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Abstract

Fluviatile-lacustrine deposits are exposed on the southérn
bajada of the Santa Catalina Mountains north of Tucson, Arizona.
The name "Rillito formation" is proposed for these sediments.
Their base is not exposed but they overlie in part Oraclé gra-
nite and Cretaceous? sediments. Alluvial fan deposits are rest-
ing upon the formation.

The conglomératic parts of the Rillito formation contain
exotic constituents possibly derived from rocks which: once
rested on the gneissic-granitic complex of the Catalinas. Three
members of the formation can be distinguished by differences in
composition of the conglomerates. These gradual changes are
believed to reflect the structural history of the area. Deforma-
tion, possibly thrusting occurred after the lower member. The
granite coré of the Catalinas probably became exposgd to ero-
sion by those movements as indicated by pebbles in the middle
member, Anothef uplift of the mountain block after the middle
member is inferred from appearance of gneissic particles in
the upper member and from numerous fauits in the middle one.
They suggest tension probably incidental to moveﬁents of the
mountain block. Volcanic activity preceded deposition. of the
Rillito formation as indicated by sedimentary particles therein.

The lower member may be older than late mid-Tertiary dia-
strophism although an age close to the lowest parts of the
- Gila conglomerate is not impossible. The middle and upper mem-
ber are considered equivalent to the Gila conglomerate (Upper
Pliocene and Pleistocene) of Southeastern Arizona. No fossils

have been found in the Rillito formation.



CENOZOIC DEPOSITS IN THE SOUTHERN FOOTHILLS OF
THE SANTA CATATLINA MOUNTAINS NEAR TUCSON,ARIZONA.

1

INTRODUCTION

Location of the area | _ |
~ The area studiéd is located in the northern part of the
valley‘in which the ciﬁy of Tucson,Arizona is situated.
The natural boundary in the north is formed by the base
of the Santa Cata;ina Mountains.In the south,the Rillito Creek
runs parallel to the base o£ the Santa:Catalinas in & distance
of abbut six miles and forms the natural boundary to the val-
ley side.The western limit of the area studied is North Camp-
bell avenue,the eastern boundary is formed by Agua Caliente
Hill,a part of the Santa Catalina complex in the wider sense.
The region'just described is about 60 squarevmiles;in ad-
dition to it further research had to be undertaken in thq(viei-
nity of Bellota Ranch,lying on the mountain pass from Tucson to
Redington.Loma Verde mine and Twin Hills,both in the eaétern.
corner of the Tucson valley were studied on several reconnais-
sance trips.Another area visited is sited around a roadecut of
the highway from Tucson to Benson,near the Pantano railroad
station.. |

Outline of the geography

Relief, The Santa Catalina Mountains determine the picture of

the area.They are a range of lofty and rugged mountains with



their highest elevation at Mt.Lemmon(9150 ft.) and Mt. Rice
(922?5 ft.). Their extension in northwest-southeast direction
follows the general pattern of most mountain ranges of
southern Arizona. At the bold southwestern front of the
Catalinas,the peaks generally have an elevation of 5-7000
feet above sea level. With a véry steep slope the mountains
border on the broad basin in which the city of Tucson is
situated at an elevation of 2450 ft. The slope from the moun-
tain front to the valley center is formed by a "slope" (Tol-
man,C.F.,1909a),"pediment" (Bryan,K.,1925,p.93),"bajada" (Black-
welder,E.,1931),or "glluvial piedmont"(Twenhoefel,W.H.,1951).
The angle of surface slope flattens out to the southwest
towards the center of_the Tucson basin. The greatest and most
conspicuous part qf the Tuqson valley is formed by an almost
flat plain with hardly recognizable northwest slope.

The area of pronounced slope between the mountain
front of the Santa Catalinas on the northern side and the
Rillito Creek in the south is often referred to as the foot-
hills of the Santa datalina Mountains. The difference in
eievation between the northern and séuthern parts of the
foot-hills amounts to about 600 feet. The hilly character of
the area is due to heavy dissection by washes heading in the
Santa Catalina Mountains. Most of the investigations were
undertaken on this dissected southern bajada of the Santa
Catalina Mountains.

The width of the bajada is about four miles, measured per-

pendicularly to the mountain front. The length of the belt of
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piedmont slope corresponds to the length'of'the southwestern
front of the Catglinas,about'15—20 miles.There is a difference
in elevatioﬁ between the western and easte:n,parttof the ba jadas:
points iIn the western part are at:roughly_one hundred feet
higherje;eya#ion_#hanwcorregppnding points,fhat is those with
equal_distance'ﬁrom the mpuniain.f?onf,in.the eastern.part'o§
the bajada.It is possible that this difference in altitude is
due to heavier erosion in the east with the dividing Iine fol-
lowing approxima?ely Sabino Creek;Anqther'différénce can be noted
In the east the wash beds are shallow and the few hills are
wellerounded,which'suggesﬁS'that erosion:of fhe“piedmont slqpe
is more advanced here.In the west,steep walled ‘washes are dis-
secting'the bajada,this process is still going on.Thus,the
eastern bajada shows features‘of a matu?e or post-maiture mor-
phology.In contrast to it,the west is in a more youthful stage
of erosion. _ | o
Drainage. The Santa Catalina Mountains are elongatg& in no;th—
west-southeast direction.The drainage of the southwestern part
is to the Santa Cruz river,the main tributaries being the Pan-
tano Wash and Rillito Creek.The northeastern part of the range
is drained to the San Pedro river.All rivers mentioned belong
to the drainage system of the Gila River,a stream that drains
central Arizona and western New Mexico,flowing in a westerly
direction towards the Colorado River.

The streams are of the intermittent type.They flow only
during the rainy season which is from July to September.At
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other times very few waéheS‘carry water,Sabino Creek being

one of them. | ’ B

Climate. Tucson is situated in_thg'semi—arid parts of the
western UnitedVStates;the annual precipitation on average is
twelve to fifteen inches.The climate is controlled more or less
by differences in altitude.In the region arognd Tucson the ele-
vation is low and the summers are hot,the winters mild and sun-
ny.Rain_falls‘ogly in the rainy.time from July to September,
otherwise precipitation;is scarce,:Atmhighe: elevation,such as
on Mt.Lemmon,the summers are cooler and snow in the winter is
the rule. '

Plant and animal life. The vegetdiion as well as the animal life

depends on the climate and wvaries tremendously,the maiq factor
being the altitude.In the foothills the vegetation is like that
of the Tucson basin:cactus and desert shrub.Among many-species;

the.saguaro(Cereus giganteus) is the most cha:acteristic,the

Teddy Bear cactus is for the geologist the most troublesome

plant(Opuntia bigelovii).In higher elevation on the Catalinas,

pine and oak forests are predominant. _ | o
Animal 1ife in the foothills is inconspicuous but manifold.

Birds are seen most often buﬁ reptilgs(snakes!Gila-mopster)and

mammals(rodents,deer,mountain lion) can be encountered too.

Qutline of the geology

Within Arizons,two 1arger'units may bg distinguiéhe&.rhe
Plateau province covers roughly the northeastern half of the
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state and‘the Basin.and Range province covers the rgét. 7
‘Several authors have pointed out_that this geomprphdlogic
separation reflects st:uctural differences (Ransome,1915;
1‘3ut1er,3.s.,1929; Wilson,E.D.,1949). -

The Plateau province is much better known. Its rocks,
particularly Paleozoic and later oneé,are exposed over wide
areas,their age being fairly definite. Deformation is never
infense, in sharp contrast to the strong deformation of the
Basin Range frovince. Thé latter term is used here only as no
better term is available to designate the non-Plateau province.
This does not necessarily imply that}block faulting'has~been
the sole act;ng force as propounded by Gilbert for the area
of the Greét Basin (Gilbert,G.K.,1875).

The area of investigation lies within. the Arizonan part
of the Basin Range province. To the north this province in-
.cludes the Great'quin of Utah,Nevada, and California; to the
south it reaches as far as Sonora and Chihuahua,Mexico.

| Characteristic features of the Basin Range province are
the roughly parallel mounta%n ranges:and the rather flat
desert plainé which isolate\the mountains. Most rocks are of
doubtful age and, as Wilson(1949,p.2) remarks, impor‘cant‘
features are often obscured especially in the valleys or basins.
In comparison with other areas very little is known about the
general structural trends in this region of which the area of
study is a part. The basin and range;forming diastrophism is

generally understood as of Cenozoic age.
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The rocks known f?omvgouthepn Arizqna include sediments,
igneous,and metamorphic_:oqks_ranging inrage from'Pre-Cambrianv
to :egent,Some forpatiopgrlike Qrdovician,Siluriahtrriassiq,and
Juragsig are 5enera;1y_lacking apd sugggg? that diastrophism
and erosion inter;upted thg normal sequence.

Most of the area of igvestigation ;ies-on the southern
bajada of the Santa Catalina Mbuntaing,north of Tucson,Arizona.
The Catalinas have been described only in parts.They belong
to a quplex of gneissic and grgnitic rogks Which extgnds.
northwest-southeast over more than thirty miles and includes
the Santa Catalinas,the Ringonleuhﬁaips"gnd in the angle betwe
both,the Tanéue Verde Hbuntﬁins.This'extensive block of meta-
morphosed sediments and igneous rocks is assumed by Hernon
(i933)to be produced by an intrusion of considerable extent
in post-or_late Cretaceous time. ‘ B

The intrusives vary from granodiorite to‘algalipe granite
according to the same author.These_grapiticvrocks are known
more or less only from-the middle parts of the eptire cpmplex;
In the southern parts,especially of the Catalinas,gltgrgtiqn“
rocks prevail.The type of alteration is rather unusualj;accord-
ing to B.S.Butler(oral comm.),the_Catalinas may be even con- )
sidered as an example of granitization,lnjection metamorphosis
resulted in two kinds of alteration rocks:0ne is an oligo-
clase—biotite—duartz injection rock,the other being sill-like

pegmatites high in potash,soda,and silica.These two alteration
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rocks_have the appea:ange,in the order descxibed,of an augen-
gnéiss on the one hgnd and of a'shea:gd granite on the ot#er;
These latter two rocks occur especially in the southern.parts
of the:Catalinas.mhe‘dividing line between granite and gneiss>
is rather vague and was-first‘sugggsfed by Tblmgn(uppub.manuser.)
as to rgn‘east-southeast starting at Romero Canyon which is |
on the western‘Iront'Qi the Catalinas. ‘ v

- The northern slope of the Qatalinasﬂis formed by igneous
and sedimentary rocks of PrefCambrian,PaIeozoic,and»lqss fre~
quen#ly,yognger gge.DueAto some_mining activity,this area is
'better~kpown than the southern parts of the Santa Catalina
Mountains., ‘ o - ‘

While in the north the Catalinas dip under“the.bolson
deposits of the San Pedro River valley without a_dist{ngt
line of aisplacement,their southern ironﬁ is more or lessu
deﬁermined by the course of one or several faults.The faulf»
is assumed to continue from-west'of Sabino Canyon to the east
and then fo the south by swinging around Agua Caliente Hilll_ H
and running along the.base of the Tanque Verde Mountains towards
the Rincon Mountains,according to Mbore(unpubl.manuscr.).

In the region of the southern bajada of the Catalinas,
south of the fault,no gneiss is exposed.Here extensive allu-
vial fans cover the area and most often obscure the"Catalina-
fault" as the fault will be referred‘to.Thg material of the
fan deposits is derived from the present Santa Catalina Moun-

tains and therefore it consists‘mainl& of little or non-solidifi
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gravel pf“Cgtalina gneiss" and sghist.Individual fans usgally
start in the mouth of the canyons and they spread out towards
the Tucson valley.After & short disﬁance from the mountain
front,two or more fans coalesce thus forming thevinclined'plain
encountered so frequently in this part of the country and often
referred to as Dbajada. “ _

Different elevations of the surface level of the fans
indicate several stages of erosion and deposition,RemnantS'of
' mofe extensive fans can be observed in many;places;they can
be correlated by elevation and angie of slope of their sur-
faces as shown by Blissenbach(i95i).This author has made in-
vestigations of fan deposits in this particular area and he
was able to define several distinct stages in their deposition
and erosion.The age of the fans is more or less recent;none of
them was found to be involved in deformation.

The central part of the Tucson valley is a largerflat
area formed by loose or little solidified gravel and sand.
In the eastern part of the valley,occurrences of older formations
are kﬁown from Twin Hills,Toma Verde mine,and Saguaro National
Park. _

On its westside,the Tucson basin is confined by the
Tucson Mountains,consisting of Tertiary and probably younger
volcanic  rocks and a few sediments,furthermore Cretaceous
sedimentary and volcanic rocks and intrusives of uncertain

age,probably early Tertiary(Brown,W.H.,1939,p.713-718).
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The southern border of the valley is formed by the
Sierrita and Santa Rita Mbuntains which contain pre-Ter-
tiary igneous ‘and sedimentary rocks(Darton,iéZB).In the
southeastern corner of the Tucson valley the Empire Moun-
tains are situated;they consist chiefly of sedimentary rocks
of younger Paleozoic and Cretamous age,The Rineon‘Mbun-
tains are a centinuation of the meﬁkmprphic complex of the
Catalinas to the southeast.

The valley £ill underlying the central parts of the
Tucson valley can be assumed to be of con51derable thick-
ness as no wells have penetrated the~a11uvia1 blanket.As
mentioned above,only in a few cases rocks different from
the valley fill can be seen and these occurrences altogether
are distributed over few_square miles only.Except_for these
outcrops,fluviatile-lacustrine sediments are expoeed in the
area of the southern bajada of the Catalinas.These deposits
are not very conspicuous as they are frequently Qverwashéd
_by alluvium.They are the subject proper of this paper.

i molman,one of the first authors on the area,had correlated
these lodimehtS'with.deposits of similar appearance exposed
south of the Rincon;Mbuntains,particularly in the headwaters
of fantano Wash.As the term "Pantano formation" has not been
defined sufficiently by Tolman or MOOre%%go also applied it,
the present author-will_not.use the name for the fluviatile-
lacustrine rocks in the southern foothills of the Santa Cata-

linas.In accordance to a suggestion by Dr;stoyanow(oral comm. )

1./Boih authors have wrictven unpub.reports on the geology of
Tucson quadrangle.Avallable for study was only that by
B.N.Moore.
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the term "Rillito formation” is_proposed in order to desig-
nate those rocks in the Catalina foothills.

Previous works
Literature provides only little information about Ceno-
zoic rooks of the area.The unpublished manuscript on the Tuc-
son quadrangle by‘Iolman,in which the ngme"Pantano formation™
was used firsf;could not be obtained.In another paper,the
same author writes:
| ",..bottom layers'ofithe Tucson outwash deposits,
south of the Santa Catalinas,contain fragments of
porphyries and lavas which do not appear in place
on the South side of the range.The conclusion is
evident that this layer represents a portion of
the mountains entirely washed away..." = -
' | (Tolman,1909 a,p.157)
First mention of struetural relations seems to be made

by Kirk Bryan: : : .
"Red and partly cemented older alluvium is exposed
near the base of the Santa Catalina Mountains aat’
the mouth of Sabino Canyon.It is tilted and eroded,
and on 1t rests the younger alluvium."
(Bryan,K.,1923,p.29) |
Although B.N.Moore's unpublished report on the Tucson
quadrangle is rathor elaborate,his investigations appear'to
be more intensely concerned with older rocks and a'descrip-
tion of Cenozoic rocks of the Tucson valley remains briof. '
Moore applies the name "Pantano formation" to rocks described
as a "thick'serles of contlnental deposits and 1nterbedded
volcanic rocks typioally'exposed in Pantano Wash in the south-
east corner of the Tucson quadrangle.;t is not clear on which

eriteria Moore distinguished the formation from younger,
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alluvial roeks.Hia:description of lithology and strueture
is rather general Qherefore a critical attitude towards the
all includlng use of the designation "Pantano formation®
seems appropriate.. | _ | '
Several authors have worked in the region north of Tuc-
son but they touth the subject oi the present paper only'oc-

casionally. (Blake,w P.,1908;Davis,W.M.,193%1;Hernon,R.N., 1933;
Bllssenbach,E,,1951)

Problems and approaches

Detailed sedimentologieal studies on the ‘southern side
of the Santa Catalina Mountains were necessgry to qbta;n cri-
teria for thg division of the Qenozoig roqksmbﬁaving secured
sedimentary eriteria,a division of the rogks_aparﬁ'irqm‘the |
gneiss complex into the "Rillito fqrmaﬁion" with a lower,
middle,and upper'member'and alluvial fan deposits~waa'§gggestive.
Thereupon regional distribution and structural questions
could be approached.

Exotie pebbles eomprise the cénglomeratic parts of the
Rillito formation in meny casesj;thus,the problem of the con-
tributing source area was raised.Although the faet that a
jiewul;mestone cobbles hed been found in the Catalina foot-
hills gave rise to the entire investigations described in
this paper,this becgme a secondary problem in the course of
the work.

No fossils were found in the Cenozoic deposits of the

area of study.Therefore,the age of the Rillito formation
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could be approgghed‘only by an attempt to correlate the

. beds with similar formations in adjacent areas.

| Methods of work 4 -

Field work was started in January 195i and doﬁe on
weekend trips until summer,afterwards however over longer
perio@s.Due to the extensive‘area>to be‘invgstigated,the
- following method had to be apblied.A section near Tucson
was studied in'QQtail,Afte;-qriteriavfor recognition of the
,beds_had beenvestablished,new‘outcrops were searched for in
adjacent areas and investigated.

- Aerial photographs. The Tucson quadrangle with‘a contour

interval Qf 100 feet was not sufficient for orientation‘in

a region so much Qissected as the Catalina foothills.There-

fore aerial photos were used as a base of the work;Furthgr-

more they proved time-saving'as‘in several cases outcrops N
could be identified wunder the stereosqope at home and txipsv
could be planned accordingly.Stereoscopic coverage of thé‘area
was desirable especially for the purpose of detecting outcrops
on sidewalls of washes.For orientation in the field,howewer,
single photos were sufficient as long as they were taken
contrary to the common procedure of photogrammetry and contained

some shadow.

Sedimentary analyses. Most of the conclusions were drawn from
date secured from analysis of the Qopg;omerateg of the Rilli-
to formation.Investigations of the conglomeratic parts of the

series were usually made right at the exposures.For a pebble
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count,'an area conféining'roughly 75-1OQ,pebb1es and cobbles
was outlined with a grease pencil. Commonly the constituents
could be removed. In case of strong cementation or badly
-weathered state,however,»theﬁ were'left in place. The sedi-
mentgry'particles were_sorted upon a la;ge bag WhiQh was
divided into a number of fields, eacﬁ for a‘particular rock
type.

Measurements of roundness were undeftaken,by means of a
table by Xrumbein which bears images for wvisual roundness
(Krumbein;W.C.,1941,P1.1), The sphericity of the coarse-grained
constituents was determined'by computation of the ratios of
the three axes (Krumbein,W.C.,1941,p.64). This latter pro-
cedure Was abandoned in the course of the work as no general
trehds,éould be recoénized except for one important fact
conéerning the Barnes conglomerate as a source rock.

Tocal distribution of maximal sizes was;detérmined by
taking into account all constituents of the parficular out-
‘crops and not confining the measuréments to the pencil-marked
parts of the outcrops. |
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CENOZOIC DEPOSITS

Distribution and modes of occurrence

, The Santa Qgtalina Mbuntains,Afizong,grq bordered on
their bold southwestern front by'Cénozoic deposits.The zonq
qf trangition cqincideS‘ronghly_with.fhe tren& of a 1ong“¥au1t
with approximate>WNW&striknghié"catalina fault" is expoaed
only in extremely few cases,the best exposure being situated
'eastward of'the north_fip pI‘Campbell avenue. | -

Northvof the border-fault‘metamorphic.:ocks of the Cgta-
lina gneiss_complex a}e thé}prgdomipant'tyPe,sqgﬁh of i¥ allu-
vial fan deposits form the slope towards the Tucson valléy;In'“
numerous pases,however;metamorphic rocks“of the Santa ga#alinas
are overwashed'by alluvium along a nar;qw'zone.mhe surface of
slope of fan deposits extends a short way north of the "Cata-
lina fault" and includes a small belt of the metamorphic}cog-
plex thus indicating that a narrow zone of #he mogntain front
was subjected to a process of planation.No case is reported
that gneiss occurs somewhere in the foothills,south of the
border fault.

The whole aréa along the southern front of the Catalinas
is strongly dissected by washes that head in the Catalinas.The
alluvial fan deposits consist almost enfirely of :ocks that
occur today on the southside of the Santa”Cataling Mountains;
therefore gneissic and pegmatitic rqck fragmenﬁs predominate.
Different levels of the fan surfaces can be recognized,the

upper one being preserved only in hill remnants and in the
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narrow belt of planation;algng the southern gneiss front of
the Santa Catalina Mountains(examine plate i), |

Where washes have cgt through the glluvial ian}depositg;
an older’formation'is exposed underneath the fans;these’older~
sediments di:fer:fromithe-fag-depoéi#s in odor,composition,
sedimenﬁary strugtureg,and in many places‘they“are strongly '
deformed.For this older formation the name "Rillito forma-
tiqn is proposed.It is the subject proper of the present
paper. A_detgile& discussion‘oi.?he_alluvial fap>deposits‘
of the region can be found in a paper‘by'E.Blissenbaeh(i951).

The total region of distribution of the Rillito formation
that was investigafed;may'be'divided‘igto three parts*on ae-
count oi fheAdifferent mode of occurrenee predominant in
each.See Plate 1 . )

A f£first gfoup of exposures is situated beiween
North Cémpbell avenue andeapino Creek.gere the a}luvial
cover Iis rather thieck and isolated outcrops of the Rillito
formation can be found only in places of heavy cu#ting;mhere-v_
fore,the main type of exposure'iS’in wash bends and on the side-
walls of washes.Individual outcrops ip this part of the total
region are often good and high but always capped by gl}uyium
and therefore hard to detect;The disadvantage fbi'field'worku
is obvious:correlation_of“strata over those isolated‘outcrops
encounters difficulties as the pptual relgﬁiogs are obgcu:e@}
by alluvium.lateral extent of individual exposures lies between
fifty and five hundred feet.
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A secon d area of exposures is distinguished
by having a thin veneer of alluviun only;it lies between
Sabino Creek and Agua Caliente Hill in the northeast cormer
of the Tucson yalley;Herg the Rillito formation erops out_more
extepsively and it covers ;qrger‘partg'oi the surface.Digsgcted
hills of thé}fan—rgmnant typé are qonspicuogslyiabsent,Daepv
cutting’is;haydly present,waéh beds 7are shallow and the few
hills are well—rounded}@pod_outc:ops are scarce due tq the
laek of relieI}only roadeuts along Mount Lemmon Highway permit
detailed studies of stratiiication and structure.l

In both the first and the second group of exposures
the Rillito formation exhibits no relation to older formations
except for the fault contaet with gneiss of the Santa Cata-
lina Mbuntains.The-basement of.the‘bajada beneath thg Rillitq
formation is not known;wells have not reached the base of the
Rillito formation as most groundwater is obtained from alluvium.

Ina t hird group of exposures the Rillito formation
is found in contact or at least immediate vicinity with older
rocks such as granite,volcanie rocks,Cretaceous? recrystallized
limestone,and gneiss of the Santa Catalina Mountains.These
occurrences of the Rillito formation are very scattered and
were determined by means of aerial photographs,ﬁll of them
are located in the easternmost parts of the total region of
study such as'northeast of Bellota Ranch,at Tioma Verde mine
and Twin Hills.



Plate 1 , Area and modes of occurrence of Cenozoic deposits
northeast of Tucson,Arizona .

Jutcrops and assumed subsurfacial occurrences of the Billito
formation are marked red. HCatalina gneiss™ indicates ™ wary lines
alluviu by circles.Abbreviations:A«C_H. ,Ayua Caliente Hill;B.C.,
Be .r Canyon;lJ.Cea=,North Campbell ave me Rincon fountains:

S.C.,Sabi"0 Caryon ;S#CeMe,Santa Catalina fountains ;T.V. >Tanque
Verd- Mountains:VeCe,Ventana Canyon.

Plo-ic 1
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Composition as basis for division of the CenOZOie

General remarks. Several methods for a differentiation of the
Rillito formation from the younger fan deposits on the ome
hand and sub?iuision of'the Rillito formation om the other
hand were.applied.Only Qnepmethod,hqwever;based on composi-
tion of coarse-grained sedimentary particles proved to be
reliable.No fossilwplanfs or animals could be detectgd.despite
intensive investigation around favourable looking exposures
vsuch as the places of transitiom from fine-to coa:se-grained‘
sediments.Besides establishipg'the"strat;grgphy,the<domposif
tion_of the different members gives clues as for the history
of the erosion of the source area.

Criteria oth9r~than compqsition failed to help in_rgéoga N
nition of the beds.Eor_instanee,at the beginning oi the studies
beds overlain by fan;deppsits were mistaken forvRillifo fbrma-
tion until it became evident that'there are several stages of
fan deposits and all somewhat different from éach other.There-
fore,the fact that conglomerates,fpr instance,are overlain
by alluvial fan deposits,does not‘constitufe a criterion for
fheir being Rillito in age.Color also is akdoubtigl‘erite:ion
in distinguishing the Cenozoie.Although red colors‘prgvaii
in the Rillito formation,brown and gray may be observed as
well.The fan deposits are commonly white or gray,in some
places‘they exhibit a brown color resulting from the color
of the sandy matrix. For a synopsis of sedimentary features,

see Table 2.
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Graphic presentation of composition. A series<o; histograms
shows the compositiop,iphterms of six"roek types p:eseﬁt?df
the Rillito fbrmation and the fan deposits at various loeali-
ties(Table 21).The vertiqal gcale'representg the percentage of
each rock type presenﬁ in gwparticular pebble~eognt,0n the
horizonfal scale six e¢olumns are plotted,each rgpresgnting
one particular_rock type or rock group among'the constituents
of the cenozoio~conglomerates of the area. ‘

From left to right,the columns represent: 1.granite of
'the"Oraele"tpr,2§limgstone)3.volcanic rqgks,4.quartzite and
vein quartz,5.schist and’phylli#e,6.gneisaiefgrapitie rocks,
derived mainly from the Santa Catalina complex;Th;s arrange-—
ment was chosen ﬁecause i1t illustrates most clearly that the
‘chéngeq ;p eompogition are following a definitq pattern. |

Table 2 shows'thé four compositional types oi’Cenozoiq
conglomerates of the area. A compilation of the resﬁlts of
most gfbtbe pebble counts shows thatfthe“histogrgmsminﬂmab1,2
were selected;rather:at'random fbr~each pq?ﬁicnlgr stratigra-
phic unit.This Iist will be found in the appendix.

In the lowest parts of the Cenozole,granite fragments
mostly or exclusively of the "Oracle"-type (see below) are the
predéminant constituents.These granite pebbles and cobbles are
absent from the younger members of the Cenozoie. An opposite
trend can be observed with particles of the sixth eolumm:
gneissic-granitie-roek.fragments of the"Catalina"-type are

not present in étrata of the older Cenozole;they increase,
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hgwever,unﬁilwthey formvthehchigf part_of_the cgnstituents”

in the youngest»Cenozoi@,that is in the recent alluvial fan
deposits._The extreme left and right'colugﬁ,granite égq gngiss,
may the:efpre bg understoqd as end members in thathsense that
they exclude each other in the extreme lqwer'and upper'mémber
of the_Cenpzoicgconglomerates of the area.The inta;me@iary;
mgmbers.such as limegtone,volcanic rocks,quartzites,and“the
schist-phyllite group vary in their'pgrtiqipation of ¢ompo-

. 8ition throughout the strgtigfaphic seéuenee in the following
way:the more to the left side the column is plotted i# the
histograms,the earlier(stratigraphically)this rock’type ceases
to contribute fragments to the Cemozoic eonglomerates.The
fourth and fifth group,quartzite and schistsphyllite,are not
very significant probably because these groups could not be
subdivided by hand speecimen determination.

The petrology of the constituents was found to be signi-
ficant enough to motivate a detailed description.This will be
dealt with under the stratigraphic units in which the parti-
cular rock fragments make their first appearance.it this place
only peculiarities of their representationm in the diagrams
are discussed.

Granite <fragments are conspicuous especially in

the lower members.Execept for those particles derived in later

!

perlods of the Cenozoic history from the central Santa Catalinas,%

granite constituents seem to be composed of one and the same

type that is referred to as "Oracle" granite.The latter onmes
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are represented by the first eolumn; the granite derived from
the central Sqnta Catalina Mountains is added to the sixth
quumn because it cammot alwayg be distinguished from gneissic
- particles. Limestone particles seem to represent only
”é 1imitgd‘number of fbrmation which may have been in contaet
with each qther.Thgy are probably all‘oi upper Paleozoic age.
Voleanierock fragments in the Rillito conglomezates
are assumed.to be Cretaceous and‘younger~in age,inferring
this from occurrences in the southern parts of the staté ae-
cording to Moore(unpubl.manuscr.).Despite some variation in
petrology,the volcanic roek fragments were treated as a unit
because the £ew:txpeg-usua1;y~oecur together in the strata.
The fourth group is composed of quartz i t e 8 as well
as of vein qgartz;iﬁ the field a separation was not'allays
possible. Sehistaniphyllite méke up the fifth
group;for stratigraphie purposes they are not very useful
which is true also for the fgurth group;quissic,pegmati?ic,
and granitic rock fraguents eomprise the sixth group;these
rocks were inoluded in one columu because they are exposed
widely;in‘thg~prese§t; Santgﬂcapaliga_Mbﬁg@g?ys:F?aggents

of this group.a;epha:d'ﬁq d;atinguigp,it gppegrs'powgywyu ‘
thgﬁwin Ehgmgidq1e membe?xof“thg.Ri}}ito formation gneissie

rocks«are less common than in the upper member.

CbmpoéitibhéikfypésvbﬁfCénbébic deposits. Based on presence

and absence of exotie fragments among the constituents,coarse-
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grained sediments on the southern_bajada of the Santa Cata-
lina Mountains may be}divided into two groups. The adjective
"exotic? is épplied to those rock fragments that are not
known to occur in situ in the contributing area of the ‘
drainage system which presently is resulting in deposition
and erosion of recen§ alluvial fan deposits on the squthern

bajada of the Santa Catalina Mountains between the mountain

fronf and Rillito Creek. ‘ !
The group without exotic rock types aﬁong its sedimentary
particles is the younger one; conglomerate of this composition %
will be referred to as "alluvial fan deposits". Those other
sediménts containiﬁg exotic particles are older and will be |
designated as"Rillito formation."
The Rillito formation consists of fine- and coarse- i
- grained sedimentary rocks including evaporites. For a diyision E
of the formation,only conglomerates can be used because of 1
the absence of determinable particles in fine-g?ained <;
rocks, Within the conglomeratic parts of the formation,two
types of composition are present. One type is composed of
nothing but exotic rock fragmentsrﬁhile in the other compo-
sitional typé of conglomerate both exotic and non-exotic
particles are present. Field evidence suggests that the beds
with only exotic fragments are the older ones. Regarding the
compositional development of the conglomerate,this seems logical.?

The alluvial fan deposits of the area are composed
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exclusively of fragments derived from'rocks that can be
found in place in the southern parts of the Santa Catalina
Mountains. These non-exotic particles are preéented in the
fourth, £ifth, and sixth column of the histograms ( P1.2).
In rare cases only,a few exotic fragmgnts identical to
those in the Rillito formation were fqund‘in the alluvial
fan deposits. This is assumed to be dge to a secondary
deposition of_fragments washed out from nearby outcrops

of the Rillito formation.
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RILLITO FORMATION

Tower member

General statement

The oldest member of the Rillito formation includes
conglomerate,mgdstone,and possibly_gypsum,the latter of
quéstionable position within the formation. The mutual
relation of these rocks is evidenced by interfingering.
Their relative age within the Cenozoic of the area is based
on the conglomerate as the only stratigraphically determin-
able rqck'type.

Relation to older rocks. The‘base>9£ the Rillito formation
as well as the rocks of the subflqor_are nowhere exposed in
the Catélina foothills. Wells also have not reached the rock
floor underneath the formation nor can well logs be employed
with certainty to give clues to the subsurfacial situation
of the Rillito formation due to the known difficulty of
applying the driller's description to geblogic purposes. To
overcome this latter handicap, & simplified method of deter-
mination of the Cenozoic is suggested. It can be accomplished
by determination of presence and absence of those rock types
which are shown in column 1, 2, 3, and 6 of the histograms
on Pléte'2. |

Outside of the Catalina foothills, however, lower Rillito
beds were found in immediate vicinity of older rocks at two
localities. Thus, at mea Verde mine, in the northeast corner

of the Tucson valley, conglomerate of the lower member was



found about*ope hundred yards from red granite,commonly
?efer:ed to as "Oraclgﬁgrapite in the.region north of Tuc-
son.Although the contaet is not exposed,the situation sug-
gests that the conglomerate was deposite& here upon an i:-
regular granitic‘surfaee,Herq also porphyritic_basalt was
observed in fault contaet with the conglomeratc whieh formed
the hanging wall.The basalt is regarded as being younger than
the lowgr'member(se. seetion; "Riilito formation and vol-
canismﬁ;below in this paper).

- On the mountainous pass‘betﬁeen Santa Catalinas and
Rincon Mountains near the eounty'highway from Tueson to
Redington,about two miles northeast of the Bellota Raneh
buildings a conglomerate can be observed that'corresﬁonds
very closely to the lower Rillito conglomerate in the val-
ley as far as composition,eolor,particle size,sorting,stré—
tification,and cementation is coneerned.?he conglomerate
lieé at an elevation of 4500 feet above sea levelj;this is
in contrast to all other'ocgurrences in the Tuéson valley
which lie usually at 2500 to_2900 feet elevation.

Gneiss of the Catalina complex surrounds the isolated
occurrence and underlies it probably.Rillito beds form only
a part of this lense of one mile}in diameter“which rests on
gneiss.From southwest to northeast the following rocks are
exposed in this unusual as well as very isolated'oecurrence;
'recrystallized limestone(forming'a small hill) of.Cretaceous?
age;reddish shale,perhaps also Cretaceous?;lower Rillito

conglomerate jshale or mudstone intruded and altered by adja-
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cent voleanie roeks which are eomposed,at lcast.in_partf
oi.porphyrith basa;t.ThO'altcred mudsﬁonc or shale mey
vbelonglto the Cretaeceous? oxr to th§ Iower Rillito member,
distinct indieations for a relation were nol observed by
the author.The volcanie roeks oeccur along & northeast trend-
ing‘strip of more qr'lesé-Qontinuous exposurea;a dike is
probable.Features suggesting a dike can be seen on PIatgrQi
As the'aiea around Be;lota Ranch was visited only on recon-
gaissangc frips,more detgiled studies“seem necessary'bsfore
fstatemgnts about the relation of the lense of sedimentary
and véleanic'rogks on the gneiss"can be mades

'Injthe conception of B.H;Mborc(unpubl.@anuser,)git
is‘the remnant of a block inyounger depoéitS‘that‘was
thrust upon tﬁe gneiSs.It can be assumed that Moore did
not observe the volcanic rocks in the vieinity nor the
aitered mudstone or shale. ,

A large number of coarse constituents of the lower:
Rillito conglomerate in thié particular area are shattered
and appear uncommon when compared with the generally intaet
constituents of occurrences in the Tueson valley.This would
agree with Moore's idea of overthrusting;however,it does not
necessarily imply such movement.Moore's argument is the pre-
sence of a zone of brecciation;this could not be observed
by the present author whieh may be due to the short time of
study'therc.
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Considering the possibilities of overthrusting,the
following'pqints‘a:evnotewqrfhy;Iﬁ the_qccurrenqe_ngar N
Bellota Ranch is due to an overth;ugt,a»lateral displace;
ments of several miles has to bg postulateq‘becguge thg
block could not have been derived from a logality'within
the gneisg complefossuming an prigig ﬁrom:a place outsidé
' the,gneiss,either\nqrthgast or soqthwest £rom Bellota Ranch,
the amqunt of”displaqement must be several miles.

Another possibility of the origin of the sedimentary
lense near Bellota Ranch would be their deposition at the
present place with“subsequent uplift or downwarp #o'achupt
for the unusual elevation of the deposits.This will be dis-
cussed la#er‘in this paper.It should be addeq;however,that
the broken and shatteredvchargcter_of the lower Rillito mem-
~ ber (Plate 3,A)may be due to such deformations as during

vertieal movement.

Facies and distribution. The relation between conglomerate
and mudstone deposits of the lower member is evidenced by
their interfingering at several localities,best observed at
site 6 and site 19 (map with location of sites in pocket).
This feature of sidewise representation of fine and coarse
material appears to be rather common among continental depo-
sits of Cenoz01c age 1n southern Arlzona accordlng‘to F L.
Ransome(1903,P 48),G.P. Ross(1925,p 29-30),J.W. Gldley(1926
p.83),Knechtel(1936),and Alexis(1949,p.58) et al.It is due

to the particular environment and mode of deposition dis-
cussed
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later in this paper.

The present scattered and fragmehtary distribution
of occurrences of the 1ower member.is mainly a feature of
preéervatipn.Mudstone deposits in particular have been sub-
jected to strong erosion due to their-softness.An example
is seen in the elongated depression of one mile length
southagt of sitg'19(map in pogkpt),tho qpng;omoratic facles
northwest of it was resistent and is atanding out today.

As outerops are scarce and well logs uncertaip(p.ZQ),
1ittle definite statements can be made about facies distri-
bution. This subject is of particular";nterest in its ;elation
to the areas of high relief of former and present times. It
appears,however,as though in the lower Rillito member,con-
glomérate is more extensively developed near the presemt
mountain front while mudstone deposits increase towards the
Tucson velley.

Transition from conglomerate to mudstone can be observed
at site 6,west of Pontotoe road,where both facies are inter-
fingering.South of it for about 2000 feet mudstone deposits
form high and steep walls along Pontotoe Wash until they dip
under the gray conglomerate of the middle member.To the north
the conglomerate,exposed already at site 6,forms larger out-
crops around site 10.The inclination in both facies is the
saﬁe,namely to the valley.

Another strip of rather continuous exposures of lower

Rillito beds is east of the northern end of Campbell avenue.
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yimrre 1. Mudstone lense with fibrous
gypsum,about 400 feet west of

massive gypsum

Figure 2. Occurrence of mudstone at
Pontotoc Wash,overlayed by
middle member conglomerate
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In the mid@le'papt'of“it, a lense Qf mudstone deposits
is enclosed by the~lowerlmember‘conglomergtgvin north and
south.The cogglqmerate on both sides shows symelinal dip
to the mudstone.It is unlikely that the dip is initial;
imbrication,best exhibited at site 11(map in ppcket),indi-
cates that the depositing stream came from the north even
where the_inclipation is %o the north.Tectonic forces,there-
fore,are assumed to be the cause of the situation of the con-
glomerate. . o
The mudstone deposits in‘the center of the synelige

are of silt%size with gradations up to granules towards. site
i9. The stratified mudstone dips southwest with transitions
to the dip of tﬁe adjoining conglomerate. Exposures around
site 20 exhibit that the mudstone,dipping 25 degrees south-
west and west,contains gypsum layers,one to\tyongnchga_théck,
on“bquing planes and fissures.mheigypsum on fisgu;gs-qgtsiw
the one on bedding plangsiip plages.Itwig not imppsgéble‘ﬁhat
these thin gypsum layers are younger than the Intercalated
mudstone.Thus,they may have been derived frbm a nearby occur-
rence of massive gypsum(site 30) by c1rculating waters.

- The relation of the massive gypsum(31te 30) to the mud-
stone lense and th1n~gypsum(around site 20) is not cerdain.
- The massive gypsum 1s much thlcker and 11es flat in contrast
to the thin gypsum Whlch dips 25 degrees southwesf Indicatlons
in the field are too scarce as to permit definite interpre-
»ﬁa?ign.gb qef;nite solution caﬁ be offered,hgweygrltpe ﬁp;T'

lowing discussion is believed +to clarify the issue at least.
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Concerning the relative age of the massive gypsum
(site 30),the followingiarguments for the two main pos-
sibilitiee-are indicated:

.1.The massive gypsum is pre-deformational and pene-con-

temporaneous with lower Rillito.beds:

Supporting: The mudstone faeiee seemsmlimited to the 1qwer

Rillito‘formatioh;ne mudstone deposits of any thickness
above one foot are presenf in.the middle and upper mem-—
ber of the Rillito formation. Furthermore,the loeal coin-
cidence is remarkable;both occurpences(site 20 and 30) are
.lessvthap_soo feet apart.It should be remabered tﬁats;te
20 is lower Rillito evidenced by interfingering.The mud-
stone both in site 20 and site 30 iIs rather similar in
appearance.

Opposing: The fact that the massive gypsum lies horizontal

disagrees with the assumption that it predates the deforma-
tion which caused the dip in conglomerate and mudstone in
the immediate vieinity.Iwo ways of interpretation are offered
for this latter featureta.theAgypsum forms the center of the
structural syncline;b.the gypsum was sited in a block that
was warped down without resulting tilt..

~ The difference in appearance between gypsumvet'giteNZO
and site 30 opposes the assumption of comtemporameify,The
gypsum at site 20 is fibrous and in layers ome to two inches
thick;gypsum at site 30 is massive,beds are up %o eighteen

inches thick.The gypsum at site 20 cannot be relied upon
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as a criterion for thghmudstqne in which the gypsum is
intercalated.If the gypsum is regarded as being younger
than the mudstone becgus; it had’been,fbr‘igstanea,depq-
sited by eirculating waters{it cannot be representative
in any way for the lower Rillito member at site 20 and
vieinity.

2. The gypsum at site 30 is post-deformational and younger

than the lower Rillito member:

Supporting: The horizontal strata of the gypsum at site

30 remind of undisturbed strata of the upper'member.of'
the Rillito formation. _ 7 ‘ A

»If the thin gypsum layers atrsite 20 are assumed_tq'
be equivalent to the nudstone in which fthey are intercala-
ted,the mineralogie differences between the two gypsum
ogcurrences oppose oontemtemporaneity‘fOr the following
reason:the surface of the gypsum layers at site 20 is uneven
end rather wavy,this suggests increase in volume after hydra-
tion.Therefore,at site 20 anhydrite possibly was deposited
originally.The gypsum(!) at site 30 does not exhibit the
typical signs of increase of volume;therefore if can be
agsumed to be deposited as gypsum,not anhydrite. N
Opposing:Although a mudstone facies was not observed in the
middle and upper member of the Rillito formation,this may
have the following reason:The mudstone facies of the upper.
members may'be present south of the area of study,that is
underneath the alluvium of the Tucson valley because the

relief during the time of deposition of the two latter
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members wasHhighgr.This change in relief would move the
border between purely'cqnglomeratie facies (near the
mountain front) and conglomeratic and fine-grained facies

(usually more in the valley) to the valley side.

The lower member of the formation is distributed over
the whole‘area of.study except for the middle part of the
belt:it does not crop qutvin the regiqn betwgen Sabino“Wash“
and Soldie?fs Trail.West of Sabino Wash_conglomerate and mud-
stone arevdeveloped\equally well,east of_Soldier's Trail
thg conglomerate facies predominates,mudstope beigg present

only near Knagge's ranch and in a dubious occurrence north-

east of Bellota Ranch where the mudstone or shale is altered

by a voleanic intrusion(p.31).

Litholggx of the lower member

Conglomerate

General character

The thickness oflthe lower Rillito conglomerate cannot
be dtermined exactly as the base is not exposed.The thick-
ness is estimated,however,to be at 1east 1800 feet,inierring
from projection of dip along a strip 4500 Teet long which
is formed by a sequence of rather continuous exposures along
washes east of North Campbell avenue.Similar figures were
obtained from the area northeast and northwest of Del Powell's

ranch,east of Pontotoe road..
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The 9019; of‘thevconglomergte igncharactgristie and
commonly purplish'red)mope rarely gray but alwayS‘with_a
touch of red,due probably to a content of iron in the cement.

The material of the conglomerate_consists~ehieflyrqf
roughly sorted gravels of pebble and cobble size.Maximal
particle size of aroundAZS ipehes:waS'observed nggrjthe
mountain front at_site 37(map in pockgt).The roundness of
the rock fragments in the conglomerate ranges from .5'#0
‘.7 on average. The petrology of the constituents is dis-
cussed later. o ' o

Stratification appears distinct and is_eaused by layers
of about equal size in diameter of particles or by non-
persisting streaks and lenses of sand and granules.It appears
that the thickness of individual strata is slightly pro-
portional to the diameter of particles'therein.Maximal
thickness of individual strata is around 15 inches,the more
common -thickness is about 10 inches~

The matrix of the conglomerate consists of granules
and sand;if the strata are well sorted oniy little inter-.
stitial material is present.The induration is variable,
mostly good but often the strata are extremely solidified
due to their calcareous cement.The cement is assumed to be
more or less contemporaneous with the beds,at least it is

not derived from the caliche-forming agents of present times.



g

~ Besides studies in the area of distributionm (p.37),
similar sediments were visited in the vicinity of the
highway from Tucson to Bgnson,Here,in the region of Pan-
ﬁanq Wash,cqnglpmerate apd mudspone\of conside:able thick-
ness are exposed.Both types haveAreddish colors and the
conglomerate in particular.remindé of the lower member-‘
of the Rillito formation.Although the sedimentary partic-
les are diffgrent from those in the loygr gonglqmerateyof
the Rillito formation,the :aﬁiq of different réck"types
is similar to‘that in the lower Rillito.Near the Péntano
railroad statiog,gypgﬁm layers,one to four inches thick,
are intercalated‘between mudstone.This gypsum occurrence
is 1ocated_sgme hundred feet east of a roadcut»where a
block of Paleozolic or older guqrtzité Is Interpreted to

form a klippe,according to E.D.Wilson(oral communication).

Constituents of the lower conglomerate

Granite
In the histograms(Platev2),granite particles are
expressed by the first column.Except for that typéﬂqf
granite which is associated with the gneissic and peg-
matitic rocks of the Santa Catalina Mountains,the grani-
tic fragments are rather uniform.This type of granite is
assigned to the "Oracle" granite,a name which has found
wide recognition for the area north of Tucson.Granite

from the central Catalina mountains does not appear in
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the lower member of the Rillito forﬁation.
Petrblog& of the granitic Qonstituents:_In a groundmass
of.feldspar,quértz, and biotite grains up to 2 mm., large
phenocryéts of orthoclase are enclosedrthaf show Karls-
bad twinning in some places.\The sizg of the orthoclase
érystals‘ranges from 2 to 20 mm., their flesh color deter-
mines the overall color of the granite. In some cases, large
hornblende .crystals darken the appeerance of the rock.
Thus, the color of the granite constituents ranges}between
red, white, and green, the latter color being infrequent. The
coarse grains evidently favour the weathering observed in
many granite constituents.

A comparison of granite particles in the lower con-
glomerate with various granites of the region suggests

that the fragments were largely derived from the Oracle

‘granite, named by Tolman(unpubl.report) after the town of

Oracle, about thirty miles north of Tucson. The occurrence
of this granite is described by B.N.Moore (unpubl.manuscr.)
as follows: o

"The Oracle granite forms the pediment on the north
spur of the Santa Catalina Mountains...The granite
is part of a'very large body which extends south into
the Tucson quadrangle,forming much of the country west
of Oracle ridge,and extends west under the cover of
alluvium to the tip of Tortillita mountains. A tongue /
extends east into Geesman and Stratton Canyon and large
bodies are exposed in Buehman and Bullock Canyon. A
large body of gneissose granite crops out south and
east of the Youtcy Ranch...Near the Italian Ranch is

- a small body of Oracle granite. A number of small
masses of Oracle granite crop out near the éastern
margin of Rillito valley and near Twin Hills.,"
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Moore iurthermore ment;ona tpat\muchqu_the granite is
altered by'post—CretaceOQS'injeet;ons‘and that the Ieast
altered oecurrences are nearxr Qraele,that is in the western
part of the entire'grapite.masa.varieties.rich. i; horn-
blende occur near Samaniego ridge,in the western part of
the Catalina mquntaina. »

Seyeral of the granite‘consﬁitugnts oﬁ tha lqwgr*Ri;f_
lito conglqmerato have a gneissie appearance;these were col-
lected in outcrops between Sabino Canyon anduNbrth Campbe;l
avenue.They belong probably to the granite variety mentioned
by Moore that has been subjected to métamorphism during
the injection of tha Santa Catalina central plutonie mas-
ses in post-Cretaceque'time.It should be mentioned that
those altered nOracle" granite‘constituents are often
chloritized and therefore have greenish hues. S

The core of the Santa Catalina lMountains consists of
fine-grained and light‘colore&agranite of post-Cretaceous,
probably early Tertiary age.None of the granitie fragments
in the lower member corresponds to that younger granite;
in upper members of the formation this “Catalina"granite
occurs,however,and it will be put into the sixth ¢olumn
together with gneissic and pegmatltlc rocks(p.26). \

The base level of erosion had probably not reached
the central Catalina batholith at the time of the lower

member of the Rillito formation.
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Bimestone=A N

Limestone eonstituents are the most obv1ous exotie
partlcles of the Rillito formation.Nb limestone outerops
are known ;n thehRilliﬁq vglley or at‘the southside of the
Catalina mopntains fOnly-’two_m.j.n_qr execeptions afe presgnt,
both composed of recrystallized limestone of Cretaceous?
age,one beingvnear Bellota Raneh and the other'at'Twin
Hills.Those two outcrops exhibit unfossiliferous limestone
which has little similarity to the distinetly Paleozoie
limestone fragments rich in fossils which are found in
the conglomerate. |

A common feature among limestone iragments of the
conglomerate is their constant roundness from .5 to .7.
Rounding may continue even in situ as shown by limestone.
pebbles in the conglomerate that were half buried.The half
above the surface of the eiposure usually exhibited higher
roundness than the buried half.Sclution by water is assumed
to be the cause of this phenomenon,effective particularly
under the present climatic conditions. The sphericity of
the limeétone fragments appears to be rather persisténtly
afound .7. In harmony with those observations is the fact
that there appears to be a threshhold value in minimal
gize: hardly any'limestone constituents~were found to be

smaller than one or two inches in diameter.
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Thevfollowing°types'of'limestone.fragments were ob-

served in'the Yower Ri;liﬁq qongiome;afe:

a.dark gray limestoné:f:esh faces appear almost black;very

cherty)coia:'of_cnert is brown and when weathered,black;
no fo s s ils

b.dark gray and similar to type a. but very fo s‘s~121 i-

fero u,s:braghiopods,gastropods,bryozoa,Preservation of
fossils iéitoo poor as to permit positive determination.
Dr.Stoyanqw(oral communication) assumes very tentatively
Snyder Hill formation(Permian) as suggeste& by similarity
in lithology and preéervation of chert.

c.gray limestone with red’stains.on~freshvand weathered‘
faceg;if weathered,the color iS'conspicuqns;a rusty brown.
Extremely fossiliierous:corals,brachiopods,eghinodermatg,
and abundance of fish relics.According to Dr.Feth(oral‘cqmm.)
it may be Pennsylvanian or Permian,as suggested by produc-

tidae-~like shells.

d.gray limestdne,composed of broken and comminuted fossils,
especially crinoid stems.Age uncertain,perhaps Eécabrosa
(Mississippian).

The unfossiliferous type a. may belong;to the. group
mentioned under b. It may be Abrigo l;mgstone(Upper Camnrian)
as well which is known also to contain chert in bedded form.

At the present time;Paleozoie‘limgntongs gnenexponed

extensively on the northeastern slope of the Santa. Catalina
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Mountains.In canyons towards the San Pedo valley,thick
éections of Devonian,Mississippian,apd Pennsylvagian
limestone are exposed.No Pefmian,however,is_known from
this and other areas of the Catalinas. The possible Pe;mian
age of some of the cqnstituents»therefore is noteworthy}
this would suggest_that in the source area of the rock.
fragments Permian was p:esent,As the_mpre central parts

of the Santa Catalina Mountains are assumed to be the
source area(see:"Source of’the‘cpnstituents“),a former
veneer éf Permian strata may have been present in the
Catalinas.0ther occurrences of Paleozoic limestone,Permian
included,are exposed today south of the Rincon Mountains
and in the Empire Mountains.North of Tucson,Permian and
older Paleozoic limestone formations crop out at Picacho
de Calera.Abrigo limestone is known from the Santa Cata-
lina Mountains according to Moore(unpubl.manuscr.).

The implications of the source area are discussed in

a later chapter of the present paper.

A unique constituent was collected from an exposure
of the lower conglomerate near Bellota Ranch: a boulder
of 18 inches in diameter which consisted of Iimestone
pebbles in a limestone matrix.The individual pebbles in
_this fragment : of an older conglomerate are about three

inches in diameter and well rounded,the boulder as a whole
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isfextremely solidified;\Althpugh most of‘the pebbles in
this bouldex are limestone,a few are of chert and quartzite,
The origin of this old limestone'conglomerate isruncertain.
No equivalent rock has been iepprted from the Santa Cata-
lina Mountains.Only from aﬁ area south of Tucson,Box Canyon
in the Santa Rita Méuntains,Blake(i908,p.50) describes a |
"conglomerate of 1imestone pebbles resembling a’conglpperate
in the Huachuca Mountains" to be situated on tqp 6f~red ,
shales of brobable Cretaceous age.In the Empire Mountains
similar deposits are known(Gillingham,unpubl.thesis).

No occurrence of such limestone conglomerate.is known
from the Santa Catalina Mountains.It is possible that this
is due to lack of observationj;there are numerous occurrences
of Cretaceous? limestone,particularly on the pass Irqm
Tucson to Redingtoh. The age of those occurrences was in—
ferred by Moore(unpubl.manuscr.) to be Upper Cretaceous
as Benton group fossils have been found in the Rincon

valley in beds associated with recrystallized limestone.

Volcanic rocks

Throughout the entire Rillito formation,volcanic
rock fragments are the most persistent of all consti-
tuents.This is indicated also by their central position

on the horizontal scale of the composition diagrams.

Biotite andesite.This rock consists of a gray,dark brown,
or sometimes purplish groundmass with tabular white pheno-

crysts
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of plagioclase exhibiting'albite twinning striae and with

black phenocrysts of biotite. Most specimens have no

quartz, a few contéin it, however. The latter ones have

to be classified as dacite; Gradations between andesite
and dacite can be observed.‘While the color of both types
may vary, the luster remains rather constantly greasy or
similar to ground glaés.

The‘great amount of volcanic rock fragments among
the conétituents of the conglomerate of all members of
the formation indicates that large outcrdps of Yolcanic
rocks were present during the time of deposition of the
Rillito formation.

The andesite constituents in the Rillito formation
must be called "exotic" as no outcrops ére knovn in the
Rillito ‘valley. West of the Sante Cruz River, in the vici-
nity of Tumamoc Hill, andesite covers considerable parts
of the surface according to Tolman (1909 b,p;75)- Here
also the featuie of gradation'between andesite and dacite
is observed (Tolman, 1909 b,p.82).

No occurrences of volcanic rocks are present in the

southern parts of the Santa Catalina lountains. On the

- northern slope of the range,however, extensive outcrops

of andesite are reported by Moore (unpubl.maenuser.),a
more schistose facies of the same rock was found by

the same author in Peppersauce Canyon, in an area

\
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east of Oracle ri@gg,gnd high in the Cata;inas.;ln con-
nection with the andesites,Mbore(unpubl.mgnusgr.) makeg
mention - of a particular variety aé follows: when the an-
desite "intrudes the_cretgceouS'conglomerate,eve:y—pebble
is surrounded by green andesitg as a mairix;ﬁ.Among‘the
conétifuents of the Rillito conglomerate,andesites are
present which have green stained’parts and ,as in a few
cases, show alsq clastic:characteristics.To‘thgsevrdck
fragments,Moore's describtion quoted above would apply.
These greenish variéties'are an exception,the common types
of andesite are of the colors described above(p.45).

As for the age of the andesite flows and intrusions,
Moore (unpubl .manuscr.) assumes it to be Upper Cretaceous
and is in agreement with a number of authors on southern
Arizona.
gg;;; Pebbles and cobbles of a gray,porous tuff were found
only at one exposure,located on the Tanque Verde road,east
of the intersection with Soldier's Trail.Phenocrysts include
plagioclase and pink orthoclasej;both are irregularly ar-
ranged.

Recent outcrops of éuch rocké are known in the Tucson
Mbuntains(Tolman,1969 b,p.81),but'nowhere in the Santa
Qatalinas.of their northern spur.

Diabase.Dark green constituents can be observed'at exposures

near North Campbell avenue.Small laths of plagioclase are
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enelosed’by a green groundmase.Their'ophitic arrange-
ment can be observed only on weathered faces where the
plagioclase stands out.

Dikes and sills of diabase are known from several
areas of the Tucson quadrangle,for instance at the north-
eastern slope of the éanta'Catalina Mountains,according
to Moore(unpubl.manuscr.).lMoore assumes Cretaceous age
for the diabase. It should be noted that there is older
diabase known from other parts of Arizona.mhis diabase
(or basalt of some authors) is contained in the‘Apache
group elsewhere for instance near Globe.No diabase is_
known from the Santa Gatalina Mountains whereever the
Apeche group Is represented.It Is assumed therefore
that fragments of disbase in the conglomerate are de-
rived from occurrences of Cretaceous? diabage of umkmomn
locality.For a determination of the source area the diabase

cannot be employed.

Quartzites

_Heterogeneous types of quartzites and vein quartz
contained in the Rillito formation are represented by the
fourth column in the histograms.As a classification was:

not possible under field oonditionsythe height of the column
ments, From ﬁhe_mgse of tnoee.constituenﬁsla few types can

be distinguished and are described hereunder.
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Redbrown quartzite. The cement of this rock often is dis—

solved on weatheredrfacgs and thus indications of strati-
fication can be observed because the more resistant quartz
grains stand out.Fresh facgs‘have a vitreous luster and
effervesce with hydrochloric acid.The lack of effervescence
on weathered‘faces is due to the dissolution of the calcitic
cement. '

Quartzites of various colors,ranging between gray and brown,

exhibit sedimentaryfstrnctures-such as stratification and
cross-stratification.No statement can be made regarding the
probable source rock gnd its distribution,due to the non-
specific character of the fragments. |

Pebbles from the Barnes conglomerate. Specimens havé been

collected that show a different character from all other
éuartzite constituents found in the Rillito formation.
These pebbles and cobbles have both a high and persistent
roundness (.8 to .9) and conspicuous and constant shape.
In Zingg's classification of shapes(Th;Zingg5f935,as men—
tioned in:F.J.Pettijohn,1949,p.49),the particles would be
designated as rods or roilers-because they afe elongated,
ovoid bodies.

The pebbles and cobbles consist of a solid white to
light gray mass of quartzite in which single quartz grains
usually cannot be distinguished. |

The constant shape and high roundness of the particles

is suggestive of the Barnes'conglomerate es the source rock,
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there“being_no other conglomerate in +the whole region
with such wiformity in shape of particies.lt appears
uﬁlikeiy that theviragments in the ﬁillito conglomerate
thained their shape and particular roundness during'theiri
last transport. The constituents show very convincingly the
featu;es of being reworked in a shallow sea as it has
been supposed_for the Barnes cdnglomerate particles.

Concerning the paleogeographic distribution of the
Barnes conglomerate,emphasis should be laid upon a state-
ment by Stoyanow(1936,p.465) about the occurrence of the
Apache gfoujrwhich includes the Barnes;accofding to this
author,the Cambrian rests immediately on Archeozoic Pinal
schist in an area limited in the south by the international
boundary and in the north by a line drawn from a short |
distance nbrth.oi Tucson(probably somewhere in the Catalinsa)
to the southeast corner of‘the state.North of that line,
Cambrian is f;éting upon the Apaché group including the
Barnes conglomerate.Concluding from this statement,the
nearest occurrence of Barnes must always have been in an
area which is now the central part of the Catalinas.It is
legitimate to assume that at no time Barnes conglomerate
had been present west and south of the Rillito walley when
the formation‘was formed.

Occurrences of Barnes coﬁglomerate in the Catalinas

were mentioned already by Blake(1908) and later by .Darton
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(1925),the most detailed description is given by Moore
(unpubi.manuscr.):

"the conglomerate which rests upon the Pioneer and
corresponds to the Barnes is perhaps the most variable .
of all formations...In the region northeast of IMMarble
Peak it is a coarse conglomerate of rusty color...it
contains small to large cobbles and small boulders of
quartzite and chert.Most of the pebbles are well

" rounded with irregular ellipsoidal to discoidal shapes.
. s oS0uth of the Mount Lemmon road the thickness of
conglomerate continuously decreases until in lower
Geesman Canyon it has become a pebbly phase of
the Dripping Spring quartzite.Southward of the creek
the Barnes is represented merely by a few inches of
pebbly sandy shale between the Pioneer and the Drip-

- ping Spring and is conformable with both...To the -
Southeast,in Buehman Canyon most of the cobbles are
small to medium size and generally discoidal. The
pebbles and small cobbles out of which it is formed
are much flattened from squeezing but it retains its

\ “rusty color and shows no signs of leaching.”

From the foregoing it can be assumed that the parti-
culér quartzite fragments are most likely derived from
'the Barnes conglomeréte ip which they were 6ontained
with aimosf the same roundneés'and shape. The indications
of pinching out to the southern parts of the mountains
agree with Stoyanow'sAstafemenﬁ(ﬁ.50).'%he Barnes~pebbles,
therefore,are very significanf as_for‘the source afea. These
pebbles and cobbles must have come from northerly or north-
easterly direction before they were,depositedias Rillito

)

conglomerate.

Schist and phyllite

The width of variation of its. petrological character

is remarkable for this group. Many. gradations can be
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observed and any subdivision of the group would be
a:tificial andgfpr_field use purposeless. The group
as a Whole,expréssed by the f£ifth column,is not"usef
ful for stratigraphic evaluation because its changes
are indistinctive.

It gppearS'that some of the constituents included
in thisAgroup are derived from Pinal schigt;these frag—
ments occur more frequently in the middle member of the
Rillito foimation,fhey seem rareuin the alluvial fan de-
posits. _

Outcrops of schist and phyllite are distributed
all over Southern Arizona;in the area of the Tucson quadr-
angle they occur especially as part of the metamqrphosed
complex of the Santa Catalina,Tanque Verde,and Rincon
Mountains. Others such as the Archeozoic Pinal schist
are also known from the Santa Cataliha Mountains and
vicinity.

Gneissic-granitic rocks of the Catalina complex

No rock fragments of this group were observed in the

lower member of the Rillito formation.
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Mudstone deposits

Fine-grained deposits of silt-size afe exposed along
the sidewalls of Pontotoc Wash and they are estimated to
have a thickness in the order of mégnitude of two tb three
hundred feet. Less conspicuous outcrops are in the area
north and east of Hazienda del Sol and near North Campbell
avenue around site 20Q.

The color of the mudstone is rather constantly a brownish
to purplish red. Sieving tests were run énd it was found
out that the rock is compoéed almost exclusively of particles
of silt-size,that is smaller then 1/16 mm in diameter;
Ciushing under the binocular affirmed the writer that the
rock is a rather pure siltstone as the few largerrgraing
from the sieving test have to be regérded as compound
grains. Despite intensive leaching they could not be
dissolved. The content of lime ranges from 28 % to 36 %.
The rdck is sometimes fissile,more commonly the strata are
between 2 and 10 inches thick.

Generally the siltstone is 1little affected by distur-
bances. Only at one locality, near Knagge's ranch at the
southwestern base of Agua Caliente Hiil,it-could be found
in fault contact with Catalina gneiss. It showed signs of
crumpling and moéerate mineralization by green stains.Else~
where in the Tucson valley the mudstone exhibits gently
inclined stratg,with 15 degrees at the maximum,on average
iO degrees,always directed to the valley side.

In the Bellota Ranch area,less than 200 yards from
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the nearest’outcropwof lower Rillito cbnglomerate,int:u—
sion by a porphyritic basalt has produced an alteration
rock,evidently a former siltstone or shale. Flow structures
are exhibited beautifully(Plate 3,B). The assignment of the
hést rock to the Rillito formation is tentative as Creta-

ceous? shale could be taken into consideration too.

Gypsum deposits

Two different- types of gypsum are present,their
mutual relation being unceréain(p.34-37).

At site 20 several gypsum layers one to two inches
thick aré'intercalated between thicker mudstone layers
and beds., A number of thin fissures are filled with gyp-
sum too. In‘both'cases the gypsum is fibrous with its
elongated axes perpendicular to the bedding plane or
fissure plane. The surface of these "planes" is often .
crumpled and wavy; this might be due to hydration of the
evaporite. (Plate 10,4A). |

At site 30 gypsum beds are thicker than fhe inter~
calated mudstone layers. No fibrous gypsum is present
except for one or two small fissures in the messive gypsum.
Some coaly remnants in the top bed are interpretea as being
very young. They may be relics of an Indian site or burnt
roots\of the timg when the diteh now forming the exposure

was being dug.(Plate 10,B).
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The fql;owingvsection is ekposed at site 30:
tog:loose:wash gravel incheé

Gray gypsum as & massive bed,broken vertically,
some blocks missing and the space being filled

with charred wWoOQeecceeeeeoceeoceccccccssscccnscncsocse 12

Siltstone, brown,cecececcecctsccccccssccscscccosnnes Te5

Gypsum,gray........................................ 3
...............'....0....0....‘..0...... 3.5

,' " ...0......-.....D..Q..OI..QOO.Q..‘Q..... 11

Siltstone with gypsum layers;gypsum is solid and

Iron stainedeciceeceneceeeeeeecsncesacsnscencanccas 3.5

Gypsum,gl‘ay-...............-....-...‘.............o 3.5

Siltstone with cracks which are f£illed with trans-
Iucent crystals of gypsum,little fibrous gypsum.... 11
GYPBUM T8  eesencacccssccsacosasosscssssocsssossassesse 8
Siltstone and gypsum, 1nterbedded................... 12

(base of exposure Total:5 feet 5 inches

Northeast of a roadcut of the highway from Tucson to
Benson,near the Pantano railroad station,the present
author has obseived an exposure of fibrous gypsum.iﬁ%er-
calated with thick mudstone.The gypsum fibres are strongly
inclined,otherwise the outcrop is similar to that at site
20 in the Catalina foothills.It is not certain whether ,
the inclination of the fibres is due to tectonic forces
or to primary deposition;the first possibility would agree
with the fact that a quartzite block exposed in the road-
cut is understood as klippe of an overthrust(E.D.Wilson,

oral communication).

Mode of deposition
The conditioﬁs under which the lower member bf the

Rillito formation was formed is suggested by the close
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neighborhood oi’fine and coarse materiaI and evaporites.

Twenhoefel has described this particular environment under

the term "piedmont" as follows: _ ‘
"The piedmont environment is found over that part of
the courses of streams where steep gradients of up-
land reégions pass into the gentler gradients of
bordering lowlands.The environment passes gradually -
into that of the wvalley flat....Streams flowing across
growing piedmont deposits gradually fill and dam the
channels in which they flow.Channels are invariably
shallow...All variations of clastic sediments dovetail
with each other there is much cut-and-flllstructure."

(Twenhoefel ,W.H.,1951,p. 69-71)

Clays,lime,silts,and possibly evaporites may be deposited

in small basins formed between coarse deposits according

to Twenhoefel (i951,p.71)r Climatic conditions play*certain—v
1y an important role particularly in regard to evaporites.
The distinct stratification of the lower Rillito member
suggests that streams carried more water than today where
the alluvial.deposits have less distinct stratification

due to the intermittent type of depositionjiturbulence of
recent <flows. may add to that effect.

The fact that in recent alluvial deposits of the area
no basins ére observed of the type Twenhoefel mentions, is
interpreted as being due to the boldness of the mountain
fronts today. It can be inferred that only a moderately:
high relief was present during lower Rillito time.Else-
where in this paper,indications are presented that sug-
gest that the constituents of the Rillito formation derived
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from an area north or northeast of the Rillito valley.

Structure of the lower member of the Rillito formation.

Inclination of the strata is found wherever the lower mem-
ber is exposed. Generally‘the dip is gteepest"near;the-moun—

tain front of the Catalinas and it decreases towards the

Tucson valley.steep inclinatiop was observed around.site 37
(up to 50° north and. south),east of Pontotoc road( 30%%0
400' south) as shown on Plate4,B, and near Toma Verde ming
(around 20°) as shown on Figure 3 jthe foregoing statements
concern the conglomerate facies.The dip is generally south
with variations between éouthwest and southeast. Exceptional
dip was observed near site 37 where in places near»the o

i mountain front the dip of the conglomerate is north with
about 50°. In aAdistance of two or three miles from'the
mountain front the dip of the conglomerate is up to 250,
more commonly being around 20°.

The siltstone deposits lie in some distance from the
present mountain front and their dip hardly exceeds i5°,it is
in most places 10°. Strong inclination of the siltstone
is near Knagge's ranch at allocality"about 400 yards
southeast of a small concrete tower belonging to.Aggé
Caliente Ranch.wgere the siltstone dips 30°t0 40° east;
nearer to the base oi Agua Caliente Hill an altergd‘éacies
of the same.rock is exposed. The inclination of this latter

crumpled and green stained siltstone cannot be measured
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due to indistinctive stratification.

The cause of the inclination is seen in tectonic
movements rather than in initial dip during the deposition.
Althéugh undisturbed strata are known to exhibit primary

dips of the dggreé found in the lower member (Iahee,F.H.,
.1941,p.66),this explanation cannot be applied to the lower
member coﬁglomerate for the following reasons.a.The exceptional-
ly s#eep dip:limited to the mountain front evidences strong‘
movements.b.The inclination of the mudstone around site

20 (25° sW) is hard to understand as being due only to

primary dip.c.The steep inclination(25° N and §) persists

over several miles in the foothills and also disproves

the idea of primary dip as the only cause.

Within a limited region,as for instance between site
20 and site iS (map in pocket),the conglomerate shows a
certain uniformity in dip as far as the direction is con-
cerned and slow gradual change in degree of it.This is
true for other sections as well and probadbly due to deforma-
tion:blocks in the order of magnitude from a half to several
miles reacted differently to deformation.

Faulting., Little positive statements can be made about dis-
placement and direction of stress because the few faults
observed in the area between Campbell avenue and Pontotoc
road and east of the latter are poorly exposed.Further-

more,identification of a stratum over any distance is
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extremely Qi?ficult'if'not impossible”in the conglomerate.
At a wash bank exposure near TLoma Verde mine,the lower

member conglomerate is in fault coptact with a porphyritic

basalt,the latter forming the footwall(Fig. 3 ).The strata

of the conglqmerate on the hanging walluare”turned up

steeply;lt can be inferred that the basalt was moved up

in respect to the conglomerate.

The Catalina fault. Along the southern base of the Santa

Catalina Mountains in a few places a fault is exposed which
determines the contour of the mountain range here.larger
implications of this structure will be discussed later

(p. 85 );here field evidence of the_fault and its relation
to the lower Rillito member is treated only.

An arroyo has exposed a thick.section of lower member
conglomerate around site %37,east of North Campbell avenue.
The ‘conglomerate is in fault contact with gneiss of the
Sante Catalina Mountains along a WNW striking fault which
dips 30°fo~40° south.Between the conglomerate on fhe hanging
wall and the gneiss,a several feet wide zone of minerali-
zation can bekobserved(Fig¢4 ) because of its conspi-
cuous red and green colors.The breccia zone is poorly ex-
posed due to alluvial cover.

The following field evidence suggests a reverse
fault with the conglomerate in the hanging wall beipg‘thrust

upon the gneiss or the gneiss thrust under the conglomerate.
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small structures in fhé footwall of the rfault are visible

due to the banding of the gneiss.These'"micro-overthrugts"

(Pig. 4 ) suggest the direction of the movement .Further-

more,the fact that the conglomerate on‘the hanging wall

dips to the fault is also suggestive of a reverse movement.

While farther south,between site 35 and site 19,the con-

glomerate_dips south,closer to the»fault,around site 31

and site 37, the conglomerate has a/ﬁip up to 50° north.

Thus,it appears like a drag although such a feature is

not considered as conclusive evidence for the direction

of the blocks. |
Further indications for the Catalina fault are near

an abandoned wooden hut,west of the mouth of Ventana Canyon.

No exposures of the border fault are present until it

reaches the eastern end of the base.Thus the easternmost

exposure is located near the base of Agua Caliente Hill

where mudstone deposits are bordering on gneissj;indications

found(p.53) suggest a fault.

Middle member

General statement

Only conglomerate is known of the middle member of
the Rillito formation.Whether other rocks,for instance
siltstone and evaporites wefe formed during that time,

cannot be stated.It is possible that the fine-grained rocks
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were deposited in some distance from the former mountains,
thus,siltstone of the middle and upper member may be hi@@gn
under the thick alluvial blanket of the Tuecson valley. This
seems not impossible because changes in relief after depo-
sition of the lower member are assumed to have steepened

the gradient of the rivers; Another possibility is that some
of the siltstone assigned to the lower member,actually belong
to the middle or upper one.As novinterfingering conglomerate
was found,some isolated exposures of siltstone were assigned
to the lower member for reasons of analogy;

Relation to older rocks. Middle member conglomerate rests

upon siltstone bf the lower member in the area between
Hazienda del Sol and Pontotoc Wash. An interesting outcrop
is located some hundred feet east of the gardener house
“ of the Grace estate,south of Haziendé del Sql. Here beds
of siltstone aré flexed up to the north.This phenomenon
may be either structural or due to deposition on a delta
foreset which was strongly inclined. On this steep surface
strata of the middle conglomerate were deposited and as
they naturally follow the former surface, the bottom parts
in particular seem to be flexed too.This irregularity of
the middle conglomerate is fading out gradually to the top
and to the side.

Another indication of the relative age of the middle

membér is shown on Plate5,A 3a small boulder of lower con-
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glomerate was found in the middle member.

It can be assumed tentatively that the middle member
was deposited upon an erosional éurigce;partly formed by
the lower member of the formation.Diastrophism took
place during that interval because the middle member is
less inclinedj;see p. 90 for other indications.

Facies and distribution. Conglomerate of the middle member

crops out extensively in the area between Soldier's Trail

and Sabino Wash,less frequently west of Sabino Wash.

Lithélogy‘

Conglomerate

General character

Gneiss content is the criterion on which the middle
member‘was separated Iroﬁ‘the lower one. Frém the upper
member,which hés a similar composition,the middle member
can be distinguished because it shows faulting and tilt
while the upper member is undisturbed.

It appears that there are two kinds of conglomerate'
of similar composition present in the middle member. One
is gray and hard while the other is ﬁore similar to the
lbwer member conglomerate. At an exposure near the Grace
estate gardener house the thickness of the gray conglomerate
is estimated at around 150 feet;it forms a narrow zoné,

about 500 feet wide,which runs more or less parallel to
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the mountain base for three quarters of a mile.

The gray conglomerate consists of pebbles and cobbles,
lenses or interlayers of fine-grained material are con-
spicuously rare. wthe induration is considerable;where
washes cut into the region of outerop of the gray conglo-
merate,the wash beds become narrow and the side walls higher.
Although the gray conglomerate ne%er looses a red touch,it
has a somewhat dirty color in comparison with the other
conglomerate of the member.

rhe other conglomerate, of unknown relation to the
gray one, corresponds rather closely to the conglomerate
of the lower member as far as stratification,sorting,
particle size and color are concerned. The color,however,
often lacks the striking touch of purplé which is so con-
spicuous for the lower member. FThe mass of exposures of
the middle member belong to this type,for instance in the
region between Sabino Wash and Soldier's Trail. Any
estimation of thickness must be tentative as the dip is
changing over short distances and numerous faults in addition
would make a computation uncertain. 'The present author

believés that 500 feet are a minimum fo be assumed.

constituents of the middle member conglomerate

Granite
Granite of the Oracle-type has decreased to form ‘
constituents,this being expessed by the length of the first
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ce;umn:it is shorter than in the‘lower member of the
" Rillito formation.

Limestone

Appearingly the same. types of Iragments as in the
lower membep;pereegtage has decreased.

Volecanic rocks

:The bulk of the volcanic rocks are of_the same types as
described under the lower member. Additionally two new (?)
kinds of volcanlc rocks appear.

" Yatite. The phenocrysts are white plagioclase and reddish
orthoclase.They are in a purplish goundmass.Only‘one.speci-
men of this type was found (site 51)

Porphyritic basalt Two pebbles of porphyritic basalt were

collected at site 51.The groundmass'iS'dark and in it lighter
phenocrysts are arranged in & manner reminding of a por-
phyritic basalt found near Twin Hills and Loma Verde mine.

The length of the plagioclase crystals is about 20 mm.
Quartzite

No change. ‘
Schist and phyllite

One particular rock of this group is conspicuous
because of ivs high fissility.It shows folds and injections
suggesting strong metamorphosis.the green color of thelrock
is distinet and Pinal Schist is assumed to be the source

rock.Near the mountain base these particles reach the size

of 12 inches in diameter.
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uyneissic "Catalina" rocks

»Rock fragments assigned to the santa Catalina moun-
tains gneissic and granitic complex make their first ap-
pearance.The most common constituent of this group found
in the middle member is a light gréy rock that resembles
an aplite rather than a granite. Numerous small garnets
are conspicuous besides common minerals such as quartz,
orthoclase,plagioclase ,and biotite. The rock may be‘coarse
grained and exhibit some signs of metamorphosis,in this
case it would be called a sheared granite.

An abbreviated description of the rocks of the Santa
Catalina complex was found in a paper being an absf;act
of the results of geologig inyestigation in the Tueson
éuadrangle(B.S.Butler,R.N.Hernon,B.N.Moore,unpubl.maﬁuscr.,
see"Biﬁliography").According to these_authors,fwo main
types may be distingﬁished,one being gneissic,the other
being granitic.The gneissic rocks are subdivided into two
varieties:one is medium coarse-grained,resémbling a sheared

ranite,the other is an augen gneiss with crushed porphyrodlasts

of feldspar that are in places several inches in length,
surrounded by fine~grained material rich.in biotive.In
lighter colored facies the biotite is replaced by feldspar

and quartz. tue granitic rock,according to the same authors,

is a light gray rock varying in texture from fine to coarse
in different areas and being in general of simple_composi—

tion.Conspicuous is the presence of small red crystals of
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garnet.rhe authors sfate that in the hand specimen the
rock has a typical granitic texture,in larger fresh out-
cropé,howgver,spchAas on road cuts,the granite has a distinct
gneissic appearance.Transition from the obscure gneissic
- texture to the strongly roliatad'gneiss is reported from
the outer portions of the complex.

Rock fragments in the middle conglomerate differ in
their admposition‘ffom the alluvial fan deposits in so far
as no fragment: of the augen gneiss type has been found.

A boulder of lower Rillito conglomerate

Near site 40 a boulder 35 inches in diameter was found
in the middle cong],omerate(]?late 5,A ).By its composition
it was determined to be a fragment of the lower Rillito

conglomerate.

Mode of deposition

Similérity in Borting,roundiﬁg,éolor,and)stratitication
suggests that the middle member was dépoaited under approxi-
mately the same:conditions as the lower member. The relief
probably had become higher as indicated by the increase in
haximal size of particles.It can be assumed that it was still
moderate in comparison to the present relief as the maximal
sizes in the middle member cdmpare with maximel sizes in
recent alluvial fans as 1:3 .The climate must have been more

humid than today because stratification is distinct in the
lower and middle membef.An example of channel cutting is

shown in Plate 5,B. .
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Structure of the middle member

In&lination of the strata in the middle member is less

pronounced than in the lower member. In a few places,
however,the dip reaches over 60° E »for instance near
Pontotoc mine.Here a limited region near the mountain base
shows gradual qhange in dip.Pron over 60°E at the northern-
most_exposurc(site"i,z) the dip decreases to 4O°VE(site 3)
énd 15° E(site 5) over a distance of 2500 feet southward.
In the‘tqothills the dip is around 5° to io° south or south-
east. Nowhere the dip of the middle member is directed to
the mountains (és it can be observed in the lower member);.
it varies ﬁetween east,south,and southwest, always éircgted
aiay'rrbm the mountain base.
Paulting, Many faults are exposed in the middle menber;'
all being of the normal type. No case of crumpling or other
signs of oompression are present in the middle member. The
faults strike aubpa£alie1 to the present mountain base;no
case was obaervgd where they lie at a right angle to it. |
Several Iaﬁits are expoéed along Ebunt.Lemmcn Highway
between Rillito Wash and the mountain base. In a few cases
the southwall was thrown down,in most cases,however,the
displacement could not be determined.Correlation of beds
acrdes the fault is usually uncertain,the reasbn being
the difficulty to i&entity a stratum even over a short

distance.
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Generally the faults in the middle conglomerate
suggest tension. Snéh indicatiops are seen in a graben
(P1.6,B ) and in several Y-shaped branching faults (PL.
6,A5 P1.7,4).

Greatest vertical displacencnt can be ohserved at site
'73b,north of Hazienda del Sol.Mudstone of the lower(?)len-
ber is thrown up against conglomerate of the middle mem-
ber torning'the hanging wall.The faultplane dips northeast.
The displacement is assumed to be greater than 30 feet.

In this case,the upthrown wall is the southern one.

Regardless the faot whether the southern or northern
walls of faults have been thrown up more often the impres-
siog of normal faulting due to_tenaion is rather positive,
It is assumed thaf the respectivg movements were incidehtal
to diastgophisn of the mogntaig block .This ig supported
by the fact that tilting and faulting — the latter one
is not proven statigtigél}ym; a;é strongest near the moun-

tain front of the Santa Catalinas.

Uppef member

General atatemant

Conglomerate is the only rock type of the upper mem-
ber.It overlies the middle conglomerate(gray conglomerate)
at two looalities.At site 76 it rests upon the gray bank

with what appears to be a slight angular unconformity;wﬁilc
the middle member dips.20° SW,the upper member dips only
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10° to 15° southwest. A similar situation is present west
of Sabino Canyon road(site 73 upper member,site 72 middle
member). Here the upper member forms a conspicuous hill
with a steep northeastern wall due to the dissection by

a wash which héada in Ventana Canyon. Middle conglomerate
of the "gray-bank" typo crops out extensively in the imme-
diate vicinity(site 72) aoutheast of the hill. Although
the contact between the two members could not be found,
analogy to site 76 is suggested by the situation.

Little otvfhe upper conglomerafe is exposed in the
wholq'area,moreﬁoccurrences,however,are assdﬁed to be hid-
dén under a thin veneer of alluvium_in hills and mounds of
the area aropnd Sabino Creek and road.Great parts of the
upper member were eroded thus having exposed the lower mem-
bers of the Rillito formation. = |

Lithologj of the conglomerate

Two chief features distinguish the upper member con-

gldmefate from the middlé‘one: the absence of 1imestoné
and the lack of Iaulfs and strong dips. Most of the ineli-
nation can be assumed toAbﬁ primarY?perhaps less conspicuous
movements of éhe blocks have plaied'a cersain role too.

. The thickness exposed west of Sabino roéd is about
150 feet. Great parts of the outcrop may_Be designated as
. & sandy conglomerate because sandy and granular layers pre-
vail. Cobbles of Catalina gneiss can be observed interspersed

in medium-and fine- grained material ;their size being about
6 to 12 inches.
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The colbr,qf the conglomerate isvbrqwn and gray with
‘iittlé'red. Fine-grained layers are commonly brown.VWithin
such layers mica‘flakes can be obsefved in places to be
abundant. The particle size of the finer laye;s and lenses
exceeds-i/16 of a millimeter; mudstone of the lower member
is composed of particles smaller than 1/16 of a milliﬁeter
in diameter,as mentioned above(p.53). It ﬁay be aséumed that
no basins of the kipd'wherein the lower member mudstone was
deposited, have been present in this area during upper Ril-
l1ito time.

Although the conglomerate at site 76;is 1esé sandy
than that at site 73,both roCksicorrespoﬁd very closely as.
far as other characters are concefned,for instance,cdlor,
composition, and structure. Stratification is equally poor
in both exposures. Thus, the upper‘memberVconglomerate is
apt to be confuded with recent or sub-recent a;luvial fans

if composition is not considered.

Composition. Oracle granite fragments are very rare and

can be found only after some searchiﬁg over the whole ex-~
posure. Limestone fragments are absent. Volcanic rodks forml
a major part of fhe constituents,the types beiﬁg ﬁnchanged.
As usual the quartzite and schist—phyilite group form‘

a moderate part of the particles. Rock fragments of the sixth
column have increased in number, particuiarly gneissic rocks
are conSpicuousé Pebbles and cobhles of white 6r light gray

granite with smell garnets are still common but less frequent.
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than the distinctly gneissic types. Porphyroblasts,so
commonly found in gneissic rocks of the constituents of
alluvial fans,seem to be pissing.

The distribﬁtion of particle sizes is noteworthy.
The bulk of fragments above 6 to 10 inches in diameter
is comprised of Cataline gneissggnly about io % of these
;argprvparticles\are composed of volcanic‘rocko and dark
quartzite.The roundngss.of the gneisqic constituents is

lower than that of the other rock types;

- Structure
No signs of deformation-are present at exposurei
of the upper member.The dip is very gentle and only over
short distances at site 73 it may reach as much as 25%east.

(See p. 69).
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The source of the constituents of the -

Rillito formation

Besides rock tragmegts derived from known outcropu,
for instance the Catalina gneiss,the Rillito Iormation con-
taina“exotic"(p.Z?) particles of an unknown source area. In
absence of any direct way to determine the source area of
these exotic'constituentn,theit site of derival must be
inferred from other data. In cases of obscure source area
several methods have been applied by different authors and
some successful solutions have been achieved by one or the
other method.

. A8 for the Rillito formation,it is attempted to determine
the source area by interpretation of a number of features
exhibited by the conglomerate.These features may be divi-
ded into two groups: a.Some data are resulting from mechani-
cal action during transport and deposition. b.0ther features

to be interpreted are comprised of petrologic properties

of the conatituenta.

a. Interpretation of data which are due to

mechanical action;‘i

Roundness. In a conglomerate of wide horizontal distribution

neasurementa of roundness of particles may show that the
roundness’incréaaea or deecreases in a certain lateral di-
rection. If this method can be done with sufficient stati-

stical ampleness,the direction of transportAmay become evident
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begausg the:roundness-of the‘cgnstituents is a function of,
among others,the length of'traﬁsport. A particle farther
away from its source is apt to exhibit a higher degree of
roundness than one found near the source_aréa. A better
way than taking fragments of diffgrent rock types,would |
be to pick out members.of a cerﬁain petrologic group which
thus would have probably the same resistance to wear.

Measurements of roundness were undertaken whenever
pebble counts were done. The difference in roundness is
small and does not exhibit a recognizable trend within
anyone member. Voléanic rock fragments were used as the
fepresentative rock type and given special attention.

In the whole area of distribution of the conglomerate
no change was obéerved. The following interpretation is of-
fered. The area of study has the shape of a narrow belt
of east-west trend. If no change could be observed in east-
west direction over about 12 miles, this suggests that no
streams have flowed in easterly or westerly direction.

In norfh—southAdirection the belt measurés about 6 miles,
determination is possible only over four miles due to lack
of outerops in one or the other section. This short distance
makeskit appear unlikely that a change in Qeg;ee of round-
ness could have been observed if‘the defositing streams
during Rillito time were actually flowing north or south.

Thus,the second possibility remains undisproved. It is open,
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however,whether the material came from either north or
south., A derival from a source east or west of the area
of study is not impossible as streams may have changed

their direction in the lower courses.

Particle size. The particle size is a function of the '
power of the transporting agent.’This power usually decreases
with length of transport because it depends on the angld
of slope besides other factors,for instance climatic ones.
Thus,"the size is in some way an index fo the proximity of
the source"(Pettijohn,F.J.;1949,p.9).Application of this
method would have to deal either with the median diameter
or with the maximal diameter of the sedimentary particles
(Krumbein,W.C.,1939,pp+559-591).

The cqnstituénts of the Rillito conglomerate show a
wide variation in particle size,ranging.between boulders
and clay in the matrix.lack of time forbade determination
of the median~d&ameter.Theretore;only maximal sizes have
been determined and this method has,as the author believes,.
produced relatively fair results.

Measurements along a south-north running strip over
two miles evidence an increase in diameter from 15 inches
(site 15) to 21 inches(site'37).The measurements are distri-
buted over 6 exposures with an interruption by é siltstone
lense.These figures concern occurrences of the lower member

conglomerate;the increase in maximal diameter towards the
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northern end is not very conspicuous. Studies in the middle
conglomerate were yielding the following results. From 9 in-
chés (site_78) up to 30 inches(site 2),this south-north
running sequence shows a similar trend although more pro-
nounced then the lower member. |

It is obvious that resulté such as these have to be
considered with some reservation because of a nﬁmber of
unknown tactbra(difference ih stratigrébhic position of
beds compared,climatic changes during deposition of strata
such as rainy~season,treeéing yhich produced uncommon
great amount of debris etc;).,It should be added that com-
parison of'figures in east-west direction did not show
any notéworthy changes in maximal sizés; Thus,it can bve
tentatively assumed that the source was somewhere between
northwest and northeast of the present site of the con-
stituents. |

The sizé increase in the lower member is relatively
smaller than in the middle member. This is probably not
by chance as it is accompaniéd by other important 6haﬁges,
for instance in composition‘and structure. Steeper angle of
slope during transport of the middle member does not appear
unlikely therefore. | |

Imbrication. In a fluviatile environment such as .this,the
imbrication is always directed in stream direction. Thus,

fhe source may be detected by tracing'bgck_the ancient
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drainage pattern. .

- Wherever imbrication is present in the Rillito
formation,it suggests that the depositing streams came
from northwest,north,or northeast.

Cross-stratification. Indications of cross-stratification

are too vague as to permit interpretation.

b.Interpretation of petrology of constituents

| Diacﬁsaing the sedimentary properties was done in
order to find directions.Such direction would be instru-
mental in the locating of thelaite'of derival of the con- .
stituents of the Rillito conglomerate. FPetrologic data,
beingAdiacﬁssed in this section,muét be interpreted in
an entirély different way. Esaehtially,it will be attempted
to correlate the rock fragments of the Rillito formation
with their source by inferment from recent outcrops of
the particular rock types.

The handicaps of this method are pbvicus.The former
outcrops may have been destroyed ﬁy erosion etc. and recent
- outerops of that rock tipe may be locafed elsewhere, thus
misleading the investigator. |
| The constituents of the Rillito conglomerate are dis-
cussed in the same order in which they are arranged in the

histograms.

Granite of the Oracle-type is known from areas north,north-

east,and east of the site of the formation (p.40).
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Limestone particles are not significant for the location
of the source because outcrops of the types mentioned(p.43)
are known from all dirgctions in respect to the area of
distribution of the Rillito formation.

The specimens of questionable Permian age,based on
their resemblance to Snyder Hill 1imestone,are imp1ying
that Permian was developea in the source area. If it is
agreed the source area o: all constituents being in the
North or northeast and that}thé questionable\iimestone
fragments are really Permian,this formation must have been
present north or northeast of Tucson.However,authors who
worked in that particular region,especially on the north-
eastern slope of the Santa Catalina Mountains have never
found Permian in situ (Dr.Stoyanow,oral communication).

It appears appropriate,therefore,to consider the possibi-
1ity that once Permian strata were represented in the area
what is now the Santa~datglina Mountains or north or north-
east of it.

Volcanic rocks. Today such rocks are distributed all over

the ‘fucson quadrangle gnd outside of it. A few less common
kinde émong the volcanic rocks such as meta-dacite and the
volcanic agglomerate of green color(p.47) suggest that the
source had been sited north.Identification of these uncom-
mon volcanic rocks is extremely doubtful.It will be shown,

however,that occurrence of volcanic rock fragments in the
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Rillito Iormationvand absence 9! recent qutqrops of iol-
canic rocks in situ in the area of'the Santa Catalina Moun-
tains is not contradictory to the assumption that the source
area had been somewhere north or northeast of the Rillito
valley. There are indications of volcanic activity in the
Santa Catalinas however slight they may be(p.82 ).
Quartzite constituents are insignificant except for the
pebbles and cobbles derived from the Barnes conglémefate.
Thia Pre-~Cambrian conglomerate has a distinctly limited
distribution according to Stoyanow(1936,p.465) and Moore
(unpudl.manuscr.).If despite acafceneaa‘of outcrops in
Southern Arizona these authors can be relied upon,the §aleo-
- geography of‘the Barnes is highly auggeativc“of the parti-
cular fragments having been derived from a source in the
North or Northeast.

Gneissic rocks and granitic rocks of the Santa Catalina

complex appear late in the sequence of the constituents.
As some are represented already in the middle member of
the Rillito formation,it seems legitimate to aasume‘that
during that time parts of the Santa Catalina complex con-
tribufed Iragmenta to the conglomerate.

As gneissic ropk fragments of the Catalina complex
are conspiéuously outnumbering the granitic variety in
the upper member(in the middle member gneissic Iragmenfe

were practically missing),diastrophism may be assumed to
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have changed the topography after depoaifion of the middle
member.The pres;nt author believes that a broad zone albng
the southern front of the Santa Catalinas must have been
subjected to such changes then,secondary uplift not being
impossible.Thus,granite was prevented to be washed into

the southern valley.

tonclusions

Data gained by comparisons of maximal sizes as well
as of roundness are too vague as to permit certain con-
clusions.Only imbrication provides fairly reliable informa-
tion suggesting that the depositing streams came trdﬁ north,
northwest,or northeast. |

Several rock types émong the constituents have their
outcrops onlj in areas north,northwest,and northeast of the
toothills.Although this,is‘suggesting approximately the
same area as gained by evaluation of sedimentary features,
it is not conclusive evidence. Strong indications are pro-
vided by peculiar fragments assigned to the Barnes conglo-
merate because of the limited occurrence of the Barnes con-
glomerate.This again indicates a squ:ce-in the north.

In the upper member of the formation fragments of the
Barnes have not been seen.Rock fragments derived from the
‘Santa Catalina gneissic gnd granitic 6omplexpp]ay already

an important role.They must be considered as another strong
. ! ’ : '
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evidence for a northern site of the sburce area as it is
unlikely that gneissic rocks of the Catalina type could B
have}ceme from southern areas. '

The fact is noteworthy that the changes in composition
follow audefinite trend: step by step rock fragments expres-
sed by columns on the left side of the histograms (Plate 2)
~ decrease until they have almost disappeared in the upper:
member of the Rillito-formation. The ultimate step in this
sequence‘is seen in the composition of the alluvial depo-
sits of the bajada; they are composed almost entirely of
gneissic-granitic rocks. As the source area of the alluvial
fanglomerates is determined by the headwaters of the parficular
washes and creeks in the Santa Catalina MountainE, there seems
to be no obstacle to the assumption that the upper and middle
member conglomerate are composed of rock fragments deriveﬁ
from areas adjacent or corresponding te the Santa Catalina
Mountains. '

Purthermore,as the constituents of the two upper members
contain a& number of t&pes-of which the lower member is com-
posed exclusively,it may be inferred that the constituents
of the lower member essentially are derived from about the
same area. This area either was bordering on the gneissic-granitie
complex of the Catalinas or the particular rocks were on

top of the gneiss complex;
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In cohc}usion it may be stated that the three members
oflthe Rillito formation record the gradual_erosion of a‘(
positivé area by their changing composition. Tﬁis source
area is assumed to coincide locally wifh the‘Santa Catalina
Mountains. Probably the source area was limited to the central
or northern parts of the range in-early Rillito time.,

Tﬁe iny feature remaining problematical is the sudden
disappearance of volcanic particles after deposition of the
upper member; in the alluvial fan deposits of.the bajada no

volcanic fragments are present.

Rillito formation and volcanism

Fragments of volcanic rocks form a majar part, from 20%
to 40%, of the conglomerates of the Rillito formation. There-
fbre, volcanic activity producing andesite,dacite,and gra-
dations between them,must have preceded the deposition of the
'Rillito formation. No volcanic rocks corresponding to those
a;e known from the. Santa Catalina Mountains,the inferred
source area. Onlj on their northern spur,beyond the Tucson
quadrangle;Moore(unpubl.manuscr.) observed volcanic rocks of
the types mentioned. Thus,the question is raised how far to
~the South those volcanic rocks may have extended at the time
when the Rillito formation was being formed.

Some information may be obtained from the constituents by

their maximal sizes. Scattered specimens exhibit a maximal



-82- -

siZe'of about two and a half feet. Due tovtheir agglomerétic

character theae.large constituents do not appear to be very

resistant to long transport. The present author estimates

thav the length of transpoft‘did not exceed five miles.
Valuable information about volcanic activity in the

| region of the gneiss complex is obtained from Moore (unpubl. -

manusdr.).The author found some pipeg of porphyritiec rhyo-

lite on the northern edge of the Tucson quadrangle and pipes

of"porphyritic lava similar to that of Sentinel Hill" on

Buehman Creek alsolnear the northern edge of the quadrangle.

It is.noieworthy_that by comparison with the lava of Sen-

tinel Hill the present author would assign: the porphyritic

basalt of Twin Hills and Bellota Ranch to the same group.

Also in gneiss Mooggxgddike of porphyry on the southside

of the Tanque Verde Mountains at an altitu@e of 4500 feet.

All the above mentioned occurences are regarded as being

younger than the gneiss. South‘of Spud Rock Ranger Station

at an altitude of 5400 feet,however,ﬁoore found an out-

crop of a volcanic rock that he regarded as a part of the

- host rock and therefore.being older than the gneiss.He assumes

a relation in age to the Cretaceous andesites. .
Porphyritvic basalt was 6bserved by the present author

nortvheast of BellotavRanch in the immediaté vicinity of

‘1ower Rillifo conZlomerate.Besides this direct evidence,

volcanism in the southern parts of the Santa Catalina Mountains
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1is suggested by a’small boulder 20 inches in diameter which
was found on the gneiss pediment several hundred yards

east of site 37. The location makes it appear unlikely

that the rock derived from any other place than from the
gneiss complex. The specimen consists of a matrix with flow
. structures enciosing angular fragmepté of the same material
that is a reddish groundﬁass with small!:eldspars; The frag-
ments in the block show some variation in color and texture.
The specimen reminds of a flow breccia or a pipe f£ill.This
find is considered as an indication that pipes are present
also in the southwestern parts of the Catalinas,a section
from which no pipes have been reportgd by Moore. This Iack
of observation is probably due to the inaccessibility‘of
this region.Thus fbr:er outerops of volcanic rocks- as
indicated by the pipes - may be assumed to have extended
well into the southwestern parts of the mountain range.

The volcanic flows and intrusions on top of the gneiss com-
Plex have vanished by erosion as recorded by the compo-
sition of the Rillito formation.

By their relative age,the volcanic rocks of the area
méy be divided into two groups. As predating the deposition
. of the Rillito formation must be regarded the andesite and
dacite because their fragments are present in the lower
member of the Rillito formation.These rock fragments have
the longest range of all constituents and they last until
the upper member of the Rillito formation. The age of the
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"andgsite flows is inferred by Moore(unpubl.manyaer.) from
other areas of Arizona as to be Upper Cretaceous. In the
Tucson MOunxainé W.H.Brown haa-éarried out extensivecstudies
and he assignes some éndesites to the Lower Cretaceous and
occurrences o£=didpside andesite and‘rhyolite to the Lower
Tertiary;

| The age of the porphyritic lavas is less eertain; They
‘were assumed to be intercalated with sedimentary series of
the"Pantano’iormétion"by Moore(unpubl.manuscr;). Although
the situation near Bellota Ranéh needs further studies,it is
believed that the porphyritic basalt at this locality is
younger than the lower member of the Rillito formation.
Whilé no fragments of porphyritic basalt have been found-

in the lower member,two piecés of it were coilected in the
middle member(site 51,p.64);IhereIore it may be concluded
tentativelyvthat the porphyritic basalt,in part at least,
has been formed after deposition of the lower and before

deposition of the middle member of the Rillito formation.
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Structural implications

A synopsis of structural features is presented in this
chapter as obtained by interpretation of the writer's field
evidence and information from other workers. '

The Catalina fault,the most eminent structural feature,
cuts off the Santa Catalina Mountains on their southern front
and is the clue to the structural history of the whole area.
Although some observations'are in favour of a reverse fault,
for instance near North Campbell avenue(pp.59-60), several
movemeﬁts on it are suggestive;

West of Sabino Canyon the Catalina fault strikes WNW.
Between Sabin6 Canyon and Agua Caliente Hill the faﬁlt is
not exposed but morphology indicates that it runs parallel
to the more westefly part, however, it seems displaced by one-
half to three quérters of a mile to the south. An aerial photo-
graph taken in direction of the fault éﬁows the assumed offset
quite clearly (Plate 11). At the southern base of Agua Caliehte
Hill thebfault is poorly exposed and here also WNW strike is
suggestive. Thus, another offset of even greater extent may
be assumed along the western base of Agua Caliente Hill. On
a larger scale,the western and southern base of the Tanque
Verde liountains remind of Agua Caliente Hill.

By two diviéing lines,laid in about NS direction along
the assumed offsets over the southern bajada of the Catalinas,

this bajada may be divided into three sections I,II, and TII
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as shown in Pig.5. On Plate 11 only section I and 1l are

visiblee

tlicde

Figure 5. Structural sketch of
the southern front of the Santa
Catalina Mountains.

Section I i1s covered by a thick blanket of (now partly
dissected) alluvium;from the middle section(ll) the thick
alluvial cover is absent and the middle member of the Ril-
lito formation forms larger parts of the surface. In section
111 finally,older rocks crop out for instance at Twin Hills,
Loma Verde mines and farther south,Saguaro National Park.

IT these differences in geomorphology can be related with
structural changes,the respective movements must have occurred

rather late in the structural history of the area.
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The offsgf'near Sapino Canyon seems to be expressed
in another feature visible on Plate i1. The lineation of
thevgneiss,probably due to bedding of the host rock, gives
the impressiﬁn of dipping steeper to the valley in the region
bordering on section I than in the region at section II;
the dividing line being again around Sabino Canyon. Such
feature would be suggestive of a fault trending in direction
of the assumed offset and thus éeparating the diffe:ently '
dipping gneiss”sections.‘At'tﬁe same time,the wéstein end
of the mountain base seems to dip under the basin with a
remarkably: steep angle. Both features mentioned should be
understood very tenﬁavively as it cannot be stated whether,
they are not merely due to perspective diétortion.
| Although there are some indicatiuns for reverse or
thrust movements along the Cavalina fault(p.60),at least
at one time the uplift of the range must have taken place
along this fault as the author believes.Gilbert's argument
was brought forth by Davis already(Davis,W.M.,1931,p.290)
that it is inconceivable that a much larger mass,initially
extending southward well into the present valley,could have
eroded back to so éimple & base line as is here seen.Tﬁua
several movements on the Catalina fault are suggestive;The
“imporiant quesiion which came first,reverse or normal(that

is uplifving)movement,cannot be answered readily.
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Moor;(unpubl.manuacr;) assumed that overthrusting had
préceded uplifving in the region. His idea seems to be;based
upon tvthe fact that remﬁants of what he considers an over-
thrust block (with lower Rillivo member) lie at an elevation
of 4000 feet above sea level near Bellota Ranch. The elevation
of the block probably is assigned by him to be due to the
fact that both thrust block and mountains were lifted up
in later periods.

The Iqllowing observaiions were made by the present
author in this particulﬁr area. Heavy deformatiqh is not
confined to é"breccia zone"léhich by the way could not be
observed probably due to breviiy of investigavion.The shat-
Ttered state of fragments in vhe lower member of the Riliito
formation would agrge with that part of Moore's statement.

Bui there are other indications of tectonic activity,especial-
"}y of tension,which could account for some of the features

of deformation. Thus,a number of outcrops of volcanic rocks
being composed at least in parf of porﬁhyritic basalt form a
more or less cdnrinuous‘étrip. Al<though only small paits of
‘it are exposed,a NE striking dike is suggested by the con-
spicuous line visible on the aerial phovograph(Plate 9i).
Future field work as it should be repeated appears necessary
to clarify the situatioh. Parallel to the dike(?) the gneissic
rocks of the Santa Catalina complex exhibisv ggiextremgle“

striking‘systemiof parallel joints (Plate 9.),called "chimmey

J/Mbore(unpubi.manuscr.)statea:“The western end of this block
is limestone,the eastern end Pantano and both formations
are thrust upon the gneiss as shown by a breccia zone?
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rocks" by ranchers of tvhe area(Plate 4,5).‘1 study of the
lineation could not be underzaken but is expected To give
clues as for the direcvion of stress. The dike(?) and even
more tvenvavively speaking,the joints are suggesting.tension
rather thah compression. |

Without discarding Moore's idea of overthrusving,

the following possibility should be tvaken i1nto considera-

-tion Dbesides it until furiher evidence is seeured:The lower

Rillivo conglomerate was forming a wide blanket over an ir-
regular but moderate relief when blockfaulting took place
end the Santa Catalinas or ﬁarts of them were lifved up.
Contemporaneously with this movement or later than it,tension
wa.s present and along NE striking faulis(possibly confining
the Beliota plain today) & graben was thrown down thus pre-
serving parts of.the old sgdimenrary blanket. The present
author is awarelthat there is an obstaclé Tvo this explanation
in the fact vhat Rillito. beds at Bellotva are resting upon
gneiss. | |
Davis(1931) also assumes two different movements basing
his argumeniation on geomorpholdgic data only. The firstv move-
mentv according vo this author was an uplifi of vhe southside
by 6-8000 feet and by much less on the northside of the range.
The amount of vervical displacement is inferred by Davis
by projection of an old (Oracle-)graniie peneplain on TOp
of Samaniego ridge suggesting that the near the fault in

the south the mouniain block was raised 6-8000 reet(Davis,W.M.,



1931,p.291). A second movement is assumed to have resultied
in a minor upbending of the northwestern part of the range

by about 1000 feet and in a downwarping of fhe souvhwestern
areas indicated’by Tthe inclination of the surface of a young
pediment along vhe western base of the Santa Catalina Moun-
-tains(Davis,W.M.,193i,p.295). This younger movemeni may be
corresponding o what has caused the steep inclination of

the gneiss lineétion in the western end of the southern base .
and otvher late teatures in the history of the mountains

and their bajada menvioned above.

The rollowing attémpt to correlate field observations
with larger structural features should be understood very
tentatively.After a period of moderate relief and quietude
as recorded by conglomerate and mudstone of the lower member,
considerabdble deformatioﬁ took place:signs of crumpling and
synclinal dip in the lower conglomerate east of Campbell
avenue suggest compressional forces. Another indication of
diastrophism must be seen in the conspicuous change of com-
position after th:e deposition of the lower member:Fragments
derivgd probably from the central granitic body(not Oracle)
oI the Catalinas appear in the middle conglomerate. At least
the central part of the mass of intrusive and injecfion rocké,
had become exposéd To erosion then;gneissic parts seem to
be still absent from the middle member.Thus,it may be infer-

red that an uplift to be assumed for that time had been
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restricted more or less fo the granitic,that is the
bentral part of the Santa Catalina HbuntainssThe gneiss
on ﬁhe southside of the range was probably not exposed.
Finally,volcanic activity producing porphyritic lavas
may be assigned to that interval.

~ For a second time,deformation must have been active
after theAdepos;tion of the‘middlg member'of the Rillito
fprmation. No indications of compression are observed in
the middle cénglome:ate;tear faults in the latter are indi-

cative of tension due probably to considerable upliftv of

the mountvain block thereafter.ln the upper ﬁember of the

Rillito f@rmation more distinctly gneissic fragments startv.
Therefore,itv may be assumed that the preceding uplift in-
volved those parts of the range in pgrticular that are
composéd of gneissic rocks.Such parts are most likely to
be on the southside of the iange as they are today.

Rock fragments of the augen-gneiss type extensively

 described by Hernon(1933) seem to be absent still from

the valley f£ill deposited in the Time of the upper member.
This may be due to the following facts. Either the parti-
cular type was noi exposed yetu because erosion had not
reached it or it may have been.éxposed later after the
base level of erosion was changed by diasvrophism.Such
movements may be related to Davis' second‘moveﬁent(1931;

P.290;this paper p.90).No faultvs are found in tvhe upper
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‘member of the Rillito formation to indicate postdating
wovements. The strong degree of inclination in a few
places is suspicious. Another striking feature is the
sudden change in percentage of'thg volcanic constituentis.
From around 25% chey show in che‘upper member,nothing
ié presenv in the alluvial fan deposiis.Such statistical-
1y rapid change is notu observed with any other grdup

of constitvuents. These fea?ures are to be explained,so

much may be said,by either.struétural or climatic changes.
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Correlation and age

In absence of paleontologlc evidence the age of the
Rillito formation must be inferred from comparison of litho-
logy and structure with other deposits.Uhfortunately few
occurrences of Cenozoic have yielded fossils in Southern
Arizona and correlation of unfossiliferous beds faces con-
siderable difficulties because of the wide unknown areas
lying in between.The'present author has attempted to extract
information about.the Cenozoic history and deposits from
a number of papers and the result is presented in a table(Pl.12)
the tentative state of which needs no emphasis.

Strong late mid-Tertiary diastrophism. It ie'generally assumed

that considerable disturbances,chiefly in the form of block
faulting affected most parts of Southern Arizona in late
Miocene or ear;y Pliocene time(Khechtel,M;M.,1936,pp.89-90;
McKee,E.D.,1951,p.498;Eardley,A.J.,1951,0.420 and Fig.244).
In Northern Sonora this diastrophism was probably even stronger
and was conneeted with granitic intrusions according to
ﬁ.E.King(1939). Over the entvire region accumulation of
lacustro-fluviatile sediments sterted in the lower areas due
to the major change in relief. Generally a relation between
facies distribution and present topograpgy can be observed in
these deposits:coarse-grained sediments near the base of the

ﬁountains grade into fine-clastic roeks and evaporites in the
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centers of the valleys.Such deposits have been compared

with the Gila conglomerate (Gilbert,G.K.,1874,p.540 Lindgren,
W.,1905,p.75) and named so. In the San Pedro and San Simon
’valley,Gila conglomerate yieldea some faunules which date
it,at'least in part,as Upper Pliocene and Pleistocene(Gidley,
J.W.,1922,pp.119-131;Knechtel ,M.M.,1936,pp.86-87).0Over wide
areaé‘south of the international border simllar deposits have
been recognized and named Badcari(Dumble,E.T.,1900,pp.122-
152) or Baucarit (mng,n.E.,i939),the age of the formation

| being suggested by finds of'proboscidia of laté Tertiary or
early“Quaternary age.

Deposifs older than Gila-Baucarit., Gila-type deposits rest

‘in various places upon older,lacustré-fluyiatile sediments
and volcanic rocks which are more or less strongly deformed.
These older sediments were probably fbrmed more or less
shortly before disturbances of mountain-biulding proportions
affected the area and they include: Miocene? beds at Ari-
vaipa Creék(Ross,C.P.1925,pp.é9;3b);Whitetail congldﬁérate
near Globe(Ransome,F.L.,1903,p.48);mid-Tertiary sediments
_containing tooth of a small rhinoceras(Chew,R T.,1952,written
‘communication) situated on the northern slope of the Rincon
Mountains;parts (?) of the "Pantano" formation south of

the Rincon MOuntains(Moore,B N.,unpubl .manusecr.) ; early
Tertiary "clastics without granitic pebbles" intercalated
between volcanic flows in Sonora(Xing,R.E.,1939,p.1692);;and
probably the lower member of the Rillito formatio# of the
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present author, - '

The Whitetail is probably older'than the rest of the
formations mentioned above because during its erosion a
'qonsiderable rart of the enrichment of the copper deposits
in the Globe ares toqk place according to F;L.Ransome(1903)

and E.D.Wilson(1949).
. Some of the"pre-Gila formations" exhibit already
relations to the present topography Thus,the sedimentary
series including the "rhino-beds" on the northside of the
Rincon Mountains was derived essentially‘from the same source
as the seéiments today(Chew,R,T.,oral communication).mhis
is shpwn also by the lower meﬁber of the Rillito formation,
and by the"Miocene?" strata of Ross'. |

Thrusting as a time-mark. Correlation of Cenozoic formationa'

in Southern Arizona and Northern Sonora by means of structural
boundaries seems to be unéertéin because intensity and timing
of crustal disturbances are not uniform althbugh some trends
are noticeable. ConéideringAa recent review of Arizona's
structural history(Eardley,J.W.,1951,Fig.244 and p.420) it
appears that thrusting predates the Gila conglomeréte and thus
would constitute a criterion to date questionable beds.However,
there are cases observed where the Gila conglomerate was sub-
Jjected to overthrﬁsting. About 40 miles southeast of the author's
area of investigation,Gila conglomerate was involved in over-
-thrusting near the Huachuca Mountains according to C.Alexis

- (1949,p.58) .Not far east of that locality,in the Courtland-
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Gleeson area,Wilson (i927,p.35) obe?rved nearly flat thrust
faulting'cénsidered by him to be yoﬁnger than the vertebrate
bearing strata of the San Pedro Valley; o

South of the international boundary Baucarit,the equi-
valent of the Gile conglometate,is very commonly overridden
according to.King(1939,p.i715).mhis feature persists until
farther soﬁth the deformation agéin becomes weaker and final-
ly in the plateau,section of the Sierra Madre,that is about
south of the 28th parallel,the Bﬁucarit is only tilted and
gently faulted.Reasons for this differentiation are seen
by King in the fsct that mid-Tertiary mévements were the
major diastrophism in northern parts of Sonora and exceeded
By fai fhe post-Cretaceous revolution which hadfbeen so ef-
fective farther south. Thua,fost-Baucarit.thruating can be
considered as posthumous to the strong(with granitic intru-
sions!) mid-Tertiary diastrophism.The area in the south had
become consolidated before that already.

Turning back to the Rillito formation,the possible
thrusting on thé southside of the Santa Catalihas appears
now under a different aspecf.Thus an occur}ence of young
thrust faulting must be conéidered as the northernmost out-
post in the sequence of ‘decreasing intensity from northern
parts of Sonora towards the Colorado Plateau.

As it has been shown that thrusting is not confined to
predate Gila-age deposits, a dating of the Rillito members
in this way is not possible.
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Other means of correlation. Futurelinvestigations around
Bellota Ranch are hoped to clarify the relative ageiof the
porphyritic lava in respect to the lower member of the Ril-
lito formatioh there. An andesite porphyry,of'similar appearance
is reported by R.T.Chew (persohal communication) to intrude
beds of mid-Tertiary age in the vicinity of Bar LY Ranch several
miles northeast of Bellota Ranch. A petrographic comparison
might clarify the relationships. | |

From subsequenf changes in composition of sedimentary
' particles of fhé two upper members of the Rillito formation
and from the intensity 6f deformation it is assumed that the
lower member of the Rillito formation has preceded fhe late
mid-Tertiary diasfropﬁism although an age close to the lowest
parts of the Gila conglomerate is not impossible.

| The middle and in particulér the upper member of the

Rillito forﬁatioh are very similar to recent deposits as far
as‘the composition is concerned. This in addition to the
more or less gentle degree of deformation suggests that the
middle and upber Ril;ito member are very likely to be equi-
‘valent to the Gila formation. Future comparative studies of

composition may confirm this conception.
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APPENDIX



-99-

Plate 3.

A, A shattered granite constituent in the
conglomerate of the lower member,Rillito
formation.Exposure in washbank,northeast
of Bellota Ranch. Hand lense for comparison.

B, Alteration in mudstone or shale due to
volcanic intrusion. Flow structures not
very distinct in the photograph North-
east of Bellota Ranch.
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Plate 4

A_. "Chimney rocks"™ northeast of Bellota
Ranch showing parallel jointing('Catalina"
gneiss).

B. Conglomerate of the lower member of the
Rillito formation exhibiting steep inclina-
tion,about 45° SE, east of Pontotoc road.



Plate 5

A. Boulder of lower Rillito member conglome-
rate being a constituent in the middle mem-
ber of the formation(near site 40)e

B. Channel cutting in the middle member

of the Rillito formation.Small lense of

fine sandstone intercalated between con-
glomerate (site 51).



ar Plate

SW HE

A* Conglomerate of the middle member,Rillito
formation,showing branching faults.
Mount Lemmon Highway,site 5le

B- Small graben in the middle member,site 51



Plate 7

A. Fault complex in the middle member,Rillito
formation.East of Pontotoc Wash,near site 40.

B_Normal fault in the middle member,Rillito

formation,southwest wall thrown down.Locality
as in A.



Plate 8.

Stereo-pair (aerial photographs) showing
Twin Hills,east of Tucson.Two little hills
emerge from the monotonous plain of allu -

‘vium.The hills are formed by dark porphyri-

tic basalt and a non-porphyritic variety
which is capping the two hills.At the south-
eagt base of the hills minute outcrops of
other rocks are present,for instance, re-
crystallized limestone;light colored gra-
nite partly of aplitic appearance;conglo-
merate being overwashed by alluvium and
therefore unidentified.
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Plate 80
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Plate 9.

Stereo-pair (aerial photographs) showing
"Chimney rocks" about one and a half mile
northeast of Bellota Ranch. Two chief di-
rections are to be distinguished(black bro-
ken line) among the joints which are so con-
spicuous because of preferred weathering.

:Dark streak in soil color connects outcrops
of volcanic rocks,probably it is a dike.
Occurrence of altered mudstone or shale is
bordering on the zone of volcanic rocks
which are in part porphyritic basalt;dis-
regard dark spot(stain on original photo)
beside the place of alteration,marked AS.
Conglomerate of the lower member of the
Rillito formation is exposed in wash bank
marked RI. Reddish shale (RS) lies at the
base of a hill formed by recrystallized
limestone(LS). ‘
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Plate 10

A. Layers of fibrous gypsum interca-
lated between thicker mudstone layers
and beds, (site 20)

B» Massive gypsum beds with fine layers
of mudstone. Coaly remnants in upper left
part of picture. (site 30 )



Plate 11.



-105

PIate 1 1 .

. View along the assumed trend of the Catalina
fault. Picture taken from an airplane in about
7000 feet 'above sea level being approximately
over Agua Caliente Hill. .
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Table:Pebble counts in the Rillito formation

Bellota Ranch

UPPER MEMBER

- Plate 14

consgstituents

(%
lime~ volc.quartzite schist "atali-
&phyll.na gneiss ful

site,locality coarse
Oracle
granite stone rocks
76,SE of Haz, 5 - 32
del Sol ‘
73,W of Sabino 2 - 25
road
MIDDLE MEMBER
2,Waf Ponto- 32 6 28
toc mine
Pont .mine
78,8E of Haz. 10 6 27
. del Sol
72,W of Sabino 3 9 44
road
51,Mt .Lemmon - 14 25
Highway '
54,W Snyder 12 13 17
road
LOWER MEMBER
37,E of N Cam 28 16 18
bell ave. (Ng
11,E of N Camp- 39 6 20
bell ave, (centr.) .
15,E of N Cam 40 - 28
bell ave.(sg-
10,E of Hazien. 17 14 51
del Sol :
6,SE of Haz. 10 7 39
del Sol
69,W of Dell 16 28
Powell's ranch
70,NE of Powell%s 12 8 35 -
ranch
Tanque Verde road50 6 26
&Soldier's Trail
Loma Verde mine 20 20 28
1.5 mile NE of 37 ) 13

14

28

10
15
33
22
22

31

18

12

16
24
17
12
32
27

21
9

14
20

26

29
28

18

&gmmite"
28

36

16
21

34
25

)
doubt-




Plate 2

Composition and other features of

Cenozoic conglomerates of the area

Table:
-4 4
4 rj-r =&=T
6r. Ls. V otz. Sell 6n.
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-VV
6r. Ls. V. Qtz. Sdi. Ol
Nt
i 14+ It M |’}'4
Jiii ir

— T ml 0 W ML
#oeg i .
i f Itlpﬂ T |
1M
v
u v W
o (VAT L
v g
y.. i

Or. Ls. Vv Qtz. 5ch. Gn.

T jfrisp

lit 35|I1%

g i

fm 1f?§mt

Al )
m !JI L -F
o 'Jfft' : fr P
»fi.

ftl 1 fffi ffi
t—|69___1_ VK, $_$
Si P
w =1 VYV I

Qtz. Sch. Gn.

Note:

Alluvial fan deposits

Induration:little;good iIn several
places by caliche
Color:always light;gray to brown
Matrix:often sandy or granular;wide
range in particle size
Stratification:generally poor but
there are exceptions
Sorting:poor in most places
Roundness:ranging from *2 to .5
Maximal particle size:depending on
distance from mountain base,
even sev. miles from base
up to 4 feet iIn diameter
Types of deposits:fanglomerate pre-
dominates iIn higher carts,
finer grained facies near
Rillito Creek
Structure:no deformation
Composition:monotonous;histogram
shows comp. near site 76

Rillito formation
F22Gr_member

Induration:little iIn fine-grained,
better iIn coarse-grained
facies

Color:brown and gray.,with red touch
in places

Matrix:very sandy,may be called
”sandy conglomerate”

Stratification:inconspicuous,partly
due to poor sorting. Strati-
fication obvious when abrupt
change i1n particle size

Sorting:poor in the overall picture,
fair In some strata

Roundness: .4 (average fig. of vole.
rocks for better comparison)

Maximal particle size: about 14 inch*,
mostly "Catalina gneiss™

Types of denosits:only congl. was
observed;compared with m. and
1. member,the u. member 1is isre

Structure:gently inclined,dip is
probably initial. No faults
or strong tilt.

Composition:uniform in both exposures
(dist. between them 5 miles)
Histogram shows site 76

Middle member

Induration:good partly excellent due
to calcitic cement
Color:"dirty" red;redbrown,gray
Matrix:some occurrences with little
interstices,others with sand
and granules i1n matrix
Stratification:pronounced
Sorting:good in places
Roundness: (only volc.fragm.)
Maximal particle size: 50 inches
( volcanic chunk)
Types of deposits: only conglomerate
(two kinds distinguishable)
Structure:Dip 10° to 65°. Numerous
normal faults,several suspect
of being reverse(in PI1.6,A?),
but secure statements handi-
capped by indistinct strata.
Composition:histogram shows site 78

Lower member

Induration:good,partly excellent due
to calcitic cement
Color:purplish red,reddish gray;gray
and brown with red touch less
common
Matrix:same is observed as in middle
member
Stratification:distinct;not recogniz-
able when deformed
Sorting:same as middle member
Roundness: .5 to .6 (volc.fragm.for
comparison,average TfTigure)
Maximal particle size:12 inches is
common
Types of deposits:conglomerate,mud-
stone ,gypsum(see p.35)
Structure:Dips from 15 to 5g
occurrences about 20.
Faulting: stronger near the
mountain base, there probably
thrust on gneiss
Composition:histogram shows that of
site 11

,most

Dotted line indicates
average percentage
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PLATE 12
SYCAMORE GLOBE -
CANYON
PRICE RANSOME
QUATERNARY
BASALT
FLOWS
TYPE B
GRAVEL
GILA CONGL.
BASALT
UPPER LAVAS DACITE
TYPE A FLOWS
GRAVEL
TERTIARY
LOWER WHITETAIL
CONGL.
TERTIARY
DIABASE
GRANITE
KAIBAB.
MOENKOPI NACO
OLDER
ROCKS

RAY

BELMONT

APPROXIMATE CORRELATION

ARIVAIPA

QUEEN AREA REGION AND

HARSHMAN

BASALT

DACITE CONGL.

DACITE
FLOWS

WHITE TAIL
CONGL.

NACO

VICINITY
ROSS &

knechtel

GILA CONGL.

TUFF

FLUVIATILE
SEDIMENTS AND
LAVAS (ROSS °
"MIOCENE

UPPER CRET.
FRESHWATER
DEPOSITS.

OF THE

MAMMOTH

PETERSON

GILA CONGL.

BASALT LAVA
AND
RHYOLITE

CENOZOIC
NORTHERN  SOUTHOFSANTA  TUCSON
RINCON MTS. CATALINA MTS. MTS.

CHEW VOELGER W.H. BROWN

GR.DISPLACEMENT

ALLUVIAL

FAN DEPOSITS
UPPER GILA CONGL.

BASALT

UPPER RILLITO FORM.
MCDLE GILA CONGL.

MIDDLE RILLITO FORM.

LOWER GILA CONGL. LAKE BEDS,

SHALE. TUFF

ANDES.

PORPHYRY PORPHYRtNC BASALT

LOWER TO FORM.

SEDIM. WHITH
RHINO TOOTH
(THREE MEMBERS)

(.SANTA CATALINA

GNEISSIC-GRANITIC
COMPLEX POSSIBLY

AT THIS TIME)

EROSION

"meusroNs”?
EROSION

CRET. CONTI N.
DEP.AND VOLC.

CRETACEOUS,

oracle- granite PALEOZOIC &
OLDER ROCKS

NOTE: tectonic activity

dating tentative

SAN PEDRO COURTLAND-

VALLEY

BRYAN & G6IDLEY

FOSSILBEARING
STRATA
(LAKE BEDS. ETC.)

SEDIMENTS AND
VOLCANICS

GLEESON

E D. WILSON

LAKE

BEDS

IN SOUTHEASTERN ARIZONA AND ADJACENT AREAS

TOMBSTONE

GILLULY

GILA CONGL.

GRANITE

ANDESITE
PORPHYRY DIKES

UNCLE SAM
PORPHYRY

(GTZLATITE

INTRUS. )

BISBEE SONORA
RANSOME R. E. KING
BASALT

GILA CONGL.

BAUCARIT WITH
BASALT

"GRANDDfORIXE-"

SEDIMENTS
"WITHOUT
GRANITE PEBBLES
& VOLCANIC FLOWS

CRET.:
CLASTICS
ANDES.FLOWS
CLASTICS

*) alter EARDLEY
, Fig.24 4
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PLATE 13

N>

6n6 - gro_nicomplex of 4he "ania.

CalicLti. ncv, lanc|ue \I<zrcLe, (ayes? Mtj.

IO iiiiiflla

Oracle. $ra.<ftiH

% (2-500~7
GEOLOGIC MAP OF

CENOZOIC DEPOSITS IN THE SOUTHERN FOOTHILLS OFTHE
SANTA CATALINA MOUNTAINS NEAR TUCSON,ARIZONA

SCALE 1 * GEOLOGY BY K.VOELGER
31680 SURVEYED IN 1951

QUADRANGLE, ENLARGED CONTOUR INTERVAL:
100 FEEI- GINC MI'UR

*CORRESPON DING TO THE PHOTOGRAPHIC MOSAIC fNTHE GEOLOGY
DEPARTMENT, UNIVERSITY OF ARIZONA, TUCSON
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