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ABSTMCT 

Recently obtui.ned seismic datu and the results of stratigrLlphic 

drilling in southwestern Arizona indicate that severnl alluvial-covered 

valleys in this area are underlain by as much as 3000 m of Cenozoic 

deposits. These deposits, with the exception of the rparine late J'IHo~ 

cene clastic wedge of the Yuma Basin and the Pliocene Bouse Formation 

of the lower Colorado River Valley I are the result of continental sedimen-

tation. For the most part, these continental rocks consist of locally-

derived clastic sediments and lesser amounts of interbedded volcanic 

rocKs and, in SOInG valleys I thick bodies of evaporites. On the basis of 

their pos·ition in the stratigraphic sequence in relation to regional or semi-

regional unconformities I the Cenozoic sequence of southwestern f\..rizona 

was subdivided into an older Unit I and a younger Unit II. The boundary 

between these two units is a widespre.ad unconformity surface resulting 

from an important period of block-faulting, uplift, and erosion which oc-

curred in the late Miocene (13 to 12 m. y. ago). The two Cenozoic units' 

have been dated and mapped on the basis of radiometriC;: age determina- . 

tion of the interbedded volcanic rocks I on li~hologic character, and with 

the help of seismic interpretation. 

Sedimentation during the early Cenozoic (Unit 1) took place in 

broad interior depressions under predominantly continental conditions. 

The latc MiocenE: block-faulting episode changed the gecxjraphy of south-
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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 3.n 

a northwest-southeast direction, except for the Gila Trough that trends 

northeast-southwest. Unit II sediments were deposited in these trou9hs 

or grabens. during the late Cenozoic. At least two of the five troughs 10= 

eated in the eastern part of the area studied contain thick sequenees of 

evaporites that indicate interior drainage. These evaporites are .assigned . . 

a late Miocene age on the basis of K-)l.r ages for associated basalts and 

by their position in the stratigraphic sequence in relation to the late Mio·-

cene block-faulting episode. Exterior drainage systems were developed 

beginning. sometime between 10.5 and 6 m.y. ago, and have evolved pro~ 

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

Cenozoic, late Miocene, fanglomerates I vofcanic rocks I ~vaQorites I 

.block-faulting L K-Ar ages. 
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INTRODUCTION 

An exploration program in the Basin and R(lnge province 

of southwestern Arizona recently undertaken by Exxon Company I 

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 fJ~ors of more than 3000 m 

of post-Laramide clastic sediments, volccmic extrusives and, in places I 

anomalously thick bodies of evaporites 0 Except for two marine vvedges 

in the lower Colorado River .Valley I the rocks studied are products of 

continental deposition. The Cenozoic section was found to be barren 

of marker fossils I to contain many abrupt facies changes I and to be 

faulted to such an extent that reliable regional lithologic correlations 

could not be made. Correlation was accomplished I however, by using 

radiometric ages determined from K-Ar ratios in extrusive volcanic inter­

vals interbedded with the sediments. These ages were correlated with a 

magmatic chronology already in use in Arizona (Damon, 1964). The cor­

related ages were then used in combination with geologic and seismic 

data to subdivide the Cenozoic deposits into two unconformity-bound 

stratigraphIc units (Pig. 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 vicinity of Tucson (Fig. 3). This report summa-
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rizes the study and describes the results as related to observations 

made by others in surrounding regions. 

STRATIG RP.PHY 

General 

Nearly all of the Cenozoic rocks in the studied area are 

products of nonmarine sedimentation a deposited under oxldizing 

conditions in fluviatile and lacustrine environments. Included in 

the sed~mentary sequence are some extrusive volcanic rocks. The 

section is almost devoid of marker fossils. Only a few of the la­

custrine clays and tuff beds contain fresh-water ostracods I of which 

species of Candona are the most abundant. Candona sp. ranges 

throughout the Mesozoic and Cenozoic, but is most abundant 1n the 

late Cenozoic. In isolated localities mammalian fossil remains have 

been recorded (Bryan, 1925; Lance I 1960; McKee alld Anderson I 1971). 

In the present study fossils were of little value in dating" or correlating 

-the continental Cenozoic rocks. 

The only marine rocks occur in the Yuma Basln west of the Gna 

Mountains (Fig. 3) I 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 tho 10v-,/e1' Colomdo River 

Valley during a Pliocene invasion of the sea (Metzger I 1968). 
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Cenozoic rocks of southwestern Arizona have been subdi-

vided by previous workers using such criteria as degree of defor-

mation, association with volcanic rocks, similarity in lithologic 

composition, correlation with present physiography, and presence 

or absence of mineralization (Heindl, 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 establish a time-stratigraphic framework in the continental-volcanic 

Cenozoic sequence of southwestern Arizona. 

, During the present study I all available data were utilized to 

establish the Cenozoic stratigraphy of southwestern Arizona. Published 

surface sections were compiled and 93 outcrop localities were visited. 

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

water wells, mostly in Maricopa and YUI1)a Counties I were studied for 

; 
lithology and stratigraphic relationships. These initial sample descrip-

tions ,vere .supplemented by the study of the cuttings from Exxon's four 

stratigraphic tests (see Appendix 1). Published radiometric ages of vol-

canic rocks were augmented with 60 new radiometric age determinations 

(Table 1). In addition, an extensive net of seismic lines was utilized to 

complete the interpretation of the subsurface stratigraphy. 

Results of integrating all the above information indicated that the 

lithologic composition of the Cenozoic section did not lend itself to the 
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ready recognition of distinct lithologic units. Similarly I the lack of 

time-diagnostic fossils made it impossible to determine reliably the 

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

however, that a major unconformity could be recognized within the 

Cenozoic stratigraphic section throughout southwesterrl Arizona, and 

that several t less important, unconformities could also be identified 

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 I or chronology determined by fos sil evidence I but by 

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

mity surfaces. 

On this bas'is the Cenozoic section in southwestern Arizona has 

been divided into two main unconformity~bound units: an older Unit I 

(Eocene to late Miocene in age), and a younger Unit II (late J\1iocene to 

Holocene in age) I (Fig. 2). The boundary between these two units $.s a 

widespread I easily~recognized unconformity surface resulting from a 

period of blOCK-faulting I uplift e and erosion which t on the basis of K-Ar 

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

17 and 12 m. y. ago. Additional information guthered during the present 

stud~' permits nurrowing the dute of this tectonic episode to around 13 to 

12 m.y. ago. 1t wIll bo referred to as the 1I1ate Mioeone block~f(lulting 
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Unit I rests directly on a mnj or unconformity separating 

rocks of Eocene to Miocene age from a variety of Pre-Eocene rocks 

I 
i 

ranging in age from Precambrian to Paleocene. Unit I has been sub-. 
divided into "lower" I "middle" I and "upper" subunits., also on the 

. 
basis of readily-recognizable unconformity sudaces (rig. 2). The 

middle subunit is composed predominantly of volcanic rocks and lesser 

amounts of interbedded pyroclastic sediments, formed during a period 

of uplift and volcanism which Damon (1964) has called the "Mid-Tertiary 

orogeny". During this tectonic episode the Lower Unit I sediments were 

folded, faulted I intruded by magmas and eroded (Figs'. 4, 5, and 9). 

Figure 2 summarizes the stratigraphic subdivision of the Ceno-

zoic section of southwestern Arizona, sugge~ted as a' result of the present 

stt~dy. It' also shows the relationship of the proposed new units to the 
.> 

local lithologic units previously used by various authors in the area. 

Unit I .. 

Unit I rocks rest on a floor composed of rocks having a wide range 

of ages. In t~e central part of the study 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 Pnleozolc section Is more widespread I thickens I 

and is overlain by Mesozoic and early Cenozoic (Paleocene) rocks that 
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were subjected to Laramide diastrophism. 

Unit I includes all rocks deposited between the beginning 

of post-Laramide alluvlation, about 53 m.y. ago (early Eocene), ~nd 

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 8 shallow depressions of a J.ow~re1ief land surface. 

Although these depocenters were undoubtedly modified at times by tec-

tonic adjustments and volcanism, the sediments generally qontaln no 

evidence of large-scale contemporaneous vertical movements except 

during the Mid-Tertiary .orogeny. As interpreted from preserved remnants I 

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

volcanism. 

Rocks of Unit I can be subdivided into three subunits: (1) a 

lower subunit that was deposited during the magmatic quiescent period 
. . 

between the Laramide orogeny and the Mid-Tertiary orogeny; (2) a middle 

subunit, of volcanic rocks and intercalated sediments deposited during the 

period of volcanic activity associated with the Mi.d-'l'eli:iary orogeny from 

31 to 17 m. y. ago; and (3) an upper sequence of beds that postdates the 

volcanism I but predates the beginning of late Miocene block-faulting. 

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

remnants of fluviatile reddish-brown arkosic sandstones anct interbedded 

fanglomcratcs. In places t tho thickness of theso sediments lunges up to 
.. ' 
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several hundred meters. The s{mdstones are poorly sorted I moc1er-

ate1y to well-indurated, and composed of quartz, feldspar, biotite, 

and fragments of gneissic and granitic rocks. Weathered iron oxides 

and a reddish-brown s~1ty matrix give a distinctive reddish cast to 

these sediments. The fanglomerates are composed mainly of rounded 

to subangular cobbles and boulders of gneis s a~d granite (Fig. 10). 

Both the sandstones and fanglomerates apparently have been derived 

from nearby source areas that were parts of a widespread and fairly 

homC>;1eneous Precambrian gneissic and granitic terrain. 

In the northwestern and southeastern parts of the study area, 

Lower Unit I fluviatile sandstones and conglomerates interfinger ",.lith 

lake beds. These lucustrine sediments locally contain thin, algal lime-

stones similar to those found in the Flagstaff Formation of central Utah 

(Spieker, 1946). Best development of this type of limestone" occurs in 

the Artillery Formation in the Rawhide and Artillery Mountains east of 

Parker (Fig, 3, loco 85) where it contains snail shells, Chara fruits, 

and silicified palm roots of Eocene age (Lasky and Webber, 1949). 

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 ash 

flow tuff in ~he Pantano Formation located in the Tucson area. These vol~ 

canic rocks have been dated as boing 38.5 m.y. and 36.7 m.y. old, re-
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spectivcly (Table I, locs. 19, 34). They ore approximately contem-

ponmeous with vo19anic activity that started in the Mogollon-Datil 

volcanic province of New Mexico and l\rizona as early as 38 m. y. 
. .' 

ago (Elston and others I 1973) I and in central Nevada about 37 m. y. 

ago (McKee and Silbennan, 1970). Data collected elsewhere in the 

study area indicate that volcanism was widespread near the end of the 

Oligocene and the beg"inning of the Miocene (26 m. y. ago) c. 

Middle Unit I (predominantly volcanic rocks). The lower bound-

ary of the middle subunit of Unit I is marked by the begInning of wide-' 

spread volcanism associated with the Mid-Tertiary ·orogeny. This 

volcanic episode modified the geometry of earlier depositional basins 
,r 

and produced great quantities of rhyolitic to andesitic tuffs I breccias I 

and flo,vs. Sediments intercalated with the volcanic rocks consist of 

Indurated torrential deposits of red sand, gravel, and massive beds of 

fanglomerate. Isolated, thin beds of algal limestone and mudstone l and 

·associated beds of water-laid tuff indicate intermittent local development 

of lakes. Unconformities are common within the unit. 

A's indicated by the Middle Unit I rocks ( volcanic a ctivity became 

intense near the end of Oligocene time I spreading during the early Miocene 

throughout southwestern Arizona and lasting some 6 m. y. Of the 67 K-Ar 

derived ages in Table 1 thut fall between 31 m.y, and 17 m,Y.{ 48 arc in 

the time interval from 26 m.y. to "20 m.y. Twenty"sDvcn of the 67 dctcr'~ 
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mlnations 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 UnitI. These Mid-Miocene continental deposits consist. 

of grayish-brown, poorly consolidated sands I fanglomerates (containing 

abundant volcanic detritus), varicolored mudstones I and beds of water- -

laid tuf~. Locally, these sediments are intercalated with and overlain 

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

monly. varicolored •. Well-preserved, fresh-water ostracods are common 

in the mudstone and tuff beds. Typical of these middle Miocene sedi-

ments are the Daniels Conglomerate in the Ajo area (Gilluly I 1946) and . -

the Chapin Wcsh Formation in the Ravlhide and Artillery Mountains (Lasky 

and Webber I 1949). 

Upper Unit I deposition began as the Mid-Tertiary orogeny started 

·to wane about 20 m. y. ago. Available evidence suggests a decrease and 

cessation of orogenic and magmatic activity with the establishment of new 

interior drainag~ patterns. Topographic lows and areas of local subsidence 

became new sites of alluvial-fan and playa deposition. 

Beginning about 15 m. y. ago, volcanic activity was renewed with 

a rather widespread outpouring of basaltic lava. This volcanic episode 

continued for about 5 m. y. with large-scale block-faulting starting about 
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midway through its duration. Volcanic activity appears to have 

been more intense during the pre-fault period, judging from a pre= . " 

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

Unit II 

Latc Miocene block-faulting destroyed previous dralnage 

and depositional patterns and created a new horst-and~graben teh 

rain. Rocks of Unit I were faulted and eroded and have a dist5.nct 

angular relationship with the overlying beds of Unit II. The fault 

troughs I or grabens I became depocenters for clastics eroded fron) 

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

of declining volcanism. Unit II inciudes the rocks" deposited in those 

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 6 where thick I late lvHocene 

fluvio-lacustrine sediments 8 containing locally thick bodies of evapo-

rites,. accumulated in rapidly subsiding trough-like basins; (2) a centr"al 

area I where a much thinner fluvio-lacustrine sequence I without evapo-

rites, was deposited; and (3) a western areal the Yuma Basin and the 

lower Colorado Rive~ Valley I where marine sedimentation dominated. 

Unit JI in tho Eastern Area. In two of tlw five trough-like basins 

that occur between Phoenix and Tucson (Fig, 4) I Unit n contalns thlck 
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I evaporite sequences. 

A well drilled near Phoenix in 1969 by the Arizona Salt 

Cornpa ny penetrated 1219 m of rna s s1 ve halite withou t reaching its 

base. This occurrence was described and named the Luke Salt by 

Eaton and others (1972). Subsequent seismic mapping by Exxon 

showed that the well drilled into a shallow, large, dome-like salt 

mass possibly more than 3000 m thick (Fig. 7). The material under-
, 

lying this salt mass has not been penetrated by wells, but its age and 

lithology can be postulated ~rom widespread well data and seismic cor-

relations .. 

The Exxon State (74)-1 (Appendix 1), located 115 km to the 

southeast of Phoenix in the Picacho Basin, penetrated slightly more 

than 1800 m of massive anhydrite containing only minor interbeds of 

shale,' tuff, halite and limestone nodules. The anhydrite was encoun-
. . 

tered in a stratigraphic position comparable to that of the Luke Salt, 

suggesting that at Jeast the upper part of the two evaporite sequences 

may be time correlative. The State (74)-1 encountered a basalt flow 

a~ a depth of 2765 m that yielded a K:"Ar age of 17 m :y .. (middle Miocene, 

Table I, loe. 5). Overlying the basalt flow are fanglomerates that grade 

\lpward into the Picacho Basin evaporites. This evaporite section grades 

upward into an undated section of red-brown claystone containlng some 

sand, anhydrite, and gypsum. In the Phocni:< Basin, howGver I some thIn 
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basalt flows are locally intercalated in an equivalent clastic section 

tha't lies stratigraphically above the Luke Salt. One of these flows, 

penetrated by the Goodyear Farms water well (Table I, loco 59) I yield-

cd a K-Ar age of 10.5 m.y. (late Miocene). This 15 approximately the 

age of yo~nger basalts of the Hickey Formation of central Arizona (Mc~ 

Kee and Anderson, 1971). I{it is assumed that the l.uke Salt and the 

. 
Picacho Basin anhydrite are approximate time equivalents I the occur-

renee of. basalt of late Miocene age in beds above the forme: and basalt 

of middle Miocene age below the latter dates both evaporites. 

Anhydrite and gypsum have been encountered in the Chandler f 

Red Rock, and ,Tucson basins but no thick evaporite secHons ,have been 

penetrated by wells. These are areas of very sparse deep subsurface 
• # 

control I however I and contain large volumes of ,unexplored sediments. 

,Over 1200 m of relatively pure halite was penetrated in a well 

north of Kingman in the Hualapai Valley (Peirce, 1972) c Peirce believes 

this deposit, which he named the Red Lake Saltl is tabular in shape and 

was formed in a closed basin. 

The Muddy Creek Formation in the Lake Mead area also contains 

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

late Miocene ages have been determined for the ove.rlying Fortification 

Basalt Member of the Muddy Creek Formation (Andorson and others f 1972). 

A snmplc of a thin basalt flow in tho Muddy Greek Formation 
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collected on the west shore of the Overton ann of Lake Mead (Fig. 1) 

yielded a latc Miocene K-Ar age of 8 m. y. (Table I, Joc. 124). Lo-' 

cally, this basalt has been domed by upward movement of the under-

lying salt. Other basalts and dikes that have been assigned to the 

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

(Anderson a'nd others, 1972). 

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

lacks the deep Tertiary troughs that characterize the ea stern part.1 and 

it is probably 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 I red-brown clays I and basalt 
. . 

flows. Ross (1923) noted a persistent occurrence of red-broV\'Tl clay in 

.~ .. 
, ! .. 

.- . 

I \'1 ,:J 
the subsurface of the lower Gila River area and correlated it with similar y 

deposits in the Mesa area, 20 km east of Phoenix (Lee, 1905). Red- I '. 'l". ' \11.! 

brown clays were also described in the Gila Bend area by Heindl and (I) 

Armstrong (1963). In the Exxon State (74)-1, red-brown clay was en-

countered be.tween 198 and 707 m directly above t?e Picacho anhydrite •. 

In the Tucson Basin, the same kind of clay was encountered by Exxon's 

State (32)-1 (Appendix 1) between 350 and 8~3 m. In· the latter well the 

Interval from 564 to 686 m contained an abundance of gypsum crystals. 

Ross concluded that the red~brown clays found in the subsurface 

of the lower Gila River area were probably lake deposHs I and data 
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gathered in this study support that conclusion. Also l these data 

suggest that the clays were products of the sume period of interlor 

dwinage thut produced the evaporites in the eastern troughs making 

them contemporaneous. 

These red!..brovm clays grade upwards into river gravel deposits 

indicating termination of lacustrine conditions and th(~ development of 

exterior-drainage systems 0 A K-Ar age of 6.0 m. y, was obtained for 

a basalt. flow overlyin9 minor amounts of river gravels near GHlespie 

Dam, about 70 km west-southwest of Phoenix (Fig. 3 , loc. 97). Based 

on this age and the 10.5 m. y. age of the basalt flow intercalated with 

lacustrine sediments overlying the Luke Salt in the Phoenix Basin l ex-

tenor-drainage systems began developing sometime between 10.5 and 

6.0 m.y. ago. 
, 

Along the lower Colorado Hiver Valley I in the Cibola-Parker area I 

a poorly consolidated sand and gravel fanglomerate (Metzger ( 1968) may 

be the time equivalent of the late Miocene interior basIn deposits. Some 

10 km cast of Parker in Osborne Wash this fanglomerate rests unconfonn": 

ably on steeply tilted red beds of Unit-I (rig, 11), 

:Unit II 'in the Western Area. Unit II in the ,,,,'estern area consIsts 

of a marine wedge of clastic sediments of probable late Miocene age con-

fined to the Yuma Basin and the overlying more wldespread Pliocene Bouse 

Formation. Overlying the Bouse Formation are Colorado River gravel 
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deposits. 

Marine tate Miocene of Yumfl I3asin. In the subsurface of 

the Yuma Basin, a few of the drilled wells have encountered a marine 

sequence (Mattick an4d others, 1973). Ey..xon's Yuma Federal No, 1 

well (Appendix I), located 25 km southwest of Yuma (Fig. 3, loco 115), 

penetrated I from 1627 to 2115 m, 488 m of light gray, greenish-gray, 

and salmon colo~ed mudstones and fine~grained tuffaceous sandstones. 

In the basal 40 m, the fine-grained sediments grade downward into a 

medium-to coarse-grained conglomeratic sandstone that rests uncon-

formably on volcanic rocks and intercalated continental-type sediments. 

A similar appearing clastic 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. 

Sample cuttings from the Exxon well contain abundant specimens 

of minute shallov; water foraminifera, scattered pelecypod fragments ,. 

and echinoid spines. This fauna I however, was not recognized in the 

Colorado Basin Associates I Inc. well. Foraminifera observed in cuttings 

from the Exxon \-vell include abundant benthonic forms of Bolivina sp. I 

Cibicides sp. and Nonion sp. Species of Discorbis I Spiroolectammina I 

Gyroidina and Planulina are also present. Poorly preserved specimens of 

.Globiqcrina and Sphacroidinolln are present in the busal 10m of the 

clastic sequence. No specific determination of these forms was possible 
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and, cqnsequently 6 they could not be used for age determinations. 

A late Mioc9ne age is ussigned to this murine clastic sequence 

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

formably by the Pliocene Bouse Formation; (2) dip meter data from the 

Exxon well indicate the sequence dips gently and overlies vlith distinct 

angular discordance the underlying steeply dipping volcanic rocks and 

intercalated sediments which have been dated on the basis of K-A[' 

analyses as being 20 m.y. old (Mid-1v1iocene) (Table 1/ loco 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 the fanglomerate 

cropping out along the lower Colorado River Valley in the Parker-Cibola 

area. They may also be correlative to the redefined marine Split Moun­

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

Valley. 

Marinoe Pliocene Bouse Formation. The Pliocene Bouse Fomation 

in the Yuma Basin {Metzger I 1968; Smith, 1970} unconformably overlies 

the previously described latc Miocene marine sediments. The Bouse For­

mation also overlie~ unconformably the late Miocene fanglomerate in the 

Cibola - Parker area (Fig s. 11 e 12). In the lower Colorodo River Volley t 

this relatively flat-lying formution crops out at severa} lOGCllitics north 
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of Yuma and was pcnetruted in the subsurfuce nour. the 'International 

border ny the Exxon Yuma Federal No.1 betvlCen 963 and 1627 m. 

In outcrops I the formntion is composed of a basal, white, 

tuffuceous limestone overlain by an olive-gray claystone. Minor 

amounts of silt, sund, und gravel occur generally throughout the unit· 

and the silt and sand percentage'increases l.lpvmrd. The basallime­

stone was not encountered by the Exxon well or by the Colorado Basin 

Associa~es, Inc. Federal No. I, located 10 km northeastward. Atboth 

lo~atlons I Bouse claystone rests directly on the older marine clastics 

already described. At the Exxon location the Bouse Formation is com­

posed of fossiliferous, light-gray claystone containing occasional thin 

beds of fine-grained, light-gray sandstone with varying amounts of tuff. 

Occasional foraminifers, ostracods, charophytes, barnacles, and mol­

lusks are contained in the formation, the mollusks being more common 

in the sandy upper portion. 

,A tuff layer in the basal limestone of the Bouse Formation has 

been dated as 5.4 m.y. old (Damon, 1972 i oral commun., Table I, loc.' 

122). This Pliocene date confirms that the Bouse is probably younger 

than the red-brown 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. Noble (1931) described sedimonts similur to the BOUf;C (llong 
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the Colortldo River Valley near Needles e Culiforniu( and in the 

Chemehuevi Vulley west of Luke Havusu (Fig. 1). Simn<.1f sedIments 

have also been observed as far north as IJake Mohave {Fig. 1) I whore 

Bouse-like white, limy tuff and olive-green clays unconformably ovor-

lie a fanglomerate of local derivation in the washes 095t of the lake. 

O-Jerlying the clays are Colorado River gravel deposits. . 

It has been suggested (Lucchitta 0 1972) that the thi.ck marine 

Imperial Formation cropping out in the mountains west of the rmperial 

Valley may correlate with the Bouse Formation • The only information 

collected during the present study that may have a bearing on this 

problem \vas a stratigraphic relationship observed in the Coyote Moun-

tains (Fig. I, loco 123) where the Imperial Formution seems to rest un-

conformably on th3 16 m.y. old Alverson Volcanics (Table 1, loc. 123). 

STRUCTURAL DEVELOPMENT 

General 
.. 

Southwestern Arizona has a typical "Basin and Rangel! structure 

of mountain-forming horsts separated by valleys underlain by grabens 

or half~grabens. The prevailing structural grain trends in a north'.',vest>-

southeast direction .. A notable exception is the Gila Trough that c10sely 

corresponds with the northeast~southwest-trending .lower valley of the 

Gila River. 

Tho following brief descrIption of tho structuro of the area is 

10 



, 

almost exclusively restricted to the beds of Unit II, deposited after 

the late Miocene block-faulting episode and the resulting subsequent 

regional unconformity. Good seismic data allow interpretation with 

reasonable certainty of the attitude of these younger beds beneath the 

alluvium-covered valleys. Evidence to interpret the structure of the 

pre-late Miocene-unconformity section (Unit I) is I' on the other hand, 

restricted to the exposed remnants of this unit in the mountain ranges, 

since the quality of seismic data· below the unconformity'is yery poor. 

The geologic structure of southwestern Arizona is illustrated by· 

means of five cross sect~ons (Figs. 4 to 8) • Their location is shoV\7l1 on 

a genenilized 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 beginning of the deposi­

tion of Unit II. The cross sections are based on subsurfa'ce information, 

on seismic data recorded in: the valleys, and on surface observations in 

the surrounding mountains. 

J.ate 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 Phoe~ix, Chandler, Picacho, Redrock, and Tucson basins. 

They arc the deepest fault trenches encountered in the study cast of the 

SCllton Trough. As interpreted from seismic auto. and the lithology of the 
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deposit5 that fill them, these fault troughs resulted from late 

Miocene block-faulting. Previous to this tectonic episode I durIng 

early Cenozoic time, the area appears to have been stable and re1-

atively free of subsidence. At shallow depths I all Hvc trou9hs are 

simple structural 'basins I but with increasing depth they grade lnto 

narrow, complex grabens bounded by parallel to sharply·-convcrging 

normal faults. The grabens arc irregular in shape but tend to be rec'~ 

tangular! having lengths about three to six times their widths. In a 

general way I they parallel the bordering mountain ranges. 

,Deep central parts of the troughs apparently are not inter-

connected. Depositional continuity seems to occur only at shallow 

depths in younger beds that extend laterally without interruption over 

buried horst blocks and around fault ridges. As described in the section 

on stratigraphy I some basins contain thick sequences of eva'porHes. These 

evaporites are strong evidence that the northwest-southeast-trending troughs 

interrupted the regional drainage for a prolonged period of time; creating' 

'widespread lakes. 

Section B-B' (Fig. 5) crosses three depositional areas of special 

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 felated to Salton Trough tectonics them to those of Uw Bas)n 
,:' ,,} ~ 
.• r .. '-

and Range province to the east. Presence in tho Yuma BasIn of a thin Unit r 
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is interpret~d 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 Andreas 

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 I I 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 charac·­

teristics typical of other troughs in the study area. Structure beneath the 

wide valley fl~or ~s composed of a narrow central graben between b~oad, 

sloping mountain pediments. The profile suggests that a onc~-narrov.; 

valley between broad ranges has grown in ,vidth at the expense of the 

eroding surrounding highlands. The Tucson Basin is interpreted as a 

product of late Miocene block-faulting. Locally 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 extrusives, 

and these deposits can vary in thickness for reasons other than local sub­

sidence. 

Section D-D' (Fig. 7) is a seismic profile across the Phoenix 

Basin showing its block-fault stnlcturc and an interpretation of the shape 

and distribution of the Luke Salt mass. As described h{ the section on 
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stratigraphy, subsurface well and seismic data show that upwtlrd 

movement of salt has domed the overlying sediments at the location 

of the Arizona Salt Company well. 

The Gila Trough 

In contrast to the northwest-southeast structural grain of other 

basins in southwestern Arizona, the Gila Trough is a northeast-south-

west-trending 8 sediment-filled trench underlying the lower GUa Ri.ver 

Valley east of Ligurta (Fig. 3). It is 140-150 km long and)5 to 25 km 

wide. Section B-B' (Fig. 5) follows roughly the axis of this trough for 

about 100 km between Ligurta and a point near Hyder where the line of 

section leaves the trough. Near Horn, the only place where Ex:x:on seis-

mle lines cross it at right angles I the Gila Trough is a true graben bound 

by two (or more) faults (Section E-E' I Fig. 8) •. The trough was crossed by 

seismic lines at three other widely separated places I but the lines 1nter-

sected its axis at low angles I making the interpretati.on of the geometry of 

the trough difficult. Seismic data indicate zones of abrupt stratigraphic 

thickening and faulting within the trough, but the or5.entation of these 

faults could not be determined with certainty •. It seems proba ble I however f 

that the trough throughout its length is a graoen or half-graben. 

Sufficient data are not available to adequately explain the anom-

alous northea stern trend of the Gi.la Trough. It may repre~ ant a reacHvuted 

Precnmbrian structural element 'which controls the course .of the lower Giln 



River and possibly even parts of the course of the Salt River upstream 

from Tempe. In any case I the presence in the Gila Trough of thick de­

posits of Unit I indicates that it predated late Miocene block-faulting. 

Younger block-faulting overprinted the older northeast-southwest struc­

tural trend, forming horsts and grabens within the Gila Trough that are 

aligned with the northwest-southeast trend of other present-day valleys 

and ranges. 

0. GEOLOGIC HISTORY 

Based principally on K-Ar age determinations of volcanic rocks 

and their stratigraphic relationships to associated sediments I the f01-

lQwing is an attempt to reconstruct the.chronology of geologic events in 

southwestern Arizona: 

1. Beginning with the decline of the Latamide orogeny I about 

53 m.y. ago and lasting until about 31 m.y. ago, southwestern Arizona 

was an area of general magmatic quiescence (Damon~ 1966). This was 

a time \\'hen subaerial fanglomerates and associated 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 an oxidizing environment. 

2. Widespread tectonism began approximutely 31 m. y. ago I in 

late Oligocene, and continuod until around 18-17 m.y. ago. This epi­

sodo, known as the Mid~Tertlury orogeny 8 was Hccompnnlcci by rC0i.oliLll 
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heating of the crust, plutonismg minor minerulization( and extrusion 

of great quantities of rhyolitic to andcsitic tuffs I breccias, and flows 

which modified earlier druinage patterns and the location of deposi-

tionaI sites. Isolated lacustrine sediments were deposited in newly 

formed interior-drainage basins. Locally I torrential deposits of fluvr.=-

atlle red sqndstone and boulder beds were intercalated \vith the volcanic 

rocks 0 Rocks deposited during and preceding this event were faulted, 

steeply tilted, and locally: folded. 

Damon (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-

·diorite gneiss apparently having a similar hist~ry was encountered at 

3101 min Exxon's State (74)-} near Picacho (Table 1, loco 5). AK-Ar 

age determination of biotite separated from a core of tMs material yielded 

°an Oligocene-Miocene age of 26 m. y. D while a Rb~~Sr whole rock deter-

mination on the same sample indicated a Precambrian age of from 1275 to 

1540 m.y. These discordant ages lend additional support for DamonQs 

conclusions. 

Thrusting associated with the Mld-Tertimy or(~Jeny has been 

described near Parker and Tucson (Lasky and Webber. 1949; Wilson and 

Moore e 1959; Cooper t 1960) 0 Lasky and Vvebbor intorprctcd the presence 
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of 1.'1,rge, exotic rock masses, brecciated blocks, and breccia beds 

of Precambrian and Paleozoic rocks in the Rawl1ide and Artillery 

Mountain areas as evidence of a thrust sheet within the Artillery 

I 
I 

Formation. Field observations in this area, and others to the west 

in the vicinity of Parker I lead us to believe that this chaotic material 

does not represent remnants of thrust sheets I but is- gravity-induced 

landslide blocks and debris associated vvith wrench-faulting in the 

e,ar1y Miocene. 

Similar gravity-induced rock mas ses h.ave been interpreted 

in the Tucson area. Cooper (1960) describes mudflow-Iandslide breccia 

and large individual block landslides in the Pantano Formation. Dnvid-
" 

j 

son (1970) believes some of the large outcrops of Precambrian and Meso-· 

zoic rocks in the western foothills of the Rincon and Santa Catalina moun-

tains east' of Tucson may be large landslide masses empiaced during the 

deposition of the Pantano Formation. Davis q 975), powever I believes 

that these large outcrops of Precambrian and Mesozoic rocks represent 

-
gravlty-induc'ed folded remnants off of the Catalina-Rincon complex during 

domal uplift by ascent of gneissic domes and arches 28 to 24 m. y. ago: 

His data indicate that the grayity-induced folding during low-angle dis-

placement took place under substnntial cover I possibly 3 to 4 km. Davis 

does not present any evidence that v,>fench--fnulting was associated with 

the domnl upJ ift • 
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3. From 18 to 15 m.y. ago, a relatively quiet period occUlTed" 

during which fluviatile and lacustrine sediments were dcposHcd. 

4. From 15 to 10 m.y. ago, volcanic activity resumed with 

widespread outpourings of basaltic lava. 

S. Regional block-faulting began in the late Miocene I approx­

imately 13-12 rn.y. ago, and modified all earlier landfom1s. The pre­

ceding surface was converted into a horst-and-graben terraIn with the 

subsidiI)g fault troughs forming new interior-drainage basins. These 

basins were depositional sites for locally derived detritus I and at least 

two basins in the study area ccntain thick bodies of evaporites. Peirce 

(1973) 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 deep troughs adjacent to the Colorado Plateau; he further sug­

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

About 10 m.y. ago, faulting began to wane and sedimentation in previ­

ously separate interior basins began to coalesce. 

As stated previously I Damon and others (1973) dated the late 

Miocene episode of block-faulting between 17 and 12 In. y. old. In 

some places basalts 'as young as 13 m. y. (Table I, loe. 86) have been 

significantly displaced by faulting. It is of interest that Anderson and 

others (1972) concluded that large~scale fuult displacements in the Lnke 

Mead area (Fig. 1) ceased before deposition of the rortlflcaUon Basalt. 
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This member of the Muddy Creek Formation has K-Ar ages as old 

as 11.3 m.y. 

6. Exterior-drainage systems began developing sometime 

between 10.5 and pm. y. ago. In the Phoenix Basin a thin basalt 

flow occurring within lacustrine sediments and overlyfng the Luke 

Salt .mass in,dicates that a closed basin environment was still present 

approximately 10.5 million years ago (Fig. 3, loco 59). Presence of 

minor amour:ts of river gravels below a 6.0 m. y. old basalt "near Gil-

lespie Dam, about 70 km west-southwest of Phoenix, (Fig. 3, loco 

97) indicates that ehi:erior-drainage began to form in early Pliocene. 

Thick deposits of'Gila River gravels below the 3.0 m. y. old Sentinel 

basalt (Fig. 3, loe. 106) are evidence that through-going drainage was 

well established by late Pliocene and'probably reached the Yuma area. 

According to Lucchitta (1972) I the lower Colorado River drainage was 

developed between 10 and 3. 3 m. y. ago, but probably' after 5. 4 m. y. 

ago. High, flat-lying terrace deposits of the Colorado River I from the 

Grand Canyon to the Gulf of California I first ,noted by Lee (1908) I are 

believed to be older than 3.0 m. y. Ross (1923) recognized old Gila 

River terraces some 20 to 25 m above the present lower Gila River flood 

plain. Horso bones found in these terrace deposits near Ligurta suggest 

an early Pleistocene age (Bryan, 1925). Lee (1905) described,similar 

tcrruces 8 '7 to 8 m above the Salt River Clt MesCl. 
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Available evidence suggests volcanic activity lncreased 

during the period from 6 to 3 m. y. ago. 

7. By 3.0 m. y. ago, the lower Gila River had reached Hs 

base level of deposition when the basalt flows around Sentinel were 

extruded on the surface. Increase of gradients since 3 In,. y. ago along 

the Colorado and Gila rivers has allowed these systems to remove 

great quantities of material from their lower valleys t thus exposing 

older valley fill material in the adjacent bluffs. 

Geophoto analysis of the study area shows only one minor 

remaining closed drainage basin. It is located southeast of the town 

.of St::ntinel, contiguous to the Sentinel basalt flows I and was probably 
.r 

formed when these flows disrupted locel drainage. 

.' 
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Figure 9. Steep westerly dipping beds of Unit I at the northern 
e"nd of the Mohawk Mountains, east of Yuma. 

Figure 10. Typical boulder fanglomerate of Un5.t I. 



Figure 11. Gentle westerly dipping late Miocene fanglomerate 
(b) and 'white Bouse limestone (c) of Unit II unconformably over­
lying tilted beds of Unit I (a) I Osborne Wash east of Parker. 

Figure 12. 
glomerutc 

White Bouse limestone resting on late Miocene fan~ 
nCuf Cibolu. Contact represents an erosioni:ll surfoco. 
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TABLE I. 1'.A1>IOMCTRIC I\GCS or ROCK SAMPI.I:S IN SOUTlrllcsrr.nN ARIZONA AND AOJAceNT I\llL:'\S 

Cj 

C\ ~~ ,/ 

,..."" 

l.} 

ta",ple p.O<:k 'Y~, l,]neou5 !l<Y.ly 
Loc.a.Uty or $t.r4!li'I~;:.hlc FCrr.'Iatlon 

~on 
fl:l. 1 

1 
2 

3 

, 
S 

S 
7 

8 , 
II) 

11 

12: 
13 

U 

15 
15 
)7 
la 
19 
20 

21 

22 

23 

H 

2; 

28 

)1 

32 

)3 

~ 

3S 

:t6 
)7 

e", ult (J..":lelope Pe3k) 
GnAlt .. 

txxe!l S~! .. (HI ~Io. ) 
2,792::0-2,807", (b~salt) 
3,101",·3, 102m (<;uartz 
cHcrl!e 'ii~1ss) 
3, IOh:·), 102", (quartz 
~ied!" ;:::elss) 

~$eo k-G~s1te 

c--ro ?r.e:3 Basalt 

Sa:=ar.J~o Andesite 
<;>J.a:-..z h:.1~e 
~tro;ly;:h H1ll Andesite 

B-<my No. 1 Fcuml 

1.057::>-1,072:1 (welded tull) 
!-.asal: ~i:e 
r.!::yx.ac!:.e £Recortado 
ash flO>tl 
~-sa?t 

?-3sc::!e l::-":esfte 
~$~!!i:: ~=.3~s~te 

S?J:!:ri ?e~i: Dacite 
Saf!.:r: !:.;!! 
i:1111:o ;_-~~$1!e 
Ur?!"==-:-s:. bz.salUc ar.c!eslte 
CIu=;::o:- Hili) 
-};.. ).!".:t"~l" gray tuf! 

~sal:.f:: ~:.des1te (Martinez 
Jilin 
F~~!t!e ar::ie-slte (Shick 
).!ca: .... !;.!,.-J. OJerlies San 
X!.v!e-r CX'llo:r;erdte 
txxca S",:e In) No. 1 

2. {2t>::>-~ ,4.26", (andeslt1c 
};.on!!) 
2.SilS::>-2,6gee (an.:lesltlc 
unIt 
2,572=>-3,002m Canct.sltlc 
b>Jalu 
3.'53" C""artz monzonite) 

'I1:rc..7 tr.cl, porphyt)' (P1ll0w 
~va In t."e Helmet 
h:-.;l=eratel 
FlU> t::!f 1" the Helmet 
ra:-.;loc::uate 
null Grar.1te 

~salUc andesIte 
~:'yoeu:l:e \1trorhyte 
IG:OS\"'~or P.llls Volc~nicsl 
tle;M~ Qu~rtz Monz.onito 

lI1:>yoltt~ vltrt>phyro ('Box 
Cant"'" <111< .. swarm) 
Cc"tlt><nt~1 CranoJlorlte 

,hyolt:& ash lIow (Pofltono 
Fom-..lI.>nl 
P-<!nt!lf)O tufi 
'lur\."}'-lr~cl P"'l'hl'ry (UPI'M 
V.."1rt o! f.lllt""n(\ rNI'Hitlonj 
(Nartl th."'1ltClnl1e 
Qu-art: th'O!\"'Ionlt(J 

Loootlon 

Lilt 32° 47'SI"N. LOI19 112° IO'30"W 
32° 59'30"N 111° SI'OO"W 

32° 59'OO"N 

33° 07'32"N 

111° 49'OO·W 

111° 39'J4"W 

NW/4, NW/4 Sec. 2, TaS, RaE, 
Pinal Co, 

Sama nisgo Hills, Pinal and Plm~ Co •• 
do. 

do. 
I.<It320 26'36"N. Long lUo 29'30"W 

~2° 23'07"N lUo 24'42"W 

NE/4, SE/4 Sec. 27, TllS, RIOt, 
Pima Co. 

Lat 32° 12'34"N, Lon9 111° 22'14"W 
320 10'44"U 111° 21'24"W 

320 0S'SO"N 

32° 07'29"N 
320 04'03"N 
320 20'44"N 
320 19'43"N 
320 19'34"N 
320 IZ'47"N 

32° 12'32"N 

111° 19'17"W 
111° 19'5O·W 
111° 24'23"W 
tllO OS'SS"W 
lIla 08'21"W 
111° OO'22"v/ 
111° OO'20"W 

110° 59'22"W 

SW/4. Sec. 23, Tl5S. RI3E, PIma 
Co. 
Sec. 6. TI6S, R12E, Pima Co. 

NE/4, NE/4, SW/4 Sec. 5, TI6S, 
RISE, Pima Co. 

I.<It 31° 56'4S"N, Lon9 111 0 04'lS'W 

310 S7'06"N 

:no 54' N 

:11 0 ,(3' N 
31° 34'OS"N 

:no (S'lO"N 

:no 41'5S"N 

Illo 04'30"W 

!l10 !l'30·W 

illo IS' W 
110° S3'10'W 

110° 53'SO·W 

110° 40'OS·W 

110° 40'30·W 

ApPllront hJe 
m.y. 

2S ! 5.2 
861 ! 26 
853 ! 26 

71. 7:!: 2 
?0.9! 2 

ISS :t 1.9 

17 
26 

1,275 
1,S~0 

lS.2:!: 4.8 
17.6:!: 1.3 
26.S! 0.8 
I9.S! 1.2 
25.0! 2.0 
21.9! 1.4 

29 ! 2.S 
9.7! 1.7 

l2.S! 0.6 

10.4! 1.3 
23.S! 1.4 
23.3! 0.7 
24.S! 0.9' 
2S.2! 1.4 
38.S! 1.3 
19.8:!: 3.0 

2S.8:!: 0.9 
29.7! 0.9 
23.S:!: 0.7 

24.S:!: 0.7 

n..r! 0.6 

16.1! 0.6 

IS.O:!: J .5 

(6.6! 0.6 
120 : 60 

24 

30.1: 1.2 

21.9~ 2.6 

5S !" 3 

~SO ! 2() 

23.4: (j.S 
26.2:': 1.9 

69.a! 2.9 

lSO ! 30 

2S.9~ i.3 

55.s! 2,4 

1,360 ~20() 

:11(> W'S"N HOD 3S'3C,"W 36.?! 1.7 
32.8~ 2,6 

32° 0I'24"N noo 30'OS"W 29.2! 0,9 
teeMlon unknown 24.4J: 2,6 

L6t 320 OG' N. t01111110o~G' I. 5~O ~ W GO 
320 07' N tlOo 28' W 23.5t 0.9 

24.81 0,9 

R3dlomolrlc "'Ie 
M<lthod lind 

Mlnn,,1 Ualod 

K-Ar. wholo rocl: 
K-At, muscovite 

IH'.r, blollte 

K-At, biotite 

K-Ar, whole rocl; 
K-Ar, blotlto 

Ilb-Sr, whole rock 

K-Ar, whole rocl: 
K-Ar, wholo rocl: 
K-Ar-, wholo rock 
K-Ar, whole rock 
K-Ar, biotite 
K-Ar, blotlto 

K-Ar, wholo rocl: 
K-J\r, whole rock 
K-J\r, sanidfno 

K-Ar, wholo rocl: 
K-At, whole rocl: 
K-Ar, whole rock 
K-J\r, blotlto 
K-J\r, biotite 
K-Ar, biotite 
K-Ar, whole rocl: 

K-Ar, sanldlne 
K-Ar, sanldlne 
K-Ar, whole rocl: 

K-Ar, wholo rock 

.. K-Ar, whole rock 

K-Ar. whole rocl: 

K-Ar, whole roc); 

K-Ar, whole roc); 
Rb-Sr, wholo rocl: 
K-J\r, biotite 

K-Ar, pla91oclas8 

K~Ar, Motlte 

K-Ar, blotlto 

l'b""ll, zircon 

K-flr, wholo rocl: 
K-Ar, pla910ClbsG 

K-flr, biotite 

Pb-a, I'lrc:oo 

K-Ar, &bnldlnn 

K-Ar, blotl\o 

!'b-o, .. Ircoll 

K-A., obnhllno 
1{'·!lr, bh'tllo 
K-Ar, bl"tll" 
K·!lr, !lIOIIl. 

K·I", hl"lIlo 
K-Ar,1>lollt<> 
K-Ar, ,,,uH(1(>vll,, 

lIoloroncl), S~mplo NumbM ~ntf Commnnts 

This report 
r. C. Balla, 1972, Unpublished Unlv. "r 
Ariz. Ph.O. th"sls, YJI-71-70 

do. KJ\-71-69 

This report. A90 Is spurious. Tufr Is 
probably Miocene, 
'l:hls report 
j(-J\r dato of 26 m.y. (or the gnefss fs ~ 
reduced a'Ie. Rb-Sr dato Indicates" 
Precambrian a90 for the qnals g. 

Eastwood, 1970, RT.C-20-68 
do. RT.E-Z7-67 
do. RLE-31-G8 
do. RT.E-27-66 

Mauger and others, 1965, RM-4-63 
Damon and Blker",an, 1964; Mauger and 
others, 1965, PED-I-G3 
').'hb ~cport 

Blkerrnan, 1967, MB-17-64 
do. MB-3-64 

do. MB-7-64 
do. MB-I·2-64 
do. MB-6-64 . 

Blkerman and Damon, 1966, PED-I-64 
do. PED-IO-63 
do. 1'1:0-9-63 
do. PEO-a-63 

do. 
do. 

Perc1ous, 1968, jJ(P-IO-67 

do. jJ(P-49-6G 

This report 

VAKI\-72-66 

PEO-76-63 
PEo-i 7-62 

VAYJI-72-70. Interpreted to be an In­
trusive body, possIbly sill Or dike. 

do. 

j(-Ar date Is a reduced date. VAKA-72-7S. 
Sea localities 28 and 31 
Marvin and others, 1913; Creaser lind 
Kistler, 1962, 1. 
Damon, 1966, RM-2-64a 

Damon Dnd Blkerma", 196., RM-I-64 

Marvin and others, 1973: Cooper, 
1911, ,169. 
j(-Ar date Is " reduced 8Q8. Seo 
local!:y 31. 
Damon, 1969, jJ(P-2-68 
Marvin and others, 1973; Ore\\"'9, 
1971a, 710 

do. Dr<>woG, 1968, 
19710, 676. 
Drewes, 1968, p C13-14 sugqasts tho I 
~hll quartz monzonito Is completely ro~ 
erystalllzed Squ8W Gulch Gr6111\0 o( 

Jurnsalc "9'" 
Morvin and othor., 1973; Drowns, 1971c, 
899. 
Marvin and othars, 1973: Prowon, 1~710, 
i046. 
I\-I\r dato 19 " roducod fl'lO, MoWn 
Bilow. rocfystnUIMtlnn (ohr{". 
Onmon nod lJlksrmun, 196'1: 1'l:fl-13-('? 

Domon, 19G6, PED-i-uS 
·l'lnnoH, 1970 

MorvIn OIh! otll<lrs, 191;1. 
Morvin on,1 01110'._ 1973, 
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I 

S"mpre Pod, Typ", I~MO\IS 1I",ly 
!.ec"lIly Of S!r~~I?r~vhle Form~t1on 

)8 

(1 

- 48 
<9 

so 

5) 
52 

53 

~ 
55 
56 
57 
58 

f>9 

60 

61 

62 

53 

5S 
e.G 
67 
68 
&9 

70 
n 
7 .. 
13 
H 

'IS 
'16 
77 

" 79 
eo 
81 
el 

154 

(; r. n 001 Ott to 

MIca s!;hlSl (PInal Sch!!l) 

lurkey-traek porphyry 
(overll"s Il.lnela Formation) 
1I<l!)d~ "nels. 
Olght !HInd) 

(dar!: !HInd) 
IIaM~ 9Mlss 
Quartz monzonlto gMlss 
Le.therwoo:! Quartz DIorite 
Quartz monzonlto 

Rhyolite dike 
Vittle tuff In the 
Qulh-Jris Formation 
'Iu!! 
Quartz laUte 

RhyoUte tuff 

Rhyolite ture 
Quartz ).Ute (uppermost 
formation on Plcketpost' 
Mou::laln) 
Superior o..cll" (ash flow 
overl)1,,'1 the Whitetail 
CO<>glomerale) 
Wel:!"d tdf 
Dacite dome 
!<asa It 
O'Jartz laUt'; lava 
John Jacobs Frob<:! No. 2 

3&0",- 382m (basalt) 
Goodyear Fam.s water well 

(690- 487n1 (basalt) 

G. D. Isaoel No. I, 
Maneo;>a Co. 

288",- 325m !basalt) 
Sst:n- 610m (basalt) 

Sperry G~Tos~ope No. I 

222".- 211m (basalt) 
(G6m- 472m (basaltic 
flndeslte) 

IIlery i1 Federal 

l,(3Om-I,-t42m (basaltic 
IIndeslte) 

1I •• alt (underlies white 
turl an;! cl~sUes) 
l\.lsalt (overlies whlto 
tuff and clas!lcs) 
!>as.1I (Hickey FormaUon) 

do, 
LaUte pn:>tuslve dome 
l\.lsalt (Hickey Formation) 
Hac\;oorry Mountain TufC 
(Hlchy roXmaUon) 
lIasalt tHlckey rormatlon) 
1I1a.:1; HlIl! D->s~lt 
~~."lt !lUck"y Formation) 
MIt>Jus Mountal" D->salt 
Trachy.n;!cs!to flow 
(Hick,,)· r, .... "'''Uon) 
l\.lS3lt tWrJ03 Torm"tlon) 
D->salt ''''':k,'y "<'<matlcn) 
Sullh'"n It\lth's L"t\tl) 

d ... ". 
l\.l~lt tlll,-k"y TOOMtlOn) 

do. 
do, 

LAlli .. 0 .... (Milk Crook 
t<>cm.'th">n) 
LAlit,> !l ....... (Mill:; Croo\:; 
r (>(m.' Il->ol 
~u .. 1t 

~Sblt luN"'f " .. rt 01 
..... Ull«y .. ","",Uou,) 

TARLE I, (contlnuodl 

Locntlon 

32° 12' 1'1 

32° 13'30"1'1 

32° 20'15"1'1 

320 20'03"N 

32° 20'06"N 
32° 28' 1'1 
320 26' 1'1 
32° 35' N 

32° 50'00"1'1 
32° 39'10"1'1 

32° SI'30 H N 
32° 51'34"1'1 

32° 5.('S2"N 

32° 58'45".1'1 
33° 15'20"1'1 

33° 18'36"1'1 

1100 27' W 

1I00 2S'30·W 

110° 29'SO"W 

110° 41'04"W 

110° SS'04"W 
Hl° OS' W 
1100 45' W 
110° 45' W 

110° 4S'30·W 
1100 32'S2"W 

llI o 29'S4"W 
1100 32'06"W 

1100 32'48"W 

1100 56'45"W 
111 0 09'21"W 

1I1° OS'OO"W 

33° 28'36"1'1 Illo 25'41 "W 
33° 31'I1HN 111 0 27'2S"W 
330 31'26"N 1110 28'02"W 
330 28'21"N Illo 34'45·W 

NW/4, SW/4, SW/4, Sec, 23, T3N, 
R2E, MarIcopa Co. 

N£/4, SW/4, S£/4, Sec. 14, T2N. 
RIW, Maricopa Co. 

NW/4, SW/4, SW/4 Sec, 27, T4N, 
RIE, Maricopa Co. 

NW/4, NW/4, NW/4 Sec, 19, T4N, 
R3E, Madcopa Co, 

St/4, SE/4, SW/4 Sec, 8, T4N, R4£ 
Maricopa Co. 

L"t 330 58'10"1'1, Long 1120 07'36"W 

34° 04'20"1'1 1120 06'30"W 

340 16'42"N 1120 02'22"W 
340 18'21"1'1 1120 1l'09"W 
340 21'00"1'1 112° 11'30"W 
34° 22'SI"N 1120 OO'IS"W 

27 km, east or locality 70 

Lat 340 27'27"1'1, LOIl9 1I2° 02'51"W 
34° 32'07"N 111 0 5S'14"W 
340 41'57"1'1 1120 07'15"W 
34° 42'10"N 1120 0S'21"W 
340 44'29"N 112° 06'2S"W 

340 49'42"1'1 
340 4S'20"N 
340 45'23"N 
340 51'00"1'1 
340 3<1'44"1'1 
34° 34'4S"N 
340 23'36"1'1 
340 16'57"1-1 

1120 02'4S'W 
112° 07'03"W 
112° I S'lS"W 
1120 2S'19"W 
112° 26'21"W 
1120 n'30·W 
112

0
21'4S"W 

H2° 31'40"W 

1120 H'4S"W 

.I\lon<) "IVY. 93, NW/4. Soc. 20, TI4N, 
RIIW, ~h'l"vo CO. 
LM 340 I!)'SS"N, 1.0"" 113° 3S'J4"W 

IIpporonl IIgo 
m,y, 

27,3± 1.1 
3G,e± 1.6 
33,8! 1,2 

29.0± 0,9 
26,3± 2,4 

2S,4±' 1.0 
2S,It 1.0 
2G.St o,e 
27,S:!: 0.9 
31,2t 0.9 
27,3± 0,9 
29,6± 0,6 

1,420 
1,370 

22,3:!: 0.7 
<t.G! 0,4 

24.4± 
25,6 
25,4 
24,6:!: 1 
22,4± 1 
24.1± 0,7 
18.0:!: 0.5 
18.2:!: 2,5 

19.9t 0.9 

22.6:!: 1.0 
20.1± 1.2 
17.St 3.1 
21.3:!: O,S 

21 ± 3 

10.S± 4.S 

23 ± 5 
51 ± 2 

22 ± 2 
44 ± 5 

21.6:!: 0,9 

20 ! 1,3 

15 ! 2,1 

10.4! 0,4 
13.I! O.S 
lS.S! 0.6 
11.0± 0,5 
14 ± 7 

10,It 0.4 
12,8! 2,2 
11.6! O,S 
12.9! 0.8 
H.G! 1.1 

(.S! 0,2 
H.O! 0.6 
23.4! 1,0 
26.7! 1.1 
13.1:': O,S 
D.·I! O.S 
U,S!: 0,5 
H,O! 0,5 

14.6! 0.5 

22 

21 ! 3.6 

1I"dlom"lrlc MO 
MOlhod and 

Mln"ra) Dilled 

K-At, biotite 
K-At, muscovite 
K-At, bloUte 

K-IIr, muscovIte 
K-Ar, plagiOClase 

K-Ar, muscovlto 
K-Ar, bloUte 
K-Ar, orthoclase 
K-At, biotite 
K-At, muscovite 
K-At, blotlte 
K-At, bIotite 
K-At, plagioclase 
K-At, blotlte 
K-At, bIotite 
K-At, glass 

K-At, bIotite 
K-Ar. bIotite 
K-At, sanldlne 
K-At, bloUte 
K-At, sanldlne 
K-AT. sanldlne 
K-Ar, biotite 
K-At, plagioclase 

K-Jlr, biotite 

K-At, bIotite 
K-At, blotlto 
K-At, whole rock 
K-At, biotite 

K-At, whole rock 

K-At, whole tock 

K-At, biotite 
K-At. bloUte 

K-At, whole rock 

K-At. whole rock 

K-At. whole rock 

K-At, whole fock 
K-At, whole rock 
K-At, hornblende 
K-At, whole rocle 
K-At. biotite 

K-At, whole rock 
K-At. whole rock 
K-At, whole rocle 
K-AT, wholo rock 
K-At. blotlto 

K-AT, wholo rock 
Y.-AT, wholo rock 
K-lIr, biotite 
K-AT, hornhlendo 
K-AT, whol .. rod, 
K-AT, wholo rock 
K-AT, whole rock 
K-Ar, Motlto 

K-Jlr. Mollto 

K-Ar, wholo rock 

J(-Jlr. wl.olo rook 

lI<>for"nco, SlImplo Numb." IIn<l Com", .. nl" 

do, 

do, ROCry8tlll11zod 
I'recambrlan, PInal Schist 

Damon, 1970, PCO-3-69, 

LiVingston and other .. , 1967, Miluger 
and olhors, 1960, I'EO-18-62L 

PEO-18-62d, 
Mauger and others, 1968, PEO-S6-G6 

do. I'EO-20-62 
Damon, 1969, PEO-I-68 
LivIngston and others, 1967, OEL-13-62' 

- Kr1e<Jcr, 1973c 
Damon, 1969, LOA-I-G6. 

Krieger, 1968b 
do. 
do. 

Krieger, 1965a 

Krieger, 1973b 
Damon, 1966, I'EO-11-65 

Damon, 1966, rEO-4-62 

Damon, 1969, PEO-18-58 
do. PEO-16-68 
do. rEO-14-68 
do. I'EO-17-68 

Thls report 

This r"port. Basalt overlles thick 
hallto found In the Arizona Salt Co, 
and EI Paso Natural Gas Co. well lri 
Sec, 2, T2N, RIW. 
This report. K-Jlrdate of 51 m.y. 
appears spurious, Lo ..... er basalt Is 
probably late Ol1gocene or early 
Miocene. 
ThIs report. K-JIr dat" of 44 m, y. 
IIppears spurious. The basaltic 
andesite Is probably late Oligocene 
or early MIocene, 

This report 

This report 

This report, probably tho HIckey 
Fonnation, 
McKee and Anderson, 1971, MY6 

do. MYS 
do. MYI 
do. MV7 

Damon, 1964, I!I:S-S8-282 

McKee "nd Anderson, 1971. MV!) 
Damon, 19G8, PtD-28-66 
McKoe and Anderson, 1971, MM2 
Damon, 1968, PEO-9-61 
KrI'-'9or a'ld others, 1971, MM4 

McKoo and Anderson, 1971, C02 
do. CD! 

Krieger and othors. 10)7\, r'AS 
do, rA4 

McKoe nnn Andfl(sl'''. 1911, rRl 
do, PR2 
do, MU:!' 
do. 1:2 

do. 1(3 

Thla report 

"hlo roport; l.llsky nnd W"hbilf, 1949 
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.. ~ ......... 
~~ 

(J 

Gomplo 
Locality 

Iloel-. Tyf"l. I?ooous Body 
or Strotl71.phlc I'orrr..tlon 

88 

89 
90 
91 
92 

93 

94 
9S 
96 

97 
98 
99 

100 
101 

102 
J03 

)04 
lOS 
106 
107 
lOS 

109 

110 

III 
112 

113 

114 

11S 

116 

117 

liS 
U9 
no 
121 
122 

IH 

Cobw~bb Il-<s~lt 
Crystal tut( (lntorc~lated 
with lako bods) 

Basalt 

Basalt 
Andesite 
Welded rhyc.\lUc turf 
QUMtz monzonite 

Ilhyodaclte 

Granodiorite 
do. 

Reeves No. 1 Fuqua 
, 

1.OSOm-l,062m (b6salt) 
B.salt 
Gneissic. granite 
Welded rhyolite tuli (upper 
part of 511 Murk ror::>atlon) 
Basalt 
RhyollUc tuff (Intercalated 
with sediments underlyIng 
lacustrine \lmestone) 
8asaltlc andesite 
Exxon State (14)-1 

229m- 238m (andesite) 
771m- 777m (gneisslc 
granite) 

79Sm (aphanltlc volcanic 
rock) 

Leucocratic rhYOlite 
Basalt 
Basalt 
lIasalt 
Basalt (AjO VolcanIcs). Over­
Jles LocooOUve ranglomerata 
Basalt (Satamote Andesite). 
Overlies Daniels Conglomerate 

RhyolitIc tuff Intercalated 
wIth red clastics 
}.Iugglns MountaIn 'ruff 
Whlte crystal tuff Intercalated 
with poorly consolldated 
elasUcs 
Gneiss 

Los Cerrltos GneIss 

Exxon Yuma-federal No. I 

2,lS4m-2,224m (andesltlc 
tufO 
3,076m-3,lOOm (andesltlc 
basblt) 

GraniUc <Jnolss 
(rlno Qt3 lned) 
(Crorso Qralned) 

Crystal vltrlc tuff. top of 
6trn section of volc,nlc rocks 
over1~ln. bJSomont complex. 
Tuff Is o\'';rlaln by fanglomora\o. 
J)asalUc andoslto 
I!oniblon.l" ~ndoslto 
Weldod rh~'olltlc tuff 
J)".alt 
VIttle tuff In bnsal llmostono 
of tho 1\c'Uso l'omlatlOn 

Alvorson VOkhlllc5 (ovorlol" 
by b.>ul con~I"lllor.'to oC tho 
tmrortGI r''Oll"Uonl 
!lI'UU\lt In Ul\por M\ldJy Crook 
rOlmlttll'n U""~lIy ,1-'1\\(,,\ bV 
\lntlorl\'lllll .hlt nlovomtJnt) 

TABU: I. (continued) 

Locfttlon 

340 19'17"N 
340 1\ '2S"N 

340 07'16"N 
330 S6'37"N 
33° 49'S2"N 

I130 3S'12"W 
1130 4I'IS"W 

114°.l3'17"W 

1I40 13'OS"W 
1130 SS'31"W 
1140 0S'3S"W 

I'lomosa Mountains 

tat 33° 3S'10"N. Long 1140 02'3S"W 

330 44'46"N 1130 40'27"W 
(?)33° 4S'OO"N 1\30 40'31"W 

Nt/4, NW/4 Sec. 34. TIN, R4W, 
Maricopa Co. 

tat 330 13'SO"N, Long H2° <6'2S"W 
330 0J'10"N 1120 42'SO"W 
330 04'S2"N 1120 47'4S"W 

330 0l'03 W N 
330 16'23"N 

112° S9'S9"W 
1130 2G'SI"W 

330 16'43"N 1130 29'41"W 
NW/4. 5£/4 Sec. 25. T3S. RIIW, 
Yuma Co. 

Lat 33° OS'II"N, Long 1130 23'S2"W 
330 06'SS"N 1130 33'Sl"W 
320 S6'06"N 1130 1S'OS"W 
32° 33'03"N 1I20 S2'43"W 
320 19'37"N U2° S2'13"W 

32° IS'20"N 

32° 47'11"N 

32° 4S'17"N 
no 42'41"N 

:12° 3S'4G"N 
320 39'33"N 

1I30 00'26"W 

114° 06') S"W 

1140 07'S4"W 
1140 U'36"W 

114° ) S' SS"W 
1140 IS'17·W 

381<m southeast of San Luls. 
Sonora, MexIco 

SW/4, NE/4 Soc, 8, T11S, R24W, 
Yuma Co. 

Lat 32° 40'IS"N, Long 1140 3S'S2"W 

32° 4S'S3"N 

32 0 49'58"W 
32o S6'S6"N 
33° IS'OS"N 
330 03'32"/>1 
33° OG'Z9"N 

114° 31'3S"W 
114° 33'12"W 
1140 37'38"W 
IHo 49'55"W 
1140 52'22"W 

32() 47'S4"N !IGo OI'H"W 
(rossll C~nyon, hn"orl~1 Co,. Crollf.l 

..3G!! 2~"3JO:N 
(Clark Co,. Nov,) 

ApP"ront ~ .. 
".y. 

13 2.1 
48 2.8 

16.4 0.7 
15.1 4.4 
21 ;;; 3.1 
20 : 1.1 
24 :': 1.6 

1.730 
1,750 

19.1:': 0.6 
20.2! 0.2 
69 
55.0!: 5.5 

'12 :!: 12.9 
6 !: 2.0 

9% ;;; 3S.0· 
27 ! 3.8 

17 :!: S 
23 :!: 1.6 

28 :!: 4.2 

20.S" 1.0 
163.7;;; 4.0 

1,080 

21.3! 0.9 

IS.S! 1.5 
29.3± 3.1 

3.0:': 0.1 
21 + 2.0 
25 + 2.7 

15 :': 2.2 

23 :!: 2.7 

21.9: 0.9 
79 :!: 4.3 

319 :!: 15.7 
199 : 9.S 

59 :!: 3.2 
57 :!: 3.1 

20 

20 :l- W 

39 :!: 2.1 
S9 :!: 3.3 
26.):!: 1.6 

2S.I:!: loG 
24.7:!: 2.1 
25 :!: 1.7 
10 ± 1.9 
S ... 

Rndlome trlc A'/e 
Moth"" lind 

M Incra I D., tod 

K-Ar. wholo rocl: 
K-IIr, blotlto 

K-llr. whol" roel: 
K-Ar. whole roc\; 
K-llr. wholo rock 
K-Ar. blotlto 
K-Ar. blotlto 
!'b-lI, l'lrcon 

K-Ar, hornblende 
K-Ar, blotlte 
K-Ar. bloUte 
K-Ar, bIotite 

K-Ar, bIotite 
K-Ar. whol" rocl: 
K-Ar, biotite 
K-Ar. 'whol e roc\; 

K-Ar. whole roc!; 
K-Ar. bloll1& 

K-Ar. blotlto 

K-Ar, whole rock 
K-Ar. whole rock 
Ilb-Sr. whole rocl: 

K-Ar. whole rock 

K-Ar, whole rocl: 
K-Ar. whole rock 
K-Ar, whole rocl: 
K-Ar, whole rocl: 
K-Ar, whole roc\; 

K-Ar. wholo rpck 

K-Ar, wholo rocl: 

K-Ar. blotlte 
K-Ar. blotlto 

K-Ar. bIotite 
K-Ar, bIotite 

K-Ar, wholo roc!: 

K-1Ir t .... 11010 roc\: 

K-Ar. biotite-

K ... Ar f \\'11010 roct; 
K-Ar, hornblond6 
K -N, wholo rcd: 
,,-t\(, whole rocl: 
K-fir. (11""9 

do. 
thIs report. Aqo "ppeiHS spurIous. 
'Iurr Is probitbly lalo 0119""001} or ollrly 
Mloc:ene. 
Dbf".on, 1970, nO-7-58 

'Ihls report 
do. 
do. 

Miller and McKeo, 1971 

do. 

'!hIs report 
Damon, 1968, PEO-3-68 
'!hIs report. Aqe apP<'ars spurIous. 
12sall probably Miocene. 

'Hus report 
do. 
do. 

do. 
do. 

do. 
do. 

\'JiXA-72-S( 
W .. 'y'A-72-S7. Ih'lrdate of 163,7 m.y, 
15 a rcd\.!ced age., Gneissic qranite 
recrystallized In the JurassIc. 
V.'J:A-72-Sa. Highly brecciated and 
veined wIth calcite. lnterpreted to 
be a fissure dll:e. 
ThIs report; V,\K/,-72-48 

do. VAY.A-72-U 
do. 
do. 
do. 

do. 

do. 

Damon, ]968, 1'.l:D-23-67 
ThIs report. Age Is spurIous. Some 
bIotite Is metamorphIc nod actual aqo 
is ~oOably MIocene. 
'Ihls report. GneIss Is Interpreted as 
rrecar..!>r1an. Reduced age rep",.ents 
MesozoIc recryslalll"atlon, probably 
clurlll9 Jura s sic Uree. 
"Ihls report. GneIss Is probable Pre~ 
C2mbrlan. Re<!uced 3ge probably 
re~csents taraolde recrystalllzatlon. 
'Ihls re;:>ori: 

Ir.:erjJ<ele<! to be InlnlS!vG, posslhly 
r.1II Of dll:e. 
'This report. See comments CO( 
locallt)' I H. 

Damon, 1966, P£D-4-6S 

D~::1on, 1970, nD-9-GB 
D.,",on, 1568, PEO-I-51 
;l'!.Is report 

clo, 
D!;mOll t orBI commun. , 1972, PI:D-(-{.S 

,his ro pori: 

'ihle report 



-. 

APPENDIX 1. SAMPLE Dr;SCRIPTIONS OF EXXON'S STRATIGRAPHIC TESTS 

Exxon State (711)-1: Section 2, T8S, R8E; Pinal County, Arizona 

depth 

o -
110 -

198 -
/ 

110m 
198m 

707m 

707 - z,522m 

2,522 - 2,560m 

2,560 - 2,765m 

2 1 765 - 2,946m 

2,946 - 3,OOlm 

3,001 - 3,102m 

dascription 

Unit II 

Gravel, coarse I unconsolidated. 
Sand, unconsolidated; occasional gravellense; 
few clay stringers, red -brown. 
Clay I red-brown; occa·sional silty lense; gypsum 
and anhydrite nodules and stringers in basal 230m; 
sandy and silty from 59Sm to 65Sm. _ 
Mostly anh~rdrite; occasional claystone stringer, 
green and greenish-gray; few thin tuff beds, green, 
bent~nitic; scattered limestone nodules; few thin 
salt beds in upper part. 
Sand, reddish-bro\\.'TI, conglomeratic; claystone 
stringers I varicolored. 
Conglomerate, reddish-stained, poorly consolidated; 
chiefly composed of v~lcanic fragments I purplish-red. 

Middle Unit I (predominantly volcanic rocks) 

Basalt, purplish-red.- Selected cuttings from 2, 792m 
to z,807m yielded middle Miocene age of 17 m.y. 
(Table I, loco 5) ~ 

Lower Unit I 

Conglomerate, reddish-stained, consolidated I chiefly 
composed of quartz-diorite gneiss fragments in a ma­
trix of sandstone and siltstone, dark red-brO\\-n, 
clayey. 

.. II Pre-Eocene bedrock" 

(total depth) Quartz-diorite gneiss, greenish~gray, 
highly fractured. Biotita separate of core sample 
from 3,1011"11 to 3,102m yielded a K--j\r age of 26 m.Y. 
whcw\ls a Rb-Sr whole rock determination inc1.;':;utocl 
a Precambrian age of from 1,275 to 1 f S'W m. y. 
(Table 1 Q loco 5). Hcduccd K~J\r ugc prohably 

1 

. . 



" 

represents recrystal1izution of the gneiss during 
the Mid-Tertiury orogeny (Seo page 20 of text). 

E>:xon StClte (lt1)-1: Section 25, T3S, RIIW,; Yuma County, Artzona 

depth 

o - 155m 

155 - 707m 

707 - 777m 

777 808m 

description 

Unit II 

Gravel o unconsolidated. 

Middle Unit I (predominantly volcanic rocks) 

Andesite I red and reddish-brown I basaltic; 
numerous zones of crystalline tuff •. Selected 
cuttings of andesite from 229m to 238m yielded 
a K-Ar age of 20. 5"!:: 1. 0 m. y. (Table I, 100. 103). 

II Pre-Eocene bedrock" 

G!,anite, light colored I gneissic« Selected 
cuttings from 771m to 777m yielded a K-Ar age 
of 163.7~· 4.0 m.y., whereas a Hb-Sf whole rock 
determination indicated u Precqinbrian age of 
1,080 m.y. (Table I, loco 103). Reduced K-Ar 
age probably represents recrystallizution of the 
granite during the Jurassic. 

Volcanic intrusive? 

(total depth) volcanic rock t greenish-gray I 
aphanitic; becomes reddish·-brown and purplish-­
gray downward; highly brecciated and veined with 
calcite. Core sumple at 7~)9m ylelded a K-Ar (1g0 
of 21.3:' 0.9 m.y. (Table I, Jcc. 103). Inter­
preted to be a fissure dike. 

,E)."Xon State (32) -1: Section 5, TI6S I RISE; Pima Coun~y l Ari~ona 

,depth , descrlption_ 

Unit II 

o - 259m Sand and gravel, unconsoHdatcd; some clay and 



-. 

·259 -
350 -

813 -

350m 
813m 

914m 

914 - l,170m 
1,170 - 2,218m 

2,218 - 2,588m 

2,588 - 2,745m 

2,745 - 2,895m 

2,895 - 3,OSOm 

3,050 - 3,525m 

(33*:3. 4AS .o:seza:suz: US; B 

siltstone in basal 60m, red-brown. 
Sand, unconsolidated; clay stringers, red-brovm. 
Clay, red-brown; abundant gypsum crystals be­
tween S64m 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,IG7m. 

Middle Unit I (predominantly volcanic rocks) 

Tuff, varicolored, basaltic andesite; numerous 
intercalated beds of sandstone and shale I red­
brown and gray; shale contains anhydrite and 
gypsum blebs. Selected cuttings of tuff from 
2,420m to 2, 426l!l yieided a K-Ar age of 23. 4~ 
0.6m.y. (Table 1, loco 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 I basaltic, porphyritic. 
Selected cuttings from 2,89Sm to 2,898m and 
.2,972m to 3, 002m yielded K-Ar ages of 16.12-
0.6 m.y. and 18.0 ~ 1.5 m.y. respectively 
(Table I, loco 24). Interpreted to be an in­
trusive dike or sill. 

Lower Unit I 

Conglomerate, reddish-brown, somewhat si1ici~ 
fied; similur to conglomerate from 2, 745m to 
21 G95m; lower purt sandy and contains beds of 
shalo, reddish-brown und gray, silty. 

3 
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3,525 - 3,660m 

3,660 - 3,837m-

depth 

o - 964m 

964 -. 1,24 7m 

1,247 - 1,627m 

1,627 - 2,llSm 

2,115 - 2,570m 

Shale g gray, silty 6 waxy. 

"Pre-Eocene bedrock" 

(total depth) Quartz monzonite. Selected 
cuttings at 3, 753m yielded a K--l\r age of 
46. 6:!" 0.6 m. y. I whereas a Rb-Sr whole rock 
determination indicated an e<.11'11e1' age of 120~ 
60m.y. (Tablel,loc. 24). K-Arduteisa 
reduced age (See Table I, loc's 2B and 31). 

.description 

Unlt II 
I 

Colorado River gr<.1vels 

Bouse Formation 

Gravel, sand, silt, and clay transition zone; 
contains large fragments of mollusks. 
Claystone I light gray; occasioJ~al foraminifer 
and ostracod. 

Marine late Miocene sequence 
• 

Mudstones, light gray I greenish~gray I salmon 
colored; numerous foraminifer, scattered pele­
cypod fragments and echinoid spines; lower part 
contains beds of sandstone I U9ht gray I fine~ 

grained 8 tuffaceous; in basal 4 Om I the sediment 
grades downward into a sandstone, medium-to­
coarse-grained, conglomeratic. 

Middle Unit I (predominantly volcanic rocks) 

Tuff, gray and reddish-brown, andesite; 5nt:er~ 
calated beds of sandstone and cl nystone ( gray 
and reddish-browne tuffnceotls {)nd clay I pole 
9recnit;h~gwy p bentonitic. Selected cuttings 
of tuff from 2 0 194m to 2,221m yielded (j K-Ar 
age of 20 m.y, (Tnble It lOG. llS). 

, 
r-
i 

:t 

"U~££iOCjJA!""'&~q;}ij «~"f,(~W'>t~ 
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2,570 - 2,743m 

2,743 - 3,286m 

3,286 - 3,4BBm 

Andesite, vClricolored, bClsaltic; intercalClted 
beds of clastics ranging from shale to conglom­
erate, dClrk red to reddish-brown, indurated, 
poorly sorted, dirty appeClrClnce. 

Lower Unit I 

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,B04m, 2,93Bm to 2,974m, and 3,040m 
to 3,152m consist of basalt, purpUsh-grayandes­
!tic, somewhat porphyritic. Selected cuttings of 
basalt from 3, 07Bm to 3,1 08m yielded a K-Ar age 
of 20 m.y •. (Table I, loco lIS), These basalts 
are interpreted to represent an intrusive dike and' 
sill system into the pre-volcanic section of Lower 
Unit 1. Volcanic fragments are absent in the inter­
vening clastic b~ds. 
(total depth) Shale, dark red-to reddish-brmvn, 
silty, sandy and sandstone I red I arkosic. Two 
basalts similar to those within the interval 2 I 743m 
to 3,2B6m occur from 3,310m to 3,342m and 3,467m 
to 3,4B8m. 

. . 

5 
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