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ABSTRACT

Rec‘ently obtained seismic data and the results of stratigraphic
drilling in southwes.:tern Arizona indicate that sevcral alluvial—coYGred
valleys in this area are underlain by as much as 3000 m of Cenozoic
deposits. These c.]eposits, with the exception of the marine late Mio-
ceﬁe clastic wedge of the Yuma Basin and the Pliocene Bouse Formation
of th-e loxéver Colorado River Valley, are the result of continental sedimen-
fation. For the most part, these continental rocks consist of locally-

derived clastic sediments and lesser amounts of interbedded volcanic .

‘rocks and, in some valleys, thick bodies of evaporites. On the basis of

their pos'ition in the stratigraphic sequence in relation to regional or semi-
regional unconformities, the Cenozoic sequence of southwestern Arizona
was subdividéd into an older Unit I and a younger Unit— II. The boundary
between these two units is a widespread uncoﬁformity surface resulting
from an important period of block-faulting, uplift, and eré)sion which oc~-
curred in the late Mibcene (13to 12 m.y. ago). The two Cenozoié units -
have been dated and mapped on the basis of radiometric age determina- |
tion of the interbedded volcanic rocks, én li‘g}l.qlogic character, and with
the help of sei;émic interpretation.

Sedimentation during the early Cenozoic (Unit I) took place in

broad interior depressions under predominantly con(:inental conditions .

The late Miocene block-faulting episode changed the geography of south-



western Arizona and gave the area a typical “Basin and Range”

structure of mountain-forming horsts separated by valleys underlain

by grabens or half-grabens, The prevailing structural grain trends in

a northwest-southeast direction, except for the Gila Trough that trends
northeast-southwest. Unit Il sediments were deposited in theée troughs
or grabens. during the 1a‘te Cenozoic. At least two o.f the five troughs lo-
cated infhe eastern part of the area studied contain thick sequences of
evéporltes that indicqte interior d;ainage. These evaporites are assigned
a late Miocene age on the basis of K-Ar ages for associated basalts and
by their position in the stra;t:igraphic sequence in relation to the late Mio-
cene blo_bk-—faulting episode. Exterior drainage systems were developed.
beéinning.éometime betweex} 10.5 and 6 m.y; ago, and have evolvéd pro-

gressively to give the area its present-day geomorphology. XKey words:

Cenozoic, late Miocene, fanglomerates, volcanic rocks, evaporites,

block-faulting, K-Ar ages.
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INTRODUCTION

An exploration program in the Basin and Range province
of southwestemn Arizona recently undertaken by Exxon Company,
U.S.A. (Fig. 1) has provided new data concerning the area's
Cenozoic stratigraphy. Seismic mapping and stratigraphic drilling
revealed the presence beneath some valley floors of more than 3000 m
of post-Laramide clastic’sediments, volcanic extrusives and, in places,
anomalously thick bodies of evaporites., Except for two marine wedges
in the' lower Colorado River Valley, the rocks studied are products éf
continental deposition. The Cenozoic section was found to be barren
of markér fossils, to contain many abrupt facies changes, and to b_e
faulted to such an extent that reliable regional lithologic correlations
could not be méde. Correlation was accomplished, hbwever, by using
radiome’tric ageé détermined from K-Ar ratios in extrusive volcanic inter-—y
vals interbedded with the sediments. These ages were correlated with a
magmatic chronology altea&y in use in Ari.zona (Damon, 1964). The cor-
related ages were then used in combination with geologic and seismic
data to subdiyide the Cenozoic vdepos.its into two unconformity-bound
stratigraphic ;mits (.Fig° 2).

Although part of the study was regional, most of the seismic work
and all of the drilling were done within a narrow arc extending from Yuma,-
through Phoenix, to the vicinit§ of Tucson (Fig. 3). This report summa-
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rizes the study and describes the results as related to observations

made by ot.hers in surrounding regions.
STRATIGRAPHY

General

Nearly all of the Cenozoic rocks in the studied area are
products of nonmarine sedimentation, deposited under oxidizing
conditions in fluviatile and lacustrine environments. Included in
the sedimentary sequence are some extrusive volcanic rocks. The
section is almost devoid of marker fossils. Only a few of the la-
custrine clays and tuff bed's contain fresh-water ostracods, of which
species of Candona are the most abundant. Candona sp. ranges -
throughout the Mesozoic and Cenozoic, but is most abundant in thé
late Cenozoic. In isolated localities mammalian foés‘il remaiﬁs have
been recorded (Bryan, 1925; Lance, 1960; McKee ;nid Anderson, 1971).

In the presenf étudy fossils were of little value in dating or correlating

-the continental Cenozoic rocks.

%

The only marine rocks occur in the Yuma Basin west of the Giia
Mouhtairis (Fig. 3), and northward along the lower Colorado River Valley.
In the Yuma Basin, test holes have encountered a marine Miocene section
below the Bouse Formation (Mattick and others, 1973). Marine sediments
of Bouse age were deposited farther north along the lower Colorado River
Valley during a Pliocene invasion of the sea (Métzgcr, 1968) .
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Cenozolc rocks of southwestern Arizona have been subdi-
vided by previous workers using such criteria as degree of defor-
mation, association with volcanié rocks, similarity in lithologic
composition, correlation with present physiography, and presence
or absenc'e of mineralizétion (Hevindl, 1958; Lance, 1960; Cooley and
Davidson;, 1963; Sell, 1968). Within the last decade, radiometric age
determinations of igneous rocks have become the most reliable method
to eétablish a time-stratigraphic framework in the continental-—voléanic
Cenozoic sequence of southWestem Arizona, |

- During the present study, ali availablé data were utilized to
estaialish the Cenozoic stratigraphy of southWestern Arizona. Published
surface sections were compiled and 93 outcrop localities were visited.

E

About 29,000 m of well cuttings from 56 of the oil and gas tests and deep

kS

water wells, mostly in Maricopa and Yuma Counties, were studied for
lithology and stratigraphic relationshipsf These initial sample descrip-
tions were.suppl‘emented by the s;tudy of thé cuttings from Exxon'é foﬁr-
stratigraphic tests (sce Appendix 1) . Published radiometric ages of vol—'
canic rocks were augmented with 60 new radiometric age determinations
(Table 1). In éddition_, an extensive net of seismic lines was utilized to
complete the interpretation of the sui)surface stratigraphy.

Results of integrating all .the-above information indicated that the
lithologic composition of the Cenozolc scctioﬁ didv not lend itself to thc:_
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ready recognition of distinct litholpgic units.

Similarly, the lack of

time-diagnostic fossils made it impossible to determine reliably the

time-stratigraphy of the section. The available information indicated,

however, that a major unconformity could be recognized within the
Cenozoic stratigraphic section throughout southwestern Arizona, and

that several, less important, unconformities could also be identified

L]

over large parts of the area. It became evident that the most effective

way to subdivide the Cenozoic section of southwestem Arizona was by
selecting stratigraphic units, not by means of distinctive lithologic
characteristics, or chronology determined by fossil evidence, but by

their position in the stratigraphic sequence in relation to the unconfor-

mity surfaces.
been divided into two main unconformity-bound units: an older Unit I
(Eocene to late Miocene in age}, and a younger Unit II (Jate Miocene to

"Holocene in age), (Fig. 2). The boundary between these two units is a

i

[

|

|

On this basis the Cenozoic section in southwestern Arizona has f
|

|
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widespread, easily-recognized unconformity surface resulting from a ;
¢ i

I

i

i
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period of block-faulting, uplift, and erosion which, on the basis of K-Ar

analyses, (Damon and others, 1973) dated as having taken place between

5

17 and 12 m.y. ago. Additional information gathered during the present \ .
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episode".

Unit I rests directly on a majof unconformiéy separating
rocks of Eocene to Miocene age from a va.riety of Pre-Eocene rocks
ranging in age frorp Precambrian to Paleocene. Unit I has been sub-
divided into "lower", "middle", and "upper" subunits, also on the
basis of readily-recognizable unconformity sur:;faces.' (Fig. 2). The
hiddle subunit is composed predoﬁninantly of volcanic rocks and lesser
amounts of interbeddea p}froclasti_c isediments‘, formed during a périod
of uplift and‘ volcanism which Damon (1864) has called the "Mid-Tertiary
orogeny". During this tectonic episode the Lower Unit I sediments were
folded, faplted, intruded by magmas and eroded (Figs. 4, 5, and 9).

Figure 2 summarize_s the stratigraphid subdivision of the Ceno-
zolc section of'sou'thwestem Arizona, suggested as a result of the present
study. It also s.hoxéxlrs the relationship of the proposed new units to the
local lithologic units previous_ly gsed by various authors in the area.
Unitl . - | |

Unit I rocks rest on a floor composed of rocks having a wide rang}e
of ages. In t?le c;entral.part of the st\.xdy’ area this "Pre-Eocene bedrock“»
is a crystalline complex of Precambrian granitic and gneissic rocks over-
lain by Paleozoic rocks in cases of rare preservation. Toward the north-
west and southeast, the Paleozoic scétion is more widespread, thickens, -
.amd. is overlain by Mesozoic anci early Cenozoic (Palcocence) rc.)cks that

5



\./

/

-

were subjected to Laramide diastrophism,

Unit I includes all rocks deposited between the beginning
of post-Laramide alluviation, about 53 m.y. ago (e‘arly ’Eocene), and
the time of the first significant movements of the late Miocene block-
faulting episode, 'about 13-12 m.y. ago. Deposition of Unit I appar~
ently occurred in broad, shallow depressiéns of a low-relief Jand surface.
Although/these depocenters were undbubtedly modified at timeé by téCm
tonic adjustments andxvolc_:anism, the sedimeﬁts generally qontéin no
évidence of large~scale contemporaneous vertical movements except
during the Mid—':l‘ertiary orogeny. As 1r1téfpreted from preserved remnants,

these beds were deposited on an uneven floor by simple alluviation and

volcanism,

-

Rocks of Unit I can be subdivided into three édbunits: (1) a
Jower subunit that was deposited during the magmatic quiescent period
between the La.ramide»orogeny and the Mid-Tertiary orogeny; (2) a middle
subunit. of volcanic rocks and intercalated sediments deposited du:ring the
period of volcanic activity associated with the Mid-Tertiary orogeny fronf;
31 to 17 m.y. ago; and (3) an upper sequence of beds that postdates the
volcanism, buf predates the beginning of late Miocene block-faulting.

Lower Unit I. Rocks of the oldest part of Unit ] occur as isolated

remnants of fluviatile reddish-brown arkosic sandstoncs and interbedded
fanglomerates. In places, the thickness of these sediments ranges up to

6




several hundred meters. The sandstones are poorly sorted, moder-
ately to well-indurated, and composed qf quartz, feldspér, biotite,
and fragments of gneissic and érénitic rocks. Weathered iron oxides
and a reddish-brown silty matrix give a distinctive reddish cast to
these sediments, .The fanglomerates are composed mainly of rounded
to subangular cobbles and boulders of gneiss a'fxd granite (Fig. 10).
Both the éandstones and fanglomerates qpparently have beén derived
from nearby source areas that were parts of a widespread and fairly
homogeneox;s Precambriari gneissic and granitic terrain.

~ In the northwestern and sout'heéstem parts of the study area,
Lowér Unit I fluviatil¢ sandstones and conglomerates interfinger with
lake beds. These lacustrine sediments locally contain thin, algal lime-
stones similér to those found in the Flagstaff Formatié—n of central Utah
(Spieker, 1946). Best development of this type of limestone occurs in
the Artillery Formation in the Rawhide and Artillery Mountéins east of
Parker (Fig. 3, loc. 85) where itvcontains.snail shells,‘ _Q_]gégg fruits, .
angd silicified palm roots of Eocene age (Lasky and W(f,bber, 1k949) .

Lower Unit I ranges in age from Eocene to late Oligocene (53

to about 31 m.y.) and includes some of the earliest middle Tertiary vol-
canic extrusives. Two of these are the Rillito Andesite and a bed of aéh
flow tuff in the Pantano Formation Jocafed in the Tucson area. These vol-
canic rocks have been dated as being 38.5 m.y. and 36.7 m.y. old, re-
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spectively (Table 1, locs. 19, 34). ‘l‘hcy are approximately contem-
porancous with volcanic activity that started in the Mogollon-Datil
volcanic province of New Mexico and Arizona as early as 38 m.y.
ago (Elston and others, 1973), and in central Nevada about 37 m.y.
ago (McKee and Si'lberman, 1970). Data collected elsewhere in the
study area indicate that volcanism was widespread near the end of the

Oligocene and the beginning of the Miocene (26 m.y. ago).

Mid_dle Unit T {predominantly volcanic rocks). The lower bound-
ary of the middle subunit of Unit I is marked by the beginning of wide--
s.pread volcanism associated with the Mid-Tertiary orogeny. This
volcanic“episo.rde modified the geometry ‘of earlier depositional basins
and produc.ed great quantities of rhyolitié to andesitic'tuffs, breccias, '
and flows. Secdiments intercalated with the \{Qlcanié focks cpnsist of
indurated torrential deposits of red sand, gravel, and massive beds of
fanglomerate. Isolated, thin beds of algal li;nestoxae and mudstone, a.nd
.associated beds of v\ra’ter«laid.tvu:ffj indicaté intermittent lJocal development
of lakes. Unconformities are common within the unit, .

As indicated by the Middle Unit I rocks, volcanic activity became
intense near tﬁé end of Oligocene time, spreading during the early Miocene
throughout southwestern Arizona and lasting some 6 m.y. Of the 67 K-Ar
derived ages in Table'l that fall between 31 m.y. and 17 m.y., 48 are in
the time interval from 26 m.y. ‘i:d 20 m.y. Twenty.%scvcn of the 67 deter-
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minations were made for the present study and represent widespread
coverage in the study area. They confirm the findings of Damon (1964),

who originally documented the Mid-Tertiary magmatic pulse in the Basin

and Range province.

Upper Unit 1. These Mid-Miocene continental deposits consist
of gxfayishabr;)wn, poorly consolidated sands, fanglomerates {containing
abundantx volcanic detritus), varicolored mudstones, and beds of water- -
laié tuff. Locally, these sediments are intercalated with and overlain

by basaltic lava flows. The tuffs are usually cream to white, less com-

monly. varicolored, - Well-preserved, fresh-water ostraéods are common
in the mudstone and tuff beds., Typical of these middle Miocene sedi-
ments are the Daniels Conglomerate in the Ajo area (Gilluly, 1946) and

the Chapin Wash Formation in the Rawhide and Artillery Mountains (Lasky

'. and Webber, 1949).
Upper Unit I deposition began as the Mid—Tertiar);' orogeny started .
‘to wane aﬁout 20 m.'ya ago. Available evidence suggests a aecrease and
cessation of orOgeniq and magmatic activity with the establishment of nc-;w l
interior drainagé patterns. Topographic lows and areas of local subsidence |
became new sites of alluvial-fan and playa deposition.
Beginhing about 15 m.y. ago, volcanic activity was renewed with
a rather widespread outpouring of basaltié lava. This vczlcanic episode e
continued for about 5 m.y. with 1érge~=sca‘;e biock-faulting starting abc&}t IE l"‘ ,

9



midway through its duration. Volcanic activity appears to have
been more intense during the pre-fault period, judging from a pre-

ponderance of XK-Ar ages ranging from 15 to 13 m.y. (Table 1).

Unit 11
Late Mioéene block-faulting destroyed previous drainage - 1,
. . ‘} oY ",-) ?
and depositional patterns and created a new horst-and-graben ter- \r“' £t /‘, N
: C. : al R
¥ \
rain. Rocks of Unit I were faulted and eroded and have a distinct | ’H‘L ,
PR LA
X . I o A
angular relationship with the overlying beds of Unit 1. The fault .= j»¥ '

troughs, or grabens, became depocenters for clastics eroded from

adjacent, rising highlands and, to a lesser extent, -for the products

I

of declining volcanism. Unit II includes the rocks deposited in these

grabens.

-

Unit II can best be described by treating separately three geo-

-

graphic areas in which the sediments of this unit have distinct and

differing characters: (1) an eastern area, where thick, léte Miocene
.ﬂuvioﬂlacustrine sediments, éontéining locally thick bodies of evépo«
rites, accumulated in rapidly subsiding trough-like basins; (2) a central
area, where a much thinner fluvio—lac{lstrine sequence, without evapo-
rites, was depﬁsited;% and (3) a western area, the Yuma Basin and the
ower Colorado River Valley, where marine sediment'ation dominated.

Unit 71 in the Eastern Area. In two of the five trough-like basins - ;

that occur between Phoenix and Tucson (Fig. 4), Unit JT contains thick
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evaporite sequences.

A well drilled near Phoenix in 1969 by the Arizona Salt
Company penetrated 1219 m of massive halite without reaching its
base. This occurrence was described and named the Luke Salt by
Eaton and othersA(.:L972). Subsequent seismic mapping by Exxon
showéd tha'; the well drilled into a shallow, large, dome—like salt
mass possibly more than 3000 m thick (Fig. 7) . The material uncier-=
lying th/is salt mass has npt been penetrated by wells, but its age and
lithology can be postulated from widGSpfead well data and seismic cor-
;elations . . |

The Esoron State (74)-1 (Appendix 1), locatéd 115 km to the
southeast-of Phoenix in the Picacho Basin, penetrated slightly mor.é

-

than 1800 m of massive anhydrite containing only minor interbeds of
shale, tuff, halite and limestone nodules. 'i‘he anhydrite wés encoun-
tered in a stra{igra'phic pbsition comparable to that of the Luke Salt,
suggesting that at least the u'ppe‘r part of the two evaporite sequences
may be time correlative. The State (74)~1 encountered a basalt flow

ata dep‘th of 2765 m that yielded a K-Ar age of 17 m.y. {middle Miocene,
Table 1, loc. “S) . dverlying tﬁe basalt flow are fanglomerafes that gradé
upward into the Picacho Basin evaporites. This evaporite section grades
upward into an undated section of red‘farown cl_aystone containing some'

sand, anhydrite, and gypsum, In the Phoenix Basin, however, some thin

11
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basalt flows are locally intercalated in an equivz@claétic scction
that lies stratigraphically above the Luke Salt. One of these {lows,
penetrated by the Goodyear Farms water well (Table 1, loc 59), vield-
ed a K-Ar age of 10,5 m.y. (late Miocene). This is approximately the
age of younger basalts of the Hickey Formation of central Arizona (Mc-
Kee and Anderson, 1971). If it is assumed that the Luke Salt and the
Picaého Basin anhydrite are approximate time equivalents, the occur~
rence of basalt of late Miocene agé in beds above the forme;; and basalt
bof middle Miocene age below the latter dates both evaporites.

Anhydrite and gypsum have been encou‘ntered in the Chandler,
Red Rock, and Tucson basins but no thick evaporite sections have been
penetrated by wells. These are areas of very sparse deep subsurfa;:e
control, however, an;l contain large Qolﬁmes of pnex‘p].‘ored sediments.

Over 1200 m of relatively pure halite‘ was penetrated in a well
north of Kingn.aan in the Hualapai‘ Valley (Peirce, 1972). Peirce believes
this deposit, which he named the Red Lake Salt, is téigular in shape and
was formed in a closed basin.

The Muddy Creek Formation in the Lake Mead ax:ea also contains

thick salt deposits (Longwell, 1963). This salt has not been dated, but

late Miocene ages have been determined for the overlying Fortification

Basalt Member of the Muddy Creck Formation {Anderson and others, 1972},

A sample of a thin basalt flow in the Muddy Creek Formation

12




collected on the west shore of the Overton arm of Lake Mead (Fig. 1.)
vielded a late Miocene K-Ar age of 8 m.y. (Table 1, loc. 124). Lo- e
cally, this basalt has been domed by up:ward movement of the under- .
lying salt. Other basalts and dikes that have been éssigned to the A

Fortification Member have yielded K-Ar ages as young as 4.5 m.y,.

(Anderson and others, 1972).

Unit II in the Central Area. The central part of the report area

lacks the deep Tertiary troughs that characterize the eastern part, and
it is probabiy barren of evaporites. Information from wells drilled by
others and from Exxon's seismic data indicates that Unit II in this area

is thin and composed of fanglomerates, red-brown claYs, and basalt

flows., Ross (1923) noted a persistent occurrence of red-brown clay in
' VAL
A

the subsurface of the lower Gila River area and correlated it with similar ! ‘Y
|
i

deposits in the Mesa area, 20 km east of Phbénix (Lee, 1205). Red- e
"

brown clays were also described in the Gila Bénd area by Heindl and
Armstrong (1963). In the Exxon State (74)-1, réd-—brown .clay was en- !
~ countered between 19.8 and 707 m directly above the Picacho anhydrite. .
In the Tucson Basin, the same kind of clay w.as encounte‘red by Exxon's
State (32)-1 (Appendix 1) between 350 and 813 m. In the latter well the
interval from 564 to 686 m contained én abundance of gypsum crystals. |
: : |
Ross concluded that the red-brown clays found in the subsurface o

of the lower Gila River area were probably lake deposits, and.data

13



gathered in this study support that conclusion. Also, these data
suggest that the clays were products of the same period of interior
drainage that produced the evaporites in the eastern troughs making

them contemporaneous,

These red=brown clays grade upwards into river gravel deposits

indicating termination of lacustrine conditions and the development of \,Q"

exterior-drainage systems. A K-Ar age of GnO‘maye was obtained for

a bésalt‘ﬂow overlying minor amounts of rivef gravels near Gi.lles‘pie»
Dam, about 70 km west~s§uthwest of Phoenix (Fig. 3, loc. 97). Based
on this age and the 10.5 my age of the basalt flow intercalated with
lacustrine sediments overlying the Luke Salt in the Phoenix Basin, ex-~

terior-drainage systems began developing sometime between 10.5 and

-

6.0 m.y. ago.

Along the lower Colorado River Val'ley', in the Gibola-;Parker area,
a poorly consolidétéd sand and gravel fanglomerate (Metzger, 1968) may
be the t‘ime equivalent of the late Miocene interior basin deposits. Some
10 km east of Parker in Osborne Wash this fanglomerate rests unconform-
ably on steeply tilted red beds of Unit T (Fig. 11).

Unit IT'in the Western Area. Unit IT in the western area consists

of a marine wedge of clastic sediments of probable Jate Miocene age con-
fined to the Yuma Basin and the overlying more widesprecad Pliocene Bouse
Formation. Overlying the Bouse Formation are Colorado River gravel

14
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deposits.

Marine Late Miocene of Yuma Basin. In the subsurface of

the Yuma Basin, a few of the driiled wells have encountered a marine
sequence (Mattick and others, 1973). Exxon's Yuma Federal No. 1

well (Appendix 1): located 25 km southwest of Yuma (Fig. 3, loc. 115),
penetrate’d, from 1627 to 2115 m, 488 m of light gray, greenish-~gray,
énd salmon colored mudstones and fine-grained tuffaceous sandstones.
In the basal 40 m, the fine-grained sediments grade déwnWard into a-
medium-to coarse-grained conglomeratic sandstone that rests uncon-
formably on volcanic rocks and intefcalated continental-type sediments.
A similar appearing clalstic section was noted between 1136 and 1962 m
in the Colorado Basin Associates, Inc. Federal No. 1 well, located 10
km northeast. of the Exxon well, .

Sarﬁple cuttings from thé Exxon well contain abundaﬁt specimens
of minute shallow water foraminifera, scattered pélecypo;:l fragments,
and echinoid spines; This fauna, however, was not recognized m the
Colorado Basin Associates, Inc. well. Foraminifera observed in cuttings

from the Exxon well include abundant benthonic forms of Bolivina sp.,

Cibicides sp. and Nonion sp. Species of Discorbis, Spiroplectammina,

Gyroidina and Planulina are also present, Poorly preserved specimens of

Globigerina and Sphacroidinclla are present in the basal 10 m of the

clastic sequence. No specific determination of these forms was possible

15



and, consequently, they could not be used for age determinations.

A late Miocene age is assigned to this marine clastic sequence

based on the following relationships: (1) the beds are overlain uncon-

formably by the Pl%ocene Bouse Formation; (2) dipmeter data from the
Exxon well indicate the sequence dips gently and overlies with distinct -
a‘ngu}af diséordance the underlying steeply dipping volcanic rocks and
intercal.ated sediments which have been dated on the basis of K-Ar

- analyses as being 20 m.y. old (Mid~Miocene) (Table 1, loc, 115); and
(3) seismic data indicate the clastic section to be younger than the late
Miocene block-faulting episode (13-12 m.y.).

Equivalents to this marine sequence may be the late Miocene
continental sediments found in the Gila Valley and therfanglomerate
cro;aping out along the lower Colorado River Valley in i"he Parker-Cibola
area., They may also be correlative to the redefined maring S-plit Moun-

tain Formation (Woodward, 1974) present on the west side of Imperial

Valley.

Marine Pliocene Bouse Formation, The Pliocene Bouse Formation

in the Yuma Basin (Metzger, 1968; Smith, 1970) unconformably overlies

- the previously described late Miocene marine sediments. The Bouse For-

mation also overlies unconformably the late Miocene fanglomerate in the

Cibola-Parker area (Figs. 11, 12). 1Inthe lower Colorado River Valley,

this relatively flat-lying formation crops out at severa) Jocalities north
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of Yuma and was penetrated in the subsurface x;ear_ the International
border By the Exxon Yuma Federal No. 1 between 963 and 1627 m.

In outcrops, the formation is composed of a basal, white,r.
tuffaceous limestone overlain by an olive-gray claystone. Minor
amounts of silt, sa‘nd, and gravel occur generally throughout the unit -
and the sii’c and sand percentage’increases upward. The basal lime-
stone was/ not encountered by the Exxon well or by the Colorado Basin
Ass-ociat_es, Inc. Federal No. 1, located 10 km northeastward. At both
locations, ‘Bouse claystoné rests directly on the older marine clastics
- already described. At the Exxon location the Bouse Formation is com-
poséd of fossiliferous, light-gray claystone containing occasional thin
beds of fine-grained, light-gray sandstone with varying amounts of tuff.
Occasional fc;raminifers,, osAtracods, charephytes, ba;n;acles, —and mol-
Jusks are contained in the formation, the mollusks being more common
in the sandy upper portion.

A tuff layer iﬁ the basal limestone of the Bouse Pormafion has
been dated as 5.4 m.y. old {Damon, 1972, oral commun., Téble 1, loc.’
122). This Pliocene date confirms that the Bouse is probably younger
thz;\n the red~bfown clays of the lower Gila River Valley.

Possible Bouse Equivalents. Beds equivalent to the Bouse For-

mation have been recognized in several localities within the general area
of this study. WNoble (1931) described sediments similar to the Bouse along
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the Colorado River Valley near Needles, California, and in the
Chemchuevi Valley west of Lake Havasu (Fig. 1). Similar sediménts
have also been obscrved as far north as Lake Mohave (Fig. 1), where
Bouse-like white, limy tuff and olive-green clays unconformably over-
lie a fanglomerate of local derivation in the washes east of the Jake.
Ov.erlying ’the clays are Colorado River gravel depoéitso

It has been suggested (Lucchitta, 1972) that the thick marine
Imperial Formation cropping out in the mountains west of the Imperial
Velley ma} correlate with the Bouse Formation. The only information
collected during the present study that may ﬁave a bearing on this
problem was a stratigraphic relationship observed in the Coyote Moun-
tains (Fig. 1, loc. 123) where the Imperial Formation seems to rest un-
confermably on the 16 m.y. old Alverson Volcanics (T'a;ble 1, loc. 123).

STRUCTURAL DEVELOPMENT

General

Southwestern Arizona haé a typical "Basin and Range" structure
of mountain-forming horsts separated by valleys underlain by grabens
or half-grabens. The prevailing structural grain trends in a northwest-
southeast direction, A notable exception is thé Gila ‘:Jfrough that closely
-~ corresponds wi‘th the northeast-southwest-trending.lower valley of the'
Gila River,

The following brief description of the f;*ﬁfucture of the area ig
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almost exclusively restricted to the beds of Unit II, deposited aftcf
the ‘lé‘te Miocene block~faulting episode‘and the resulting(subscquent
regional unconformity., Good seismic data allow interpi”e'i"ation with
reasonable certainty of the attitude of these younger beds beneath the
alluvium-covered \;alleys. Evidence to interpret the structure of the
pre-late Miocene-uncohformity section (Unit I) is, on the other hand,
restricted lto the.exposed remnants of this unit in the mountain ranges,
. since the quaiity of seismic data below the uﬁconformity is yeﬁ poor.‘
The .geologic structure of southwestern Arizona is ﬂlustréted by-
means of five cross sections (Figs. 4 to 8). Their location is shown on
a generalized geologic map of the area (Fig. 3). On the cross sections
A-A' and B-B' (Figs. 4, 5) an attempt has been made to restore the struc-
ture of the area to the time just previous to the begind;ng of the deposi;
tion of Unit II. The cross sections are based on subsurface information,
on seismic data recorded in the valleys, and on surface observations in
the surrounding mountains. |

Late Tertiary Northwest-Southeast-Trending Troughs

Section A-A' (Fig. 4) crosses five depositional basins that border
the central Arizona mountainous region. They are referred to on the cross
section as the Phoenix, Chandler, Picacho, Redrock, and Tucson basinék.
They arc the deepest fault trenches encountered in the study east of the
Salton Trough. As interpreted from scismic data and the Jithology of the
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deposits that {ill them, these fault» troughs resulfced from late
Mibccnc biock~fau1ting. Previous to this teétonic episode, during
early Cenozoic time, the area appears to have been stable and rel-
atively free of subsidence. At shallow depths, all five troughs are
simple structural basins, but with increasing depth they grade into
narrow, complex grabens bounded by parallel to sharply-converging
.normal faults. The grabens are irregular in shape but tend to be rec-
tanéularf having lengths about three to six times thei;‘ widths. In a
general way, theyAparallel the bordering mountain ranges,
Deep centrél parts of the troughs apparently are not inter-
, conneétéd. Depositional continuity seems to occur only at shallow‘
depths in younger beds that extend laterally without interruption over
buried horst blo'cks and around fault ridges. As desc'ri‘bed in ﬁie section
on stratigraphy, some basins contain tﬁic’k sequences of evaporites. These
evaporites are strong evidence that the northwestusoutheést"trending froughs
interrupted the regional drainage for a prolonged period of time, creating -
widespread lakes. |

Section B-B' (Fig. 5) crosses three depositicnal areas of specia)

interest: the Yuma Basin, the Gila Trough, and the Phoenix Basin. The -,

Yuma Basin is a segment of the eastern flank of the Salton Trough and may
be more closely related to Salton Trough tectonics than to those of the Basin
and Range province to the east. Presence in the Yuma Basin of a thin Unit T
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is interpreted as evidence that this was a fairly stable area before
the beginning of late Miocene block~faulting and that most deposition
occurred after this event. The basin is in trend with the San Andrecas
and Algodones fault zones and may have been modified by their move-
ments.

Section C~C' (Fig. 6) is a cross section of the Tucson Basin,
roughly at right angles to cross section A-A', showing the structural -
relationship of this trough to the adjacent mountain ranges. The Tucson
Basin is one of five anomalously deep troughs and has structural cﬁarac«
teristics _typical of other troughs in fhe study area. Structure beneath the
widé valley floor is composed of a narrow. céntral graben between b{oad,
sloping mountain pediments;. The profile suggests that a once-narrow
valley betweén broad rangeé has grown in width at the expense of the
ero.diné surrounding highlands. The Tucson Basin is interpréted as a
product of late Miocene block-faulting. i.ocally thick Unit I rocks in the
graben are not necessarily evidence of pre-fault subsidence. Rocks of
this unit are composed mostly of fanglomerates and volcanic exirusives,
and these deposits can vary in thickness for reasons other than iocal sub-
sidence.

Section D-D' (Fig. 7) is a seismic profile across the Phoenix
Ba'sin showing its block-fault structure and an interpretation of the shape
énd distribution of the Luke Salt mass. As described in'the sc;:tiorn on
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stratigraphy, subsurface well and selsmic data show that upward

movement of salt has domed the overlying sediments at the Jocation
of the Arizona Salt Company well.

The Gila Trough

In contra;;t to the ﬁomhwest~southeast structuré], grain of othe;:
basins in southwestern Arizona, the Gila Trough is a northeast-south-
west—tr(;nding, sediment-filled trench underlying the lower Gila River
Valley east ‘of Ligurta (Fig. 3). It is 140-150 km Jong and 15 ‘;co 25 km
.wide, Section B-B' (Fig. 5) follows roughly the axis of this trough for
ahout 100 km betweén Ligurta ahd a point near Hyder where the line 6f
section leaves the trough.. Near Horn, the>on1y place where Exxon seis-
mic lines cross it at right angles, the Gila Troughis a frue grabeﬁ bound
by two {or more) faults (Section E-E', Fig. 8).. The tr-ough was crossed by
seismi;: lines at three other widely sgparated places, but the lines intef»—
sected its axis at low angles, making the interpretation of the géometry of
the trough difficult. Seismic data indica;te zones of. abrupt ’stratigraphic
thickening and faulting within the trough, but the orientation of these |
'faults could not be determined with certainty. It seems probable, however,

that the troug.h throughout its length is a graben or half-graben.

Sufficient data are not available to adequately explain the anom-
alous northeastern trend of the Gila Trough. It may represent a reactivated
Precambrian structural element which controls the course of the lower Gila
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River and possibly even parts of the course of the Salt River upstream
{from i‘empe. In any case, the presence in the Gila Trough of thick dé-—
posits of Unit I indicates that it predated late Miocen‘e' block~faulting.
Younger block—-fau%ting-overprinted the older northeast-southwest struc-
tural trend, forming horsts and grabens within the Gila Trough that aré |
aligned with the northwest-southeast trend of othe;~ present-day valleys
and ranges.
- GEOLOGIC HISTORY

Based principally on K-Ar age determinations of volcanic rocks
and their stratigraphic relationships to aésociated sediments, the fol-
Jowing is an attempt to reconstruct the chronology of geologic events in
southwestern Arizona: . ' .

1. Beginning with the decline of the La‘ramide. orogeny, about
53 my ago and lasting until about 31 m.y. ago, southwestern Arizona
was an area of general .magmatic quiescence (Damon_( 1966). Thié was
a time when subaerial fanglomerates and associafed lake beds were de-
posited in interior-drainage basins developed on older bedrock surfaces.
The predominant red to reddish-brown color of the sediment indicates
deposition in a;n oxidizing.environment.

2. Widespread tectonism began approximately 31 m.y. ago, in
late Oligocene, and continucd until around 18-17 m.y. ago. This epi-

sode, known as the Mid-Tertlary orogeny, was accompanied by regional



heating of the crust, plutonism, minor mineralization, and extrusion
of.great quantities 6f rhyolitic to andesitic tuffs, breccias, and flows
which modifiéd earlier drainage patterns and the locatio;x- of deposi-
tional sites. Isolated lacustrine sediments were deposited in newly
formed interiorudr'ainayge basins. Locally, torrential deposits of fluvi~
atile red sandstone and bou}.der beds were 4intercalai:ed with the volcanic
rocks. Rocks deposited during and preceding this event were faulted,
steéply tilted, and locally folded. o

Daﬁxon (1966) states that large sections of the crust in the
Basin and Range province were heated to high' temperatures during the
Mid-Tertiary orogeny and that recrystallization of the Precambrian Cat-
alina Gneiss north of Tucson occurred 28 to 26 m.y. ago. A quartz-
-gdiorite gneiss apparen;cly having a similar ]ﬁstqry Wa‘s.encountered at
© 3101 m in Exxon's State (74)-1 near Picacho (Table 1, Joo. 5). A K-Ar
age determination of biotite separated from a core of this material yielded
‘an Oligocene-Miocene age of 26 m.y., while a RbSr whole rock deter-
mination on the same sample indicated a Precambrian age of from 1275 td
1540 mey;., These discordant ages lend addition_al support for Damon's
conclusions, |

Thrusting assoclated with the Mid-‘-Tertiary orogeny has been
described ncar Parker and Tucson (Lasky and Webber, 1949; Wilson and
Moore, 1959; Cooper, 1960). Laéky’ and Webber interpreted the presence
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of large, exotic rock masses, brecciated blocks, and breccia beds
of Precambrian and Paleozoic rocks in the Rawhide and A;jtillery
Mountain areas as evidence of a thrust shect within tfxé Artillery
Formation. Field gbservations in this area, and others to the west
in the vicinity of Parker, lead us to believe that this chaotic material
does not ;e;iresent remnants of thrust sheets, but 1s gravity-induced
landslide blo_cks and debris associated with wrénch-—faulting in the
early Miocene.
Similar gravity-induced rock masses have been interpretéd
in the Tucsén area. Cooper (1960) descr.ibes rpudflow—landslide breccia
and large individual block landslides iﬁ the Pantano Formation. David-
son {1970) believes some of the large outcrop‘s of Precambrian and Meso-
zoic rocks in the western féothills of the Rincon and Santa Catalina moun-
taix}s éast' of Tucson may be large landslide masses empiaced during the'
deposition of the Pantano Formation., Davis (; 9‘75), however, believes
that theseAlarge outcrops of Precambrian and Mesozoic rocks represent
gravity-induced folded remnants off of the Catalina~Rincon complex duriﬁg
domal uplift by ascent of gneissic domes and arches 28 to 24 m.y. ago.
His data indic-éte that the gravity-induced fol;iing during low-angle dis-
placement took place under substantial cover, possibly 3 to 4 km. Davis
does ncﬁ: present any evidence that wrench-faulting was associated with

the domal uplift.
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3. From 18 to 15 m.y. ago, a relatively quiet period occurred ™
during whi;:h ﬂuviafcile and lacustrine sediments were deposited.

4, From 15to0 10 m.y. ago, volcanic activity resumed with
videspread outpouring‘s of basaltic lava.

5. Regior;al block~-faulting began in the late Miocene, approx- ’
imatgly 13-12 m.y. ago, and modified all earlier landforms. The pre~
ceding surface was converted into a horst-and-graben terrain with the
subsiding fault troughs forming new interior-drainage basins. These.
basins were depositional sites for locally derived de;tritus, and at least-
two ba_xsins in the study area centain thick bodies of eva'porites». Peirce
{1873) has postulated that the‘thick evaporite sections found in the' sub-
surface of some valleys between Lake Mead and the Picacho Basin were

- -

formed in deép troughs adjacent to the Colorado Plateéu; he further sug-

gested that these evaporites may all have had similar geologic histories.

About 10 m.y. ago, faulting began to wane and sedilnentétion in previ-
ously separate interibr basins began to coalesce.

As stated previocusly, Damon and others (1973) dated the late
Miocene'episode of block~faulting between 17 and 12 mey. old. In
some places basalts as young as 13 m.y. (Table 1, loc. 86) have been
significantly displaced by faulting. It is of interest that Anderson and |

others (1872) concluded that 1argc-=sca1é fault displacements in the Lake

Mead arca (Fig. 1) ceased before deposition of the Yortification Basalt.
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This member of the Muddy Creek Formation has K-Ar ageé aé old
as 11.3 m.y. |

6. Exterior-drainage systems began developiﬁg sometime -
between 10.5 and 6 m.y. ago. In the Phqenix Basin a thin basalt
flow occufring within lacustrine sediments and oveirlyi‘ng the Luke
Salt mass inidicates that a closed basin environment‘ was sfill preséht
approximately 10.5 million years ago (Fig. 3, loc. §9). Presence of
minor améur}ts of river gravels.below a 6.0 m.y. old hasalt near Gil-
lespie Dam, about 70 km west-southwest of Phoenix, (Fig. 3, lbc.
97) indicates that ek;teriibr—-drainage began to fém in early Pliécene.
Thick de.;)osits of ‘Gila River gravels below the 3.0 m.y. old Sentinel ]
basalt {Fig. 3, loc. 106) are evidence that t}‘ufough;go'ing drainage was
.wel-l established by late Pliocene and-probably .reache'd the Yuma area.
According to Lucchitta (1972), the lower Colorado River érainage was
de\-'eIOped between 10 and 3.3 m.y. ago‘, but probably after 5.4m.y.
ago. High, flat-lying terrace deposits of the Colora&o River, ffoﬁ the
Grand Canyoh to the Gulf of California, first noted by Lee (1908), are
believed to be_‘older than 3.0 ’m.y, Ross (1923) recognized old Gila
River terraces some éo to 25 m above the pres.ent lower Gila River flood
plain. Horse bones found in these terrace deposits near Ligurta suggest
an early Pleistocene age (Bryan, 1925), Lee (1905) described similar
terraces, 7 to 8 m above the Salt River at Mesa.
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Available evidence suggests volcanic activity increased
duriﬁg the period from 6 to 3 m.y. ago.

7. By 3.0 m,y. ago, the lower Gila River hac“i.reached itg _
base level of deposition when the basalt flows around Sentinel were
extruded on the surface,‘ Increase of gradients since 3 m.y. ago along
the Colorade and Gila rivers has allowed these sylstems to remove
great quantities of material from their lower valleys, thus expo.sing
older va}ley fill material in the adjacent bluffs.
| ‘Geophoto analysis of the study area shows only one minor
remaining closed drainage basin. It is l.ocated southeast of the town

of Sentinel, contiguous to the Sentinel basalt flows, and was probably

formed when these flows disrupted local drainage.
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Figure 11. Gentle westerly dipping late Miocene fanglomerate
(b) and white Bouse limestone (c) of Unit IT unconformably over-
Jying tilted beds of Unit I (a), Osborne Wash east of Parker.
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TABLE 1,

FADIOMETRIC AGES OF ROCK SAMPLES IN SOUTIMWESTERN ARIZONA AND ADJACENT ARLAS

gamrle

kock Typ=, lgneous Body

Locality or Straysraghic Fermation

Location

Apporont
m.¥.

5T

Radlomntric Age
Mathod and
Minoral Datod

Roloronce, Sample Numbar and Commants

Shvowen on
B 2 Pl B

1 fasalt {Ltelope Peak)

2 Grasdte

3 Yeazonlte

4 Yelded tuif

5 Exxza State (74) No. 1
2,732=-2,8072 (basaly)
3,101=-3,102m {quartz
diccize grefss)
3,161=-3,102a {quartz
ciccite gelss)

S S22c0 Ardesite

7 Cesro Prieta Basalt

8 Sasarieso Andesite

8 Cra2niz j2iize

15 Pewrozlyzd HiI Andesite
1 Berry Yo, 1 Federal
1,057-1,0723 (welded tuff)
iz Basalt dike
13 Piryodacite (Recoriado
ash fiow)

12 Basant

15 Pasaldc axdesite

15 Basajts 2ndestie

¥y Saffors paak Dacile

13 Saffcrd Tufl

19 KIlto Andesite

29 Uppermost bzsaltic andesite

Husazos BN
21 =A% Morntain gray wff
L } 22 BE2s2lue ardesite (Martinez
g ELD
23 Easatiie andesite (Black
Mexemtain), Overlies San
: - . Xawlsy Conjlomerate
24 Exxca St2te {32) No. 1
2,420=-7,426m (andesitic
Lasalt)
2,6352-2,698m (andesitic
basalt . .
2,572=-3,002n f{andesitic
basald
3,253n {quartz monzonite}
25 Aodesite
23 Torkey track porphyry (pillow
lava in the Helmet
Farglo—erate)
27 Fire t=ff {n the Helmet
Ferplocerate

28 Rial Graznfte

23 Bagaitc andesite

3 Fiyodacite vitrophyre

(Grosvenx Hills Volcandes)

3 Eleghazt Quartz Monzonite --

32 Bayolite vitrophyre (Box

Canyon dike swarm)

33 Centineata) Granodlorite
ﬁ'@ 34 Rhyollte ssh flow {Psntanc
L,, . Foemation)

L) Pantano tulf

Futkey-track pocphyry {upper
psrt of Pantano Formationd
¥ Quartz nonrontte

37 Quartz prvazonite

Lot 320 47°S1°N, Long 112° 10°30"W
329 59'30"N 1119 51'00" W

32° 59'00"N 111° 49'00"W

33% 07'32"N 1119 39'14"w
NW/4, NW/4 Sec. 2, T8S5, REE,
Pinal Co,

.

Samanlego Hills, Pinal and Plma Cos.
do.

do.
Lat 320 26°36"N, Long 111° 29°30"W
32° 23'07"N 111° 24'42°wW

NE/4, SE/4 Sec. 27, T11S, RIOE,
Pima Co,

Lat 320 12'34*N, long 111° 22'14"W
32°30'44"N 1119 21'24%W

1110 19 7°W
1119 19'50%W
111° 24'23"wW
111° 0855 W
1119 0B'21"W
111° 08'22"W
1119 00'20"W

320 05'50"N
32° 07'29"N
32° 04'03"N
329 20'44"N
320 19°43°N
32019'34“N
32°12'47"N
32912'32"N 110° §9°22"W
SW/4, Sec. 23, T155, RI3E, Pima

Co.
Sec. 6, T16S, R12E, Pima Co.

NE/4, NE/4, $W/4 Sec. 5, T16S,
R15E, Pima Co.

1at 310 56'45"N, YLong 111° 0415*W

310 57°06%N 111° 04'30* W

310 55%49%N $11° 0649~ W

31054 N 111€ 310307 W
31943 N 1110158t w
31 34'05%N 110° 53'10%W
310 43'35"N 110° 53'50=wW

319 ¢5°30*N 3100 4805w

319 42'55°N 110° 48'30°W

319 59048 1 3100 38'36°W
32° 01'24* N 110° 30° 06~ W
Locstlon unknown

N, tong 116°26* W

Lat 32° 06* o
110° 28¢ W

32007 N

71,7

1,275

1,540
15.2%
17.6%
26,63
19.8%
25.0%
27.9%

23.4%
16,13
18.0%
45,63
120 Y5
24

30.72

27,82

25,92

85.8%

o
O N D W

0.6
0.6
1.8
0.6
0

1.2

2.6

1.3
2.4

1,360 £200

36,73
3z.8%
29.2%
24,42

1,540 %6
23.8%
2¢.8%

K-Ar, whole rock
K~Ar, muscovite

K=Ar, biotite

K-Ar, biotite

K-&¢, whole rock
K-Ar, biotite

Rb=Sr, whole rock

K-Ar, whole rock
K~Ar, whole rock
K-Ar, whole rock
K-Ar, whole rock
K-Ar, biotlte
K-Ar, biotite

K-Ar, whole rock
K-Ar, whole rock
K-Ar, sanidine

K-Ar, whole rock
K-Ar, whole rock
K-Ar, whole rock
K-Ar, biotite
K-Ar, biotite
K-Ar, bfotite
K-Ar, whole rock

K-Ar, sanidine
K-Ar, sanidine
K-Ar, whole rock

K-Ar, whole rock

@

.

*K-Ar, whole rock

K-Ar, whole rock

K-Ar, whole rock

K~Ar, whole rock

Rb-Sr, whole rock
K-Ar, blotite

K-Ar, plagioclase

K-Ar, biotite
K-&r, biotite
Pb=a, zircon

%-Ar, whole rock
K-Ar, plagloclase

K-Ar, bictite

Pb=a, £ircon

K=hr, saniding

Kehr, blollie

Pb=&, slrcon

K=hr, nantdine
K<hr, blotfla
K«hr, biotite
X~ hr, blotite

Kedir, biotito
K=he, blotlte
K~At, murcovile

This report
J. C. Balla, 1972, Unpublished Untv, of
Ariz, Ph,D. thests, YA-71-70

do. KA-71-69

This report, Age is spurfous, Tuff fs
probably Miocena,

This veport

K-Ar date of 26 m.y. for the gnefss fs &
reduced age. Rb-Sr dote Indicates &
Precambrian age for the gnelss,

Eastwood, 1970, RLE-20-68

do. RLE~27-67

do. RLE-31-68

do. RLE-27-68
Mauger and others, 1965, RM-4-63
Damon and Bikerman, 1964; Mauger and
others, 1965, PED-1~63
This report

Blkerman, 1967, MB-17-64
. do. MB~3-64

do. MB-7-64

do. MB-~12-64

do. MB-6-64

Bikerman and Damon, 1966, PED-}1~64

do. PED-10-63
do. PED-9-63
do. PED-8-63
do. PLD-76-63
do PED-17-62

Perclous, 1968, JKP-10-67

do. JKP-48-66

This report
VAKA~72-66

VAKA~72-70. Interpreted to be an {n-

trusive body, possibly sil] or dike.
do.

K-Ar date is a reduced date, VAKA-72-78.

See localities 28 and 31

Marvin and others, 1973; Creasey and

Kistler, 1962, 7.

Damon, 1968, RM-~2-64a

Damon and Bikerman, 1964, RM-1-64

Marvin and others, 1973; Cooper,
1971, T169,
K-Ar date is 2 reduced age, Sce
Rocallty 31,
Damon, 1969, JKP-2-68
Marvin and others, 1973; Drewgs,
1971a, 210

da, Drovies, 1966,
1971a, 876.
Drewes, 1968, p C13-14 suggasts that
the quariz monzonito §s completely re=
erystailized Squaw Gulch Granite of
jurassic age.,
Moarvin and others, 1973; Drowas, 1971c,
899,
Marvin and others, 1973; Drowee, 1971c,

- 1046,

K=Ar date s o raducad agea, Riotlle
shows rocrystaltization fabric,
Lamon end Btkerman, 1964; PED-13-62

Damon, 1966, PED-F-6S

"Rinnoll, 1970

Marvin and othors, 1973,
Marvin and othera, 1973,




TABLE 1, (continuod)

Radiometric Ao

Sampie Rock Type, Innnous Boly Appatont Agoe Method and U
Locality  or Stratigraphic Formation _ Location m,y. Mineral Dated Referenco, Sample Numbar and Comments
38 Grancdiorite 3212 N ne®a27 w 27.3% 1.1 Kk-Ar, blotlte do,
] 36.8% 1.6 K-Ar, muscovite
39 Mica schist (Pinal Schist) 32°13'30"N 110° 2530w 33.82 1.2 k-Ar, biotite do, Recryatalitzed
. . L Precambrlan, Pinal Schist
29.0 0.3  K-Ar, muscovite
40 Turkey-track porphyry 329 20'15°N 110° 29'50 W 26,3t 2.4 K-Ar, plogloclase  Damon, 1970, PED-3-69,
{overlies Mineta Formation)
£ Bandsd gnelss 32° 20'03"N 110° 41'04"wW Livingston and others, 1967, Mauger
{tight band) 25.4%- 1.0 K-Ar, muscovite and others, 1968, PED-18-62L
25,1 1,0 K-Ar, bictite
26,8% 0.8 K~Ar, orthoclase
{Qark band) : 27.5% 0.9 K~Ar, blotite PED-18-62d.
42 Banded gnelss ¢ 32220'06"N 110° 55°04"W 31.2r 0.8 K-Ar, muscovite Mauger and others, 1968, PLD-56-66
43 Quartz monzonite gnelss 32%28° N moeost w 27.3% 0.9 K-Ar, blotite do. PED-20-62
44 Leatherwood Quartz Diorite 32926° N 110% 48  w 29,6t 0.6  K-Ar, blotite Damon, 1969, PED-1-68
45 Quartz monzonite 32%35¢ N 110° 45w 1,420 K-Ar, plagtoclase Livingston and others, 1967, DEL-13-62
1,370 K=Ar, biotite
45 Rhyolite dike . 32° 50'00°N 110° 45'30* W 22.3t 0,7  K-Ar, biotite * ¥rleger, 1973c
47 "Vitele tuff In the 32° 39'10*N 110° 32'52"W 4,6 0.4 K-Ar, glass Damon, 1969, LDA-1-65,
Quiburis Formation
" 48 Tufl ’ 329 51°30°N 111° 29'54*w 24.4% 1} K~Ar, blotite Krieger, 1968b
43 Quartz latite 32°51°34%N 110° 32¢06*W 25.6 K-Ar, blotite do,
25.4 K~Ar, sanldine do.
50 Rhyolite tuff . 32° 54'52"N 110° 32°48"W 24.6% 1 X-Ar, biotite Kriegei, 19683
22.4% 1 K-Ar, sanldine
$1 . Rhyollte tuft 320 $845"N 110° 56°45°wW 24,1 0.7  K-Ar, sanidine ¥rieger, 1973b
$2 Cuartz latite (uppermost 33°15'20"N 111°09'21"w 18.0% 0.5 K-Ar, biotite Damon, 1966, FED-11-65
tormation on Picketpost’ . 18.2% 2,5  K-Ar, plagloclase
Mourntain) . . .
$3 Superier Dacite {osh flow 33° 18'36"N 111° 500" W 19.9% 0.9 K-Ar, blotite Damon, 1966, PED~4-62
overlying the VWhitetail :
Corglomerate) .
4 Welded tuff 33° 28°36"N 1119 25°41"W 22.6% 1.0 K-Ar, bictite Damon, 1969, PED-18-68
55 Dacite dome 33° 31°11"N 1110 27°25"W 20.1% 1.2 X-Ar, biotite do. PED~16-68
s6 Basalt 33° 31'26"N 111° 28'02"W 17.8% 3,1 K-Ar, whole rock do. PED-14-68
57 Quantz Iatite lava 339 28'21*N 111° 34'45"wW 21.3% 0.8 K-Ar, blotlte do. PED~17-68
8 John jacobs probe No. 2 NW/4, SW/4, SW/4, Sec. 23, TIN, . This report -
R2E, Marlcopa Co.
21 * 3 K-Ar, whole rock

380m~ 382m (basalt)
39 Goodyear Farms water well NE/4, SW/4, SE/4, Sec. 14, T2N,
R1W, Maricopa Co,

This report, Basalt overlles thick
. halite found In the Arfzona Salt Co.
10.5* 4.5  X-Ar, wholerock  and El Paso Natural Gas Co. well in

. 4690~ 487m {asalt)
) Sec. 2, T2N, R1W,
€0 G. D. Isabel No. 1, NW/4, sW/4, SW/4 Sec. 27, TAN, : This report, K-Ar date of 51 m.y.
Maricopa Co, R1E, Maricopa Co. . : ’ oppears spurlous, Lower basalt Is
288m~  325m (basalt) 23 5 probably late Oligocene or early
$88n~ 610m (basalt) . 51 F 2 Mlocene.
[3] Sperry Gyroscope No, 1 NW/4, NW/4, NW/4 Sec. 19, T4N, - This report. K-Ar date of 44 m,y.
R3E, Marlcopa Co, : appears spurious, The basaltic
222m~  271m {basalt) 22 ¥ 2 K-Ar, biotite andesite {s probably late Oligocene
466m~ 472m (basaltic 4 % 5 K-Ar, biotite or early Mlocene,
andesite) .
62 Blery §1 Federal SE/4, SE/A, SW/4 Sec, 8, T4N, R4E : . This report
Maricopa Co, .
1,430m-1,442m (basaltic 21,62 0.9  Kk-Ar, whole rock ' .
andesite)
€3 Basalt {underlles white Lat 339 58'10"N, Long 112° 07'36"W 20 ¥ 1.3 K-Ar, whole rock This report
tutfl and clastics) .
64 Basalt (overlies white . 34° 04*20"N 112° 06'30"W 15 2 o2 K~Ar, whole rock This report, probably the Hickey
tulf and clastics) . : Formation,
&5 Basalt {Hlckey Formation) 349 16°42"N 1120 02'22°W 10.4% 0.4 K-Ar, whole rock McKee and Anderson, 1971, MY6
66 - do., 34° 18'21%N 112° 11°09"W 13,1 0.5  K-Ar, whole rock do, MYS
67 Latite protusive dome 34° 21'00%N 112° 11°30"W 18.5% 0.6 X-Ar, hornblende do, MY1
68 Basalt {Hickey Formation) 34° 22'51"N 112° 00'18"W 11.0% 0.5 K-Ar, wholo rock do, MY?7
(3] Hackberry Mountain Tuf{ 27 km, east of locality 70 14 t 7 K-Ar, blotite Damon, 1964, BES-58-282
(Hickey Foemation) . .
20 Basalt (Hickey Formation) Lat 34° 27'27*N, Long 112° 02'51"W 10,1 0.4 K-Ar, whole rock McKee and Anderson, 1971, MY8
21 Black Hills Basalt 34° 32'07"N 111° 560147 W 12,8 2.2 K-Ar, whole rock Damon, 1968, PLD~28-66
?z Basalt (tHlckey Formation) 34° 4)'57*N 112° 07°15"W 11.6% 0.5 K-Ar, whole rock McKoe and Anderson, 1971, MM2
73 Minjus Mountatn Basalt 34° 42'10°N 112% pgr21*w 12,9t 0.8 X-Ar, wholorock  Damon, 1368, PED-9-67
74 Frachyandesito flow 34° 44'29°N 112° 06425 W 14.6% 1.1 K-Ar, biotite Krieger and othors, 1971, MM4
{Hickey Formation)
75 Basalt {Verdo Formation) 340 49°42"N 112° 62'45"W 4.5t 0.2 K-Ar, whole rock Mc¥Koe and Anderson, 1971, CD2
76 Basalt (Hickey Formation) 340 45°20N 1129 07°03*W 14.03 0.6  kK-Ar, wholo rock do, (e3> }]
7?7 Sullivan Buttos Latite 34° 45'23%N 1129 15428~ W 23.4% 1,0 K-Ar, blotite ¥riogor and othors, 1971, PAS
28 do, 340 51'08"N 1120 25 19"wW 26.7% 1.1 K-Ar, hornblonde do, PAS
79 Basalt {Hickoy Fomatlon) 349 34'44%N 1120 26'21"W 13,12 0,8 K-Az, wholo rock McKee nnd Andersors, 1971, PR3
80 do. 24° 34045%N !!Zg 22°30%W 13.4% 0.5 K=Ar, whole rock do. PR2
8l | do, 34° 23'36N 112 21'45=wW 13,85 0.5  E-Ar, whole rock ) do. MUz
82 Latite flow (Milk Crook 340 18'57°N 112° 2148w 14.6% 0.5  K-Ar, blothte do. K2
Focmation)
83 Latite tlow (MUIK Crook 340 }'24=N 112% 3445w 14.6% 0.8 ¥-Ar, blottte ! do. K3
Fomation) -
64 Basalt Along Hwy, 93, NW/4, Soc. 20, TI4N, 22 K-Ar, whole rock Thie roport
RI}W, Kohave Co,

as Basalt fuppev part of Lat 340 155N, Long 113° 3534w 21 ¥ a6 K-Ar, wholo rook Thie roport; Lasky and Wobbor, 1949

Asntillecy Yormation)
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TABLE 1.

gamplo

Rock Typa, lynnous Body
or Stratizraphic Formation

Locstion

Radiometric Age
Method and
Mineral Datod

Peleranca, Sampls Humber snd Comments

Locality

86
87

88

89
90
8l
82

93

94
85
86

97
88
89

100
101

102
103

104
105
106
107
108

109

110
11
112

13

- 114

115

116

n7z

318
115
120
§21
122

Shown on
et
£23

Cobwebb Basalt
Crystal tuf{ {intorcatated
with lako beds)

Basalt

Bosalt

Andesite

Welded rhyolitic tuff
Quartz monzonlte

Rhyodacits

Granodlerite
do.
Reeves No. I Puqus

1,050m-1,062m (basalty
Basalt
Gnelssic granite
Welded rhyolite tuff (upper
part of Sil Murk Pormation)
Basalt
Rhyolitic tuff (Intercalated
with sediments underlying
lacustrine ltmestone)
Basaltic andesite
Exxon State {14)-1

229m~ 238m (andesite)
771m-  777m (gneissic
. granite}

799m {aphanitic volcanic
rock)

Leucocratic rhyolite
Basalt
Basalt
Basalt
Basalt (Ajo Volcanics). Over-
Hes Loconotve Fanglomerate
Basalt (Batamote Andesite),

Overlies Danlels Conglomerste

Rhyolitic tuff intercalated
with red clastics

Muggins \ountain Tuff

‘White crystal tuff intercalated
with poorly consolidated
clastics

Gnelss

Los Cerritos Gnelss

Exxon Yuma-Federal No. !

2,1%4m-2,224m (andesitic
tulh)
3,078m-3,108m {andesitic
basalt)
Granitic gnolss
{Pine gratned)
{Coarso gralned)
Crystal vitric tuff, top of
61m section of volcanic rocks
overlying basemont complex,
Tufl ts overlaln by fanglomorats,
Basaltic andoslto
Honiblonde andesite
Woldead thyolitic tuff
Basalt
Vitrle tuff in basal limostone
of the Bouso Formation

Alvarson Voicantcs {ovorlain
by basal conplomorate of the
fmportal Formation)

Rasalt tn uppor kiuddy Crook
Formatlon (locally domed by
undorlytng salt movemont}

1139 36'12°

349 19'17"N w
113% 4116w

34° 11'28°N

34° 07°12°N 114°1317°W
114° 13'05"W
33° 56'37°N 113°% 85'31°W
33° 49'52"N 1140 05'38~wW
Plomosa Mountalns

34°07°18~N

1at 33° 35'10"N, Long 114° 02'35*W

330 44'46*N 113° 40" 27w
(2133° 45'00"N 113° 40'31"W
NE/4, NW/4 Sec. 34, TIN, R4W,
Maricopa Co.,

Lat 330 13'50“N, Long 1120 46°28°W
339 03°'10"°N 112° 42'50"wW
330 04°'52N 1120 47'48°W

1129 59'58°W

339 01'03°N
113% 26'51"W

33°16'23°N

33° 16°43*N 113° 2941w
NW/4, SE/4 Sec. 25, T3S, R11W,
Yuma Co,

Lat 33° 08°11*N, Long 113° 23'52*W
33° 06'59*N 113° 33'51"W
320 56°06°N 113° 18'05"W
32°33'03"N 1120 52'43"W

320 19'37%N 112052°13"W
32°18'20"N 113° 00°26*W
32° 47'17°N 114° 06'19*W

1140 07'54°W
1140 11°36°W

329 45M17°N
320 42°41°N

114° 18'58*W

320 39'46°N
114 1817°W

32° 39'33"N

38 km southeast of San Luls,
Sonora, Mexico

SW/4, NE/4 Soc. B, T11S, R24W,
Yuma Co.

Lat 32° 40°16N, Long 1140 35°52°W

320 48'S3°N 1140 31°40*W

1149 3139w
1149 33'12*W
$140 3738~ W
1149 491554 wW
114° s20 224w

320 49'58°N
329 56'56*N
330 15'05"N
33°03'32°N
33° 06'29°N

320 754N 1169 01'34~W
{Fossil Csnyon, Imporlal Co,, Callf.}

6 nat

”
Fad

36
{Clark Co,

ae
3

A
Hev,}

-

5 1140 24425 W
®

(continued)
Apparant AMje
m.y.

13 2.1
43 2.8
16.4 0.7
15,1 4.4
21 ¢ 3
20 ¥ 1.1
29 ¥ 1.8
1,730
1,750
18.1% 0.6
20.2% 0.2
§9
55,0% 5.5
72 % 12.8
6 ¥ 2.0
936 * 39,0
27 * 3.8
17 ¥ 8
23 ¥ 1.6
28 £ 4.2
20.5% 1,0
163.7F 4.0
3,080
21.3% o.9
18.5% 1.5
29.3% 3.1
3.0 0.1
21 £ 2.0
25 1 2.7
15 1 2.2
23 % 2.7
21.8t 0.9
78 ¥ 4.3
319 15,7
199 & 9.5
ss * 3.2
s7 % 3.
20
20 fio
39 ¥ 20
89 * 3.3
26.3% 1.6
25.1% 1.6
24.7% 2.1
25 % 1.7
10 & 1.8
5.4
16 ¢ 1.0
8

%-Ar, whole rock
K-Ar, blotite

K-Ae, vhole rock
K-Ar, whole rock
K-Ar, whole rock
K-Ar, biotite
K-Ar, biotite
Pb-&, zircon

K-Ar, hornblende
K-Ar, blotite
K-Ar, bfotite
K-Ar, biotlte

K-Ar, blotite
K-Ar, whole rock
K-Ar, blotite
K-ar, whole rock

K-Ar, whole rock
K-Ar, biotite

K-Ar, blotite

K-Ar, whole rock
K~Ar, whole rock
Rb-8r, whole rock

K-Ar, whole rock

K-Ar, whole rock
K-Ar, whole rock
K~-Ar, whole rock
K~-Ar, whole rock
K-Ar, whole rock
K-Ar, whole rpck

K-Ar, vhole rock
K-Ar, biotlte
K-Ar, blotite

K-Ar, biotite
K-Ar, blotite

K=Ar, whole rock

¥-Ar, whole rock

K-Ar, blotite

KeAr, whole rock
K=Ar, hornblende
K-hr, whole rock
K=hr, whole rock
Kehr, gloss

Kehe, whole rock

KA, whole tock

do.
This report. Age sppears spurlous,
Tull Is probably late Oligoaene or ocarly
Mlocene,
Daron, 1870, PED-7-~58

This report
do.
do.
Eiller and McKea, 127)

do,

This report

Damon, 1968, PED-3-68

This report. Age appears spurfous,
Bzsalt probably Miocene,

This report
do.
do.

do.
do,

do,
do.,

VARA-72-54
YAXA-72-57. K-Ardate of 163.7 m.y.
!s a reduced age. Gnelssic granite
racrystallized In the Jurassic,
VAXA-72-58. Highly brecciated and
velned with calclte, Interpreted to
be a {Issure dike.
This report; VAKA-72-48

do.”  VAKA-72-47

do,

do.

do,

do,

do,

Dsamon, 1968, FED~23-67
This report, Age §s spurfous. Some
blotite §s metamorphic and actual age
§s probably Miocene.

This repeet. Gredss 1s interpreted as
Precambrian, Reduced age represents
Mesozolc recrystalilzation, probably
during Jurassic time.

This report. Gnefss ts probable Pre~
cambrian, Reduced 3ge probably
represents Laramide recrystallization,
This repock

sterpreted 10 be intrusfve, possibly
£11) or dtke,

This report, See comments for
locality 114,

Damoa, 1966, PED-£-65

Deamion, 1970, PED-$-68
Damon, 1568, PLD-}-67
This repoct
do, .
Damon, oral commun., 1972, PID<4<($

This report

This roport




APPENDIX 1.

Fxxon State (74)-1:

SAMPLE DCSCRIPTIONS OF EXXON'S STRATIGRAPHIC TESTS

Section 2, T8S, R8E: Pinal County, Arizona

depth
110
198

707

2,522

2,560

2,765

2,946

3,001

A |

110m
198m

707m
2,522m

2,560m

2,765m

2,946m

3,001lm

3,102m

description B

Unit 11

Gravel, coarse, unconsolidated.

Sand, unconsolidated; occasional gravel lense;

few clay stringers, red-brovm,

Clay, red-brown; occasional silty lense; ,ypswn .
and anhydrite nodules and stringers in basal 230m; ’
sandy and silty from 595m to 655m. .

" Mostly anhydrite; occasional claystone s*rmger,

green and greenish-gray; few thin tuff beds, green,
bentonitic; scattered limestone nodules; few thin

salt beds in upper part.
Sand, reddish-brown, conglomeratlc claystone

stringers, varicolored.
Conglomerate, reddish-stained, poorly consolidated;
chiefly composed of volcanic fragments, purplish-red.

Middle Unit I (predominantly volcanic rock s)

Basalt, purplish-red.” Selected cuttings from 2,792m
to 2,807m yielded middle Miocene age of 17 m.y.

(Table 1, loc. 5).

Lower Unit I

Conglomerate, reddish-stained, consolidated, chiefly
composed of quartz-diorite gneiss fragments in a ma-
trix of sandstone and siltstone, dark red-brown,

clayey.
v pre~-Eocene bedrock"

(total depth) Quartz-diorite gneiss, greenish-gray,
highly fractured. Biotite separate of core sample
from 3,101m to 3,102m yiclded a K-Ar age of 26 m,y.

whereas a Rb-Sr whole rock determination indicated
a Precambrian age of from 1,275 to 1,540 m.y.
(Table 1, loc. 5). Reduced K-Ar age probably

1 .




Esxczon State (14)-1:

represents recrystallization of the gneiss during
the Mid-Tertiary orogeny (See page 20 of text).

Section 25, T3S, R11W; Yuma County, Ari.éona

depth

0 - 155m

155 - 707m

707 - 777m

777 - 808m

description

" Unit II

Gravel, unconsolidated.
Middle Unit I (predominantly volcanic rocks)

Andesite, red and reddish-brown, basaltic;
numerous zones of crystalline tuff. Selected
cuttings of andesite from 229m to 238m yielded

a K-Ar age of 20,57 1,0 m.y. (Table 1, loc. 103).

" pre-Eocene bedrock"

Granite, light colored, gneissic. Selected
cuttings from 771m to 777m yielded a K-Ar age
of 163.7% 4.0 m.y., whereas a Rb-Sr whole rock
determination indicated a Precambrian age of
1,080 m.y. (Table 1, loc. 103). Reduced K-Ar
age probably represents recrystallization of the
granite during the Jurassic. g

Volcanic intrusive?

(total depth) volcanic rock, greenish-gray,
aphanitic; becomes reddish-hrown and purplish- .
gray downward; highly brecciated and veined with
calcite. Core sample at 799m yielded a X-Ar age
of 21.3% 0.9 m.y. (Table 1, loc. 103). Inter-
preted to be a fissure dike.

Exxon State (32)-1: Section 5, T16S, R15E; Pima County, Arizona

description

Unit II
Sand and gravel, unconsolidated; some clay and

2
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259
350

813

814
1,170

2,218

2,588

2,745

2,895

3,050

350m
813m

814m

1,170m
2,218m

2,588m

2,745m

2,895m

3,050m

3,525m

siltstone in basal 60m, red-brown.

Sand, unconsolidated; clay stringers, red-brown.
Clay, red-brown; abundant gyp.,um crystals be-
tween 564m and 686m,

Sand; some gravel lenses; numerous clay inter-

beds, red-brown.
Sand, conglomeratic in basal 20m.

" Sand, silt, and clay interbeds, red-brown;
-occasional conglomerate zone; anhydrite bed

from 2,164m to 2,167m,.
Middle Unit I (predominantly volcanic rbcks)

Tuff, varicolored, basaltic andesite; numerous
Intercalated beds of sandstone and shale, red-
brown and gray; shale contains anhydrite and
gypsum blebs. Selected cuttings of tuff from
2,420m to 2,426m yielded a K-Ar age of 23.,4F
0.6 m.y. (Table 1, loc. 24).

Tuff, purplish-gray, rhyolite

Lower Unit I

Conglomerate, reddish-brown, consolidated;
chiefly composed of volcanic, limestone, and
chert fragments; occasional shale stringer. Vol--
canic material probably derived from the Pre- '
Eocene volcanic surface in the Tucson area.

. Volcanic intrusive?

Andesite, varicolored, basaltic, pérphyritic.
Selected cuttings from 2,895m to 2,898m and

2,972m to 3,002m ylelded K-Ar ages of 16.1F

0.6 m.y. and 18.0 F 1.5 m. y. respectively
(Table 1, loc. 24)., Interpreted to be an in-

trusive dike or sill.
Lower Unit I

Conglomerate, reddish~-brown, somewhat silici-
fied; similar to conglomerate from 2,745m to
2,895m; Jower part sandy and contains beds of
shale, reddish-brown and gray, silty.

3




3,525 - 3,660m

3,660 - 3,837m

Exoron Yuma-Federal No. 1: Section 8, T11S, R24W; Yuma County, Arizona

Shale, gray, silty, waxy.
“Pre-Eocene bedrock”

(total depth) Quartz monzonite. Selected
cuttings at 3,753m vyiclded a XK-Ar age of
46.6X 0.6 m.y., whereas a Rb-Sr whole rock
determination indicated an earlier age of 120F%
60 m.y. (Table 1, loc. 24). K-Ar date is a
reduced age (See Table 1, loc's 28 and 31),

depth

964m

<
1

964 - 1,247m

1,247

3

1,627m

1,627

1

2,115 -~ 2,570m

2,115m

description

Unit II

Colorade River gravels

Bouse Formation

Gravel, éand, silt,‘ and clay ﬁ*ansit)'.on zZone;

contains large fragments of mollusks,
Claystone, light gray; occasional foraminifer

and ostracod.

Marine late Miocene sequence
[

Mudstones', light gray, greenish-gray, salmon
colored; numerous foraminifer, scattered pele-
cypod fragments and echinoid spines; lJower part
contains beds of sandstone, light gray, fine-
grained, tuffaceous: in basal 40m, the sediment
grades downward into a sandstone, medium-to~
coarse~-grained, conglomeratic.

Middle Unit I (predominantly volcanic rocks)

Tuff, gray and reddish-brown, andesite; inter— 4
calated beds of sandstone and claystone, gray |
and reddish-brown, tuffaceous and clay, pale
greenish-gray, bentonitic. Sclected cuttings
of tuff from 2,194m to 2,224m yicided a K-Ar
age of 20 m.y, (Table 1, Joc. 115).

4
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2,570 - 2,743m

2,743 - 3,286m

3,286

3,488m

Andesite, varlcolored, basaltic; Intercalated
beds of clastics ranging from shale to conglom-
erate, dark red to reddish-~brown, indurated,
poorly sorted, dirty appearance.

Lower Unit 1
Granite wash; consists of subangular to sub-

rounded gneissic and granitic rock fragments
in a reddish-brown silty matrix. Intervals from

2,767m to 2,804m, 2,938m to 2,974m, and 3,040m

to 3,152m consist of basalt, purplish-gray andes-
itic, somewhat porphyritic. Selected cuttings of
basalt from 3,078m to 3,108m yielded a K-Ar age
of 20 m.y. .(Table 1, loc. 115). These basalts
are interpreted to represent an intrusive dike and -
sill system into the pre-volcanic section of Lower
Unit I. Volcanic fragments are absent in the inter-
vening clastic beds.

(total depth) Shale, dark red-to reddish-brown,
silty, sandy and sandstone, red, arkosic. Two
basalts similar to those within the interval 2,743m
to 3,286m occur from 3,310m to 3,342m and 3,467m
to 3,488m. L.
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