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INTRODUCTION 

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

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

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

The Early Proterozoic terrane contains a number 
of major north- and northeast-trending faults or shear 
zones, along which the movement directions are not yet 
tu.lJ.y deciphered; min1.mum displacements in some cases 
are on the order of tens ot kilometers. The signit-

Figure 1. Index and highway map of region of field 
trip. Sites to be visited (1-10) are circled numbers. 
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icance of these discontinuities is uncertain. One 
author (Kar1strom) suggests that some ot these tau1ts 
uy separate tectonostratigraphic blocks of diverse 
crustal origin and tectonic evolution. Other authors 
(Silver, Conway) hold a view that the "southern" 
province rocks are basically a coherent continental 
1uite that has for its substrate cratonized "northern" 
province rocks, and that the faults separate blocks of 
elmilar crustal history. It msy be that the ultimate 
resolution of the problems lies in middle ground. 

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

TIMETABLE AND SITE DESCRIPTIONS 

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

SITE DESCRIPTIONS AND OBJECTIVES 

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

eouthe11nt fnce of Mount Pcelcy. At 
this site, hike several hundred 
meters up the elope through one or 
more probable cooling units. Rhyo
lite in this exposure is typical of 
ash flows that are abundant in the 
upper part of the ca. 1700 Ma Tonto 
Basin Supergroup. 

11:30 - Site 2 Exam! ne 11 thic sands tone and shale of 
Slate Creek the Alder Group and highly deformed 
(lunch) rocks of the Slate Creek shear zone. 
(optional geologic stop) 
1:00 - Site 3 Mazatzal Croup stratigraphy and 
Barnhardt deformational style. Descend through 
Canyon the Mazatzal Group section - Mazatzal 

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

5:00 - Site 4 Examine layered gabbro in the Gibson 
Round Valley Creek batholith. Several square 
(optional atop) kilometers in this locality are 

6:30 
7:30 

underlain by two-pyroxene gabbro with 
cumulate texture and compositional 
layering. A gradation southeastward 
appears to exist from this ortho
pyroxene-rich gabbro into hornblende-
rich gabbro and then into diorite. 
Dinner at Payson. 
Slides, maps, discussion - Swiss 
Village Lodge, Payson. 

Saturday, Oct. 24 
7:30 

' 8:00 - Site 5 
Viewpoint, 
Oxbow Hill 

Conway and others 

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

9:00 - Site 6 
Gisela 
{lunch) 

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

1:00 - Site 8 
North Penk 

4:30 
6:00 
7:30 

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

dip moderately to gently and 
generally southeastward {southerly 
rake in this view). 
A number of geologic unite are found 
in a small area at Gisela: diorite of 
the Gibson Creek batholith, pendants 
within the diorlte, Payson Granite, 
Green Valley Hills Granophyre, rhyo
lite of the Red Rock Group, and a 
hybridized mafite porphyry. The 
mafite porphyry intrudes rhyolite of 
the Red Rock Group and is intruded by 
the Payson Granite. These are key 
relations that led to the hypothesis 
that a number of felsic volcanic and 

· hypabyasal units in the region are 
cogenetic parts of caldera 
complexes. Pendants of stratified 
rock are the oldest known rocks in 
the Tonto Baain-Mazatzal Mountains 
region. The Agate Mountain thrust 
fault, probably of the same 
generation as the thrust faults in 
the Mazatzal Mountains, is also 
exposed at Gisela. 
Layering (igneous lamination) in 
gabbro-diorite of the Gibson Creek 
batholith. Characterized by 
plagioclaee- and amphibole-rich 
layers, these layered rocks contrast 
with the layered gabbro of Round 
Valley in having randomly oriented, 
highly acicular amphibole. 
Gr11yw11cke of the F.ant Verde River~ 
Formation and n plug of granophyre 
are overlain in this area by the 
Deadman Quartzite of the Mazatzal 
Group. Recent mapping suggests that 
a fold in the graywacke and several 
units in the East Verde River Forma
tion are overlain in angular uncon
formity by the Deadman Quartzite. 
The granophyre that intrudes the 
graywacke bears both granophyric and 
spherulitic textures and ls thus 
similar to a sill of the Green Valley 
Hills Granophyre at King Ridge in 
Tonto Basin. 

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

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

Site 9B 

Site 9C 

Site 9D 

12:00 - Site 10 
Moore Gulch 

Quartz Monzonite indicates that this 
batholith was crystallizing at about 
the same time that rhyolites and 
quartz arenltes were being deposited 
in the terrane south of the Moore 
Gulch fault. 
Margin of the Crazy Basin Quartz 
Honzonite. F.xnminc crone-cutting 
relationships of numerous dikes of 
granite, aplite, pegmatite, and 
tourmaline-bearing quartz veins in 
pelitic rocks of the Yavapai 
Sr.rice. The variation in relntive 
ngc nnd dcgrr.c of dc(ormntion 
suggests that these various materials 
were injected during deformation. 
Middleton Creek. Examine metamorphic 
rocks at the margin of the batho
lith. Staurolite-andalusite-garnet
biotite assemblages in pelitic rocks 
record P/T conditions of 3.7 kb and 
500° c. 
Aplite dike north of the Crazy Basin 
contact. An aplite dike (1700 Ma) 
intrudes Yavapai Serie& rocks just 
north of the Crazy Basin contact 
along the Desoto Road. Thia dike 
crosscuts an isoclinal fold in the 
Yavapai Series and is itself bou
dinaged and foliated, further 
ev i.dence for syn tectonic ( specit
i.caHy syn-~·;i) intrusion of the 
batholith. 
Cleator shear zone. The east side of 
the Crazy Basin Quartz Monzonite is 
bordered by the Shylock fault zone, a 
zone 1 to 3 km wide of vertical 
foliation and vertical stretching 
lineation. The vertical foliation 
and folds in the Shylock are over
printed in a wide zone by the Cleator 
shear zone and related asymmetrical 
folds, which exhibit evidence for 
sinistral strike-slip displacement. 
Moore Gulch fault. Ductilely 
deformed rocks of the Yavapai Series 
crop out northwest of the fault, 
whereas rocks to the southeast 
includ~ brittlely detormed equiv
alents ot the Tonto Basin Super
group. The fault in this locality 
has Tertiary movement, but the 
juxtaposition of diverse rock 
packages acrosa the fault suggests 
major Precambrian movement. 

OVERVIEW OF EARLY PROTEROZOIC GEOLOGY 
AND GEOCHRONOLOGY OF ARIZONA 

The major stratigraphic and plutonic groups and 
structural features of the Early Proterozoic of 
central Arizona are shown in Figure 2. From the Moore 
Gulch fault to northwestern Arizona, U-Pb zircon ages 
range from about 1700 to 1775 Ha, The Yavapai Series 
of Anderson and others (1971) and moat plutonic rocks 
in the Bradshaw Mountains and Black Hills are about 
1720 to 1775 Ma (Anderson and others, 1971; L. T. 
Silver,

1
unpublished data; S. A. Bowring, 1987, oral 

comm,). Volumetrically less significant plutonic 
masses are about 1700 Ha, and a belt of volcanic rocks 
in the Bagdad area has volcanic rocks as young aa 1709 
Ma (Bryant and Wooden, 1986). 

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

Quartzite in northern Chino Volley (Wilson, 1939; 
Krieger, 1Yb~; Irevena, 1Y7Y) ia an anomalous litho~ 
OKY in Liu! terrunc northweHt ol the Moore Gulch tault 
and probably belongs to the Mazatzal Group, a major 
unit in the generally 1700 Ma terrane southeast of the 
Moore Gulch fault. The Texas Gulch Formation, which 
rests unconformably on strntn of the Yavapai Seriea 
Rnd on the Rrndy Rutte Grnnodiorite, hRR lithologlc 
o1m1 lnrl ty to the Alder Group of the southeastern 
terrane, but may be older. 

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

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

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

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

1 The oldest age published in the Precambrian of 
Arizona is 1795 Ha for the Cleopatra Member (Anderson 
and Nash, 1972) of the Deception Rhyolite at Jerome 
(Anderson and others, 1971), but subsequent work by 
L, T. Silver auggests this age should be reduced by 
some 20 million years. 

Conway :mJ uthcn 
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figure 2. Proterozoic (1400 to 1800 Ha) rocks of central Arizona. The explanation headings NORTIME ST AREA and 
SOUTHEAST AREA refer, respectively, to the areas northwest and southeast of the Moore Gulch fault. The Moore 
Culch fault 1& an abrupt discontinuity between rocks of the Yavapai Series (Anderson and others, 1971) and younger 
rhyolite of the southeast area. U-Pb zircon dates in m.y. are shown in boxes; see Karlstrom and others (1987) for 
tabulation of U-Pb zircon data for central Arizona. Abbreviations: B - Bumblebee Granodiorite, BS - Badger 
Spring Granodiorite, C - quartz diorite of Cherry Creek area, GC - Government Canyon Granodiorite. 

eluding thick, widespread ash-flow tuff units and 
hypabyssal sills and plugs, are port of a magmatic 
1uite that extends northeastward at least as far as 
aorth-central New Mexico (Silver, 1984; Silver and 
others, 1986), Quartz-rich sandstones, the second 
101t abundant lithology in the Tonto Basin Supergroup, 
are broadly contemporaneous with the felsic rocks. 
Similar rhyolite or quartzite successions occur at 
various places in central to southeastern Arizona. 
Strata in the southeastern part of the state, however, 
are dominated by immature sedimentary rocks of the 
Pinal Schist, The 1700 Ha stratified rocks from 
central to southeastern Arizona ere variously viewed 
•• belonging to a continental to continental-margin 
tuite with onshore to offshore facies changes 
(Trevena, 1979; Silver, 1984; Conway and Silver, 1984, 
1987; Silver and others, 1986) and as continental 
aargin arc rocks and unrelated oceanic basin rocks 
(Condie and others, 1985; Copeland and Condie, 1986). 

TONTO BASIN SUPERGROUP 
ANO DIAMOND RIM INTRUSIVE SUITE 

The Tonto Basin Supergroup2 (Conway and others, 
in prep.) shown in Figure 3 is fundamentally a con
dnental suite, based on the predominance from the 
upper part of the Alder Group through the Mazatzal 
Croup of ash-flow rhyolite and mature quartz sandstone 
(Conway and Silver, 1984). The Alder Group la pri
aarlly a subaqueous unit that shoals upward (Gastil, 

Conway and others 

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

2 
The Hazatzal Group is currently not subdivided in 

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

The Diamond Rim Intrusive Suite (Figure 3; Conway 
and others, in prep.) includes hypabyseal rocks of the 
Tonto Basin-Hazaual Mountains re11ion that are broadly 
cogenetic with volcanic rocks of the Tonto Basin 
Supergroup. It consists of the Payson Granite, Hells 
Cate Rhyolite, Green Valley Hills Granophyre, Bear 
Flat Alaskite, Pine Mountain Porphyry, and unnamed 
granite, granophyre, and intrusive rhyolite bodies in 
the Tonto Baein-Mazatzal Mountains region (Conway and 
others, in prep.). These rocks are considered to be 
products of magmas that were emplaced at high crustal 
levels beneath the calderas that erupted the volcanic 
rocks. The hypabyssal units are perhaps more volu
llinoua than the stratitied rocks of the Tonto llaSln 
Supergroup and are almost entirely of granitic 
composition. 

Dated units of the Diamond Rim Intrusive Suite 
are 1692 to 1703 Ma (Silver and others, 1986), similar 
in age to the eupergroup strata. Thie is consistent 
vith field relations that indicate intrusion of some 
units into younger parts of the stratified section, 
including the Mazatzal Group. Intrusive bodies older 
than the Hazatzal Group also exist. A granophyre plug 
in grayvacke of the East Verde River Formation north
eaet of North Peak (Figure 3; Site 8) is overlain by 
the Deadman Quartzite and a probable intrusive rhyo
lite at Natural Bridge is overlain by a thin section 
of the Red Rock Group and the Hazatzal Group. 

Conway and others 
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There are minor mafic intrusive units in Tonto 
Basin that are probably of the 1700 Ha magmatic 
event. A contaminated, plagioclase megacryst-basalt, 
given the field name mafite porphyry, is important in 
deciphering the Proterozoic geologic history of Tonto 
Basin (Site 6). The Payson Granite intrudes mafite 
porphyry which in turn intrudes the Red Rock Group 
(Conway, 1976). This, in connection with geochrono
logic and petrologic data, led to the model that 
rhyolite of the Red Rock Group, the sills, and the 
Payson Granite are comagmatic - all parts of ancient 
caldera systems. 

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

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

GIBSON CREEK BATHOLITH AND PENDANTS AT GISELA 

The Gibson Creek batholith underlies about 300 
km2 in an area between Tonto Creek and the East Verde 
River (north-central part of Figure 3) and is composed 
primarily of diorite, but also contains gabbro, grano
diorite, and minor granite. Layered two-pyroxene 
gabbro at Round Valley (Site 4), a few miles south of 
Payson, appears to grade -southward into diorite 
(Conway, 1976). A few intermediate to felsic bodies 
occur in the southeastern parts of the batholith, 
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Abrupt local variations in texture and grain size 
suggest there may be internal intrusive boundaries 
within the diorite. Western parts of the batholith 
(Wrucke and Conway, in prep.) appear to be mostly 
diorite, except for a granodiorite body along the Eaat 
Verde River that is tentatively assigned to the Gib1on 
Creek batholith. This granodiorite is intruded by the 
Payson Granite and has a preliminary age of 1709 Ha 
(L, T. Silver, unpublished data). Though closer in 
age to the Payson Granite than to the diorite of the 
Gibson Creek batholith, its calcic(?) character 
suggests closer affinity to the Gibson Creek than to 
the Payson Granite (see section on geochemistry). 
This would give the Gibson Creek batholith nearly a 
30-m.y. age spread and would raise the possibility of 
a continuity of magmatism from 1740 to 1700 Ha, with 
an evolution from calcic to alkali-calcic (Peacock, 
1931) magma type. 

Petrographically, the batholith is characterized 
by hornblende~rich rocks and plagioclase high in 
calcium for a given rock type. Hornblende is present 
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!fen in the two-pyroxene gabbro and replaces clino
pJfoxene in the transition to hornblende gsbbro and 
thence into hornblende diorite, The gabbro in Round 
falley and much of the diorite is well preserved; 
there 1a little indication of alteration or meta-
111rphism, In southeastern parts of the batholith, 
,oae diorite and more felsic rocks are extensively 
deuterically(?) altered (Conway, 1976). Aside from 
faulting and local shearing, the rocka of the batho
llth are not penetratively deformed, bearing in places 
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only a mild foliation. 
Pendants of stratified rock occur within the 

Gibson Creek batholith near Gisela (Figure S), The 
pendants contain feldspathic graywacke, rhyodacite and 
rhyolite, mafic volcanic rocks, and minor quartz-rich 
niasses that may be recrystallized chert. These rocks 
were slightly to locally extensively recrystallized 
during contact metamorphism. 
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EAST VERDE RIVER FORMATION 

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

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

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

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

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

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

the 1700 Ha felsic suite is the enrichment in these 
rocks of Sn, Be, Nb, Y, and Ta (Conway and others, 
1983; Wrucke and others, 1983). Similar tin-beartng 
granitic rocks at many localities world wide are 
recognized as continental granite (Sawkins, 1976; 
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Figure 6. Alkali-lime variation diagram (Peacock, 
1931) showing approximate intersections of curves 
based on data points for volcanic rocks of the region 
in central Arizona southeast of the Moore Gulch 
fault, Filled symbols are Na 2o + K

2
0; open symbols 

are Cao; squares crossed with horizontal lines are 
data points for the lower part of the Alder Group in 
the central Mazatzal Mountains. 
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Pearce and Gale, 1977; Sillitoe, 1977), Finally, 
,arious trace-element discrimination diagrams suggest 
continental affinity for the 1700 Ha rocks, by way of 
comparison with Phanerozoic rocks of known tectonic 
ttttings. The most diagnostic diagram is the Rb vs. 
lb+ Ta diagram of Pearce and others (1984), in which 
the data lie in the field of within-plate granite 
(Figure 8). This suite is similar to several Early 
Proterozoic terranes in the southwestern United States 
that Condie (1986) considers, primarily on trace
element data, to have continental involvement in their 
tectonic settings. 

In strong contrast to the 1700 Ha rocks, the 
Clbson Creek batholith and the East Verde River 
Pormstion have calcium-dominated mineralogies, and 
line alkali-lime indices that are calc-alkalic to 
calcic (Figures 6 and 7). In general petrographic 
character, these rocks are similar to the older 
province rocks (Yavapai Series and associated batho
llths) north of the Moore Gulch fault. Silica
"riation plots of whole-rock data from various U.S. 
Ceological Survey publications on Yavapai Series and 
111ociated batholiths by C. A. Anderson and colleagues 
yield alkali-lime indices similar to or more calcic 
than those of the Gibson Creek batholith and East 
Verde River Formation. 

The Gibson Creek and East Verde River rocks also 
contrast in trace-element character with the 1700 Ha 
rocks. They plot in a field of volcanic-arc granite 
(Figure 8), suggesting they formed either in an 
oceanic or continental-margin arc setting above a 
aubduction zone. Condie (1986) and Vance (1986) come 
to a similar conclusion from trace-element discrira-
1oation diagrams for the Yavapai Series. 

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

STRUCTURE IN THE TONTO BASIN
HAZATZAL MOUNTAINS REGION 

Postdepositional tectonic history in the Tonto 
laain-Hazatzal Mountains region is characterized by 
high-crustal-level brittle deformation and very low
arade metamorphism. Wilson (1939) originally 
characterized deformational style in the Hazatzal 
ltountains in terms of a system of far-traveled thrusts 
(he postulated displacements of 11 to 30 km on these 
thrusts), giving way to the south to a major upright 
ayncline that is now referred to as the Red Rock 
ayncline. Subsequent structural work by Gaetil (1958) 
in the Tonto Basin to the east showed a system of 
upriaht anticlines and synclines cut by high-angle 
faults. Happing by Ludwig (1974) in the central 
Manual Mountains and Conway (1976) in Tont~ Baain 
refined earlier mapping and essentially corroborated 
the aeneral style of structures seen by previous 
vorltera. 

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

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

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

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

The transition from thrust-belt structures to 
highly foliated and folded units of the Alder Group 
can be seen in the area of Site 1. The Red Rock Group 
at Mount Peeley is in the hinge of the Cactus Ridge 
syncline, a kilometer-scale asymmetric syncline that 
is in the hanging wall of the Mazatzal thrust fault, 
(Figure 9). Strain is minimal in this area and 
primary features are essentially unmodified. The 
drive to this stop crosses highly deformed rocks on 
the northwest limb of the Red Rock syncline. 
Reversals in younging can be seen along the road, and 
distinctive purple elates appear more than once in 
what Ludwig (1974) interpreted to be a faulted 
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anticline . The interpretation of Figure 9 ie that an 
anticline in the Alder Croup here formed above a ramp 
in the Mazatzal thrust, which therefore carried the 
Alder Group in its hanging wall. Several factors 
support the interpretation shown in Figure 9: 1) Hon 
than 18 km of displacement on the Mazatzal thrust i1 
necessitated by balanced cross sections in the 
northern Hazatzal Mountains (Karlstrom and Conway, 
1986; Puls, 1986). Since the Mazatzal thrust, with 
Red Rock Group in its hanging wall, is last seen 
dipping to the south within 6 km north of the Alder 
Group, the Alder must also be in the hanging wall of 
the thru11t, 2) If the anticline in the Alder h a 
ramp nnticline, the Red Rock syncline cnn be inter
preted as a syncline above a flat, similar in geometry 
to the Cactus Ridge syncline. 3) Mesoacopic thru1t1 
and iaoclinal folds in the Alder provide evidence of 
early, pre-cleavage displacements. Thus, Figure 9 
suggests that the Red Rock syncline is part of a 
larger thrust system, that it overlies a flat in a 
major thrust (Mazatzal thrust), and that its north 
limb is disrupted by thrusts and folds, in agreement 
with mapping by Wilson (1939) and Ludwig (1974). 

Deformation on the south limb of the Red Rock 
syncline (Site 2) is also complex. The Slate Creek 
movement zone occupies a large area in what Wilson 
(1939) and Ludwig (1974) interpreted as the south liab 
of the syncline. The shear zone exhibits both brittle 
and ductile flow fabrics over a zone several kilo
meters wide. The prominent stretching lineation in 
the Slate Creek area plunges 30° to 70° west in the 
subvertical foliation plane. Movement was south-aide 
up, as seen from foliation fish, rotated porphyro
clasts, and minor shear zones, and 9ppeara to be 
compatible with northwest-directed thrusting in the 
Hazatzal Mountains, The Slate Creek movement zone 
also exhibits late conjugate shear bands and faults 
that exhibit strike-slip displacement (dextral offseu 
are predominent) and may accommodate late oblique 
shortening across the zone, as the early thrust zone 
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Figure 9, Generalized cross sect ion of· the Mazatzal Mountains. The Hazatzal thrust is shown as part of a major 
decollement system. The Cactus Ridge and Red Rock synclines are above flats in the decollement; the Slate Creek 
movement zone and Sheep Mountain faults are above ramps. Thia cross section suggests that the entire Alder Group 
is allochthonous; it is based, in part, on mapping by Puls (1986) and Roller (198~)• See Figure 3 for location of 
cross .. section. 
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vae rotated to vertical. 
Deformational history in the Gibson Creek 

batholith (Sites 6 and 7) that may be basement to the 
Tonto Basin Supergroup is a key problem in central 
Arizona. The Gibson Creek batholith was certainly 
involved in the thrust-related deformation that 
affected all of the Tonto Baain-Hazatzal Mountains 
area (Conway, 1976), but it ia still unclear whether 
it may have also undergone earlier (pre-Tonto Basin 
Supergroup) penetrative deformation, aa did the 
Yavapai Seri ea and aaaociated ba tholi tha to the · 
northwest. Similar queationa regarding deformational 
and metamorphic history apply to the Eaat Verde River 
Formation. The relationahipa at the northern end of 
the Hazatzal Mountains (Site 8) are thua of key 
importance because in this area folded graywackea of 
the East Verde River Formation are unconformably 
overlain by flat-lying Hazatzal Group rocks (Wrucke 
and Conway, in prep.) 

YAVAPAI SERIES AND ASSOCIATED BATHOLITHS 

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

Figures 10 and 11 ahow lithologic aubdiviaiona 
rather than the stratigraphic aubdiviaions of Anderson 
and others (1971) because structural complexity makes 
atratigraphic aubdivisiona highly controversial. 
Rocks in thia region are geographically divided into 
three major areas by fault zones, the north-trending 
Shylock fault and the northeast-trending Chaparral 
fault. Anderson and coworkers proposed a statigraphy 
that roughly corresponded to thia geographic 
1ubdiviaion. Their Aah Creek Group (oldest) ia 
restricted to the area east of the Shylock fault, the 
Big Bug Group lies mainly between the Shylock and 
Chaparral faults, and the Green Gulch Volcanics of the 
Big Bug Group lies northwest of the Chaparral fault. 
The Texas Gulch Formation in the central block rests 
vith unconformity on the 1750 Ha Brady Butte Grano
diorite and on Big Bug Group volcanic rocka. This 
unit waa considered by Anderson and others to be 
younger and not part of the Yavapai Series, although 
new structural interpretations auggeat these alatea 
and graywackes may correlate with graywackea and 
pelitic achiata in the Big Bug Group around the Crazy 
Basin Quartz Honzonite. If so, the unconformity at 
the base of the Texas Gulch Formation (and possibly at 
the base of pelitic rocks in the Crazy Basin area 
(Site 9)) may represent a regional change from 
volcanism and plutoniam in the arc to eatabliahment of 
forearc or backarc sedimentary basins in the Yavapai 
Series. 

Early deformation apparently predated 1740 Ha in 
the Ash Creek Group, and perhaps the in Big Bug 
Croup. It vaa this deformation that may have been 
contemporaneous with collision of island-arc terranea 
and incipient development of continental crust. Thia 
early deformation, however, vaa followed by later 
deformation in the Big Bug Group, and it ia this later 
deformation that ia moat pertinent to the diacuaaion 
of the significance of the Moore Gulch fault aa a 
tectonic boundary between diverse provinces. 

The earliest deformation in the Big Bug Group is 
1een in the Brady Butte area. F1 recumbent iaoclinal 
folds in this area fold the pretectonic Brady Butte 

• Cranodiorite (17SO Ha) and the unconformably overlying 
Texas Gulch Formation. The unconformity between these 
tvo units is marked by boulders of granodiorite in 
b11al conglomerate and ia a mappable form surface that 
defines the recumbent folds (Karlatrom and Conway, 

1986). F folds plunge shallowly to the north and 
verge wes! or northwest. F folds are refolded by F2 
upright folds that are fairly open in the Brady Butte 
area but become tighter to the aoutheaat, where F2 
folds are highly attenuated and exhibit curved hinge 
lines believed to be related to hinge line rotation 
during progressive shortening. The northeast-trending 
vertical foliation that baa an axial-plane orientation 
to the tight folds forms the dominant fabric of the 
Yavapai Series; it is interpreted to be a composite 
fabric consisting of transposed bedding, s1 com
positional layering, and s2 cleavage. It can be 
traced eastward to the area of the Crazy Basin Quartz 
Honzonite (1699 Ha) and to the Shylock fault zone. 

EHPLACF.HP.NT AND DEFORMATION 
OF TUE CRAZY BASIN QUARTZ HONZONITE 

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

F2 folds and s2 layering are refolded by F3 folds 
in a wide zone close to the Shylock fault zone. F3 
folds have a consistent (sinistral) asymmetry. These 
folds and their northeast-trending axial-plane 
cleavage are believed to be the product of sinistral 
strike-slip displacement over a wide zone, but concen
trated near the Cleator shear zone. The Cleator shear 
zone (Figure 12; Darrach and others, 1986) is a 
several-hundred-meter-wide mylonite zone with subhori
zontal stretching lineation and abundant sinistral 
kinematic indicators. It overprints F2 folds (Figure 
12) but apparently moved while the Crazy Basin Quartz 
Honzonite waa still partially liquid, aa shown by 
sinistral vein arrays filled with granite in the east 
margin of the batholith. Sinistral kinematic indica
tors are also present in the west and north margins of 
the batholith, indicating that the entire batholith 
was involved in a wide zone of distributed sinistral 
shear. Shallowly plunging stretching lineationa de
fined by tourmaline on the north and west of the 
batholith apparently reflect the strike-slip movement, 
just aa similar lineationa on the east margin reflect 
the dominance of vertical stretching during 
shortening. 

The data suggest that F2 shortening and F3 sinistral strike slip were both contemporaneous with 
crystallization of the batholith at about 1700 Ha. 
These data are compatible with an overall trans-
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Figure 11. Generalized geologic map of the Crazy Basin Quartz Honzonite, showing locations of stops in Site 9 and 
area of detailed map of Cleator shear zone (Figure 12). 

pressional shortening across the Shylock fault zone, 
vlth shortening and strike slip being partitioned into 
iep■ rate eomponents, as is common during tranepression 
(Sanderson and Harchini, 1984). 

Well-developed foliation in the Crazy Basin 
~•rtz Honzonite (Figure ll) also rules out the 
Interpretation that the ba tholi th is pos ttectonic, 
upecially because the internal foliation crosscuts 
the margins of the granite and can be shown to be 
tont1nuoua with the regional foliation. Foliation in 
the granite ia domainally developed, as in many 
deformed granites (Page and Bell, 1986) and 1a defined 
by ahape-preferred orientation of feldspar, quartz, 
and phylloailicate grains. The foliation is northeast 
trending and ia closer in orientation to S3 than s2 
(Figure 11). It may be sub-perpendicular to the bulk
ahortening direction during transpreasional conver
gence because the granite was presumably a relatively 
bo10geneous crystal mush during F

2
-F

3 
where there 

vould be less tendency for layering anisotropy to 
partition strain into shortening versus displacement 
Components. 

The crustal level at which the Crazy Basin Quartz 
No~zonite was emplaced can be estimated from metamor
phic data. Peak metamorphism in pelitic rocks near 
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the margin was at about 50o0 c and 3,7 kb, as shown by 
garnet-biotite geothermometry and garnet zoning pro
file (H. Williams, 1987, oral comm.). Porphyroblaste 
overgrow s1/s2 foliation and are themselves folded, 
boudinaged, and rotated, indicating syntectonic growth 
during s2/s 3• Thus, plutonism, deformation, and 
metamorpnism are all believed to have been broadly 
synchronous (1699 Ha) and to have taken place at 
depths of 12 to 15 km. Thie is compatible with the 
strongly peraluminous chemistry of the Crazy Basin 
Quartz Monzonite, which suggests crystallization 
depths of greater than 2.5 kb (Hiller, 1985). 

MOORE GULCH FAULT 

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

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

The Crazy Basin Quartz Monzonite crystallized at 
about the same time ll700 Ma) as rhyo.lite was depos
ited 1n the New luver Mountains, now only 10 to 20 km 
distant across the Moore Gulch fault, These unite 
were apparently not in the same relative position at 
1700 Ma because the Crazy Basin area was at 10 to 15 
km depth and undergoing ductile deformation, whereas 
eubaerial volcanism was occurring in an area now 
underlain by the New River Mountains, Possible 
explanations for this juxtaposition across the Moore 
Gulch fault (!Carlstrom and others, 1987) involve 1) 
5-10 km of throw on the fault and 2) large lateral 
translations between diverse tectonic provinces, 

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

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

Three broad models have been proposed for the 
tectonomsgmatic evolution of the Early Proterozoic 
complex in Arizona. Two models (Conway and Silver, 
1984, 1986; Silver and others, 1986; l(arlstro111 and 
others, 1987) deal with the issue of the two-province 
boundary, One holds that the two-province concept le 
basically valid - that the 1692 to 1710 Ms rocks, 
including the 1700 Ms deep-seated plutons, were 
emplaced over a large part of Arizona onto or into 
proto-cratonic crust co111posed primarily of -1720-1775 
Ha rocks. The other states that the Early Proterozlc 
crust is co111posed of several tectonically juxtaposed 
terranes, recording non-parallel magmatic and tectonic 
histories as a result of their origins in diverse 
places end under diverse crustal conditions. The 
third (Anderson, 1986) contends that the Arizona cruet 
grew incrementally from northwest to southeast by 
successive development of magmatic arcs and that there 
is more or less a continuum of ages in these arcs froa 
about 1775 Ha to 1695 Ma. All three models consider 
the Moore Gulch fault, along all or most of its 
length, to juxtapose contrasting terranes. 

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

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

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

3. Does the compositional difference between the 
1700 Ma felsic caldera suites in the southeastern 
terrane (silica- and alkali-rich) and the 1700 Ha 
megacrystic granite plutons in the northwestern 
terrane (strongly peralu111inous) preclude a genetic 
connection? If so, a case can be made that the two 
host crustal blocks were not connected at 1700 Ha and 
that the age equivalence is a coincidence. Otherwise, 
the hypothesis is pennitted that both calderas and 
plutons originated in the same continental crustal 
block and simply represent different levels of 
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erosion, 
4. Are the tectonic settings implied by quartz 

arenite and rhyolite ash-flow deposition in the Tonto 
Basin Supergroup (continental and possibly exten-
11onal) and by syntecton1c intrusion of the peralu-
111.nous granites in the northwestern terrane (compres-
1ion at deep crustal levels), both at about 1700 Ha, 
•utually exclusive? 

5, What are the implications of the different 
crustal levels and tectonic styles in the northwestern 
and southeastern terranes? The longer, more complex 
deformational history of the northwestern terrane may, 
on one hand, simply reflect the fact that the north-

" vestern province ia older (with exceptions noted in 
this paper) and more deeply eroded, Thia terrane 
paued through one or 1110re events prior to evolution 
of the 1700 Ha rocks. On the other hand, there is 
tvidence at Crazy Basin for deformation at 1700 Mn, 
not seen in the southeastern terrane. This mny be 
taken to mean that the 1700 Ha southeastern rocks were 
not contiguous with the older terrane when this defor
•ation occurred. They would have been juxtaposed in a 
later event, presumably during a plate collision. 

6, What are the implications of thrusting in the 
· !arly Proterozoic rocks? Thrusting involving the 

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

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

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

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