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MAP OF ARIZONA SHOWING SELECTED ALLUVIAL,
STRUCTURAL, AND GEOMORPHIC FEATURES

By

Maurice E. Cooley

Credits: . | _ _
| Base from U.S.~Géolonga1 Survey, Arizona, 1:1,000,000, 1927.

}Sources of geologic data were compiled from the standard publi-
cations 1in geoiogy, including Arizona Bureau of Mines publications,
u.s. Geo]ogica] Survey_pubfications, Arizona Geological Society

publications including the Arizona highway geologic map (Cooley,

‘1967, unpublished information obtained from numerous geologists, and

information obtained from field reconnaissance and inspection of
aerial photographs and LANDSAT-1 imagery by M; E. Cog]ey during
1963-74. All measurements gjven in Engfish unité; to convert to
metrfc use the following formula: 1 fbot = 0.305 meter.

Prepared in cooperation with the Ari;ona Wafer Commission and
the Nat1ona1 Aeronautics and Space’AdministrétiOn (Goddard Space
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EXPLANATION FOR PLATE 1

Sedimentary dépbsits '

Division A

Uncbnso}idated,f]ood—p1ain1a11uvium, channel deposits, deposits along

the lower toeslopes of bajadas, slope-wash deposits, small areas

of alluvial fan depoﬁits, lacustrine deposits of w1lépx Playa and

Red Lake, and some terrace depositsprincipél]y'in the Mesa-F1oren;e-
Marana area. The thickness is as much as 600 feet in thé Gﬁlf of
California embayment and 300 feet in the ?hoenix basin, and generally
13, than 100 feet eisewherew Piiucipaily. in parts_of the Coiurado
Plateau and‘centra]ﬂand'southeastern Arizona, the deposits are slightly
diésected, mainly by erosion which has occurred since 1870. -Deposits
cover central areas of broad valleys that display only a slight N
amount of dissection in -south-central and southwestern Arizona; in’
the Colorado Plateau and mantaihOus-fegions of Arizona the deposits -
form narrow outcrops along theumain'dfainages. A1l deposits are"

structurally undeformed.



Division B
Generally weékly cemented va]]ey¥f111 deposits of southeastern Arizona,

, inc]ﬁding the Gila- Formation near Safford and Duncan (Knechtel,. 1936,
1938;,Schwenne$en,_1921; Morrispn, 1965), Gila Conglomerate (Creasey,
1967) and St. David Formation (Gray, 1967) near Benson, Fort Lowell
Formation (Davidson, ]970), basin fill (Davidson, 1961; Cooley and
Davidson, 1963, Pashley, 1966), basin-fill gravel (Drewes, 1972),
upper Qnif of basin i1l (Brown and others, 1966), younger‘valle&
,fil1‘(Cooléy, 1968), and deposits called the Benson beds near Benson.
.Division B is closely related and lithologically similar .to Division
Cs some}expOSurés are assigned somewhat arbitrarily to either
Division. B 6r.DivisiOn_C. . Where differentiated, Division C-j§ the
lower bart and Division B is the upper part of a.widespread sequence o%
late Tertiary to early Quaternary age valley-fill deposits. -In tﬁe
central part of some of the valleys the Division C-Division B contact
may te gradational, but along the cides of valleys this contact may
be unconformable. In a few valleys the Division B deposits are\more‘
than 1,000 feet thick. The deposits accumu]afed:main]y-ﬁn:c]osed
‘basins. Division B- is recognized in the large va]]eys of southeastern
Arizona, but equivalent déposits 1n“western’Ariiona~are inc]hded with
Divisions E and H and locally with Divfsion C. Division B. deposits
generally are nearly horTzonta1~inztheAcéntré] parts of valleys or
have been tilted slightly (less than-5°) in p]acés é]oﬁg the valley

" sides, are'not‘cut.by conspicuous joints, and 1oba11y are displaced

by sma11 normal faults.




Division C
-Genéra11y weék]y*to firm1y cemented va]]éy fill of southeastern Arizond
and -equivalent deposits along mountain fronts or in valleys elsewhere.

Division C deposité'have been referred to as the Gila or Gila(?)
COnQ]omerate (Gkoup or Formation) by many writers (Gilbert, 1875;
Schwartz, 1953; Gil]u]y; 1956; Creasey and others; 1961; N. P.

- Peterson, 1962; Heindl, 1963; Kriegér, 1968). Division C includes
many deposits which have been referred to as deformed gravel or
cong]omefate-(Davidson, 1961; Coo]ey‘and Dévidson, 1963), lower unit-
_of the basin fill (Brown-and others, 1966), older valley fill (Cooley,
1968) Tinaga Fd}mation (upper part) (Davidson, 1970), and Big Dome
and QuiburiSaFormations (Krieger, 1974) in southeastern Arizona; Verde
Formation.(dehkins, 1923;-Twenfer and Metzger, 1963), Perkinsville -
Formation (Lehner, 1958), Big Sandy Formation (Sheppard.and.Gude,-
1972), Willow Springs deposits (Young, 1967) near Peach Springs;
basi~ fill (Krieger;-1965) and ‘Walnut Grnve beds (Lance, 1960) near
Prescott in the mountainous region of. central and northwes tern
Afizpna; and Bidahochi]Formationl(Reagan, ]924;.Repenhing and others,
1958) and the younger gravel (Finnell, 1967) near the Mogollon Rim
west of Show Low. Thickness of Division C ié‘more-than-Z,OOO feet
in many valleys of the Basin and Rangé province and at least 800 feet
in the Colorado Plateau. Péssible thftkne55'0f~about'4,000 feet: is
in the’deepef partéiof»the'Phoenix basin where halite has accumulated,

but thickness is-mainly 1,200-1,500 feet along-the 1ower_Gila River



bétween.theAPhoenix baﬁin-and Gulf of California embayment. Tﬁe‘
thicknesshvériations suggest that some subsidence in central Arizona
accombanied~by some upwarping in the-surrounding'regions (including
the Colorado P]atéau)-occurred-during qnd-since-thendepoéition of
Division C. Deposits in the Basin and Range province generally
accumulated in closed basins where éome limestone, halite, and

gypsum were deposited.  Lack of evaporites in the deposits (Bidahochi
Formation) in the Colorado Plateau suégests that drainagelthere waé
-exterﬁal. ‘Division C is exposed mainly in valleys that have been
.uplifted ‘and subjected to considerab]e erosion {(that removed or limited
the accumu]atiﬁh_of younger deposits) in the Colorado Plateau and

~in the mountainous regions of the State, in-saddles between mountain
ranges, and on. pediments or structural benches fianking some of the
mountain ranges. Divisioh C has been tilted and displaced by normal
faults. The amount of displacement differs locally, but usually it is
irn nundreds of feet, much less than are the dfsp]acements of ¢ider -
deposits énd-vo]canic rocks. The amount of~t11ting gehera]]y is less
than 10°, but in b]aces it is as much as 25°. Well-formed joints are
present in most’expoéures. ~AT1 the Division C deposits accumulated in
valleys tHat were formed after the.main structural episode that
produced the mountain chains and va]]eys of the Basin and Range

‘Province.



Division E
Geﬁera1]y‘weak1y(cemented deposits of gilty to coarse gravéT referred
to. by. Metzger, toeltz,:énd?Irelah;(1973), Metzger and Loeltz (1973),
“and 01msfed§-Loe]tzQ and Irelan (1973) as the-older alluvium and-the-
‘egturinejBouﬁelFormation;in the -valleys along -the Colorado River'in'
we;tern‘AerOna. The q]derfa11uvium includes much:rounded, dense,
si]iceous=grave1'wh1ch is the oldest detritus. transported by the
antecedent ColorédO#River downstream of Lake Mead. Division E
 deposits.in fhe genters othhefval1eys are more than 1,000 feet
thick‘with‘the=maxfmum thiékneés occurring near Yuma. Deposits
f.may be tiltéd slightly a]ongvthé,mountain fronté,fbut they are
near]yﬁhorizonfa1 in the center'of the vé]leys;_ Lo§a11y, jointing
is common. A1l deposits of Division E aCCumuléted'in valleys.
'formed by “the structural ebisode that resulted 1in tﬁe:present

topograhy of the Basin and Range province. .-




| | Division.f'

Généraflyffirmly cemented c]aystdneuto cong]bmérate; with some limestone,
evapdrités;-andAtuffa;édus sediments 1n.the~Va1Teys of the Colorado
River fn_western Arizqna;. Division F includes thevMuddy‘Créek
Formation and Hua]apai Limestone (Longwell, 1936) near Lake Mead, -

. Kinter Formation (Olmsted and othérs; 1§73) near Yumé,.and fanglomerate
'(under]ying-the Bbuse.Formatioh) (Metzger and-others}»]973;.Metzger and-

'_L0e1tz,'1973)‘near Blythe and. Needles. In many_Va]]eys'the deposits
'arevmore thanjégooo'feet thick. In p]acesrthe deposits-are tilted
.at more than 30°, displaced by normal faults, éhd display conspicuous

joints.‘ Déposfts of DiVisiQn F acéhmu]ated in valleys formed along
the western edge~of'£he Cb}oradq Plateau (aftér'thevformatfon of the
western'rih of theAP1ateau)-near.Lake Mead, after and perhaps during
the‘]ate part.of the struétura]vepisodg that produced. the topography
| of -the Basin and?Range‘prqvince, and beforé some of the strike-slip

faul+ing that has occurred in the Lake Mzad area..



- Division ﬁ‘
‘A hetérgeneou5’assortment of -generally weak]y.conso]idated_s]épe-wash
| deposits;Aincluding‘sma11 areas.of virtually undissected_alluvial:
'fan‘deposits,,dissected ajluvfal fan deposits, terrace deposité,
'flood—p]aﬁnla11uvium, colluvium, and caliche. Deposits genera]]yl
form @ thin but widespread mantle on Divisions. 8, C, E, and F-in
valleys of tﬁe Basin and Range prqvince that display slight to
moderate:diSSeetioh.'ALééally, caliche may be well cemented énd forms
the topmost Tayer of’the deposits. Somg of the deposits in central -
.and western:Ariibna are equivalent to Division B‘of southeastern

Arizona. L0ca1}y, deposits may{be displaced by small horm&] faults.



Division K

Generally firm]y_cemented, often“tuffaceoué, sj1ty to gravelly deposits

Athat:are‘exposed at isolated localities main1y‘in.the highly
dissected valleys or along flanks of mountain ranges in southern,

central, and western Arizona. These deposits are associated with

or overlie silicic flows and tuffs of Stage 4 volcanics and are

associated with or underlie the basaltic Stage 3 volcanics. Some
of the deposits have been referred to as the Gila CongTomerate

(Anderson and others; 1955; D.. W. Peterson, 1962); the fluvial

;-gravels of Division K are similar, but slightly more indurated and

involved more in structural movements than are the gravels, including
fhe deposits called the Gila Conglomerate,.of DiQision C. Deposits
of Division K include the gravel of Nogales (Drewes, 1972), the
Tanaje Formation (lower part) (Davidson, 1970), andAthe Faraway
Ranch Formation (ﬁabins, 1957) in sdutheastern Ariiona; the Indién
Butte and Rock Peak Conglomerates. (Sell. 1968) in central Arizona;
the Daniels and Batamore Conglomerates (GiTluly, 1946)-and'the
Muggins beds (Wilson,. 1962) in southwestern Arizona; the Blue -
Mountain and Robber's Roost Gravels (Koons, 1948a, b) and Buck -

and Doe Conglomerate of Gray (1964) and Young (1967) in northwestern
Arizona; tﬁe Hickey Formafion (Anderson and Creasey, 1958) and

type A:grave1'(Price; 1950) in north-central Arizona; and a gravelly.
‘deposif.onlwhite Mesav(CooTey and others, 1969; Hunt, 1969) in

northeastern Arizona. Limited amounts: of surface and subsurface

~ ."data indicate that locally the deposits méy,be more than 1,000 feet



thick. Some of“the~depo§its are less than 300 feet thick in

mountainodsAregionstf tﬁe State. The deposits are moderately
ti]ted; somé~6utcrdps show dips of more-thaﬁ 30°. Manyvof the
deposits are offset hundreds to a féw thousénd feet by normal |
faults. ‘Some.of Division K deposits are related to the present
valleys, but most were deposited'in.valleyS'that.were developed'

before or»durfng the structural episodeithat~f0rmed the topography

of the Basin and Range province.

10
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Division M

Generally firm]y'cementedfc]aysthne to conglomerate -that occur'in'

isolated outcrops mainly on. the flanks of uplands or underlie thick
sequences of volcanic rocks of Stages 4 and 5. A tuffaceous matrix

and a few tuff,,gypéum, or limestone beds are present in some of the -

'deposits. At many localities the composition of the gravel and

the direction. of transport measurements indicate that the source for
the deposits was. not from the adjacent mountains. Division M deﬁosits
accumulated in basins orivalleys~that largely predate the.present'
tdpographic féatures;s Division M‘inc]udes.thé'whitetai1 Conglomerate
(Ransome, 1904), Sil Mufk Formation (Heindl énd Armstrong, 1963),
Antelope Peak and Yellow Peak Conglomerates:(Sell, 1968), and. red beds

exposed.in'thé Papago Buttes near Phoenix in central Arizona; Helmet

Fanglomerate (Cooper, 1960), Pantano Formation‘(Brennan, 1962),

Mineta Formation of Chew (1962); and San Manuel Formation (Heind],

1963; Krieger, 1974) 1in southeastern Arizona;~Locomotive Fanglomerate
(Gi]]uly; 19465 and red beds of the Laguna Mountains (Qlmsted and
others, 1973) near Yuma in sduthwestern Arizona; Dry Beaver Creek

rocks (Twenter and Metzger, 1963) in north-central Arizona; and the:
upper.sedimentary-formation of wkucke (1961),‘Chuska“5and3tone (Gregory,
1917), and rim gravel of anneiT (1967)"in northeastern Arizona.
Division M has a maximum known: thickness of more than 10,000 feet

near Tucson, but elsewhere the thickness'ranges,from a few hundred

toa few thousand ‘feet. The deposits may be tilted steeply and

]oca]1y-ovefturned, are,disp]aced.by large normal faults, and Tlocally

displaced by relatively SmAJI-scale'thrUst (of-gravity)‘faults.

11



Division R

Firmly to weIl-temented sedimentary, igneous (excluding volcanic

rocks);‘and metamorphic rocks older than Division M deposits .

that range in age from Precambrian to early Tertiary. Outcrops

.~ of the sedimentary rocks are indicated by the. symbol R whereas

outtrbps of -the igneous and metamorphic rocks are indicated by
contacts that do not contain a symbol. Division.R rocks are

displaced by large-scale normal and thrust faulting.

12




Volcanic rocks

Stage 1
Basalt -flows, cinder conés, and.fragmental.rocks hainly in the:

"San Francisco, White Mountains, and Unkaret vo]canic fields of
northern Arizona; volcanic rocks jn San Befndrdino Va11ey in

: southeastern.Arizonaj and several flows that overlie Division C
deposits in centra1vAriiona. Mény of the cinder‘cones show Tittle

- effect from-erosioﬁ, and outlines of many flows are recognized
easily. Some of the basalt iéﬂihterbedded with Division‘B deposits.

Locally, the rodks}are displaced by small normal faults.

Stage 1A
Flows and fragmental rocks of rhyolite to andesite. - Few welded tuffs.
are.present near‘F1dgstaff.‘ Outiines of some of the individual flows

are easily discerned.

Stage 2
Basalt flcws, cinders, and fragmental rocks. Few2high1y eroded cinder
cones are-recognized. Some of the basalt is interbedded with Division

C deposits. Rocks are displaced generally by 5ma11”norma1 faults.

_ ~ Stage 2A
Flows, tuffs, and,we]ded‘tﬂffs;o¥ rhyolite to andesite that probably are
age equivalents of Stages 2 and 3. Locally, the rocks-are tilted and

~ are displaced by normal faults.



Stage 3

Basa]t, andes1t1c basalt, and basaltic andesite and tuff, 1nc]udes
basalts of Hickey Format1on (Anderson and Creasey, 1958) in north-
cgntra] Arizona. In places, the rocks are -interbedded w1fh or
over]je Divfsion K deposits. Form the capping layer on many
-mountain ranges in central and southern Arizona. ‘Areas around the
vents may be updomed. Locally thicknesslmay be as much as 1,560 '
feet. Rock may be tilted éteep]y'and displaced by large normal faults '
which were part of the structural episode that formed.the mountains

.and valleys of the Basin and Range province.

Stage 4

Main]ynrhyoTTte, dacite, and andesite flows, tuffs, and we]déd tuffs.
This stage was- the main emplacément of the thick sequences of welded
tuffs in the Basin and Range province, such as the Datil volcanics of
east-central Arizona and west-centra] New Mexico, dacite near Superior
and rhyolite in the Superstition Mountains in central Arﬁzona, the
Galiuro and Chiricahua Mountains in-southeastern Arizona, Sauceda and
Kofa Mountains in southwe§tern-Arizona, and é]ack Mountains in
northwestern Ariznna. " Rocks may befti]ted steep]y and are displaced

by large normal faults.

14
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Stage 5'_;

‘_Andesitic to basaltic.andeéite; sbmetimés referred- to as the red-speckled -
andesite or blue basa]tf(Sefl,A1968). Rocks have a limited |
distrﬁbution in south-cenfra] Arizona. Where present, they form the"
basal.beds of the middle Tertiary volcanic sequence, referred to on
this ﬁap'és.Stages 3, 4, and 5. Loca]1y, the rocké are tilted

steeply and displaced by large normal faults.

Stage 6
Rhyolite tb'andesite flows, tuffs, and welded tuffs emplaced mainly in
'southéastern Arizona during the Laramide'(Late Cretaceous to early
Tertiary)‘orogeny.v Locally, accumulations of the rocks are a few
| thousand feet thick. Rocks may be tilted steeply and disp]acéd-by

1argé,normal-and thrust.(gravity) faults.

Stage 7
Rhyolitz to andesite flows, tuffs, ancd weldcd tuffs of pre-Laramida orogeny
Mesozoic age). Rocks may be tilted steeply and are displaced by large

normal and thrust (gravity) faults.




Alluvial fans

v}A11uv1a] fan deposits of late PTeistoceﬁevand Ho1dcene age shown on
the map are'virtually,undiSsected eXcept.for some erosion that has
6ccurred»main1y dufing Holocene time. The distribution of the
alluvial fans was obtained from LANDSAT-1 imagery, aerial photographs,
and ground investigation. The alluvial fans are concentfated'a]ong
the sides of valleys displaying slight amount of dissection or along
drainages in the center of some. of. the valleys. The position of
the fans suggests that“they'are in. part-the result of structural.
warping--upwarping of‘the~upTands-and mountainous regions and

downwarpihg of'édjacent lowlands and valley areas}

16



Pediments
-«Pediments'sh6Wn on the map are defined aé gentlyaplénate surfaces that
have formed~prihciﬁa]ﬂy'bn.granitic r6ck§'rangingfinfage from early
Tertiafy:to Precambrian,for.beve11ed strata aS‘young<a$'01VisionxK
deposftsAbr Stage 4 volcanic rocké. Most of the pediments are -
overlain by %emnants.of DiviSiohs B Qr'C deposits. These pédiments
are rdther old'and many'of them appear to be exhumed features that
were fpﬁmed-main]y during Miocene to ear]y.Quaternéky tiheu - Since
‘earTy'Qdaternary'time, most of the‘pediments‘and'their~over1y1ng ‘
'~‘,depositSzhavetbeen-subjectedAto dissection.. Inrp1aces; such-as
east of,F76rénc% shallow canyons have been trenched by‘streams'be]ow
the leveI of the pédiments. The pediments and their over1ying
- deposits have beén'tiTted and?fnjpiaces displaced by normal faults.
Some of‘the-pediments have*fdrmed on featdres résembliﬁg structural

~benches that are present along the lower flanks of a few mountain

- - o~



,,A,;._a; ceis
| | Fault or infehréd-fault,‘ |
Inc1ud¢s-known-norma1 fau]ts,‘inferred'normal:faults,
. and:possib]y’some thrust or gravity faults. Mény
faults in fhe basins and on the flanks of basins are
inferred from the structural attitude of the
outcropping sediméntéry and- volcanic rocks, from
| geophysical’s@rvéys,'from the'diStribution of the.
_exposures and the ‘thickness of the late Tertiary
}and’Quaternary vé]]ey-fi]] deposits, and from the
distribution of pediments. Most of this'fau1ting

took place during the Miocene Epoch

N

Direction of strike and d1p

: o../7:,,,. ‘» | . ‘ : lv'-,\{/,.', .
. ¢ . . N
Anticline o Monocline
Axis of folded structure of Late Cretaceous to exrly
Tertiary age in the'sedimentary rocks in the CoTorado
Pleateau
Cox
- ]
'.Inferréd'syncTina]'aXiéﬁof late Quaterhary-age‘ih-central

- Arizona
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-'Direction'of sediment transport of Divisions A, B, C,.

E, F, and H -

Volcanic domal structures of Stages 3 and 5

—

Contact-of the consolidated rocks,énd Divisions K and M

Contact between the divisions of the valley-fill deposits:



Map-showing.generalized facies of the valley-fill deposjts-—.
Divisions-B, C, E, and F--in southern and western Arizona
and directions of sediment transport ofrDivisiqns K and-M.

Mainly sand and gravel

4
(il

Mainly clay, silt, and'sand;with minor amounts

of "gravel

eag
AN .‘:' I

Limestone

[ ".';'_'.’-';z

Gypsiferous siltstone

Deposits of sand and rounded gravel brought'in by the

Colorado River-of the older alluvium of Metzger and

others (1973) and Olmsted and others (1973)
Evaporites, including-halite, not exposed but present

in the subsurface

[

Prevalley~fill sedimentary,.igneous;.ahd metamorphic S
rocks. Volcanic rocké éssocjated.with the valley-

" fill deposits are not shown on the map

- 20



.//:-7 : - _ %5 |
~ Division K Division M
Direction of sedimeﬁt:trénsport of deposits laid down

by drainages that largely predate the present topography.
| In much of the State the direction of flow of these
ancient drainages is opposite to that of the modern
streams. Comparison can be made of the direction of
sediment transport of Divisions K and M with that
indféated-byAthe facies distribution and the directions
of sediment transport (shown on the large map) of
Divisions B, v, E, and F, which were deposited in
valleys (sbme'of which_wehe closed basins) and had a
source principally in the surrounding'moﬁntains or
uplands that'comprise the present topography of the-

Basin and Range province

Canyon'or'eécarpment, including the Mogollon Rim, covered
or partly covered by Divisions K or M deposits and
exhumed during post-Divison K late Tertiary and

Quaternary time

2]



‘_p showing: he1aht of terraces and thickness of flood-plain -
alluvium in southern Arizona '

100
.xv

}Approximatezheight‘inffeetiof']ate P]eiStoeene+age

terraces.cappeduby we]l-rbunded‘gravel_above the.:

level of the Gila, Sa]t;‘and'santa Cruz Rivers

o frbde

Reaches ‘of the Gila, Salt, and Santa. Cruz Rivers
wheheflate Pleistocene-age terraces*are-not ptesent.
In this area gravel deposits that are ]ateral
equxvalents of the gravel cappwng the terraces
e]sewhere are overlain by HoloceneeageJalluv1um

. 200 | |

Approximate. thickness in feet of 1ate'Quaternary—ege"
f]oodepléin atluvium as determinedvfrom*1095'ofi~
water wells. ' Differences.in the th1ckness of the
‘f1ood plain a11uv1um and the presence or absence -

"and the he1ghts of the terraces suggest that some
downwarp1ng has taken- place in the Phoenix basin
in relation to theusurround1ng regions during 1ete§

»4Quatefnary5time:

22
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