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ABSTRACT

Four speculative petroleum plays, totalling more than 6,000 miz, have
been identified in the U.S. Geological Survey assessment province which
includes the Basin and Range physiographic province of southern Arizona and
southwestern New Mexico. Although significant o0il and gas shows have been
found, this region presently is a frontier exploration area and has no
known o0il or gas accumulations. This summary addresses only the qualita-
tive component of the Survey’s national oil and gas assessment.

The first play is in eastern Hidalgo County of southwestern New Mexico
and the second play is in southwestern Cochise County of southeastern
Arizona. Regionally, these two plays are in the northwest-trending explo-
ration fairway of the Texas lineament zone; 1locally, they are in Upper
Paleozoic strata of the Pedregosa basin.

Two additional plays are located in fault-block basins of mid-Tertiary
and younger age in Arizona. The third play includes alluvial-fluvial-
lacustrine facies of several deep grabens, including all or part of the San
Simon (Safford) Valley, Sulphur Springs Valley, San Pedro Valley, Teran
Basin, and Santa Cruz Valley of Graham, Cochise, Pima, and Santa Cruz
Counties. The fourth play is in southwestern-most Yuma County. It is
based on occurrences of marine shales and sandstones interbedded with
nonmarine clastics all of Miocene-Pliocene age in the Altar (San Luis)
Basin -- a part of the northern Proto-Gulf of California which is hydro-
carbon-productive nearby in Mexico.

The assessment province lies near the southwestern edge of the ancient
craton and is entirely underlain by Precambrian crust. The province is
characterized by a Precambrian and Phanerozoic history of exceptionally
diverse tectonic regimes having varying directions of stress. The province

has been progressively subjected to: continental-scale mega-shearing



(wrench-faulting); Ouachita-related plate convergence; arc magmatism;
rifting incipient to ocean opening; Cordilleran-related subduction with
regional underthrusting and local overthrusting; and, high-angle block plus
normal listric detachment faulting. These tectonic episodes have led to
common inter-systemic unconformities and other types of petroleum traps.
Because the tectonic and magmatic complexity of this province has
resulted in a world-class mineral-producing region, the exploration for
high-risk o0il and gas has been secondary and understandably conservative.
However, the impetus of higher demand for petroleum against a shrinking
U.S. resource, plus imaginative exploration, should eventually lead to the

discovery of economic petroleum in this assessment province.

INTRODUCTION
GENERAL STATEMENT AND PURPOSE

This report has two main sections: 1) an overview of the geologic
setting of the assessment province, and 2) a discussion of factors
considered in judging the potential of the four o0il and gas plays. The
first section (p. 1-55) is ancillary for those readers already familiar
with the geology of southern Arizona and southwestern New Mexico.

This summary has been prepared for the national petroleum assessment
program of the U.S. Geological Survey (province #93). The area investi-
gated roughly includes southwestern New Mexico south of lat. 32°30’ and
vest of 107° W. long., and southern Arizona south of lat. 34°15’ in the
western part and south of 33°% 15/ lat. in the eastern part (fig. 1).
Figure 2 outlines the four petroleum plays. Plays as described are limited
by the province definition. Some plays terminate at political boundaries.

Information presented herein is the qualitative component forming the

basis of the quantitative estimates prepared by the U.S. Geological
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Survey’s assessment project (Mast and others, 1988). The purpose of the
assessment is to delineate, based on present state of knowledge, all areas
having the attributes necessary to form oil or gas deposits of one million
barrels or 6 billion CFG and larger. These undiscovered accumulations must
be large enough to be economically produced now or "in the near future".
The assessment is thus a snapshot in time and does not portend to represent
ultimately recoverable resources, which may be either more optimistic or
less optimistic based on new subsurface information. This report is an
overview of the factors considered during the resource appraisal process.
For the most part, it does not interpret the geology or make detailed
comparisons of working hypotheses, but rather presents basic information
characterizing the region. Also, and most importantly, it documents
sources of information, in addition to those cited, useful to a more
comprehensive understanding of the regional geology.

General geologic information about the surface geology has been taken
from the following geologic maps: Dane and Bachman (1965), Bayley and
Muehlberger (1968), King (1969), Wilson and others (1969), Bayer (1983),
Scarborough (1986), and Reynolds (1988). Syntheses of surface and subsur-
face geologic relationships and paleogeography have been notably drawn from
Wilson (1962), Wilson and Moore (1962), Peirce and others (1970), Dott and
Batten (1971), Mallory (1972), Cook and Bally (1975), Nations and Stump
(1981), and Amer. Assoc. Petrol. Geol. (1983).

SCOPE AND DEPTH OF REPORT

This report generalizes the regional tectonic setting because there is
no local production in this assessment province on which to focus concepts
of 0il or gas habitat. Also, the term "potential" becomes less clearly
defined in such regions. Each mountain range has a unique geologic

structure; to describe them individually goes beyond the detail intended.



Given the large and geologically-diverse assessment area, local structural
complexities and stratigraphic nomenclature problems have been either
treated superficially or omitted. Geophysical studies supporting
assessment rationale and comparative hypotheses on tectonic evolution are
noted without elaboration. Most of the essential references are cited in
the narrative; others, from a larger data base, are listed as ancillary in
the selected references. This approach provides a basic rationale for the
assessment, with balance among disciplines, gives the reader a convenient
wvay to pursue specialized topics, and remains consistent with assessment on
a national scale.
ACKNOWLEDGEMENTS

Debra Higley and Tim Hester, geologists with the U.S. Geological

Survey, kindly reviewed this report and made many useful suggestions. The

author, however, is responsible for ideas presented and accuracy of data.

GENERAL TECTONIC AND DEPOSITIONAL SETTINGS
PRECAMBRIAN

General Statement and Overview

Precambrian rocks are described in this report because they set the
early tectonic stage and are a pervasive rock unit caught up in the
deformation of most mountain ranges. Also, they may include unique
petroleum source beds in Arizona. According to Wrucke and others (1986)
and Reynolds and others (1988), strata of Precambrian age have had some
potential for generating petroleum in north-central Arizona; this is a
topic of recent on-going research by M.W. Reynolds (pers. commun., U.S.
Geol. Survey). Desborough and others (1984) have analyzed the favorable
source-rock potential of unique unmetamorphosed Precambrian rocks in

Gila County of east-central Arizona.



Precambrian rocks have influenced petroleum potential because: 1) the
northwvest-northeast structural grain of superjacent Phanerozoic rocks was
inherited from the geometry of basement blocks; 2) tectonostratigraphic
regimes were greatly influenced by basement topography; 3) the major line-
ament/fracture pattern of Arizona and western New Mexico can be attributed
to the periodic rejuvenation along weak zones (master set of faults, fig.
3) in the basement; 4) basement rifts provided migration avenues thus
controlling Laramide plutonism and mid-Tertiary to Quaternary volcanism;

5) hydrocarbons have been found beneath Precambrian thrust plates in the
Rocky Mountains (Gries, 1983); and, 6) rejuvenation along basement flaws
may have controlled migration and accumulation of hydrocarbons, such as
hypothesized for northeastern Arizona (Davis, 1975) and for northwestern
New Mexico (Stevenson, 1983). For a brief discussion of Paleozoic and
Mesozoic subthrust plates below Precambrian rocks -- a highly speculative
hydrocarbon-prospective area -- see the "Laramide Orogeny" section of this
report. A better understanding of the Precambrian basement in Arizona may
prove to be critical in the search for petroleum.

Most of the exposed Precambrian crystalline basement in Arizona occurs
in the central mountain region, i.e. the normal-faulted and uplifted
Mogollon Rim transition area (fig. 4 and 5) between the Colorado Plateau
and the Basin and Range physiographic provinces (Peirce, 1985). The
central region borders the northern edge of assessment province #93 (fig.
1), and has been briefly described in the U.S. Geological Survey petroleum
assessment report for northern and central Arizona (Butler, 1988a).

The scattered, discontinuous, and complex nature of Precambrian out-
crops in the southern Basin and Range province has made interpretation
especially difficult. 1In particular, Coney and others (1980) recognized

that southwvestern-most Arizona is an allocthonous suspect terrane; large-



Fig. 3 —Map showing locations of major basement lineaments of western United States. Sense of strike-slip offset is
shown by arrows; northwesterly lineaments are right lateral, northeasterly lineaments are left lateral. Stress-strain ellip-
soid is so oriented that maximum compressive stress is directed from the north. (From Baars and

Stevenson, 1982).
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scale left-lateral movement along the Mojave-Sonoran mega-shear (transform
fault) occurred in this region during the Jurassic Period. Tosdal and
Haxel (1982) recognized a belt of thrust faults in southwestern-most Ari-
zona and suggested that during the Laramide orogeny exotic terranes of
Precambrian and Mesozoic igneous rocks were displaced northeastward over
indigenous continental crust. According to Howell (1986), the Precambrian
metamorphic terrane of southwestern Yuma County, Arizona, referred to as
Tujunga (Howell and others, 1985a,b), may be exotic allocthonous slivers of
poorly-lineated tectonostratigraphic oceanic terranes which accreted onto
the Precambrian craton at the leading edge of mobile tectonic plates.
Timing of accretion of this fault-bounded collage is not certain.

History

Precambrian history from 1-2 b.y.a. in the assessment province is a
story of continental accretion with growth to the southeast (Condie, 1982;
Karlstrom and others, 1987). Tectonic plate divergence 1.72-1.76 m.y.a.
allowved the opening of an ocean basin with accumulation of thick volcanic
and marine clastic assemblages. Subsequence convergence (northwestward
subduction), uplift, and mountain-building beginning in the latter Early
Proterozoic welded these assemblages onto the craton.

Precambrian rocks of Arizona have traditionally been divided into two
groups: the "older" (mostly Early Proterozoic) and "younger" (Middle and
Late Proterozoic). The first group corresponds to rocks formed before and
during the Mazatzal orogeny, and the second group represents post-Mazatzal
orogeny sequences (fig. 6). Ages of the "older" sequence in west-central
and southwestern to central Arizona are 1.73-1.80 b.y. In this area these
predominately metavolcanic rocks probably include the Yavapai Series,
Vishnu Schist, Big Bug Group, and Ash Creek Group (Nations and Stump,

1981). VWilson (1962) estimated the Yavapai Series to be 41,000 to 54,000

11
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feet thick. In central Arizona the "older" sequence is younger (1.70-1.73
b.y.) and is represented by ten formations of metasediments and metavol-
canics totalling up to 20,000 feet thick for the Alder Group and 6,500 feet
thick for the coeval Haigler Group. These two groups are inferred to have
been deposited in a near-shore marine environment, i.e a back-arc basin.

In southeastern Arizona and southwestern New Mexico, the Pinal Schist, also
about 1.70-1.73 b.y. old, includes over 20,000 feet of metasediments
(graywacke) and metavolcanics, possibly deposited in a deep-marine
environment.

Early Proterozoic plate convergence created first-order northeast-
trending folds, northwestward thrusting, block-faulting, and granitic to
gabbroic intrusions. Resulting tectonic patterns are clearly detectable by
various geophysical methods. Contemporaneous with the Mazatzal orogeny,
the ages of the rock sequence in southeastern Arizona and southwestern New
Mexico are 1.65-1.73 b.y. (Condie, 1981). According to Karlstrom and
others (1987), this province may be allochthonous Precambrian terrane dis-
placed from the southeast over a great distance. Numerous younger granite
and granodiorite intrusions, dated as young as 1.4-1.5 b.y. in the present-
day Basin and Range, probably culminated the orogenic episode. Following
the deposition and uplift of the "older" Precambrian sequences, nearly a
half billion years of erosion ensued which wore down the northeast-trending
Mazatzal Mountain range to sea level. Hence, a pronounced great
unconformity separates the "older" and "younger" Precambrian sequences.

Periodic isostatic uplift of the northeast-trending mountain core,
i.e. ancient plate suture, is represented in the Paleozoic Era by the
Transcontinental Arch positive area that extends from Mazatzal Land of
central Arizona (Wilson, 1962) to Minnesota. Mazatzal Land during the Late

Paleozoic is referred to as the Sedona Arch (Blakey, 1980).
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The Apache Group is a 100- to 125-mile-wide north-south belt of
supracrustal rocks extending from south-central Arizona to east-central and
northeastern Arizona, and more-or-less separates the western and eastern
assessment area. The group is at least 10,000 feet thick (1.0-1.3 b.y.
old) and was deposited in the Tonto basin. Desborough and others (1984)
and Wrucke and others (1986) considered some of the black siltstone-mud-
stone facies of the Dripping Springs Quartzite and Mescal Limestone within
this group in Gila County, Arizona, to have had some source rock potential.
This was based on rock-eval results which included a high (up to 6 percent
TOC) content of unmetamorphosed hydrocarbons.

One of the last major tectonic events (Late Proterozoic, 1.1 b.y.a.)
was the intrusion of extensive and thick diabase sills, particularly in the
central mountain province. This period of metamorphism, tectonic relax-
ation, and regional block-faulting is called the Grand Canyon Disturbance.
Up to 1,500 feet of shallow-marine, passive-margin sediments were deposited
unconformably on the Apache Group in central and southeastern Arizona to
end the Late Proterozoic Era.

-

The Texas Lineament

The Texas lineament is a cogent element to oil and gas exploration.

It is possibly one of the most significant, if not longest, regmatic shear
zones of the western hemisphere (Kelley, 1955; Albritton and Smith, 1957;
Moody, 1966; Sales, 1968; Thomas, 1974; Fischer and Judson, 1975; Baars,
1976), is an enigmatic and controversial geologic feature within the
assessment province. This structure has had cyclic popularity among
geologists and is best explained in terms of global tectonics. Although
there is wide latitude as to its interpretation, and hence whether it has
merit and usefulness as a "real feature", the lineament’s persistence in

the literature since originally noted by Hill (1902) has given it credibil-
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ity -- at least in terms of operational nomenclature. This lineament has
been historically analyzed in southern Arizona in terms of fracture
intersections and the relationship to the location of mineral deposits,
especially porphyry copper (Billingsley and Locke, 1941; Mayo, 1958;
Schmitt, 1966; Wertz, 1970). Because of its magnitude as a fundamental
ancestral break or intraplate zone of weakness covering virtually the
entire assessment province (fig. 7), the Texas lineament cannot be ignored
with respect to assessing oil and gas potential. The aeromagnetic maps by
Sauk and Sumner (1971) and Zietz (1982), and the gravity maps by Lysonski
and others (1980) and Hildenbrand and others (1982) clearly illustrate the
northwest-trending basement lineaments of this zone.

As a working hypothesis, the lineament is an loosely-defined zone of
crustal instability, possibly bounded by wrench or transform faults. It is
generally 60-300 miles wide in its central segment, e.g. from the southern
edge of the Colorado Plateau to Caborca, Mexico. Specific studies (e.g.,
Swan, 1976) have limited the zone to 100-150 miles wide. It extends
northwestward from at least El Paso, TX., to at least Las Vegas, NV., where
it becomes more obscure and possibly intersects the Las Vegas shear and
Valker Lane lineament (Livaccari, 1979). Other geologists have extended it
from the Gulf of Mexico to the Transverse Ranges of California (Ransome,
1913) and the Murray Fracture Zone of the northeastern Pacific Ocean
(Albritton and Smith, 1957; Vacquier and others, 1961). Along the
northern border of the eastern assessment area concordant with the Texas
zone, the Deming Axis is a term used for the alignment of Late Paleozoic
positive areas, such as the Naco Highlands, Burro Uplift, and Florida
Islands (Turner, 1962; Butler, 1971; Thompson, 1976). The zone’s
southern limit is the Mojave-Sonoran mega-shear -- a transform fault having

maximum offset during the Jurassic opening of the Gulf of Mexico. See the
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Figure 7--Map showing the Texas lineament shear zone of southern Arizona and
southwestern New Mexico. (From Guild, 1978).
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MESOZOIC ERA section of this report.

Originating during the Precambrian (Titley, 1976), the Texas lineament
represents an area of both right- and left-lateral mega-shearing (Muehl-
berger, 1986) having offsets of only a few miles to 600 miles. It is
obscured by both southwest- and northeast-directed thrusting and basement-
rooted uplifts during the Laramide Orogeny (Keith and Wilt, 1986). Corbitt
and Woodward (1973) believed that thrust faulting in southwestern New
Mexico, to the exclusion of major strike-slip faulting, marked the northern
limit of this Texas zone. Although Drewes and Thorman (1978) recognized
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