because excellent exposures crop out along the southwestern flank of

Grapevine Canyon. The Grapevine plug surfaces 2.5 km southwest of the

Coon Creek fault within a N40W-trending zone of Miocene intrusions

(see Fig. 23). The 1.1 X 0.75 km plug is elongated toward the east-

northeast (see Fig. 2, geologic map).

The age of the andesite plug is constrained only by its

intrusion into the 1.4 b.y. Ruin Granite and the lap out against it of

the late Tertiary Coon Creek conglomerate. Its location within a

N40W-trending zone of documented or probable middle Miocene intrusions

suggests a middle Miocene age for the andesite plug. However, the

occurrence of the only known andesite flows in the Salt River Canyon

region either within the upper part of or directly atop the Whitetail

Conglomerate favors a late Oligocene-early Miocene age for the

andesite plug of Grapevine Canyon. A late Oligocene to middle Miocene

age is inferred for the Grapevine plug, because of the apparent lack

within the region of any other post-Precambrian igneous rocks.



Figure 22. Andesite plug of Grapevine Canyon.

Looking south at the Grapevine plug. This isolated plug of hornblende
andesite rises 120 m above surrounding terrain, 3.2 km southeast of
Horseshoe Bend.
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Figure 23. N4041-trending zone of Tertiary intrusions.

All of the observed Tertiary intrusions within the map area occur
along a N4014-trending zone, which lies subparallel to and 0.5 to
2.0 km southwest of the west-dipping Coon Creek fault. Crosscutting
relationships and K-Ar dates suggest that most of the intrusions were
emplaced in middle Miocene time. Tai=andesite intrusion; Tbi=basalt
dikes and plugs; Tri=dacite intrusions.
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A 50-m-wide zone of weakly indurated, clay-rich volcanic

breccia in shades of white, pink, and reddish-brown makes up the outer

margin of the Grapevine plug (see Fig. 24). The varicolored fragments

range from a few millimeters to several meters in diameter. The

breccia grades into an irregular zone of reddish-brown coherent

andesite, which in turn blends into the more typical light gray

lithology. Microscopic analysis reveals little difference between the

coherent andesite and the fragments within the breccia. However, the

marginal zones incorporate slightly greater amounts of interstitial

glass. In addition, reddish fragments within the encircling breccia

display unusually high amounts of opaque oxides whereas below normal

quantities characterize the lighter colored material. The breccia

locally contains small angular inclusions of the Ruin Granite.

However, the Coon Creek conglomerate conceals the intrusive contact

between the andesite plug and the Ruin Granite. Nevertheless, some

brecciation and discoloration is evident within the granite 50 m north

of the plug.

Despite notable morphological differences, the lithology of

the Grapevine plug is remarkably consistent. For example, phases of

andesite within the plug include: (1) a light gray thinly foliated

rock, (2) a grayish-brown, generally massive variety, and (3) a light

brown to light grayish-white foliated unit. All phases exhibit

irregular patterns of foliation. A thin zone of volcanic breccia



Figure 24. Volcanic breccia, Grapevine plug.

A 50-m-wide zone of weakly indurated, clay-rich volcanic breccia forms
the outer margin of the Grapevine andesite plug. Note hammer for
scale.
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bounds portions of the latter unit. More commonly, however, the

separate phases grade into one another-. Thin-section analyses show no

significant differences between the various morphologic varieties.

The textural and mineralogical features of the Grapevine plug

indicate a composition of porphyritic hornblende andesite. Hornblende

phenocrysts, which have been largely altered to magnetite and

hematite, make up I% of the rock. They average 0.8 mm in length, but

range up to 4.5 mm. Relict hornblende exhibits strong pleochroism,

varying from brown to pale green, and low extinction angles. A

hyalopilitic texture dominates the microcrystalline groundmass. The

groundmass generally consists of 52% plagioclase microlites of

probable andesine composition, 45% light brown glass, 2% opaque

oxides, and accessory apatite. Small amounts of granular pyroxene

and/or hornblende within the groundmass have been replaced by opaque

oxides. A few samples incorporate xenocrysts of sanidine and quartz,

up to 4.3 mm in length. The hyalopilitic texture, presence and

alteration of hornblende phenocrysts, and abundance of groundmass

andesine strongly suggest an andesitic composition for the Grapevine

plug.

Basaltic Intrusions 

Several basaltic intrusions of middle Miocene age, including a

major volcanic complex in the lower Coon Creek area, crop out along a

N4OW -trending zone, which extends across the entire map area southwest

of and subparallel to the Coon Creek fault (see Fig. 23). The

intrusions crosscut strata as young as the 20 m.y. Apache Leap Tuff
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and the early to middle Miocene Chalk Creek formation. Major late

Tertiary deformation and deposition of the Coon Creek conglomerate

both postdate emplacement of these igneous bodies. A large dike in

the lower Coon Creek area yields a K-Ar date of 14.83 t 0.35 m.y.

The lower Coon Creek area, 1.0 km north-northwest of Redmond

Flat, displays superb exposures of a large, previously unknown,

volcanic center, which is herein named the Coon Creek volcanic

complex. The dimensions of the complex exceed 1.3 X 0.75 km. A thick

accumulation of the Coon Creek conglomerate obscures the northwestern

margin of the complex. The Coon Creek volcanic complex may also

include parts of a large northeast-trending body of basalt, which

extends from near Dry Creek to the Coon Creek fault, just south of the

Cherry Creek Road. However, this body of basalt is designated as

extrusive flows (Tb) on the geologic map (see Fig. 2), because the

Coon Creek conglomerate conceals contact relationships between the

mass of basalt and older rock types.

The Coon Creek volcanic complex primarily consists of numerous

dikes and plugs. The dominant set of dikes strikes N30E. A

subordinate group of N40W-trending dikes commonly links the larger

N30E-striking intrusions. A 1.2 -km- l ong , 300-m-wide , N30E-trending

dike dominates the Coon Creek volcanic complex. It borders the

complex on the south, paralleling the Redmond fault (see Fig. 2).

Well developed columnar jointing, which typically exhibits subvertical

orientations, highlights the entire length of the dike (see Fig. 25).

The deep canyon along the lower reaches of Coon Creek fortuitously



Figure 25. Major basaltic dike, Coon Creek volcanic complex.

Looking northwest at 1.2-km-long, N30E-trending, 14.83 m.y. basaltic
dike along the southern margin of the Coon Creek volcanic complex.
The intrusive contact between the basaltic dike and Apache Leap Tuff
appears in the lower left corner. The orientation of the columnar
joints swings from subvertical to subhorizontal toward the intrusive
contact. The primary cooling history of the dike probably controlled
the orientation of the joints. Subhorizontal joints developed along
the southern margin as cooling centers formed perpendicular to the
contact with the "cool" country rock. The outer margins of the
300-m-wide dike provided a hot insulating blanket, which permitted
development of subvertical cooling centers and ultimately subvertical
columnar joints within the central part of the dike. The central part
of the dike essentially cooled in a manner similar to that of a sill.
Normal drag along the nearby Redmond fault may also account for some
of the change in columnar joint orientation.
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exposes a cross-sectional view of this conspicuous dike. The pattern

of columnar jointing becomes increasingly contorted toward the center

of the dike. Samples obtained from the central part of the dike, as

exposed along lower Coon Creek, yield a K-Ar date of 14.83 0.35 m.y.

Several smaller feeder dikes (see Fig. 26), ranging up to 10 m in

width, and plugs (see Fig. 27), some of which exceed 100 m in length,

crop out along the northwestern margin of the complex. The plugs are

commonly elongated toward the northeast.

Much of the Coon Creek volcanic complex is also composed of

poorly sorted, weakly indurated, reddish-brown to yellowish lapilli

breccia and agglomerate. Many of the dikes and plugs crosscut the

breccia and agglomerate (see Fig. 26). The mass of lapilli also

contains minor amounts of spatter and volcanic bombs. The basaltic

fragments within the breccia and agglomerate have been significantly

altered, as demonstrated by the abundance of opaque oxides and the

extensive sericitization of plagioclase microlites. A matrix of

calcite loosely cements the angular to rounded fragments of vesicular

basalt within the breccia and agglomerate. Much of the breccia and

agglomerate within the Coon Creek volcanic complex probably

corresponds to a remnant cinder cone.

The dark gray basalt within the Coon Creek complex weathers to

moderate slopes and cliffs in sharp contrast to the breccia and

agglomerate, which readily disintegrates to form topographic
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Figure 26. Feeder dike, Coon Creek volcanic complex.

Relatively small (2-m-wide) basaltic dike cuts lapilli breccia and
agglomerate in the western part of the Coon Creek volcanic complex.
Note pack for scale.
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Figure 27. Basaltic plug, Coon Creek volcanic complex.

Several basaltic plugs crop out in the western part of the Coon Creek
volcanic complex. The 6-m-wide plug at left-center exhibits a well-
developed concentric foliation pattern.
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depressions. This contrast in weathering accentuates exposures of the

dikes and plugs. Good exposures of lapilli are confined to deeply

dissected drainages.

The intrusive contact with the surrounding country rock is

best exposed along the southern margin of the Coon Creek volcanic

complex, where the basalts of the 1.2-km-long dike abut against the

Apache Leap Tuff. The normally subvertical columnar joints within the

dike roll over to subhorizontal attitudes along much of the intrusive

contact. A 3- to 10-m-wide zone of greenish-gray to yellowish-orange,

clay-rich gouge locally separates the basalt from the country rock.

Irregularly shaped, discontinuous zones of breccia, up to 3.0 m in

width, and intertwined veins of calcite disrupt the Apache Leap Tuff

along the intrusive contact. Small xenocrysts of sanidine, quartz,

and plagioclase derived from the Apache Leap Tuff pepper the basalt at

the contact Alteration within the adjacent wall rock of Apache Leap

Tuff was essentially restricted to the widespread replacement of

biotite with opaque oxides. The basalts throughout other portions of

the complex primarily intrude through deposits of lapilli with little

evidence of associated alteration or deformation.

Several isolated plugs and a few small dikes of basalt crop

out in other areas, including the Dry Creek vicinity adjacent to the

Cherry Creek Road, east of Coon Creek at the northern terminus of the

Redmond monocline, and 1.5 km southwest of Horseshoe Bend (see Fig. 2,

geologic map). Most of these intrusions are elongated toward the

north-northwest. A 1.0-m-wide zone of brecciated scoriaceous basalt



9 6

typically makes up the outer margin of the plugs where intruded into

the Apache Leap Tuff. However, little alteration or deformation

affects the wall rock of Apache Leap Tuff. By contrast, intrusions

emplaced into the Chalk Creek formation exhibit sharp coherent margins

with no apparent brecciation. Instead, the adjacent sedimentary rocks

are locally brecciated and warped into drag folds. The moderately

resistant, isolated intrusions of basalt usually form inconspicuous

landforms in contrast to the spectacular exposures of the Coon Creek

complex, because they are commonly surrounded by more resistant units

such as the Apache Leap Tuff.

The petrographic characteristics of the basaltic intrusions

suggest an olivine basalt composition. Phenocrysts, consisting of

subhedral olivine and traces of plagioclase and augite, constitute

about 4% of the rock. The phenocrysts average 0.8 mm in length, but

range up to 2.8 mm. The olivine phenocrysts have generally been

altered along cleavages and margins to serpentine, chlorite, opaque

oxides, and some clinopyroxene. An intergranular texture predominates

within the microcrystalline groundmass. However, many of the smaller

dikes and plugs contain up to 10% interstitial glass and an associated

intersertal texture. The groundmass is typically composed of 77%

labradorite (?) microlites, 14% granular clinopyroxene, 2% magnetite,

2% interstitial glass, and 1% olivine. Bluish-green overgrowths of

chlorite and/or hornblende coat some of the clinopyroxene granules

within the Coon Creek complex. Hydrous-magnesian silicates completely

replace the groundmass olivine. Xenocrysts of sanidine, up to 1.8 mm
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in length, were observed in one of the smaller feeder dikes within the

Coon Creek complex. The small quantities of interstitial glass,

apparent Absence of a low-Ca pyroxene, and significant amounts (5%) of

olivine imply an olivine basalt classification, but does not rule out

a tholeiitic basalt designation.

Dacite Intrusions 

Two light brown felsic plugs of probable dacitic composition

crop out 2.3 km west of Horseshoe Bend (see Fig. 2, geologic map).

The largest body, which protrudes along the south flank of the Salt

River Canyon, has been informally named the Eagle Roost plug, because

a pair of bald eagles nest atop a pinnacle within the complex (see

Fig. 28). The second plug surfaces 1.0 km south of the Salt River.

Local residents refer to this prominent landmark as Shendaby, an

Apache ward, which translates to scout or look-around (see Fig. 29).

Both of these igneous bodies lie 2.0 to 2.5 km southwest of the Coon

Creek fault.

The age of the felsic plugs is roughly constrained between

middle Miocene and Pliocene time. The Shendaby plug cuts through the

20 m.y. Apache Leap Tuff and an overlying undated basalt flow of

probable middle Miocene age. The late Tertiary Coon Creek

conglomerate contains clasts derived from the plugs.

A 370 X 230 m plug of flow-banded felsic rock, which is

elongated along a N3OW trend, dominates the Eagle Roost plug (see

Fig. 28). The highly resistant felsic rock weathers to precipitous

cliffs and spectacular pinnacles. The extremely rugged terrain



Figure 28. Eagle Roost dacite plug.

Looking east at N30W-elongated, 370 X 230 m dacite plug, which crops
out on the south flank of the Salt River Canyon 2.3 km west of
Horseshoe Bend.
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Figure 29. Shendaby dacite plug.

Looking north at N15W-elongated, 220 X 180 m Shendaby plug, which
crops out 2.3 km west of Horseshoe Bend. The snow-capped Sierra Ancha
looms in background.
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furnishes exceptional cross-sectional and plan views of the felsic

plug. At least four subvertical N20W- to N45W-trending feeder dikes,

each in excess of 2 m in width, radiate from the north side of the

plug. A 3- to 10-m-wide, medium gray, glassy chill zone borders most

of this igneous body. Subvertical foliation within the outer 30 m of

the plug consistently parallels the intrusive contact (see Fig. 2,

geologic map). Foliation patterns become more complex toward the

central portion of the plug. The center of the intrusive mass

contains two distinct breccia pipes (see Fig. 30), which display an

east-northeast-trending elongation. The fragments within the breccia

pipes range up to a few meters in length, but generally do not exceed

35 cm. Three smaller, lithologically similar, subperallel plugs crop

out within 200 m of the western margin of the dominant plug.

Inclusions of country rock are scarce and confined to the outer

margins of the intrusive bodies.

A narrow, discontinuous band of alteration and deformation

within the country rock encompasses the Eagle Roost plug. Irregular

zones of brecciation rarely extend more than 1.0 m into the resistant

wall rock of the White Ledges formation. Interstitial material

between the breccia fragments consists largely of sericite and 
iron

oxides.

Preexisting faults apparently did not influence the location

of the Eagle Roost plug, as evidenced by the lack of noticeable 
offset

within the surrounding White Ledges formation. However, 
the average

orientation of bedding within the early Proterozoic metasedimentary
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Figure 30. Breccia pipe, Eagle Roost plug.

Two east-northeast-elongated breccia pipes, ranging up to 180 m in
length, protrude through the central part of the Eagle Roost dacite
plug. Nearly all fragments consist of felsic volcanic rock. Note
hammer at lower right for scale.
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rocks swings to a more northerly trend in the vicinity of the felsic

intrusion. Only the two smallest plugs within this volcanic complex

are elongated in a direction parallel to the most prominent joint set

in the early Proterozoic rocks.

The morphology of the volcanic edifice of Shendaby differs

somewhat from the Eagle Roost plug. The highly resistant, steep-

sided, 220 X 180 m dome-like body of Shendaby towers 100 m above

surrounding terrain (see Fig. 29). It is slightly elongated toward

the north-northwest. In contrast to the Eagle Roost plug, Shendaby

has not been significantly dissected by the Salt River drainage.

Consequently, talus obscures contact relationships with the country

rock. However, the lack of dissection permits examination of the

upper, near surface levels of this volcanic plug. Subhorizontal to

moderately dipping foliation within the center of Shendaby abruptly

steepens to near vertical along all margins. The concentric pattern

of foliation resembles that of an endogenous dome. Primary folding

disturbs the flow-banding, or foliation, along at least the western

edge of Shendaby (see Fig. 31). The axial planes of these folds trend

N17W and dip 45 to 750 northeast. A crescent-shaped body of poorly

sorted, weakly indurated lapilli breccia and agglomerate bounds

Shendaby on the north. This deposit contains fragments of felsic

volcanic rock identical to that of the felsic intrusions, as well as

abundant amounts of basaltic material.
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Figure 31. Primary folds, Shendaby dacite plug.

The primary flow-banding along the western margin of the Shendaby plug
is warped into folds. The axial planes of the folds trend N17W and
dip 45 to 75° northeast. The attitude of the folds implies that the
upper beds moved upward and outward relative to the lower beds. Note
hammer for scale.
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The porphyritic felsic rock of the Eagle Roost and Shendaby

plugs exhibits a hyalocrystalline texture in which approximately 40%

euhedral to subhedral phenocrysts rest within a light brown to clear,

high-silica, glassy groundmass. Andesine (AN44) phenocrysts make up

about 38% of the porphyritic volcanic rock. The size distribution of

the feldspar phenocrysts differs between the two intrusions. The

Eagle Roost plug contains 8% relatively large feldspar phenocrysts and

30% microphenocrysts, as compared with 2% and 36%, respectively, for

Shendaby. The larger phenocrysts range up to 2.7 mm in length, but

average around 1.0 mm. Well developed zoning highlights many of the

larger phenocrysts. The maximum dimension of the lath-shaped micro-

phenocrysts averages 0.17 mm. Euhedral oxyhornblende phenocrysts,

averaging 0.5 mm in length, constitute 2% of the rock. Magnetite and

hematite commonly rim the oxyhornblende phenocrysts. Some of the

oxyhornblende crystals are completely altered to iron oxides,

chlorite, epidote, feldspar, and biotite. The dark reddish-brown

color of the z-axis and stronger pleochroism distinguish the

oxyhornblende of Shendaby from the dark olive green oxyhornblende of

the Eagle Roost plug. Only traces of quartz were found in either

intrusion. Magnetite/hematite and microlites of amphibole and/or

pyroxene each compose up to 1% of the groundmass. Accessory amounts

of apatite, sphene, and zircon also occur within the felsic plugs.

The assemblage of phenocrysts within the felsic plugs,

especially the absence of sanidine and presence of andesine, suggests

a dacitic composition. Although the occurrence of hornblende as the
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only significant mafic constituent is more indicative of rhyodacite,

fresh hornblende does occur in rapidly chilled, glass-rich dacites

(Williams et al., 1954). Despite the lack of quartz phenocrysts, the

apparent high-silica content of the groundmass indicates that the

overall composition may lie within the dacite field. Nevertheless,

firm delineation of the composition of the glass-rich felsic plugs

must await chemical analyses.

Coon Creek Conglomerate 

The Coon Creek conglomerate consists primarily of a thin basal

member of pebble to boulder volcaniclastic conglomerate and an upper

member of pebble to cobble conglomerate and minor amounts of

interbedded arkosic sandstone. The age of these sedimentary rocks is

poorly constrained between middle Miocene and Pliocene time by the

underlying Black Mesa basalts and the overlying Quaternary deposits.

However, deposition of the Coon Creek conglomerate postdates the

majority of late Tertiary deformation. Only the Redmond fault clearly

displaces the Coon Creek conglomerate. Angular unconformities

commonly separate the Coon Creek conglomerate from the underlying

strata. Moreover, the Coon Creek conglomerate is largely confined to

isolated north-northwest-trending structural basins (see Fig. 32).

Late Tertiary sedimentary deposits, which resemble the Coon

Creek conglomerate, have been described in adjoining areas of east-

central Arizona. Deposits in the Globe-Miami region have been

referred to as the Gila conglomerate by Ransome (1903) and

N. P. Peterson (1962). However, Heindl (1958, 
p. 178) concluded that
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Figure 32. Distribution of late Tertiary fanglomerates, Rockinstraw
Mountain quadrangle.

In contrast to earlier Tertiary strata, which accumulated in the
regionally extensive northeast-trending Salt River paleocanyon, late
Tertiary fanglomerates (stippled areas), such as the Coon Creek
conglomerate, were primarily deposited in isolated north -northwest -
trending structural basins. Nonetheless, the still imposing margins
of the Salt River paleocanyon continued to influence depositional
patterns in late Tertiary time, as evidenced by the pinch out of the
fanglomerates against the Sierra Ancha escarpment. The late Tertiary
fanglomerates also accumulated in narrow paleocanyons etched into
Tertiary strata in the axial part of the Salt River paleocanyon.
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"Gila conglomerate", as a regional unit, fails to meet practical and

scientific needs, because "it covers discontinuous deposition in many

basins over long periods of time; it is an ambiguous map unit; and its

usage fosters correlations within and between basins of deposits which

do not represent equivalent portions, either in space, time, or

environment". In addition, Lance et al. (1962) examined a sequence of

late Tertiary sedimentary rocks, the Tonto basin beds, in the Tonto

basin 10 to 50 km west of the study area. The Tonto basin beds

locally contain fossil horse teeth of Pliocene age (Lance et al.,

1962). Conglomerates along the eastern edge of the Tonto basin

greatly resemble the Coon Creek conglomerate. However, major faults

isolate the study area from the Tonto basin. Because most of the

offset along these faults predates deposition of the late Tertiary

conglomerates in the region, any correlation between the Tonto basin

beds and the Coon Creek conglomerate is impractical. The late

Tertiary conglomerates within the map area were named the Coon Creek

conglomerate, because a well exposed, thick section of both members

crops out in the vicinity of Coon Creek (see Fig. 2, geologic map).

The Coon Creek conglomerate overlies all older formations on

an erosion surface with considerable topographic relief. For example,

it fills a 35-m-deep channel cut into the Apache Leap Tuff on the

southwest side of Horseshoe Bend. Moreover, these 'sedimentary rocks

accumulated in two narrow, 200+-m-deep paleocanyons north and east of

Redmond Flat (see Fig. 33, Fig. 3, cross section D-D', and Fig. 2,

geologic map). The paleocanyons roughly correspond to the axial part



Figure 33. Coon Creek conglomerate filling paleocanyon, Redmond Flat
area.

The late Tertiary Coon Creek conglomerate at left unconformably
overlies the Oligocene-early Miocene Whitetail Conglomerate at right
on a highly irregular erosion surface. The Coon Creek conglomerate in
the Redmond Flat area accumulated in at least two, 200+-m-deep, late
Tertiary paleocanyons. Note the boulders of Apache Leap Tuff within
the Coon Creek conglomerate at the base of the cliff.
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of the regionally extensive, northeast-trending early Tertiary

topographic low. Similar to older Tertiary deposits, the Coon Creek

conglomerate laps out against the foothills of the Sierra Ancha along

the northwestern margin of the map area.

The degree of induration by calcareous cement greatly

influences the weathering characteristics of the Coon Creek

conglomerate. The well inIn7ealed basal volcaniclastic member and the

moderately indurated lower part of the upper member commonly form

resistant cliffs and ledges, where not obscured by talus from

overlying less resistant deposits. Optimum exposures occur in the

canyons north and east of Redmond Flat. In contrast, a thick mantle

of weathered debris restricts good exposures of the poorly to

moderately indurated upper portion of the Coon Creek conglomerate to

deeply dissected drainages in otherwise moderately sloping, hilly

terrain.

Massive, generally matrix-supported, light brown to light gray

volcaniclastic conglomerate, ranging up to 25 m in thickness,

constitutes the basal member of the Coon Creek conglomerate (see

Fig. 34). More than 95% of the clasts, which make up 50 to 75% of the

basal conglomerate, are composed of volcanic rock types. Mafic and

felsic volcanic rocks account for 10 to 65% and 35 to 90% of the

clasts, respectively. Most of the felsic clasts were derived from the

20 m.y. Apache Leap Tuff. Other clasts generally consist of

Precambrian granite and Apache Group rocks. The amount of Tertiary

volcanic material decreases substantially up-section. The average



Figure 34. Basal volcaniclastic member, Coon Creek conglomerate.

A matrix-supported volcanic lastic conglomerate characterizes the basal
part of the Coon Creek conglomerate. The angular to subangular clasts
are generally enclosed within a fine- to coarse-grained matrix of
lithic arkose. Although some of the units resemble volcanic
mudflows, most probably originated as debris flow deposits on alluvial
fans. The relative proportions of volcanic rock types vary according
to local source areas. Felsic volcanic rocks, derived primarily from
the Apache Leap Tuff, dominate the above exposure, which is located
along the Salt River in the western part of the study area. The
outcrop is approximately 5 m in height.
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length of the clasts varies from 7.5 cm for basalt to 20 cm for felsic

volcanic rock. Boulders of the Apache Leap Tuff locally exceed 2 m in

diameter. The clasts rest within a moderately sorted fine- to

coarse-grained matrix of lithic arkose, which typically comprises

subangular to subrounded grains of feldspar (40%), quartz (25%),

volcanic lithic fragments (30%), chert (57 ), and accessory magnetite.

A 12-m-thick deposit of megabreccia within the lower part of the Coon

Creek conglomerate immediately northeast of Redmond Flat is composed

entirely of pebble- to house-size angular fragments of the Apache Leap

Tuff.

The upper member of the Coon Creek conglomerate incoLporates

as much as 120 m of crudely-stratified, clast- to locally matrix-

supported, light gray pebble to cobble conglomerate and subordinate

amounts of interbedded sandstone. Subangular to subrounded clasts of

all older rock types generally make up About 50% of the upper member.

Local source areas govern the relative proportions of clast

lithologies. For example, clasts of early Proterozoic rock dominate

in units close to the pendant of early Proterozoic rock whereas clasts

of Apache Group rocks prevail near the foothills of the Sierra Ancha.

Tertiary volcanic rocks usually constitute from 30 to 75% of the

clasts. The clasts average 7.5 cm in length, but range up to 2.0 m.

Most of the large boulders were derived from the Apache Leap Tuff (see

Fig. 35). The interbedded sandstone units and matrix of the

conglomerate normally comprise poorly sorted, fine- to coarse-grained,
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Figure 35. Boulder of Apache Leap Tuff within Coon Creek conglomerate.

The lower part of the Coon Creek conglomerate contains numerous
boulders of the Apache Leap Tuff. The boulders serve as an important
stratigraphic marker, especially in areas where the Coon Creek
conglomerate rests directly on the Whitetail Conglomerate. The
2-m-wide boulder of Apache Leap Tuff shown above occurs within the
Coon Creek conglomerate on the north bank of the Salt River near
Redmond Flat. This deposit of Coon Creek conglomerate accumulated in
a 200+-m-deep paleocanyon and depositionanyoveTlies the Whitetail
Conglomerate.
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lithic arkose. The subangular to subrounded grains typically consist

of 40% feldspar, 35% lithic fragments, 20% quartz, and accessory chert

and magnetite.

Well developed sedimentary structures are scarce within the

relatively massive Coon Creek conglomerate. Although laterally'

extensive thin-bedded units occur in a few areas, poorly defined

bedding characterizes the formation. Cut-and-fill structures

generally do not exceed a few meters in depth and width. The Coon

Creek conglomerate locally exhibits cross-bedding and pebble

imbrication. These flow-direction indicators and the configuration of

the underlying erosion surface, particularly the orientation of the

paleocanyons in the Redmond Flat area, suggest transport toward a

local basin in the vicinity of Redmond Flat and an overall southwest-

flowing drainage system.

Similar to the Whitetail Conglomerate, several features within

the Coon Creek conglomerate indicate a fanglomerate origin. The

diagnostic properties (Bull, 1972) include the lack of organic matter,

a variety of strata and depositional types within individual outcrops

(sequences of beds vary greatly in particle size, sorting, 
and

thickness), the uniform thickness of some beds, and small-scale 
cut-

and-fill structures. The prevalence in many areas of massive, 
poorly

sorted deposits implies a preponderance of débris flow 
deposits within

the fanglomerates of the Coon Creek conglomerate. Moderately sorted,

gravelly to sandy units with small-scale cross-bedding and pebble

imbrication are more indicative of sheetflood 
deposits where laterally
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extensive and intermittent stream deposits where outcrop in scale.

The megabreccia of Apache Leap Tuff, northeast of Redmond Flat,

probably represents an intercalated landslide or rockfall deposit.

Difficulties in differentiating the late Tertiary Coon Creek

conglomerate and the Oligocene-early Miocene Whitetail Conglomerate

arise from the many similarities between these two formations. In

addition, as a result of the magnitude of topographic relief developed

on the late Tertiary erosion surface, the Coon Creek conglomerate

locally rests in depositional contact with the Whitetail Conglomerate,

which further hinders discriminating between these two separate

accumulations of fanglomerates. The likenesses comprise the relative

proportions of matrix and clasts, bedding characteristics, sorting,

and both the degree of rounding and size of clasts. Nevertheless,

several characteristics distinguish the Coon Creek conglomerate from

the Whitetail Conglomerate: (1) The well indurated basal

volcaniclastic member of the Coon Creek conglomerate is a conspicuous

stratigraphic marker (see Fig. 34), especially where in depositional

contact with the poorly indurated Whitetail Conglomerate, which

contains only traces of volcaniclastic material; (2) Cobbles and

boulders derived from the Apache Leap Tuff and Black Mesa basalts are

common in the Coon Creek conglomerate, but noticeably absent from the

Whitetail Conglomerate; (3) The light gray color of the Coon Creek

conglomerate contrasts with the reddish-brown to grayish-brown color

of the Whitetail Conglomerate; (4) The moderate induration within

much of the Coon Creek conglomerate differs from the predominantly,
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poorly indurated Whitetail Conglomerate; and (5) Nearly barren zones

of vegetation locally mantle the Coon Creek conglomerate, but were not

observed on the Whitetail Conglomerate.

Quaternary River Terraces 

Three distinct sets of paired river terraces straddle the Salt

River (see Fig. 2, geologic map). Because of their possible value in

interpreting recent faulting, the terraces were mapped wherever

observed. The three sets of terraces crop out at average elevations

of 890 m (2920 ft), 802 m (2630 ft), and 744 m (2440 ft). The terrace

gravels rest upon relatively planar surfaces, which commonly slope

toward the present-day Salt River. Only a few fragments of the upper

terrace, all less than 12-m-thick, are preserved. In contrast,

dissected exposures of the lower terraces, ranging up to 30 m in

thickness, cover large areas. The inside part of the large meander

loops at Horseshoe Bend and Redmond Flat contain the greatest

accumulation of terrace gravels. In the Redmond Flat area, the 744 m

terrace appears to merge laterally with the 802 m terrace.

The terrace deposits generally consist of weakly consolidated,

moderately sorted, clast-supported, pebble to cobble conglomerate.

The subrcunded to well rounded clasts, averaging 15 cm in length, rest

within a fine- to medium-grained matrix. Small amounts of calcareous

cement poorly indurate some of these gravel deposits. The small

quantities of matrix, the predominance of rounded clasts, and the poor

induration distinguish the terrace deposits from the Coon Creek

conglomerate.



116

The age of the river terraces is roughly defined as

Quaternary, because they disconformably overlie the late Tertiary Coon

Creek conglomerate, but predate recent downcutting by the Salt River

drainage system. The 744 m (2440 ft), 802 m (2630 ft), and 890 m

(2920 ft) surfaces within the map area may correlate with the Lehi,

Blue Point, and Mesa Terraces, respectively, of Pewe (1978) in the

lower Salt River Valley between Tempe and Roosevelt Dam (see Fig. 36).

Quaternary Pediment 

A thin veneer, rarely exceeding 10 m in thickness, of poorly

sorted, light gray to reddish-brown pediment gravel locally conceals

bedrock exposures on narrow, relatively flat-topped ridges. The

composition and size of the subangular clasts vary substantially

according to local source areas. The pediment gravels are

distinguished from deposits of colluvium by concave longitudinal

profiles that slope a few degrees away from nearby mountainsides.

Quaternary Col luvium

The Quaternary colluvium consists of unconsolidated

heterogeneous masses of coarse-grained to bouldery, angular rock

fragments. Colluvium was mapped only in areas where it obscures

critical relationships within the underlying bedrock. The greatest

accumulations, which locally exceed 40 m in thickness, occur on

downthrown structural blocks immediately adjacent to major normal

faults.
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Quaternary Alluvium 

Recent deposits of light brown, silty to gravelly,

unconsolidated alluvium mantle bedrock exposures primarily along the

major drainages. The alluvium generally consists of subequal amounts

of fine- to medium-grained sand and subrounded to well rounded

pebbles, cobbles, and boulders of all older rock types. Only the

thickest accumulations and those that conceal critical relationships

are shown on the geologic map. The total thickness of the alluvium

can rarely be determined, but commonly exceeds 10 m. A small

dissected alluvial fan immediately west of Cherry Creek ranges up to

20 m in thickness. The Salt River is locally entrenched more than 3 m

within its own alluvium. Thick units of fine-grained sand in the

mouths of several side canyons along the Salt River were probably

deposited by major floods of the Salt River.



CHAPTER 3

STRUCTURAL GECLOGY

General Structural Framework

The structural framework of the study area is primarily a

manifestation of middle to late Tertiary normal faulting and folding

along the inherent weakness of the Cherry Creek fault zone. This

north-northwest-trending fault zone, which includes nearly all of the

faults within the map area, dissects the region into a mosaic of

discrete structural blocks (see Fig. 2, structure map). North -

northwest -trending bedding and layering characterize the Tertiary

strata within these blocks. The Cherry Creek compartment, Coon Creek

fault, and Redmond fault constitute the major components of the fault

zone within the Rockinstraw Mountain quadrangle.

The northeast-trending pendant of early Proterozoic rock

extends obliquely across the mosaic of middle to late Tertiary

structural blocks. Litholcgic layering within the Hess Canyon group

exhibits an average trend of N68E. The inclination of layering within

the pendant progressively increases to the southeast toward the

intrusive contact with the Ruin Granite. Many faults change trend

abruptly or die out near the northern edge of the pendant along a

diffuse northeast-trending discontinuity of unknown nature and origin.

119
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Numerous closely-spaced, generally east-dipping, north-

northwest-trending faults fragment the northeastern part of the map

area into a myriad of narrow fault blocks (see Fig. 2). This distinct

section of the Cherry Creek fault zone is referred to as the Cherry

Creek compartment in this investigation. Blocks within the western

portion of the compartment are commonly tilted to the southwest.

Southwest-dipping strata give way to subhorizontal orientations toward

the east across the compartment. The faults typically accommodate

down-to-the-east displacement. The net down-to-the-east separation

diminishes southward from more than 450 m along the northern margin of

the study area to negligible amounts at the discontinuity near the

northern edge of the pendant of early Proterozoic rock. Most of the

faults either terminate against the Coon Creek fault or die out along

the northeast-trending discontinuity. The Liquor Spring and Shin

Dagger faults account for most of the offset within the compartment.

The Jump-Off Canyon fault, which crops out 2.5 km beyond the eastern

margin of the map area, may represent a southward continuation of the

Cherry Creek compartment. Down-to-the-east displacement along the

Jump-Off Canyon fault appears to increase dramatically toward the

south away from the northern edge of the pendant of early Proterozoic

rock. The Apache block rests between the east-dipping normal faults

of the the Cherry Creek compartment and the north-northwest-trending

Canyon Creek fault of Finnell (1962), which cuts across the Salt River

Canyon region 18 km east of Cherry Creek.



1 2 1

The north-northwest-trending, steep westward-dipping Coon

Creek fault constitutes the major structural feature within the mapped

portion of the Cherry Creek fault zone. It extends across almost the

entire map area, but is briefly interrupted along the discontinuity

near the northern edge of the pendant of early Proterozoic rock.

Down-to-the-west displacement typically exceeds 400 m along the Coon

Creek fault. This prominent structure partitions the Salt River

Canyon region into two distinct structural domains, as evidenced by

the attitudes of Tertiary strata. Although broken by faults, the

region to the east of the Coon Creek fault is characterized by flat-

lying strata whereas northeast-tilted fault blocks dominate areas to

the southwest.

The Cherry Creek and Jump-Off Canyon horsts lie between the

east-dipping faults of the Cherry Creek compartment and the west-

dipping Coon Creek fault. Unlike most of the fault blocks within the

study area, the horsts have been largely stripped of Tertiary cover,

and thus offer extensive exposures of the Precambrian basement.

An extensive terrane of northeast-tilted fault blocks, or

half-grabens, distinguishes the region to the southwest of the Coon

Creek fault. The west-dipping, north-northeast-trending Redmond fault

branches from the Coon Creek fault in the central part of the map

area. This fault and an associated west-facing monocline divide the

northeast-tilted terrane into two discrete half-grabens, the Black

Mesa and Rockinstraw Mountain blocks. Tertiary strata within these
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blocks dip 5 to 15° northeast. The amount of northeast-tilting
increases incrementally across other major southwest-dipping faults to

the southwest of the study area (see Fig. 4).

Major synclinal folds, the Coon Creek and Horseshoe Bend

synclines, warp strata along the eastern margins of the Black Mesa and

Rockinstraw Mountain fault blocks. The axial traces of the folds

parallel the Coon Creek and Redmond faults. The folds exhibit gently

plunging to subhorizontal axes. The gently tilted, east-dipping west

limbs of the folds bend abruptly into relatively narrow southwest-

tilted east limbs in which strata locally attain subvertical

attitudes. The east limb of the Coon Creek syncline extends laterally

into the middle limb of the west-facing Redmond monocline.

Configuration of Layering and Bedding 

Early Proterozoic Rocks

Bedding, lithologic layering, and foliation within the early

Proterozoic rocks of the Salt River Canyon region strike consistently

northeast (see Fig. 2, geologic map). The relatively undeformed,

homogeneous 1425 m.y. batholith of Ruin Granite intrudes discordantly

across the pendant of early Proterozoic rock, indicating an early to

middle Proterozoic age for the northeast-trending structural grain.

Northwest/southeast crustal shortening, involving major folding and

thrusting, produced the pervasive northeast-trending structural fabric

within the extensive early Proterozoic terrane of central Arizona
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(Wilson, 1939; Anderson, 1951; Gastil, 1958). Anderson and Silver

(1976) deduced a 1660 + 10 m.y. age for this deformational episode

within east-central Arizona.

The strike of bedding within the metasedimentary rocks of the

Hess Canyon group averages N68E within the study area (see Fig. 37).

The only significant deviations in strike occur in areas of obvious

post-early Proterozoic deformation. For example, in the southwestern

part of the map area bedding trends northwest within some of the small

isolated pendants of metasedimentary rock, which are separated from

the main body of early Proterozoic rock by large apophyses of granite

(see Fig. 2, geologic map). In addition, strata surrounding the Eagle

Roost plug of Neogene age swing slightly northeastward to an average

trend of N55E (see Fig. 38).

The inclination of bedding and layering within the Hess Canyon

group consistently dips southeast, but progressively increases toward

the intrusive contact with the Ruin Granite (see Fig. 2 and Fig. 3,

cross section F-F'). Dips commonly approach 80 ° within 50 m of the
granitic contact. Subvertical to slightly overturned strata crop out

within 200 m of the intrusive contact immediately east of the Redmond

fault. Although the early Proterozoic rocks locally exhibit

subhorizontal orientations near the exposed contact with the Redmond

formation, northwest-dipping strata were not observed within the study

area. Outcrop-scale asymmetric folds locally warp strata in both the

Yankee Joe formation (Livingston, 1969) and the White Ledges



Figure 37. Density contour diagram of poles to bedding in the Hess
Canyon group.

Contours represent 3-6-9-12-15-20 percent per 1 percent area. The
trend of bedding averages N68E. The bimodal distribution results from
a large variation in dip with loci at 30 and 57° southeast. This
pattern reflects the progressive increase in inclination toward the
intrusive contact with the Ruin Granite (see Fig. 3, cross section
F-F').
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Figure 38. Density contour diagram of poles to bedding in the Hess
Canyon group near the Miocene (?) Eagle Roost dacite plug.

Contours represent 3-9-15-20 percent per 1 percent area. Strata
within the Hess Canyon group swing toward more northeasterly
orientations within a few hundred meters of the dacite plug. The
average trend of bedding strikes N55E in the vicinity of the plug in
contrast to N68E for the bulk of the pendant of early Proterozoic
rock.
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formation. These apparent drag folds were not studied in detail,

because of their lack of relevance to the Tertiary history of the

region.

The average strike of N68E in the pendant of early Proterozoic

rock within the study area diverges from average trends in areas to

the northeast, which range from N35E to N50E (Livingston, 1969;

Cuffney, 1976). The Coon Creek fault separates the N68E-trending

domain within the map area from the N35E- to N50E-striking terrane to

the northeast.

Regional Northeast Tilt of Pre-Tertiary Strata

A slight regional northeast tilt, inherited from Mesozoic to

early Tertiary deformation (Peirce et al, 1979), characterizes pre-

Tertiary strata across much of east-central Arizona (Feth, White, and

Bern, 1954; Bromfield and Shride, 1956; Finnell, 1966a; Peirce, 1967;

Moore and Peirce, 1967; McKay, 1972; Peirce et al., 1979). Peirce

(1967) demonstrated that northeast-tilting extends from the Hopi Mesas

of the Colorado Plateau to the Salt River Canyon region of the

Transition Zone. Stratigraphic relationships indicate that the

regional northeast-tilting occurred during two separate episodes

(Peirce et al., 1979). Late Cretaceous marine strata of probable

Turonian age (Miller, 1962) onlap progressively older northeast-tilted

units, including the late Jurassic Morrison Formation, southwestward

toward the Mogollon Rim, thus suggesting a period of northeast-tilting

between late Jurassic and late Cretaceous time. Flat-lying Tertiary

gravels, bracketed between 54 and 28 ni.y. (Peirce et al., 1979), rest
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unconformably on northeast-dipping late Cretaceous units and

successively older strata toward the southwest, which indicates a

second pulse of tilting during Laramide time.

The northeast regional tilt forms a significant, but

inconspicuous, aspect of the structural framework within the Salt

River Canyon region. Although the regional tilt cannot be firmly

delineated within the map area, because of the lack of middle

Proterozoic, Paleozoic, and Mesozoic strata, a northeast slope of 1 to

20 partially accounts for the southward increase in the elevation of

the nonconformity between the Apache Group strata and the in Granite

(see Fig. 3, cross section A -P0). After taking into consideration

displacements along the Cherry Creek and Canyon Creek fault zones, the

decrease in elevation of the middle Proterozoic-Paleozoic contact from

2256 m (7400 ft) in the Aztec Peak area of the Sierra Ancha (Bergquist

et al., 1981) to 1646 m (5400 ft) near Canyon Creek (Finnell, 1966a)

requires a regional northeast slope of approximately 0.750. Moreover,

the northeast tilt creates more than 1020 m of structural relief

between Aztec Peak and the Mogollon Rim, which in turn suggests that

most of the study area presently lies at least 700 m structurally

Above the topographically higher Mogollon Rim.

Tertiary Strata

The attitude of bedding and layering within Tertiary and

middle Proterozoic strata averages N3OW, 6 NE (see Fig. 39), in marked

contrast to the northeast strike of bedding and layering within the



Figure 39. Density contour diagram of poles to bedding and layering-
Tertiary and middle Proterozoic strata throughout the map area.

The contours represent 3-6-9-15-25 percent per 1 percent area. The
average trend of N301, 70 NE reflects the predominance of the
northeast-tilted fault blocks within the map area.
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early Proterozoic rocks. The orientations of Tertiary strata were

determined from both outcrop measurements and three-point

constructions (see Fig. 2, geologic map). The configuration of

layering and bedding within the Tertiary and middle Proterozoic strata

can be described in terms of three distinct domains, all of which are

spatially associated with the major components of the Cherry Creek

fault zone. The first domain incorporates the Black Mesa and

Rockinstraw Mountain northeast-tilted fault blocks and the major

synclinal folds along the eastern margins of the blocks. The Coon

Creek fault bounds this domain on the northeast. The second domain

consists of the 0.5- to 1.5-km-wide zone of southwest-dipping strata

within several fault blocks in the western portion of the Cherry Creek

compartment (see Fig. 2, structure map). The Shin Dagger fault

borders the domain of southwest-tilted fault blocks on the west.

Subhorizontal strata in the northeastern part of the map area

distinguish the third major domain.

Attitudes within the northeast-tilted fault blocks of the

first domain average N40W, 8 NE (see Fig. 40). Northeast dips

gradually decrease to the east toward the axial traces of the Coon

Creek and Horseshoe Bend synclines. Southwest dips within the narrow

east limbs of the synclines increase abruptly toward the Coon Creek

and Redmond faults (see Fig. 3, cross sections B-B' and E-E'). The

west-facing Redmond monocline composes one segment of the east limb of

the Coon Creek syncline. Strata within the middle limb of the

monocline generally dip 30° west. The overall average orientation of



Figure 40. Density contour diagram of poles to bedding and layering-
Domain 1 of Tertiary strata.

The contours represent 3-7-10-15-25-30 percent per 1 percent area.
Domain 1 comprises the Black Mesa and Rockinstraw Mountain northeast-
tilted fault blocks. The trend of bedding and layering averages N4OW,
8° NE.
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N3OW, 6 NE of bedding and layering throughout the map area reflects

the areal predominance of the northeast-tilted fault blocks. The

domain of northeast-tilted fault blocks continues at least 15 km

beyond the map area toward the southwest.

Strata within the narrow second domain exhibit an average

orientation of N30W, 22 SW (see Fig. 41). Southwest dips, which

rarely exceed 350, decrease incrementally toward the northeast across

the closely-spaced faults of the Cherry Creek compartment (see Fig. 3,

cross sections C-C' and D-D'). This domain is confined to several

discontinuous fault blocks within the Cherry Creek compartment.

The third domain encompasses a regionally extensive terrane of

subhorizontal strata that begins in the vicinity of Cherry Creek,

extends across the eastern portion of the Cherry Creek compartment and

Cherry Creek fault zone, and continues 18 km toward the east to the

Canyon Creek fault. Subhorizontal strata also characterize both the

Cherry Creek and Jump-Off Canyon horsts.

The Cherry Creek fault zone within the Salt River Canyon

region separates the expansive domain of subhorizontal strata to the

northeast from the regionally extensive domain of northeast-tilted

strata to the southwest, as originally noted by Davis et al. (1981).

The Coon Creek fault, a major component of the Cherry Creek fault

zone, forms a discrete boundary between these two distinct domains.

The north-northwest-striking bedding and layering within the

Tertiary strata developed between middle Miocene and Pliocene time, as

evidenced by the tilted Black Mesa basalts and the lack of deformation



Figure 41. Density contour diagram of poles to bedding and layering-
Domain 2 of Tertiary strata.

The contours represent 3-6-9-12-18 percent per 1 percent area.
Domain 2 incorporates several fault blocks between the Shin Dagger
fault and Cherry Creek within the Cherry Creek compartment of the
Cherry Creek fault zone. The trend of bedding and layering within
this domain averages N30W, 22° SW.
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within the upper member of the Coon Creek conglomerate. Three-point

constructions within the Black Mesa area indicate that Oligocene and

early Miocene units are not tilted to any greater degree than the

middle Miocene basalts. Some of the inclination within the basal

fanglomerates of the Coon Creek conglomerate may be primary.

Cherry Creek Fault Zone

Regional Extent

Shride (1967) described a 37-km-long, complex structural belt,

ranging in width from 3.2 to 6.4 km, in the canyon of Cherry Creek to

the north of the map area. Bergquist et al. (1981) later mapped

portions of this structural belt. The "Cherry Creek structural belt"

includes a major west-Lacing monoclinal fold and several closely -

spaced, subparallel, steeply-dipping faults, which primarily disrupt

middle Proterozoic strata. Steep westward-dipping to locally

overturned strata in a narrow 150- to 600-m-wide zone of intense

monoclinal folding (see Fig. 42) bound the principal fault within the

structural belt on the west. The nonconformity between the middle

Proterozoic Apache Group rocks and the Ruin Granite rests at similar

elevations on either side of the structural belt despite large scale

structural relief created by the west-facing monocline (Shride, 1967;

Bergquist et al., 1981). Middle Proterozoic diabase dikes are

emplaced along much of the structural belt. Furthermore, the

distribution of middle Proterozoic diabase sills changes abruptly

across the the structurally complex zone. Shride (1967) noted that



Figure 42. Cherry Creek monoc line.

Looking north at the synclinal bend of the erosionally breached, west-
facing Cherry Creek monocline near Billy Lawrence Canyon in the
McFadden Peak quadrangle. Apache Group strata swing abruptly from
subhorizontal (at left) to overturned (at right) in a 250-m--wide zone
of intense folding. The strata in the folded section have been
thinned appreciably by layer-parallel shearing. The axial trace of
the monocline appears to project southward into the Liquor Spring
fault.
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similar fault and diabase intrusion patterns in the northeastern

corner of the Globe quadrangle, as mapped by N. P. Peterson (1954),

lie along a southward projection of the "Cherry Creek structural

belt".

The north-northwest-trending Cherry Creek structural zone cuts

across more than 60 km of central Gila County. The north-northwest-

trending zone of closely-spaced faults and subordinate folds that

slice through the Tertiary strata within the eastern part of the

Rockinstraw Mountain quadrangle (see Fig. 2, geologic map) continues

northward primarily along the drainage of Cherry Creek into the

"Cherry Creek structural belt" of Shride (1967). The entire length of

this regionally extensive structural belt is here referred to as the

Cherry Creek fault zone, because the relatively narrow zone of

interrelated, closely-spaced, subparallel faults and folds crops out

along much of its length in the canyon of Cherry Creek. Geologic

reconnaissance to the south of the map area supports Shride's (1967)

original hypothesis that the Cherry creek structure projects into the

northeastern corner of the Globe quadrangle. The total length of the

Cherry Creek fault zone probably exceeds 75 km.

Faults

The Cherry Creek fault zone within the Salt River Canyon

region primarily consists of a 4- to 8-km-wide, north-northwest-

trending zone of steeply-dipping normal faults. It essentially

includes all faults within the study area. The eastern margin of the

fault zone, however, crops out 2 to 3 km beyond the eastern edge of
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the map area. The fault zone widens somewhat to the south across the

Salt River Canyon region. The individual faults within the study area

exhibit an average trend of N14W (see Fig. 43), which reflects the

overall orientation of the fault zone. Unlike most of its length, the

Cherry Creek fault zone within the Salt River Canyon region disrupts a

thick sequence of Tertiary strata, which affords the opportunity to

delineate the timing, magnitude, and style of Tertiary deformation

along this regionally extensive structure.

Offsets within the Tertiary volcanic and sedimentary rocks of

the Salt River Canyon region record middle to late Tertiary

deformation along the Cherry Creek fault zone. Most of this

deformation postdates deposition of the Black Mesa basalts. The Coon

Creek conglomerate displays only minor amounts of tilting and offset,

primarily within the lower part of the section. These relationships

bracket the age of a major deformational event along the Cherry Creek

fault zone between middle Miocene and Pliocene time.

The faults within the Salt River Canyon part of the Cherry

Creek fault zone can be subdivided into three components on the basis

of distinct physical and geometric characteristics: (1) the Cherry

Creek compartment; (2) Coon Creek fault; and (3) Redmond fault (see

Fig. 2, structure map). Fault rocks within these subdivisions were

classified using criteria established by Sibson (1977). Rose diagrams

of the mean strike of individual 300-m-long segments of the steeply-

dipping faults were compiled in order to graphically show the average

trends of the major components of the fault zone.



Figure 43. Strike-histogram rosettes, Cherry Creek fault zone.

The faults within the Cherry Creek fault zone were divided into
300-m-long segments.. The mean strike of each segment was measured and
grouped in 100 intervals. The rosette bars represent 10 0 strike
intervals. The lengths of the strike bars are proportional to the
percentages of total strike measurements. The faults within the
Cherry Creek fault zone exhibit an average trend of N1414.
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Cherry Creek Compartment. Several closely-spaced, north-

northwest-trending normal faults within the northeastern quarter of

the study area constitute the Cherry Creek compartment. The 4-km-wide

compartment is bordered by the Coon Creek fault and Cherry Creek horst

on the west and the eastern margin of the Cherry Creek fault zone on

the east (see Fig. 2, structure map). The trend of the faults within

the compartment averages N11W (see Fig. 44). Most of the faults

exhibit discontinuous, somewhat sinuous traces with lengths of less

than 5 km. Many of these interrelated faults intersect one another

typically at angles in excess of 450• Fault intersections are

commonly obscured by late Tertiary to Quaternary cover in areas of low

relief, as illustrated 0.5 km west of the mouth of Bee Canyon (see

Fig. 2, geologic map). Travertine deposits coincide with a few of the

junctures. Spacing between the faults, which varies from less than

100 m to more than 800 m, generally increases toward the south and

west. Increased spacing to the south partially results from the

termination of many faults in the vicinity of the northern edge of the

pendant of early Proterozoic rock. Some of the north-northwest-

trending faults swing abruptly to northeast orientations before dying

out in this area. Only a few relatively widely-spaced faults cut

across much of the pendant.

The Liquor Spring and Shin Dagger faults make up the two

principal structures within the Cherry Creek compartment (see Fig. 2).

The name of the westernmost "Liquor Spring" fault is derived from the



Figure 44. Strike-histogram rosettes, Cherry Creek compartment.

The rosette bars represent 100 strike segments. The lengths of the
strike bars are proportional to the percentages of total strike
measurements. The faults within the Cherry Creek compartment of the
Cherry Creek fault zone exhibit a mean trend of N11W.
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spring that issues from it. The Liquor Spring fault bounds the Cherry

Creek horst on the east. The N5W mean strike of the Liquor Spring

fault deviates slightly from the overall average trend of faults

within the compartment. Many faults within the Cherry Creek

compartment terminate against the Liquor Spring fault. The Liquor

Spring fault is in turn truncated to the south by the Coon Creek

fault. The second major fault, which is informally referred to as the

Shin Dagger fault because of the vegetation that guards it, branches

from the Liquor Spring fault about 1.3 km north of the juncture

between the Coon Creek and Liquor Spring faults. The Shin Dagger

fault dies out in a complex zone of poorly exposed, closely-spaced

faults 2.5 km north of Horseshoe Bend.

The amount of southwest-tilting of the numerous fault blocks

within the Cherry Creek compartment progressively decreases toward the

east roughly in accordance with an increase in dip of the bounding

faults. The inclination of layering and bedding diminishes from a

maximum of 35 ° southwest immediately east of the Shin Dagger fault
(Domain 2 of configuration of layering and bedding--Tertiary strata)

to subhorizontal in the vicinity of Cherry Creek (Domain 3). The

inclination of the generally east-dipping faults increases from an

average of 56° and 65° along the Liquor Spring and Shin Dagger faults,
respectively, to subvertical along Cherry Creek. Some faults also dip

steeply west near Cherry Creek.
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The faults within the mapped portion of the Cherry Creek

compartment generally accommodate down-to-the-east displacement. The

Liquor Spring and Shin Dagger faults, which most commonly juxtapose

Tertiary strata on the east against a footwall of Precambrian granite

on the west, account for more than 75% of the net separation. Down -

to -the -east offset between the Cherry Creek horst and Cherry Creek

exceeds 450 m to the north of Dagger Canyon, but diminishes to 115 m

at Lawrence Creek and to essentially zero near the mouth of Cherry

Creek. Structures on trend but beyond the map area to the southeast

facilitate down-to-the-southwest stratigraphic separation (see Fig. 3,

cross section E-E'). The strip map of lower Bee Canyon (see Fig. 2,

geologic map) demonstrates that several faults fragment the remainder

of the compartment east of Cherry Creek into several narrow horsts and

grabens. These features apparently produce little overall structural

relief.

A major fault also slices through the Jump-Off Canyon area,

2.5 km east of the mouth of Cherry Creek (see Fig. 2, structure map).

This structure is informally referred to as the Jump-Off Canyon fault

in this study. The Jump-Off Canyon fault accommodates roughly 400 m

of left lateral separation within the pendant of early Proterozoic

rock. Assuming a 45° southeast dip within the White Ledges formation,
simple construction suggests approximately 400 m of down-to-the-east

displacement along the fault, which closely compares with that

determined for the Cherry Creek compartment north of Dagger Canyon.

The amount of displacement along the Jump-Off Canyon fault seems to
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increase toward the south roughly in accord with the decrease in down-

to-the-east offset within the mapped portion of the Cherry Creek

compartment.

The amount of gouge and breccia development within the Cherry

Creek compartment generally corresponds to the magnitude of offset

along the associated fault. Thin irregular zones of gouge and

breccia, up to 5 m in width, mark the lesser faults. In contrast, the

band of fault rocks along both the Shin Dagger and Liquor Spring

faults commonly exceeds 60 m in breadth. Poor exposures of the Shin

Dagger fault preclude a detailed analysis of the related fault rocks.

However, two large slivers of fault breccia, composed of the Apache

Leap Tuff, crop out along the northern part of the Shin Dagger fault

(see Fig. 2, geologic map). The zone of deformation along the Shin

Dagger fault diminishes to less than 1 m in width toward the southeast

in accordance with the decrease in separation. Excellent exposures of

well developed fault rocks distinguish the entire length of the Liquor

Spring fault. The thickness of the zone of deformation remains

constant to the south of the intersection with the Shin Dagger fault

despite an appreciable decrease in apparent offset.

A 60-m-thick zone of well indurated, partially silicified,

microbrecciated granite highlights the zone of fault rocks along the

Liquor Spring fault (see Fig. 2, geologic map). The highly resistant

dark reddish-brown to purplish microbreccia forms a chain of prominent

hogbacks. Textural features suggest that the intensity of deformation

increases down-section toward a major shear zone in the lower few
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meters of the microbreccia. Protocataclasite in the upper part of the

microbreccia grades downward into an ultracataclasite (see Figs. 45

and 46). A reduction in grain size within the matrix from fme-

grained to fine silt-size material accompanies this transition.

Crystal fragments in excess of 5 mm in length remain in all but the

ultracataclasite. Numerous closely-spaced, anastomosing

microfractures pervade the protocataclasite. The microfractures are

coated with hematite and magnetite. Zones of chlorite and subordinate

sericite commonly surround the inner bands of fracture-coating iron

oxides. Alteration products such as hematite, chlorite, and sericite

compose up to 20% of the prOtocataclasite. The ultracataclasite,

however, exhibits more widely-spaced microfractures and only minor

amounts of the associated alteration products. The microbreccia also

contains significantly greater amounts of quartz and smaller

quantities of feldspar and biotite than the undeformed granite.

Residual fragments of feldspar within the microbreccia have been

largely replaced by sericite and opaque minerals. Most of the biotite

has been altered to hematite and titanomagnetite. Some of the relict

biotite grains are crenulated. The intensity and style of deformation

within the ribs of microbrecciated granite do not change to the south

of the intersection with the Shin Dagger fault.

The microbrecciated granite along the Liquor Spring fault is

commonly enveloped by irregular bands of granitic crush breccia. In

addition, a 20- to 60-m-wide zone of gouge and subordinate crush

breccia largely derived from Tertiary strata locally bounds the
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Figure 45. Protocataclasite, Liquor Spring fault.

Protocataclasite dominates the upper part of the 60-m-thick zone of
microbrecciated granite along the Liquor Spring fault. In accordance
with the classification scheme of Sibson (1977), a cohesive matrix
(left center) makes up 10 to 50% of the protocataclasite. Note the
relict senate texture and anhedral to subhedral grain boundaries at
lower right and right center. This microphotograph was taken using
crossed nicols.
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Figure 46. Ultracataclasite, Liquor Spring fault.

Ultracataclasite characterizes the lower part of the 60-m-thick zone
of microbrecciated granite along the Liquor Spring fault. A cohesive
matrix constitutes more than 90% of the ultracataclasite. The primary
texture of the granite has been completely obliterated within the
ultracataclasite. This microphotograph was taken using crossed
nicols.
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microbreccia on the east. Purplish-gray to green gouge originating

from the Tertiary strata give way to narrow bands of reddish- to

yellowish-brown gouge adjacent to the microbrecciated granite.

Coon Creek Fault. The northwest-trending, steep west-dipping

Coon Creek fault constitutes one of the most prominent structural

features within the Salt River Canyon region. The name was taken from

Coon Creek, because the best exposed portion of the fault runs

parallel to and 0:7 km east of Coon Creek in the north-central part of

the map area. The slightly sinuous Coon Creek fault extends across

the entire map area from Horseshoe Bend to the foothills of the Sierra

Ancha (see Fig. 2, geologic map). In contrast to the more northerly

orientations of the other major components of the Cherry Creek fault

zone, the Coon Creek fault exhibits an average trend of N33W (see

Fig. 47). It is one of the few structures that cuts laterally across

the bulk of the pendant of early Proterozoic rock. The only

interruption in the Coon Creek fault within the Salt River Canyon

region is a 1.0-km-long-long break at the intersection with the Shin Dagger

fault near the northern edge of the pendant of early Proterozoic rock,

2.0 km southwest of the mouth of Cherry Creek.

The full length of the Coon Creek fault probably exceeds

30 km. The Coon Creek fault branches nPar the northern margin of the

map area. The main splay swings northwestward and continues at least

10 km beyond the edge of the study area, as shown on the geologic map
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Figure 47. Strike-histogram rosettes, Coon Creek fault.

The rosette bars represent 100 strike intervals. The lengths of the
strike bars are proportional to the percentages of total strike
measurements. The trend of the Coon Creek fault averages N331,57.
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of the Sierra Ancha by Bergquist et al. (1981). The Coon Creek fault

also projects several kilometers to the south-southeast of Horseshoe

Bend.

Most of the major structures within the study area, including

the Liquor Spring fault, Redmond fault, and ultimately the Shin Dagger

fault terminate against, or branch from, the Coon Creek fault. The

faults typically intersect at angles ranging from 45° to 80°. The
Coon Creek fault bounds the Cherry Creek compartment on the west. A

few minor subparallel faults with lengths of less than 2.0 km crop out

to the southwest of the Coon Creek structure in the Horseshoe Bend

area and north of Redmond Flat.

Surface exposures of the Coon Creek fault typically dip more

than 750 southwest. The dip decreases to approximately 60 0 near the

intersections with the Liquor Spring and Redmond faults. A small

segment of the Coon Creek fault, 500 m east of Coon Creek in the

north-central part of the map area, displays an anomalous east dip.

The Coon Creek fault essentially divides the Salt River Canyon

region into two major structural domains. A regionally extensive

domain of northeast-tilted fault blocks dominates to the southwest

whereas flat-lying strata characterize the region to the northeast.

The sharp division between these two domains suggests a slightly

curved geometry at depth for the west-dipping Coon Creek fault.

The Coon Creek fault accommodates significant down-to-the-west

stratigraphic separation, more than any other fault within the map

area. It typically juxtaposes Tertiary strata on the west against the
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Precambrian crystalline basement on the east (see Fig. 48). The

magnitude of separation ranges from 0 to more than 640 m.

Approximately 485 m of offset are distributed among two splays of the

Coon Creek fault along the the northern margin of the study area (see

Fig. 2, geologic map). The predominant western branch accommodates

75% of the total separation. The amount of offset increases slightly

toward the south to at least 550 m immediately north of the

intersection with the Redmond fault (see Fig. 3, cross section C-C).

Separation diminishes to 260 m, however, to the southeast of this

juncture and further plummets to zero along the aforementioned

discontinuity, 2.0 km southwest of the mouth of Cherry Creek. To the

southeast of this break, the amount of offset balloons to more than

640 m in the Horseshoe Bend area.

The band of fault rocks along the Coon Creek fault ranges up

to 30 m in width and generally consists of crush and/or fault breccia.

Gouge is developed primarily within a few meters of the fault surface

in less competent units such as the Whitetail Conglomerate and early

Proterozoic argillites. Most of the fault rocks are discolored by

hematite and limonite, especially where the fault rocks have been

derived from the Ruin Granite. The most intensely deformed rocks are

protocataclasites.

Redmond Fault. The north-northeast-trending, steeply-dipping,

somewhat sinuous Redmond fault slices through the central and south-

central parts of the map area (see Fig. 2). The "Redmond fault" is

named for Redmond Wash, which features unusually good exposures of the



Figure 48. Coon Creek fault.

Looking north at the steep, west-dipping Coon Creek fault in the
north-central part of the map area, 450 m east of Coon Creek. Light
brown Apache Leap Tuff at left center is juxtaposed against reddish-
brown Ruin Granite on right.
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fault. The Redmond fault passes laterally into a 1.5-km-long

monoclinal fold before terminating against the Coon Creek fault. It

intersects the Coon Creek fault at a 700 angle near a large travertine

deposit, 3.0 km north of Redmond Flat. The trend of the Redmond fault

averages N5E (see Fig. 49). Dips range from 70° west to vertical.

Recent deposits of alluvium and grus conceal much of the trace of the

Redmond fault. Nevertheless, the Redmond fault probably continues

into the northeastern corner of the Globe quadrangle, 15 km south-

southeast of the study area.

Geologic cross sections (see Fig. 3, B-B' and E-E') indicate

that down-to-the-west normal separation along the Redmond fault

increases from 275 to 335 m toward the south across the study area.

The lower part of the Coon Creek conglomerate, as exposed along the

south bank of the Salt River, is offset 6 m by the Redmond fault.

The zone of deformation along individual shear planes within

the Redmond fault rarely exceeds 15 m in width. Most of the fault

rocks consist of fault and crush breccia. Gouge is generally confined

to within 3 m of the shear planes. The Ruin Granite has locally been

altered into narrow bands, less than 3 m in width, of

protocataclasite. The protocataclasite exhibits highly altered

plagioclase, abundant fracture-coating hematite, and greater than

normal amounts of quartz.

A poorly exposed, largely inferred, east-dipping fault, which

lies 0.6 to 1.0 km east of and subparallel to the Redmond fault, cuts

through the pendant of early Proterozoic rock and presumably
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Figure 49. Strike-histogram rosettes, Redmond fault.

The rosette bars represent 100 strike intervals. The lengths of the
strike bars are proportional to the percentages of total strike
measurements. The trend of the Redmond fault averages N5E.
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intersects the Coon Creek fault, 1.8 km north of Redmond Flat (see

Fig. 2). Down-to-the-east displacement of Tertiary strata along the

fault is probably less than 40 m. Strata within the White Ledges

formation near the contact with the Ruin Granite dip more steeply, and

are locally overturned, on the horst-like feature between this fault

and the Redmond fault.

Folds

Three discrete sets of folds warp strata within the

Rockinstraw Mountain quadrangle: (1) major synclines; (2) isolated

monoclines; and (3) a local occurrence of closely-spaced (75 m)

anticlines and synclines. Most of the folds display both spatial and

temporal relationships to faults within the Cherry Creek fault zone.

The folds deform strata as young as middle Miocene. Some of the folds

also involve the lower part of the Coon Creek conglomerate. The age

of folding is thus constrained between middle Miocene and Pliocene

time, which coincides with the major episode of normal faulting.

Synclines. Strata along the eastern margins of the Black Mesa

and Rockinstraw Mountain structural blocks are warped into the Coon

Creek and Horseshoe Bend synclines, respectively. These major

synclinal folds typically exhibit a subhorizontal, upright, and gentle

to open cylindrical geometry. The slightly sinuous, steeply-dipping

axial surfaces of the synclines constitute the structurally lowest

parts of the Black Mesa and Rockinstraw Mountain half-grabens. The

northeast-tilted fault blocks compose the broad, gently dipping (5 to
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15°) west limbs of the synclines. Southwest dips within the narrow

east limbs of the folds steadily increase to the east toward the

bordering Coon Creek and Redmond faults. Dips commonly exceed 300 and

locally attain subvertical attitudes immediately adjacent to the

faults.

The north-northeast-trending axial trace of the Coon Creek

syncline crops out 0.1 to 1.0 km west of, and subparallel to, the

Redmond fault and northern leg of the Coon Creek fault (see Fig. 2).

This fold is here named the "Coon Creek syncline" because its axial

trace roughly corresponds with the Coon Creek drainage north of the

Salt River. The lithologic layering and well developed subhorizontal

jointing within the Apache Leap Tuff near Redmond Wash in the

southwestern corner of the map area best delineate the Coon Creek

syncline. By contrast, the little-deformed Coon Creek conglomerate

obscures much of the axial trace in the vicinity of Coon Creek. The

fold appears to die out near the northern margin of the study area.

The plunge of the axis of the Coon Creek syncline decreases from 12 to

50 north-northeast between the southern margin of the map area and the

Salt River. A subhorizontal fold axis characterizes the fold north of

the Salt River.

Subvertical attitudes are common within the east limb of the

Coon Creek syncline adjacent to the Coon Creek fault. Some of the

Tertiary units, especially the Apache Leap Tuff, have been thinned

significantly in the steeply-dipping east limb. The relatively thin

sequence of sedimentary rocks within the Chalk Creek formation is
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missing from this part of the fold. Attitudes within the east limb

decrease significantly south of the intersection between the Redmond

and Coon Creek faults. The east limb of the fold extends into the

middle limb of the west-facing Redmond monocline, 0.5 km south of the

Above juncture (see Fig. 2 and Fig. 3, cross section B-B'). South of

the Salt River, erosion has largely removed the east limb of the Coon

Creek syncline within 200 m of the Redmond fault.

A northwest-trending syncline deforms Tertiary strata in the

Horseshoe Bend vicinity. Hence, it is referred to as the Horseshoe

Bend syncline in this study. The axial trace of the Horseshoe Bend

syncline surfaces 200 to 500 m southwest of the Coon creek fault. The

fold terminates before reaching the pendant of early Proterozoic rock

north of Horseshoe Bend. However, it may continue several kilometers

south-southeast of the map area, in a direction subparallel to the

Coon Creek fault. Strata within the poorly exposed east limb of the

fold bend abruptly southwestward and attain attitudes in excess of 450

adjacent to the Coon Creek fault (see Fig. 3, cross section E-E').

Monoclines. Two monoclinal folds crop out within the map

area. Both exhibit close spatial relationships with major faults.

Exposures of the monoclines are very limited in lateral extent,

however, as compared to the associated faults.

The north-northwest-trending, west-facing Redmond monocline

constitutes the most impressive monoclinal flexure. It deforms

Tertiary strata along a 1.5-km-long, steeply-dipping, arcuate axial
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trace, 0.5 km east of Coon Creek (see Figs. 2 and 50). The fold is

here named the "Redmond monoclime, because of its relationship with

the steep, westward-dipping Redmond fault. The Redmond fault passes

into the monocline coincidentally with an abrupt change in trend,

1.0 km north of Redmond Flat. The Redmond fault emerges from the

exposed northern edge of the flexure before terminating against the

Coon Creek fault. The Redmond monocline forms a segment of the east

limb of the Coon Creek syncline. The monocline may have extended

further to the south-southwest, but it has been breached by erosion.

The 1.0-km-wide flexure exhibits a smoothly curved continuous profile,

open anticlinal and synclinal bends, and a decrease in curvature up-

section. The fold axis plunges gently toward the south. One minor

fault cuts the southernmost part of the exposed monoc line. The middle

limb of the fold is typically tilted 30° to the west. Subhorizontal
strata bend into the middle limb of the fold over a 300-m-wide zone.

Significant thinning of strata within the middle limb was not

observed. Nevertheless, the west-facing Redmond monocline creates

more than 270 m of structural relief.

A second monoclinal fold disrupts strata along a 200 -m -long

axial trace in a complex zone of faulting near the northern terminus

of the Liquor Spring fault, 800 in west of Cherry Creek (see Fig. 2,

geologic map). Closely-spaced faults and tilted fault blocks hamper

delineation of the flexure. This northeast-trending, southeast-facing

monocline warps strata in a narrow 300-m-wide zone, as manifested

primarily by layering within the Apache Leap Tuff. It trends



Figure 50. Redmond monocline.

Looking north at the west-facing Redmond monocline, as manifested in
ascending order by the light brown 20.2 m.y. Apache Leap Tuff at
right, the thin 16.2 m.y. dark gray basalt flow at the base of the
butte in middle foreground at left center, and the white dolomite
member of the Chalk Creek formation atop the butte at left. The
middle limb of the monocline is tilted approximately 30° west.

157
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obliquely across the tapering end of a southwest-tilted fault block

near where the bounding faults of the block intersect one another in

an intricate array of closely-spaced fractures. The fold is

essentially confined to the 200-m-wide block and terminates against

the bounding structures, which include the Liquor Spring fault on the

west. The fold axis plunges moderately to the southwest The middle

limb of the monocline dips 30° southeast, which creates approximately
100 m of structural relief. A slightly offset, gently plunging part

of the fold may continue 200 m beyond the eastern margin of the fault

block before terminating against another fault

Closely-Spaced Anticlines and Synclines. An isolated system

of north-northwest-trending, closely-spaced, upright anticlines and

synclines deforms strata within the upper member of the Chalk Creek

formation, 300 m east of Dry Creek in the north-central part of the

map area (see Fig. 2, geologic map). Highly irregular traces and

profiles characterize the folds. The folds exhibit an average

wavelength of 75 m. Folding does not affect the overlying Black Mesa

basalts.

Kinematic Development

Motion along the faults withinthe CherryCreek fault zone was

accomplished primarily through dip-slip, rigid-body translation. Some

major structures, however, including the Shin Dagger and Redmond

faults, furnish few indicators of the slip-line direction.

Nevertheless, no evidence of a significant component of oblique
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movement exists along the north-northeast- to north-northwest-trending

faults. Moreover, where observed, striae are typically oriented

perpendicular to the strike of the fault surface, thus indicating dip-

slip translation.

The distribution of slip among the three major components

effectively demonstrates that the Cherry Creek fault zone within the

Salt River Canyon region consists of a system of interrelated normal

faults. For example, the Cherry Creek compartment and the Coon Creek

fault interact to form the intervening Cherry Creek and Jump-Off

Canyon horsts. The faults within the Cherry Creek compartment

generally accommodate down-to-the-east displacement along an average

slip-line direction of N80E. In contrast, strata are downthrown to

the west along the Coon Creek fault on a slip-line direction of S60W.

The opposing senses of movement along these two components in the

north-central part of the map area produce the Cherry Creek horst.

The Cherry Creek horst pinches out toward the southeast as

displacement along both the Coon Creek fault and the mapped portion of

the Cherry Creek compartment decrease to zero near a discontinuity

along the northern edge of the pendant of early Proterozoic rock (see

Fig. 2, structure map). Down-to-the-east translation within the

Cherry Creek compartment is probably transferred 2.5 km to the east

along the discontinuity to the Jump-Off Canyon fault. The magnitude

of displacement along the Jump-Off Canyon fault appears to increase

toward the south in conjunction with a similar increase in down-to-

the-west slip along the southern part of the Coon Creek fault. The
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Jump-Off Canyon horst is created between these two components by the

opposite senses of motion. Slip along the Coon Creek fault normally

exceeds that within the Cherry Creek compartment, thus generating a

net down-to-the-southwest relative displacement.

Down-to-the-west relative displacement along the Redmond fault

on a slip-line direction of N85W largely compensates for the decrease

in slip along the Coon Creek fault in the east-central part of the

study area. Slip along the Coon Creek fault begins diminishing

southeast of the intersection with the Redmond fault toward the

aforementioned discontinuity. Despite a southward increase in

displacement, slip along the Redmond fault within the southern part of

the map area does not overcome the structural relief created by the

northeast-tilted Rockinstraw Mountain fault block, and thus does not

contribute to the overall net throw across that section of the Cherry

Creek fault zone. The diminishing effect of the Redmond fault toward

the south coincides with the appreciable increase in displacement

along the Coon Creek fault in the Horseshoe Bend area.

An east-northeast-trending discontinuity marks the only

interruption of the Coon Creek fault, the southern edge of both the

Cherry Creek horst and mapped portion of the Cherry Creek compartment,

and the apparent northern margin of the Jump-Off Canyon horst (see

Fig. 2, structure map). In addition, the discontinuity roughly

corresponds with both the northern edge of the pendant of early

Proterozoic rock and the axis of the topographic low that is developed

on the pre-Whitetail Tertiary erosion surface.
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The separate components of the Cherry Creek fault zone within

the Salt River Canyon region together produce a net down-to-the-west

relative displacement, which progressively increases toward the south.

Displacement occurs along a mean slip-line direction of S761,4. The

Cherry Creek fault zone accounts for little, if any, net displacement

to the north of the Rockinstraw Mountain quadrangle, as demonstrated

by Shride (1967) and Bergquist et al. (1981). Total down-to-the-west

slip exceeds 75 m in the northern part of the study area despite the

counteracting effects of the Cherry Creek compartment and Coon Creek

fault (see Fig. 3, cross section C-C'). Displacement increases to

170 m, 1.0 km south of the intersection between the Coon Creek and

Redmond faults (see Fig. 3, cross section B- B'). Down-to-the-west

slip continues to increase toward the south across the central portion

of the map area even though displacement along the Coon Creek fault

diminishes significantly. The Redmond fault alone accounts for more

than 275 m of net slip in the vicinity of Redmond Flat. The net down-

to-the-west displacement surpasses 380 in at the southern margin of the

study area, as a result of the burgeoning influence of the Coon Creek

fault. The 380 in of net slip takes into account approximately 400 in

of opposing displacement along the Jump-Off Canyon fault and excludes

335 m of down-to-the-west displacement along the Redmond fault. Slip

along the Redmond fault in this area is effectively cancelled by the

structural relief created by the northeast-tilted Rockinstraw Mountain

fault block.
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The hanging-wall blocks along the Coon Creek fault, which

include the Black Mesa and Rockinstraw Mountain fault blocks, were

rotated 7 to 150 northeast (a clockwise rotation when viewed from

south to north) in response to dip-slip translation along a slightly

curved, concave upward fault surface. A listric geometry cannot be

ruled out. The mean strike of N40W of the Tertiary strata within the

fault blocks and the average strike orientation of N33W of the Coon

Creek fault suggest an axis of rotation of approximately N35W. The

magnitude of rotation is roughly proportional to the amount of slip

along the Coon Creek fault. For example, no appreciable tilting

affects hanging-wall strata in those areas where the Coon Creek fault

exhibits negligible displacement. However, 7.5° of rotation within

the Black Mesa block and around 100 of rotation within the Rockinstraw

Mountain block correspond to approximately 500 and 640 m of dip-slip

along the Coon Creek fault, respectively. Any significant clockwise

rotation of the Coon Creek fault is unlikely, as evidenced by the

flat-lying domain to the northeast and the lack of a suitably oriented

fault that could accommodate such a rotation.

The Black Mesa and Rockinstraw Mountain half-grabens were

created by the clockwise rotation of the hanging-wall blocks along the

slightly curved, west-dipping Coon Creek and Redmond faults.

Structural lows within the northeast-tilted half-grabens correspond to

the axial traces of the Coon Creek and Horseshoe Bend synclines, 0.2
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to 1.0 km west of the Coon Creek and Redmond faults. Structural

relief exceeds 490 m within the Black Mesa block and 600 m within the

Roddrstraw Mountain block (see Fig. 3, cross section B-B' and E-E').

Rotation along the Coon Creek fault, but in a sense opposite

to that expressed in the Tertiary strata, can also explain the

previously described discrepancy between the mean strike of early

Proterozoic strata within the map area and the average trend of such

strata further to the northeast. The Coon Creek fault essentially

divides the early Proterozoic rocks into two major structural domains.

A 22° clockwise rotation around a N35W axis places the early
Proterozoic strata within the study area into accordance with the bulk

of the pendant to the northeast. However, because Tertiary strata dip

8 to 15° northeast within the Rockinstraw Mountain fault block, an
overall clockwise rotation of approximately 30° is required in order
to restore structural continuity within the pendant of early

Proterozoic rock (see Fig. 51). This further implies that strata west

of the Coon Creek fault were tilted 30 ° to the southwest, or
counterclockwise (when viewed from the south to north), at some time

prior to the deposition of the Oligocene-early Miocene Whitetail

Conglomerate. Alternatively, oblique-slip along the Cherry Creek

fault zone in either Laramide or Precambrian time may account for the

apparent 30° rotation of the pendant of early Proterozoic rock west of
the Coon Creek fault.
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Figure 51. Possible "pre-Whitetail" tilting of early Proterozoic
strata west of Coon Creek fault.

The average attitude of bedding within the early Proterozoic Hess
Canyon group west of the Coon Creek fault is N68E, 43 SE (Fig. 37),
which contrasts with an apparent average of N43E, 43 SE east of the
fault. Point-1 represents the average pole to bedding of the Hess
Canyon group west of the Coon Creek fault. Point-2 corresponds to the
position of Point-1 after removal of 8° of late Tertiary northeast-
tilting. Point-3 depicts the apparent average pole to bedding Cf
early Proterozoic strata east of the Coon Creek fault. A 300
clockwise rotation around a N35W axis of Point-2 would restore
structural continuity within the pendant of early Proterozoic rock,
which suggests that the early Proterozoic strata west of the Coon
Creek fault were tilted 30° southwest prior to deposition of the
Oligocene-early Miocene Whitetail Conglomerate. The N35W axis of
rotation is parallel to the trend of the Coon Creek fault.
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The eastward steepening of fault inclinations within the

Cherry Creek compartment and the corresponding incremental decreases

in counterclockwise rotation (when viewed from south to north), or

southwest-tilting, within the associated fault blocks indicate an

eastward transition from slightly curved to more planar fault

geometries. However, a planar geometry at depth presumably

characterizes the westernmost, relatively shallow-dipping Liquor

Spring fault, as demonstrated by the near absence of southwest-tilted

strata within its hanging wall. Counterclockwise rotation reaches a

maximum of 300 within the hanging-wall blocks of the Shin Dagger fault

(see Fig. 2). The axis of rotation within the southwest-tilted blocks

generally parallels the north-northwest trend of the closely-spaced

faults within the compartment. Only minor amounts of rotation affect

fault blocks near Cherry Creek. Most of the faults within the mapped

portion of the Cherry Creek compartment probably intersect the

shallower-dipping Liquor Spring fault at depth, just as they commonly

do on the surface. Slightly curved, concave upward geometries of some

faults, especially the Shin Dagger fault, may result as fault surfaces

curve and sole into the relatively planar, shallower-dipping Liquor

Spring fault (see Fig. 3, cross section C-C'). Listric geometries are

unlikely. Dip-slip normal translation along the curved, concave

upward, fault surfaces probably produced the counterclockwise rotation

and southwest-tilting of the hanging-wall blocks within the Cherry
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Creek compartment. The eastward trend toward less tilting and more

planar fault geometries can be attributed to progressively deeper

intersections with the Liquor Spring fault.

Though non-rigid-body deformation developed along some major

shear zones, rigid-body deformation predominated during the

translation and rotation of Tertiary strata. The greater proportion

of an individual fault block exhibits little, if any, dilation or

distortion. Strain was concentrated instead along the bounding

faults, as evidenced by the associated fault rocks. For example, the

zone of microbrecciated granite along the Liquor Spring fault

experienced both distortion and dilation, as demonstrated by

crenulated flakes of biotite and the apparent introduction of silica,

respectively. Non-rigid-body deformation also affected the eastern

margins of the Black Mesa and Rockinstraw Mountain fault blocks,

specifically within the east limbs of the Coon Creek and Horseshoe

Bend synclines.

A combination of layer-parallel stretching and rigid-body

rotation kinematically induced the development of the major folds

within the map area. The broad, gently east-dipping, west limbs of

the synclinal folds resulted from the rigid-body clockwise rotation

(when viewed from south to north) of the Black Mesa and Rockinstraw

Mountain fault blocks along the slightly curved surfaces of the Coon

Creek and Redmond faults. In contrast, a counterclockwise rotation

together with shear-induced thinning of strata along the downthrown

margins of the Black Mesa and Rockinstraw Mountain fault blocks
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produced the moderately to steeply inclined, west-dipping, relatively

narrow (0.2- to 1.0 -km-wide) east limbs of the synclines. Severely

attenuated strata were observed only within the northern part of the

Coon Creek syncline. Nonetheless, lateral continuity between the east

limb of the Coon Creek syncline and the middle limb of the Redmond

monocline suggests that both features evolved in a similar kinematic

manner. Rotation and thinning are less developed within the west-

facing monoc line.

In summary, the kinematic development of the Cherry Creek

fault zone within the Salt River Canyon region, as manifested

primarily within Tertiary strata, involved: 00 dip-slip rigid-body

translation along a network of interrelated normal faults; (2) a net

down-to-the-west relative displacement, which progressively increases

toward the south from near zero north of the Rockinstraw Mountain

quadrangle to more than 380 m along the southern edge of the study

area; ( 3) gentle to moderate rotation of several hanging-wall blocks

along slightly curved, concave upward fault surfaces; (40 a possible

"pre-Whitetail" 30 ° counterclockwise rotation of the pendant of early
Proterozoic rock southwest of the Coon Creek fault; (5) shear-induced

penetrative deformation along some major faults; (6) the development

of broad, gently east-dipping, west limbs of synclines as a result of

rigid-body clockwise rotation of major fault blocks along slightly

curved fault surfaces; and (7) the formation of relatively narrow,

moderately to steeply west-dipping, east limbs of synclines and local
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west-facing monoclines through the shear-induced thinning and

counterclockwise rotation of strata in a 0.2- to 1.0-km-wide zone

along the downthrown margins of the northeast-tilted fault blocks.

Mechanics of Formation

The Cherry Creek fault zone is a reactivated Precambrian

structure, which has accommodated both Laramide compression and middle

to late Tertiary extension. Davis et al. (1981, 1982) first

recognized the long and complex history of the Cherry Creek fault

zone.

The north-northwest-trending Cherry Creek fault zone probably

originated as a major shear zone in an early Proterozoic compressional

event (Davis et al., 1981). Subsequent intrusion of the 1.4 b47. Ruin

Granite clouds the details of this orogeny. Nevertheless, the

northeast-trending structural grain within the Hess Canyon group,

including intense folding within the less competent Yankee Joe

formation (Davis et al., 1981), records an early Proterozoic episode

of north-northwest/south-southeast directed compression. Major

northwest- to northeast-trending high-angle faulting accompanied this

regionally extensive compressional event (Wilson, 1939). For example,

the north-trending Shylock fault zone, 135 km to the west of the

Rockinstraw Mountain quadrangle, accommodated more than 8 km of right-

slip displacement in Precambrian time (Anderson, 1967). In addition,

Conway et al. (1982) described a set of steeply-dipping, north- to

northeast-trending faults within the early Proterozoic terrane of

northwestern Gila County, which probably formed during the late stages
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of the early Proterozoic orogeny prior to the intrusion of a 1620 m.y.

granite. Similarities in trend, extent, and character with other

major early Proterozoic structures, as well as its influence on middle

Proterozoic events, indicate an early Proterozoic origin for the

Cherry Creek fault zone.

The distribution of 1100 m.y. diabase intrusions unequivocally

demonstrates that the Cherry Creek fault zone had evolved either prior

to or during the middle Proterozoic intrusive event (Shride, 1967;

Granger and Raup, 1969). Little pertinent information exists within

the map area concerning the middle Proterozoic history of the fault

zone because of the near absence of middle Proterozoic strata.

However, extensive exposures of middle Proterozoic strata within the

Sierra Ancha reveal critical relationships between the intrusions of

diabase and the fault zone (Shride, 1967; Granger and Raup, 1969;

Bergquist et al., 1981). For example, a 360-m-thick diabase sill,

which inflates the stratigraphic section west of Cherry Creek,

terminates abruptly against the fault zone. Only thin sheets of

diabase lie sandwiched within the middle Proterozoic strata east of

the fault zone. In addition, a 135-m-wide diabase dike bounds the

principal fault on the east along much of the length of the fault

zone. A preexisting weakness, perhaps a fault, probably controlled

the location of the dike. The dike presumably served as a major

feeder for the thick sill west of Cherry Creek. The sill in turn was

accommodated by a type of inflation faulting along the Cherry Creek

fault zone (see Fig. 52), as originally surmised by Shride (1967).
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Figure 52. Inflation faulting, Cherry Creek fault zone.

The diagram schematically depicts the relationship between the Cherry
Creek fault zone and the middle Proterozoic diabase intrusions. A
preexisting weakness, perhaps an early Proterozoic fault, permitted
intrusion of a major diabase dike. The dike probably served as a
feeder for the 360-m-thick diabase sill that inflates the
stratigraphic section west of Cherry Creek. The differential vertical
motion produced by the abrupt change in sill thickness was
accommodated by a type of inflation faulting along the Cherry Creek
fault zone. The heavy black line corresponds to the locus of faulting
solely induced by the change in sill thickness. Yp=Pioneer Formation;
Yd=Dripping Spring Quartzite; Ym=Mescal Limestone; Yt=Troy Quartzite;
Ydb=diabase intrusions.
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Both the crustal flaw that influenced the location of the feeder dike

and the diabase intrusions may have been produced contemporaneously

during a single tectonic event. Davis (1981) suggested that west-

southwest/east -northeast elongation during rifting triggered the

faulting and intrusions. Alternatively, the crustal flaw may have

been inherited from the early Proterozoic compressional event.

Whatever the case, the Cherry Creek fault zone had clearly developed

by middle Proterozoic time. Similar patterns of intrusion in the

northeastern corner of the Globe quadrangle attest to the regional

extent of middle Proterozoic activity along the Cherry-Creek fault

zone.

Although its age is poorly constrained, the Cherry Creek

monocline of Shride (1967) and Granger and Raup (1969) records another

major episode of movement along the Cherry Creek fault zone. Davis et

al. (1981, 1982) credited this monoclinal flexure to reactivation of

the Cherry Creek fault zone along a high-angle reverse fault during

Laramide crustal shortening. Both Shride (1967) and Granger and Raup

(1969) concluded, however, that the Cherry Creek monocline developed

prior to the intrusion of the 1100 m.y. diabase. The age enigma

results from recurrent movements along the Cherry Creek fault zone and

erosional breaching of the monocline. Entire sections of Mesozoic and

Paleozoic strata have not only been stripped by erosion from the

vicinity of the fault zone but also from most of the surrounding

region. The Cherry Creek monocline is expressed in middle Proterozoic

strata to the north of the Rockinstraw Mountain quadrangle, but
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presumably is not preserved within the study area because of the near

Absence of middle Proterozoic strata. Intriguingly, folds similar in

style to the Cherry Creek monoc line, such as the Redmond monoc line and

east limb of the Coon Creek syncline, disrurit Miocene strata along the

Salt River Canyon portion of the Cherry Creek fault zone. Hence, a

possible late Tertiary origin for the Cherry Creek monocline must also

be considered, further adding to the age dilemma.

Regional relationships support a Laramide over Precambrian

origin for the Cherry Creek monocline. Most importantly, other

monoc lines within the Salt River Canyon region postdate intrusions of

middle Proterozoic diabase. For example, the east-facing, north

northwest -trending Canyon Creek monocline deforms Permian strata 20 km

east of Cherry Creek (Finnell, 1966a). The anticlinal bend of the

Canyon Creek monocline passes laterally into the Canyon Creek fault,

which greatly resembles the Cherry Creek fault zone in trend, length,

and history. The Canyon Creek fault is a reactivated Precambrian

structure (Davis et al., 1981), which has accommodated at least two

major episodes of Phanerozoic movement, each in an opposite sense

(Finnell, 1962). In addition, the paleomagnetic study of Sandberg and

Butler (1985) demonstrated that a middle Proterozoic diabase sill has

been folded within the east-facing, north-northwest-trending Rock

Canyon monocline of Granger and Raup (1969), which crops out 3 km east

of the Canyon Creek fault. The north-northwest trend of the

monoclines within the Salt River Canyon region parallels that of the

dominant set of monoclines in the Colorado Plateau region of northern
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Arizona (Davis, 1978). Most workers have assigned a Laramide age to
the monoclines of the Colorado Plateau on the basis of stratigraphic

and structural relationships (Kelley, 1955) and plate tectonic

considerations (Coney, 1972, 1976). Thus, by analogy to nearby

monoclines and those throughout northern Arizona, the Cherry Creek

monocline probably formed during Laramide time. However, the

possibility of at least some component of middle Proterozoic flexuring

cannot be completely discounted, because of the middle Proterozoic

activity along the Cherry Creek fault zone.

Lateral-continuity between the Liquor Spring fault and the

trace of the Cherry Creek monocline further supports a Laramide age

for the monoclinal folding, as opposed in this instance to a possible

late Tertiary origin. The trace of the monocline projects southward

into the Liquor Spring fault rather than into segments of the Cherry

Creek fault zone that are spatially associated with folded Miocene

strata. The degree of deformation along the Liquor Spring fault far

exceeds that observed along other faults within the study area even

though some structures such as the Coon Creek fault accommodated

greater amounts of displacement of Tertiary strata. In addition, the

intensity of deformation within the microbreccia changes little along

the entire mapped length of the Liquor Spring fault despite large

fluctuations in the amount of late Tertiary displacement. These data

indicate that late Tertiary tectonism did not create the

microbrecciated granite along the Liquor Spring fault. Intense zones

of deformation commonly bound rotated blocks of upper basement along
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major Laramide reverse faults in association with faulted monoclines

and basement-cored uplifts within the Rocky Mountain foreland province

(Friedman et al., 1976). The apparent 300 counterclockwise rotation

(when viewed from south to north) of the pendant of early Proterozoic

rock suggests some "pre-Whitetail" rotation of upper basement blocks

along the Salt River Canyon part of the Cherry Creek fault zone.

Moreover, middle to late Tertiary normal displacement along the east-

dipping Liquor Spring fault could not produce a west-facing monocline..

Geometrical and mechanical relationships require instead that a

reverse sense of movement along the east-dipping Liquor Spring fault

(see Fig. 53) induced development of the genetically related west-

facing Cherry Creek monocline. Because compressional tectonism

disrupted Arizona in Laramide time, a Laramide age is inferred for

both the Cherry Creek monocline and microbrecciated granite along the

Liquor Spring fault.

The north-northwest orientation of the Cherry Creek monocline

and Liquor Spring fault reflects more the influence of preexisting

weaknesses within the Precambrian basement along the Cherry Creek

fault zone than the principal stress directions during Laramide

crustal shortening. The north-northwest trend of these Laramide

structures diverge more than 300 from perpendicular to the direction

of maximum Laramide shortening (MAE), as determined by Davis (1981).

Handin (1969) demonstrated experimentally, however, that stress-

induced failure may occur by slip on suitably oriented preexisting

fractures before the development of new shear fractures. The
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Figure 53. Microbrecciated granite, Liquor Spring fault.

Looking north at the hogbacks of microbrecciated granite along the 600
east-dipping, Liquor Spring fault. The microbreccia ranges from a
protocataclasite to an ultracataclasite (Figs. 45 and 46). Most of
the microbreccia was probably produced by Laramide reverse faulting,
which induced development of the spatially associated, west-facing
Cherry Creek monocline (Fig. 42). The Liquor Spring fault was
reactivated in a normal sense during middle to late Tertiary regional
extension.
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north-northwest--trending Cherry Creek fault zone adequately

accommodated northeast/southwest directed regional compression during

Laramide time.

Laramide crustal shortening induced a mechanically related

process of reverse faulting and monoclinal folding along the inherent

weakness of the Cherry Creek fault zone. Erosion has fortuitously

exposed the mechanical response to shortening in both the homogeneous

Precambrian granite and the overlying layered rocks. The

deformational features within these two mechanically distinct portions

of the fault zone are consistent with the experimental model of

Friedman et al. (1976). The homogeneous granite deformed brittlely

along the east-dipping Liquor Spring reverse fault. The zone of

microbreccia along this fault may have developed in order to

facilitate the rotation of upper basement blocks. The model predicts

that the zone of intense deformation along the Liquor Spring fault

pinches out or narrows significantly as the discrete shear zones

within the fault merge at depth. This, combined with a deeper level

of erosion, may explain the absence of the prominent ribs of

microbrecciated granite throughout much of the study area. As the

Liquor Spring fault accommodated reverse translation, strata were

draped over the edge of the upthrown eastern block, thus forming the

west-facing Cherry Creek monocline. The shape, size, and displacement

of the upthrown eastern block presumably controlled the original
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geometry of the fold, which has been largely obscured by recurrent

movements and erosion. Layer-parallel shearing significantly thinned

strata within the folded section (Shxide, 1967).

Other models of monoclinal formation do not adequately account

for the Laramide features within the Cherry Creek fault zone. For

example, the 56° dip of the Liquor Spring fault contradicts the model
of simple differential uplift of Stearns (1978). Furthermore, the

buckling model of Reches and Johnson (1978) fails to explain the

apparent shape of the monocline, the thinning of strata within the

folded section, and the intense deformation within the upper basement.

The microbrecciated granite along the Liquor Spring fault, which is

attributed to Laramide deformation, suggests substantial amounts of

displacement. Buckling induced by layer-parallel shortening above a

small-scale initial deflection seemingly could not produce such

intense deformation within the upper basement.

Similar to the monoclines of the Colorado Plateau (Davis,

1978), the Cherry Creek monocline probably formed in response to

stress-induced reactivation of a Precambrian fault zone, the Cherry

Creek fault zone, by northeast/southwest regional compression during

Laramide time. The Cherry Creek monocline is interpreted to represent

the upper-crustal expression of reverse movement along the Liquor

Spring fault. The experimental model of Friedman et al. (1976), in

which monoclinal drape folds develop above reverse faults at depth,

best explains the properties of the Laramide features within the

Cherry Creek fault zone.
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Southwest/northeast regional extension during middle to late

Tertiary time induced normal faulting along the favorably oriented,

north-northwest-trending Cherry Creek fault zone, as recorded by the

distribution and disruption of Tertiary strata within the Salt River

Canyon region. The distribution of the Oligocene-early Miocene

Whitetail Conglomerate suggests that an initial episode of normal

faulting occurred prior to and/or contemporaneous with its deposition.

For example, the eastward thinning of the Whitetail Conglomerate

within the Rockinstraw Mountain fault block and the near absence of

the fanglomerates immediately east of the Coon Creek fault on the

Jump-Off Canyon horst (see Figs. 2 and 3, cross section E-E'), where

early to middle Miocene strata rest directly on Precambrian

crystalline basement, indicates that the west-dipping Coon Creek fault

accommodated down-to-the-west Oligocene normal displacement. However,

the lack of "pre-Whitetail" Tertiary strata and the complications

resulting from Laramide movement preclude detailed analyses of

Oligocene faulting along the Cherry Creek fault zone.

Offset and tilted Oligocene to middle Miocene strata record a

second, more clearly discernible episode of Tertiary normal faulting

along the Cherry Creek fault zone. Because it postdates deposition of

middle Miocene strata, the second episode of normal faulting

temporally correlates more closely with the high-angle faulting of the

Basin and Range disturbance in southern Arizona rather than with an

earlier episode of listric normal faulting during the mid-Tertiary

orcgeny. The east-northeast orientation of the least principal stress
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during late Tertiary extension (Rehrig and Heidrick, 1976) was readily

accommodated by the N14W trend of the Cherry Creek fault zone, which

is very similar to the mean strike of high-angle Basin and Range

faults in southeastern Arizona.

However, the late Tertiary regional stress regime appears to

have favored the N33W orientation of the Coon Creek fault, which

constitutes the principal late Tertiary structure along the Salt River

Canyon part of the Cherry creek fault zone. Interestingly, the Coon

Creek fault parallels the average trend of major listric normal faults

in southeastern Arizona, as compiled by Davis (1981). Moreover, the

Coon Creek fault exhibits a slightly curved, concave upward geometry

at depth and bounds on the northeast a regionally extensive terrane of

northeast-tilted fault blocks. All of the block-tilting within the

map area postdates the extrusion of 14 m.y. basalt flows, because the

inclination of the Black Mesa basalts is equal to that of the

Whitetail Conglomerate (see Fig. 3, cross section B-13'). Shafigullah

et al. (1980, p. 202) envisioned that "a tectonic and magmatic

transition occurred between 19 and 12 m.y. during which the processes

of the mid-Tertiary orogeny waned and processes of the Basin and Range

disturbance began". The above relationships imply that much of the

late Tertiary deformation within the Salt River Canyon region took

place during this transitional period, perhaps between 14 and 12 m.y.

Contrasting mechanical properties within the upper basement of

the Salt River Canyon region influenced the distribution of faults

within the Cherry Creek fault zone, as evidenced by the pattern of
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late Tertiary normal faults. Many faults die out in the vicinity of

the northern margin of the northeast-trending pendant near the

location of the presumed intrusive contact between the Ruin Granite

and Redmond formation. Some of the north-northwest-trending faults

swing abruptly to northeast orientations before terminating in this

area (see Fig. 2, geologic map). The absence of similar relationships

along the southern edge of the pendant probably results from the lack

of closely-spaced faults in the southern part of the map area rather

than a distinct mechanical response along this intrusive contact.

Although these patterns pertain only to late Tertiary normal faults,

similar distributions of faults presumably prevailed in middle

Proterozoic, Laramide, and Oligocene time, as suggested by the history

of recurrent movement along the Cherry Creek fault zone.

The northeast structural grain within the early Proterozoic

rocks imparted a mechanical anisotropy to the upper basement, which

resisted deformation under the stress regimes of middle Proterozoic,

Laramide, and middle to late Tertiary tectonism. Neither the

northeast-trending fabric of bedding and foliation nor the predominant

north-northeast-trending system of joints within the early Proterozoic

rocks were suitably oriented to accommodate strain during these

deformational episodes. The late Tertiary structures that took

advantage of the northeast-trending fabric exhibit oblique components

of slip and are not laterally continuous. In contrast, regional

stresses during at least four tectonic events since middle Proterozoic

time created and accentuated north-northwest-trending weaknesses
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within the homogeneous (isotropic) 1.4 b.y. Ruin Granite.

Consequently, a northeast-trending discontinuity developed near the

contact between the homogeneous 1.4 b.y. granite and the anisotropic

pendant of early Proterozoic rock. In effect, strain appears to have

been refracted across this discontinuity to discrete zones of weakness

within the early Proterozoic rock. For example, translation within

the Cherry Creek compartment is essentially transferred along the

discontinuity from the Shin Dagger fault to the Jump-Off Canyon fault.

Alternatively, the northeast-trending discontinuity may

correspond to a major fault within the upper basement. Significant

displacement, did not occur along this structure during west-

southwest/east-northeast regional extension in late Tertiary time

because of its northeast trend. Such a crustal weakness could affect

the distribution of structures in a manner similar to that of a

contrast in mechanical properties imposed by a major lithologic

contact. Interestingly, the N40E-striking Kennedy fault of D. W.

Peterson (1960) in extreme northeastern Maricopa and Pinal Counties

(see Fig. 4) lies along a southwestward projection of the northeast-

trending discontinuity across the Cherry Creek fault zone, perhaps

suggesting that an inherent northeast-trending fault zone extends

across much of east-central Arizona.

Spatial and temporal relationships indicate that a mechanical

link exists between the late Tertiary steeply-dipping normal faults

and the major folds. The folds and faults formed contemporaneously

during late Tertiary west-northwest/east-northeast regional extension.
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The axial traces of the major synclines lie along the eastern margins

of the northeast-tilted fault blocks, 1.0 km west of and subparallel

to the high-angle Coon Creek and Redmond faults. In addition, the

axial trace of the Redmond monocline passes laterally into the

subvertical Redmond fault. Similar to the faults, the folds developed

perpendicular to the least principal late Tertiary stress, and thus

accommodated regional extension. The operative mechanical process

during late Tertiary time clearly permitted the development of both

faults and folds in an extensional terrane.

The mechanical process responsible for the genesis of

subparallel normal faults and folds involved a continuum of faulting,

drape folding, and drag folding. The material properties of the upper

basement within the Salt River Canyon region enhanced the development

of faults during late Tertiary regional extension. For example, the

homogeneity of the regionally extensive Ruin Granite and its shallow

burial, beneath less than 600 m of Tertiary strata, at the onset of

major late Tertiary tectonism facilitated brittle deformation within

most of the upper basement. Although mechanically layered, the early

Proterozoic rocks also deformed brittlely because of the insignificant

overburden, their highly lithified character, and the obliquity of the

structural grain to the regional stress field. West-southwest/east-

northeast regional extension during late Tertiary time readily induced

both the reactivation of preexisting faults as well as the probable

development of new fractures within the brittle upper basement of the

Salt River Canyon region.
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Late Tertiary normal displacement within the upper basement

along the steeply-dipping Coon Creek and Redmond faults initially

deflected the overlying unfaulted sequence of Tertiary strata into

monoclinal drape folds in accordance with the models of Stearns

(1978), Reches and Johnson (1978), and Patton, Fletcher, and Logan

(1982). Lateral continuity between the Redmond fault and the axial

trace of the Redmond monocline best illustrates the mechanical link

between high-angle normal faults at depth and overlying monoclinal

flexures (see Figs. 2 and 3, cross section B-B'). The profile of the

Redmond monocline, including the open anticlinal and synclinal bends

and the decrease of both the curvature and structural relief up-

section, greatly resembles the experimentally derived drape folds of

Reches and Johnson (1978). Layer-parallel shearing presumably

attenuated strata within the drape folds, thus accommodating regional

extension. Strata within the drape folds were locally rotated in

excess of 30°, as evidenced by the middle limb of the Redmond

monocline. The Redmond monocline makes up one segment of the east

limb of the Coon Creek syncline, suggesting that the relatively steep

east limbs of both the Coon Creek and Horseshoe Bend synclines

originated as drape folds above the steeply-dipping Coon Creek and

Redmond faults.

Faults began propagating upward through the draped sequence of

Tertiary strata in response to increasing amounts of both regional

extension and cumulative displacement along the high-angle basement

faults. Through-going faults developed in the southern and
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north-central parts of the map area where displacement along the Coon

Creek and Redmond faults far exceeded the thickness of the Tertiary

section. In contrast, the relatively intact Redmond monocline is

situated within the northeast-trending zone of maximum thickness of

Tertiary strata. The 275 m of displacement along the Redmond fault in

this area amounts to approximately half the original thickness of the

Tertiary section. Moreover, the Redmond monocline extends northward

into the steep east limb of the Coon Creek syncline in conjunction

with a significant increase in normal displacement and a corresponding

decrease in the thickness of Tertiary strata. The anomalous east-

dipping reverse (?) component of the Coon Creek fault in the north -

centralcentral pert of the map area is also compatible with the experimental

and theoretical model of Patton et al. (1982). They demonstrated that

the upward propagation of normal faults through a layered sequence

initially produces steep to vertical faults, which may show reverse

segments. The above relationships indicate that the east limbs of

both the Coon Creek and Horseshoe Bend synclines represent faulted

monoclinal drape folds. The Redmond monocline is but one remnant of

the original drape fold.

Continued translation along the Coon Creek and Redmond faults

following the initial disruption of the drape folds further deformed

strata into major drag folds. Frictional drag along the faults

accentuated both the counterclockwise (when viewed from south to

north) rotation and the thinning of strata, as best illustrated along

the northern leg of the Coon Creek fault. Hanging-wall strata
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immediately adjacent to the Coon Creek fault were rotated up to 90 °.

Layer-parallel shearing greatly attenuated relatively competent units,

including the Apache Leap Tuff, and may have largely obliterated such

incompetent formations as the Whitetail Conglomerate and Chalk Creek

formation. Excessive thinning of the incompetent, relatively ductile

mudstones and evaporites of the Chalk Creek formation within the east

limb of the Coon Creek syncline possibly led to some overthickening of

the formation near the axis of the syncline, as suggested by the

anomalous group of closely-spaced folds in the Dry Creek area.

Alternatively, load-induced compaction caused by the deposition of

overlying basalt flows may have triggered the development of the

isolated folds within the Chalk Creek formation. Moreover, the major

synclines within the study area can be classified as drag folds of

normal -slip'faults based on the following criteria, as defined by

Davis (1984 p. 270): (1) the truncated ends of the dragged layers

point away from the sense of actual displacement; (2) the hanging-wall

strata are dragged into synclines; and (3) the folds exhibit

subhorizontal axes, which are oriented perpendicular to the direction

of slip.

Two distinct sets of coeval processes permitted the

development of the major synclines within thelate Tertiary

extensional terrane: CO the continual process of normal slip, drape

folding, and drag folding along the steeply-dipping Coon Creek and

Redmond faults produced the east limbs of the folds, whereas (2) the

gently-dipping west limbs of the major synclines were created by the
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clockwise (when viewed looking north) rotation, or northeast-tilting,

of the Black Mesa and Rockinstraw Mountain fault blocks along slightly

curved, concave upward fault surfaces.

Other factors also contributed to the evolution of the folds

during late Tertiary regional extension, including 00 the presence of

preexisting faults within the Precambrian basement, (2) the steeply-

dipping character of the Coon Creek and Redmond faults, and (3) the

material properties of the Whitetail Conglomerate. Reches and Johnson

(1978) concluded that there is no theoretical basis for the initiation

and localization of a monoclinal flexure without a disturbance at its

base such as a fault, an igneous intrusion, or a local steepening of

layers. Given the prior history of the Cherry Creek fault zone and

the spatial relationships between the flexures and major high-angle

faults, it seems certain that the reactivation of preexisting faults

within the basement generated the monoclinal drape folds within the

overlying initially unfaulted sequence of Tertiary strata. This

conclusion is also consistent with the findings of Patton et al.

(1982). However, many of the faults within the map area probably did

not form above inherent weaknesses within the upper basement, but

instead strictly developed during the late Tertiary extensional event,

which may explain the lack of drape folding along some of the faults.

The dip of the preexisting basement faults also greatly

influenced the development of monoclinal drape folds within the late

Tertiary extensional stress field. Major drape folds materialized

only above the steeply-dipping Coon Creek and Redmond faults, which
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generally dip more than 750• Displacement along major faults that dip

less than 70 0, including both the Shin Dagger fault and the clearly

reactivated Liquor Spring fault, did not produce significant flexuring

within the Tertiary strata. These relationships are consistent with

the drape (forced) fold concept of Stearns (1978) in which layered

sequences tend to fault rather than fold above normal faults that dip

less than 75 °. Shallower-dipping faults, such as the Liquor Spring
fault, proportionally accommodated greater amounts of extension than

the subvertical structures. The layered sequences above the

shallower-dipping faults were thus subjected to more extensional

stress, and therefore yielded more readily to rupture than strata

overlying the steeply-dipping faults. Consequently, major drape

folding was confined to the steeply-dipping Coon Creek and Redmond

faults.

Interestingly, although the Liquor Spring fault, which dips

56° east within the map area, presumably induced monoclinal flexuring
while under compression during Laramide time, it did not facilitate

folding within the overlying layered sequence during late Tertiary

regional extension. The rocks within this region behaved more

brittlely under extension than compression in accordance with the

concept of Heard (1960).

The process of drape folding over the high-angle normal faults

was further assisted by the poorly consolidated, relatively massive

character of the Whitetail Conglomerate at the base of the Tertiary

section. Analogous to a scenario described by Stearns (1978), the
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lack of welding, or cohesion, between the Whitetail Conglomerate and

the forcing member of crystalline basement facilitated decoupling,
which in turn allowed interstratal slip to become effective. The lack

of cohesion between the Whitetail Conglomerate and the overlying

Apache Leap Tuff accentuated interstratal slip within the Tertiary

section. Consequently, the layered sequence of Tertiary strata tended

to fold rather than fault, thus permitting the development of large

magnitude drape folds such as the Redmond monocline. Greater

thicknesses of Tertiary strata, especially the Whitetail Conglomerate,

within the central part of the map area probably prolonged the

stability of the folding process and partially controlled the location

of the intact, high amplitude Redmond monocline.

In summary, the north-northwest-trending Cherry Creek fault

zone records several distinct episodes of deformation, each of which

involved a unique set of mechanical processes. This long and complex

history includes: (1) a rather speculative origin as a major shear

zone in early Proterozoic time in response to northwest/southeast

regional compression; (2) dilational faulting, induced by intrusions

of diabase, and high-angle normal faulting during middle Proterozoic

west-southwest/east-northeast extension (1100 m.y.); (3) Reverse

faulting and major monoclinal folding during southwest/northeast

compression in Laramide time; (4) an obscure episode of Oligocene

normal faulting induced by southwest/northeast regional extension; and

(5) normal faulting and drape folding during late Tertiary west-

southwest/east-northeast regional extension. The Cherry Creek fault
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zone accommodated strain during these periods of tectonism because of

its favorable orientation with respect to the regional stress regimes.

Although the Cherry Creek fault zone simply responded to these

tectonic events, it did affect the style of deformation at least

during late Tertiary extension. Normal-slip along steeply-dipping,

preexisting faults induced the development of the major drape folds

within the late Tertiary extensional terrane.



CHAPTER 4

TERTIARY GEOLOGIC HISTORY

The superb exposures of Tertiary volcanic and sedimentary

rocks in the Salt River Canyon region of Gila County provide an

excellent opportunity for interpreting the Tertiary geologic history

of part of the Transition Zone. This analysis attempts to synthesize

both the previous work and the newly discovered evidence throughout

east-central Arizona into a comprehensive account of the Tertiary

evolution of the Salt River Canyon region and adjacent areas of the

Transition Zone. The detailed mapping and thorough analyses of the

Tertiary stratigraphy and major structural features within the

Rockinstraw Mountain quadrangle, a review of previous studies, and

general reconnaissance throughout east-central Arizona have revealed

the respective influences of early, middle, and late Tertiary events

in shaping the contemporary geologic and topographic setting of much

of east-central Arizona.

An attempt is made to relate the evidence of structural

activity to the details of the Tertiary stratigraphy. Because major

deformational episodes are most likely to be clearly manifested in the

local adjustments of drainages and depositional environments (Young,

1979), the Tertiary evolution of the Transition Zone of east-central

Arizona is subdivided into three separate intervals on the basis of

the characteristic flow direction of the regional drainage system:

190
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during the Laramide orogeny probably accounted for most of the early

Tertiary structural and topographic relief between the Colorado

Plateau region and Transition Zone.

Widespread Laramide magmatism greatly augmented the topography

in the southern pert of the Transition Zone of east-central Arizona.

Several plutons of intermediate composition, ranging in age from 58 to

64 m.y. (Creasey and Kistler, 1962; Livingston et al., 1968), were

emplaced at relatively shallow crustal levels (Titley, 1981) in the

Globe-Miami-Superior region (see Fig. 4). Although no apparent

remnants remain, cogenetic and coeval andesitic volcanism probably

accompanied the emplacement of these intrusions (Sillitoe, 1973).

Stratovolcanoes above the high-level stocks in the Globe -Miami -

Superior region (see Fig. 4) may have formed the most imposing

topographic features in east-central Arizona during early- Tertiary

time.

Slight regional northeast-tilting during Laramide time within

at least the northern part of the Transition Zone, from the Grand Wash

Cliffs on the west to the San Carlos Indian Reservation on the east,

created a consistent, but subtle, southwestward increase in

topographic and structural relief across much of central Arizona.

Considerable amounts of subsequent deformation and extensive cover by

middle to late Tertiary volcanic and sedimentary rocks along the

southern margin of the Transition Zone preclude delineation of the
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southern extent of northeast-tilting. Nonetheless, regional

northeast-tilting in east-central Arizona generated more than 1000 m
of structural relief between the Mogollon Rim and Sierra Ancha.

The age, regional extent, and orientation of the tilting

within central Arizona suggest a genetic relationship with major

crustal shortening and uplift within southern Arizona. The zone of

northeast-tilting bounded on the northeast the region of large-scale

crustal thickening in southern Arizona. Major thrusting, including

zones of ductile deformation, significantly thickened the crust in

southern Arizona during Laramide time (Drewes, 1978). Laramide

crustal thickness contours progressively increased toward the

southwest across much of central and southern Arizona, reaching a

maximum of more than 50 km in a northwest-trending zone extending from

near Tucson to Kingman (Coney and Harms, 1984). Thrust-induced,

southwestward thickening of the lower crust in Mesozoic time may have

produced the regional northeast-tilting within the northern part of

the Transition Zone (Reynolds and Spencer, 1985).

Northeast/southwest regional compression of significantly

smaller magnitude than that within southern Arizona induced a

mechanically related process of high-angle reverse faulting and

monoclinal folding within the Transition Zone of east-central Arizona,

particularly along the inherent Precambrian weaknesses of the Canyon

Creek and Cherry Creek fault zones. Intense brittle deformation,

including the 60-m-thick zone of protccataclasite and ultracataclasite

along the Liquor Spring fault, locally developed within the
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homogeneous granite of the upper basement in order to facilitate the

rotation of upper basement blocks. Laramide deformation along the

Cherry Creek fault zone may have caused the apparent 30 0

counterclockwise rotation (when viewed from south to north) of the

pendant of early Proterozoic rock west of the Coon Creek fault.

Alternatively, some or all of the apparent rotation could be

attributed to an earlier episode of rotation and/or oblique-slip along

the Cherry Creek fault zone. As the the Cherry Creek and Canyon Creek

fault zones accommodated reverse translation within the largely

homogeneous upper basement, the overlying layered rocks were draped

over the upthrown edges of the Apache block to form the west-facing

Cherry Creek and east-facing Canyon Creek monoc lines.

The Apache uplift of Davis et al. (1982) formed between the

reverse faults and outward-facing monoc lines along the Cherry Creek

and Canyon Creek fault zones. However, later movements along the

bounding fault zones and deep erosional beveling have largely obscured

the original configuration of the uplift. The eastern boundary of the

uplift is defined by the 70+-km-long Canyon Creek fault zone (see

Fig. 4). The Liquor Spring fault and its lateral continuation into

the anticlinal bend of the Cherry Creek monocline delineate the

western margin of the Apache uplift north of the northeast-trending

discontinuity across the Cherry Creek fault zone. The discontinuity

is presently manifested by the displacement of Oligocene and Miocene

strata. However, because many of the late Tertiary normal faults

along the Cherry Creek fault zone are reactivated Laramide structures,
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major irregularities may also have characterized the western edge of

the Apache uplift in the vicinity of the discontinuity during Laramide

time. A major fault within the upper basement or a contrast in

mechanical properties across the contact between the homogeneous Ruin

Granite and anisotropic pendant of early Proterozoic rock, with its

northeast-trending structural grain, probably produced the northeast-

trending discontinuity. The northeast-trending fault or lithologic

contact was not favorably oriented to accommodate northeast/southwest

directed Laramide compression. Instead, strain may have been

refracted across the discontinuity to discrete zones of weakness

within the early Proterozoic rock. South of the discontinuity, the

lack of both Apache Group strata and thick zones of microbrecciated

granite along the Salt River Canyon part of the Cherry Creek fault

zone precludes determination of the major bounding structure of the

Apache uplift. The apparent counterclockwise rotation of the western

part of the pendant of early Proterozoic rock may imply, however, that

the high-angle Coon Creek and Redmond faults were involved in the

western margin of the uplift.

The lateral extent of the Canyon Creek and Cherry Creek fault

zones suggests that the Apache uplift exceeded 70 km in length.

Although increasing amounts of superimposed middle to late Tertiary

normal faulting toward the south conceal its southern margin, the

regional extent of the Cherry Creek and Canyon Creek fault zones

implies that the Apache uplift extended south to the latitude of

Globe-Miami. The apparent termination of both the Cherry Creek and
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Canyon Creek fault zones toward the north (see Fig. 4) indicates that

the Apache uplift died out before reaching the vicinity of the

present-day Mogollon Rim.

The Apache uplift contributed to the structural and

topographic relief of the Transition Zone. Davis et al. (1982)

estimated that the Apache uplift produced more than 1675 m of

structural relief. However, later reactivation of the Cherry Creek

and Canyon Creek fault zones canceled much of the Laramide relief.

For example, the nonconformity between the Apache Group rocks and the

Ruin Granite presently rests at similar elevations on either side of

the Cherry Creek fault zone even though the geometry of the Cherry

Creek monocline implies a minimum of 600 m of Laramide structural

relief (see Fig. 54). Finnell (1962) demonstrated that the Canyon

Creek fault facilitated at least 550 m of uplift on its west side

prior to 400 m of down-to-the-west movement in Neogene time. The

history of recurrent movement along the Cherry Creek and Canyon Creek

fault zones prevents delineation of the magnitude of Laramide uplift

on the basis of stratigraphic throw. However, because of its original

continuity across much of east-central Arizona, the early Tertiary

erosion surface does provide a post -Laramide, pre-late Oligocene,

regional structural datum with which the amount of structural relief

created by the Apache uplift can be accurately determined by a

comparison of the erosion levels on separate structural blocks.

Before making a critical assessment of the magnitude of uplift,

however, the erosion surface must be placed in a regional context.
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Early Tertiary erosion in east-central Arizona unroofed the

Paleocene plutons, beveled the Laramide uplifts, and carved an erosion

surface with more than 1400 m of topographic relief. The erosional

episode probably continued unabated throughout much of Laramide time.

The age of the regionally extensive erosion surface is constrained to

Eocene-earliest Oligocene time by the unroofed late Paleocene plutons

in the Globe-Miami area and both the overlying Oligocene-early Miocene

Whitetail Conglomerate west of the Canyon Creek fault zone and the

Eocene-Oligocene "rim gravels" of Peirce et al. (1979) in the vicinity

of the Mogollon Rim, the latter of which contain 54 m.y. volcanic

clasts. These age constraints permit a correlation between both the

pre-Whitetail and pre-"rim gravel" erosion surfaces of east-central

Arizona and the late Eocene erosion surface of Epis and Chapin (1975)

in the southern Rocky Mountains. Although the pre-Whitetail Tertiary

erosion surface may not directly correlate with the pre-"rim gravel"

surface, both surfaces are probably related to the same episode of

"early Tertiary" erosion (Eocene to earliest Oligocene time), which

was induced by regional Laramide uplift.

Volcanic piles atop the Laramide plutons in the Globe-Miami-

Superior region were largely removed during the early Tertiary

erosional episode. Subaerial exposure of the Laramide plutons induced

supergene enrichment in the associated orebodies. Similar to most

porphyry copper deposits (Livingston et al., 1968), supergene

enrichment of the orebodies in the Globe-Miami-Superior region

occurred prior to burial by middle Tertiary units, such as the
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Whitetail Conglomerate. The Whitetail Conglomerate contains clasts of

oxide copper ore in the vicinity of the supergene -enriched, Laramide

orebody at Ray (Banks et al., 1972).

In addition, thick sections of Phanerozoic and Proterozoic

strata were stripped from the uplifted terrain throughout east-central

Arizona. The early Tertiary erosion surface, as preserved beneath the

Eocene-Oligocene gravels of Peirce et al. (1979) and the Oligocene-

early Miocene Whitetail Conglomerate, truncates progressively older

strata toward the southwest across the Transition Zone from Cretaceous

units at the Mogollon Rim to Proterozoic rocks in the Salt River

Canyon region.

Erosion beveled the higher terrain of the Apache uplift to a

deeper level than that of the surrounding region. In contrast to

neighboring structural blocks, the Paleozoic section was completely

removed from the Apache uplift. North of the Salt River, Paleozoic

strata generally exceed 700 m in thickness 15 km east of the Canyon

Creek fault zone. Erosional remnants of the basal part of the

Paleozoic section crop out within the Sierra Ancha west of the Cherry

Creek fault zone (see Fig. 4). In addition, remnants of the Troy

Quartzite are more widespread in the Sierra Ancha west of the Cherry

Creek fault zone than on the Apache block. The change in erosion

levels across the Cherry Creek and Canyon Creek fault zones furnishes

important evidence in support of the Apache uplift hypothesis of Davis

et al. (1981, 1982).
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Moreover, early Tertiary erosion cut deeply into the middle

Proterozoic strata and Precambrian crystalline basement of the Salt

River Canyon region west of the Canyon Creek fault zone, creating the

1170+- to 1400+-m-deep, 30+-km-long, northeast-trending Salt River

paleocanyon, as originally postulated by Peirce (personal

communication, 1982). The configuration of the early Tertiary erosion

surface (see Fig. 3, cross section A-A') and relatively thick

accumulations of middle to late Tertiary volcanic and sedimentary

rocks distinguish the Salt River paleocanyon. Many Tertiary units,

including the Whitetail Conglomerate, Apache Leap Tuff, and Chalk

Creek formation are largely confined to the peleccanyon. The maximum

thicknesses of these Tertiary units generally coincide with the

paleocanyon axis. The N50E-trending axis of the paleocanyon, which

lies 1.0 to 3.5 km northwest of and roughly parallel to the present-

day Salt River, extends through the southern part of Black Mesa to the

Canyon Creek fault zone (see Fig. 4). The paleocanyon axis generally

corresponds to the contact between the Redmond formation and Ruin

Granite between the Cherry Creek and Canyon Creek fault zones. The

deeply incised Salt River paleocanyon ends abruptly at the Canyon

Creek fault zone to the northeast, but continues along a similar trend

at least several kilometers to the southwest of Black Mesa.

The width of the Salt River paleocanyon varies from

approximately 14 km in the vicinity of Black Mesa to more than 23 km

immediately east of the Cherry Creek fault zone. The margins of the

paleocanyon are distinguished by northeast-trending erosional
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escarpments of Proterozoic strata (see Fig. 4). The early Tertiary

erosion surface defining the paleocanyon gently ascends 300 to 575 m

on the Ruin Granite to the base of the Sierra Ancha escarpment, which

lies 5 to 14 km northwest of the paleocanyon axis (see Fig. 3, cross

section A-A', Fig. 11, and Fig. 55). The imposing cliffs of middle

Proterozoic strata within the Sierra Ancha escarpment rise abruptly

along the northwest edge of the paleocanyon into the peaks of the

Sierra Ancha, some of which stand more than 1400 m above the floor of

the paleocanyon, as little as 16 km northwest of its axis. Broken

only by relatively minor depressions cut into the non-resistant Yankee

Joe formation and Ruin Granite, the early Tertiary erosion surface

slopes upward more than 500 m in less than 8 km to the southeast of

the paleocanyon axis (see Fig. 3, cross sections A-A' and F-F').

Steep, northwest-facing cliffs of the highly resistant White Ledges

formation, which locally exceed 300 m in height (see Fig. 3, cross

section F-F', and Fig. 55), punctuate the early Tertiary erosion

surface in the southern part of the paleocanyon along the 23 -km -long,

northeast-trending pendant of early Proterozoic rock. The thick

section of middle Proterozoic strata in the Apache Mountains, 10 km

southeast of the axial part of the paleocanyon (see Figs. 4 and 12),

suggests that the total relief along the southeast margin of the Salt

River paleocanyon was comparable to that along the northwest edge.

Furthermore, stratovolcanoes atop the Paleocene plutons in the Globe-

Miami area may have towered thousands of meters above the floor of the

developing paleocanyon, approximately 15 km southeast of its axis.
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The Precambrian crystalline basement along the axis of the

Salt River paleocanyon was truncated to a deeper structural level in

the Apache block than in the surrounding region, further

substantiating the Apache uplift hypothesis of Davis et al. (1981,

1982). More than 575 m of Ruin Granite were excavated along the axis

of the paleocanyon within the Apache block (see Fig. 55) whereas only

300 m were removed west of the Cherry Creek fault zone (see Fig. 3,

cross section A -A').

Despite the deeper structural level of early Tertiary erosion

within the Precambrian crystalline basement of the Apache block, the

overall depth of the paleocanyon appears to have been less within the

Apache uplift than in the region west of the Cherry Creek fault zone.

For example, only 1170 m of elevation separates Sombrero Peak

(1962 m), the highest point in the present-day Sierra Ancha between

the Cherry Creek and Canyon Creek fault zones, and the pre-Whitetail

Tertiary erosion surface (792 m) along the axis of the Salt River

paleocanyon within the Apache block (see Fig. 55). Thus, the depth of

the paleccanyon apparently decreased northeastward from 1400+ m west

of the Cherry Creek fault zone (see Fig. 11) to 1170+ m within the

Apache uplift.

By contrast, the configuration of the early Tertiary erosion

surface east of the Canyon Creek fault zone shows no evidence of a

northeastward continuation of a major (1170+-m-deep) paleocanyon.

Early Tertiary erosion probably did not expose Precambrian rocks along
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a northeast projection of the paleocanyon east of the Canyon Creek

fault zone. Remnants of the Eocene-Oligocene gravels of Peirce et al.

(1979) have not been observed to overlie units older than Devonian.

The greater contrast in erosion levels across the eastern

margin of the Apache uplift, as compared to that across the western

margin, was produced by greater amounts of Laramide uplift along the

Canyon Creek fault zone than along the Cherry Creek fault zone.

However, up-to-the-southwest movement along the Canyon Creek fault

zone accentuated the regional northeast tilt, which maximized the

structural and topographic relief across the eastern margin of the

Apache uplift. On the other hand, structural relief generated by the

regional northeast tilt probably compensated for much of the up-to-

the-northeast displacement along the Cherry Creek fault zone, thus

diminishing the disparity in erosion levels across the western

boundary of the Apache uplift.

Nevertheless, the combined effect of up-to-the-northeast

Laramide movement along the Cherry Creek fault zone and regional

northeast-tilting placed the western part of the Apache uplift

structurally and topographically higher than much of the surrounding

region. Consequently, the widest known part of the paleocanyon

developed immediately east of the Cherry Creek fault zone. The width

of the paleocanyon increases abruptly from 14 to 23 km northeastward

across the Cherry Creek fault zone, but narrows gradually toward the

east across the Apache block to approximately 17 km at the Canyon

Creek fault zone (see Fig. 4).
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Although the deeper levels of early Tertiary erosion within

the structural block between the Cherry Creek and Canyon Creek fault
zones clearly substantiate the Apache uplift hypothesis of Davis et

al. (1981), the major contrast in the levels of early Tertiary erosion

on either side of the Apache uplift suggests that, in addition to the

Apache uplift, the region west of the Cherry Creek fault zone was also

significantly uplifted relative to the area east of the Canyon Creek

fault zone. Laramide uplift subjected the Apache block to deeper

structural levels of erosion than that of the surrounding region.

However, the Salt River paleocanyon and deep level of erosion in the

Sierra Ancha, both of which terminate abruptly in the vicinity of the

Canyon Creek fault zone, continue well beyond the western margin of

the Apache uplift. The regional northeast tilt of 0.75° can only

account for approximately 350 m of relative uplift between the Canyon

Creek and Cherry Creek fault zones, which cannot explain the presence

of the 1400+-m-deep paleocanyon west of the Cherry Creek fault zone.

Furthermore, the regional northeast tilt does not appear to increase

toward the southwest across the Salt River Canyon region. Thus, the

Apache uplift was probably part of a much larger regional uplift,

which extended an unknown distance to the southwest of the Cherry

Creek fault zone. Reverse faulting and monoclinal folding along the

Canyon Creek fault zone bordered this regionally extensive basement-

cored uplift on the northeast. Reverse faulting and monoclinal

folding along the Cherry Creek fault zone, however, marked the western

boundary of an uplifted block, the Apache uplift, within the eastern
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part of the larger regional uplift. The Salt River paleocanyon was

incised into a broad, uplifted region west of the Canyon Creek fault

zone, which included, but was not confined to, the Apache uplift.

An abrupt termination of the broad regional uplift at the

Canyon Creek fault zone probably accounts for the northeastward

decrease in the depth of the Salt River paleocanyon between Black Mesa

and Canyon Creek. The original topographic high of the Apache uplift

would presumably induce excavation of a deeper rather than shallower

canyon within the Apache block. However, the region immediately west

of the Canyon Creek fault zone stood in the most vulnerable position

to the attack of major headward erosion from the lowlands to the east.

Consequently, the high terrain on either side of the paleocanyon may

have been beveled to a disproportionately deeper level within the

Apache block than within the region west of the Cherry Creek fault

zone, thus producing the northeastward decrease in the depth of the

paleocanyon. Major erosional escarpments probably retreated

southwestward across the Transition Zone in early Tertiary time toward

highlands in southern Arizona just as the Mogollon escarpment has

retreated northeastward toward a topographically higher Colorado

Plateau in middle to late Tertiary time.

As the elevated terrain of east-central Arizona was beveled by

early Tertiary erosion, detritus was shed northeastward onto the

structurally and topographically lower Colorado Plateau region.

Northeast-flowing consequent streams on the northeast-tilted terrain

emerged from the eroding highlands of central and southern Arizona



2 0 7

with substantial amounts of sediment load. Appreciable declines in

stream gradients east of the Canyon Creek fault zone presumably

induced deposition of much of the sediment load in the form of gravels

and sandstones in the relative lowlands of the Colorado Plateau

region. Abundant clasts of Precambrian crystalline rock within the

gravels attest to their derivation from source regions within the

uplifted terrain of central Arizona. The gravels also contain

Laramide-aged volcanic clasts (Peirce et al., 1979), perhaps derived

from volcanic piles atop the Paleocene plutons in the Globe-Miami

region. Pebble imbrication within the gravels indicates deposition by

» a northeast-flowing regional drainage system (Peirce, 1967; Peirce et

al., 1979). Shallowly emplaced plutons, copper porphyries, probable

andesitic volcanoes, and hydrothermal deposits in the mineral-rich

source regions suggest that some of the southwesterly derived Tertiary

gravels in the Colorado Plateau region may include fossil placer

deposits.

The southwesterly derived Tertiary gravels within the Colorado

Plateau region of east-central Arizona crop out in the vicinity of the

present-day Mogollon Rim at elevations ranging from 1585 to 2225 m.

Peirce et al. (1979) bracketed the age of the gravels between 54 and

28 m.y. The higher gravels have been referred to as the "rim

gravels". Peirce et al. (1979) restricted the term "rim gravels" to

those gravels at or near the rim edge whose clast content and

imbrication characteristics are indicative of a southerly source and

northerly transport.
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The drainage responsible for the excavation of the northeast-

trending Salt River paleocanyon was probably part of the northeast-

flowing regional drainage network that delivered the post-54 m.y.,

pre-28 m.y. gravels onto the structurally and topographically lower

terrain east of the Canyon Creek fault zone. The direction of

drainage within the Salt River paleocanyon cannot be ascertained,

however, from the configuration of the early Tertiary erosion surface

because: (1) the early Tertiary erosion surface is rarely exposed

along the axis of the paleocanyon; and (2) minor tilting in later

tectonic events may have disrupted the original slope of the

paleocanyon axis. Nonetheless, the Salt River paleocanyon can be

related as a specific point source to southwesterly derived Tertiary

gravels northeast of the Canyon Creek fault zone. The Flying "V"

gravels of Peirce (unpublished work) contain rounded cobbles and

boulders of metavolcanic rock, which is essentially identical to

metavolcanic rock within the early Proterozoic Redmond formation (see

Figs. 7 and 56). The Flying "V" gravels crop out along a northeast

projection of the axis of the Salt River paleocanyon in the vicinity

of Flying nr. Canyon, 27 km northeast of the Canyon Creek fault zone

(see Fig. 4). Southwest-dipping pebble imbrication and abundant

clasts of granite and Apache Group strata demonstrate that the Flying

"V" gravels were derived from the highlands of central Arizona, but

furnish little evidence of specific source areas. On the contrary,

the only likely source for the clasts of metavolcanic rock within the

Flying 'V" gravels is the Salt River paleocanyon. The axis of the
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Figure 56. Microphotograph of metavolcanic clast in Flying "V"
gravels (crossed nicols).

The clasts of metavolcanic rock in the Flying "V" gravels are
essentially identical to metavolcanic rock within the Redmond
formation. The similarities include: (1) the highly lithified nature
of the metavolcanic rock; (2) predominance of angular and fragmental
phenocrysts, indicating a primary pyroclastic origin for both the
clasts of metavolcanic rock and most of the Redmond formation;
(3) highly sericitized plagioclase phenocrysts; (4) metamorphic grade,
as evidenced by the alteration of primary biotite and hornblende to
lens-shaped aggregates of mafic minerals; and (5) microcrystalline
groundmass (compare Figs. 56 and 7).

209
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paleocanyon deeply truncates the metavolcanic rock of the Redmond

formation lengthwise across 23 km of the pendant of early Proterozoic

rock. Although metavolcanic rock does crop out in many areas of

central Arizona outside of the Salt River Canyon region, only the

Redmond formation lies along the axis of a documented early Tertiary

paleocanyon in the original upstream direction of and in close

proximity to the Flying 'V" gravels. The lack of any other nearby

sources for the clasts of metavolcanic rock and both the location and

orientation of the paleocanyon indicate that the Flying "V" gravels

were largely derived from the Salt River paleocanyon. An early

Tertiary age (Eocene to earliest Oligocene) is implied for the Flying

"V" gravels on the basis of their genetic relationship with the early

Tertiary erosion surface within the Salt River paleocanyon.

A major northeast-flowing river was probably responsible for

both the excavation of the Salt River paleocanyon and deposition of at

least the Flying 'V" gravels. Well developed pebble imbrication,

major cut-and-fill features, a predominance of rounded grains and

clasts, and distant source areas indicate a riverine origin for the

Flying "V" gravels. The northeast-flowing river became entrenched in

the broad uplifted region west of the Canyon Creek fault zone and

emerged onto the relative lowlands east of the Canyon Creek fault zone

with tremendous amounts of sediment load, some of which was deposited

in the form of the Flying "V' gravels.
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The continuity of a major river system between the Salt River

paleocanyon and the Flying "V" gravels indicates that the Flying "V"

gravels accumulated within a geomorphic continuation of the

paleocanyon. However, the Flying "V" gravels were not deposited in a

deep, relatively narrow, steep-sided canyon, but rather in a broad,

gently sloping depression. Thus, the Salt River paleocanyon

apparently merged eastward into a large valley-like feature. Because

its known extent lies fully within the Salt River Canyon region, the

continuous early Tertiary topographic depression between Roosevelt

Lake and the Flying "V" Canyon area is here named the Salt River

paleovalley.

The Salt River paleovalley consists of two distinct segments,

which together exceed 60 km in length and are separated by the Canyon

Creek fault zone. The 14- to 23-km-wide, 30+-km-long, 1170+- to

1400+-m-deep canyon-like segment of the Salt River paleovalley, or

Salt River paleocanyon, was etched into the uplifted region west of

the Canyon Creek fault zone whereas the broad 30+-km-long valley-like

segment of low relief developed in the relative lowlands to the east.

The Flying "V" gravels may correlate with the rim gravels of

Peirce et al. (1979) within east-central Arizona, as evidenced by

similarities in overall composition, clast content, and pebble

imbrication. Both the Flying "V" and rim gravels were derived from

uplifted regions toward the southwest and deposited by a northeast-

flowing regional drainage network during Eocene to possibly early

Oligocene time. Because of their proximity to the uplifted region
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west of the Canyon Creek fault zone, the Flying "V" gravels presumably

represent a more proximal facies than gravels closer to the Mogollon

Rim. However, the basal contact of the Flying "\r' gravels presently

lies approximately 500 m topographically lower than that of the rim

gravels. Although several northwest-trending faults, which have

facilitated down-to-the-southwest displacement, lie between the Flying

"rgravels and the segment of the Mogollon Rim to the northeast of

Flying 'V" Canyon (see Fig. 4), the net stratigraphic throw along

these faults does not fully account for the discordant elevations of

the early Tertiary gravels (Peirce, personal communication, 1985). If

the Flying 'V" and rim gravels are indeed correlative, such a

discrepancy could result from unrecognized faults, a history of

reactivation along known faults, and/or regional southwest-tilting in

middle to late Tertiary time. Similar to the Canyon Creek fault zone,

some of the faults between Flying 'V" Canyon and the Mogollon Rim may

have accommodated up-to-the-southwest displacement in Laramide time

and down-to-the-southwest movement in middle to late Tertiary time.

Thus, the amount of displacement recorded by offset pre-Tertiary

strata may not accurately reflect net down-to-the-southwest middle to

late Tertiary movement.

The northwest-trending faults in the Mogollon Rim region and

regional southwest-tilting cannot, however, account for the low

elevation of the Flying 'V" gravels relative to the rim gravels

northwest of Flying "V" Canyon (see Fig. 4). Some of the

discrepancies in elevation of the southwesterly derived Tertiary



213

gravels may have been produced by a complex drainage net in which

several major, northeast-flowing streams emerged from the highlands of

central Arizona and emptied onto the topographically lower Colorado

Plateau region at various elevations. Alternatively, the

southwesterly derived Tertiary gravels in the Mogollon Rim region may

chronicle a long episode of early Tertiary erosion within the Laramide

highlands of central and southern Arizona and thus record long term

changes in base level. In any case, a clear-cut correlation between

the Flying "V" and rim gravels must await more comprehensive studies

of the Tertiary stratigraphy, structural framework, and geomorphic

development of the region between the Canyon Creek fault zone and

Mogollon Rim.

The southwesterly derived Eocene-early Oligocene sedimentary

rocks within the Flying "V" Canyon and Mogollon Rim regions of east-

central Arizona may have accumulated in the proximal western part of

the Eocene Baca basin (Johnson, 1978; Chapin and Cather, 1981). The

Baca basin encompasses a broad region of eastern Arizona and west-

central New Mexico (see Fig. 57). Cather and Johnson (1984) surmised

that the Tertiary gravels and sandstones in the Mogollon Rim region

grade eastward into the finer-grained sedimentary rocks of the Eagar

and Baca Formations, which occupy the more distal parts of the Baca

basin. They further concluded, on the basis of flow direction

indicators throughout the Baca basin, that the Apache uplift area was

the main contributor of sediment into that basin. With the excavation

of the 30+-km-long, 14- to 23 km-wide, 1170+-m-deep Salt River
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Figure 57. Baca basin.

The early Tertiary gravels southwest of Show Low, including 
the Flying

"V" and rim gravels, may have accumulated in the proximal western part

of the Eocene Baca basin. Cather and Johnson (1984) 
concluded that

the rim gravels grade eastward into the finer-grained Eagar 
and Baca

Formations. Flow direction indicators throughout the Baca 
basin and

the magnitude of the Salt River paleocanyon suggest that the regional

Laramide uplift west of the Canyon Creek fault zone, including 
the

Apache uplift, may have served as a major source area 
for sediment in

the Baca basin. (Figure is slightly modified from Cather 
and Johnson,

1984, p. 7)
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paleocanyon by a northeast-flowing river system along the apparent

western margin of the Baca basin, it would not be surprising if the

uplifted region west of the Canyon Creek fault zone did indeed serve

as the primary source area for the sedimentary rocks within the Baca

basin (see Fig. 57).

The complexities of the region between the Canyon Creek fault

zone and Mogollon Rim, particularly the various levels of the

southwesterly derived gravels, must be resolved, however, before a

paleogeographic connection can be firmly established between the Salt

River paleocanyon and Baca basin. The available data only permit the

aforementioned link between the Salt River paleocanyon and Flying "V"

gravels. Nevertheless, a likely, albeit tentative, scenario involves

a genetic relationship between the Salt River paleocanyon, the

southwesterly derived gravels within both the Flying "V" Canyon and

Mogollon Rim regions, and the Eagar and Baca Formations. Large

quantities of detritus were perhaps transported from the uplifted

terrain of east-central Arizona to the Baca basin by a northeast-

flowing river system, which flowed through the Salt River paleocanyon.

An Eocene age is implied for the southwesterly derived Flying "V" and

rim gravels, because of their possible correlation with the Baca and

Eagar Formations, which have been assigned Eocene ages on the basis of

fossiliferous outcrops and K-Ar dating of overlying units (Johnson,

1978; Lucas, 1983; Cather and Johnson, 1984).
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Moreover, because of the continuity of an early Tertiary

(Eocene to earliest Oligocene) northeast-flowing drainage between the

Salt River paleocanyon and Flying "V" gravels, the amount of Laramide

uplift along the Canyon Creek and Cherry Creek fault zones can be

determined by comparison of the various erosion levels etched into the

separate structural blocks. The Oligocene-early Miocene Whitetail

Conglomerate overlies Precambrian crystalline basement along the axis

of the Salt River paleocanyon west of the Canyon Creek fault zone

whereas the Flying "V" gravels of probable Eocene-early Oligocene age

rest upon the Naco and Supai Formations in Flying "V" Canyon (Moore

and Peirce, 1967), 27 km northeast of the Canyon Creek fault zone (see

Fig. 4). Although some erosion, unrelated to the northeast-flowing

drainage, may have preceded deposition of the Whitetail Conglomerate,

the Ruin Granite and Redmond formation were, nevertheless, deeply

truncated by the early Tertiary northeast-flowing drainage system, as

evidenced by the clasts of granite and metavolcanic rock within the

Flying "V" gravels. Approximately 1600 m of Paleozoic and middle

Proterozoic strata beneath the Naco-Supai contact were removed by

early Tertiary erosion along the axis of the Salt River paleocanyon.

The confinement of the 1170 +-m-deep paleocanyon to the region west of

the Canyon Creek fault zone and the continuity of the early Tertiary

drainage between the paleocanyon and Flying "V" Canyon implies that

the 1600 m of differential erosion roughly equates with the amount of

relative uplift of the Salt River Canyon region west of the Canyon

Creek fault zone.
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However, all of the 1600 m of uplift cannot be attributed to

movement along the Canyon Creek fault zone. The regional northeast

tilt of 0.75° accounts for approximately 350 m of relative uplift

between Flying "V" Canyon and Canyon Creek. Furthermore, the east-

facing Mule Hoof and Rock Canyon monoclines of Granger and Raup (1969)

accommodated about 140 m of up-to-the-west movement in Laramide time

(Davis et al., 1981). No other major structures have been observed

between Flying "V" Canyon and Canyon Creek. Consequently, the Salt

River Canyon part of the Canyon Creek fault zone facilitated at least

1110 m of reverse movement in Laramide time. This figure represents a

minimum, because it does not take into account the northeast-sloping

drainage gradient nor the thickness of the Flying "V" gravels.

A relatively gentle gradient had probably evolved, however,

within the 60+-km-long Salt River paleovalley by the close of the

early Tertiary erosional episode. The average stream gradient across

east-central Arizona presumably did not exceed the regional northeast

tilt, because (1) progressively younger formations are exposed toward

the northeast beneath the early Tertiary erosion surface east of the

Canyon Creek fault zone and (2) gentle gradients characterize the

early Tertiary erosion surface where exposed along the paleovalley

axis. Thus, at the close of the erosional episode, the remaining

topographic relief along the axis of the paleovalley between the

Canyon Creek fault zone and Flying "V" gravels was probably on the

order of a few hundred meters.
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Moreover, the erosion surface along the paleocanyon axis, as

preserved beneath the Whitetail Conglomerate, may not correlate with

that beneath the Flying "V" gravels, but rather with some unknown

level within the section of gravels. Erosional breaching of the

southwesterly derived Eocene-early Oligocene gravels in the Mogollon

Rim and Flying "V" Canyon regions prior to deposition of the overlying

late Oligocene-Miocene volcanic rocks (Peirce et al., 1979) precludes

delineation of original gravel thicknesses. Moore (1968) concluded,

however, that early Tertiary sedimentary rocks in the Mogollon Rim

region locally exceed 300 m in thickness. Once the northeast-sloping

drainage gradient and possible thickness of the Flying 'Nm gravels are

considered, Laramide uplift along the Canyon Creek fault zone in the

vicinity of the paleovalley axis is roughly bracketed between 1110

and 1750 m. The depth of the Salt River paleocanyon further implies

that relative uplift of the region west of the Canyon Creek fault zone

surpassed 1170 m, thus bracketing up-to-the-west movement along the

Canyon Creek fault zone between 1170 and 1750 m.

The deeper structural level of early Tertiary erosion within

the Precambrian crystalline basement of the Apache block, as compared

with that of the Black Mesa block, suggests that at least 275 m of

Laramide uplift occurred along the Salt River Canyon part of the

Cherry Creek fault zone. Because of its apparent gentle slope along

the paleocanyon axis, the northeast-sloping drainage gradient probably

accounts for little of the discrepancy in erosion levels between 
the

Apache and Black Mesa blocks. Moreover, the regional northeast 
tilt
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of 0 •750, which created approximately 350 m of structural relief

between the Canyon Creek fault zone and Black Mesa, would have

promoted a deeper level of truncation southwestward across the Salt

River Canyon region. The contrary northeastward increase in the depth

of erosion across the Cherry Creek fault zone indicates that up -to -

the-northeast Laramide displacement along the Cherry Creek fault zone

exceeded the structural relief generated by northeast-tilting by

approximately 275 m, yielding a total uplift of more than 600 m in the

vicinity of the paleocanyon axis. The northeast-trending late

Tertiary structural discontinuity suggests, however, that Laramide

offset may also have varied considerably along the Cherry Creek fault

zone.

The estimate of Laramide uplift along the Canyon Creek fault

zone can be further refined by determining the amount of structural

relief between the separate blocks on either side of the Apache

uplift. Because the Salt River paleocanyon terminates at the Canyon

Creek fault zone and was linked to the Flying "V" gravels by a

continuous northeast-flowing river system, the depth of the

paleocanyon west of the Cherry Creek fault zone must be related to the

the minimum amount of relative uplift between the Black Mesa block and

the structural block - immediately east of the Apache uplift. The

1400+ m depth of the paleocanyon within the Black Mesa block roughly

equates with the relative uplift created by both the Canyon 
Creek

fault zone and regional northeast tilt less the 
displacement along the

Cherry Creek fault zone. Down-to-the-west Laramide movement along 
the
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Cherry Creek fault zone effectively canceled more than 600 m of the

up-to-the-west displacement along the Canyon Creek fault 'zone.

However, the regional northeast tilt provides an additional 350 m of

structural relief between the Canyon Creek fault zone and Black Mesa

block. Thus, the 1400+ m depth of the paleocanyon within the Black

Mesa block (or 1400+ m of structural relief between the blocks on

either side of the Apache uplift) requires that the Canyon Creek fault

zone accommodated at least 1650 m of relative up-to-the-west Laramide

movement in the vicinity of the paleocanyon axis. The aforementioned

constraints suggest that the Salt River Canyon part of the Canyon

Creek fault zone facilitated between 1650 and 1750 m of Laramide

uplift.

Several factors combined to influence the trend and location

of the Salt River paleocanyon, including (1) the regional northeast

tilt, (2) major uplift of the region West of the Canyon Creek fault

zone, (13) a probable volcanic edifice in the Globe-Miami region, (4) a

northeast-trending structural discontinuity across at least the Cherry

Creek fault zone, and (5) the northeast-trending structural grain

within the pendant of early Proterozoic rock. Northeast-flowing

consequent streams had developed on the northeast-tilted terrane of

east-central Arizona by early Tertiary time, as best evidenced by the

flow direction indicators within the Eocene-early Oligocene gravels of.

the Mogollon Rim and Flying "V" Canyon regions. A northeast-flowing

consequent river became incised in the broad uplifted region west of

the Canyon Creek fault zone and carved the northeast-trending,
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1170+-m-deep Salt River paleocanym. Subsequent tributaries to this

northeast-flowing river probably paralleled major structures, such as

the Canyon Creek and Cherry Creek fault zones, and northwest-trending

cuestas formed by the more resistant units of northeast-tilted strata.

Although the Apache uplift, which constitutes the eastern part of the

broad regional uplift, mai7 have initially formed a drainage divide,

the regional extent of the Salt River paleovalley indicates that the

Apache uplift was deeply beveled and integrated into the northeast -

flowing regional drainage network during early Tertiary time.

Thick volcanic piles, which probably extended outward from

major volcanic centers atop the Paleocene plutons in the Globe-Miami

region, may have partially controlled the location of the Salt River

paleccanyon by diverting major northeast-flowing streams into the Salt

River Canyon region. Widespread thrusting and magmatism in southern

Arizona during Laramide time suggest that elevations increased to even

greater heights south and west of the Globe-Miami region. By

contrast, the Salt River Canyon region was disrupted only by local

uplifts and regional northeast-tilting. Large volcanic edifices in

the Globe-Miami region may have diverted major streams, emerging from

the extensive mountainous region to the south and west, into the

relatively undeformed, and topographically lower, Salt River Canyon

region. Ample supplies of water, fed by the major orogenic belt in

southern Arizona, and steep gradients probably provided the erosive

power needed to excavate the 1170+-m-deep Salt River paleocanyon.

Large rounded boulders of Precambrian crystalline rock, tens of
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kilometers from possible source areas, in the Eocene-Oligocene gravels

of the Mogollon Rim region attest to high stream gradients inherited

from the Laramide orogeny (Peirce et al., 1979).

The specific location of the Salt River paleocanyon was

probably influenced by the northeast-trending structural discontinuity

across the Cherry Creek fault zone. Similar to late Tertiary normal

displacement along this reactivated fault zone, Laramide reverse

movement may have reached a minimum in the vicinity of the

discontinuity. The discontinuity may have initially provided a locus

for headward erosion into the Apache uplift. Eventually, the through-

going, northeast-flowing consequent stream responsible for the

excavation of the Salt River paleocanyon took advantage of the

topographic depression created by the northeast-trending

discontinuity, as demonstrated by the near coincidence of the

discontinuity with the axis of the paleocanyon. However, the lack of

Paleozoic and middle Proterozoic strata along the Salt River Canyon

part of the Cherry Creek fault zone precludes delineation of a

Laramide discontinuity.

Following removal of hundreds of meters of overlying middle

Proterozoic and Phanerozoic strata by early Tertiary erosion, the

northeast-trending structural grain within the 23+ -km -long, 1- to

10-km-wide pendant of early Proterozoic rock significantly governed

the trend and location of the axis of the Salt River paleocanyon. The

homogeneous Ruin Granite, which encompasses the pendant of 
early

Proterozoic rock and underlies much of the paleocanyon, 
would
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presumably impart little control on the trend of major drainages,

perhaps allowing the northeast-flowing consequent streams to seek new

courses parallel to the major north-northwest-trending fault zones.

Nevertheless, the N50E trend of the paleocanyon axis is essentially

parallel to the structural grain within the early Proterozoic rock.

The consequent stream within the paleocanyon continued along a

northeastward path within the crystalline basement, because (1) it was

already deeply entrenched within the northeast-trending paleocanyon

and (2) highly resistant units within the northeast-trending pendant

of early Proterozoic rock provided a major topographic barrier, 2.0 to

6.0 km southeast of the paleocanyon axis between the Cherry Creek and

Canyon Creek fault zones (see Figs. 4 and 55). Erosion within the

paleocanyon probably accelerated once the non-resistant Ruin Granite

was exposed, which in turn may have reduced the overall stream

gradient between the uplifted region west of the Canyon Creek fault

zone and the Flying "V" Canyon area.

In summary, regional northeast-tilting, basement-cored

uplifts, and magmatism placed the Transition Zone of east-central

Arizona structurally and topographically higher than the Colorado

Plateau region during Laramide time (see Fig. 58). Regional

northeast-tilting alone produced more than 1000 m of structural relief

between the present-day Mogollon Rim and Salt River Canyon region.

The Laramide Apache uplift of Davis et al. (1981) was actually an

uplifted block along the eastern edge of a much larger regional

uplift, which extended an unknown distance to the southwest of the
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Figure 58. Laramide schematic cross section of the Salt River Canyon
region.

Regional northeast-tilting and basement-cored uplifts placed much of
the Salt River Canyon region structurally and topographically higher
than the Colorado Plateau region during Laramide time. The Apache
uplift formed between the reverse faults and outward-facing monoclines
of the Cherry Creek and Canyon Creek fault zones. Because it marked
the northeasternmost extent of major Laramide tectonism in east-
central Arizona and accommodated 1650 to 1750 m of up-to-the-west
Laramide reverse displacement, the Canyon Creek fault zone separated
major highlands on the west from relative lowlands to the east. Early
Tertiary erosion deeply beveled the entire Salt River Canyon region.
PCg=1.4 b.y. granite; Ys=middle Proterozoic sedimentary rocks and
diabase sills; Pz=Paleozoic sedimentary rocks; Ks=Cretaceous
sedimentary rocks.
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Cherry Creek fault zone. Thick volcanic piles and andesitic

stratovolcanoes atop the shallowly emplaced Paleocene plutons in the

Globe-Miami region may have punctuated the early Tertiary landscape of

east-central Arizona. By early Tertiary time the elevated terrain in

east-central Arizona sloped northeastward into the relative lowlands

of the Colorado Plateau region, but continued to rise toward the south

and west into a major orogenic welt in southern Arizona, which

included fold and thrust belts (Drewes, 1978), basement-cored uplifts

(Davis, 1978), and widespread magmatism.

The elevated terrain within east-central Arizona was attacked

by early Tertiary erosion, which beveled the uplifts, unroofed the

plutons, and carved an erosion surface with more than 1400 m of

topographic relief. A northeast-flowing consequent stream etched the

30+-km-long, 14- to 23-km-wide, 1170+-m-deep canyon-like segment of

the 60+-km-long, northeast-trending Salt River paleovalley into the

uplifted region west of the Canyon Creek fault zone. Detritus removed

from the uplifted region was transported northeastward and deposited

in the form of Eocene-early Oligocene gravels and sandstones within at

least the Flying "IPs Canyon region, which possibly corresponded to the

proximal western part of the Baca basin (see Fig. 59). The Salt River

paleocanyon is related as a specific point source to the Flying 'V"

gravels, because: (1) the southwesterly derived Flying 'V" gravels

contain rounded clasts of metavolcanic rock essentially identical to

the deeply truncated metavolcanic rock within the early Proterozoic

Redmond formation, which crops out along 23 km of the paleocanyon



Salt River paleovalley

226

Salt River paleocanyon

Cherry Creek Foul! Zone

.1n00,7)

\ -'•/	 /	 \ /--
\ \ \	 \ i,

1	 /	 ....	 I -.-

— P.Cg	 ,	 / _ i
\ -, / /	 /	 / \ n

_ /	 / ---
/	 -...

SW

Baca basin(?)
Canyon Creek

roll& Zone	
Tg

Ys	 Pz
/

/
P'eg /1

NE

Figure 59. Early Tertiary schematic cross section of the Salt River
Canyon region.

An early Tertiary, northeast-flowing consequent stream carved the

30+ -km -long, 14- to 23-km-wide, 1170+-m-deep Salt River paleocanyon

into a broad uplifted region west of the Canyon Creek fault zone. The

continuation of the paleocanyon beyond the western edge of the Apache

uplift of Davis et al. (1982) indicates that the Apache uplift was

part of a much larger regional uplift. Detritus removed from the

paleocanyon was transported northeastward and deposited in the form of

Eocene-early Oligocene gravels and sandstones in the Flying "1P' Canyon

region, which may have corresponded to the proximal western part of

the Baca basin. This schematic cross section roughly parallels the

axis of the Salt River paleovalley. PCg=1.4 b.y. granite; Ys=middle

Proterozoic sedimentary rocks and diabase sills; Pz=Paleozoic

sedimentary rocks; Tg=Eocene -early Oligocene gravels and sandstones.
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axis; and (2) the paleocanyon lies in the upstream direction of and in

close proximity to the Flying V' gravels. Flow direction indicators

within sedimentary rocks throughout the Baca basin of Cather and

Johnson (1984) and the magnitude of the Salt River paleocanyon further

suggest that the uplifted region west of the Canyon Creek fault zone

may have been the primary source area for sediment within much of the

Baca basin.

The trend and location of the Salt River paleocanyon were

influenced by CO uplift of the region west of the Canyon Creek fault

zone relative to the Colorado Plateau region, (Z) regional northeast-

tilting, C” a probable volcanic highland in the Globe-Miami region,

(4) the northeast-trending structural discontinuity across the Cherry

Creek fault zone, where Laramide displacement may have reached a

minimum, and (5) the highly resistant units within the northeast-

trending pendant of early Proterozoic rock. Ample supplies of water

from an extensive mountainous region toward the south and west and

steep gradients generated the erosive power necessary for the

excavation of the 30+ -km -long, 1170+-m-deep paleccanyon.

Because of the continuity of the early Tertiary northeast -

flowing drainage system between the Salt River paleocanyon and Flying

"V" gravels, the early Tertiary erosion surface provides a post -

Laramide, pre-late Oligocene structural datum by which the amount of

Laramide uplift along the Canyon Creek and Cherry Creek fault zones

can be determined. A kinematically related process of Laramide

reverse faulting and monoclinal folding produced (1) 1650 to 1750 m of
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up-to-the-west displacement along the Canyon Creek fault zone, which

constitutes the eastern edge of both the Apache uplift and larger

regional uplift, and (2) more than 600 m of up-to-the-east movement

along the Cherry Creek fault zone, which bounds the Apache uplift on

the west.

Interpretations regarding the early Tertiary history of the

Salt River Canyon region largely depend on the character of the early

Tertiary (Eocene to earliest Oligocene) erosion surface. Similar to

the late Eocene erosion surface of the southern Rocky Mountains (Epis

and Chapin, 1975), a fortuitous set of circumstances within east-

central Arizona has preserved major topographic features on the early

Tertiary erosion surface, such as the Salt River paleocanyon. These

include: (1) the cessation of the Laramide orogeny in late Eocene time

(Coney, 1972); (2) a 20 m.y. hiatus in magmatism during Eocene-early

Oligocene time; (3) an episode of Oligocene normal faulting, which

reactivated some of the Laramide structures, but in an opposite sense;

(4) the deposition of the Oligocene-early Miocene Whitetail

Conglomerate; and (5) the outbreak of volcanism in late Oligocene-

early Miocene time. The termination of the Laramide orogeny permitted

deep erosion of the uplifted region west of the Canyon Creek fault

zone and aggradation within the adjacent lowlands without significant

rejuvenation of topographic relief. "The hiatus in volcanism allowed

destructional geomorphic processes to alter the landscape

uninterrupted by added shielding of constructional volcanic piles"

(Epis and Chapin, 1975). Thus, the early Tertiary erosion surface, as
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preserved within east-central Arizona, represents a period of post-

Taramide tectonic and magmatic quiescence during Eocene and perhaps

earliest Oligocene time. An obscure episode of Oligocene normal

faulting and the contemporaneous deposition of fanglomerates

(Whitetail Conglomerate) within the Salt River paleocanyon preserved

much of the early Tertiary erosion surface in the broad Laramide

uplift west of the Canyon Creek fault zone. The early Tertiary

erosion surface, the Eocene-early Oligocene gravels within the Flying

"V" Canyon and Mogollon Rim regions, and the Oligocene-early Miocene

fanglomerates within the Salt River paleocanyon were all protected

beneath a mantle of resistant volcanic rock in late Oligocene-early

Miocene time.

Early Oligocene-middle Miocene (35 to 14 m.y.) 

An obscure episode of predominantly down-to-the-west,

Oligocene normal faulting induced a long period of internal drainage

within east-central Arizona in which the Salt River paleocanyon served

as a major depositional basin for Oligocene to middle Miocene volcanic

and sedimentary rocks. However, Oligocene normal faulting within the

Salt River Canyon region cannot be documented by means of

stratigraphic throw, because of the concurrent lack of widely

distributed Tertiary volcanic and sedimentary rocks in the vicinity of

the major fault zones and the complications introduced by previous

movement along the Canyon Creek and Cherry Creek fault zones.

Nevertheless, the present position of the Salt River paleocanyon

relative to the Flying 'V" gravels, the distribution and character of
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Oligocene and Miocene strata, and the timing of extension within the

Basin and Range province of southern Arizona indicate that major

normal faulting disrupted the Salt River Canyon region during

Oligocene time.

The region west of the Canyon Creek fault zone, including the

Salt River paleocanyon, has clearly been downthrown to the west

relative to the Flying "V" Canyon region during middle to late

Tertiary time. The Whitetail Conglomerate overlies Precambrian

crystalline basement at an elevation of 800 m along the paleocanyon

axis within the Apache block (see Fig. 55) whereas the 200+-m-thick

section of Flying "V" gravels rest on Paleozoic strata at an elevation

of approximately 1585 m in the vicinity of Flying "V" Canyon. Thus,

at present the axis of the 1170+-m-deep segment of the Salt River

paleocanyon ironically lies 785 to 985 m topographically lower than

the Flying "V" gravels for which it was a source. However, early

to middle Miocene basalts record only 400 m of down-to-the-west normal

displacement along the Canyon Creek fault zone (Finnell, 1962;

Cuffney, 1976; Peirce et al., 1979). No major faults that accommodate

normal movement or down-to-the-west displacement have been observed

between the Canyon Creek fault zone and Flying "V" gravels. The

present low position of the paleocanyon relative to the Flying "V"

gravels thus requires a minimum of 385 m of down-to-the-west movement

along the Canyon Creek fault zone during Oligocene time.

Consideration of the 200+ m thickness of the Flying "V" gravels and

the early Tertiary northeast-sloping drainage gradient further
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indicates that the down-to-the-west Oligocene normal displacement

along the Canyon Creek fault zone in the vicinity of the peleocanyon

exceeded 750 m.

In addition, despite 1650 to 1750 m of up-to-the-west Laramide

movement along the Canyon Creek fault zone, the Apache block in the

vicinity of the paleocanyon axis remains just 485 m structurally above

the block immediately east of the fault zone. Because early Miocene

strata record only 400 m of offset, more than 750 m of down -to -the -

west Oligocene normal displacement must have occurred along the Canyon

Creek fault zone in order to account for the present structural

position of the Apache block. Both the contemporary structural and

topographic position of the Apache block demonstrate that the Canyon

Creek fault zone in the vicinity of the paleocanyon accommodated at

least 750 m of down-to-the-west Oligocene normal displacement, which

canceled much of the structural relief created by up-to-the-west

reverse movement during Laramide time.

The quantitative delineation of Oligocene normal faulting is

contingent upon the interpretations of the early Tertiary history of

the Salt River Canyon region, particularly the genetic relationship

established between the Salt River paleocanyon and Flying "V" gravels

and the attendant calculations of Laramide offset along the Canyon

Creek fault zone. However, several qualitative arguments independent

of the interpretations of the early Tertiary history also suggest a

major episode of Oligocene normal faulting.
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For example, severe crustal extension in southeast Arizona

during Oligocene time implies that at least some Oligocene normal

faulting occurred within the Salt River Canyon region. By late

Oligocene time the Basin and Range province of southeast Arizona

reeled under the effects of a major extensional orogeny (Shafiqullah

et al., 1980), involving widespread low-angle normal faulting,

development of the metamorphic core complexes, and extension locally

in excess of 200%. Furthermore, major crustal extension along low-

angle normal faults began in mid-Oligocene time in the San Pedro

region (Dickinson, 1984), only 80 km south of the Salt River Canyon.

The Oligocene to middle Miocene episode of low-angle normal faulting

(Shafiqullah et al., 1980) within southern Arizona generally produced

far more extension than did the later Basin and Range disturbance.

Similarly, Oligocene faulting probably accounts for more than 65% of

the middle to late Tertiary normal displacement along the Canyon Creek

fault zone.

Moreover, down-to-the-west Oligocene normal faulting along the

Canyon Creek fault zone can account for the development of the

ancestral Mogollon Rim of Peirce et al. (1979) within east-central

Arizona. Peirce et al. (1979) concluded on the basis of the

distribution of Oligocene and early Miocene volcanic rocks throughout

central Arizona that major erosional downcutting toward the southwest,

including breaching of the rim gravel surface, carved an ancestral

Mogollon Rim, with up to 600 m of relief, during Oligocene time (see

Fig. 60). More than 750 m of down-to-the-west Oligocene displacement
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Figure 60. Ancestral Mogollon Rim.

The distribution of Oligocene-early Miocene volcanic rocks east of the
Canyon Creek fault in this schematic cross section of east-central
Arizona (modified from Peirce et al., 1979, p. 11) demonstrates that
an ancestral Mogollon Rim developed during Oligocene time. Peirce et
al. (1979) attributed the ancestral rim to a tectonically-induced,
Oligocene base level change, but did not specify the nature of the
tectonic event. The base level change within east-central Arizona was
probably produced by down-to-the-west, Oligocene normal displacement
along the Canyon Creek fault zone, which placed the formerly high
source terrain of the Salt River paleocanyon topographically lower
than the region east of Canyon Creek. Subsequent headward erosion
adjacent to the paleocanyon east of the Canyon Creek fault zone
created a segment of the ancestral Mogollon Rim.



2 3 4

along the Canyon Creek fault zone would have produced a significant

base level change across east-central Arizona by placing the formerly

high source terrain of the Salt River paleocanyon topographically

lower than the early Tertiary lowlands in the Flying 'V" Canyon

region. Subsequent headward erosion into the topographically high

region directly adjacent to the paleocanyon east of the Canyon Creek

fault zone probably created a segment of the ancestral Mogollon Rim.

Down-to-the-west Oligocene normal faulting and subsequent

evolution of the ancestral Mogollon Rim effectively initiated a major

drainage reversal within east-central Arizona by disrupting the

northeast-flowing early Tertiary drainage system and permitting the

development of an incipient southwest-flowing drainage. In the early

stages of Oligocene tectonism a drainage divide probably formed

immediately east of the Canyon Creek fault zone between the remnant

northeast-flowing regional drainage network on the east and developing

southwest-flowing streams on the west that emptied into the Salt River

paleocanyon, which was subsiding together with the entire region west

of the Canyon Creek fault zone. As continued faulting further lowered

the base level to the west, the southwest-flowing drainage system

propagated northeastward and captured increasing amounts of the

remnant northeast-flowing drainage. Thus, the ancestral Mogollon Rim

within east-central Arizona advanced tens of kilometers northeastward

during Oligocene time from its original genesis at the Canyon Creek

fault zone. The excavation of that part of the contemporary Salt

River Canyon east of the Canyon Creek fault zone, which now contains
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the southwest-flowing Salt River, probably began in Oligocene time

with the headward erosion of a major southwest-flowing stream into the

topographically high region east of the Salt River paleocanyon.

Oligocene normal faulting within the Salt River Canyon region

generally did not compensate for the structural and topographic relief

generated by the Laramide orogeny. For example, the more than 750 m

of down-to-the-west, Oligocene normal displacement along the Canyon

Creek fault zone placed only topographically low areas etched into the

regional Laramide uplift west of the fault zone, such as the Salt

River paleocanyon, lower than the region east of the fault zone. Much

of the region west of the Canyon Creek fault zone on either side of

the 1170+-m-deep paleocanyon, including the Apache Mountains and

Sierra Ancha, remained several hundred meters topographically higher

than the early Tertiary lowlands to the east. Thus, northeast-flowing

consequent streams may have locally transported detritus from the

region west of the Canyon Creek fault zone onto the Flying "V" Canyon

and Mogollon Rim regions in Neogene time. Without the original

excavation of the Salt River paleocanyon by early Tertiary erosion,

Oligocene normal faulting along the Canyon Creek fault zone could not

have disrupted the northeast-flowing drainage nor induced development

of the ancestral Mogollon Rim.

A major shift during Oligocene time in depositional patterns

within the Salt River Canyon region provides further evidence of

Oligocene tectonism. In Eocene and perhaps earliest Oligocene time,

the region east of the Canyon Creek fault zone served as a major
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depositional basin for southwesterly derived detritus shed largely

from distant highlands, which included the Salt River paleocanyon.

Major deposition shifted to the region west of the Canyon Creek fault

zone during Oligocene time with the accumulation of up to 275 m of the

Oligocene-early Miocene Whitetail Conglomerate within the Salt River

paleocanyon. The angular, poorly sorted, and locally derived detritus

within the fanglomerates of the Whitetail Conglomerate greatly

contrasts with the well rounded, well sorted, and well travelled

fluvial material within the southwesterly derived Eocene-early

Oligocene gravels of the Flying "V" Canyon and Mogollon Rim regions.

The Whitetail Conglomerate, which has not been observed east of the

Canyon Creek fault zone, represents a period of aggradation in the

formerly high source terrain of the paleocanyon. Moreover, it

furnishes the first piece of stratigraphic evidence of the destruction

of the northeast-flowing regional drainage network of early Tertiary

time, which had originally excavated the Salt River paleocanyon and

possibly linked the paleocanyon with the western part of the Baca

basin. Down-to-the-west Oligocene normal faulting along the Canyon

Creek fault zone induced a related process of major erosion in the

early Tertiary lowlands of the Flying "V' Canyon region and deposition

within the Salt River paleocanycc.

The lower part of the Whitetail Conglomerate may locally

predate Oligocene tectonism. Fanglomerates may have accumulated at

the base of the steep erosional escarpments along the margins of the

paleocanyon as early as Eocene time, prior to the disruption of the
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northeast-flowing drainage system. The lack of significant amounts of

topographic relief precluded deposition of coarse, angular, poorly

sorted detritus, similar to the Whitetail Conglomerate, east of the

Canyon Creek fault zone during early Tertiary time. The widespread

distribution and great thicknesses of the Whitetail Conglomerate,

especially along the axial part of the paleocanyon, as well as its

conformable relationship with the 20 m.y. Apache Leap Tuff, suggest,

however, that deposition of the bulk of the Whitetail Conglomerate was

contemporaneous with and/or postdated Oligocene tectonism.

The distribution of the Whitetail Conglomerate indicates that

Oligocene normal faulting was widespread in east-central Arizona and

not confined to the Canyon Creek fault zone. Banks et al. (1972)

concluded that high-angle normal faulting produced basins in which the

Whitetail Conglomerate accumulated in the Ray area, 55 km southwest of

the Salt River Canyon region. In addition, the distribution of the

Whitetail Conglomerate in the Rockinstraw Mountain quadrangle

demonstrates that portions of the Cherry Creek fault zone were

reactivated during Oligocene tectonism. For example, the significant

eastward thinning of the Whitetail Conglomerate toward the Coon Creek

fault in the Horseshoe Bend area and the virtual absence of the

fanglomerates immediately east of the Coon Creek fault on the Jump-Off

Canyon horst (see Figs. 2 and 3, cross section E -El, where the Apache

Leap Tuff, Chalk Creek formation, and Black Mesa basalts rest directly

on Precambrian crystalline basement, suggest that both the Redmond and

Coon Creek faults accommodated down-to-the-west Oligocene
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displacement. Much as down-to-the-west displacement along the Canyon

Creek fault zone induced development of the ancestral Mogollon Rim,

down-to-the-west displacement along the Redmond fault probably

initiated headward erosion into the western part of the Rockinstraw

Mountain fault block, which in turn produced a topographically low

area in which the Whitetail Conglomerate accumulated. However,

significant headward erosion into the Rockinstraw Mountain block did

not advance as far east as the Coon Creek fault, as evidenced by the

eastward thinning of the Whitetail Conglomerate. Moreover, the

combined effect of down-to-the-west normal displacement along both the

Redmond and Coon Creek faults in the Horseshoe Bend area essentially

prevented deposition of the Whitetail Conglomerate on the Jump-Off

Canyon horst.

Alternatively, preexisting topographic relief or major

faulting and subsequent erosion between deposition of the Whitetail

Conglomerate and Apache Leap Tuff may account for the lack of

Whitetail Conglomerate on the Jump-Off Canyon horst. However,

relatively thick deposits of Whitetail Conglomerate mantle the non-

resistant early Proterozoic Redmond formation east and west of the

Jump-Off Canyon horst in contrast to the near absence of the

conglomerate on the horst, which suggests that preexisting topographic

relief was less influential than Oligocene block-faulting. The

generally conformable contact between the Whitetail Conglomerate and

Apache Leap Tuff further implies that major block-faulting did not

occur between deposition of these two formations. Instead, the
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episode of block-faulting partly responsible for the distribution of

the Whitetail Conglomerate must have taken place prior to and/or

during its deposition. An Oligocene age is inferred for the main

pulse of normal faulting, because early to middle Miocene basalts

record only 400 m of down-to-the-west displacement along the Canyon

Creek fault zone and the ancestral Mogollon Rim developed in Oligocene

time. However, minor amounts of normal faulting may have locally

continued into early Miocene time within the Salt River Canyon region.

In contrast to the low-angle normal faulting and major block-

tilting within the Basin and Range province of southern Arizona, high-

angle faulting without discernible block-tilting characterized

Oligocene extension within the Salt River Canyon region. If

appreciable tilting had accompanied Oligocene normal faulting, the

Whitetail Conglomerate would presumably thicken toward the downthrown

margins of the Rockinstraw Mountain and Black Mesa fault blocks. The

contrary eastward thinning of the Whitetail Conglomerate indicates

that development of the Rockinstraw Mountain and Black Mesa half-

grabens did not commence with Oligocene tectonism. Furthermore, the

Oligocene-early Miocene Whitetail Conglomerate is not tilted any more

than middle Miocene strata (see Fig. 3, cross section B- B').

The distribution of the Whitetail Conglomerate demonstrates

that despite Oligocene normal faulting along the Cherry Creek fault

zone, the Salt River paleocanyon essentially remained intact as a

coherent topographic depression. The Whitetail Conglomerate thickens

significantly northward along the northern edge of the Jump-Off Canyon
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horst (see Fig. 2, geologic map), which terminates against the

northeast-trending structural discontinuity across the Cherry Creek

fault zone. However, both the Jump-Off Canyon horst and structural

discontinuity are defined by post-14 m.y. normal faulting. Because

the distribution of the Oligocene-early Miocene Whitetail Conglomerate

reflects the overall outline of the Jump-Off Canyon horst, it would

appear that the general configuration of structural blocks differed

little during Oligocene and post-14 m.y. tectonism. Similar to post-

m.y. tectonism, Oligocene displacement along the inherent weakness

of the Cherry Creek fault zone probably reached a minimum in the

vicinity of the northeast-trending structural discontinuity, which

preserved the continuity of the paleocanyon and provided a

topographically low area for deposition of the Whitetail Conglomerate.

The composition and distribution of the Whitetail Conglomerate

further suggest that Oligocene normal faulting induced a system of

internal drainage within east-central Arizona in which the Salt River

paleocanyon served as a major depositional basin. The Whitetail

Conglomerate in the Salt River Canyon region is essentially confined

to the paleocanyon. The predominance of subangular clasts, clast

composition, abundance of feldspar within the matrix, and inconsistent

flow direction indicators attest to the local derivation of the

Whitetail Conglomerate and probable lack of a through-going Oligocene-

early Miocene drainage system within the paleocanyon. The prevalence

of subangular clasts of middle Proterozoic strata demonstrates that

the Whitetail Conglomerate was primarily derived from the steep
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erosional escarpments of middle Proterozoic strata, commonly exceeding

1000 m in height, along the flanks of the Apache Mountains and Sierra

Ancha. However, the incipient southwest-flowing drainage east of the

Canyon Creek fault zone also contributed substantial amounts of

detritus to the Whitetail Conglomerate, as evidenced by the absence of

the Whitetail Conglomerate east of Canyon Creek, more than 750 m of

down-to-the-west Oligocene displacement along the Canyon Creek fault

zone, and Oligocene age of the ancestral Mogollon Rim. Parts of the

Whitetail Conglomerate may comprise reworked Flying "V" gravels.

Furthermore, the southwestward increase in andesite and other volcanic

fragments across the Rockinstraw Mountain quadrangle suggests at least

partial derivation of the Whitetail Conglomerate from source regions

to the southwest by means of a remnant northeast-flowing drainage

network. The volcanic source regions may have corresponded to remnant

volcanic piles of Laramide age in the Globe-Miami-Superior region

and/or early precursors to the Superior-Superstition volcanic field of

middle to late Tertiary age. Oligocene normal faulting clearly

disrupted the northeast-flowing drainage system and transformed the

formerly high source terrain of the Salt River paleocanyon into 
a

large internal basin, thus permitting deposition of up to 275 m 
of

fanglomerates during Oligocene-early Miocene time.

Because the system of internal drainage began evolving soon

after the the commencement of Oligocene tectonism, the 
early Tertiary

erosion surface within the Salt River paleocanyon 
was effectively

preserved beneath a mantle of Whitetail Conglomerate. The long 
period
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gradient within the 60+ -km -long Salt River paleovalley by Oligocene

time. Consequently, disruption of the through-going, northeast-

flowing drainage within the paleovalley required only relatively minor

amounts of down-to-the-west normal faulting along the Canyon Creek

fault zone. Immediately following the drainage disruption and

contemporaneous with Oligocene tectonism, the erosional debris of the

Whitetail Conglomerate probably commenced accumulating within the

newly created internal basin of the Salt River paleymnycn. The lack

of known lakebeds within the Whitetail Conglomerate suggests a

relatively dry Oligocene climate and/or that Oligocene tectonism

fragmented east-central Arizona into many isolated basins with small

watersheds. Because little time apparently elapsed between the

erosional downcutting of a through-going, northeast-flowing drainage

and the deposition of the Whitetail Conglomerate, the "early Tertiary"

erosion surface was widely preserved within the Salt River

paleocanym In addition, the sustenance of the overall configuration

of the early Tertiary erosion surface within the Salt River Canyon

region was ensured by: (1) predominantly down-to-the-west Oligocene

faulting, which placed even the topographically higher upstream

section of the original paleccanyon in a favorable position to serve

as a depocenter; (2) the squelching effect of the structural

discontinuity across the Cherry Creek fault zone on Oligocene normal

displacement, which essentially preserved the continuity of
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the paleocanyon; (3) the sheer magnitude of the paleocanyon; and (4)

the protection afforded the non-resistant Whitetail Conglomerate by a

cover of highly resistant Miocene volcanic rock.

Coeval with the deposition of the upper part of the Whitetail

Conglomerate, magmatism encroached upon the Salt River Canyon region

in late Oligocene-earliest Miocene time. Late Oligocene-earliest

Miocene volcanic deposits within the Salt River Canyon region include

a 28 m.y. rhyolite at Round Top Mountain (Peirce et al., 1979),

earliest Miocene basalts at Blue House Mountain and Canyon Creek

(Peirce et al., 1979), the thin basalt and andesite flows intercalated

within the upper part of and resting upon the Whitetail Conglomerate

within the Salt River paleocanyon in the southwestern part of the

Rockinstraw Mountain quadrangle, and perhaps the andesite plug of

Grapevine Canyon. The volcanic units at Canyon Creek, Blue House

Mountain, and Round Top Mountain preserve Oligocene erosion surfaces

related to the ancestral Mogollon Rim (see Fig. 60). Because the

carving of the ancestral Mogollon Rim in east-central Arizona is

presumably linked to deposition of the Whitetail Conglomerate, the

basalt and andesite flows in the southwestern part of the Rockinstraw

Mountain quadrangle probably temporally correlate with the late

Oligocene-earliest Miocene volcanic rocks at Canyon Creek and in the

Mogollon Rim region. The pinching out to the northeast of the 
basalt

and andesite flows in the Rockinstraw and Klondike Mountain areas

indicates derivation from volcanic centers toward the southwest, which

further demonstrates that Oligocene tectonism did not completely
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destroy the northeast-flowing drainage network. Some of the volcanic

clasts within the upper part of the Whitetail Conglomerate were

probably derived from the late Oligocene-earliest Miocene basalt and

andesite flows within the Salt River Canyon region. Although minor in

areal extent, the late Oligocene-earliest Miocene volcanic rocks

signify a major change in deposition within the internal basin of the

Salt River paleocanyon, from the fanglomerates of Oligocene-early

Miocene time to predominantly volcanic rocks of early to middle

Miocene age.

Oligocene-Miocene volcanism in east-central Arizona

essentially culminated with the explosive eruption of the 20 m.y.

Apache Leap Tuff, which flowed northeastward across much of the

Transition Zone. The Salt River paleocanyon served as a major

distribution channel for the regionally extensive quartz -latite ash-

flow sheet, as demonstrated by the coincidence in the Salt River

Canyon region of both the "V"-like distribution pattern (see Fig. 13)

and thickest deposits of the Apache Leap Tuff with the axial part of

the paleocanyon. Significant decreases in both its thickness and

degree of welding toward the northeast across the Salt River Canyon

region indicate that the Apache Leap Tuff was derived from a source to

the southwest and flowed northeastward within the paleocanyon.

Furthermore, the Apache Leap Tuff grades from a more proximal facies

near Superior to a distal facies in the Salt River Canyon region, as

evidenced by fewer and smaller lithic inclusions, smaller pumice

fragments, and fewer phenocrysts in the Salt River Canyon region and
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the decrease in thickness from 600 m in Queen Creek Canyon to an

average of 100 m in the Salt River Canyon region. Thus, a northeast-

flowing regional drainage network probably persisted across much of

east-central Arizona until at least early Miocene time.

Topographic highs created by Oligocene tectonism in the

vicinity of the Cherry Creek zone significantly affected the

distribution of the Apache Leap Tuff. Similar to the Whitetail

Conglomerate, the Apache Leap Tuff thins eastward from more than 100 in

to less than 20 m in the Horseshoe Bend area and is virtually absent

on the Jump-Off Canyon horst (see Fig. 2 and 3, cross section E-E').

West of Horseshoe Bend, the Apache Leap Tuff surmounted the resistant

ribs of early- Proterozoic quartzite and much of the relatively-high

terrain in the southern part of the paleocanyon (see Fig. 3, cross

sections A-A' and F-F') whereas east of the Coon Creek fault, or

western edge of the Jump-Off Canyon horst, the tuff is largely

confined to the axial part of the paleocanyon (see Fig. 4). The

significant eastward thinning of the Apache Leap Tuff in the Horseshoe

Bend area suggests that the ash flow ponded against a north-trending

erosional escarpment, resulting from down-to-the-west Oligocene

displacement along the Redmond fault and subsequent headward erosion.

The additional relief generated by down-to-the-west displacement along

the Coon Creek fault restricted accumulation of the Apache Leap Tuff

on the Jump-Off Canyon horst to thin veneer deposits, which resemble

the ridge-mantling "ignimbrite veneer deposits" of Walker, Wilson, and

Froggatt (1981) in the 1800 year old Taupo ignimbrite of New Zealand.
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Down-to-the-west Oligocene normal displacement along the Redmond and

Coon Creek faults clearly produced topographic highs that impeded the

northeastward flow of the 20 m.y. ash-flow sheet. In order to spread

across the axial part of the paleocanyon east of the Cherry Creek

fault zone, however, the Apache Leap Tuff must have flowed over a low

interfluve or through a topographic low in the vicinity of the

paleocanyon axis and corresponding structural discontinuity across the

Cherry Creek fault zone.

Moreover, the absence east of the Canyon Creek fault zone of

both the Apache Leap Tuff (see Fig. 4) and clasts of the tuff in

Tertiary sedimentary rocks indicates that the more than 750 m of down-

to-the-west Oligocene displacement along the Canyon Creek fault zone

had indeed severed the through-going, northeast-flowing regional

drainage network of early Tertiary time and impounded the 20 m.y. ash-

flow sheet. Thus, the Apache Leap Tuff flowed northeastward into a

major internal basin in the Salt River Canyon region, which directly

corresponds to the Salt River paleocanyon.

In addition to controlling its distribution, the Salt River

paleocanyon probably also influenced the internal stratigraphy of the

Apache Leap Tuff. The Apache Leap Tuff in the Salt River Canyon

region consists of single cooling unit, which usually rests

conformably on the Whitetail Conglomerate. The thickest accumulation

of the 20 m.y. ash flow in the Salt River Canyon region generally

coincides with both the axis of the paleocanyon and the maximum zone

of thickness of the Whitetail Conglomerate. By largely restricting
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its lateral extent, the Salt River paleocanyon greatly enhanced the

thickness of the distal part of the Apache Leap Tuff. Greater amounts

of internal heat and slower cooling rates induced by the enhanced

thickness of the ash flow within the paleocanyon may have permitted

development of the single cooling unit.

Because of their direct correlation with the Salt River

paleocanyon in the Salt River Canyon region, unusually thick

accumulations of both the Whitetail Conglomerate and single cooling

unit of Apache Leap Tuff may delineate the southwestward continuation

of the Salt River paleovalley across remaining portions of east-

central Arizona. For example, the Salt River paleovalley possibly

extended to just east of Superior where drill holes have shown that

the thickest known accumulation of Apache Leap Tuff, a 600-m-thick

single cooling unit (DL W. Peterson, 1968, 1979), overlies hundreds of

meters of Whitetail Conglomerate (D. W. Peterson, personal

communication, 1984). In addition, concentrations of large pumice

fragments, similar to those in the upper nonwelded zone of the Apache

Leap Tuff along the paleocanyon axis (Fig. 15), locally cap the 600 -m -

thick section east of Superior. Similar concentrations of pumice

fragments have been observed in the upper part of the 1800 year old

Taupe ignimbrite in contemporary valleys in the central North Island

of New Zealand (Wilson and Walker, 1982). Such concentrations

originate by the buoyant rise of the large, low-density pumice

fragments through the flow (Sparks, 1976).
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The Salt River paleovalley may have further continued into the

Ray area, 15 km south of Superior and 55 km southwest of the Salt

River Canyon, where a 300-m-thick single cooling unit of Apache Leap

Tuff rests on several hundred meters of Whitetail Conglomerate, which

in turn overlies the Precambrian basement. A few kilometers on either

side of these Oligocene-early Miocene exposures, thick sections of

middle Proterozoic and Paleozoic strata remain with little or no

Tertiary cover (Cornwall et al., 1971; Creasey, Peterson, and Gambell,

1983), indicating that the Whitetail Conglomerate and Apache Leap Tuff

accumulated in a large topographic depression. However, much of east-

central Arizona, especially the Ray and Superior areas, is fraught

with structural complications, which preclude clear-cut delineation of

the Salt River paleovalley southwest of the Salt River Canyon region

on the basis of available data.

Nevertheless, because the proximal and distal parts of the

Apache Leap Tuff crop out in the Superior-Ray and Salt River Canyon

regions, respectively, and no apparent source area for the ash flow

lies between these two regions, a continuous Oligocene-early Miocene

northeast-flowing drainage network probably linked the Superior-Ray

region with the Salt River paleocanym The topographic depression 
in

which the Whitetail Conglomerate and Apache Leap Tuff accumulated

within the Superior-Ray region may not correspond, 
however, to a

paleovalley carved by early Tertiary erosion, but 
rather to a large

graben or half-graben created by Oligocene tectonism. 
The late

Oligocene-early Miocene northeast-flowing drainage net within
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east-central Arizona may have integrated structural troughs in the

southern part of the Transition Zone with major erosional features

inherited from early Tertiary time in the north. The early Miocene

northeast-flowing drainage system within east-central Arizona

indicates that despite major Oligocene crustal attenuation within the

Basin and Range province, parts of the Basin and Range province

remained topographically higher than much of the Transition Zone until

at least early Miocene time.

However, major volcanic edifices may have accounted for much

of the topographic relief between the Basin and Range province and

Transition Zone during late Oligocene-early Miocene time.

Interestingly, the hypothetical extension of the Salt River

paleovalley into the Ray area may lead directly to the source of the

Apache Leap Tuff (see Fig. 61). Numerous felsic intrusions, which are

slightly younger in age than the Apache Leap Tuff, crop out south and

west of Ray (Creasey et al., 1983). Some of these felsic intrusions

may correspond to a resurgent cauldron from which the Apache Leap Tuff

was erupted during initial collapse. Although somewhat speculative,

the above relationships concerning the possible continuation southwest

of the Salt River Canyon region of both the Salt River paleovalley and

early Miocene northeast-flowing drainage network demonstrate: (1) the

potential for tracing major geologic features southward from the

Transition Zone into the more complex Basin and Range province and

(2) the value of the Apache Leap Tuff as a regional structural and

stratigraphic datum.
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Figure 61. Hypothetical southwestward extension of the Salt River
paleoval ley.

Because of their direct correlation with the axial part of the Salt
River paleovalley in the Salt River Canyon region (northeast corner of
map), thick accumulations of the Apache Leap Tuff (denser stippling)
and Whitetail Conglomerate were used to delineate a possible
southwestward continuation of the paleovalley. Thickness and welding
trends indicate that the Apache Leap Tuff flowed northeastward across
much of east-central Arizona. The hypothetical southwestward
extension of the paleovalley leads to an area south and west of Ray
where numerous felsic intrusions (Ti) of Miocene age crop out. Some
of these felsic intrusions may correspond to the cauldron from which
the Apache Leap Tuff was erupted.
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Following deposition of the 20 m.y. Apache Leap Tuff,

conditions within the Salt River Canyon region essentially returned

to those existing immediately prior to the eruption. Because erosion

continued unabated along the steep escarpments on the northwest and

southeast margins of the Salt River paleocanyon and within the

incipient southwest-flowing drainage system east of the Canyon Creek

fault zone, locally derived fanglomerates of the lower member of the

Chalk Creek formation, which are similar in composition to the

Whitetail Conglomerate, accumulated in parts of the internal basin.

The early to middle Miocene fanglomerates of the Chalk Creek formation

signify a return to conditions prevailing during deposition of the

Whitetail Conglomerate. Although ephemeral streams stripped away the

non-resistant upper nonwelded zone of the Apache Leap Tuff from most

areas before widespread deposition of fanglomerates, the resulting

disconformity between the Chalk Creek formation and Apache Leap Tuff

does not represent a major hiatus in deposition within the internal

basin of the Salt River paleocanyon. However, the fanglomerates of

the Chalk Creek formation did not ubiquitously cover the axial part of

the Salt River paleocanyon prior to the onset of landscape-altering

magmatism in middle Miocene time.

Middle Miocene volcanism and/or tectonism locally induced

deposition of the dolomitic lakebeds and mudstones of the Chalk Creek

formation in the internal basin of the Salt River paleocanyon. The

dolomitic lakebeds generally rest disconformably on either the 20 m.y.

Apache Leap Tuff or a 16.2 m.y. basalt flow. The accumulation of the
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paleocanyon demonstrates the continuing influence of the paleocanyon
on patterns of sedimentation. Nonetheless, the relatively abrupt
termination of the lakebeds On the east in contrast to the

interfingering relationships with mudstones, sandstones, and

fanglomerates in other areas suggests that topographic barriers

created by the Coon Creek volcanic center and/or Coon Creek fault-

Redmond monoc line triggered lacustrine sedimentation (see Fig. 18).

However, no discernible difference in the amount of tilting of

the Whitetail Conglomerate, Apache Leap Tuff, and Chalk Creek

formation in both the Black Mesa block and Redmond monocline (see

Fig. 3, cross section B-13') and the lack of correlation of either the

thickest accumulation or overall distribution of the dolomitic

lakebeds with the synformal part of the Black Mesa block (see Fig. 18)

indicate that both the Black Mesa half-graben and Redmond monocline

did not exist prior to or during deposition of the lakebeds.

Furthermore, because neither the Whitetail Conglomerate nor Apache

Leap Tuff thin significantly eastward in the Redmond monocline -Coon

Creek fault area, down-to-the-west Oligocene normal faulting along the

Coon Creek fault was probably negligible in the vicinity of the

paleocanyon axis and therefore did not affect the distribution of the

lakebeds.

Instead, the middle Miocene, Coon Creek basaltic volcanic

center probably induced lacustrine sedimentation. The emplacement of

the volcanic center along the paleocanyon axis put it in a favorable



2 5 3

position to block a major drainage. In addition, intrusion of the

14.8 m.y., 1.6-km-long dike within the Coon Creek volcanic center was

apparently contemporaneous with the accumulation of the lakebeds,

which are intercalated between 16.2 and 14.7 m.y. basalt flows.

Deposition of the lakebeds clearly coincided with nearby volcanism, as

evidenced by the interbedded basalt flows and pyroclastic ejecta

within the dolomite and the conformably overlying, 80-m-thick sequence

of Black Mesa basalts.

The early stages of middle Miocene magmatism did not

significantly disrupt preexisting depositional patterns within the

Salt River Canyon region. Fanglomerates of the lower member of the

Chalk Creek formation continued accumulating in most areas whereas

lacustrine sedimentation was confined to small areas along the axial

part of the paleocanyon on the upstream side of volcanic edifices.

Ephemeral streams fed the conglomerates and sandstones of the

predominant outer fanglomerate and fluvial facies, the narrow zone of

mudstone, siltstone, and sandstone of the nearshore fluvial-

deltaic/playa facies, and, in the central part of the internal basin,

the dolomites of the deeper water facies, thus creating the lacustrine

facies pattern of the Chalk Creek formation. The evaporative

concentration of freshwater within the small lakes produced a

hypersaline brine from which the dolomite precipitated (Friedman,

1980). The distribution of the dolomitic lakebeds on the southwest

side of the Coon Creek volcanic center implies that a sluggish
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northeast-flowing drainage system persisted in parts of the internal
basin of the Salt River paleocanyon until the early part of middle
Miocene time.

The small lakes within the internal basin of the Salt River
paleocanyon were largely filled with the sedimentary rocks of the

Chalk Creek formation in relatively short periods of time.
Coincidental with dolomite precipitation in deeper water, small deltas

locally built outward from the lake margins, as evidenced by the

coarsening upward sequence along the northern part of the 11 km2 lake

adjacent to the Coon Creek volcanic center, where dolomitic lakebeds

grade upward into the interbedded mudstones, tuffaceous siltstones,

and volcanic lastic sandstones and conglomerates of the upper member of

the Chalk Creek formation. The predominance of volcaniclastic

sedimentary rocks and probable remnant cinder cones within the upper

member of the Chalk Creek formation indicates that volcanism

essentially choked the northern part of the 11 km 2 lake with large

amounts of volcanic debris, creating a series of mud flats and a

playa-like environment. In addition, south-flowing streams, emerging

from the high terrain of the Sierra Ancha, probably reworked the

volcanic material and disgorged substantial amounts of sediment load

on the small delta built into the northern part of the lake.

Contemporaneous with the influx of volcanic material into the

upper member of the Chalk Creek formation, a major pulse of volcanism,

involving the local extrusion of voluminous quantities of basalt and

minor amounts of dacite and andesite, swept across the Salt River
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Canyon region in middle Miocene time. The temporal correlation
between the intrusion of the 14.83 + 0.35 m.y., 1.2 -km -long, 300 -m -
wide basaltic dike within the Coon Creek volcanic complex and
14.67 + 0.34 m.y. basal basalt flow in the Black Mesa area suggests

that many of the flows within the Black Mesa basalts, especially those

along the axial part of the Salt River paleocanyon, were erupted from

the Coon Creek volcanic center. The general lack of intercalated

sedimentary units and thick paleosols within the Black Mesa basalts

further indicates that the flows were deposited in relatively rapid

succession. Thus, volcanism within the Salt River Canyon region

presumably peaked around 15 to 14 m.y. ago. However, because of the

irregular depositional pattern of the early to middle Miocene

fanglomerates, the basalts resting conformably on the lower member of

the Chalk Creek formation, such as those in the Cherry Creek vicinity,

could temporally correlate with either the 16.2 m.y. basalt flow in

the Coon Creek area, which rests disconformably on the Apache Leap

Tuff, or the 14.7 m.y. flow on Black Mesa, which conformably overlies

all three members of the Chalk Creek formation. Although the

available geochronological and geochemical data does not permit

definitive correlations between basalt flows and individual volcanic

centers, the distribution of the Black Mesa basalts implies that they

were largely derived from volcanic centers, such as the Coon Creek

volcanic complex, in the vicinity of the Cherry Creek fault zone (see

Fig. 62). Volcanism lingered within the Salt River Canyon region
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Figure 62. Distribution of early to middle Miocene basalts.
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until the latter part of middle Miocene time, as evidenced by an
11.72 m.y. basalt flow atop the early Tertiary gravels in Flying "V"
Canyon (Peirce, personal communication, 1985).

Unlike the Apache Leap Tuff, which flowed into the Salt River

Canyon region from a distant source and primarily followed preexisting

topography, basaltic volcanic centers and associated lava flows

locally disrupted depositional patterns in the paleocanyon. For

example, not only did the Coon Creek volcanic center induce lacustrine

sedimentation by impounding a major drainage along the paleocanyon

axis, but it also contributed to the ultimate destruction of the

lacustrine facies pattern of the Chalk Creek formation by expelling at

least part of the 80-m-thick sequence of basalt flows that filled the

lake and inundated much of the surrounding canyon. Nevertheless, the

coincidence of the thickest and most continuous preserved section of

middle Miocene basalt, the 80-m-thick sequence in the Black Mesa area,

with the paleocanyon axis indicates that despite widespread volcanism,

the Salt River paleocanyon still dominated depositional patterns

14 m.y. ago. However, the punctuation of the landscape with volcanic

edifices may have produced divergent drainage patterns within the

paleocanyon, perhaps permitting the southwestward flow of basalts from

the Coon Creek volcanic center to the Black Mesa vicinity.

Dacitic and andesitic volcanism did not greatly affect the

evolution of the Salt River Canyon region. Two dacite domes were

emplaced 2 km southwest of Horseshoe Bend following the deposition of

at least some middle Miocene basalt. The high viscosity of the dacite
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presumably confined any attendant flows to the immediate vicinity of

the intrusions. As a result of their emplacement adjacent to the

ridges of highly resistant early Proterozoic quartzite, the dacite

domes probably had little impact upon drainage patterns. The specific

age and significance of the hornblende andesite plug of Grapevine

Canyon remains unknown.

As evidenced by the distribution of both the Miocene basalts

(see Fig. 62) and known volcanic centers within the Salt River Canyon

region, the Cherry Creek and Canyon Creek fault zones served as major

conduits for Miocene magmas. Most of the thick and widespread

sections of Miocene basalt either correspond or lie in close proximity

to the Cherry Creek and Canyon Creek fault zones. The distribution of

the basalts does not appear to be an artifact of erosion, because all

of the known Miocene volcanic centers within the Salt River Canyon

region occur along the Cherry Creek and Canyon Creek fault zones.

Although most of the intrusions were not emplaced along individual

faults, their occurrence within the zones of faulting indicates a

linkage at depth with the inherent crustal weaknesses.

The near parallelism between the N4OW -trending zone of middle

Miocene volcanic centers within the Rockinstraw Mountain quadrangle

and the Coon Creek fault (see Fig. 23), 
which accommodated the

greatest amount of late Tertiary normal displacement within 
the Salt

River Canyon part of the Merry Creek fault zone, suggests 
a N5OE/S4OW

orientation for the least principal stress 
during Neogene time.

However, because the intruding magmas 
took advantage of local
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weaknesses wherever possible, few of the intrusions within the N40W-

trending zone are elongated in a 1N40W direction. For example, the

1.6 -km -long, 300-m-wide dike within the Coon Creek volcanic complex

trends northeast, parallel to the nearby Redmond fault (see Fig. 2).

In addition, joints within the early Proterozoic rock accommodated the

intrusion of dacite plugs 2 km west of Horseshoe Bend on the south

flank of the Salt River Canyon.

In summary, predominantly down-to-the-west, high-angle normal

faulting during Oligocene time induced a long period of internal

drainage within east-central Arizona in which the Salt River

paleocanyon served as a major depositional basin for Oligocene to

middle Miocene strata. Parts of both the Cherry Creek and Canyon

Creek fault zones were reactivated by Oligocene tectonism. More than

750 m of down-to-the-west Oligocene displacement along the Canyon

Creek fault zone in the vicinity of the Salt River paleocanyon placed

the formerly high source terrain of the paleocanyon topographically

lower than early Tertiary lowlands in the Flying "V" Canyon region,

thus disrupting the through-going, northeast-flowing early Tertiary

drainage system. Because down-to-the-west Oligocene normal 
faulting

along the Canyon Creek fault zone significantly lowered 
base level

toward the west, an incipient, southwest-flowing, Oligocene 
drainage

network eroded headword east from the Canyon Creek fault zone 
into the

high terrain adjacent to the paleocanyon and 
carved out a segment of

the ancestral Mogollon Rim of Peirce et al. (1979). 
Contemporaneous

with the development of the southwest-flowing 
drainage east of Canyon
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Creek, the locally derived fanglomerates of the Whitetail Conglomerate

accumulated within the Salt River paleocanyon (see Fig. 63). Thus,

Oligocene tectonism had completely reversed the depositional and

erosional patterns of early Tertiary time, during which a northeast-

flowing drainage had excavated the Salt River paleocanyon in the

regional uplift west of the Canyon Creek fault zone and the erosional

debris derived therefrom was deposited in the Flying "V" Canyon

region. In effect, the incipient, southwest-flowing, Oligocene

drainage system east of the Canyon Creek fault zone partially filled

the Salt River paleocanyon with the detritus originally removed

therefrom by early Tertiary erosion. Southwesterly derived Oligocene

to middle Miocene volcanic and sedimentary units, particularly the

20 m.y. Apache Leap Tuff, demonstrate, however, that Oligocene normal

faulting did not destroy the northeast-flowing drainage network.

Instead, a system of internal drainage evolved, which consisted of

(1) the remnant northeast-flowing network that may have continued to

drain much of east-central Arizona; (2) the incipient southwest -

flowing system east of the Canyon Creek fault zone; and (3) northwest-

and southeast-running streams emerging from the still lofty erosional

escarpments of the Apache Mountains and Sierra Ancha. All 
of these

drainage systems emptied into the internal 
basin of the Salt River

paleocanyon.

As much as 575 m of Tertiary strata, 
including the Oligocene-

early Miocene fanglomerates of the 
Whitetail Conglomerate, 20 m.y.

Apache Leap Tuff, and early to middle 
Miocene fanglomerates,
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Figure 63. Oligocene schematic cross section of the Salt River Canyon
region.

By placing the formerly high source terrain of the Salt River
paleocanyon topographically lower than the region east of Canyon
Creek, down-to-the-west Oligocene normal displacement along the Canyon
Creek fault zone disrupted the through-going, northeast-flowing early
Tertiary drainage system and transformed the Salt River paleocanyon
into a large internal basin. Contemporaneous with the accumulation of
Oligocene-early Miocene fanglomerates mo in the Salt River
paleocanyon, an incipient southwest-flowing drainage system developed
east of the Canyon Creek fault zone and carved a segment of the
ancestral Mogollon Rim of Peirce et al. (1979). Thus, Oligocene
normal faulting effectively initiated the Tertiary drainage reversal
within east-central Arizona. This schematic cross section roughly
parallels the axis of the Salt River paleovalley. PCg=1.4 b.y.
granite; Ys=middle Proterozoic sedimentary rocks and diabase, sills;
Pz=Paleozoic sedimentary rocks; Tg=southwesterly derived, Eocene-early
Oligocene gravels and sandstones; Tw=Oligocene -early Miocene
fanglomerates of the Whitetail Conglomerate.
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evaporites, and basalts, accumulated within the internal basin of the

Salt River paleocanyon (see Fig. 64). Fanglomerate deposition within

the paleocanyon was essentially continuous from Oligocene to middle

Miocene time. Although thick, widespread, and critical as a regional

stratigraphic and structural datum, the 20 m.y. Apache Leap Tuff,

which flowed northeastward into the paleocanyon from a distant source,

represents but an instant of geologic time in which fanglomerate

deposition was interrupted. However, a major middle Miocene pulse of

volcanism, involving the local extrusion of basalts, dacites, and

andesites, did alter depositional patterns in parts of the

paleocanyon. Some of the volcanic centers, such as the Coon Creek

basaltic volcanic complex, created topographic highs large enough to

impound drainages and induce lacustrine sedimentation. The shallow

lakes were filled by middle Miocene dolomitic lakebeds, mudstones,

volcaniclastic sediments, and basalts in relatively short periods of

time. Voluminous quantities of basalt were extruded from local

volcanic centers along the Cherry Creek and Canyon Creek fault zones

during middle Miocene magmatism.

By simultaneously eroding the early Tertiary highlands of the

Apache Mountains and Sierra Ancha and aggrading the Salt River

paleocanyon, the internal drainage system of Oligocene to middle

Miocene time significantly subdued early Tertiary topographic relief

within the Salt River Canyon region. The bulk of the 
Oligocene to

middle Miocene sedimentary rocks within the paleocanyon, 
which range

up to 325 m in thickness, were derived from the 
early Tertiary
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Figure 64. Middle Miocene schematic cross section of the
Salt River Canyon region.

Up to 575 m of sedimentary and volcanic rock accumulated in the Salt
River paleocanyon during the Oligocene to middle Miocene episode of
internal drainage. Note that the areas of aggradation and degradation
during Oligocene to early Miocene time are just the opposite of those
that existed in early Tertiary time (compare with Fig. 59). This
schematic cross section roughly parallels the axis of the Salt River
paleoval P0g=1.4 b.y. granite; Ys=middle Proterozoic sedimentary
rocks and diabase sills; Pz=Paleozoic sedimentary rocks;
Tg=southwesterly derived, Eocene-early Oligocene gravels and
sandstones; Tw=Oligocene-early Miocene fanglomerates of the Whitetail
Conglomerate; Tal=20 m.y. Apache Leap Tuff; Td=early to middle Miocene
fanglomerates, mudstones, and evaporites; Tb=early to middle Miocene
basalts.
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highlands. In addition, both the system of internal drainage and

great depth of the Salt River paleocanyon largely restricted

deposition of up to 250 m of volcanic rock to the paleocanyon. Thus,

the internal drainage system effectively reduced topographic relief

within the Salt River Canyon region by more than 600 m during

Oligocene to middle Miocene time. Nevertheless, parts of the Sierra

Ancha remained more than 800 m above the floor of the Salt River

paleocanyon following deposition of 14 m.y. basalt flows.

The internal basin of the Salt River paleocanyon differs

significantly from typical depositional basins of middle to late

Tertiary age within Arizona. For example, the northeast trend of the

paleocanyon contrasts with the prominent north to northwest trend of

major basins within the Basin and Range province and Transition Zone.

Moreover, unlike conventional middle to late Tertiary basins within

Arizona, the internal basin of the Salt River paleocanyon does not

correspond to a large graben, but rather to an 1170+- to 1400+-m-deep

paleocanyon, inherited from early Tertiary time and only locally

defined by faults.

Middle Miocene-Holocene (14 m.y. to present) 

Following the main pulse of middle Miocene magmatism, the

paleogeography of the Salt River Canyon region was further disrupted

by a second episode of predominantly down-to-the-west 
normal faulting,

which ultimately permitted the development of the through-going,

southwest-flowing Salt River. The Cherry Creek and Canyon Creek fault

zones were both reactivated by late Tertiary 
extension. Unlike
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Oligocene tectonism, however, late Tertiary normal faulting is

generally clearly manifested in the deformation of Tertiary volcanic

and sedimentary rocks, most of which had accumulated in the internal

basin of the Salt River palexanym.

West-southwest/east-northeast regional extension induced late

Tertiary normal faulting and associated block-tilting within the Salt

River Canyon region, principally between 14 and 12 m.y. ago. Although

chiefly recorded by offset early Miocene volcanic rocks, late Tertiary

normal faulting primarily postdates deposition of 14 m.y. basalt

flows, as evidenced by the equally tilted and offset middle Miocene

Black Mesa basalts and 20 m.y. Apache Leap Tuff in the vicinity of the

Cherry Creek fault zone. A middle Miocene hiatus in fanglomerate

deposition within the Salt River paleocanyon further suggests that

late Tertiary tectonism began soon after deposition of the 14 m.y.

flows within the Black Mesa basalts. From Oligocene to middle Miocene

time, fanglomerate deposition within the paleocanyon was interrupted

only by relatively short periods of volcanism. However, the lack of

significant tilting and faulting within the late Tertiary

fanglomerates of the Coon Creek conglomerate, which unconformably

overlie the Black Mesa basalts, indicates that (1) not enough time

elapsed between the eruption of the 14 m.y. basalts and the onset of

late Tertiary tectonism to permit the widespread deposition of

fanglomerates; and (2) a hiatus in fanglomerate deposition accompanied

late Tertiary normal faulting. Although less definitive constraints

mark the upper age limit, late Tertiary tectonism within the Salt
A
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River Canyon region probably ended around 12 m.y. ago in conjunction

with the termination of the transitional period of Shafiqullah et al.

(1980) between the mid-Tertiary orogeny and the Basin and Range

disturbance. For example, the post-14 m.y. age of faulting

essentially corresponds to the Basin and Range disturbance whereas the

appreciable block-tilting and N33W orientation of the Coon Creek

fault, which constitutes one of the major late Tertiary structures in

the region, are more indicative of the mid-Tertiary orogeny. Thus,

late Tertiary normal faulting within the Salt River Canyon region is

roughly bracketed between 14 and 12 my.

Middle to late Tertiary tectonism produced increasingly

greater amounts of extension southwestward across the Transition Zone.

Seismic refraction surveys (Warren, 1969) demonstrate that the crust

presently thins from a normal cratonic thickness of nearly 40 km in

the Colorado Plateau region to less than 30 km in the northern part of

the Basin and Range province. The contemporary southwestward thinning

across the Transition Zone contrasts with a southwestward increase in

crustal thickness, from 40 to as much as 60 km (Oxley and Harms,

1984), during Laramide time. This indicates that the magnitude of

middle to late Tertiary crustal attenuation increased from less than

5% to nearly 100% southwestward across the Transition Zone.

The significant southwestward increase in middle to late

Tertiary crustal extension is manifested within the Salt River Canyon

region by a progressive southwestward increase in the magnitude of

normal offset accommodated by each individual fault zone and a
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corresponding decrease in fault inclinations. Middle to late Tertiary

normal displacement increases from a total of a few hundred meters

along several faults in the Mogollon Rim region, to 1150 m along the

Canyon Creek fault zone in the vicinity of the paleocanyon axis, to at

least 1500 m along the Cherry Creek fault zone south of the structural

discontinuity (see Fig. 3, cross section E-E'), and finally to more

than 1600 m along the system of closely-spaced faults on the eastern

edge of the Tonto basin. In addition, the north-northwest-trending

Canyon Creek and Cherry Creek fault zones both facilitated increasing

amounts of normal displacement southeastward across the Salt River

Canyon region. Moreover, fault inclinations decline from nearly

vertical in the northeastern part of the region to an average of 650

along the eastern edge of the Tonto basin. Thus, the amount of

extension within the Salt River Canyon region increases toward the

southwest from less than 1% in the vicinity of the Mogollon Rim to

approximately 15% at the eastern edge of the Tonto basin.

Ductile thinning and stretching of the lower crust probably

effected the middle to late Tertiary normal faulting and block-tilting

within the upper crust of the Salt River Canyon region. Reynolds and

Spencer (1985) concluded that a variety of rock types now exposed in

the Basin and Range province of west-central Arizona, including

Tertiary-Cretaceous mylonitic gneisses, were drawn out from beneath

Precambrian rocks in adjacent parts of the Transition Zone along major

detachment faults during middle to late Tertiary crustal attenuation.

Although no major detachments have yet been shown to project beneath
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the Transition Zone of east-central Arizona, it is inferred that the

upper crust of the Transition Zone extended passively and brittlely in

response to ductile deformation within the lower crust, in accordance

with Artemjev and Artyushkov (1971) and Kusznir and Bott (1977). In

effect, the upper crust remained anchored at its northeast end to the

autochthonous basement rocks of the Colorado Plateau, as the lower

crust moved, by means of ductile underf low, southwestward toward a

culmination of the metamorphic core complex terrane (Lucchitta and

Suneson, 1981). Major attenuation within the lower crust, attendant

foundering of the upper crust, and widespread magmatism presumably

elevated the ductile-brittle transition to progressively shallower

crustal levels within the Salt River Canyon region during Oligocene

through middle Miocene time. Thus, middle Miocene normal faults soled

into the ductile-brittle transition, or perhaps a basal detachment

fault, at shallower crustal levels than did Oligocene normal faults.

By middle Miocene time, the ductile-brittle transition reached

sufficiently shallow levels in the western part of the Salt River

Canyon region to induce development of upper crustal, concave upward

fault surfaces of significant enough curvature to facilitate major

block-tilting.

By elevating the ductile-brittle transition to progressively

shallower crustal levels, the southwestward increase in middle to late

Tertiary crustal extension across the Salt River Canyon region

produced corresponding increases in fault curvature and block-tilting.

For example, high-angle normal faulting along relatively planar fault
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surfaces and no discernible block-tilting accompanied minor amounts of
extension northeast of the Cherry Creek fault zone. Crustal extension
in excess of 5%, however, presumably permitted development of the

slightly curved fault surfaces that accommodated up to 100 of block-

tilting in the vicinity of the Cherry Creek fault zone. Furthermore,

the increase in the magnitude of block-tilting from 100 in the

hanging-wall blocks of the Coon Creek fault to 30° along the eastern
edge of the Tonto basin (see Fig. 4) coincides with a southwestward

increase in extension, from 5% to approximately 15%. The

southwestward increase in block-tilting was probably facilitated by

(1) the southwestward increase in slip along the slightly-curved

faults, as evidenced by the rough proportionality between the

magnitude of slip along the Coon Creek fault and the amount of

rotation within its hanging-wall blocks; and (2) more highly-curved

fault surfaces, as suggested by the southwestward decrease in the

average dip of the faults. Rotated fault planes and deeper structural

levels may account, however, for some of the southwestward decrease in

fault inclination.

Because the concave upward fault surfaces between the Cherry

Creek fault zone and eastern edge of the Tonto basin generally dip

southwest, they accommodated northeast rotation of upper crustal

blocks. Thus, the Salt River Canyon part of the Cherry Creek fault

zone developed, during middle Miocene tectonism, into a discrete
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boundary between a regionally extensive, significantly attenuated

terrane of northeast-tilted fault blocks on the southwest and a

relatively unextended flat-lying terrane to the northeast.

Tremendous southwestward increases in middle to late Tertiary

crustal extension and magmatism between the Salt River Canyon region

and southern edge of the Transition Zone greatly accentuated fault

curvature and block-tilting. Crustal extension ballooned from 15% in

the western part of the Salt River Canyon region to nearly 100% in the

northern part of the Basin and Range province. The southwestward

increase in magmatism is best demonstrated by the profound contrast

between the relatively small (less than 2 km 2 in areal extent),

isolated volcanic centers in the Salt River Canyon region, from which

80+-m-thick sequences of basalt flows were locally extruded, and the

regionally extensive Superior-Superstition siliceous volcanic field

near the southern margin of the Transition Zone, which covers more

than 8000 km2 , commonly exceeds 1.5 km in thickness, and probably

encompasses several overlapping calderas (Sheridan, Stuckless, and

Fodor, 1970). The southwestward increases in both crustal heating and

attenuation must have produced a corresponding rise in the ductile-

brittle transition across the entire Transition Zone. As normal

faults bottomed out into the progressively shallower ductile-brittle

transition, fault curvature increased significantly toward 
the

southwest, which in turn facilitated increasing amounts of 
block -

tilting. In the northern part of the Basin and Range province, 80 km

southwest of the Salt River Canyon, early Miocene strata within the
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Tortilla Mountains have locally been rotated to vertical and slightly

overturned attitudes on listric normal faults. The Anschutz seismic

line AZ-18 (Reif and Robinson, 1981) suggests that the low-angle

normal faults in the Tortilla Mountains flatten to subhorizontal

attitudes 2 to 4 km beneath the present-day surface.

The peaks in both magmatism and block-tilting appear to have

simultaneously progressed northeastward across the Transition Zone of

east-central Arizona during early to middle Miocene time. On the

basis of available geochronologic data (Krieger, 1974; Cornwall and

Krieger, 1975), block-tilting in the Tortilla Mountains is bracketed

between 24 and 17 m.y., which is roughly contemporaneous with the

eruption of the 20 m.y. Apache Leap Tuff from a possible cauldron

20 km to the northwest. By contrast, volcanism within' the Salt River

Canyon region culminated approximately 14 m.y. ago, immediately prior

to the onset of block-tilting. Block-tilting probably began earlier

in the southern part of the Transition Zone because greater amounts of

extension and magmatism more rapidly elevated the ductile-brittle

transition to relatively shallow crustal levels. Magmatically-induced

extension and thermal heating may have contributed significantly to

the rise of the ductile-brittle transition. Alternatively, 
the

extensional process may have triggered the volcanism by tectonically

elevating magma bodies to higher crustal levels and 
reducing the

overlying lithostatic load.
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Similar to the evolution of crustal extension within the Salt
River Canyon region, high-angle, relatively planar normal faults may
have accommodated extension throughout the Transition Zone and Basin

and Range province prior to the development of curved, concave upward

fault surfaces and associated block-tilting. With the ductile-brittle

transition presumably lying at relatively deep structural levels, the

early stages of the extensional orogeny throughout Arizona were

perhaps dominated by high-angle normal faulting and little attendant

block-tilting. As continued extension and magmatism elevated the

ductile-brittle transition to progressively shallower crustal levels,

high-angle normal faulting gave way to listric normal faulting and

block-tilting. The pervasive deformation and magmatism associated

with low-angle normal faulting and block-tilting, including at least

partial development of the metamorphic core complexes, may have

largely obscured the earlier episode of high-angle normal faulting

within the Basin and Range province and much of the Transition Zone.

As major attenuation and magmatism abated in late Tertiary

time, the ductile-brittle transition receded to deep crustal levels.

Because they represented major crustal weaknesses, listric faults and

regionally extensive low-angle detachments probably continued to

accommodate normal displacement and block-tilting in manyaxeasduring

the waning stages of the extensional orogeny. However, high-angle

normal faulting of the Basin and Range disturbance generally returned

to the cooler, more brittle crust by middle Miocene time.
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Thus, two episodes of high-angle normal faulting may bracket

the more substantial event of low-angle normal faulting and block -
tilting. A continuum from initial high-angle normal faulting, to

listric normal faulting and block-tilting at the peak of crustal

attenuation, and return to high-angle normal faulting in the waning

stages of tectonism, in accordance with the rise and fall of the

ductile-brittle transition, may characterize major extensional

orogenies.

Because the degree of block-tilting presumably reflects the

fundamental nature of extension within the crust, major fault zones

within the Transition Zone that separate regionally extensive domains

of tilted and non-tilted strata could be regarded as local structural

boundaries between the Basin and Range province and Colorado Plateau.

For example, the Salt River Canyon part of the Cherry Creek fault

zone, which divides the significantly attenuated, northeast-tilted

terrane on the southwest from the relatively unextended, essentially

flat-lying terrane on the northeast, coincides with an appreciable

southwestward increase in middle to late Tertiary extension. It

represents the northeast limit of major crustal attenuation within the

Salt River Canyon region, beyond which the ductile-brittle transition

never rose to shallow enough levels to induce block-tilting. Major

middle to late Tertiary attenuation, block-tilting, structural basins,

and magmatism southwest of the Cherry Creek fault zone are indicative
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of the Basin and Range province whereas to the northeast minor amounts

of extension, high-angle faulting, lack of block-tilting, and rare

middle to late Tertiary structural basins typify the Colorado Plateau.

The Salt River Canyon part of the Cherry Creek fault zone may
also have separated tilted and non-tilted terranes during Laramide

compression, as evidenced by the apparent 300 southwestward rotation

of the pendant of early Proterozoic rock prior to deposition of the

Whitetail Conglomerate (see Fig. 51). In both the "pre-Whitetail" and

middle Miocene episodes of tilting, the Coon Creek fault functioned as

the specific boundary between tilted and non-tilted domains. This

apparent coincidence suggests that the slightly-curved, concave upward

geometry of some of the faults within the Salt River Canyon region may

have been inherited from Laramide time. In addition, thermal and

mechanical weakening during Laramide time possibly predisposed the

crust southwest of the Cherry Creek fault zone to greater amounts of

middle to late Tertiary extension, which in turn allowed the ductile-

brittle transition to rise to shallow enough levels to induce

widespread block-tilting.

Although no measurable block-tilting accompanied middle to

late Tertiary extension northeast of the Cherry Creek fault zone, a

minor southwestward increase in lower crustal attenuation may have

generated slight regional southwest-tilting just as thrust-induced

southwestward thickening of the lower crust possibly effected slight

regional northeast-tilting in Laramide time. Regional southwest-

tilting in middle to late Tertiary time cannot be documented within
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east-central Arizona on the basis of available data. However, Young

and Brennan (1974) concluded that north-flowing, early Tertiary

drainages within paleocanyons in western Arizona require more

northeast-tilting of the entire edge of the Colorado Plateau than

presently recorded in Paleozoic rocks. He further suggested that

block-faulting and relative subsidence of the Basin and Range province

in middle to late Tertiary time canceled approximately 1 0 of early

Tertiary regional northeast-tilting. Slight regional southwest -

tilting, or "back-tilting", within east-central Arizona could easily

account for the apparent discrepancy between the present-day

elevations of the Flying 'V" and rim gravels. If such an event

occurred within east-central Arizona, the previous calculations of

Laramide and Oligocene displacement along the Canyon Creek fault zone

may be inflated by as much as 350 m. The southward increase in normal

displacement along the Canyon Creek and Cherry Creek fault zones would

in itself have created minute amounts of "back-tilting" within the

western part of the Salt River Canyon region.

Reactivation in a normal sense of steeply-dipping faults

within the upper basement of the Salt River Canyon region permitted

major drape and drag folding during middle Miocene extension. Normal

displacement along steeply-dipping, preexisting faults, including the

Redmond and Coon Creek faults within the Cherry Creek fault zone,

initially deflected the overlying generally unfaulted sequence of

Tertiary strata into monoclinal drape folds. Layer parallel shearing

attenuated strata within the drape folds, thus accommodating regional
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extension. The middle limb of the Redmond monocline demonstrates that

strata within the drape folds were locally rotated in excess of 30°.

Increasing amounts of both regional extension and cumulative

displacement along the high-angle basement faults induced the upward

propagation of the faults through the draped sequence of Tertiary

strata. Through-going faults developed in areas where the amount of

displacement approached the thickness of the Tertiary section. The

stability of the drape folding process was prolonged in the axial part

of the Salt River paleocanyon by the greater thickness of Tertiary

strata, as demonstrated by the location of the intact, high amplitude

Redmond monocline. Thus, the Salt River paleocanyon directly

influenced the style of late Tertiary deformation. Continued

translation along the steeply-dipping faults, following initial

disruption of the drape folds, further deformed strata into major drag

folds, such as those along the Coon Creek and Redmond faults.

Frictional drag along the faults accentuated both the rotation and

thinning of strata within the folds. In some cases, hanging-wall

strata were rotated up to 90 ° immediately adjacent to the faults.
The interrelated processes of normal faulting and block-

tilting combined to produce major synclines within the middle Miocene

extensional terrane of the Salt River Canyon region. Northeast-

tilting of fault blocks along slightly-curved, concave upward,

southwest-dipping fault surfaces created the gently northeast-dipping,

west limbs of the synclines. As structural blocks were tilted
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northeastward, a continuum of normal slip, drape folding, and drag

folding along the steep west-dipping faults at the downthrown margins
of the blocks produced the west-dipping, east limbs of the synclines.

Although Oligocene and middle Miocene extension canceled much

of the Laramide structural relief, the pre-Tertiary rocks west of the

Canyon Creek fault zone generally remain structurally higher than the

Mogollon Rim region. Down-to-the-east normal displacement along the

northern part of the Cherry Creek fault zone probably erased more than

600 m of Laramide structural relief along the western edge of the

Apache uplift, as evidenced by similar elevations of the middle

Proterozoic nonconformity on either side of the Cherry Creek fault

zone (see Fig. , 54). Moreover, Oligocene and middle Miocene down-to--

the-west displacement along the Canyon Creek fault zone in the

vicinity of the paleocanyon axis deleted at least 1150 m of structural

relief along the eastern edge of the regional Laramide uplift, which

left the Apache block 485 m structurally higher than the block

immediately east of the Canyon Creek fault zone. Up to 400 m of net

down-to-the-west displacement along the Salt River Canyon part of the

Cherry Creek fault zone did little more than compensate for the

structural relief created by regional northeast-tilting between the

Canyon Creek and Cherry Creek fault zones. Thus, because of relict

Laramide relief along the Canyon Creek fault zone and the remnant

regional northeast-tilting, and despite significant quantities of

down-to-the-west displacement in middle to late Tertiary time, all of

the Salt River Canyon region between the Canyon Creek fault zone and
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Black Mesa remains 400 to 1500 m structurally higher than the Mogollon

Rim region with respect to pre-Tertiary rocks. The only parts of the

regional Laramide uplift in the Salt River Canyon region that

Oligocene and middle Miocene extension completely reversed in a

structural sense correspond to the downthrown portions of northeast-

tilted fault blocks within the system of closely-spaced faults along

the eastern edge of the Tonto basin.

Even though it did not erase Laramide structural relief,

middle Miocene down-to-the-west normal displacement greatly

accentuated the topographic reversal of the Salt River Canyon region,

which Oligocene tectonism had initiated, by further lowering the early

Tertiary source terrain of the Salt River paleocanyon relative to the

region east of the Canyon Creek fault zone. Oligocene and middle

Miocene tectonism placed the Salt River Canyon region 300 to 2500 m

lower than the Mogollon Rim with respect to the regional structural

datum of the early Tertiary erosion surface within the Salt River

paleovalley. Because the Salt River paleocanyon was downthrown to the

west together with the encompassing region, the erosional escarpments

of the Apache Mountains and Sierra Ancha continued to tower hundreds

of meters above the canyon floor following middle Miocene tectonism.

Similar to Oligocene tectonism throughout the Salt River Canyon

region, middle Miocene high-angle normal faulting and no attendant

block-tilting left the Salt River paleocanyon intact as the most

prominent topographic depression east of the Cherry Creek fault zone.
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To the west of the Cherry Creek fault zone, however, middle

Miocene block-tilting greatly disrupted the regionally extensive Salt

River paleocanyon by creating several isolated north- to northwest-

trending structural basins along the downthrown margins of northeast-

tilted fault blocks (see Fig. 65). Because middle Miocene

displacement along the Salt River Canyon part of the Cherry Creek

fault zone reached a minimum in the vicinity of the paleocanyon axis,

in conjunction with the corresponding structural discontinuity, the

topographically lowest parts of the Black Mesa and Rockinstraw

Mountain half-grabens do not generally coincide with the paleocanyon

axis. For example, more than 600 m of middle Miocene down-to-the-west

displacement along the Coon Creek fault placed the Rockinstraw

Mountain half-graben in the Horseshoe Bend area topographically lower

than the nearby segment of the paleocanyon axis. The topographically

lowest part of the Rockinstraw Mountain half-graben was confined to

the Horseshoe Bend area, because the preexisting north-sloping

topography along the southern part of the Salt River paleocanyon

ultimately exceeded the southward increasing displacement along the

Coon Creek fault. Although the axis of the Salt River paleocanyon no

longer consistently occupied the lowest topographic position within

the Salt River Canyon region west of the Cherry Creek fault zone, the

great depth and breadth of the paleocanyon did promote the

development, during middle Miocene tectonism, of major topographic

depressions at the intersections between the paleocanyon and the

north-northwest-trending structural basins (see Fig. 66).
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Contemporary Salt River Canyon

Salt River paleocanyon

, Cherry Creek Fault Zone

Figure 65. Late Tertiary schematic cross section of the
Salt River Canyon region.

Middle Miocene normal faulting thoroughly disrupted the palecgeography
of the Salt River Canyon region by creating several isolated north- to
northwest-trending structural basins in contrast to the preexisting,
more regionally extensive, Salt River paleocanyon. The predominantly
down-to-the-southwest normal displacement significantly lowered base
level toward the southwest. Subsequent headward erosion during late
Tertiary time integrated the entire Salt River Canyon region into a
southwest-flowing drainage network. Late Tertiary fanglomerates (QTg)
later accumulated within the middle Miocene structural basins.
PCg=1.4 b.y. granite; Ys=middle Proterozoic sedimentary rocks and
diabase sills; Pz=Paleozoic sedimentary rocks; Tg=southwesterly
derived, Eocene-early Oligocene gravels and sandstones; Tw=Oligocene -
early Miocene fanglomerates of the Whitetail Conglomerate; Tal=20
Apache Leap Tuff; Td=early to middle Miocene fanglomerates, mudstones,
and evaporites; Tb=early to middle Miocene basalts; QTg=late Tertiary
fanglomerates.
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Figure 66. Distribution of late Tertiary fanglomerates,
Salt River Canyon region and Tonto basin.

Late Tertiary fanglomerates (QTs -crosshatched areas) in the Salt River
Canyon region chiefly accumulated in north- to northwest-trending
structural basins created by middle Miocene tectonism. The
distribution of the late Tertiary fanglomerates contrasts with that of
earlier Tertiary deposits, which were primarily deposited in the
northeast-trending Salt River paleocanyon. However, many of the
depocenters for the late Tertiary fanglomerates correspond to the
intersections between the Salt River paleocanyon and the middle
Miocene structural basins.
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Figure 66. Distribution of late Tertiary fanglomerates,
Salt River Canyon region and Tonto basin.
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Moreover, middle Miocene tectonism largely produced the deep

northwest-trending structural trough of the Tonto basin immediately
west of the Salt River Canyon region (see Fig. 4). More than 1700 m
of structural and topographic relief bounds the Tonto basin on the

northeast, where it abuts against the Sierra Ancha. Inselbergs of

Paleozoic and middle Proterozoic strata demonstrate that the Tonto
basin does not correspond to a southwestward projection of the Salt

River paleocanyon nor to any other major early Tertiary topographic

depression. Instead, northeast-tilted middle Proterozoic and

Paleozoic strata along its southwest margin suggest that at least the

eastern arm of the Tonto basin constitutes a half-graben along the

downthrown margin of a large northeast-tilted fault block. Drag folds

along southwest-dipping normal faults may account for the southwest-

tilted strata in some of the inselbergs within the central and

northeast parts of the basin.

The evolution of the Tonto basin possibly began during

Oligocene tectonism. Lance et al. (1962) recognized an angular

unconformity within the Tonto basin between the late Tertiary

sedimentary rocks and an older cobble to boulder conglomerate. The

older conglomerate may correlate with the Oligocene-early Miocene

Whitetail Conglomerate, suggesting that topographic and/or structural

lows existed in parts of the Tonto basin area prior to middle Miocene

faulting and tilting. Although Oligocene tectonism may have initiated

its development, the primary evolution of the Tonto basin probably

occurred in middle Miocene time, as evidenced by both the apparent
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paucity of the Whitetail Conglomerate and Apache Leap Tuff and thick

accumulation of late Tertiary sedimentary rocks in the basin and the

Oligocene through middle Miocene episode of internal drainage within

the Salt River paleocanyon in the adjacent Salt River Canyon region.

Because it lies almost entirely northwest of the presumed

southwestward extension of the Salt River paleocanyon, the Tonto basin

superseded the paleocanyon, during middle Miocene tectonism, as the

deepest and most extensive topographic depression in east-central

Arizona. Furthermore, middle Miocene tectonism west of the Salt River

Canyon region probably terminated the corresponding segment of the

Salt River paleocanyon as a functional geomorphic entity by

effectively isolating its fragments within a complex mosaic of tilted

fault blocks, commonly in structurally and topographically high

terrane such as that immediately south of the Tonto basin.

By significantly lowering base level toward the southwest, the

predominantly down-to-the-southwest middle Miocene normal faulting,

particularly the relative subsidence of the Tonto basin, induced a

major erosional episode within the Salt River Canyon region. The

resulting erosion surface commonly corresponds to the angular

unconformity between tilted Oligocene-middle Miocene strata and flat-

lying post-14 m.y. fanglomerates. The lack of tilted fanglomerates

above the tilted Black Mesa basalts indicates that major erosion

within the Salt River paleocanyon began soon after deposition of

14 m.y. basalt flows, contemporaneous with the onset of middle Miocene

tectonism. The younger age limit of this erosional episode is poorly
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constrained, however, by the late Tertiary fanglomerates. Post-

14 m.y., late Tertiary erosion brought an end to the long period of

aggradation within the Salt River paleocanyon, which had begun in

Oligocene time. By contrast, middle Miocene tectonism simply

accelerated erosion east of the Canyon Creek fault zone within the

already developing southwest-flowing drainage system. The general

morphology of the contemporary, 800-m-deep, Salt River Canyon east of

the Canyon Creek fault zone had probably taken shape prior to middle

Miocene time.

The configuration of the post-14 m.y., late Tertiary erosion

surface within the Salt River paleocanyon indicates that a southwest-

flowing drainage system integrated the entire Salt River Canyon region

during late Tertiary time. Late Tertiary erosion locally cut deep,

relatively narrow canyons in the Tertiary strata within the Salt River

paleocanyon, primarily along the upthrown margins of major fault

blocks in the vicinity of the paleocanyon axis. For example, two

200+-m-deep canyons were etched into the upthrown block immediately

east of the Redmond fault (see Figs. 3, cross section D-D', 32 and

33). A southward sloping late Tertiary erosion surface demonstrates

that the northernmost of the two canyons was carved by a south-flowing

stream, perhaps an early precursOr to the present-day Cherry Creek

drainage. A northwest-flowing stream that drained the Rockinstraw

Mountain half-graben excavated the southernmost of the two canyons, as

evidenced by a northwest-sloping erosion surface (see Fig. 2). The

two streams clearly converged in a broader southwest-trending canyon
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in the Redmond Flat area. The contemporary canyon within the upthrown
part of the northeast-tilted Black Mesa block, which contains the

southwest-flowing Salt River, represents the only possible outlet for

the southwest-trending, late Tertiary canyon in the Redmond Flat area.

Later downcutting within the southwest-trending canyon in the Black

Mesa block presumably removed the post-14 my. erosion surface and

overlying late Tertiary fanglomerates west of Redmond Wash (see

Fig. 2). The present elevation of the late Tertiary erosion surface

within the paleocanyons in the Redmond Flat area and the lack of

significant post-middle Miocene tectonism imply that the depth of

erosion within the late Tertiary canyon in the upthrown part of the

Black Mesa block differed little from that within the contemporary

canyon. The apparent southwest-flowing late Tertiary drainage network

between the Cherry Creek/Horseshoe Bend vicinity and western edge of

the Black Mesa block, lack of major topographic highs between the

western margin of the Black Mesa block and Tonto basin, and

preexisting southwest-flowing drainage east of Canyon Creek suggest

that a southwest-flowing drainage net had integrated the entire Salt

River Canyon region by the close of the late Tertiary erosional

episode. Thus, middle Miocene tectonism and subsequent erosion

completed the 1800 Tertiary drainage reversal within the Salt River

Canyon region and effectively terminated the Salt River paleocanyon as

an internal basin.
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The Salt River paleocanyon continued to influence the courses

of major drainages during late Tertiary time. For example, the

southwest-trending late Tertiary canyon within the Black Mesa block is

parallel to, and less than 2.0 km southeast of, the axis of the Salt

River paleocanyon. Because it generally persisted as a topographic

depression along strike within individual fault blocks, the axial part

of the Salt River paleocanyon provided a locus for major headward

erosion along the upthrown margins of the northeast-tilted fault

blocks west of the Cherry Creek fault zone. Furthermore, the still

imposing erosional escarpments along the margins of the paleocanyon

thwarted development in the Salt River Canyon region of through-going

drainages either parallel to or confined within north -northwest -

trending structural basins. Thus, despite significant disruption of

the paleogeography by Oligocene and middle Miocene tectonism, the

axial pert of the Salt River paleocanyon endured as the path of least

resistance for the principal drainage within the Salt River Canyon

region.

Because the predominantly down-to-the-southwest middle Miocene

normal displacement created progressively lower topographic

depressions southwestward across the Salt River Canyon region, the

northeast-tilted fault blocks did not greatly impede development of

the southwest-flowing drainage system. Headward erosion from the

northeastern margin of each half-graben through the upthrown part of

the adjacent northeast-tilted fault block integrated the

topographically higher north-northwest-trending structural basin to
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the east into an expanding southwest-flowing drainage network. The

lack of significant syntectonic sedimentation suggests rapid

integration of the Salt River Canyon region into the southwest-flowing

drainage system soon after the initiation of middle Miocene tectonism.

The relatively small original watersheds of most middle Miocene

structural basins may also account for the general absence of

syntectonic deposition. The accumulation of the basal part of the

late Tertiary fanglomerates may have locally coincided with middle

Miocene tectonism. However, thick growth-fault deposits and post -

14 m.y. lakebeds have not been observed within the Salt River Canyon

region.

Sometime after the end of middle Miocene tectonism, perhaps in

late Miocene time, degradation gave way to aggradation in the lowlands

of the Salt River Canyon region, within which accumulated

fanglomerates of probable Miocene-Pliocene age. The late Tertiary

fanglomerates, such as the Coon Creek conglomerate, were generally

deposited in the narrow late Tertiary paleocanyons and at the

intersections between the Salt River paleocanyon and the middle

Miocene, north-northwest-trending structural basins. The distribution

of these late Tertiary fanglomerates contrasts with that of Oligocene-

middle Miocene strata, which primarily accumulated in the more

regionally extensive, northeast-trending Salt River paleocanyon (see

Fig. 66).
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The late Tertiary fanglomerates in the Salt River Canyon

region were shed largely from the Tertiary strata along the upthrown

margins of middle Miocene fault blocks and late Tertiary canyon walls

within the Salt River paleocanyon. Because the volcanically-dominated

upper part of the Tertiary section, which includes the Black Mesa

basalts and Apache Leap Tuff, succumbed first to erosion,

volcaniclastic material initially poured into the late Tertiary

fanglomerates. Pre-Tertiary rock types became increasingly more

Abundant up-section within the fang lomerates as continued stripping of

the Tertiary section exposed the Whitetail Conglomerate, which is

primarily an amalgamation of pre-Tertiary rock types. In addition,

alluvial fans probably built outward from the erosional escarpments of

middle Proterozoic strata along the margins of the Salt River

paleocanyon and covered some of the source areas for Tertiary rocks.

Thus, the late Tertiary sequence of fanglomerates commonly consists of

two distinct members: (1) a thin basal member of pebble to boulder

volcaniclastic conglomerate, and (2) a thicker upper member of pebble

to cobble conglomerate and minor arkosic sandstone. The upper member

is generally finer-grained, because its largely derived from reworked

sedimentary rocks and more distant source areas.

The thick accumulation of late Tertiary sedimentary rocks

within the Tonto basin, particularly widespread lacustrine deposits

(Lance et al., 1962), suggests that an internal drainage system

persisted within east-central Arizona up until late Tertiary time.

Middle Miocene tectonism and subsequent erosion apparently did not
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produce a through-going, southwest-flowing drainage network, but

instead shifted depocenters of the internal drainage system from the

topographic depression of the Salt River paleocanyon to the deep

structural trough of the Tonto basin. The southwest-flowing drainage

system within the Salt River Canyon region was part of the internal

drainage network that emptied into the Tonto basin. Much of the

detritus within the Tonto basin was probably derived from the Salt

River Canyon region.

Inasmuch as middle Miocene tectonism induced major erosion,

its end likely triggered the return to aggradation in middle to late

Miocene time within the Salt River Canyon region. As middle Miocene

tectonism waned, subsidence of the Tonto basin no longer kept pace

with sedimentation. The resulting rise in base level within the Tonto

basin probably caused aggradation in the surrounding watershed,

especially in areas of high topographic relief such as the Salt River

Canyon region. Interestingly, 910 m (3000 ft) approximately

corresponds to both the maximum elevation of the late Tertiary

fanglomerates along the axial part of the Salt River paleocanyon and

the highest level of fine-grained sedimentary rocks in the Tonto

basin, which implies rough equilibration of base levels between the

two areas before the onset of late Tertiary-Quaternary erosion. Late

Tertiary fanglomerates in both the Tonto basin and Salt River Canyon

region locally lie at higher elevations, but only along the respective

mountain fronts.
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Major erosion returned to the Salt River Canyon region in

Pliocene-Pleistocene time, perhaps in response to the integration of

the Tonto basin into the through-going, southwest-flowing drainage

system of the Salt River. Southwest-flowing streams had probably been

eroding headward, since at least middle Miocene time, into the

Transition Zone of east-central Arizona from deep structural basins

within the highly extended Basin and Range province. However, the

thick accumulations of highly resistant, Tertiary volcanic strata

within the Superstition Mountains may have effectively delayed

integration of the Tonto basin, thus prolonging the period of internal

drainage within east-central Arizona. Lakebeds of probable early

Pliocene age in the upper part of the Tertiary section within the

Tonto basin (Lance et al. 1962) suggest that the developing Salt River

did not capture the Tonto basin until late Pliocene time. The

significant lowering of base level, possibly to sea level, that

accompanied the integration of the Tonto basin into a through-going,

southwest-flowing drainage network induced major erosion in both the

Tonto basin and Salt River Canyon region. Thus, the 180° Tertiary
drainage reversal within the Transition Zone of east-central Arizona

was probably not completed until Pliocene-Pleistocene time. Climatic

changes may also have factored in the late Tertiary fluctuations

between erosion and aggradation.

Although it largely took shape during the ongoing episode of

late Pliocene-Quaternary erosion, the course of the present-day,

southwest-flowing Salt River was essentially dictated by the Tertiary
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history of the region. Despite Oligocene and middle Miocene

tectonism, erosion of the marginal highlands throughout Tertiary time,

and accumulation within it of up to 575 m of Tertiary strata, the

early Tertiary Salt River paleocanyon persists as a major topographic

low and represents the single most important influence on the course

of the Salt River within the Salt River Canyon region. For example,

by providing a locus for headward erosion, the Salt River paleocanyon

permitted development and governed the location of the 800-m-deep

segment of the contemporary Salt River Canyon east of the Canyon Creek

fault zone, through which the present-day Salt River meanders.

Although it did not cancel Laramide structural relief, down-to-the -

west normal displacement in Oligocene and middle Miocene time did

place the Salt River paleccanyon significantly lower than the region

east of the Canyon Creek fault zone. Oligocene to Quaternary headward

erosion into the structurally lower, but topographically higher

terrane adjacent to the paleocanyon immediately east of the Canyon

Creek fault zone excavated the 800-m-deep segment of the Salt River

Canyon, probably within the axial part of the Salt River paleovalley.

Moreover, the southwest-flowing Salt River generally follows the axial

part of the Salt River paleocanyon between the Canyon Creek fault zone

and eastern edge of the Tonto basin (see Fig. 4). However, thicker

than normal accumulations of highly resistant, Tertiary volcanic

strata retarded erosion along the actual axis of the paleocanyon.

Thus, the Salt River is rarely directly superimposed on the
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paleocanyon axis and most commonly lies 1 to 4 km to the southeast,

where it has locally become deeply entrenched in relatively non-

resistant, early Proterozoic rock (see Fig. 6).

The specific course of the Salt River within the Salt River

paleocanyon was largely controlled by discrete structural and

geomorphic features, as best displayed between the mouth of Cherry

Creek and Black Mesa. For example, the Salt River bends abruptly at

the mouth of Cherry Creek and proceeds southward beyond the axial part

of the paleocanyon to the Horseshoe Bend area (see Fig. 2, geologic

map), because: (1) the intersection between the southern part of the

paleocanyon and the downthrown margin of the northeast-tilted

Rockinstraw Mountain fault block had placed the Horseshoe Bend area

topographically lower than the adjoining segment of the axial part of

the paleocanyon; (2) a north-trending fault linking the topographic

low in the Horseshoe Bend area with the axial part of the paleocanyon

provided a weakness along which the river cut across the pendant of

early Proterozoic rock, including the highly resistant, northeast-

trending ridges of quartzite; and (3) thin accumulations of the highly

resistant Apache Leap Tuff, resulting from relatively high terrain

prior to middle Miocene block-tilting, effectively accelerated late

Pliocene-Quaternary erosion in the Horseshoe Bend area relative to

that in the axial part of the paleocanyon. However, because the

northeast-tilted Rockinstraw Mountain fault block, westward thickening

wedge of Tertiary strata (see Fig. 3, cross section E-E'), relict

relief in the southern part of the Salt River paleocanyon, and
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Jump-Off Canyon horst created formidable topographic barriers in all

other directions, the Salt River turns sharply northward at Horseshoe

Bend. North of Horseshoe Bend, the river swings southwestward roughly

along the strike of non-resistant strata in the lower part of the

White Ledges formation. The coincidence between the southwestward

path of the river through the White Ledges formation and the area of

lap out of Tertiary strata against paleoridges of early Proterozoic

quartzite (see Fig. 3, cross section F-F') indicates that the present

course of the Salt River in the Salt River Canyon region was

significantly influenced by higher rates of erosion in areas where

relatively thin sections of Tertiary strata originally mantled non-

resistant early Proterozoic rock types.

The Salt River returns to the axial part of the Salt River

paleocanyon in the Redmond Flat area, where the downthrown portion of

the northeast-tilted Black Mesa fault block and a late Tertiary

paleocanyon etched into the upthrown margin of the Rockinstraw

Mountain block had combined to produce a major topographic depression.

The river bends abruptly southwestward at Redmond Flat into the

southwest-trending late Tertiary paleocanyon, which it follows through

the upthrown part of the Black Mesa block. Both the Redmond fault and

remnants of the Coon Creek volcanic center, especially the 1.2-km-long

northeast-trending dike, partly controlled the location of the late

Tertiary paleocanyon and ultimately the present-day, southwest-flowing

Salt River (see Fig. 2). The lack of middle Miocene basalts in the

Redmond Mountain area further suggests that both the
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southwest-trending late Tertiary paleocanyon and contemporary Salt
River developed along the southern edge of .a thick accumulation of
Black Mesa basalts within the axial part of the Salt River

paleocanyon. West of Black Mesa, the Salt River flows through the
axial part of the Salt River paleocanyon before emptying into the

Tonto basin.

Upon entering the northwest-trending Tonto basin, the

characteristic trend of the Salt River swings from southwest to

northwest (see Fig. 4). The northeast-trending Salt River paleocanyon

imparted little, if any, influence on the course of the Salt River

west of the Salt River Canyon region. Instead, the path of the Salt

River roughly corresponds to the structurally lowest part of the Tonto

basin before turning southwestward to cross the Superstition

Mountains.

In summary, west-southwest/east-northeast, middle Miocene

regional extension induced predominantly down-to-the-southwest, normal

faulting and associated block-tilting within the Salt River Canyon

region (see Fig. 65). Most of the faulting probably occurred between

14 and 12 m.y. ago. The Cherry Creek and Canyon Creek fault zones

were both reactivated by middle Miocene tectonism. A southwestward

increase in the magnitude of offset and corresponding decrease in

fault inclination indicate that extension increased southwestward

across the Salt River Canyon region from less than 1% in the vicinity

of the Mogollon Rim to 15% along the eastern edge of the Tonto basin.

A rise in the ductile-brittle transition probably accompanied the
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southwestward increase in extension. As normal faults flattened out

into the ductile-brittle transition at progressively shallower levels

toward the southwest, the resultant increase in fault curvature

accommodated greater amounts of block-tilting. The Salt River Canyon

part of the Cherry Creek fault zone developed, during middle Miocene

tectonism, into a discrete boundary between relatively unextended,

flat-lying terrane to the northeast and a significantly attenuated

domain of northeast-tilted fault blocks on the southwest. The degree

of tilting udAiain the terrane of northeast-tilted fault blocks

increases southwestward toward the deep late Tertiary structural

trough of the Tonto basin (see Fig. 65).

Middle Miocene tectonism greatly disrupted the paleogeography

of the Salt River Canyon region. Although high-angle normal faulting

and no attendant block-tilting did leave the the Salt River

paleocanyon intact as the most prominent topographic depression east

of the Cherry Creek fault zone, the block-tilting to the west created

several isolated north- to northwest-trending structural basins in

contrast to the preexisting more regionally extensive paleocanyon.

The axis of the paleocanyon no longer typically occupied the

topographically lowest position west of the Cherry Creek fault zone.

Nonetheless, because of the magnitude of the paleocanyon, major late

Tertiary topographic depressions within the Salt River Canyon region

developed at the intersections between the paleocanyon and the north -

toto northwest-trending structural basins (see Fig. 66). Moreover, the
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northwest-trending Tonto basin superseded the Salt River paleocanyon

as the deepest recess in the topography of east-central Arizona during

middle Miocene tectonism.

By significantly lowering base level to the southwest, middle

Miocene normal faulting, particularly the relative subsidence of the

Tonto basin, triggered a major erosional episode within the Salt River

Canyon region. Post 14 m.y., late Tertiary erosion terminated the

Oligocene to middle Miocene period of aggradation within the Salt

River paleocanyon. Relatively narrow, 200+-m-deep canyons were

locally cut into the Tertiary strata along the axial part of the Salt

River paleocanyon, primarily within the upthrown margins of northeast-

tilted fault blocks. However, middle Miocene tectonism simply

accelerated erosion within the already developing southwest-flowing

drainage network east of the Canyon Creek fault zone. By the close of

the late Tertiary erosional episode, a southwest-flowing drainage

system had integrated the entire Salt River Canyon region, as

evidenced by the configuration of the late Tertiary erosion surface.

Thus, middle Miocene tectonism and subsequent erosion completed the

180° Tertiary drainage reversal within the Salt River Canyon region
and effectively destroyed the internal basin of the Salt River

paleocanyon.

The thick accumulation of late Tertiary sedimentary rocks in

the Tonto basin, especially widespread lacustrine deposits (Lance  et

al., 1962), suggests, however, that middle Miocene tectonism and

subsequent erosion did not create a through-going, southwest-flowing
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drainage system within east-central Arizona, but instead shifted

depocenters of the internal drainage network from the topographic

depression of the Salt River paleocanyon to the structural trough of

the Tonto basin. As middle Miocene tectonism waned, subsidence of the

Tonto basin did not keep pace with sedimentation. The resultant rise

in base level within the Tonto basin eventually permitted deposition

of late Tertiary fanglomerates in the structural basins and

paleocanyons of the Salt River Canyon region.

A return to major erosion within the Salt River Canyon region

in latest Tertiary time was probably induced by the integration of the

Tonto basin into the through-going, southwest-flowing drainage of the

Salt River, which significantly lowered base level. Early Pliocene

lakebeds in the upper part of the Tertiary section within the Tonto

basin (Lance et al., 1962) indicate that the developing Salt River did

not capture the Tonto basin until late Pliocene time. Thus, the 1800

Tertiary drainage reversal within east-central Arizona was probably

not achieved until Pliocene-Pleistocene time.

The contemporary course of the Salt River in the Salt River

Canyon region, including the large meanders at Horseshoe Bend and

Redmond Flat, does not correspond to a superimposed drainage pattern.

Instead, a myriad of preexisting structural and topographic features

have essentially designed the Salt River. The Salt River paleocanyon

represents the single most important influence on the path of the Salt

River within the Salt River Canyon region. The southwest-flowing Salt

River generally follows the axial part of the Salt River paleocanyon,



298

which was carved by an early Tertiary northeast-flowing stream.

Moreover, the Salt River has partly exhumed the paleocanyon and

fortuitously exposed the Tertiary history of the Salt River Canyon

region in a system of deep canyons.



CHAPTER 5

CONCLUS IONS

Detailed mapping within the Rock instraw Mountain quadrangle,

including careful analyses of the Tertiary stratigraphy and major

structural features, general reconnaissance throughout the Salt River

Canyon region, and previous investigations in east-central Arizona

were synthesized into an interpretation of the Tertiary geologic

history of the Salt River Canyon region. This research substantiates

both the paleocanyon hypothesis of Peirce (1982, personal

communication, 1985) and the Apache uplift axiom of Davis et al.

(1981, 1982).

Basement-cored uplifts, slight regional northeast-tilting, and

magmatism placed the Transition Zone of east-central Arizona

structurally and topographically higher than the Colorado Plateau

region during Laramide time. The Laramide Apache uplift of Davis et

al. (1981, 1982) formed between outward-facing monoclines and reverse

faults along the Canyon Creek and Cherry Creek fault zones. However,

the Apache uplift actually represented an uplifted block along the

eastern edge of a much larger regional uplift, which extended an

unknown distance to the southwest of the Cherry Creek fault zone (see

Fig. 58). The Canyon Creek fault zone, which facilitated 1650 to

1750 m of up-to-the-west Laramide reverse displacement, bordered this

broad uplifted region on the east.

299
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An early Tertiary northeast-flowing consequent stream carved

an 1170+- to 1400+-m-deep, 14- to 23-km-wide, 30+ -km -long, northeast-

trending paleocanyon in the broad uplifted region west of the Canyon

Creek fault zone (see Fig. 59). Because of the near coincidence of

its axis with the segment of the Salt River between Canyon Creek and

Roosevelt Lake, this early Tertiary paleocanyon is here named the Salt

River paleocanyon. The Salt River paleocanyon is distinguished by the

configuration of an early Tertiary erosion surface, especially

northeast-trending erosional escarpments of middle Proterozoic strata

along its margins, and accumulations within it of up to 575 m of

Tertiary strata on Precambrian crystalline basement. The stream

responsible for the excavation of the paleocanyon may have been part

of the northeast-flowing drainage net that delivered Eocene-early

Oligocene rim gravels onto the structurally and topographically lower

Colorado Plateau region. Southwesterly derived gravels, 27 km

northeast of the paleocanyon and possibly correlative with the rim

gravels, contain rounded boulders of metavolcanic rock identical to

deeply truncated 1.7 b.y. metavolcanic rock along the paleocanyon

axis.

A previously unrecognized episode of predominantly down-to-

the-west, high-angle, Oligocene normal faulting, in which both the

Cherry Creek and Canyon Creek fault zones were reactivated, initiated

the Tertiary drainage reversal within east-central Arizona. By

lowering the formerly high source terrain of the Salt River

paleocanyon relative to the region east of Canyon Creek, 750+ m of
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down-to-the-west Oligocene normal displacement along the Canyon Creek

fault zone produced a significant base level change across east-

central Arizona and disrupted the through-going, northeast-flowing

early Tertiary drainage system (see Fig. 63). Subsequent headward

erosion east of the paleocanyon by an incipient southwest-flowing

drainage network carved a segment of the ancestral Mogollon Rim of

Peirce et al. (1979). The Mogollon Rim in east-central Arizona

probably originated at the Canyon Creek fault zone as an Oligocene

drainage divide between remnant northeast-flowing streams on the east

and developing southwest-flowing streams on the west that emptied into

the paleocanyon.

Because it sealed off the eastern outlet of the Salt River

paleocanyon, Oligocene tectonism induced a long period of internal

drainage within the Salt River Canyon region. Major deposition

shifted during Oligocene time from the region east of the Canyon Creek

fault zone to the paleocanyon, which had been transformed into a large

internal basin. Oligocene fanglomerates, the 20 m.y. Apache Leap

Tuff, and Miocene fanglomerates, mudstones, evaporites, and basalts

accumulated within the internal basin of the Salt River paleocanyon.

Thickness and welding trends within the Apache Leap Tuff and the

distribution of middle Miocene dolomitic lakebeds indicate that a

relict northeast-flowing drainage persisted within the paleocanyon up

until middle Miocene time. Without the early Tertiary excavation of
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the Salt River paleocanyon, Oligocene tectonism could not have

effected the development of either the internal drainage system or
ancestral Mogollon Rim.

A second episode of predominantly down-to-the-west normal

faulting disrupted the Salt River Canyon region during middle Miocene

time. The total amount of extension produced by Oligocene and middle

Miocene tectonism increases southwestward across the Salt River Canyon

region from less than 1% in the vicinity of the Mogollon Rim to more

than 15% along the eastern edge of the Tonto basin. Unlike Oligocene

tectonism, major block-tilting accompanied middle Miocene normal

faulting. The Salt River Canyon part of the Cherry Creek fault zone

separates a significantly attenuated domain of northeast-tilted fault

blocks on the southwest from relatively unextended, flat-lying terrane

to the northeast. The degree of tilting increases southwestward

toward the Tonto basin in accordance with increasing amounts of

extension (see Fig. 65). Major late Tertiary topographic depressions

within the Salt River Canyon region generally developed at the

intersections of middle Miocene, north- to northwest-trending

structural basins and the early Tertiary Salt River paleocanyon (see

Fig. 66). Moreover, middle Miocene tectonism effectively replaced the

Salt River paleocanyon as the most prominent topographic depression in

east-central Arizona with the deep, northwest-trending structural

trough of the Tonto basin.
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Because it significantly lowered base level to the southwest,

middle Miocene tectonism, particularly the relative subsidence of the

Tonto basin, induced major post 14 m.y., late Tertiary erosion within

the Salt River Canyon region. By the close of the late Tertiary

erosional episode, a southwest-flowing drainage network had integrated

the entire Salt River Canyon region. However, the thick accumulation

of late Tertiary sedimentary rocks in the Tonto basin, including early

Pliocene lacustrine deposits (Lance et al., 1962), indicates that an

internal drainage system persisted within most of east-central Arizona

until latest Tertiary time. Middle Miocene tectonism had simply

shifted depocenters of the internal drainage network from the

topographic depression of the Salt River paleocanyon to the structural

trough of the Tonto basin. Continued aggradation within the Tonto

basin following middle Miocene tectonism presumably allowed base level

to rebound somewhat in east-central Arizona. Consequently,

degradation gave way to the accumulation of fanglomerates in the

structural basins and paleocanyons of the Salt River Canyon region

during late Tertiary time.

Sometime after deposition of the late Tertiary fang lomerates

in the Salt River Canyon region and early Pliocene lakebeds in the

Tonto basin, the through-going Salt River captured the Tonto basin and

thus integrated all of east-central Arizona into a southwest-flowing

drainage network. The Salt River between Canyon Creek and the eastern

edge of the Tonto basin flows through the axial part of the Salt River

paleocanyon, which once contained an early Tertiary, northeast-flowing
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drainage. Moreover, the Salt River has partly exhumed the paleocanyon

and beautifully exposed the Tertiary history of the Salt River Canyon

region (see Figs. 11, 12, and 21). As a result of this exhumation,

the present topographic relief probably differs little from that which

existed in early Tertiary time (see Fig. 67). Despite Oligocene and

middle Miocene tectonism, continuous erosion of the marginal highlands

throughout Tertiary time, and accumulation within it of up to 575 m of

Tertiary strata, the Salt River paleocanyon persists as the most

prominent topographic depression within the Salt River Canyon region

and clearly represents the most important influence on the course of

the contemporary Salt River.

The present elevations of the regional structural datum of the

early Tertiary erosion surface demonstrate that the Salt River Canyon

region was downthrown in middle to late Tertiary time 300 to 2500 m to

the southwest relative to the Mogollon Rim. Ironically, the Salt

River paleocanyon presently lies 750 to 1500 m lower than the Eocene-

early Oligocene Flying "V" gravels for which it was a source.

Oligocene and middle Miocene tectonism did not, however, cancel

Laramide structural relief. The pre-Tertiary rocks within most of the

Salt River Canyon region remain 400 to 1500 m structurally higher than

the Mogollon Rim region.

Because a long interval of internal drainage separated the

early Tertiary episode of a northeast-flowing regional drainage from

the late Tertiary period of a southwest-flowing regional drainage (see

Fig. 68), the timing of the drainage reversal within east-central



Figure 67. Paleo and contemporary canyons of the Salt River.

Looking north across the Salt River Canyon region, Rockinstraw
Mountain quadrangle. The Salt River lies at 732 m (2400 ft) in the
foreground. The snow-capped Sierra Ancha, ranging up to 2345 m
(7694 ft), dominate the horizon, 17 km to the north. The Sierra Ancha
contain a thick sequence of middle Proterozoic strata and the basal
part of the Paleozoic section whereas middle to late Tertiary strata
rest directly on Precambrian crystalline basement in the foreground.
A northeast-flowing, early Tertiary consequent stream carved the Salt
River paleocanyon by removing more than 1400 m of the middle
Proterozoic and Paleozoic strata, exposed in the Sierra Ancha, from
the vicinity of the Salt River. Up to 575 m of Tertiary strata
accumulated within the paleocanyon during a long period of internal
drainage between Oligocene and middle Miocene time. The erosional
escarpment of the Sierra Ancha still looms on the horizon just as it
did in early Tertiary time. The partial exhumation of the Salt River
paleocanyon in latest Tertiary-Quaternary time by the southwest-
flowing Salt River drainage has locally exposed the early Tertiary
erosion surface in the contemporary Salt River Canyon. Thus, the
present topographic relief may differ little from that which existed
in early Tertiary time.
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Major erosion—through-going,
southwest-flowing Salt
River integrates region

Fang lomerates accumulate
in structural basins and
paleocanyons

Major erosion—southwest-
flowing drainage
integrates region

Late Pliocene
to Quaternary

Late Miocene to
early Pliocene

14 m.y. to
late Miocene

Southwest-
drainage

Down-to-the-west normal	 14 to 12 m.y.
faulting and block-tilting 

Magmatic pulse:
*Local extrusion of basalts
dacites, and andesites
*Deposition of dolomitic
lakebeds; mudstones, and
fanglomerates in Salt
River paleocanyon

20 to 14 m.y.

Apache Leap Tuff deposited 	 20 m.y.
in Salt River paleocanyon

Fang lomerates accumulate in
Salt River paleocanyon,

Southwest-flowing drainage
develops east of Canyon
Creek fault

Down-to-the-west normal
faulting--Salt River
paleocanyon transformed
into internal basin

Oligocene to
early Miocene

Oligocene

Internal
drainage

Major erosion--northeast-
flowing drainage excavates
Salt River paleocanyon

Up-to-the-west reverse
faulting,

Monoclinal folding,
Regional northeast-tilting,
Magmatism

Early Tertiary

Northeast-
drainage

Laramide

Figure 68. Tertiary history of the Salt River Canyon region.
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Arizona remains poorly defined. Not surprisingly, the topographic

reversal of east-central Arizona required tens of millions of years

and two major episodes of tectonism. Down-to-the-west Oligocene

normal faulting initiated the drainage reversal and middle Miocene

extension permitted its completion. However, total integration of

east-central Arizona into a through-going, southwest-flowing drainage

network probably did not occur until late Pliocene time.

It is interesting to ponder while floating down the present-

day, southwest-flowing Salt River (see Fig. 67) that perhaps much the

same could have been done 50 million years ago on a "paleo Salt River"

whose path and character probably differed little from the

contemporary white-water river, except that it flowed in the opposite

direction. "A river or a drainage basin might best be considered to

have a heritage rather than an origin. It is like an organic form,

the product of a continuous evolutionary line through time" (Leopold,

Wolman, and Miller, 1964).
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