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ABSTRACT

Rock units, structures, and ages of rock units are common to 

the Tortolita and Santa Catalina Mountains. Older Pc Pinal Schist, 

Younger Pc Apache Group, and Paleozoic sedimentary rocks in both ranges 

were deformed by diapiric, upwelling plutons in mid-late-Mesozoic time. 

These plutons exhibit identical lithologies, structures, and similar 

age relationships in both ranges and are coeval, if not continuous, at 

depth. The mantling rocks are pervaded by a "b" tectonic mineral line- 

ation and folds that were produced by the diapiric plutons and gravity. 

The Catalina granite intrusion (late-Mesozoic) attenuated the complex 

in the vicinity of the Canada del Oro Valley and stretched and flat

tened the mantling rocks as revealed by elongate clasts in metacon

glomerates in both ranges. A NNW-striking fault system in the Tortolita 

Mountains and a NS-striking system in the Santa Catalina Mountains were 

produced in the final stages of the Catalina granite intrusion. Sev

eral of these faults were reactivated during the Basin and Range Orogeny 

in late-Miocene and Pliocene time. The depth to crystalline bedrock 

in the Canada del Oro Valley exceeds 1520 m. (5000 ft.). Pediments 

(Rillito Surface) are more extensive in the Tortolita Mountains than in 

the Santa Catalina Mountains and thus tectonic quiescence of the 

Tortolita Mountain block was achieved first. Detritus filled the valley 

to higher levels and the minimum downcutting is 145 m. (480 ft.).

Three terrace levels were incised in the Canada del Oro Valley detritus.



INTRODUCTION

The Tortolita and Santa Catalina Mountains are located north

west and north, respectively, of the city of Tucson, Arizona (fig. 1). 

Physiographically, these two mountain ranges lie within the Basin and 

Range Province, and the division between the Desert and Mountain Regions 

is drawn through the Canada del Oro Valley that divides the two ranges 

(Wilson, 1962) (fig. 2). Topographically, the Tortolita Mountains are 

low with an average altitude of approximately 1220 m. (4000 ft.). The 

Santa Catalina Mountains, by comparison, tower to over 2800 m. (9100 ft.) 

and have rugged steep slopes.

The Santa Catalina Mountains have a diversity of rocks and struc

tures of different ages that have been studied by many geologists since 

the turn of the century (fig. 3» in pocket). The southern Forerange 

of the Santa Catalina Mountains consists of Older Precambrian quartzo- 

feldspathic cataclastic gneisses that are bounded on the south by mid- 

to late-Tertiary continental deposits. The low- to moderate-dipping 

Catalina Fault separates the gneisses from the continental clastic units 

(Pashley, 1966). The northern and northeastern portions of the Santa 

Catalina Mountains are composed of Older Precambrian schist and quartz 

monzonite porphyry, Younger Precambrian marine sedimentary and metasedi

mentary rocks, Paleozoic^- sedimentary and metasedimentary rocks, and 

Mesozoic sedimentary rocks. Foliation and/or bedding in these rocks

1. Any Phanerozoic time mentioned in this thesis is per the 
Phanerozoic time-scale of the Geological Society of London, 1964.

1
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The central portion of the Santa Catalina Mountain mass is a zone of 

varied intrusive rocks. These rocks are foliated, particularly on 

their margins, and seem to constitute an array of discrete plutons.

These plutons are intrusive into the northern and southern rocks and 

are regarded to be of Mesozoic to late-Mesozoic age (Hoelle, in prepara

tion; D. E. Livingston, of the Department of Geosciences, The University 

of Arizona, personal communication; Peirce, 1958).

The Tortolita Mountains, until recently, were considered to be 

a simple PreCambrian plutonic terrane. Structural studies by Davis, 

et al. (in preparation) have revealed a diversity of rock ages, types, 

and structures that heretofore had gone unrecognized (fig. 3). The 

north-central portion of the Tortolita Mountains is made up of a bio- 

tite granodiorite pluton of Mesozoic(?) age that intrudes Older PreCam

brian Pinal Schist both on the north and south. In the southern part 

of the Tortolita Mountains to the south of the Pinal Schist, are prob

able Younger PreCambrian and unequivocal Paleozoic metasedimentary rocks. 

South of this "screen" of metasedimentary rocks is a large dike-like 

body of porphyritic quartz monzonite that also intrudes the metasedi

mentary rocks. The southernmost portion of the Tortolita Mountains is 

composed of a very fine-grained granodiorite pluton that has intruded 

the porphyritic quartz monzonite. The zone(s) of intrusion between 

these southern plutonic rocks is extremely complex with various amounts 

of assimilation and probable metasomatism having been recognized (Davis, 

et al., in preparation).
Several geologists have suggested, based on reconnaissance ob

servations, that the Tortolita and Santa Catalina Mountains are related
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structurally and lithologically (McCullough, 1963; Melton, 1965; Hoelle, 

in preparation; Davis, 1975; Shakel, 1972). The primary consideration 

of this study is to examine the notion of a once continuous plutonic 

and metamorphic terrane. Further considerations include: l) the deter

mination of the geologic significance of the boundary between the Desert 

and Mountain Regions of the Basin and Range Province, and 2) the effects 

of Basin and Range faulting both on the crystalline complex and on the 

physiography that existed prior to the Basin and Range Orogeny.



MAJOR ROCK UNITS WITHIN 
THE SANTA CATALINA MOUNTAINS

Older Precambrian Rocks

Catalina Gneiss

The southern Santa Catalina Mountains, Agua Caliente Hill, 

Tanque Verde Mountain, and the Rincon Mountains (fig. l) comprise a 

series of cataclastic layered quartzo-feldspathic gneisses (fig. 3)• 

Reference was first made to the rocks of the southern Santa Catalina 

Mountains, locally known as the "Forerange", by Blake (1908a, 1908b), 

who described the rocks as the "Santa Catalina gneiss" and "Catalina 

gneiss". Published maps of the Santa Catalina Mountains (Wilson, Moore 

and Cooper, 1969), based on the work of Moore, et al. (1949), distin

guish two units within the gneissic rocks of the Forerange.

An extensive study .of the Santa Catalina Forerange rocks was 

carried out by Dubois (1959a, 1959b) who formalized the use of the name 

"Catalina gneiss". Dubois presented the first petrographic descrip

tions of the gneiss and informally subdivided units within the gneiss 

based on mineralogy and fabric. His units include a banded augen 

gneiss, augen gneiss, and granitic gneiss-gneissic granite. The south

ern exposures of gneiss are the banded augen gneiss unit, which grades 

northward to the augen gneiss, which in turn grades northward into 

the granitic gneiss-gneissic granite. Dubois’ work indicated that min

eralogy of the gneiss is simple, being composed mostly of quartz, 

plagioclase, orthoclase, microcline, biotite, and muscovite. Accessory
6



minerals include epidote, garnet, zircon, staurolite, and 

tourmaline.

■Dubois interpreted the gneiss to be derived from igneous rocks 

and argillaceous sedimentary rocks deficient in calcium. Dubois be

lieved that potash metasomatism and at least two periods of metamorphism 

of these rocks produced the Catalina gneiss. He suggested that the 

predominant protolithology of the Catalina gneiss was the Pinal Schist, 

a series of Older Precambrian phyllites and quartz-mica schists exposed 

in many areas within southern Arizona. Dubois also suggested that the 

synkinematic metasomatic metamorphism of the Leatherwood quartz diorite, 

that is exposed north of the granitic gneiss-gneissic granite, produced 

the cataclastic texture and structures in the Catalina gneiss in post- 

Cretaceous time.

The Catalina gneiss has received attention by other workers, 

Peirce (1958), Pilkington (1962), Mayo (1964), Pashley (1966), and 

Peterson (1968). A common view of these workers is that the Catalina 

gneiss was derived from Older Precambrian rocks. Most workers also sug

gest at least a two-stage evolution for the gneiss, Older Precambrian 

and Cretaceous or early-Tertiary.

Radiometric age dating of the Catalina gneiss supports the con

tention of an Older Precambrian protolithology. Catanzaro (1963), using 

the uranium-lead technique on zircons separated from the gneiss, sug

gested an age of I .65 b.y. Shakel (1972, 1974)» on the basis of 

rubidium-strontium analyses of samples of gneiss from Pontatoc Canyon, 

suggested that the entire petrogenic history of the gneiss took place 
during Older Precambrian time. Although Shakel readily admitted that

7
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his rubidium-strontium points do not define a unique isochron, he sug

gested that they do indicate a minimum age of 1.67 b.y. On discussing 

the metamorphic history of the Catalina gneiss, Shekel (1974, p* 116) 

stated that the cataclasis is subsequent to gneissification and layering 

and he concludes, "... it is clear that the entire history of the forma

tion of the rocks (Catalina gneiss) took place during PreCambrian time."

The gneisses of the Santa Catalina and Rincon Mountains (fig. 1) 

have been dated by Damon, Erickson and Idvingston (1963) using the 

potassium-argon method. The average of five potassium-argon dates is 

27 m.y. + 3 m.y. This age was interpreted to be a refrigeration age, 

or the time when the rocks had cooled to such a point that they would 

retain radiogenic argon.

The PreCambrian age indicated by Shekel and Catanzaro may be 

interpreted in several ways: l) the gneiss is derived from rocks of 

Older Precambrian age and the "atomic clock" has not been reset by 

subsequent metamorphism, or 2) the entire gneissic sequence from depo

sition or crystallization of the protolithology through total metamor

phism took place in Older Precambrian time. As will be demonstrated in 

a later section, there is evidence to suggest that the cataclastic 

metamorphism and the development of major folds are much younger than 

Precambrian.

Pinal Schist

Pinal Schist crops out in the northwest corner of the Santa 
Catalina Mountains as a northwest-trending arcuate exposure of penetra

tively foliated and contorted mica-quartz-schist. Smaller outcrops of
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Pinal Schist have also been mapped farther north, but south of the west- 

northwest trending Mogul Fault (fig. 3)• The Pinal Schist in the north

ern Santa Catalina Mountains has been mapped by several previous workers 

(Wallace, 1954; Erickson, 1962), who described the schist as being com

posed of alternating bands of sericitic quartzite and sericitic phyHites.

As in the case of many Pinal Schist-exposures in southern 

Arizona, the Pinal Schist in the northwest Santa Catalina Mountains is 

unconformably overlain by Younger Precambrian sedimentary rocks.

Erickson (1962) interpreted the foliation in the schist to be a bedding- 

plane foliation. This foliation generally has an east-northeast strike 

and southeast dip, although almost any orientation of the layering may 

be encountered as a result of deformation by folding. The intrusion of 

the Catalina granite to the south of the arcuate Pinal Schist produced, 

according to Erickson, a classic intrusive contact. The Catalina granite 

intrusion further disrupted the foliation and created a contact meta- 

morphic aureole with andalusite and orthoclase being formed.

Erickson (1962) interpreted the Pinal Schist that he mapped to 

have been produced by the low-grade greenschist-facies metamorphism of 
an initial eugeosynclinal pile that included clayey sands with inter- 

bedded argillaceous strata and minor amounts of volcanic materials. He 

ascribed the metamorphism to the Older Precambrian Mazatzal Orogeny.

Oracle Granite

Exposed in the northernmost Santa Catalina Mountains, near the 

town of Oracle, and in limited areas in the north-central portion of
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the range, is a distinctive quartz monzonite porphyry that was for

mally named "Oracle Granite" by Peterson (1938), and mapped by Banerjee 

(1957) and Creasey (196?) (fig. 3)• The Mogul Fault (fig. 3) separates 

the large exposed area of Oracle Granite from Pinal Schist and younger 

sedimentary and intrusive rocks to the south. This fault has a complex 

history of motion and will be discussed in a later section.

The Oracle Granite is extremely weathered in outcrop and few 

areas show fresh exposures. The rock is generally orange to pink, but 

in some areas appears grey. Compositionally the Oracle Granite is a 

quartz-monzonite, but at some locales the Oracle Granite is a grano- 

diorite (Banerjee, 1957)• Phenocrysts, which range up to 8 cm. in 

length, are microperthite and K-feldspar. The matrix is mainly K- 

feldspar, plagioclase, quartz, and biotite. Minor accessory minerals 

include magnetite, epidote, sphene, tourmaline, zircon, and apatite 

(Creasey, 1967; Banerjee, 1957).

Some constraints can be placed on the age of the Oracle Granite 

based on stratigraphic relationships. The Oracle Granite intrudes the 

1.6-1.8 b.y. Pinal Schist and is unconformably overlain south of the 

Mogul Fault by the basal member of the younger PreCambrian Apache Group. 

Radiometric age dating substantiates an older Precambrian age assign

ment. Damon (1959) reports a rubidium-strontium age date of 1450 m.y. 

on a sample of Oracle Granite taken from the Campo Bonita Mine (fig. 3)• 

Two potassium-argon dates, one from biotite and the other from musco

vite in a pegmatite dike within the Oracle Granite yield ages of 

1420 m.y.
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The internal fabric of the Oracle Granite has been discussed 

briefly by Banerjee (1957) and Creasey (1967). Banerjee describes the 

Oracle Granite as being gneissic with the foliation becoming warped on 

approach to the Mogul Fault. In contrast, Creasey does not cite any 

foliate fabric within the Oracle Granite. My own structural reconnais

sance of the Oracle Granite have led me to believe that the Oracle 

Granite does not contain a penetrative planar fabric and that areas 

characterized by foliation and some sheared and fractured zones are 

local.

Many highly foliated and folded xenoliths are present in the 

Oracle Granite. Bannerjee interpreted these to be the remnants of a 

metasomatic replacement of Pinal Schist, which he believed to be the 

protolithology of the Oracle Granite. He does not preclude the exist

ence of minor magma. The xenoliths exhibit very sharp contacts with 

the granite and are probably stoped blocks of wall rock or roof pendants. 

I interpret the Oracle Granite to be of magmatic origin. Oracle Granite 

was intruded into a basement of Pinal Schist during Older PreCambrian 
time.

The preliminary reconnaissance geologic map of the Bellota 

Ranch Quadrangle by Creasey and Theodore (1975) depicts the area around 

Molino Basin and Soldier Canyon (fig. 3) as the Oracle Granite of 

Peterson (1938). The rocks in these areas had previously been mapped 

by Laughlin (1959), Pashley (1966), and Peterson (1968) as Catalina 
gneiss and the interpretation by Creasey and Theodore is a new one.

The rock in these areas in no way resembles the classic Oracle Granite; 

rather, it is a gneissic rock, locally banded, that is granodioritic in
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composition and penetratively foliated and lineated. Based upon the 

rubidium-strontium analyses by Catanzaro (1963) and Shake! (1972, 1974), 

it seems highly unlikely that these rocks were derived from Oracle 

Granite. The age dates of 1 .6$ b.y. (Catanzaro, 1963) and 1.67 b.y. 

(Shakel, 1972), derived from the Catalina gneiss at two separate loca

tions, indicate an Older Precambrian age for the protolithology of 

these gneissic rocks. Damon (1959) dated the Oracle Granite as shown 

above with rubidium-strontium and potassium-argon techniques and arrived 

at a much younger, 1420-50 m.y. age. Texturally, the gneisses could be 

derived from a quartz monzonite porphyry such as the Oracle Granite by 

cataclasis and granulation, but geochemically it seems impossible to 

effect such a correlation. To suggest that the gneisses of the Fore

range of the Santa Catalina Mountains were formed from Oracle Granite 

with complete disregard to previous workers and without complete geo

chemical support is felt to be in error. Consequently, the composite 

geologic map of the Santa Catalina Mountains (fig. 3) delineates the 

Forerange as being composed of the Catalina gneiss as described by Mayo 

(1964), Laughlin (1959), Pashley (1966), Peterson (1968), Dubois (1959b) 

and Shakel (1974).

Younger Precambrian Rocks

A relatively pristine, unmetamorphosed section of marine sedi

mentary rocks is exposed in the northern and northeastern portions of 

the Santa Catalina Mountains south of the Mogul Fault (fig. 3)• No 

exposures of marine sedimentary rocks are known immediately north of 

this fault system. These rocks have been mapped by Wallace (1954),
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Erickson (1962), Pilkington (1962), Creasey (196?), and Creasey and 

Theodore (1975), and are correlated with the Younger PreCambrian Apache 

Group as named by Ransome (1903)• Figure 3 shows the distribution of 

these rocks. The correlation of units, mapped independently by the 

various workers, were made by me.

The basal unit of the Apache Group, using the convention of 

Creasey (196?), is the Pioneer Formation. The Pioneer Formation in the 

Santa Catalina Mountains contains a basal conglomerate that is usually 

found in unconformable contact with either the Oracle Granite or Pinal 

Schist. This basal member is called the Scanlan Conglomerate Member and 

is no thicker than two metres (6.5 ft.) and is comprised mainly of clasts 

of quartz and quartzite. The remainder of the Pioneer Formation varies 

from 175-200 m. (575-650 ft.) in thickness and is made up of pebbly 

quartzite and sandstone, tuff, and characteristic grey to maroon slate 

(Creasey, 1967)•

Conformably overlying the Pioneer Formation is the Dripping 

Spring Quartzite. The basal unit of the Dripping Spring Quartzite is 

the Barnes Conglomerate Member, which is shown as a marker bed on 

figure 3 and is perhaps represented thicker than normal. The Barnes 

Conglomerate Member is a very diagnostic bed, averaging 15-20 m. (50-65 

ft.) in thickness and containing pebbles, cobbles, and boulders of well- 

rounded quartz, jasper, and quartzite surrounded by a pink quartz- 

feldspar matrix. The Barnes Conglomerate is resistant to weathering 

and usually forms ridges and peaks. Barnes Conglomerate grades upward 

into the Dripping Spring Quartzite, which is a pink or tan feldspathic 

quartzite with minor shale partings. Cross laminae are visible and



internal laminations within the individual beds stand out clearly on 

weathered surfaces (Creasey, 196?).

Conformably overlying the Dripping Spring Quartzite in the north

ern part of the Santa Catalina Mountains is the Mescal Limestone, a 

cherty grey limestone, which is the youngest formation of the Apache 

Group. The Mescal Limestone is absent east of the northern Canada del 

Oro and has apparently been removed by erosion because the Paleozoic 

rocks rest unconformably on the Dripping Spring Quartzite in that loca

tion (Wallace, 1954)•

The entire Apache Group section and the Oracle Granite are cut 

by distinctive diabasic dikes and sills. The sills are stratiform in

trusions within the Apache Group and have been estimated by Creasey (1967) 

to have dilated this section by 100-200 m. (330-660 ft.). These sills, 

as well as associated dikes, are truncated by the erosional unconformity 

at the base of the Paleozoic section. Radiometric dating of stratiform 

diabase sills within the Apache Group of the Sierra Ancha in Gila County, 

Arizona, reveals an age of approximately•1200 m.y. This dating was done 

using the potassium-argon method (Damon, Livingston and Erickson 1962) 

and uranium-lead method (Silver, I960). It is probable that the dia

basic stratiform sills in the Santa Catalina Mountains and the sills 

in the Sierra Ancha are products of a regional intrusive event that oc

curred approximately 1200 m.y. before present.

Exposed on the crest of the Santa Catalina Mountains, near 

Mount Lemmon, Mount Bigelow, Marble Peak, and Kellog Mountains, is a 

series of phyHites, amphibolite schists, quartz-sericite schists, 

marbles, and metaconglomerates (fig. 3)• Most previous workers have

14
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suggested correlation of these rocks with the younger PreCambrian 

Apache Group (Peirce, 1958; Pilkington, 1962; Waag, 1968; and Creasey 

and Theodore, 1975)• I concur with the younger Precambrian age assign

ment for these rocks and figure 3 shows both undifferentiated and my 

own tentative correlation of some of the units.

Waag (1968) completed the most extensive structural and strati

graphic study of the metasedimentary rocks on Mount Lemmon and Mount 

Bigelow. He correlated a metaconglomerate containing white, flattened 

and stretched quartzite clasts in a quartz-feldspar-sericite matrix 

with the Scanlan Conglomerate Member of the Pioneer Formation. Waag 

analysed the axial ratios of the elongate clasts within the meta- 

Scanlan Member at Kellog Mountain and his results reveal a ratio of 

10:2:1. Quartz-sericite phyllite and phyllitic quartzite that are 

highly crenelated and folded were inferred by Waag to belong to the 

Pioneer Formation. This unit shows higher metamorphic grades near in

trusive contacts (Waag, 1968). Several outcrops of metaconglomerate in 

the Mount Bigelow-Mount Kellog area and on the west flank of Mount 

Lemmon were inferred by Waag to be correlative with the Barnes Con

glomerate Member of the Dripping Spring Quartzite (Waag, 1968). This 

rock contains elongate clasts of quartzite, minor chert, and jasper. 

Some of the stretched clasts are noted as being so highly deformed that 

they become nearly unrecognizable and indistinct in the quartz-sericite 

matrix. It is quite possible that other quartzite units may be highly 

deformed and recrystallized metaconglomerates. The Barnes Metaconglom

erate varies f r o m m .  (1.6 ft.) to 3 m. (10 ft.) in thickness (Waag, 

1968). White and grey to pink feldspathic quartzite, interlayered
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sericite phyHites, and thin (less than 30 cm., 1 ft.) metaconglomerate 

units were correlated with the Dripping Spring Quartzite of the Apache 

Group (Waag, 1968). These rocks are typically resistant to erosion and 

thus form cliffs and peaks along the crest of the Santa Catalina Moun

tains. Within these units and also within the meta-Pioneer Formation 

are layers of amphibolite schist and biotite-homblende phyllite that 

Waag interpreted as being the metamorphosed equivalent of the strati

form diabase sills that are common in unmetamorphosed Apache Group 

sections. These schists and phyllites range from 3 cm. to 100 m.

(l in. to 330 ft.) in thickness. Waag (1968) assigned massive grey 

impure marbles with thin yellow-green laminae to the Mescal Limestone 

of the Apache Group. These rocks are exposed in the Mount Bigelow area.

Phanerozoic Sedimentary 
and Metasedimentary Rocks

Paleozoic and Mesozoic sedimentary rocks are exposed in the 

northern and northeastern Santa Catalina Mountains. This section in

cludes the middle Cambrian Bolsa Quartzite, middle-late Cambrian Abrigo 

Formation, middle-late Devonian Martin Formation, early-late Mississip- 

pian Escabrosa Limestone, Pennsylvanian-Permian Naco Limestone and 

the Cretaceous American Flag Formation. These rocks are described in 

detail by Wallace (1954) and Creasey (1967). The Paleozoic section is 

approximately TOO m. (2300 ft.) thick and consists mainly of quartzite, 

orthoquartzite, sandstone, dolomite and limestone.

The middle Cambrian Bolsa Quartzite disconformably overlies the 

Dripping Spring Quartzite of the Apache Group. I have correlated the 

mid-Cambrian Troy Quartzite as mapped by Wallace (1954) with the
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mid-Cambrian Bolsa Quartzite based on work by Krieger (1961) on the 

Holy Joe Peak Quadrangle. Krieger found a major‘unconformity at the 

top of quartzites that were previously called Troy and this unconformity 

is also cut on stratiform diabase dikes and sills which intrude the Troy 

Quartzite. Based on this evidence, the Troy Quartzite is now restricted 

to the Precambrian (Krieger, 1961). Creasey (1967) shows, in the vicin

ity of Peppersauce Canyon (fig. 3)» the Bolsa Quartzite unconformably 

overlying the diabase intrusives and the Dripping Spring Quartzite. 

Wallace (1954) depicts, in the vicinity of Apache Peak, the Troy Quartz

ite overlying the diabase intrusives and the Dripping Spring Quartzite. 

The correlation of the Troy Quartzite of Wallace (1954) with the Bolsa 

Quartzite does not seem unreasonable.

The Cretaceous American Flag Formation was named by Creasey 

(1967). He describes the type section in Nugget Canyon in the northern 

Santa Catalina Mountains where 630 m. (2060 ft.) of fresh-water con

glomerate and graywacke were measured.

Metasedimentary rocks that are exposed in the Marble Peak area 

and the crest of the Santa Catalina Mountains near Mount Lemmon have 

been correlated with certain Paleozoic sedimentary rocks (Peirce, 1958; 

Waag, 1968; Creasey and Theodore, 1975)• Figure 3 does not show the 

Mount Lemmon exposures of the Cambrian Bolsa Quartzite and Abrigo Forma

tion because the exposures are too small to be shown at the 1:62,500 

scale. Instead, these exposures have been included in the Apache Group, 

undifferentiated. Creasey and Theodore (1975) correlated a highly 

altered and deformed section of marble, epidote skam, gnarly phyllite,
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and metaquartzite at Marble Peak with the complete undeformed Paleozoic 

section to the north.

An east-west to west-northwest-trending series of blocks of 

marble, amphibolite, and gnarly phyllite contained within the Catalina 

Granite in the west-central portions of the range are mapped by me as 

Paleozoic undifferentiated metasedimentary rocks.

Cenozoic sediments and sedimentary rocks are exposed on the per

iphery of the Santa Catalina Mountains. These accumulations are diffi

cult to correlate because of the lack of lateral continuity of individual 

layers and poor exposures. I am using, for the sake of regional time 

correlations, a slightly modified terminology and correlation usage of 

Davidson (1973)•

The oldest known Tertiary sedimentary rocks of the Santa Cata

lina Mountains vicinity are contained within the Pantano Formation 

(Finnell, 1970) of Oligocene and possibly lower-Miocene age (Davidson, 

1973)• Age assignment is based on radiometric age dating of inter- 
bedded volcanic flows and intrusive dikes. The Pantano Formation is 

exposed in the southernmost foothills of the Santa Catalina Mountains 

and is shown (fig. 3) to be juxtaposed against the Catalina gneiss by 

the so-called Catalina Fault. The Pantano Formation is also bordered 

by high-angle normal faults. The Pantano Formation is comprised of 

moderately indurated and cemented sand and gravel of fluvial origin.

The Pantano Formation is made of sedimentary, granitic, and volcanic 

materials that are exotic to the outcrop area immediately to the north 

in the Santa Catalina Mountains. This is an important characteristic 

of the Pantano Formation because most of the younger gravels and

18
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conglomerates all contain detritus derived from the immediate outcrop 

area, such as the Santa Catalina Mountains (Davidson, 1973)•

The Tinaja beds as named and correlated by Davidson (1973) are 

exposed on all sides of the Santa Catalina Mountains. I have included 

the gravels mapped by Creasey (1967) within the Tinaja Bed grouping not 

on the basis of lateral continuity (which has not been observed) but 

based on age of deposition and origin of clasts. Davidson (1973) de

scribes the Tinaja beds as consisting of sandy gravels along the margins 

of the Tucson Basin that contain detritus derived from the exposed adja

cent mountain ranges. The Tinaja beds unconformably overlie the Pantano 

Formation and, based on correlations by Davidson, are probably Miocene 

and Pliocene in age (Davidson, 1973)•

The Fort Lowell Formation, as named and defined by Davidson 

(1973), is a series of early- and mid-Pleistocene sand and gravel depos

its at the base of the Santa Catalina Mountains. The Fort Lowell Forma

tion unconformably overlies the Tinaja beds and, on this basis, I have 

correlated the Quaternary gravels of Creasey (1967), north of the Santa 
Catalina Mountains, with this unit (fig. 3)•

Overlying the Fort Lowell Formation are stream-derived terrace 
deposits that are exposed along most drainages emptying from the Santa 

Catalina Mountains. These terrace deposits and geomorphic surfaces 

will be discussed in more detail in the Descriptive Geomorphology section.

Mesozoic Intrusive Rocks

The gneissic granite-granitic gneiss of Dubois (1959b) is shown 

on figure 3 as an east-west to west-northwest trending exposure of
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Mesozoic granite. This granite is locally gneissic, as suggested by 

Dubois, but is not penetratively foliated and therefore has been deline

ated on figure 3 as a plutonic rock rather than grouping it with the 

Catalina gneiss. This pluton is a biotite-muscovite-gamet granodiorite. 

Shakel (personal communication) has dated samples of this pluton from 

the Wilderness of Rocks area (fig. 3) using the rubidium-strontium 

method, which reveals a mid-Jurassic age (Livingston, personal communi

cation) . Identification of a biotite-muscovite-garnet granodiorite 

along the western edge of the Santa Catalina Mountains suggests that 

this pluton is laterally continuous in the east-west direction (fig. 3)• 

Shakel (personal communication) suggests the name Wilderness granite for 

this pluton, and this designation shall be used informally in this 

report.

Areas that I have shown on figure 3 as Wilderness granite are 

depicted by Creasey and Theodore (1975) as the Tertiary or Cretaceous 

Quartz Monzonite of Samaniego Ridge. Samaniego Ridge is in the western 
Santa Catalina Mountains and is composed of Catalina granite, a por- 

phyritic biotite-homblende quartz monzonite. The mineralogy and tex

tures of the Wilderness granite and Catalina granite are different and 

do not suggest continuity as the same pluton. As will be shown later, 

the crystallization ages of these plutons are also different.

Included within the unit mapped as Wilderness granite is another 

plutonic rock body of leucocratic granite that is essentially undeformed. 

This rock has not been delineated in any previous work, and its petro

logy and areal distribution still need to be precisely defined.
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Livingston (personal communication)y believes that this rock is perhaps 

the youngest plutonic rock in the Santa Catalina Mountains.

The contact between the Wilderness granite and the Catalina 

gneiss is gradational, as originally suggested by Dubois (1959a). How

ever, the contact between the Wilderness granite and the Apache Group 

rocks is distinct with apophyses of Wilderness granite cutting the quartz 

sericite schists and quartzites of the meta-Apache Group.

Along the crest of the Santa Catalina Mountains and in the vici

nity of Marble Peak is exposed a pegmatitic biotite quartz diorite to 

granodiorite plutonic rock body (fig. 3). This rock intrudes the Paleo

zoic formations and the Apache Group rocks. Many previous workers have 

studied this plutonic body (Peirce, 1958; Wood, 1963; Hanson, 1966;

Braun, 1969; Waag, 1968) and it was named the Leatherwood quartz diorite 

by Bromfield (1952). The Leatherwood quartz diorite shows aligned bio

tite and cataclastic and granulated quartz which together define a foli

ation adjacent to the contacts with other rock units. In more central 

portions of the exposed Leatherwood quartz diorite, a hypidiomorphic 

granular texture is seen. A distinctive feature of this rock body is 

the abundance of simple gametiferous pegmatite dikes that are observed 

cross-cutting the quartz diorite along the southern borders. These peg

matite dikes are also seen cross-cutting the meta-Apache Group rocks.

Rubidium-strontium analyses of the Leatherwood quartz diorite 

have been conducted by the Laboratory of Isotope Geochemistry under 

D. E. Livingston. These unpublished data, based on four points, reveal 

a late-Cretaceous age. However, the standard deviation of an isochron
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through these points is greater than two-thirds the age given.

Livingston (personal communication) suggests a late-Cretaceous age for 

the Leatherwood quartz diorite based only on the four points.

The Leatherwood quartz diorite is of particular economic impor

tance because the copper mineralization at Marble Peak is believed to 

be related to this pluton. Mineralization accompanied the contact meta

morphism and hydrothermal alteration of the Paleozoic rocks (Wood, 1963? 

Braun, 1969)•

In the west-central part of the Santa Catalina Mountains a large 

body of porphyritic biotite-homblende-quartz monzonite is exposed that 

is locally named the "Catalina granite" (McCullough, 1963) (fig. 3).

The name "Catalina granite" is derived from Moore, et al. (1949) for a 

porphyritic quartz monzonite shown to be in intrusive contact with the 

Leatherwood quartz diorite and supracrustal rocks in the vicinity of 

Mount Lemmon. Identification of Catalina granite is easily made in the 

field by noting the unusually high quantity of sphene, which can range 

from 3™5% of the total rock, the minor hornblende, abundant biotite, 

and large (5-7 cm. in length) K-feldspar phenocrysts.

In the central portions of the exposed Catalina granite, the 

texture is plainly porphyritic with a slight planar alignment of the 

K-feldspar phenocrysts. The contacts of the Catalina granite are highly 

foliated, as expressed by attenuated and oriented "augens" of K-feldspar, 

alignment of biotite, and granulation of quartz and plagioclase. A 

mineral lineation is also apparent along contacts, but is not penetra

tive. Foliation becomes progressively more penetrative on approach to 

the Catalina granite contacts from the exposed center of the pluton.
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Foliation along the periphery of the Catalina granite is steeply dip

ping or vertical and may either dip away from the pluton or towards the 

center. Strikes of foliation are generally conformable with the con

tacts of the Catalina granite and the surrounding rocks.

Rubidium-strontium analyses have been made on the Catalina gran

ite by the Laboratory of Isotope Geochemistry at The University of 

Arizona by D. E. Livingston and J. Hoelle, who compiled isochrons using 

ten samples. The age determination by this method is 93 m.y. + 18 m.y., 

which puts the crystallization of the Catalina granite in mid-Cretaceous 

time and supports a two-thirds probability of this rock being of pre- 

Laramide age (pre-72 m.y.) (Hoelle, in preparation; Livingston, personal 

communication).

Potassium-argon age dating methods have also been used to analyze 

the Catalina granite and these reveal a 25 m.y. + 3 m.y. age. The 

potassium-argon age probably indicates the cooling age of the Catalina 

granite (Damon, et al., 1963).

Catalina granite contains abundant xenoliths that range from a 

few centimetres in length to larger "blocks" on the order of hundreds of 

metres. These blocks range in composition from biotite and plagioclase 

concentrations to large "roof pendants" of epidote skam, marble, and 

amphibolite schist. The marble and amphibolite schist blocks are ex

posed in a discontinuous band along the southern and eastern contacts 

of Catalina granite with Wilderness granite, Apache Group, and Paleozoic 

rocks. Some of the larger blocks are shown on figure 3; however, there 

are numerous others too small in extent to be shown at the scale of 

this map. Xenoliths are scattered throughout this plutonic body, but
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do show an intensive concentration in the contact zones. Large blocks 

and bands of xenolithic material are exposed in the western edge of the 

Santa Catalina Mountains. One particular exposure of xenolithic materi

al has been termed the "band” by Hoelle (in preparation) and is com

prised of fine-grained granite that is essentially of the same 

mineralogic composition as the enclosing porphyritic quartz monzonite. 

However, the fine-grained nature and dissemination of the very fine

grained biotite produces the darker color. These bands and blocks may 

well be the alteration product of roof pendants that settled into the 

pluton during intrusion.

A granodiorite porphyry is exposed in the northern and north

eastern Santa Catalina Mountains, south of the Mogul Fault (fig. 3)•

This rock body was mapped by Creasey (1967) as granodioritic porphyry 

and by Wallace as meta-diorite. Field examination of the meta-diorite 

and the granodiorite porphyry indicates that they are the same rock 

body. This rock body is essentially undeformed and so the granodiorite 

porphyry designation is used in this report. Foliation within the 

granodiorite porphyry is locally observed but is not a penetrative fabric.

The granodiorite porphyry is exposed in intrusive contact with 

Oracle Granite, Apache Group, Paleozoic sedimentary rocks and the 

Cretaceous (?) American Flag Formation. It is overlain unconformably 

by Tertiary and Quaternary sediments on the east. Thus, the age of the 

granodiorite porphyry is late-Cretaceous to early-mid-Tertiary. The 

granodiorite porphyry is an aphanitic porphyritic rock with phenocrysts 

comprised of plagioclase, biotite, and hornblende with a microcrystalline 

ground mass of plagioclase, granular quartz, and K-feldspar. Apatite
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is an abundant accessory mineral. The granodiorite porphyry is a very 

altered rock with epidote, sericite, and abundant chlorite being the 

alteration products (Creasey, 196?)•

Tertiary Intrusive Rocks

A very fine-grained leucocratic granodiorite is exposed north of 

Mount Lemmon. This rock is herein named the Reef granite. The Reef 

granite is an undeformed, essentially mafic-free rock, and based merely 

on the lack of deformation, is believed to be either Cretaceous or 

Tertiary in age. I suggest that its contacts show intrusive contact 

relationships with the Catalina granite on the west and Leatherwood 

quartz diorite on the east.

Dike rocks of differing composition and texture are exposed 

within the Santa Catalina Mountains. McCullough (1963) describes a 

series of medium- to fine-grained north-trending granodiorite dikes, 

named the Cargadero granite, that cross-cut the Catalina granite fabric. 

These dikes are equigranular and undeformed and so must be post-Catalina 

granite deformation in age. Lamprophyric dikes are reported in the 

Marble Peak area where they are seen to cross-cut the Leatherwood 

quartz diorite and the metamorphosed Paleozoic section (Braun, 1969).

These are grouped as Tertiary in age, based on lack of deformation.

Other undeformed dike rocks have been reported such as quartz latite, 

quartz latite porphyry (Peirce, 1958), and rhyolite (Braun, 1969).
Shakel (1974) reports a trachyte dike that cross-cuts all structural 

features in the Catalina gneiss. This dike was dated using the potassium- 

argon whole rock method and reveals an age of 20.5 m.y. + 3 m.y.
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Hoelle (in preparation) mentions aplitic dikes that yield a 

radiometric age of 19.6 m.y. + 4 m.y. These cross-cut the Catalina 

granite.



MAJOR ROCK UNITS WITHIN 
THE TORTOLITA MOUNTAINS

Older PreCambrian Rocks

The northernmost ridge of the Tortolita Mountains exposes a 

series of foliated, lineated and highly contorted mica-quartz schists 

that are correlated with the Older Precambrian Pinal Schist regionally. 

Correlation of this unit is based upon prior representation on the 

Geologic Map of Arizona (Arizona Bureau of Mines, 1969)» lithology, and 

contact relationships. Another exposure of biotite quartz schist in an 

east-northeast -trending band through the center of the Tortolita Moun

tains is also correlated with the Pinal Schist. Figure 3 shows a more 

extensive distribution of the Pinal Schist than does the Bureau of 

Mines map. Differences in representation of the geology of the

Tortolita Mountains in figure 3 versus other published maps is based on
2work by Davis, et al. (in preparation) and myself.

The Pinal Schist of the Tortolita Mountains consists of a thinly 

laminated series of quartzites, sericite quartzites, biotite and musco

vite schists, and phyllites. Foliation tends to parallel compositional 

layering, which may well be original sedimentary layering. Phyllites 

exposed just north of the range are low-grade rocks that do reveal bed

ding and foliation in a parallel orientation. Foliation generally 

strikes east-northeast and dips steeply to moderately to the northwest

2. Figure 3 shows the sources of all data used in this report 
and referral to the source of data map on this figure should be made 
concerning all figures and discussion.
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in the northern exposure and steeply to vertically in the central screen 

exposure. The Pinal Schist exposed in the northern part of the Tortolita 

Mountains is intruded on the north by a quartz monzonite porphyry and 

on the south by a biotite granodiorite. The central Pinal Schist screen 

is intruded on the north by the biotite granodiorite and on the south 

by a porphyritic quartz monzonite. This Pinal Schist screen in the 

central part of the range registers a higher thermal metamorphism based 

on occurrences of amphibolite schist and sillimanite. Also, feldspathic 

interlayers give these exposures the general appearance of a banded 

gneiss.

The quartz monzonite porphyry exposed in the pediment in the 

northern Tortolita Mountains area is interpreted to belong to the 

Oracle Granite of Peterson (1938). The Oracle Granite in the northern 

Tortolita Mountains is comprised of phenocrysts of K-feldspar and micro- 

perthite that are up to 7 cm. in length in a matrix of biotite, plagio- 

clase K-feldspar, and quartz. Sphene has not been observed. Many large 

blocks several square kilometers in area of laminated, spotted phyllite, 

sericite phyllite, and quartzite are surrounded by Oracle Granite.

These blocks are believed to be xenolithic blocks of Pinal Schist.

Oracle Granite in the northeast Tortolita Mountains locally is cata- 

clastically foliated and recrystallized (fig. 4). Foliation and granu

lation of the hypidiomorphic texture is intense in the vicinity of the 

Pinal Schist contacts. In fact, difficulty arises in trying to distin

guish foliated granite from the schist, since the foliation in both 

rock types is folded. The main body of the Oracle Granite in the 

Tortolita Mountains is undeformed and does have a hypidiomorphic texture.
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Figure 4» Cataclastic foliation in the Oracle Granite, northern 
Tortolita Mountains.— Note the attenuated pink-white K-feldspar 
porphyroclasts. Picture shows cross-sectional view of the foliation.
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Diabasic dikes trending north-south in the northeast Tortolita 

Mountains cross-cut the Oracle Granite. These dikes appear to be iden

tical with the Precambrian diabase stratiform sills and dikes exposed 

elsewhere in Arizona.

Younger Precambrian and 
Phanerozoic Metasedimentary Rocks

An east-northeast to east-west-trending arcuate screen of meta

sedimentary rocks crops out in the central part of the Tortolita Moun

tains and consists of quartz-sericite schists, quartzites, amphibolite 

schists, metaconglomerates, marbles, epidote. skarns, gnarly phyHites, 

and thinly laminated argillites. These rocks, along with the Pinal 

Schist, serve as a partition between a biotite granodiorite to the 

north and a complex plutonic terrane to the south (fig. 3)•

The quartz-sericite schists, quartzites, amphibolite schists, 

and metaconglomerates are exposed mainly in the western part of the 

screen. These rocks are interpreted by Davis, et al. (1975) to be the 

metamorphosed equivalent of the younger Precambrian Apache Group. Al

though the exposed section of inferred younger Precambrian strata is 

thin and deformed, there are indicators as to the protolithology of 

these metasedimentary rocks. The thickness (10-15 m., 32-57 ft.) of 

the sericite quartzites and quartzites suggests correlation with the 

Dripping Spring Quartzite of the Apache Group. The metaconglomerate 

grades into the quartzite, as does the Barnes Conglomerate Member with 

the Dripping Spring Quartzite, in unmetamorphosed sections of Apache 

Group. The metaconglomerate varies from 2-5 m. (6-9 ft.) in thickness
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and is composed of elongate clasts of quartzite in a matrix of quartz, 

feldspar, and sericite (fig. 5). This unit is interpreted to be the 

Barnes Conglomerate Member and the elongate clasts have axial ratios 

of 9:2:1 (Davis, et al., 1975). The quartz sericite schists are abun

dant in the western Tortolita Mountain screen and are highly folded and 

crenulated. This unit is interpreted to be the meta-Pioneer Formation. 

Amphibolite schists are interlayered with the quartz-sericite schists 

and quartzites and reach 20+ m. (65 ft.) in thickness. These schists 

lend interpretation as the diabase stratiform sills exposed in unmeta

morphosed Apache Group sections.

The small inselberg shown on the far western edge of figure 3 

is on strike with the screen rocks within the Tortolita Mountains.

This outcrop is primarily sericite quartzite and is interpreted to be 

the meta-Dripping Spring Quartzite of the Apache Group.

Foliation within the meta-Apache Group tends to parallel the 

compositional layering, although exceptions may be seen. The foliation 

strikes east—northeast and dips moderately to the southeast.

Marbles, epidote skarns, gnarly phyllites and the thinly lami

nated argillites are exposed in a faulted but continuous band in the 

central Tortolita Mountains. The band becomes discontinuous in the 

eastern Tortolita Mountains where large blocks (100-200 m., 320-640 ft. 

in length) are surrounded by intrusive porphyritic quartz monzonite. 
These rocks are interpreted to represent the metamorphosed Paleozoic 

section based upon the large thicknesses (100-200 m., 320-640 ft.) of 

coarse-grained marble. The unmetamorphosed Paleozoic section elsewhere
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Figure 5. Meta-Bames(?) conglomerate of the Younger PreCambrian 
Apache Group, western Tortolita Mountains.— Picture shows view 
normal to long axes of clasts.



in southern Arizona is comprised, particularly within the upper 

Paleozoic, of thick sequences of limestone which on metamorphism would 

produce the marbles as seen in the Tortolita Mountains.

Foliation within the meta-Paleozoic rocks is generally parallel 

to the compositional layering as is seen especially in the laminated 

argillites. The foliation is contorted by fold structures but consis

tently strikes east-northeast to east-west with moderate to steep dips 

to the southeast. However, dips in the eastern exposed marble blocks 

are vertical. The meta-Apache Group and meta-Paleozoic rocks are di

lated by dikes and sills of foliated porphyritic quartz monzonite 

throughout the entire exposed length of the screen. Contacts are 

intrusive (fig. 3)•
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Mesozoic Intrusive Rocks

The "core", or north-central portion of the Tortolita Mountains, 

is composed of a pegmatitic biotite granodiorite to quartz diorite plu- 

tonic rocks body (Davis, et al., 1975)• This rock intrudes the Pinal 

Schist both on the north and south. The biotite granodiorite also 

appears to intrude the highly foliated and lineated granitic rock body 

of unknown age in the northwest sections of the range. The margins of 

the biotite granodiorite are cataclastically foliated, but the central 

portions of this pluton show an equigranular hypidiomorphic texture. 

Foliation becomes more penetrative north and south away from the apparent 

center of the pluton. Foliation is manifest by aligned biotite and 

granulated quartz and feldspar. Sphene is an important mesoscopic con

stituent of this rock. A mineral lineation is also recognizable along
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the margins. Foliation trends east-northeast and is conformable to the 

Pinal Schist contacts. The foliation along the northern contact dips 

moderately to steeply to the northwest, and the foliation along the 

southern contact dips vertically or may be inclined steeply either to 

the southeast or northwest. Simple quartz-feldspar pegmatite and aplite 

dikes are pervasive throughout the southern portions of the biotite 

granodiorite. These dikes have an east-northeast to east-west strike 

and parallel the foliation and the contacts with the central screen 

rocks. Pegmatites are also seen in intrusive contact with the meta

sedimentary rocks (fig. 6). Pegmatite dikes are absent in the eastern 

exposures of the biotite granodiorite.

Davis, et al. (in preparation), through the Laboratory of Isotope 

Geochemistry of The University of Arizona, have carried out rubidium- 

strontium age determinations on the biotite granodiorite. Their results, 

based on six samples, reveal an age of early-mid-Jurassic, but with a 

very high margin of error that approaches one-third the given age. 

Livingston (personal communication) comments that this rock is definitely 
Mesozoic in age.

The centrally located screen of metasedimentary rocks is in

truded by a large, dike-like body of porphyritic biotite-homblende 

quartz monzonite. This quartz monzonite has inflated the metasedimentary 

section with dikes and sills and shows a cataclastic foliation. South

ern exposures of this dike-like body (fig. 3) exhibit an undeformed 

porphyritic texture. The quartz monzonite is comprised of biotite, 

hornblende, K-feldspar phenocrysts (6-7 cm. in length), plagioclase, 

quartz and up to three percent sphene. Xenoliths and schlieren are
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Figure 6. Pegmatite dike derived from the biotite granodiorite, in 
contact with the Pinal Schist.— Pegmatite and Pinal Schist are folded 
(F2 of Davis, et al., 1975). View is N. 60 E. Photo courtesy of 
Stan Keith.
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scattered throughout exposures of this plutonic rock and define a 

crude foliation. The schlieren are composed of segregations of bio- 

tite, hornblende, and accessory mafic minerals. Xenoliths are composed 

of fine-grained biotite and plagioclase and range up to one metre in 

length. This porphyritic quartz monzonite, near contacts with the 

metasedimentary rocks, is cataclastically deformed. The cataclastic 

foliation is defined by aligned biotite, hornblende, augen of K-feldspar, 

and a mortar structure of granulated quartz and plagioclase (fig. 7). 

Foliation within the porphyritic quartz monzonite parallels the foli

ation in the metasedimentary rocks, although some exceptions are ob

served. Davis, et al. (in preparation) believe this rock to be 

correlative with the Catalina granite of the Santa Catalina Mountains 

as discussed by McCullough (1963) and Hoelle (in preparation).

A rubidium-strontium age determination was made on the Catalina 

granite in the Tortolita Mountains by Davis, et al. (in preparation) 

through the Laboratory of Isotope Geochemistry at The University of 

Arizona. This age is based on two samples and suggests a crystalliza

tion age of mid-Mesozoic (Livingston, personal communication).

The southern contact of the Catalina granite is gradational, and 

the contact shown on figure 3 merely expresses the general distribution 

of one rock unit versus another. The rocks exposed immediately south 

of the Catalina granite are labeled "mixed", the mixture being one of 

migmatites, banded gneisses, and various plutonic rocks (fig. 3)• A 

potassium-argon age determination was made on the Catalina granite in 

Wild Burro Canyon by Damon (1968) of the Laboratory of Isotope Geochem

istry. The sample was dated using biotite and reveals an age of 26 m.y.,



Figure 7. Cataclastic foliation in the Catalina Granite, western 
Tortolita Mountains.— Picture shows cross-sectional view of the 
foliation.
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which represents the cooling age and not the crystallization age. The 

Catalina granite is also exposed in the southeastemmost exposure of 

bedrock in the Tortolita Mountains. This outcrop (fig. 3) reveals 

Catalina granite in intrusive contact with probable Paleozoic metasedi

mentary rocks and suggests a large lateral extent to this rock body.

The southern one-third of the Tortolita Mountains is comprised 

of a fine-grained granodiorite that is undeformed. Moore, et al. (1949) 

first named this rock body the Tortolita granite. This rock is referred 

to herein as the Tortolita granodiorite. The northern contacts of this 

rock body are not well-defined and show apophyses into the mixed zone. 

The contacts shown on figure 3 do not show actual rock contacts but 

merely suggest the predominance of distribution of one rock type to the 

other. Tortolita granodiorite is an equigranular hypidiomorphic rock 

composed of plagioclase, quartz, K-feldspar, and minor biotite and 

sphene. Many of the granodiorite dikes that trend N. 20-30° W. through 

the Tortolita Mountains are probably related to this pluton. The age . 

of this rock is not definitely known, but due to the undeformed charac

ter it is suggested here to be late-Cretaceous or early-Tertiary.

Tertiary Rocks

Many undeformed dikes crop out in the Tortolita Mountains.

Most of these, independent of composition, have a general strike of 

N. 10-40° W. and dip either steeply northeast or are vertical. Aplite 

dikes are probably the oldest of the post-deformation dikes and range 

from a few centimetres to five metres in thickness. Latite and quartz 

latite porphyry dikes cross-cut all features, including the aplite
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dikes, and are the youngest igneous rocks in the Tortolita Mountains.

The eastern pediment reveals many ridges and hills that are supported 

by the resistant latite and latite porphyry dikes. These vary from a 

few centimetres to 15 metres in thickness. They seem to follow the 

predominant N. 20-30° W.-striking fault system, but are also deformed by 

members of this fault system.

The Owl Head Buttes and Chief Butte, north of the Tortolita 

Mountains, expose undeformed volcanic rocks. These rocks consist of 

andesite dikes, rhyodacite dikes, vesicular flows, and andesitic agglom

erates. These volcanic rocks form buttes because of their resistance 

to the erosive pedimentation process. Damon (1968) has dated similar 

volcanic rocks in the northern Tucson Mountains to the west and these 

show an age of 25 m.y. I interpret the volcanic rocks of the Owl Head 

Buttes to be correlative with the volcanic rocks of the Tucson Mountains 

based on lithology.

The Tortolita Mountains are surrounded on the west, south, and 

east by Quaternary and/or Tertiary (?) sediments. The eastern pediment 

is now undergoing exhumation, as evidenced by extensive low relief of 

an exposed crystalline bedrock surface. Mapping of the sediment-bedrock 

contact on the east was difficult because of the close similarities of 

regolithic soil and the arkosic alluvium that veneers the bedrock. 

Vegetation was used as a guide to delineating this contact because Tree 

Cholla density was seen to increase on thick alluvial cover, thus ena

bling the location of the contact. Small, entrenched ephemeral channels 

also aided in accurately determining the bedrock-alluvium contact. Un

derlying the Quaternary undifferentiated sediments are the Tinaja beds.
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This conclusion is based on cuttings from water wells and suggestions 

by Davidson (1973)• The northeast Tortolita Mountains contain sane 

interesting gravel deposits. These gravels are comprised of clasts 

exotic to the Tortolita Mountain area of outcrop as well as clasts of 

Oracle Granite and biotite granodiorite. Figure 3 depicts this area 

as containing Quaternary undifferentiated sediments, but there may be 

older gravels within this same area. One particular streamcut reveals 

indurated sands and gravels that show bedding striking east-west and 

dipping 45° to the south. These gravels are correlated with the Tinaja 

beds based on cementation, induration, and clast composition.



STRUCTURE OF THE 
SANTA CATALINA MOUNTAINS

The structural relationships contained within the rocks of the 

Santa Catalina Mountains are varied and complex, and have perplexed 

many previous workers. However, there is a systematic nature of the in

ternal fabric of the rocks and the large structures, when considered on 

the scale of the entire range. This section describes the physical ex

pression and orientations of the varied structures and rock fabrics of 

the Santa Catalina Mountains, and provides a basis for interpretative 

remarks in a later section.

Structure of the Forerange Gneisses 

The layered cataclastic quartzo-feldspathic gneisses of the Fore

range of the Santa Catalina Mountains and the Rincon Mountains (fig. 3) 

are penetratively foliated and lineated. The foliation is defined by 

mineral segregations of biotite, muscovite, and granulated quartz and 

feldspar. Foliation generally parallels compositional layering in the 

gneiss. Contained within the plane of the foliation is a penetrative 

cataclastic mineral lineation that is characterized by elongate augens 

of K-feldspar, granulated and stretched quartz grains, and streaked 

mica (fig. 8). Larger-scale linear elements within the gneiss are

aligned inclusions, boudins, mullions, and parallelism of fold axes 
(Peterson, 1968).
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Figure 8. Cataclastic mineral line at ion within the plane of the 
foliation of the Catalina gneiss, Pima Canyon, Santa Catalina 
Mountains.— View is normal to foliation plane.



Foliation within the Forerange gneiss has been warped about 

east-northeast-trending fold axes (fig. 3) (Pashley, 1966; Peterson,

1968). The mineral lineation is parallel to the low-plunging, east- 

northeast-trending axes of these large antiforms and synforms as can be 

seen in the lower-hemisphere equal-area net diagrams of mineral line

ation in the Catalina gneiss (fig. 9). The doubly plunging nature of 

the mineral lineation and the large fold structures are at least locally 

related to cross structures, such as the west-northwest-trending East 

Forerange antiform of Peterson (1968).

Minor folding of the foliation and compositional layering in 

the Catalina gneiss is documented by many workers (Peterson, 1968; Mayo, 

1964; and Shakel, 1974)• These folds are coaxial with the large anti

forms and synforms and may be classified as passive slip or flexural 

flow (Donath and Parker, 1964)• They are characterized by thickened 

hinge zones and attenuated limbs. Axial surfaces of these folds are 

generally co-planar with the foliation and are reported to be inclined 

away from the crests of the larger antiforms. Figure 10 -E shows the bi- 

modal orientation of axial surfaces for minor folds in the Sabino Canyon 

area. Peterson (1968) suggests that these minor folds, which he termed 

"glide folds", indicate movement of material away from the larger anti- 

formal crests. Figure 11-F shows the axial orientation of these glide 

folds for the Sabino Canyon area. This figure shows that these axes of 

the glide filds are coaxial with the mineral lineation that so pervades 

these rocks. Mayo (1964) also has reported flowage or movement of

material away from structural highs such as antiformal crests in thev
forerange of the Santa Catalina Mountains.
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Figure 9« Lower-hemisphere equal-area net projections of cataclastic 
mineral lineation in the Catalina gneiss, Santa Catalina Mountains.—
See figure 3 for reference.
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Figure 10. Lower-hemisphere equal-area net projections of poles to axial 
surfaces of minor folds. A, B, C, and D are F? folds (Davis, et al., 
1975)• E is "glide folds" of Peterson (1968).-^See figure 3 for reference.
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Figure 11. Lower-hemisphere equal-area net projections of minor fold
axes contained within rocks of the Santa Catalina Mountains.— See 
figure 3 for reference.
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Structure of the Sedimentary 
and Metasedimentary Rocks

The younger Precambrian, Paleozoic, and Mesozoic sedimentary 

rocks exposed in the northern and northeastern Santa Catalina Mountains 

form a homoclinally dipping sequence. This sequence strikes northwest 

and dips northeast (fig. 3)• The Younger Precambrian Apache Group is 

essentially undeformed except for local recrystallization and develop

ment of foliation that is associated with the intrusion of the strati

form diabase sills (Creasey, 1967). There is no documentation of any 

fold deformation of this sequence of sedimentary rocks. However, in 

the headwaters of the Canada del Oro there is a northwest-trending 

asymmetrical syncline which contains Apache Group and Paleozoic sedi

mentary rocks. Most of the faulting depicted in figure 3 in the north

ern Santa Catalina Mountains is related to the Mogul Fault system and 

local intrusion of plutons. The granodiorite porphyry shows evidence 

of forceful intrusion by disruption and slight metamorphism of the 

sedimentary rocks along its contacts.

Marble Peak (fig. 3) exposes thermally metamorphosed Paleozoic 

sedimentary rocks. The limestones of the section are marblized and show 

passive flow and flexural flow folds (fig. 12) that are probably the 

result of the intrusion of the Leatherwood quartz diorite (fig. 3)•

Roof pendants of probable Paleozoic metasedimentary rocks are 

exposed in the western Santa Catalina Mountains. These blocks show ex

tensive fold deformation (fig. 13) that may be classified as flexural 

flow (Donath and Parker, 1964). There is intense re crystallization of 

marble layers and quartzite layers, but the foliation tends to parallel
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Figure 12. Passive-flow folds in Paleozoic marble, Marble Peak, 
Santa Catalina Mountains.

Figure 13. Flexural-flow folds in marble from Paleozoic roof 
pendants, Cargadero Canyon, western Santa Catalina Mountains.



49
the compositional layering. Each block of metasedimentary rock seems 

to have been rafted during intrusion of the Catalina granite, and thus 

orientation data from these blocks provide scattered plots. A prominent 

mineral lineation is developed within the blocks and it parallels the 

fold axes. The blocks were probably broken from a laterally continuous 

sequence of metasedimentary rocks during the later stages of intrusion 

by the Catalina granite. Contacts with the Catalina granite show in

tense cataclastic foliation and development of a penetrative mineral 

lineation. The mineral lineation contained in the cataclastically foli

ated Catalina granite along the contacts maintains an east-northeast 

trend.

The Pinal Schist in the northern Santa Catalina Mountains is in

truded on the south by the Catalina granite and is overlain on the north 

by rocks of the Younger Precambrian Apache Group. A penetrative foli

ation defined by aligned mica and streaked quartz is generally parallel 

to the quartzite and quartz-sericite schist compositional layering.

The foliation strikes east-northeast and dips moderately to steeply 

southeast in the western exposures. In the central exposures of the 

schist, the foliation strikes north-northwest and dips southwest, and 

in southern exposures the folds are not pervasive throughout this 

Pinal Schist exposure. However, a large synform exists one mile east 

of the Canada del Oro that trends north-northeast and plunges gently 

southwest (Erickson, 1962) (fig. 3)• A lower-hemisphere equal-area 

net plot of minor fold axes from the Pinal Schist (fig. 11-C) reveals 

a model orientation of . S 32°E, which generally suggests that these 

minor folds may be parr aic to the larger synform. The modal
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orientation of mineral lineation, defined by streaked mica and quartz, 

is 31° S. 31° W. (fig. 14-A). This orientation implies a "b" tectonic 

lineation in relation to the large synform. Erickson (1962) suggests 

that the folds were produced in Older PreCambrian time because the over- 

lying Apache Group rocks are not deformed in like manner.

Metasedimentary rocks exposed along the crest of the Santa 

Catalina Mountains are pervaded by various structures. Waag (1968) made 

a complete study of these structures and the discussion below is based 

on his observations. For a more complete kinematic analysis, the reader 

is referred to Waag (1968).

The metasedimentary rocks of this area are the meta-Apache Group, 

meta-Bolsa Quartzite, and meta-Abrigo Formation. Lithologic descrip

tions of these rocks are discussed in a previous section. Waag (1968) 

recognizes bedding, foliation, lineation, and fold structures within 

these metasedimentary rocks. The bedding is a primary feature termed 

Sgy Foliation is manifest by cleavage, recrystallization of constituent 

minerals, and is generally parallel to bedding and compositional layer

ing. Lineation is defined by elongate and stretched mineral grains, 

the long axes of deformed clasts, and the intersection of planar 
surfaces.

Three distinctly different fold systems were mapped by Waag 

(1968). The first fold system (F^) is characterized by folded bedding 

(S^) and an axial plane cleavage (Sg). F^ folds are generally iso

clinal and have flexural-flow and flexural-slip characteristics. F^ 

folds range in amplitude from centimetres to $0 m. (inches to several 

hundred feet), and are recumbent with axial surfaces dipping less than
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Figure 14. Lower-hemisphere equal-area net projections of mineral
lineation in metasedimentary rocks, Santa Catalina Mountains.— See 
figure 3 for reference.
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30°. Some of the folds have knee-shaped cross-sectional profiles.

The second fold system (F2) warps foliation (S2) and bedding (S^) and 

is characterized by knee-shaped profiles and flexural-slip style. These 

are asymmetric folds and are commonly reclined, recumbent, and over

turned. Fg folds are coaxial with F^ and are interpreted by Waag to 

have formed during the late stages of folding.

Waag (1968) indicates two mineral lineation orientations in 

relation to the folds. Both "a" and "b" tectonic directions are present 

in these rocks, even in the same fold structure. The "a" lineation, 

where observed, lies in the limbs of the fold and the "b" lineation 

would be in the hinge zone. Waag interprets the most penetrative min

eral lineation to be the "b" direction, which has a modal orientation 

of east-northeast in the Mount Lemmon area (fig. 14-B). There is a co

incidence in orientation between the mineral lineation and the long axes 

of deformed clasts in the Mount Lemmon area (fig. 14-B and 1$-A). 

Analysis of the lengths of the axes of deformed clasts in the Mount 

Kellog area give a ratio of 10:2:1.

A third fold system warps F^, F2, and the mineral lineations. 

This system is termed F^ and is delineated by broad, open, upright, 

symmetrical and asymmetrical folds. Axes of these folds trend north- 

northwest and north-northeast and maintain gentle plunges to the north 

or south.

There is no apparent uniformity to the orientations of fold axes 

in each of the domains mapped by Waag (1968) (fig. 11-A, B, D, and E). 

Interpretation by Waag (1968) of gravity-induced mechanisms from struc

tural highs for fold generation accounts for the discrepancies in
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Figure 1$. Lower-hemisphere equal-area net projections of the long
axes of deformed clasts within metaconglomerates.— See figure 3 for 
reference.
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orientation. The structural highs are the plutonic rock bodies such as 

the Wilderness granite and Leatherwood quartz diorite (fig. 3)• There

fore, the orientation of the folds depends on the location of the 

structural highs and not on a regional, uniformly oriented, directed 

stress which should produce aligned folds.

The decollement surfaces over which movement of material oc

curred are the amphibolite schists, and the cataclastic contacts between 

the metasedimentary rocks and the gneissic plutonic rocks (Waag, 1968).

Structure of the Plutons

Wilderness granite, Leatherwood quartz diorite, and the Catalina 

granite are compositionally, spatially, and texturally different. 

Structurally, however, they are extremely similar in their deformational 

characteristics. The margins of these plutons, where observed, exhibit 

cataclastic foliation that increases in intensity on approach to the 

wall rocks. Central portions of each pluton are undeformed and main

tain hypidiomorphic textures. The Catalina granite, because of its 

coarse porphyritic texture, probably best delineates the progressive 

cataclasis along its borders. All three plutonic rock bodies are re

lated to the structural deformation of the rocks they intrude. All 

have been suggested to have created centers of upwelling that produced 

structural highs from which the mantling metasedimentary rocks moved 

(Waag, 1968; McCullough, 1963). Foliation within these plutons is 

defined by the preferred orientation of biotite, although muscovite in 

the Wilderness granite is also aligned. Recrystallization of the cata

clastic borders of these plutons is evident by quartz growth around
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other minerals. Based on the cataclastic nature of the borders and the 

recrystallization of the plutons, they can be classed as protoclastic 

plutons (Higgins, 1971)•
The Catalina granite and Leatherwood quartz-diorite contain 

foliated inclusions that are of probable sedimentary origin. These in

clusions tend to also follow the trend of wall rock contacts (McCullough, 

1963) (Hanson, 1966).

The mechanics of intrusion of these plutons is envisioned to be 

simple. The cores of the plutons would be the most active and less 

likely to crystallize first. The borders of the plutons would crystal

lize along the margins first, progressing inward to an active upwelling 

core. This core, due to its motion, would deform, by granulation and 

recrystallization, the near solid peripheries.

The granodiorite porphyry of Creasey (196?) shows evidence of 

being protoclastic. Large areas are not foliated but certain areas 

are weakly foliated. This could be the result of swirling or moving 

magma in different areas of the pluton. There is generally not a uni

form distribution of foliation within this pluton.

Little is known of the structure of the Reef granite. It is sug

gested here, based on reconnaissance, that this pluton is essentially 

undeformed and was probably a late stage, passive intrusion.

The Cargadero granite dikes of McCullough (1963) are totally 

undeformed and represent.a relatively young intrusion. Cargadero gran

ite cross-cuts all features of the Catalina granite in the western 

Santa Catalina Mountains.
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Large-Scale Faults

The Mogul Fault is exposed in the northern Santa Catalina 

Mountains (fig. 3) and has been studied by several previous workers 

(Banerjee, 1957; Wallace, 1954; Jinks, 1961; and Creasey, 1967). The 

following discussion is based mainly on the work of Creasey (1967), who 

completed the most extensive study to date on this fault.

The Mogul Fault is a west-northwest-striking right-lateral 

normal fault that dips, on the average, 60° to the south. Apache Group 

rocks, Paleozoic sedimentary rocks, and the Cretaceous American Flag 

Formation are juxtaposed against older Precambrian Oracle Granite to 

the north. The Tinaja bed age equivalent sandstones and conglomerates 

and younger sediments overlie the Mogul Fault. Many of the smaller 

faults, and in particular the minor thrust faults depicted in figure 3 

south of the Mogul Fault, do not reveal large displacements. The larg

est displacement of any of these smaller structures is 1000 m. (3300 ft.) 

(Creasey, 196?) • Minor faults have not been identified north of the 

Mogul Fault because of the difficulty of mapping such structures in 

the monolithologic Oracle Granite. There are many zones of mylonitized 

rock, which may possibly be deformed diabase dikes, north of the main 

trace of the Mogul Fault.

Creasey (1967) documented the vertical stratigraphic separation 

of the Mogul Fault as being down to the south. The horizontal separa

tion is right-lateral, as inferred from the observation that the clos

est exposure of Paleozoic rocks north of the fault is in the Black 

Hills northeast of the Santa Catalina Mountains. The horizontal offset 

based on this premise is 16 km. (10 mi.). The stratigraphic throw of
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the Mogul Fault exceeds 1500 m. (5000 ft.), which is the total thickness 

of the Paleozoic and Mesozoic sedimentary rocks exposed in the Santa 

Catalina Mountains.

Timing of movement on the Mogul Fault system is not well defined. 

The latest motion may be bracketed between the intrusion of the grano- 

diorite porphyry into the American Flag Formation that is juxtaposed 

against Oracle Granite, and the deposition of Miocene-Pliocene Tinaja 

bed equivalents over the fault. Therefore, the latest movement in the 

Mogul Fault is post-Cretaceous— pre-mid-Tertiary time. Normal movement 

and prior strike-slip movement may have occurred in Paleozoic and 

Mesozoic time. This fault may demarcate the southern boundary of the 

Mogollon Highland as discussed by Cooley and Davidson (1963) that was 

uplifted during Mesozoic and Tertiary time. This is suggested by H. W. 

Peirce (personal communication), of the Arizona Bureau of Mines, because 

only Tertiary rocks overlie Precambrian rocks north and east of the 

Mogul Fault boundary.

The Geeseman Fault was initially mapped by Moore, et al. (1949) 

and is located immediately north of Marble Peak (fig. 3)• The Geeseman 

Fault is a normal fault that strikes west-northwest and dips 70° south. 

The north side of the fault is up and south side down, placing the 

Leatherwood quartz diorite and Paleozoic metasedimentary rocks against 

the Oracle Granite. Peirce (1958) suggested a vertical displacement 

along this structure of 1000 m. (3300 ft.) during post-Leatherwood quartz 

diorite time. This structure is of particular interest because it di

vides the Santa Catalina Mountains into two deformational regimes. South 

of the Geeseman Fault most rocks, either plutonic or metasedimentary,



show evidence of intense deformation and metamorphism. North of the 

fault, the rocks from PreCambrian to Recent are relatively pristine 

and only exhibit minor deformation.

The Catalina Fault (fig. 3) is best documented by Pashley (1966) 

and he shows the trace of this structure to parallel the strike of the 

gneissic foliation in the Catalina gneiss and the baseline of the Santa 

Catalina Mountains, Agua Caliente Hill, Tanque Verde Mountains, and 

Rincon Mountains (fig. l). The Catalina Fault in the southern Santa 

Catalina Mountains is a low-angle structure that dips away from the 

range at 20o-50°. Here, the hanging wall is comprised of Pantano For

mation and lower Tinaja beds which are juxtaposed against the Catalina 

gneiss. The Catalina Fault is overlain by the Fort Lowell Formation 

and terrace gravel deposits. There is no metamorphism of hanging wall 

rocks in the southern Santa Catalina Mountains. In the foothills of 

the Tanque Verde and Rincon Mountains, the Catalina Fault juxtaposes 

granites, volcanics, and Paleozoic and Mesozoic sedimentary and meta

sedimentary rocks against the Catalina gneiss.

Previous workers have suggested a variety of explanations for 

the Catalina Fault, which also defines the mountain front-piedmont 

junction. Davis (1931) suggested a high-angle normal fault for the 

southern boundary of the Santa Catalina Mountains. Moore, et al. (1949) 

depicted the Catalina Fault as a thrust fault. Fair and Jinks (l96l) 

proposed the last stage of motion along the Catalina Fault to be 

normal. Drewes (1973) describes the Catalina Fault throughout the 

Santa Catalina-Rincon Mountain complex as a thrust fault produced by 

southwest to northeast-directed compression during the Laramide Orogeny.
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Drewes recognized that the latest movement along at least part of the 

Catalina Fault was normal. Pashley (1966) interpreted a two-fold history 

of displacement of the Catalina Fault. The first movement was thrusting 

and folding of the hanging wall rocks by southeast to northwest compres

sion which was allied to the large-scale folding of the gneissic layering 

in the footwall. This event terminated by mid-Tertiary time. Pashley* s 

second movement stage is normal motion in late-Tertiary time. Pashley 

(1966, p. 4B) does suggest another possible model of the Catalina Fault: 

"An alternate hypothesis to explain the Catalina Fault and the folds in 

the upper plate is that the Catalina Fault is a glide plane along which 

the rocks of the upper plate slid off the flanks of the ranges as they 

were elevated. Detailed mapping of the structures of the upper plate 

adjacent to the Rincon and Tanque Verde Mountains is needed to evaluate 

this hypothesis." Shakel (1972) suggested that the relationship of the 

Catalina Fault to the internal structure of the gneisses was similar to 

"turtleback" features produced by a rising dome. A detailed structural 

analysis of the hanging wall rocks of the Tanque Verde and Rincon 

Mountains by Davis (1975) proved unequivocally that the structures con

tained within the sedimentary rocks were produced by gravity gliding 

off the structural highs "now" represented by the Tanque Verde and Rincon 

Mountains. Davis cites the Catalina Fault as the decollement surface 

over which the sedimentary rocks moved down gradient under the influence 

of gravity in mid-Tertiary time. Davis does not preclude the existence 

of the Catalina Fault prior to the gravity-induced tectonics.

The western edge of the Santa Catalina Mountains is truncated by 

a N. 15-20° E.-striking high-angle normal fault that was named the Pirate
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Fault by Wallace (1954)• This fault system strikes N. 43-50° E. immedi

ately south of Cargadero Canyon (fig. 3). Overall, the Pirate Fault 

dips 75°-850NW. Evidence for the Pirate Fault is provided by the many 

subsidiary, iron-stained brecciated zones (fig. 16) that parallel the 

strike of the Pirate Fault and are contained within the crystalline 

rocks adjacent to the mountain edge. These minor faults are less nu

merous east of the mountain edge and so perhaps demark the eastern 

extent of brittle failure related to the fault movement along the Pirate 

system. Physiographic evidence of the Pirate Fault is suggested by the 

lineament that defines the western edge of the range as seen in the ERTS 

imagery (fig. 17). Dissected triangular facets on the western edge of 

the Pinal Schist exposure further suggest faulting. Geophysical evidence 

of the fault scarp is supplied by the gravity profile of figure 18 (in 

pocket) where the scarp is shown to extend at least 1500 m. (5000 ft.) in 

the subsurface along the western edge of the Santa Catalina Mountains.

It is uncertain as to whether the Pirate Fault actually faults 

the Tinaja beds against the crystalline bedrock, because no physical 

evidence of this is exposed. However, the contact between the Tinaja 

beds and the Catalina granite is sharp as seen from a distance and main

tains a very linear surface expression. Both of these observations 

suggest the presence of a fault. Tinaja beds are encountered at depth 
in the Canada del Oro Valley by water wells and are adjacent to the 
range along most of the western edge. The interpretation is that the 
normal faulting and subsequent deposition of material west of the fault 
has occurred. Incremental movement of the fault through time and the
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Figure 16. Iron-stained breccia zone in Pinal Schist, adjacent to 
the Pirate Fault, northwestern Santa Catalina Mountains.
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Figure 1?. Earth Resources Technology Satellite (ERTS) coloi^-infrared 
image of the Tortolita and Santa Catalina Mountains.— North is to the 
top.
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deposition of material adjacent to the fault would make it difficult to 

establish the exact nature of the contact, since both fault and deposi- 

tional contacts exist.

Movement of the Pirate Fault system probably commenced in latest 

Miocene and earliest Pliocene time, and terminated by the time of depo

sition of the Fort Lowell Formation. The Pleistocene Fort Lowell Forma

tion and terrace gravel deposits overlie the Pirate Fault. Tectonic 

quiescence was probably initiated well before the Fort Lowell deposition, 

because the crystalline bedrock is pedimented back from the Pirate Fault 

scarp and the Fort Lowell Formation was deposited on this pediment and 

is now being removed from this surface. The Pirate Fault may be clas

sified as a Basin and Range orogenic structure. Peirce (personal com

munication) , based on radiometric age dating of volcanic rocks in the 

Tucson Basin, suggests that Basin and Range faulting did not commence 

in southern Arizona until latest Miocene or earliest Pliocene time.

Vertical displacement along the Pirate Fault system may be 

bracketed. There is a minimum of 1500 m. (5000 ft.) based solely on 

the gravity data provided in figure 18. If it is assumed that the crys

talline basement beneath the Canada del Oro Valley is from the same 

lithologic and structural level as the rocks exposed in the Mount 

Lemmon area at 2800 m. (9100 ft.) in elevation, then the displacement 

along the Pirate Fault may be approximately 3350 m. (11,000 ft.).

Normal faults are documented to have cut the Tinaja beds south 

of the Santa Catalina Mountains in the Tucson Basin (Pashley, 1966; 

Davidson, 1973). The normal fault that bounds the southern extent of 

the Santa Catalina Mountain block is buried by a veneer of gravels and
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is only recorded by water-well cuttings and geophysical analysis. 

Davidson (1973) implies that this fault strikes northwest and dips to 

the southwest, and is approximately beneath the present location of 

Rillito Creek (fig. 3).



STRUCTURE OF THE TORTOLITA MOUNTAINS

The Tortolita Mountains are primarily a plutonic terrane com

prised of four plutonic rock bodies. Structurally, these plutons appear 

simple, especially in the centrally exposed regions. The peripheries 

and wall rock contact zones with the mantling metasedimentary rocks dis

play intricate deformational features. It is these zones that have pro

vided the structural and lithologic data which aid in unraveling the 

tectonic and plutonic history of not only the Tortolita Mountains, but 

also the Santa Catalina Mountains. This history is based solely on the 

work of Davis, et al. (in preparation) and work by the author.

Structure of the Plutons

Oracle Granite is exposed in the northern Tortolita Mountains 

(fig. 3)• This quartz monzonite porphyry is cut by numerous faults and 

dikes, but essentially displays an undeformed texture away from contacts 

with wall rocks. Pinal Schist in the northern Tortolita Mountains is 

in intrusive contact with the Oracle Granite. The contact zone is 

cataclastically foliated and exhibits areas of complete mylonitization 

(fig. 4)• Foliation in the granite strikes east-northeast and dips 

moderately to steeply to the northwest. The foliation is defined by 

augen of K-feldspar, granulated quartz and feldspar, and aligned bio- 

tite. The actual contact between Pinal Schist and unequivocal Oracle 

Granite is difficult to ascertain locally, due to the intense cata- 

clasis of the granite, which may resemble schist. The gneissic contact
65
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zone of the Oracle Granite exhibits similar fold deformation as the 

Pinal Schist, immediately to the south.

Biotite granodiorite comprises the greatest area of exposure in 

the Tortolita Mountains (fig. 3)• This rock body displays a hypidio- 

morphic texture in the central exposures and a cataclastic foliation 

that increases in intensity toward the contacts with the wall rocks. 

Foliation dips moderately to steeply to the northwest in the north and 

is vertical or dips steeply to the southeast along the southern contacts. 

Foliation is defined by aligned biotite and granulated quartz and feld

spar and is only encountered along the borders of the pluton. This is 

a protoclastic pluton (Higgins, 1971) that intruded into a basement of 

Pinal Schist that probably had an east-northeast structural grain which 

controlled the intrusion. This would account for the east-northeast 

orientation of the biotite granodiorite, the tabular shape of the plu

ton, and the orientation of the Pinal Schist on the north and south 

sides of the pluton. Foliation in the Pinal Schist to the north and 

south of the biotite granodiorite pluton is concordant with the foli

ation of the pluton. Qualitatively, the foliation along the northern 

contacts of the biotite granodiorite is less well developed than in the 

southern contact zone. The northern contact with the Pinal Schist, in 

several areas, exhibits a one-metre thick zone of microbreccia that 

may possibly be a decollement surface. The microbreccia separates the 

Pinal Schist from the underlying biotite granodiorite. A mineral line- 

ation, defined by streaked quartz and aligned biotite, is evident on 

certain foliation surfaces in the contact zones of the biotite grano

diorite. The orientation of this mineral lineation is east-northeast.



This is not a penetrative lineation and is not visible throughout the 

contact zone.

67

The large dike-like body of porphyritic quartz monzonite 

(Catalina -granite) that is exposed in the central Tortolita Mountains 

is in intrusive contact with the biotite granodiorite, meta-Apache Group, 

and the Paleozoic metasedimentary rocks (fig. 3)• Contact zones of the 

Catalina granite with the metasedimentary rocks are cataclastically 

foliated. The foliation in the granite parallels the foliation of the 

metasedimentary rocks and is defined by granulated quartz, K-feldspar 

augens, and aligned biotite. The foliation strikes east-northeast and 

dips moderately to the southeast. Foliation surfaces in the Catalina 

granite contain a mineral lineation that is characterized by the long 

axis of K-feldspar augens, and streaked quartz and biotite. A lower- 

hemisphere stereographic projection of the mineral lineation from the 

Catalina granite shows a consistent east-northeast trend (fig. 19-D). 

Cross-cutting, shallow dipping aplite dikes are penetratively lineated 

in the east-northeast orientation. The cataclastic foliation and line

ation within the Catalina granite diminishes in intensity in southern 

and eastern exposures, where a porphyritic hypidiomorphic texture is 

apparent. Contacts between the Catalina granite and the Paleozoic meta

sedimentary rocks on the eastern pediment of the Tortolita Mountains 

are sharp and essentially undeformed (fig. 20).

The southern Tortolita Mountains are mainly comprised of the 

Tortolita granodiorite, which is an undeformed pluton that lacks a 

cataclastic margin. Large dikes of Tortolita. granodiorite cross-cut
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Figure 19. Lower-hemisphere equal-area net projections of the cata-
clastic mineral lineation in rocks of the Tortolita Mountains.— See
figure 3 for reference.
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Figure 20. Contact between Catalina Granite and Paleozoic marble 
roof pendant, eastern Tortolita Mountains.



70

all the features of the range and show few deformational characteristics. 

The Tortolita granodiorite was probably a passive intrusion in post

deformation time.

Structure of the Metasedimentary Rocks

The Pinal Schist, meta-Apache Group, and Paleozoic metasedimen

tary rocks comprise a screen between the biotite granodiorite and the 

Catalina granite in the central Tortolita Mountains. These rocks ex

hibit similar deformational characteristics as the Pinal Schist exposure 

in the northern Tortolita Mountains (fig. 3)• A structural analysis 

by Davis, et al. (in preparation) of the screen rocks has deciphered 

the tectonic history of the Tortolita Mountains and the kinematics of 

the various structural elements contained within these rocks.

No bedding is recognized in any of the metasedimentary rocks in 

the Tortolita Mountains. Cataclastic foliation within the Pinal Schist, 

meta-Apache Group, and the Paleozoic metasedimentary rocks parallels 

the compositional layering. The compositional layering may be remnant 

bedding. Foliation is characterized in all these rocks by aligned and 

streaked mica, and recrystallized quartz and feldspar. A cataclastic 

mineral lineation is present within the plane of the foliation and is 

manifest by streaked mica and quartz, quartz rods, and the long axes 

of deformed clasts.

The mineral lineation contained within the Pinal Schist and 

meta-Apache Group throughout the Tortolita Mountains maintains an east- 

northeast trend with gentle to moderate plunges to the west—southwest 

or east-northeast (fig. 19-A,B,C,&E)• The orientation of the long axes
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of deformed clasts from the west-central Tortolita Mountains also 

reveal an east-northeast trend and plunge (fig. 15-B). An analysis of 

the axial ratios of the deformed clasts in the western Tortolita Moun

tains, in comparison to an undeformed locality of conglomerate, reveals 
a 9:2:1 ratio (Davis, et al., 1975).

Davis, et al. (1975) recognized three stages of folding (F^, F^, 
and F^) of the metasedimentary rocks in the Tortolita Mountains. F^ 

folds are readily observed in the Pinal Schist in the northern and cen

tral exposures and are constrained strictly to that lithology. These 

folds are usually small in amplitude, commonly on the order of 10-20 cm. 

F, folds are characterized by isoclinal normal profiles with thickened 

hinge zones, attenuated limbs, and the warping of compositional layer

ing. An axial plane cleavage, which is parallel to the penetrative 

cataclastic foliation, is parallel to limbs but cuts through the hinges 

of these folds. folds are passive slip and passive flow, kinematic

ally (Donath and Parker, 1964) (fig. 2l). Isoclinal folds are pervasive 

throughout the Pinal Schist exposures of southern Arizona and are prob

ably related to the older Precambrian Mazatzal Revolution (Davis, et al., 
in preparation; Erickson, 1962; Cooper and Silver, 1964).

?2 folds are contained within all the metasedimentary rocks of 
the Tortolita Mountains, and the foliated margins of the plutons. Fg 

folds are commonly recumbent, cascade, overturned, and display tight, 

close, and isoclinal normal profiles. Amplitudes and wavelengths of 

?2 folds are generally less than one metre and commonly are one-half 

metre. However, some spectacular Fg folds have extreme wavelengths,
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Figure 21. F-, folds (Davis, et al., 1975) in the Pinal Schist, north
eastern Tortolita Mountains.-— Fold axes are steeply plunging. View 
is parallel to fold axes.
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as exhibited in figure 6, which is an folded pegmatite located along 

the Pinal Schist-biotite granodiorite contact in the central Tortolita 

Mountains. Similar F^-style folds have been observed along the bio- 

tite granodiorite contacts on the eastern pediment of the Tortolita 
Mountains. folds are kinematically passive slip in quartzitic layers 

and flexural flow and flexural slip in schistose layers (fig. 22 and 23).

folds warp foliation about east-northeast-trending fold axes that 

plunge moderately in the northern exposures of Pinal Schist and gently 

in the central screen rocks (fig. 24). Axial surfaces of F^ folds are 

inclined moderately to the northwest in the northern Pinal Schist expo

sure and gently to the south and southeast in the screen rocks (fig. 10-A, 

B, C, and D). These axial surfaces are parallel or subparallel to the 

foliation. The sense of vergence of F^ folds is consistently to the 

south-southeast in the central Tortolita Mountains and to the north- 

northwest in the north. Fg folds are refolded by coaxial folds termed 

F2a that are interpreted to have formed during continued F^ deformation. 

The sketch in figure 25 shows the suggested evolution of the F^ fold 

system through a continuum of deformation.

folds are best exposed in western Cochise Canyon (fig. 26), 

but have been observed throughout the screen rocks and the northern 

Pinal Schist exposure. F^ folds are open, broad, upright symmetrical 

and asymmetrical antiforms and synforms. F^ folds warp foliation, min
eral lineation, and particularly the F^ fold hinges which give a crenu- 

lated appearance to some exposures of Pinal Schist (fig. 26). Kine

matically, F^ folds are flexural-slip and flexural-flow. F^ fold 

amplitudes may be on the order of 10-20 cm. or larger, up to four
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Figure 22. Passive-slip folds (Davis, et al., 1975) in quartzite 
unit, western Tortolita Mountains.— Fold axes are gently plunging. 
View is slightly oblique to fold axes.

Figure 23• Flexural-slip and flexural-flow F% folds (Davis, et al., 
1975) in Pinal Schist, west-central Tortolita Mountains.— Fold axes 
are gently plunging to west-southwest. View is parallel to fold 
axes.
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Figure 24. Lower-hemisphere equal-area net projections of minor-fold
axes (Fg of Davis, et al., 1975) contained within the rocks of the 
Tortolita Mountains.—  See figure 3 for reference.
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Figure 25. Evolution of Fg folds to F2a folds (Davis, et al., 
1975) •— Stage I represents initial Fg-folds. Stages II and III 
show progressive deformation and Stage IV represents the final
warping of the transposition surfaces.
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Figure 26. F~ folds (Davis, et al., 1975) in Pinal Schist, west- 
central Tortolita Mountains.— Fold axis is gently plunging to the 
northwest. View is parallel to fold axes.
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metres. Wavelengths may be lf i-5 0 cm. or up to six meters. Axial sur

faces of folds strike north-northwest and dip steeply either to the 

northeast or southwest (fig. 27 B). F^ fold axes plunge gently north- 

northwest or south-southeast (fig. 27-A).

The F^ folds are related to north-northwest striking, northeast 

dipping normal faults (fig. 28). These faults are pervasive throughout 

the range and show offsets of a few centimetres to tens of metres. Some 

of the F^ folds are drag features along north-northwest striking fault 

surfaces.
The pervasive north-northwest striking faults (fig. 29-A and B) 

are all generally-northeast dipping and show consistently the northeast 

side down. Slickensides on these fault surfaces generally indicate a 

slight oblique-slip movement. Slickensides throughout the range plunge 

steeply to moderately to the northeast (fig. 29-C and D).
Most of the structural features described above are interpreted 

by Davis, et al. (1975) to have been produced by a ductile to brittle . 

continuum of deformation. The penetrative mineral lineation is a "b" 

tectonic direction in relation to the F^ folds. This lineation is 

strictly confined to the east-northeast orientation, as are the long 

axes of the deformed clasts. It is suggested by Davis, et al. (1975) 

that the mineral lineation was produced from flattening and extension 

that accompanied differential vertical uplift of the biotite granodi- 

orite pluton. The F^ folds are gravity-induced structures off the 

flanks of this pluton. Up-arching of the plutonic complex probably 

produced tension faults at the culmination of the complex. These ten

sion faults are represented by the northwest-striking, north rt-dipping
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Figure 27. Lower-hemisphere equal-area net projections of A) minor 
fold axes (Fo of Davis, et al., 1975) and B) poles to axial surfaces 
of minor folds (F^ of Davis, et al., 1975) •— See figure 3 for reference.
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Figure 28. folds (Davis, et al., 1975) and associated drag relation
ship to north-northwest striking faults, western Tortolita Mountains.—  
View is parallel to strike of faults.
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Figure 29. Lower-hemisphere equal-area net projections of A) poles to 
fault planes, eastern Tortolita Mountains, B) poles to fault planes, 
western Tortolita Mountains, C) slickensides, Cochie Canyon, and D) 
slickensides, eastern Tortolita Mountains.— See figure 3 for reference.
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normal faults and the related drag effects of the folds. The 

folds were probably produced first and as the complex reached brittle 

stages, faulting occurred which accentuated the drag of the F^ folds. 

For a complete kinematic analysis of all the structural features con

tained within the Tortolita Mountains, the reader is referred to Davis, 

et al. (in preparation).

Large-Scale Faults

The east-northeast-striking fault that bounds the northern 

Tortolita Mountains is called the Guild Wash Fault. This fault zone 

dips 80° northwest on the average. The Guild Wash Fault juxtaposes 

Pinal Schist against Oracle Granite both north and south of its trace. 

The fault is characterized by a zone up to ten metres thick of mylonite 

that does not reveal unidirectional slickensides. Davis, et al. (in 

preparation) interpret this as a right-lateral fault based on the drag 

relationship of a block of Pinal Schist contained within the Oracle 

Granite that is located in Sec. 31, T. 9 S., R. 13 E. This block shows 

warping of the foliation and compositional layering in a right-lateral 

sense immediately adjacent to the trace of the fault (fig. 3)*

The Indian Springs Fault is a north-northwest-striking fault 

that right-laterally offsets the northern exposure of Pinal Schist in 

the eastern Tortolita Mountains (fig. 3). This is a N. 20° W.-striking, 

70° NE-dipping fault that is characterized by a five-metre thick zone 

of fault.breccia and gouge (fig. 30). Slickensides on surfaces within 

this zone show evidence of dip-slip motion. The Indian Springs Fault 

is probably one of the north-northwest-striking faults that cross-cuts
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Figure 30. Fault gouge and breccia in the biotite granodiorite along 
the Indian Springs Fault, eastern Tortolita Mountains.— View is west- 
northwest.
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the entire range. This structure was reactivated, however, because all 

the other north-northwest faults show little evidence of brittle fail

ure delineated by single surface breaks, and the Guild Wash Fault is 

characterized by a wide zone of brittle failure. The right-lateral 

offsets of the Indian Springs Fault may be accounted for by dip-slip 

motion and a migration of the Pinal Schist-biotite granodiorite contact 

by subsequent erosion.

Evidence for the geophysically inferred fault that bounds the 

eastern extent of the Tortolita Mountain block is based solely on grav

ity data (fig. 18 and 31, in pocket). The gravity data suggest a steep 

density-contrast scarp on the eastern edge of the block that is inter

preted to be a normal-fault scarp. The Tortolita Mountain block is up 

relative to the graben of the Canada del Oro Valley. This fault prob

ably strikes N. 10-30° W. and dips 75-85° NE. I interpret this fault 

to be another reactivated fault of the N. 20° W. striking set that per

vade the Tortolita Mountains. Reactivation probably was initiated 

during the Basin and Range Orogeny.



GRAVITY INVESTIGATION OF THE 
CANADA DEL ORO VALLEY

In order to better define the buried geologic structures that 

exist between the Tortolita and Santa Catalina Mountains, gravity 

studies of the Canada del Oro Valley were undertaken. Determining the 

depth to crystalline bedrock was also desired in order to approximate 

the displacement of normal faults such as the Pirate Fault (fig. 3) 

and any other faults that exist beneath the alluvial cover of the 

valley.

The main gravity profile was generated along the Pinal-Pima 

County line, which is approximately orthogonal to the regional gravity 

gradient. Access to stations was facilitated easily by the county line 

road. Bedrock gravity stations were also added, both in the central 

Tortolita Mountains and up to Samaniego Ridge in the western Santa 

Catalina Mountains, to define more accurately the regional gravity 

gradient across the Canada del Oro Valley. New gravity stations are 

shown in figure 31» along with other stations provided from the State 

of Arizona Gravity Data Base of the Laboratory of Geophysics at The 

University of Arizona. Gravity station data compiled in this study 

are tabulated in Appendix I. Station spacing along the Pinal-Pima 

County line is approximately 330 m. (1000 ft.) and was determined using 

7^—minute topographic maps combined with the aid of a vehicle odometer.

Gravity data were gathered in the Canada del Oro Valley using a 

La Coste-Romberg astatic gravity meter model G, number 174, that was

85
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supplied by the Laboratory of Geophysics, University of Arizona. A 
minimum of two readings were taken at each gravity station. The arith

metic mean of readings was used in data reduction.

Elevation control for this survey was established using known 

elevation markers, such as road intersections, section comers, or 7g— 

minute topographic maps with a forty-foot contour interval with minor 

twenty-foot intermediate contours. An aneroid altimeter was also used 

as a check on the topographic information with many loops to known ele

vation stations. It is believed that the elevation control is plus or 

minus five feet.

Latitude and longitude coordinates for gravity stations were 

resolved from the minute topographic maps. These coordinates were 

input to the Arizona Digital Terrain Data Base Program (Schmidt, in 

preparation) for comparison of elevation control. These results appear 

in Table 1. The digital determination of elevation shows an average per

cent difference of .84 and an average elevation difference of 27.05 feet 

when compared to the elevations evaluated from the Tg-minute topographic 

maps.

Stations were tied to the absolute gravity base at The University 

of Arizona in the Geology Building. Many stations were reoccupied dur

ing a traverse in order to establish any drift of the gravity meter.

The maximum drift encountered was less than 0.1 milligal.

All data reductions, including terrain corrections, were made 

assuming a surface density of 2.6? g/crn̂ . Manual terrain corrections 

on all established gravity stations were calculated out to the H ring
l

of Hammer (1939)• Regional terrain corrections were completed through



Table 1 Gravity Station Elevation Comparisons

Station Latitude Longitude
Station

Elevation
(feet)

01ETB 32 30.67 110 59.93 3478
02RTB 32 30.67 110 59.82 3465
03RTB 32 30.67 . no 59.68 3445
04RTB 32 30.65 no 59.51 3425
05RTB 32 30.67 110 59.28 3393
06RTB 32 30.67 no 50.11 3373
07RTB 32 30.67 no 58.91 3349
08RTB 32 30.67 no 58.86 3304
09RTB 32 30.61 no 58.47 3304
10RTB 32 30.61 no 58.26 3288
11RTB 32 30.69 no 58.09 3292
12RTB 32 30.76 no 57.88 3292
13RTB 32 3O.860 no 57.72 3290
14RTB 32 30.91 no 57.52 3262
15RTB 32 30.99 no 57.34 3285

Digital
Elevation

(feet)
Difference

(feet)

3474 3.999
3452 13.000
3431 14.000
3408 17.000
3399 6.001
3399 26.001
3385 36.001
3362 58.001
3335 ' 31.001
3312 24.001
3302 9.999
3287 5.001
3281 9.000
3273 10.999
3266 19.000

Percent
Difference

0.11
0.38
0.41
0.50
0.18
0.77
1.07
1.76
0.94
0.73
0.30
0.15
0.27
0.34
0.58

CD
-~3



Table 1, Continued

Station Latitude

16RTB 32 30.97
17RTB 32 30.85

18RTB 32 30.83

19RTB 32 30.83

20RTB 32 30.84

21RTB 32 30.83

22RTB 32 30.83

23RTB 32 30.66

2ARTB 32 30.67

25RTB 32 30.67

26RTB 32 30.67

27RTB 32 30.67

28RTB 32 30.67

29RTB 32 30.67

30RTB 32 30.67

Longitude
Station

Elevation
(feet)

no 57.11 3276
no 56.92 3255
no 56.69 3220
no 56.50 3199
no 56.32 3220
no 56.11 3184
no 58.92 3165
no 55.75 3150
no 55.59 3150
no 55.38 3180
110 55.18 3190
no 54.97 3234
no 54.81 3216
no 54.58 3185
no 54.36 3185

Digital
Elevation

(feet)
Difference

(feet)
Percent
Difference

3248 28.001 0.85
3229 26.000 0.80

3213 7.000 0.22

3203 4.001 0.13
3201 19.000 0.59
3200 16.000 0.50

3389 224.000 7.08

3180 30.000 0.95

3165 • 15.000 0.48
3180 0.000 0.00

3192 2.000 0.06
3200 33.999 1.05

3205 11.001 0.34

3197 12.000 0.38

3197 12.000 0.38



Table 1, Continued

Station

31RTB
32RTB
33RTB
34RTB
35RTB
36RTB
37RTB
38RTB

39RTB
40RTB
41RTB
42RTB
43RTB
44RTB

Latitude

32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.67 
32 30.66 
32 30.59

Longitude

110 54.17 
no 53.96 

no 53.76 

no 53.54 
no 53.35

no 53.54 
no 52.96 

no 52.81 

no 52.89 

no 52.38 

no 52.19 

no 51.98 

no 51.75 

no 51.58

Station
Elevation

(feet)
3170
3190
3205
3200
3185
3190
3152
3150
3141
3135
3125
3232
3339
3442

Digital
Elevation

(feet)

3199
3199
3199
3199
3199
3199
3196 
3195 
3193 • 
3195
3197 
3199 
3288 
3400

Difference
(feet)
29.000

9.000
6.000
1.000

14.000

9.000
43-999
45.000

51.999
60.000

72.000

33.001

50.999
42.001

Percent
Difference

0.91
0.28
0.19
0.03
0.44
0.28
1.40
1.43
1.66
1.91
2.30

1.02
1.53
1.22
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the Terran-2 program provided by the Laboratory of Geophysics. The 

raw gravity data were reduced using the Regional Gravity Data Reduction 

Program written by R. E. West (1970) and provided by the Laboratory of 

Geophysics, University of Arizona. All raw and reduced gravity data 

are tabulated in Appendix I. No tide corrections were made on these 

data because it was deemed insignificant for this reconnaissance study; 

the correction would have been less than 0.01 milligal. The data re

duction program provides latitude, free air, and Bouguer slab correc

tions and compiles a simple Bouguer anomaly value. After terrain 

corrections were compiled, the complete Bouguer anomaly values were 

calculated. All gravity data reduction procedures basically follow 

the techniques as outlined by Dobrin (i960).

Complete Bouguer Anomaly Map

The complete Bouguer anomaly map (fig. 31) is based on a compila

tion of existing gravity stations and new stations established by this 

study. This map reveals gravity highs and lows for the Canada del Oro 

Valley area. A closed gravity low exists south of the Tortolita Moun

tains and immediately west of Pusch Ridge in the Santa Catalina Mountains. 

This low was named the Cortaro Basin and it has been studied geophysic

ally by Goodoff (1975)• The Cortaro Basin "low" becomes higher to a 

saddle-point to the north, and then in the vicinity of sec. 29,

T. 11 S., R. 15 E., a low starts that extends northward in a trough

like manner. Although very irregular in map view, with minor lobate 

lows along the periphery, there is a general gravity low that extends 

between the Tortolita and Santa Catalina Mountains. The Cortaro Basin



shows a -118 milligal low, and the northern trough is a -135 milligal 

low.

There are strong gravity gradients throughout the Canada del 

Oro Valley. A very strong gradient occurs east of the Cortaro Basin 

and up to the Santa Catalina Mountains. Goodoff (1975) interpreted 

this as a normal fault scarp. In fact, there is a prominent gradient 

along the entire western edge of the Santa Catalina Mountains. An

other steep gravity gradient lies west of the -135 milligal low trough 

in the northern part of the mapped area.

Gravity Interpretation

A residual gravity anomaly map was compiled using methods out

lined by Dobrin (i960). An estimated Bouguer regional gravity map was 

overlain on the complete Bouguer anomaly map (fig. 3l), and a mechan

ical subtraction of contour-line intersections was made. These values 

were then contoured to provide a residual gravity anomaly map. The 

Cortaro Basin is a closed -12 milligal low. The residual map showed a 

low trough that extends through the Canada del Oro Valley and north

ward as a -15 milligal low. Although the general outline of the lows 

remains the same as on the complete Bouguer anomaly map, the residual 

gravity map emphasized the steep gravity gradients that exist on the 

east side of the Canada del Oro Valley. Steep gradients are also on 

the west side of the valley.

In order to evaluate the depth to crystalline bedrock in the 

Canada del Oro Valley using two-dimensional modeling techniques, a 

density contrast between the crystalline mountain blocks and the

91
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alluvial valley-fill must be established. Goodoff (1975) established 

plausible density contrasts for the immediate vicinity based on forma

tion density logs of water wells in the Cortaro Basin. It should be 

recognized, however, that any basin may have variable density contrasts 

which depend on environment of deposition, detrital composition, and 

degree of compaction and cementation. Goodoff determined that a density
Q  O

contrast of -0.6 g/cnr is best for very shallow areas, -0.5 g/cnr for 

depths of 330 m. (1000 ft.) to 660 m. (2000 ft.), and contrasts of 

-0.3 g/crn^ to -0.4/cm^ for depths greater than 660 m. (2000 ft.).

The calculation of depths to crystalline bedrock from the sur

face was made using a mathematical model. The modeling program, written 

by West (1971), is a two-dimensional modeling program that uses resid

ual gravity data from alluvial-filled valleys. Alluvium-bedrock con

tacts must be accurately located and a density contrast assumed for 

input to the program. The residual gravity values for the Pima-Pinal 

County line profile were obtained by estimating the regional gravity 

gradient between bedrock stations in the Tortolita and Santa Catalina 

Mountains (fig. 18). The difference between the regional gradient and 

the complete Bouguer anomaly values was used as the residual gravity 

values.* An initial density contrast of -0.5 g/crn^ was chosen for a 

trial run, and the total depth of the basin at the Pima-Pinal County 

line was 945 m. (3100 ft.) (fig. 18). Based on Goodoff*s analysis of 

the Cortaro Basin, a density contrast of -0.35 g/cm^ was chosen to 

establish the total depth to bedrock to be used in this report. This 

contrast provides a model of 1520 m. (5000 ft.) to bedrock in the east

ern Canada del Oro Valley. This is not an unreasonable value and it
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may possibly be a minimum calculation. Exxon Corporation drilled a 

well near Vail in the Tucson Basin to over 3700 m. (12,000 ft.) allu

vium and mid-Tertiary volcanic rocks. Robinson (1975) also confirms 

the existence of deep alluvial basins in southern Arizona by showing 

the depth to bedrock to be 3700 m. (12,000 ft.) in the Aravaipa Valley.

Figure 18 shows the existence of two steep residual gravity 

gradients on either side of the Canada del Oro Valley. These gradients 

delineate scarps, and the eastern scarp coincides with the Pirate Fault, 

a normal fault mapped at the surface (fig. 3)• The western scarp does 

not appear at the surface but is veneered by 150 m. (500 ft.) to 185 m. 

(600 ft.) of alluvium. The western scarp is probably a normal fault 

that has been back-worn by pedimentation and it is alluviated. The 

county line profile shows an asymmetrical basin with greater accumu

lation of detritus in the eastern side. The trough that exists north 

of the Pinal-Pima County line in the Canada del Oro Valley is probably 

deeper there because of another -2.0 milligal low.



DESCRIPTIVE GEOMORPHOLOGY OF THE COMPLEX

Introduction

The physiographic contrast between the Tortolita and Santa 

Catalina Mountains is an object of considerable curiosity. This curi

osity arises from the fact that these two adjacent mountain ranges of 

essentially similar bedrock geology display completely different land- 

forms. The Tortolita Mountains comprise a low, broad mountain mass 

with an average elevation of 1220 m. (4000 ft.) surrounded by extensive 

pediments. East of the Tortolita Mountains stand the Santa Catalina 

Mountains with elevations exceeding 2800 m. (9100 ft.) with rugged, 

spectacular canyons. Another interesting fact is that many authors 

(Wilson, 1962; Fenneman, 1931; and Ransome, 1904) have drawn a major 

physiographic boundary between these mountains. The Tortolita Mountains 

are placed within the Desert Region, whereas the Santa Catalina Moun

tains are considered to lie within the Mountain Region of the Basin and 

Range Province (fig. 2). Naturally, the question arises that if the 

bedrock geology is similar and the erodibility of the two rock masses 

is essentially the same, then why is there such a physiographic contrast 

between the ranges? In this section the physiographic contrasts, phys

iographic similarities, and general geomorphology will be discussed.

The geologic-geomorphic significance of the physiographic subdivision 

between the Desert and Mountain Regions of the Basin and Range Province 

will be discussed in the interpretation section.
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Physiographic Contrast

The qualitative physiographic contrasts of the Tortolita and 

Santa Catalina Mountains are readily apparent in ERTS imagery (fig. 17). 

However, .it is possible to quantify the differences in land morphology 

between the ranges. Using 15-minute topographic maps of the Tortolita 

and Santa Catalina Mountains and a map wheel, two quantitative para

meters were compiled for each range.

(1) Mountain-front sinuosity:
total length of mountain front and perimeters of bedrock outliers 

shortest distance parallel to overall mountain front 
(W. B. Bull, personal communication)

(2) Drainage ratio:
width ratio of drainage valley at the mountain front 
height

(Bull, personal communication)

This analysis is based entirely on the topographic expression of each 

range and does not depend upon exposed bedrock or veneered bedrock 

pediment. It is based upon the mountain-piedmont junction.

The Santa Catalina Mountains’ mountain-front sinuosity is 1.352 

as compared to the Tortolita Mountains’ mountain-front sinuosity of 

1.694* These numbers reveal a far more sinuous mountain-piedmont junc

tion for the Tortolita Mountains than for the Santa Catalina Mountains.

The drainage ratio was calculated for all major drainage valleys 

entering the Tucson Basin from the southern and western sides of both 

the Tortolita and Santa Catalina Mountains. The mean of the drainage 

ratios for the Santa Catalina Mountains is 6.35• The mean of the 

drainage ratios for the Tortolita Mountains is 12.07. This drainage 

ratio is a guide to the incision of canyons. The drainage ratio shows 

that canyons in the Santa Catalina Mountains are steep-walled compared
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to their width. In contrast, the Tortolita Mountains drainages are 

quite broad compared to their height at the mountain front-piedmont 

junction.

The Tortolita Mountains are surrounded by broad crystalline bed

rock pediments. The eastern Tortolita Mountains pediment is a non- 

veneered crystalline bedrock pediment that extends 7 km. (4 mi.) 

eastward from the mountain front-piedmont junction. The southern and 

western piedmonts of the Tortolita Mountains are also pediments, but the 

bedrock is not exposed as a result of up to 150 m. (500 ft.) to 185 m. 

(600 ft.) of alluvial veneer. This veneer thins toward the mountain 

front where up to 35 m. (100 ft.) of Quaternary alluvium occurs at the 

mouths of drainages. The ephemeral streams that drain the south and 

western Tortolita Mountains are entrenched in the alluvium and are lat

erally migrating at the mouths of canyons. These streams either flow 

on bedrock or very near to it. Further support of an extensive ve

neered pediment on the south and wouthwest sides of the Tortolita 

Mountains is provided by the inselberg of Younger Precambrian quartzite 

exposed 7 km. (4 mi.) southwest of the mountain front-piedmont junction. 

Davidson (1973) indicates that the block fault to the southwest side of 

the Tortolita Mountains lies west of this inselberg (fig. 3)• Water 

wells that are spudded into alluvium immediately south of the Tortolita 

Mountains show cuttings of the Tortolita granodiorite at 115 m. (400 ft.) 

to 150 m. (500 ft.) depths. South of the inferred fault, which lies 

south of the Tortolita Mountains (fig. 3), wells do not encounter bed

rock. Thus, this inferred fault may limit the southern extent of the 

Tortolita Mountain block. The eastern limit of the Tortolita Mountain
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block is also defined by an inferred fault. It is thus apparent that 

the eastern, southern, and western edges of this block are defined and 

that extensive pedimentation has eroded back this block from the in

ferred fault traces.

The Santa Catalina Mountains do show crystalline bedrock pedi

ments at the mountain front-piedmont junction, but the extent of these 

pediments compared to pediments of the Tortolita Mountains is less.

There is a prominent pediment bench on the southern and southwestern 

edges of the Santa Catalina Mountains that are cut on the crystalline 

Catalina gneiss. The western Santa Catalina Mountains show an exten

sive but dissected pediment cut on the Catalina granite (figs. 3 and 
32, in pocket). This area shows an embayment to the range and sug

gests, because of the steep slopes, high relief, and dissected nature, 

that this is an incipient pediment compared to the eastern Tortolita 

Mountains.

Difficulty arises in establishing the limits of the surrounding 

pediments of the Santa Catalina Mountains because the Pantano Formation 

(Oligocene fanglomerate deposits) is beveled in the southern exposures. 

The beveled nature of the Pantano Formation is suggestive of a pediment, 

and the veneer of Pleistocene and Holocene sediments compliments a pedi

ment interpretation. However, in relating the extent of crystalline 

pediment to the mountain area, it appears qualitatively that the 

Tortolita Mountains have a far more extensive pediment area than do 

the Santa Catalina Mountains.
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Physiographic Similarities

Subparallel topographic profiles through selected areas of both 

the Tortolita and Santa Catalina Mountains (fig. 33, in pocket) reveal 

similar shapes. It is suggested here that these profiles may represent 

parts of an initial domal surface that was produced by the rising of 

this mountain complex through the crust and the initiation of erosion 

on that shaped surface.

Melton (i960) defined a pre-Basin and Range Orogeny erosional 

surface that was produced by a southwest-flowing drainage system. He 

supplied much regional and geomorphic evidence on the theory of ante

cedent drainage of the Gila River and remnants of older drainages.

Melton (i960) named the surface produced by the older drainage system 
the Tortolita Surface and suggested that remnants of it exist throughout 

southern Arizona. He defined the Tortolita Surface in the Tucson area 

as the accordant peaks of the Tortolita Mountains. The present eleva

tion of the surface ranges from 1500 m. (4950 ft.) in the Peloncillo 

Mountains to 1280 m. (4200 ft.) in the Tucson area to 1200 m. (3950 ft.) 

near Phoenix and to 915 m. (3000 ft.) near Ajo in western Arizona. In 

terms of a regional gradient, the Tortolita Surface, were it not tecton

ically disturbed, would be 1.74 m./km. (9 ft./mi.), which is comparable 

to the 1.89 m./km. (10 ft./mi.) gradient of the present Gila River from 

Safford to Gila Bend (Melton, I960).

Melton (1965) suggested a mid-late-Miocene age for the develop

ment of the Tortolita Surface, which he actually referred to as a pedi

ment. It seems more plausible in defining the Tortolita Surface in the 

Tortolita Mountains to use the larger areas of low relief that exist at
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the summit of the range. These low-relief areas occur between 1255 m. 

(4100 ft.) and 1290 m. (4200 ft.) and occupy a far larger extent of the 

range than do the peaks, some of which attain elevations of 1370 m.

(4500 ft.). Figure 33 shows a profile through remnants of this surface. 

Referral to the Tortolita Surface in this paper will be the low, broad, 

flat areas of low relief at the summit of the Tortolita Mountains which 

are outlined in figure 32.

The Tortolita Surface is envisioned to be the erosional level at 

which an integrated drainage system was flowing in mid-Miocene time.

This area at that time would certainly not have been flat, but probably 

of low relief with depressions of sediment accumulation and highs that 

would be remnants of earlier mountains.

The Santa Catalina Mountains contain an area of low local relief 

in the vicinity of the Wilderness of Rocks (figs. 3 and 32). This area 

occurs at an elevation of approximately 2800 m. (7100 ft.). Samaniego 

Ridge in the northwestern Santa Catalina Mountains also is a low relief 

but incised ridge at an elevation of 2800 m. (7100 ft.). There are also 

other areas of low local relief that may be observed in the Santa 

Catalina Mountains at an elevation of 2765 m. (7000 ft.) to 2800 m.

(7100 ft.). These areas are outlined in figure 32 and probably repre

sent remnants of an erosional surface that is now undergoing dissection. 

The topographic profile shown in figure 33 also shows the very flat 

nature of these remnant surfaces.

It is suggested here that the remnant surfaces in the Santa 

Catalina Mountains at 2800 m. (7100 ft.) and the Tortolita Surface in



100

the Tortolita Mountains may be correlative in time and were laterally 

continuous in pre-Basin and Range Orogenic time. Melton (1965) has 

suggested that the Tortolita Surface in the Tortolita Mountains devel

oped as a pediment on the western Santa Catalina Mountains that was 

separated by grabel block-faulting of the Canada del Oro Valley. I sug

gest that, he overlooked the existence of remnants of the Tortolita 

Surface in the Santa Catalina Mountains.

The erosion surface cut on the Tinaja beds (Rillito beds of 

Pashley, 1966) was named the Rillito Surface by Pashley (1966). The 

Rillito Surface is overlain by basin-fill deposits (Fort Lowell Forma

tion of Davidson, 1973)• The Rillito Surface was carved after most 

normal faulting had occurred, which affected the upper Tinaja beds.

On the south side of the Santa Catalina Mountains the Rillito Surface 

may be traced directly into concordance with the crystalline bedrock 

pediment benches that are cut on Catalina gneiss. The dissected bed

rock pediment carved on Catalina granite in the western Santa Catalina 

(fig. 32) is correlated to the Rillito Surface (Pashley, 1966). Pashley 

(1966) believes that the extent of the Catalina granite pediment is due 

to the higher erodibility of this granite as compared to the narrow 

pediment benches cut on the Catalina gneiss. Pashley1s contention is 

supported by drainage ratio data from the Santa Catalina Mountains.

The mean drainage ratio for canyons incised in the Catalina gneiss is 

4*576. The mean drainage ratio for canyons cut into the Catalina gran

ite is 9*827* These data show a dramatic contrast between the broad 

mouths of canyons cut into the Catalina granite as compared to the 

Catalina gneiss. This difference in morphology is most likely related



to more rapid weathering and erodibility of the Catalina granite in 

relation to the Catalina gneiss.

The exposed bedrock pediment that is carved on Catalina granite, 

biotite granodiorite, and Tortolita granodiorite in the eastern Tortolita 

Mountains is at approximately the same elevation as the Rillito Surface 

in the western Santa Catalina Mountains. These pediments in both ranges, 

in terms of exposed crystalline bedrock, extend from 975 m. (3200 ft.) 

to 1100 m. (3600 ft.) in elevation. The eastern Tortolita Mountains 

pediment is also overlain by basin-fill sediments (Fort Lowell Forma

tion, Davidson, 1973)• Based on elevation and stratigraphic position, 

the eastern Tortolita Mountains pediment is correlated with the Rillito 

Surface. The veneered pediments on the southern and western flanks of 

the Tortolita Mountains may also be time correlative with the Rillito 

Surface (Davidson, personal communication).

The Canada del Oro Valley was filled to higher levels with sedi

ment that may be equivalent to the Fort Lowell Formation. Remnant gravel 

deposits containing clasts of Barnes Conglomerate, Scanlan Conglomerate, 

Dripping Spring Quartzite, and Pioneer Formation are found on the edge 

of the southeastern pediment of the Tortolita Mountains. None of these 

rocks in an unmetamorphosed condition are exposed in the Tortolita 

Mountains. The nearest exposure of such lithologies is 16 km. (10 mi.) 

to the northeast in the northern Santa Catalina Mountains. Clasts of 

identical lithology are also contained in deposits that are correlated 

with the Fort Lowell Formation exposed immediately adjacent to the 

Santa Catalina Mountains in the Cordonnes area (fig. 3). pashley (1966) 

has suggested that the valleys surrounding Tucson are being exhumed.
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His interpretation is based on the Fort Lowell Formation being removed 

from the Rillito Surface on which it was deposited. This exhumation is 

revealing the bedrock pediment of Catalina gneiss in the southwest corner 

of the Santa Catalina Mountains (fig. 3)• If the slopes of present al

luvial surfaces adjacent to the Santa Catalina Mountains are extended 

westward, the indication of another 92 m. (300 ft.) to 125 m. (400 ft.) 

of alluvial thickness is required to maintain that slope in the central 

valley.

Erosional river terraces are prominent features along the Canada 

del Oro drainage west of Samaniego Ridge (fig. 3)• These terraces may 

be correlated to terraces along other drainage systems in the Tucson 

Basin and perhaps regionally. The terraces record repeated cycles of 

downcutting through the late-Pleistocene and Holocene and are usually 

cut on the Fort Lowell Formation, although there is local terracing of 

the Tinaja beds. The terrace (fig. 3) is topographically the high

est and therefore the oldest terrace in the Canada del Oro Valley. It 

correlates with the University Terrace of Smith (1938) and Pashley (1966). 

The only remains of are in the vicinity of the Cordonnes where the 

Canada del Oro drainage reverses direction from north to south. The 

Qs^ terrace is cut on Fort Lowell Formation and is veneered with well- 

rounded boulders and cobbles, as are all the terraces. is the

minimum highest aggradational level that the Canada del Oro Valley at

tained in the late-Pleistocene. Figure 34 shows approximately 146 m.

(480 ft.) of relief from the Qg  ̂surface to the present Canada del Oro

flood plain, which is a guide to the total downcutting. is the

next lowest topographic terrace along the Canada del Oro and is



Figure 34. Minimum down cutting of the Canada del Oro.— Upper surface 
is Q 1 (Cordonnes), lower surface (near house) is Q , (present 
floodplain). 4



104

laterally closer to the present drainage. correlates with the

Jaynes Terrace of Smith (1938) and Pashley (1966). This terrace is 

only slightly higher in elevation than the present flood plain, Qs^»

The terraces are confined primarily to the west side of the 

Canada del Oro and indicate that the Canada del Oro drainage was at one 

time depositing sediment due west of its present location. Then, as 

alluviation ceased and downcutting commenced, the Canada del Oro pro

gressively migrated and incised eastward to its present course along 

the western Santa Catalina Mountains.



INTERPRETATION

Correlations

Correlation of rock units and structures from the Santa Catalina 

and Tortolita Mountains seems unavoidable. Although the correlations 

of these phenomena are interpretation, I am confident that any geolo

gist who studies the rocks of both ranges will see that the similar

ities are a reality.

The most striking correlation of rock units is provided by the 

Pinal Schist in the northern areas of both ranges (fig. 3)• The litho

logies are very similar in both ranges, being quartz sericite schists. 

Some discrepancies do exist here though, because the Pinal Schist in 

the Santa Catalina Mountains is significantly more quartzitic. How

ever, configuration of the outcrop areas in both ranges are directly on 

strike. In fact, the foliation of the Pinal Schist as seen in the last 

outcrop of both ranges before being covered by Quaternary sediments, is 

identical in strike. Dip direction is variable and does not coincide. 

Further support of lateral continuity of the Pinal Schist is provided 

by cuttings from the water well in SE|- sec. 12, T. 10 S., R. 13 E.,

(fig. 3)• Laminated quartz-sericite schist bedrock was encountered at 

152 m. (500 ft.) in depth. This well is directly on strike with the 

Pinal Schist outcrop in the Tortolita Mountains. A fault exists due 

east of this well and truncates the schist. It is suggested here that 

the Pinal Schist is continuous at depth across the Canada del Oro 

Valley below the 1520 m. (5000 ft.) plus of gravels.
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Structures contained within the Pinal Schist in the Tortolita 

and Santa Catalina Mountains are not the same. The orientation and 

style of the minor folds (Fg) in the Tortolita Mountains are different 

from the minor folds in the Pinal Schist in the northern Santa Catalina 

Mountains. This is probably the result of different times of deforma

tion of the schist.

The minor folds contained in the schist in the Santa Catalina 

Mountains were probably produced during Older PreCambrian time. The 

Fg, gravity-induced folds evident in the Pinal Schist of the Tortolita 

Mountains were initiated by the intrusion of the biotite granodiorite 

in mid-Mesozoic(?) time. The Catalina granite in the Santa Catalina 

Mountains is intrusive into the schist, but it may not have caused the 

deformation that can be attributed to the biotite granodiorite in the 

Tortolita Mountains.

Exposures of Oracle Granite in the northern pedimented areas of 

both ranges are distinctly similar lithologically (see lithologic de

scriptions in a previous section). Structurally, the Oracle Granite in 

the Santa Catalina and Tortolita Mountains exhibits similar characteris

tics. The Oracle Granite exposures are separated from the main ranges 

by right-lateral faults, the Mogul Fault in the Santa Catalina Mountains 

and the Guild Wash Fault in the Tortolita Mountains. Diabasic dikes, 

probably the Younger PreCambrian dikes, cross-cut the Oracle Granite north 

of both mountain ranges (fig. 3). The inclusive blocks of Pinal Schist, 

schlieren, and xenoliths in the Oracle Granite in the northern 

Tortolita Mountains are coincident with the Oracle Granite exposed in 

the northern Santa Catalina Mountains. It seems inescapable that the
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Oracle Granite in both ranges is part of the same pluton that has been 

block faulted by the graben of the Canada del Oro Valley.

The Leatherwood quartz diorite in the Santa Catalina Mountains 

and the biotite granodiorite in the Tortolita Mountains are identical 

in mineralogy, texture, internal fabric, and dike content. Age rela

tionships based on rubidium-strontium analyses are not well defined.

Both plutons reveal rather poor rubidium-strontium isochrons, but they 

at least suggest that the Leatherwood quartz diorite and biotite grano

diorite crystallized in Mesozoic time. The addition of all analytical 

points from both plutons onto the same isochron does not appreciably 

change the mid-Jurassic age of the biotite granodiorite of the Tortolita 

Mountains (Livingston, personal communication). Rubidium-strontium 

ratios for the Leatherwood quartz diorite and biotite granodiorite over

lap, at the least suggesting that these plutons are comagmatic. Catalina 

granite is intrusive into the Leatherwood quartz diorite and into the 

biotite granodiorite, which further aids in bracketing the age relation

ships. Since the Leatherwood quartz diorite is intrusive into the meta- 

Apache Group and the Paleozoic sections, and the biotite granodiorite is 

intrusive into a Pinal Schist, meta-Apache Group and Paleozoic section, 

the age bracket between Catalina granite intrusion and post-Paleozoic 

time is certain.

Structurally, the Leatherwood quartz diorite and biotite grano

diorite are identical. They are both protoclastic plutons. They both 

exhibit mobile cores that were the centers of upwelling which caused 

gravity-induced tectonics off the flanks as they rose diapirically 

(Waag, 1968) (Davis, et al., 1975)•
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Catalina granite crops put in the Tortolita and Santa Catalina 

Mountains. The largest exposure is in the western Santa Catalina 

Mountains, but a large dike-like body is exposed in the central Tortolita 

Mountains (fig. 3)• The Catalina granite from both ranges does not pro

duce identical rubidium-strontium isochrons, but the Catalina granite 

is identical lithologically and structurally in both ranges. The 

rubidium-strontium ratios derived from samples of Catalina granite from 

both ranges overlap (Livingston, personal communication) which suggests, 

at least, a comagmatic origin. Intrusive relationships of the Catalina 

granite are coincident. Roof pendants of Paleozoic metasedimentary 

rocks are mapped in both ranges (fig. 3)• The Catalina granite in both 

ranges is intrusive into Pinal Schist, meta-Apache Group, and Paleozoic 

metasedimentary rocks. Xenoliths and schlieren are prominent in this 

lithology in both ranges. McCullough (1963) and Hoelle (in preparation) 
both suggest that the xenoliths and in particular the "band" exposed 

in the western Santa Catalina Mountains were probably derived from a 

Pinal Schist basement at the time of intrusion.

The Younger Precambrian and Paleozoic metasedimentary rocks in 

the Santa Catalina and Tortolita Mountains are lithologically and struc

turally correlative. The Apache Group as identified by Waag (1968) 

which contains deformed conglomerates, amphibolite schists, quartzites, 

phyllites and mica schist is identical to the Apache Group of Davis, 

et al. (1975) in the Tortolita Mountains. The Paleozoic metasedimentary 

rocks in both ranges, in particular the marbles, are lithologically 

identical. Allied with the contact relationships of these i \ asedimen

tary rocks with the plutonic rocks, correlation seems irrevocable.
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The Torbolita granodiorite and the Cargadero granite of 

McCullough (1963) exposed in the western Santa Catalina Mountains are 

identical lithologically. The mutual relations of both these rocks 

further supports correlation. The undeformed nature of the dikes that 

are traced to the Torbolita granodiorite are similar to the Cargadero 

granite dikes. Dikes of this lithology in both ranges cross-cut all the 

fabric of the Catalina granite.

The cooling history of both ranges matches perfectly. No matter 

what the rubidium-strontium ages of any rock in.either range are* the 

potassium-argon age reveals a mid-Tertiary date. Damon, et al. (1963) 

shows potassium-argon ages of both plutonic and metamorphic rocks in 

the Santa Catalina Mountains to be 27 m.y. A single potassium-argon 

date on the Catalina granite in Wild Burro Canyon in the western Torbolita 

Mountains reveals an age of 26 m.y. (Damon, 1968). These dates suggest, 

at the very least, that both the Torbolita and Santa Catalina Mountain 

blocks reached the same level in the crust at about the same time for 

the rocks to begin retaining argon and to start the "atomic clock".

The most obvious correlation of structural elements between the 

Santa Catalina and Torbolita Mountains is the cataclastic mineral line- 

ation. The physical expression of this element is identical in both 

ranges. The alignment and stretching of mineral grains into the east- 

northeast orientation is readily apparent. Compare figures 9» 19, and 

14-B which show the lower-hemisphere stereonets of the mineral line- 

ation in the Torbolita and Santa Catalina Mountains. This mineral 

lineation is a "b" tectonic lineation when compared to the megascopic 

fold structures in the Santa Catalina Mountains and the minor
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gravity-induced fold structures in both ranges (fig. 11 and 24) •

Based on the coincidence in orientation of the mineral lineation, it 

can be assumed that the lineation was probably produced by essentially 

the same stress environment. Davis, et al. (1975) suggest an exten

sions! origin for the mineral lineation through flattening. Peterson 

(1968) proposed a similar interpretation, and suggested a stretching 

of the gneissic fabric when the megascopic folds in the gneiss were 

produced. This mineral lineation is directly related to the gravity- 

induced folds contained within the mantling rocks as well as the "glide 

folds" in the Catalina gneiss (Peterson, 1968). Waag (1968) suggests 

that the metasedimentary rocks along the crest of the Santa Catalina 

Mountains folded under the influence of gravity off structural highs 

produced by upwelling plutons. A penetrative "b" mineral lineation 

is prevalent in these rocks, but does not everywhere maintain a con

stant east-northeast orientation. Since these rocks are at the top 

of the plutonic complex, they were probably less confined and so would 

not necessarily show a unidirectional orientation. This change in 

orientation is noted subtly in the Tortolita Mountains. The orienta

tion of the minor fold axes and the mineral lineation in the screen 

rocks and Pinal Schist becomes more easterly on the east side of the 

range (fig. 24 and 19).

Evidence for an extensional origin of the mineral lineation is 

provided in both the Santa Catalina and Tortolita Mountains by the 

elongate clasts of metaconglomerates. Lower-hemisphere stereonets of
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the long axis of the deformed clasts from both ranges are shown in 

figure 15. Comparison of these plots with the mineral lineation plots 

for the same general locality (fig. 14-B and 19-C and D) reveals a coin

cidence in orientation. Further comparison of stereonets of the gravity- 

induced fold axes from both ranges also reveals a coincidence in 

orientation (fig. 24 and 11). The elongation of the clasts, the mineral 

lineation, and the fold axes in the rocks of the Santa Catalina and 

Tortolita Mountains is generally east-northeast in orientation.

The elongate clasts from the metaconglomerates in both ranges 

provide a guide to the strain the metasedimentary rocks have undergone. 

Waag's (1968) analysis of the ratios of the axes of the elongate clasts 

along the crest of the Santa Catalina Mountains was 10:2:1. The anal

ysis by Davis, et al. (1975) of the elongate clasts in the western 

Tortolita Mountains revealed a ratio of 9:2:1. These analyses suggest 

that the metasedimentary rocks in both ranges exhibit essentially 

the same strain, if the protolithology was also the same for the meta

conglomerates. Further inference on the environment of deformation of 

both ranges is provided by the elongate clast analyses. Since approxi

mately the same elongation has occurred to the clasts in both ranges, 

the deformation may have occurred at about the same level in the crust.

Correlation of fold systems from the Tortolita and Santa Catalina 

Mountains is highly reasonable. The fold styles, orientation, and timing 

of deformation seem closely allied between the ranges.

The F^ folds of Davis, et al. (1975) contained within the Pinal 

Schist in the Tortolita Mountains are probably a relict Older Precambrian



structure. They have not been recognized in the Santa Catalina 

Mountains.

The folds of Waag (1968) correlate to the Fg folds of Davis, 

et al. (1975)• These folds were produced by gravitational tectonics off 
upwelling plutons which include Wilderness granite, Leatherwood quartz 
diorite, and biotite granodiorite. These folds all show vergence away 

from the structural highs that initiated the deformation. Timing of 
the production of some of the gravity-induced folds is especially coin

cident because the Leatherwood quartz diorite and biotite granodiorite 

are essentially comagmatic, if not time equivalent. The Wilderness 

granite is not known in the Tortolita Mountains; therefore, initiation 

of some of the gravity-induced folding may have occurred slightly ear

lier in the vicinity of the Santa Catalina Mountains. The F^ folds of 

Waag warp bedding and no bedding has been recognized in the Tortolita 

Mountains. The folds of Davis in the Tortolita Mountains do fold 

compositional layering which may be relict bedding.

The F2 folds of Waag (1968) are coaxial with the F1 folds and 

are suggested to represent the later stages of a continuum of deforma

tion. These F^ folds are more knee-shaped in cross-sectional profile 

and are not as tightly folded as the F^ folds. The F2a folds of Davis, 

et al. (1975) show similar relationships to the Fg folds in the 

Tortolita Mountains. It is suggested that the F2a folds were produced 

by continued F2 deformation, since they are coaxial with the Fg folds 

(fig. 35)• A correlation of the F2a folds of Davis, et al. (1975) and 

the Fg folds of Waag (1968) is suggested mainly on the style of defor

mation and the kinematics of deformation.
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Figure 35. Fp and F_ folds (Davis, et al., 1975) in Pinal Schist, 
MOQ+.A-m Tortolita Mountains.— Refer to figure 25 for probable evolu
tion of these structures.

.



The "glide folds" of Peterson (1968) and Mayo (1964) which show 

vergence away from the antiformal hinges of the macroscopic folds in the 

Catalina gneiss are of the same style as the and folds of Davis, 

et al. (1975) and the F^ and F^ folds of Waag (1968) (fig. 23 and 36 for 

comparison). These folds can be observed throughout the Catalina gneiss 

in the Forerange. Based on the coincidence of the glide fold axes, the 

"b" tectonic mineral lineation orientations and proximity of plutons 

that are known to have caused gravity-induced folding, I suggest that 

all of this type of gravity-induced folding throughout this plutonic and 

metamorphic complex occurred at about the same time (mid- to late- 

Mesozoic time).
The F^ fold systems independently identified by Waag (1968) and 

by Davis, et al. (1975) are absolutely correlative. The axes of F^ 

folds in the Santa Catalina Mountains trending due north or slightly 

north-northeast. The broad, open, asymmetrical and symmetrical style 

of folding of F^ is very similar in both ranges. Davis, et al. (1975) 

relate the F^ structures to a continuum of ductile to brittle deforma

tion. The F j structures are at the brittle end of the continuum because 

many of the folds are related to the north-northwest-striking normal 

faults. It seems highly plausible that the intrusion of the Catalina 

granite into the complex could have caused an attenuation and stretching 

of the complex in the vicinity of the Canada del Oro Valley. This would 

have caused first the broad warping and then as the complex cooled or 

reached higher levels in the crust, normal faults would have developed.

The Guild Wash Fault and the Mogul Fault systems may be corre

lative . This inte•pretation is based on the proximity of each structure
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Figure 36. ’’Glide fold” in banded gneiss within the Catalina gneiss, 
Pima Canyon, Santa Catalina Mountains.— View is N. 65 E.
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(fig. 3) and the latest suggested movement history on each fault.

Figures 27 and 29 show the approximated location of the continuous 

structure beneath the Canada del Oro Valley. The block faulting of 

the Canada del Oro Valley probably cross-cuts the Mogul-Guild Wash 

system and the exact location of the trace of this structure on the 

crystalline basement is unknown.

Physiographic Subdivision Between 
the Desert and Mountain Regions

The boundary between the Desert and Mountain Regions of the 

Basin and Range Province, as depicted by Wilson (1962) (fig. 2), is a 

simple physiographic boundary. This boundary separates the Santa 

Catalina Mountains from the Tortolita Mountains. If the assumption is 

made that the physiography is controlled by rock type and structure, 

then a physiographic boundary must also be a geologic boundary.

It has been shown conclusively that the bedrock geology of the 

Tortolita and Santa Catalina Mountains is essentially of the same age, 

and many rock units are common to each range.» The genesis of the multi

tude of structures contained in both ranges occurred at the same time 

under the same dynamic conditions. Since the lithologies in both ranges 

are the same, the weathering and erosional characteristics should also 

be approximately the same. So, why the extreme physiographic contrast 

between the Santa Catalina and Tortolita Mountains?

The physiographic contrast is basically the result of the Basin 

and Range Orogeny. The Pirate Fault system and the graben of the Canada 

del Oro Valley are the result of extension of the crust during Pliocene 

time and up to Pleistocene time. There may be a difference, however,



in the activity of faults adjacent to this physiographic boundary. The 

eastern pediment of the Tortolita Mountains is far more extensive than 

the pediment in the western Santa Catalina Mountains. An implication 

of tectonic quiescence of longer duration in the Tortolita Mountains 

than the Santa Catalina Mountains is necessary to produce such a physi

ography. Back-wearing of the edges of the mountain blocks that were 

produced by Basin and Range faulting is shown in the Pinal-Pima County 

line gravity profile (fig. 18). This profile shows the Pirate Fault 

scarp maintaining a steep gradient directly up to the range. The fault 

scarp that bounds the eastern Tortolita Mountain block is back-worn and 

veneered by 1$0 m. ($00 ft.) to 18$ m. (600 ft.) of valley fill materi

als. . An extensive, exhumed bedrock pediment extends for 7 km. (4 mi.) 

westward to the actual physiographic expression of the mountain range.

The Pirate Fault system may have been active up until the 

Pleistocene, whereas the eastern fault scarp of the Tortolita Mountains 

may have reached inactivity long before that time. Further support is 

provided by the asymmetrical nature of the intervening basin as depicted 

in the profile of figure 18, which indicates greater activity of the 

Pirate Fault as opposed to the Tortolita Mountain block. The greater 

activity of the Pirate Fault may have produced a slight rotation of the 

Canada del Oro block, which would account for the asymmetry.

If it is assumed that the Tortolita Surface was continuous 

across the Canada del Oro Valley in pre-Basin and Range Orogeny time, 

and that this surface was laterally continuous with the surface now 

located at 2800 m. (7100 ft.) in the Santa Catalina Mountains, then 

there has been a down-dropping of the Desert Region relative to the
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Mountain Region. On a regional scale, the Desert Region is at a far 

lower average elevation than the Mountain Region. It is quite con

ceivable that the entire Desert Region may have undergone down-dropping 

relative to the entire Mountain Region. I suggest that there has not 

been uplift of the Santa Catalina Mountains but there has been down

dropping of blocks west of the range with the Canada del Oro Valley 

graben being dropped more than the Tortolita Mountain block. Using an 

extensional model, this interpretation is quite feasible. Gravity in

vestigations of the Canada del Oro Valley show how narrow the actual 

graben is in relation to the blocks containing the mountains. The 

inertia of a mountain block as large as the Santa Catalina Mountains 

would only allow the surrounding blocks to drop in an extensional model. 

The Santa Catalina Mountains were created by differential relief pro

duced by incremental high-angle normal faulting.

The orientation of the boundary of the Desert and Mountain 

Regions is probably controlled by the stress orientation during the 

Basin and Range Orogeny. In the Canada del Oro Valley, the orientation 

of the bounding normal faults may be slightly controlled by an earlier 

event. This event would be the intrusion of the Catalina granite and 

Leatherwood quartz diorite-biotite granodiorite plutons. The Catalina 

granite probably was of the greatest influence because it is the largest 

pluton and caused extension in late-Mesozoic time by attenuating the 

entire complex. This event produced north-northwest striking, northeast 

dipping normal faults in the Tortolita Mountains and north-northeast 

striking, westerly dipping normal faults in the Santa Catalina Moun

tains. When the Basin and Range event was superimposed on this complex,



the reactivation of these fault systems occurred as shown by the Indian 

Springs Fault in the Tortolita Mountains.

If the entire geologic picture is considered, the actual orien

tation of-the Canada del Oro Valley is a result of Precambrian struc

tural trends. The orientation of the biotite granodiorite-Leatherwood 

quartz diorite plutons was controlled by the east-northeast orientation 

of the structural grain of the Pinal Schist basement. Extension of 

these plutons in the east-northeast direction caused the north-northwest- 

striking fault systems to occur normal to the long axis of the plutons. 

So, in actuality, the significance of the boundary of the Desert and 

Mountain Regions in the Canada del Oro Valley area is a result of 

Older Precambrian structural control.
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CONCLUSIONS

The Santa Catalina and Tortolita Mountains are remnant blocks 

of a once continuous plutonic and rcetamorphic complex that was created 

during mid- to late-Mesozoic time. The only difference between the 

ranges is physiographic. The disruption and eventual physiographic 

differences in the complex were brought about by the Basin and Range 

Orogeny in late-Tertiary time. The crystalline basement of the Canada 

del Oro Valley is nothing more than a "keystone" wedge of the Tortolita- 

Santa Catalina Mountain complex that was downdropped.

Intrusion of protoclastic plutons such as the Wilderness gran

ite, Leatherwood quartz diorite-biotite granodiorite, and Catalina 

granite into a sequence of Pinal Schist, Oracle Granite, Apache Group, 

and Paleozoic and Mesozoic sedimentary rocks occurred in mid- to late- 

Mesozoic time. Gravity-induced folding off the flanks of the plutons 

deformed the mantling sedimentary rocks. A penetrative "b" tectonic 

mineral lineation was initiated at this time. The macroscopic folds in 

the Catalina gneiss were produced at this time along with the penetra

tive cataclastic foliation and mineral lineation. The final stages of 

intrusion that caused penetrative deformation is represented by the 

Catalina granite. Catalina granite intruded into the area of the 

Canada del Oro Valley and produced a culmination to the complex at 

that location. This caused an extension of the Tortolita-Santa Catalina 

Mountain complex and probably induced further imprint of the mineral 

lineation and elongation of the deformed clasts in an east-northeast
120
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orientation. Similar plutons may exist under the antiformal crests 

of each of the macroscopic folds in the Forerange of the Santa Catalina 

Mountains.

Younger plutonism is apparent in the Tortolita-Santa Catalina 

Mountain complex, but these are post-deformation intrusions. The pene

trative internal fabric of the plutonic and metamorphic rocks had been 

produced by late-Mesozoic time but no earlier than early-Mesozoic time.

The complex continued to rise through the crust in early- and 

mid-Tertiary time, perhaps buoyed by upwelling plutons. The undeformed 

Paleozoic and Mesozoic sedimentary rocks that were mantling the complex 

were deformed in mid-Tertiary time by gravity-induced tectonics along 

the Catalina Fault decollement. The Tortolita-Santa Catalina Mountain 

complex probably also made a surface expression at this time, which may 

have been an elongate dome in map view. A mid-Tertiary drainage system 

then cut the Tortolita Surface across the complex. The Basin and Range 

Orogeny commenced in southern Arizona at the end of the late-Miocene or 

beginning of Pliocene time, and the Canada del Oro Valley was initiated. 

Fluvial deposition of material from both the Santa Catalina and 

Tortolita Mountains filled the depression. Tectonic quiescence occurred 

on the Tortolita Mountain block prior to the Santa Catalina Mountain 

block and this accounts for the relief difference between the ranges. 

Pedimentation of the Rillito Surface was initiated in the late-Pliocene 

in the Tortolita Mountains and early-Pleistocene in the Santa Catalina 

Mountains. Deposition of the Fort Lowell Formation filled the valleys 

to higher than present levels in the Pleistocene. The present erosive
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cycle is now removing all material from the valleys and ranges and is 

exhuming the pediment surface.



APPENDIX I

GRAVITY DATA FROM THE TORTOLITA 
MOUNTAINS-CANADA DEL ORO VALLEY- 

SANTA CATALINA MOUNTAINS
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Station Latitude Longitude Elevation
(metres)

01RTB 32 30.67 110 59.93 1060.1
02RTB 32 30.67 110 59-82 1056.1
03RTB 32 30.67 no 59.68 1050.0
04RTB 32 30.65 no 59.51 1043.9
05RTB 32 30.67 no 59.28 1034.2
06RTB 32 30.67 no 50.11 1028.1
OTRTB 32 30.67 no 58.91 1020.8
08RTB 32 30.67 110 58.86 1007.1
09RTB 32 30.61 no 58.47 1007.1
10RTB 32 30.61 no 58.26 1002.2
11RTB 32 30.69 no 58.09 1003.4
•2RTB 32 30.76 no 57.88 1003.4
13RTB 32 30.86 no 57.72 1002.8
I/4RTB 32 30.91 no 57.52 994.4
15RTB 32 30.99 no 57.34 1001.3

Simple Bouguer 
(milligals)

Complete Bouguer 
(milligals)

—IO4.46 —104.64
-104.74 -104.95
-104.62 -104.86
-104.58 —104.86
-106.06 -106.37
-106.86 -107.22
-106.85 -107.23
-108.13 -108.52
-109.25 -109.66
-110.24 -110.67
-112.00 —112•44
-112.80 -113.23
-114.49 -114.93
-115.25 -115.69
-118.41 -118.85
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Station Latitude Longitude Elevation
(metres)

16RTB 32 30.97 n o  57.11 998.5

17RTB 32 30.85 n o  56.92 992.1

18RTB 32 30.83 n o  56.69 981.5

19RTB 32 30.83 n o  56.50 975.1

20RTB 32 30.84 n o  56.32 981.5

21RTB 32 30.83 n o  56.11 970.5

22RTB 32 30.83 n o  58.92 964.7

23RTB 32 30.66 n o  55.75 960.1

24RTB 32 30.67 n o  55.59 960.1

25RTB 32 30.67 n o  55.38 969.3

26RTB 32 30.67 n o  55.18 972.3

27RTB 32 30.67 n o  54.97 985.7

28RTB 32 30.67 n o  54.81 980.2

29RTB 32 30.67 110 54.58 970.8

30RTB 32 30.67 n o  54.36 970.8

Simple Bouguer 
(milligals)

- 119.66

- 120.56

-121.29

-122.11

- 123.21

-123.95

-124.50

-124.40

-125.93

-126.09

-127.65

-126.99

-127.51

-129.38

-130.15

Complete Bouguer 
(milligals)

-120.09

- 120.98
- 121.68
- 122.48

-123.57

— 124.28
-124.84

-124.64

- 126.50

- 127.81

- 127.81

-127.04

-127.51

-129.44

-130.14
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Station Latitude Longitude Elevation
(metres)

3IETB 32 30.67 n o  54.17 966.2

32RTB 32 30.67 n o  53.96 972.3

33RTB 32 30.67 n o  53.76 976.9

34RTB 32 30.67 n o  53.54 975-4

35RTB 32 30.67 n o  53.35 970.8

36RTB 32 30.67 n o  53.54 972.3

37RTB 32 30.67 n o  52.96 960.7

38RTB 32 30.67 n o  52.81 960.1

39RTB • 32 30.67 n o  52.89 957.4

AORTB 32 30.67 n o  52.38 955.5

41RTB 32 30.67 n o  52.19 952.5

42RTB 32 30.67 n o  51.98 985.1

43RTB 32 30.66 n o  51.75 1017.7

44RTB 32 30.59 n o  51.58 1049.1

45RTB 32 32.80 n o  58.27 1049.4

46RTB 32 33.37 n o  58.23 1060.7

Simple Bouguer 
(milligals)

Complete Bouguer 
(milligals)

-130.27 -130.09

-131.47 -131.34

-132.19 -132.00

-133.19 -132.90

-131.29 -130.92

-132.83 -132.30
-131.65 -130.96

-131.28 -130.48
-130.88 -129.83

-129.91 -128.66

-128.61 -127.02

-128.05 -126.34

-126.82 -124.93
-124.76 -122.57

-115.70 -116.21

-115.25 -115.78 M
o



Station Latitude Longitude Elevation
(metres)

47RTB 32 33-94 no 58.30 1057.0
48RTB 32 35.13 no 58.69 1088.7
49RTB 32 35.13 no 59.11 1098.5
50RTB 32 35.07 no 59.60 1115.6
51RTB 32 32.34 no 57.83 IO36.3
52RTB 32 31.20 110 52.18 955.9
53RTB 32 31.05 no 51.53 1027.2
54RTB 32 31.39 no 50.55 1202.4
55RTB 32 31.10 no 50.11 1236.3
56RTB 32 30.90 no 49.55 1296.6
57RTB 32 30.05 no 49.15 1362.5
58RTB 32 31.06 no 48.51 1551.4
59RTB 32 33.04 111 00.54 1224.7
60RTB 32 32.35 111 01.01 1141.2
61RTB 32 33.02 ni 01.57 1191.8

Simple Bouguer 
(milligals)

Complete Bouguer 
(milligals)

-114.79 -115.33
-110.90 -111.44
-109.21 -109.71
-107.22 -107.65
-118.88 -119.39
-130.16 -128.69
-126.47 —124.41
-128.37 -126.26
—128.86 -126.36
-130.69 -127.56
-131.68 -127.28
-133.31 -129.18
-109.57 -109.80
-107.45 -107.41
—106.82 -106.36
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Station Latitude Longitude Elevation
(metres)

62RTB 32 32.73 111 02.12 1232.6
63RTB 32 32.41 111 02.75 1214.6
64RTB 32 31.91 111 03.36 1203.3

Simple Bouguer 
(milligals)

-105.86

—102.26

Complete Bouguer 
(milligals)

-105.16

-101.75
-99.27- 100.12
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