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PREFACE

This study developed out of a continuing interest over a 

number of years in the problems of Cretaceous and Tertiary strati

graphy in southern Arizona. Geologic study in various capacities 

with Federal agencies, private industry, and as a graduate student 

at the University of Arizona, suggested that a number of widely 

separated problems might be resolved by precise identification, 

separation and correlation of Mesozoic and Cenozoic beds.

Understanding and correlation of post-Paleozoic rocks in 

southern Arizona has come slowly. A variety of factors are responsi

ble for this. One of the most important of these has been economic; 

it is only within the past ten years that a large number of ground- 

water and mining geologists have concentrated upon these beds.

Another factor is the great structural complexity which these beds 

almost always exhibit, combined with a lack of readily recognizable 

and correlatable units.

In spite of this, early reconnaissance geologists sketched 

the broad relationships of the strata which fall within this time 

span. The scale on which they worked, however, precluded the 

detailed mapping which is now needed. Recently developed geochemical 

and geophysical techniques need accurate and well integrated field 

data for correct interpretation. Many recent structural theories 

advanced to explain the tectonic pattern of the state likewise
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require careful field studies at an adequate map scale to help confirm 

or refute them. The environmental significance of the highly silicic 

volcanic-sedimentary beds which characterize most of the Hesozoic- 

Cenozoic deposits is yet to be adequately discussed. Finally, a 

summation of these various studies into a detailed geologic history 

of Mesozoic and Tertiary times is yet to be written.

No single contribution can do all the above, but it has seemed 

apparent that a large step in that direction will have been accomplished 

when one geologic section, structurally coherent and covering a wide 

time span, has been studied in detail. Such sections are rare in 

southern Arizona. Fresnal Canyon, however, contains such a section.

It is thick, aggregating over 20,000 feet, and contains sediments and 

volcanics which represent a time span from Jurassic (?) to Late 

Tertiary, with only brief interruptions in deposition. Although 

faulting is widespread, the individual fault blocks are large enough 

and coherent enough so that the entire succession can be deciphered.

The area was first pointed out to the author by L. A. Ileindl 

in 1957, when the United States Geological Survey was conducting a 

geologic and hydrologic study of the Papago Indian Reservation. This 

investigation was necessarily regional in scope, so that little time 

or man power could be spared for the large-scale mapping and detailed 

study which has been suggested above. With this as a stimulus, the 

present study was begun.



V
In the long period in which I have been concerned with this 

study, many people have given me significant aid and encouragement.

To all of these I express my humble thanks.

Within the University of Arizona, Dr. Willard C. Lacy helped, 

suggested, cajoled, threatened, and pushed until the job was done. I 

am forever in his debt, as are numerous other students whom he has 

helped when they dispaired of finishing their research. Dr. Evans B. 

Mayo, likewise, was always ready with encouragement and scholarly 

advice. Other faculty members who were interested or concerned were 

Drs. R. L. Dubois, J. W. Anthony, and J. F. Lance.

John L. Brixius of the United States Bureau of Land Management 

and Maurice Cooley of the United States Geological Survey gave valuable 

aid. Fellow students and friends John E. Kinnison, Jackson L. Clark 

and Jim E. Jinks always gave encouragement.

Acknowledgement is also due the Tribal Council of the Papago 

Tribe for permission to work on Indian land, and to Bear Creek Mining 

Company, in particular Dr, T. N. Walthier, for interest and material 

assistance.

My greatest professional debt and gratitude belongs to Dr.

Leo A. Heindl, my friend and mentor for several years. His standards 

of excellence in the field and in publications set a high goal for all 

geologists who have the privilege of knowing him.

Lastly, but of course not least, my thanks to my wife, Ann, 

for encouragement to finish and for completing most of the tiresome 

tasks of compiling, typing and proofreading.



TABLE OF CONTENTS
Page

LIST OF ILLUSTRATIONS........................................ .viii

ABSTRACT...... .............................. .............. ..........

INTRODUCTION.... ................................................... 1

DESCRIPTION OF FRESNAL CANYON SECTION........ .....................12

Layered Rocks........................................... 12
All Molina Formation.......... ............................ 12
Pitoikam Formation......................................... 17
Mulberry Wash Volcanics....................................22
Fresnal Fanglomerate........... ........................... 26
Yellowstone Wash Formation...... ................... .27
Kohi Kug Volcanics.................... ............... 31

Intrusive Rocks.... .......................   .33
Pitoikam Dike Set.... ................................. ..33
Kohl Kug Granite..... ..................   ...33
Monzonite.................        34

Total Thickness of Fresnal Canyon Section........... ..........34

Geomorphology........ ..................................... .. 35
Structural Geomorphic Features........     35
Depositional Geomorphic Features.............  ...35
Erosional Geomorphic Features...... ...................... .37

RELATIONSHIPS TO ROCKS IN NEARBY MOUNTAINS............. ...........38

Comobabi Mountains................... ..................... .38
West Sierrita Mountains...............  .41

REGIONAL CORRELATIONS AND AGE DESIGNATIONS......................... 45

Turkey Track Porphyry..................       .45
Muds tone-Arkose Beds .................. ............48
Silicic Volcanics..... ..............    49

GEOLOGIC STRUCTURE OF THE FRESNAL CANYON AREA..................... 51

Introduction. .......................................     51
Primary Structural Features..........  ...............52

Flow Structure..... ............    .52

vi



TABLE OF CONTENTS— Continued

Page

Bedding and Cross-Bedding...............  52
Unconformities............................  55
Slump Folding.....................     59

Secondary Structural Features.............     60
Fault Sets..........       60

Northeast Trending Faults........     60
Northwest Trending Faults.......    63

Air-Photo Fracture Analysis...................   67
Folding...............................    69
Intrusives....................        .70
Structural Summary.........................   71

GEOLOGIC HISTORY................................. /.................72

Introduction.......      72
All Molina Time.......  73
Post-Ali Molina Interval.... ............     74
Pitoikam Time,......................  76
Post-Pitoikam Interval........  ...77
Mulberry Wash Time.... .........     ......78
Post-Mulberry Wash Interval..................    .79
Fresnal Time........    79
Post-Fresnal Orogeny.............       80
Yel lows tone Wash Time.... ......................... ............80
Post-Ye Hows tone Wash Orogeny................................. .81
Kohi Kug Time.... «.......................................... ..81
Post-Kohi Kug Time..............   .81

ECONOMIC GEOLOGY.......  83

CONCLUSIONS.............................     85

vii

LIST OF REFERENCES 87



LIST OF ILLUSTRATIONS

Figure Page

1. Geologic Hap, Fresnel Canyon Area.................... (in pocket)

2. Location Map, Fresnal Canyon Area.............................. 2

3. Texture of Ali Molina Bed (Photomicrograph)..... .............. 18

4. Conglomerate Member, Pitoikmn Formation............  18

5. Texture of Lower Member, Mulberry Wash Volcanics
(Photomicrograph)........................  23

6. Second Member of Mulberry Wash Volcanics.................... ...23

7. Texture of Second Member of Mulberry Wash Volcanics
(Photomicrograph)  ...... .....................................25

8. Flow Banding in Fifth Member of Mulberry Wash
Volcanics (Photomicrograph).....................................25

9. Fresnal Fanglomerate....................     28

10. Paleo-talus Breccia, Yellowstone Wash Formation..... .28

11. Kohi Kug Tuff......................................   32

12. Kohi Kug Tuff (Photomicrograph)...............   ...32

13. Alluvial Fan Gravels........    ............36

14. Surface on top of Alluvial Fan Gravels........  36

15. Flow Banding in Mulberry Wash Andesite..................   53

viii



LIST OF ILLUSTRATIONS - Continued

Figure Page

16. Mulberry Wash - Fresnal Fanglomerate Unconformity............... 57

17. Air Photo Fracture Analysis................... ..................68

ix



ABSTRACT

Fresnal Canyon contains a thick, structurally coherent section 

of volcanics and sediments which represent a time span from Jurassic(?) 

to Late Tertiary, These rocks can be grouped into six subdivisions or 

formations on the basis of stratigraphic position, lithology, differ

ences in attitude, unconformities, metamorphism, and amount and kind of 

cross-cutting features such as faults and dikes.

Some comparisons and correlations can be made with rock 

sequences in nearby mountain ranges. In the South Comobabi Mountains, 

20 miles northwest, the probable section is one of older, slightly 

metamorphosed volcanics and sediments, overlain by a thick section of 

red mudstone, arkose and pebble conglomerate, in turn overlain by a 

thick sequence of silicic volcanics. On the west side of the Sierrita 

Mountains, 20 miles east of Fresnal Canyon, a similar sequence is 

found. These two sequences are megascopically similar to the three 

oldest formations mapped in Fresnal Canyon, and the field evidence is 

strong that these three units can be directly correlated,
f

Individual marker beds or units found in Fresnal Canyon which 

appear to be correlatable over wide areas in south-central Arizona 

are: (a) the Turkey Track Porphyry, a unique andesite-porphyry flow of

Miocene age previously used by other workers in regional correlation, 

(b) a group of red mudstone-arkose beds which appear to represent
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continental facies of Early Cretaceous marine beds found in south

eastern Arizona, and (c) a highly silicic volcanic section which may 

represent igneous activity during the Laramide orogeny in southern 

Arizona, and which has been radiometrically dated in the Tucson 
Mountains.

Faults in the Fresnal Canyon area strike northwest and north

east, and show a history of recurrent movement throughout the time 

span represented. One of the more prominent faults apparently has 
had both strike-slip and normal movement.

The geologic relationships which are described in Fresnal 

Canyon allow the broad aspects of historical development to be dis

cussed. Four periods of volcanism are clear, together with attendant 

sedimentation. Two major orogenies are apparent, one of them culmin

ating after two close-spaced periods of uplift. The general trend 

during the time involved was from an environment of widespread 

igneous activity— both extrusive and hypabyssal--in an area of 

low to moderate relief, to an environment of increasing relief, 

crustal instability, and more local, explosive volcanic eruptions. 

Climate probably varied from warm, semi-arid through warm, sub- 

humid, to cool arid, cold wet, and finally to the present hot arid.



INTRODUCTION

Location, Accessibility, and General Description

Fresnal Canyon drains the west-central slopes of the Babo- 

quivari Mountains, a major north-south trending range located about 

60 miles west of Tucson. The center of the mapped area is 85 miles 

by road southwest from Tucson, and about 20 miles southeast of the 

Papago Indian capital of Sells (Figure 2). It is five miles north 

of Baboquivari Peak, one of the most famous topographic and histori

cal landmarks in southern Arizona.

There is no cadastral survey within the area, but by projec

tion it would occupy approximately T18S, R7E, G&SRM. It is reached 

by driving west from Tucson on State Highway 86 to Sells, thence 

south 8 miles to the village of Topawa, thence east 12 miles by 

dirt road.

Hie western half of the mapped area can be traversed moderately 

well by automobile over dirt roads which are shown on Figure 1. The 

eastern part of the area is less accessible, and myst be traversed by 

4-wheel drive vehicle.

Climate and vegetation are typical of the desert country found 

near Tucson. Elevation ranges from 3,000 feet to slightly more than 

6,000 feet. The entire area is moderately rugged.

. 1
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The area of study lies within the Papago Indian Reservation. 

Permission to work or trespass must be obtained from the Tribal Office 

at Sells, Arizona.

Methods of Study

Field mapping was done on enlargements of the United States 

Geological Survey Baboquivari Peak topographic quadrangle, at a scale 

of 1,000 feet to the inch. Two sets of aerial photographs, at a scale 

of approximately 1:30,000 and 1:50,000, were used in the field as a 

base for the structural and stratigraphic mapping. Two flights were 

made over the area in a light plane for the purpose of structural 

interpretation.

Field work was done intermittently, on holidays and weekends, 

from 1957 through 1965. At least 10 man-months were spent in actual 

field work, but because of the sporadic nature of the work, some of 

it was repetitive and inefficient.

Standard petrographic methods were used in identification 

and interpretation of the genesis of the rocks. About 50 thin-sections 

were made, of which 25 contributed specifically to the study. The 

number of sections cut and used was limited by the nature of the 

rock units and by the scope of this study, which did not lend itself 

well to a detailed petrographic approach.



Some special aerial-photographic interpretation methods were 

employed in this study. Contact prints on the scale described above, 

mosaics at a scale of 1:62,500, and enlargements at a scale "of 1:16,500 

were used. Fracture studies similar to those described by Blanchet 

(1957), Lattman (1958), and Mollard (1957), were carried out. Much 

of the mapping of pediment and fan surfaces also was done on the 

aerial photos.

4

Previous Work

No previous detailed mapping has been done in Fresnal Canyon.

It was included in the Papago reports of Bryan (1925), and has been 

included on both Arizona Geologic Maps. These initial studies were of 

a reconnaissance nature. There have been four University of Arizona 

Master of Science geologic theses completed within the Baboquivari 

Mountain Range. One of these, by Peter Donald (1958), is contiguous 

on the east with the present study area. The other three, by Jackson 

Clark (1956), William Kurtz (1955), and Joseph Wargo (1954), cover 

areas which are located two to eight miles from Fresnal Canyon and 

which do not involve the same geologic sections. Two other theses which 

have direct bearing upon the area are those of John Thoms (under 

preparation) of the University of Michigan, in th§ Sicrrita Mountains, 

about 20 miles east, and Leonid Bryner (1959), of the University of 

Arizona, in the Comobabi Mountains, about 20 miles northwest.



General Problems of Cretaceous-Tertiary Study in Southern Arizona

The widespread occurrence of thick sections of combined 

Mesozoic and Cenozoic rocks has long been recognized by workers in 

southern Arizona geology. Schrader (1915), Barton (1925), and others 

have mapped them. Criteria such as (a) their unconformable occurrence 

above known Permian or late Paleozoic rocks, (b) the occurrence of 

volcanic materials within them, and (c) their leasing, clastic, con

tinental-like character, make it possible to delineate them in the 

field and separate them from older rocks. Further subdivision has 

come slowly. Studies have been hampered by several factors, among 

which have been extreme structural deformation, hydrothermal and 

metamorphic alteration, and the scarcity of fossils and marker beds. 

Great thicknesses of these post-Palaozoic rocks are similar in their 

volcanic-clastic relationships, color and texture. Consequently, 

these beds are usually lumped in a single group and designated 

under the catch-all term of Cretaceous(?).

The problem has been somewhat analogous to that encountered 

by Heindl in his study of the Gila Conglomerate (1958). His intro

ductory comments are appropriate here:

The scope and detail of an understanding of the geologic 
events in any area are determined, to a large extent, by the 
stratigraphic units that are formulated to describe the 
geology. Die use of a single stratigraphic term to describe 
a sequence of deposits implies that they reflect a generally 
uniform sequence of geologic events...Separate geologic 
events occurring during the deposition of the deposits as a 
whole can be described only be defining subunits which 
reflect and define the particular geologic events under 
consideration.
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In order to properly study the events of post-Paleozoic time 

in Arizona, therefore, these beds must be subdivided into units which 

have stratigraphic utility. To accomplish this in sequences of mixed 

volcanics and continental elastics is no small task, and probably no 

unique solution is possible. Recent workers have approached the 

problem in four ways. These are (a) separation by vertebrate fossils, 

(b) correlation of possible marker beds, (c) comparing and correlating 
fragments of rock sequences, and (d) using radiometric methods of 

dating.

The first of these approaches has been to separate out the
/

few units which contain vertebrate fossil remains. These units are 

almost completely confined to the late Tertiary. The outstanding 

work of Lance (1960), and his associates and students (Wood, 1959), 

in the past ten years has identified units from Miocene upward in 

the section; in particular the work on deformed Miocene beds (Chew, 

1952, Brennan, 1957), has made it possible to separate certain 

characteristic fanglomerates and associated finer-grained sediments 

from Cretaceous(?) sediments.

The second approach has been that of correlating a bed or 

series of beds which is unique lithologically or texturally. Although 

the nature of continental sedimentary and volcanic deposition is such 

that individual units can seldom be traced very far laterally, the 

proponents of this approach have argued that similar environmental 

conditions were sometimes widespread enough so that a series of beds 

can be deposited which are approximately the same age and which have
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certain recognizable features in common. There are two outstanding 

examples of this approach. One example involves a series of andesitic 

lahar deposits which apparently have widespread distribution in south- 

central and southeastern Arizona. These deposits have been given the 

field name of Silverbell. Their possible significance was first 

recognized by Richard and Courtright (1960), who pointed out their 

distinctiveness and their persistent position unconformably above 

known Cretaceous and older rocks. The second example, a chemically 

and mineralogically unique andesite porphyry called Turkey Track, 

occurs as flows and dikes over a wide area centered,around Tucson. 

Cooper (1960), has suggested that, because of its distinctiveness, 

the unit might be used as a time marker. Further studies (Halva, 1961, 

Damon at al, 1964), have been and are being conducted to test this 

hypothesis. Preliminary results are encouraging.

The third approach makes use of the time-honored field 

technique of comparison of sequences of lithologies and of deduced 

geologic events from numerous areas. Most of this work has been 

done by L. A. Heindl, who laid the groundwork f°r this approach in 
his study of the Gila Conglomerate (1958). His numerous strati

graphic studies have culminated in a massive geologic investigation 

of the San Xavier and Papago Indian Reservations, not yet completely 
published.

The fourth approach is the application of geochemical 

techniques to the study of volcanic rocks. Included are radiometric 

dating by the Potassium-Argon and Strontium-Rubidium methods, and
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other techniques such as gamma scintillation counting, flame photometry, 

neutron activation analysis. X-ray fluorescence, and emission spectro

scopy. These are important tools with which the field geologist can 

begin to establish an absolute chronologic order in the mate of 

volcanic-clastic units under consideration. Work by Damon et al, (1964), 

and by Bikerman and Damon (1964), point out the usefulness of these 

methods.

The present study of the stratigraphy of the Fresnal section 

is conceived as an extension of Heindl's approach, although the 

actual approach is the reverse of that used by Heindl. He used smaller 

sequences or segments of sequences to build a composite section, 

whereas the approach here is to describe the Fresnal section and use 

it as a general guide to the interpretation of less complete sections,
4

and also as a guide to the construction of a generalized section.

Some discussion is appropriate regarding the theory and hazards 

involved in trying to make regional correlations between volcanic- 

clastic sequences. The stratigraphic problem is as follows: the

lithologies of volcanic-clastic sequences in numerous mountain ranges 

in southern Arizona are similar in general appearance. Because of 

the great thicknesses involved and the large distances between the 

sequences, our intuition and what little evidence we have managed to 

gather thus far suggests that many of these similar-appearing units 

may not be of the same age. Because of the discontinuous physical 

nature of the volcanic and continental clastic beds, it seems contrary



to all expectations that single, distinct lithologic beds or units 

would have been deposited over such widespread areas. The welded 

tuffs are the single possible exceptions to this, since nuee ardante 

deposits frequently cover several hundred square miles. Andesite, 

quartz-latite, rhyolite, and fanglomerate, however, usually exhibit 

considerable variation in thickness and distribution. To explain 

the frequent recurrence in widely scattered areas of such beds which 

megascopically look alike, therefore, we must assume that they are 

a natural result of similar environmental conditions of deposition. 

The problem in correlation then becomes a question of whether or not 

similar environmental conditions existed everywhere in southern 

Arizona within a relatively short geologic time interval, and if 

so, whether or not these same environmental conditions were ever 

assumed, namely that these conditions were local and sporatic through 

out Mesozoic and Cenozoic times, being found first in one area and 

then another, thereby producing rocks which are similar looking in 

adjacent mountain ranges, but which are widely divergent in 
geologic age. y

As has been stated, there is probably no unique solution to 

this problem, but the combined application of all the approaches 

listed above should ultimately resolve the major part of these 

stratigraphic complexities. In regional field correlations a 

geologist deals with unique marker beds or with series of beds or 

formations which are repeated from area to area. The uniqueness,
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or the increasing complexity of similar series which he is able to 

describe in two different areas, increases his confidence that he 

is seeing deposits that were formed under similar or the same 

environments. Extremely complex sequences, when found in two 

adjacent areas, are strongly suggestive of contemporaneous age. A 

final decision on this point, however, can never be made without 

some form of dating, either fossil or radiometric. Examples arc 

well known of time-transgressive formations or sequences of rocks.

On the other hand, if a unique or characteristic bed, or scries of 

beds, can in several cases be dated as falling within a certain 

geologic time interval, then the geologist must be prepared to use 

this stratigraphic marker even though certain theoretical considera

tions regarding its origin may be unresolved.

Limits of accuracy in correlation should be considered here 

also. The span of time with which we are dealing is from 100 to 135 

million years. Almost all geologists would be highly satisfied if 

correlations could be made within one million years, and the ultimate 

promise of radiometric dating can conceivably achieve this goal. We 

must be satisfied at present, however, with much lower orders of 

correlation accuracy. To be able everywhere in southern Arizona to 

separate units into Cenozoic and Mesozoic ages is an achievement 

which Is still to be accomplished. We arc, however, in a rather good 

position because of fossil and radiometric dating and structural 

interpretation, to separate post-Paleozoic units on the basis of 

deposition before or after Laramide orogeny, and before or after



middle Tertiary orogeny. To be able to further place any rock 

sequence within the correct epoch of the Mesozoic or Cenozoic is an 

immense step. At the present time, it does not seem too critical to 

the author that a formation in Yuma County and one in Cochise County, 

both of Miocene age, might actually differ in absolute age by ten 

million years. It may become important in detailed genetic studies 

which we are as yet unable to make. Our present age assignments of 

some of the units labeled Cretaceous(?), on the basis of field evidence 

alone, could miss by as much as 50 million years.

11



DESCRIPTION OF FRESNAL CANYON SECTION

Layered Rocks

The layered rocks exposed in the Fresnal Canyon area can be 

grouped into six natural subdivisions. These are divided on the basis 

of stratigraphic position, lithology, differences in attitude, meta- 

morphism, unconformities, and amount and kind of crosscutting features 

such as faults and dikes. The six groups are, in ascending order; (a) 

a group of metamorphosed volcanics and sediments called the Ali Molina 

Formation, (b) a thick group of coarse red clastic sediments called 

the Pitoikam Formation, (c) a series of latite and quartz-latifce flows 

and breccias with subordinate andesite and sediments called the Mulberry 

Wash Volcanics, (d) a massive, thick, red fanglomcrate unit called the 

Fresnal Fanglomcrate, (e) a series of well bedded conglomerate, fan- 

glomerate, andesitic lahar and andesite flows, called the Yellowstone 

Wash Formation, and (f) a series of rhyolites, tuff breccia, ignimbrite, 

and sediments, called the Kohi Kug Volcanics.

Ali Molina Formation

Beds which are here termed Ali Molina form bold, rugged, north

west trending outcrops which are shown on the northeast part of the 

Geologic Map, Figure 1. They are named for a prominent canyon which is

not within the mapped area, (Heindl and Fair, in press). These beds
/

form the footwall side of the Baboquivari Fault throughout the area.
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The Ali Molina Formation includes both volcanics and sediments. 

The thickest and most widespread units are white to tan latite and 

quartz-latlte porphyry flows. Less abundant are flows of porphyritic 

andesite, rhyolite breccia, and units which were probably originally 

tuffs or lahars. Figure 3 is a photomicrograph showing a typical 

texture of one of the Ali Molina units. Note the fragmental nature 

and rounding of feldspar phenocrysts. Also included in the section 
are some arkose, gray arkosic quartzite, and a few beds of very clean 

white quartzite. The general strike of the Formation is from N 20° W 

to N 30° W, and dips are between 50° and 70° to the southwest.

The beds are metamorphosed, although in most cases the original 

sedimentary and volcanic textures are clearly preserved. Lateral varia

tion in character and thickness is the rule; few of the individual beds, 

either sedimentary or volcanic, could be traced laterally for more than 

two thousand feet.

A representative section is that found in Mulberry Canyon.

Mulberry Canyon, Main Branch 
Ali Molina Beds

Unit Description_________________________________________ Thickness
--------------Baboquivari Fault-----— --------—

7 Rhyolite or latite. The rock is tan to white, and por

phyritic. Feldspar phenocrysts have been altered to clay . . 25 

6 Andesite. A dark gray rock with laharic or mudflow tex

ture which contains numerous well rounded feldspar pheno

crysts or fragments between one and three millimeters in 

diameter. The contact with unit 5 is depositional

/

100
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5 Quartzite. This rock is white to light tan, crossbedded, 

fine to medium grained, and clean. It contains some

magnetite grains. It grades downward into unit 4 .......... 75

4 Quartzite. This is an arkosic rock, with a silty or

argillaceous matrix. Otherwise it is similar to unit 5 . . .  75 

3 Quartz latite. This rock is gray in color and is locally 

coarse textured, almost a quartz monzonite. It generally 

shows planar foliation which is interpreted to be flow 

structure. The texture becomes finer and more porphyritic 

near the base. Feldspar phenocrysts near the base are

pink in color............ .................................. 180

2 Latite breccia. This is a gray rock, similar to unit 3,

but finer in texture. It is composed of angular fragments, 

which are probably the result of autobrecciation during flow. 20 

1 Quartz latite. This rock is gray in color, similar to 

unit 3. The groundmass varies from coarse to almost 

glassy. Feldspar phenocrysts are white to pink. The 

rock contains local breccia zones up to 10 feet thick.

This unit may be in part hypabyssal. The bottom was

not observed............ .................... ............/1000

Total thickness of this section.........................../1475

A similar section is found up the prominent northwest trending 

canyon which empties into Mulberry Canyon just below the Baboquivari 

Fault. The area occupied by this section lies midway between Mulberry 

Canyon and Yellowstone Canyon.
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Units Description_________________________________________Thickness

---- -— --Baboquivari Fault----------

6 Andesite lahar or pyroclastic. This rock is greenish- 

gray in color, with a silty or argillaceous matrix. It 

contains well rounded feldspar fragments or phenocrysts

and rounded dark mafic fragments.................... .. 50

5 Quartzite. This rock is white, clean, and medium to 

fine grained. It shows good bedding and crossbedding.

Locally it is pyritized and sericitized along fractures.

This unit forms ridges.....................................100

4 Quartzite. This rock is gray in color, arkosic, and

locally shaley or argillaceous. It is fine to medium grained, 
with grain size increasing toward base. Bedding is more

distinct near base. This unit forms ridges............... 200

3 Latite or andesite porphyry. This rock contains rounded

pink feldspar phenocrysts up to three millimeters in length. 

Occassional breccia zones occur which contain quartzite 

and silicified limestone (?), and suggest, at least in part, 

a laharic or intrusive breccia origin. Fragments are 

rounded. Breccia zones are absent near the bottom, and a 

more characteristic igneous texture is present, along

with planar foliation .....................................  275

2 Rhyolite breccia. The color of this rock is gray to

tan. It is angular and siliceous.........................15



1 Lacite or andesite porphyry. Color of this rock is gray 

with white to pink feldspar phenocrysts. The bottom of
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this unit was not observed................................./100

Total thickness of this section........ .................. /740

About one half mile southeast of Mulberry Canyon, another 

prominent but unnamed canyon showed the following section.

Unnamed Canyon, % Mile Southeast of Mulberry Canyon
All Molina Beds

Unit_____Description Thickness

---- ------Baboquivari Fault----------

4 Quartzite or rhyolite. This rock is white in color, but 

is badly sheared, broken and scricitized. It forms the

gouge in the Baboquivari Fault ........................ /25

3 Quartz-latite porphyry. This rock is white to gray in

color, and is coarse grained. It contains orthoclase phen

ocrysts and large quartz "eyes'1# some which are euhedral . . 30 

2 Quartz-latite porphyry. The rock is purplish-gray in

color and foliated. It also contains feldspar phenocrysts 

and quartz "eyes", which are broken and appear to be 

cataclastically rolled. Foliation may be due to

original flow structure or metamorphism, or both.......... 50

1 Quartz-latite or andesite porphyry. It is a dprk gray 

rock with numerous quartz phenocrysts and large 

feldspar phenocrysts up to one-half inch in diameter.

It is highly siliceous , in comparison, apparently



as a primary feature; the rock is dark, and 

superficially appears much more basic than
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it is. The bottom was not observed...................... /200

Total thickness of this section......................... /305

Although the All Molina beds are in fault contact with all 

other units, it is believed that they are the oldest beds exposed 

within the mapped area. There are three reasons for this conclusion. 

The first is that no other units are metamorphosed. Secondly, almost 

all other units which contain conglomerates have within them fragments 

of rocks which are megascopically identical to All Molina rock types, 

although they are not in all cases metamorphosed. The few conglomer

ates which do not contain fragments of All Molina-type rocks have for 

other stratigraphic reasons been placed higher in the section than 

some conglomerates which do contain All Molina-type rocks. The third 

reason is that the Ali Molina beds are megascopically, and in their 

field occurrence, almost identical to beds occurring on the west side 

of the Sierrita Mountains (see this study, p. 42, and Thoms, in 

preparation). In the Sierritas, these beds are found at the base of 

the section, conformably overlain by units which are megascopically 

similar to the Pitoikam beds in Fresnal Canyon.

Pitoikam Formation

The next oldest group of rocks has been designated as the 

Pitoikam Formation. It is named for a nearby village (Heindl and 

Fair, in press). It is exposed over approximately the eastern



FIGURE 3.

Texture of All Molina bed. F is feldspar, s is sericite. 
Note rounding of grains (X100).

FIGURE 4.

Conglomerate Member, Pitoikam Formation. 
Dark fragment at lower left is red felsite.
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one-third of the mapped area, (Figure 1), These beds consist of 

coarse massive conglomerate, pebble conglomerate, shale, arkose, 

and minor amounts of limestone and quartzite. Strikes are generally 

N 15° W to N 30° W, and dips are high, averaging about 65° to the 

southwest.

The formation can be divided into two members: a lower one

which is predominantly conglomeratic, and an upper one which is 

predominantly arkosic and shaley. The lower, conglomeratic member 

underlies the high ridge which forms the eastern part of the mapped 

area. The upper shaley member underlies the valley which forms the 

"Y11-shaped head of Fresnal Canyon, immediately to the west. These 

two members correspond generally to the Contreras Conglomerate 

and Pitoikam Formation of Heindl and Fair (in press), described in 

the same general area. Although Heindl believed that the two units 

were distinctive enough to receive treatment as separate formations, 

the author believes, after study of this area and several adjacent 

ones, that the depositional environments were so much the same for 

these units that both should be included in the same formation. It 

is believed that the Pitoikam Formation also includes, in whole or in 

part, the sedimentary units mapped by Peter Donald (1958), in the 

Fresnal Peak area. The base of the conglomerate member is not 

exposed in the Fresnal Canyon area. Northwest of the mapped area, a 

metamorphosed conglomerate is exposed which is apparently in sequence 

with what are here called the Ali Molina beds (Heindl and Fair, in 

press). These may be equivalents of the Pitoikam lower member. As
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will be described later, a sequence similar to the Pitoikam is also 

exposed on the west side of the Sierrita Mountains, disconformably in 

place above beds similar to the Ali Molina.

The conglomerate member is almost entirely composed of frag

ments which are megascopically similar to rock types in the Ali Molina 

beds. These are predominantly pink to white quartz-latite porphyry, 

but they show little or no metamorphism. The only rock fragment type 

which is new in the area is a red felsite much like jasper in appear

ance, which was not seen in the Ali Molina outcrops, (Figure 4).

The outstanding characteristic of the conglomerate member is 

rapid lateral variation of its sedimentary features. Sand and gravel 

lenses form abundant cut-and-fill features. Many conglomerate lenses 

are obviously channel fills of coarse material deposited within a bed 

of finer material. Both laterally and vertically the conglomerate 

interfingers with shale and arkose. Sorting of fragments is usually 

poor, and beds contain fragments from a few millimeters to several feet 

in diameter. Individual conglomerate beds are usually 20 to 50 feet 

thick but may be as thin as a few inches.

The contact between the lower and upper members of the Pitoikam 

Formation is gradational. The boundary between the two is .drawn where 

shaley and arkosic beds become more predominant than conglomerates in 

the section. There is no change in the basic constituents of the 

conglomerates or of the finer grained beds, merely in their relative 

abundance.
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Using an average dip of 65°, the conglomeratic member of the 

Pitoikam Formation at its widest point has a thickness in excess of 

4,000 feet. This is at the north end where it is faulted against the 

Ali Molina beds. Where mapping was terminated to the southeast there 

is a suggestion of depositional thinning.

The upper member of the Pitoikam Formation is a varigated, 

heterogeneous unit composed predominantly of shale and mudstone. 

Abundant also are arkose beds, conglomerate, and quartzite. Lime

stone is more rare. Individual units are seldom more than 10 feet 

thick and lateral variation, including compositional change and 

texture variations, are common. Most of the beds are incompetent and 

show crumpling and intricate folding and faulting which are probably 

the result of both tectonic forces and internal plastic deformation 

during consolidation. For the above reason, no attempt was made to 

measure sections in detail.

The most common colors are purple and green in the mudstone 

and shale, brown to white in quartzite, gray to gray-green in arkose, 

red to maroon in conglomerate, and tan to white in limestone.

Dips within the upper member are more variable than in the 

lower member because of the lithologic incompetence described above. 

Using an average of 65°, however, which seems reasonable from the 

available measurements, the thickness of the lower member at its 

widest outcrop would be in excess of 3,000 feet. This gives a total 

thickness for the Pitoikam Formation of more than 7,000 feet.
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Near the top of the upper member of the Pitoikam, at the end 
of the Fresnal Canyon road, are exposed a series of andesite flows and 

laharic deposits. They ogcur only on the north side of the Escondido 

Fault, and not more than a 200 foot section is exposed. They appear to 

be in gradational contact with the underlying shaley beds, although they 

represent a major change in depositional environment conditions.

Mulberry Wash Volcanlcs
These rocks contain a series of volcanic flows, flow breccias 

and interbedded elastics exposed in the central part of the area. They 

are named for Mulberry Wash, along which part of the unit is exposed, 

although the best exposures lie along Fresnal Canyon proper. These 

beds strike northwest, with approximately the same structural attitude 

as the beds of the Pitoikam Formation, which they overlie disconformably 

or with small angular unconformity.

The formation can be subdivided into five members. The lower

most member consists of alternating gray and pink quartz-latite 

porphyry flows. These flows are usually characterized by prominent 

quartz "eyes". This unit is about 1,100 feet thick, (Figure 5).

The next overlying member is a pink quartz-latite porphyry 

agglomerate or conglomerate (see Figure 6). It is a monolithologic 

rock, consisting of rounded quartz-latite porphyry cobbles, three to 

six inches in diameter, set in a quartz-latite porphyry matrix. Both 

the cobbles and the matrix are the same material. Flow structure 

or bedding is indistinct or nonexistent. Locally there are small 

interbedded clastic lenses, usually arkose or shale, which indicate
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FIGURE 5.

Texture of Lower Member, Mulberry Wash Volcanics.
Latite Porphyry. Note rounding of plagioclase phenocrysts (p).

(X100).

FIGURE 6.

Second Member of Mulberry Wash Volcanics. 
Latite agglomerate or conglomerate.



at least some stream action in the deposition of this unit. Figure 7 

is a photomicrograph showing the texture of this rock. This member is 

900 feet thick.

The middle member of the formation consists of a series of 

interbedded flows, mostly pink latite porphyry, laminated red felsite, 

and red to dark gray andesite porphyry. A black vesicular basalt 

averaging about 20 feet in thickness is at the base. Thickness of 

this unit is about 1,000 feet.

The fourth member of this formation consists of a heterogeneous 

association of rock types, mostly sedimentary. These are chiefly red 

to brown conglomerate or fanglomerate, greenish-gray arkose, green 

mudstone, white marl beds, and locally, beds of limestone up to five 

feet thick. Also included are greenish-gray lahar deposits and gray 

and red laminated felsite, brown andesite, and andesite breccia. 

Conglomerate and breccia fragments appear to be derived mostly from 

the lower three members of the Mulberry Wash Formation. This unit 

is more variable in thickness than the other members of the Mulberry 

Wash, averaging about 850 feet, but locally it exceeds a thousand 

feet, or is as thin as 700 feet.

The uppermost member contains laminated purple to red andesite 

and felsite at the base, grading upward to rhyolite, rhyolite breccia 

and rhyolite tuff. The flows in this unit are less porphyritic than 

those in the lower members. A photomicrograph of this flow banded 

texture is shown in Figure 8. Thickness is about 1,000 feet.

Total thickness for all the Mulberry Wash Volcanics is at 

least 4,850 feet and probably is more than 5,000 feet. The deposits

24
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FIGURE 7.

Texture of Second Member of Mulberry Wash Volcanics.
Latite agglomerate or conglomerate. Note fragmental character.

(X100).

FIGURE 8.

Flow banding in Fifth Member of Mulberry Wash Volcanics.
Andesite. (X100).



26
probably cover a large span of time and a good argument could be made 

for breaking these units Into two formations as Is done by Helndl and 

Fair (in press). The sedimentary member of the series is deposited 

upon a distinct erosional surface which is cut into the upper surface 

of the middle member. Also the fragments within that sedimentary 

unit are composed largely of rock types which are present in the lower 

three members, indicating that some time elapsed during the erosional 

interval. The general structural attitudes are the same, however, 

and the overall composition and nature of the four volcanic members 

is very similar, so that the erosional break within the formation is 

not believed to represent a radical change in environmental conditions.
IA more significant break is believed to be represented by the erosional 

surface which overlies the Mulberry Wash Formation and upon which the 

overlying Fresnal Fanglomerate is deposited. Here the conglomeratic 

beds overlying the Mulberry Wash have a different structural attitude, 

and the composition of fragments within them includes a wider range 

of rock types.

Fresnal Fanglomerate

Depositionally overlying the Mulberry Wash Volcanics is a 

thick, red fanglomerate which is herein designated as the Fresnal 

Fanglomerate, named for Fresnal Canyon, where spectacular exposures 

are to be found. The Fresnal Fanglomerate occupies a strip running 

northward along the west central part of the map. Its general strike 

is north to north 10° east, and dips average about 40° to 50° to the 

west, thus producing an angular unconformity between Fresnal beds and
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underlying Mulberry Wash beds. Locally dips within the Fresnal are 

higher but such variations are believed to be due to faulting, cross

bedding, or internal slumping before complete consolidation had 

occurred. The surface upon which the Fresnal beds were deposited dips 
about 45° to the west.

The unit is generally very massive and bedding is indistinct.

It is poorly sorted and most exposures have fragments ranging from pea 

size to blocks several feet in diameter, (Figure 9). The most conanon 

constituents are fragments from the Mulberry Wash Volcanics, although 

metamorphosed rocks of the Ali Molina series also form a significant 

amount of the fragments. A small percentage of the fragments are formed 

of light colored, coarse-grained porphyritic granite megascopically 

different from the Kohi Kug granite which is exposed nearby. 

Occasionally, a fragment of limestone can be found.

The color, sorting and general appearance of the Fresnal 

Fanglomerate resemble that of the lower member of the Fitoikam For

mation. The two can be distinguished because the Fresnal Fanglomerate 

contains fragments of the Mulberry Wash Volcanics, and is not as well 

bedded.

The upper contact of the Fresnal Fanglomerate is faulted, so the 

original thickness cannot be computed. The present exposed thickness 

at its maximum width is at least 2,100 feet.

Yellowstone Wash Formation

A very profound structural discordance is represented by

the break between the Fresnal Fanglomerate and the next
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FIGURE 9.

Fresnal Fanglomerate. Note poor sorting.

Paleo-talus breccia, Yellowstone Wash Formation.
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overlying beds. These post-Fresnal beds are mostly conglomerate, 
similar in color and texture to the Fresnal Fanglomerate. They are 

deeper red in color, however, and bedding is more distinct. These 

beds are called the Yellowstone Wash Formation, named for one of the 

washes along which good exposures are found.

Of particular stratigraphic interest is a local basal unit 

within the Yellowstone Wash. Along most of its outcrop the basal 

unit is a thin conglomerate which has been thoroughly weathered so 

that it forms a soil zone on the post-Fresnal erosional surface.

The included fragments of latite, rhyolite, arkose, conglomerate 

and granite have weathered completely to clay and crumble at a light 

touch, although the original outlines and textures are still preserved.

This basal conglomerate maintains a nearly constant thickness 

of about 50 feet. - Fragment rock types show a sensitive reflection of 

nearby pre-Yellowstone Wash bedrock. Where the basal unit lies on 

granite, its composition is predominantly.of granite; where it lies 

on Fresnal Fanglomerate, its composition is predominantly of Fresnal 

Fanglomerate fragments. General indications are that the rock material 

forming the weathered conglomerate has not moved far from its place of 

origin.

Associated with this basal conglomerate in three places, 

apparently as a flow upon it, are exposures of vesicular Turkey Track 

andesite. Two of the outcrops are poorly exposed, but planar features 

interpreted as flow structure are parallel to the attitude of the 

conglomerate. Attitude and relationships at the third exposure

z



are clear. The Turkey Track rests conformably upon conglomerate, 
apparently following an old stream channel or valley.

Overlying the basal unit of the Yellowstone Wash is a series 

of conglomerate beds which aggregate at least 3,500 feet, probably 

much more. Terrace gravels cover the upper parts of the formation, 

so that an accurate thickness cannot be determined.

The Yellowstone Wash beds contain fragments of all older rocks. 

Of particular interest are zones which contain huge blocks of Fresnal 

Fanglomerate, up to eight feet in diameter. The color of the two 

elastics is almost the same. The Fresnal is better indurated and 

more resistant to weathering, however, and it weathers in relief on 

the surface of the Yellowstone Wash beds.

Another interesting feature is the frequent occurrence of 

sedimentary breccia zones within the Yellowstone Wash. These 

zones are composed most commonly of rock fragments from the All 

Molina Formation. The breccia zones range from 50 to 100 feet In 

thickness, and show little or no bedding characteristics (Figure 10). 

The fragments are very angular and poorly sorted, but there is little 

or no fine-grained matrix.

About 1,500 feet above the base of the Yellowstone Wash 

Formation is found a dense brown andesite flow, about 400 feet thick.

A second, thinner flow is 700 feet higher. Other andesite flows, 

dikes, and lahars, which may be correlative with these are mapped as 

part of the Yellowstone Wash Formation in the area called the Triangle 

in the southwest corner of the study area. Here, however, more
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intense structural disturbance makes thickness determinations and

/
stratigraphic correlations uncertain.

Kohi Kue Volcanics

What are apparently the youngest beds in the area include 

rhyolite, tuff, welded tuff, tuff breccia, andesite, and fluviatile 

elastics (Figures 11 and 12). They crop out along the extreme 

western edge of the mapped area (see Figure 1). They are here termed 

the Kohi Kug Volcanics (after Heindl, personal communication). It is 

inferred that the Kohi Kug beds lie depositionally upon the 

Yellowstone Wash beds, but in only one spot, on the east side of 

south Kohi Kug Butte, was a contact seen which suggested an uncon

formity. Here Yellowstone Wash beds dipping 30° northwest and 

striking northeast are overlain within a few feet up the hill by Kohi 

Kug beds, dipping 25° southwest and striking northwest. In all other 

exposures observed, the contact was either fault, or its nature was 

not clear. One of the most puzzling features is that in most 

instances where the two formations are juxtaposed, the Kohi Kug beds 

have a higher dip than do the Yellowstone Wash beds. Many of these 

dips are nearly vertical. One possible explanation is that we are 

dealing with a series of volcanic vents, and that these highly dipping 

beds are near the orifices.

The maximum thickness of these beds is estimated to be 1,250 

feet in the Kohi Kug Buttes area. Thicknesses are probably extremely 

variable. Terrace gravels overlie the Kohi Kug beds to the west 

also, making thickness estimates incomplete.
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FIGURE 11.

Kohi Kug Tuff. Cliff face about 30 feet high.

FIGURE 12.

Kohi Kug Tuff. Note pyroclastic texture. (X100).
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Intrusive Rocks

Pltolkam Pike Set

The dike set intruding the Pitoikam Formation is of considerable 

stratigraphic interest (Figure 1). These dikes average about 25 feet 

in thickness, and strike both northwest and northeast. Some sills are 

included. These intrusives are part of a dike-swarm which Donald 

(1958) estimated to have caused a 2 - 3% expansion in volume of the 

section in the Fresnal Peak area. This indicates intrusive activity 

on an important scale, which apparently occurred between Pitoikam and 

Mulberry Wash time, because these dikes and sills do not cut the 

Mulberry Wash Volcanics. The dikes exposed today may represent feeder 

dikes or intrusions associated with Mulberry Wash flows, or they may 

be associated with the andesite unit described previously at the top 

of the Pitoikam.

Composition of the dikes varies from rhyolite and dacite 

through andesite. A few diabase dikes are found. Ho particular rock 

type is confined to one strike direction.

Kohi Kug Granite

The only large exposure of granitic rock in the area is found 

just east of Kohi Kug Buttes. It is herein called the Kohl Kug granite, 

and it occurs in a triangular shaped outcrop, bounded on two sides by 

faults, and overlain by Yellowstone Wash conglomerate (Figure 1). The 

granite is brick-red to tan in color and porphyritic, with orthoclase 

^henocrysts up to inch in length. It is intimately associated with

V
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dark gray, fine-graLned diabase. In some outcrops the diabase seems 

to be clearly intrusive into the granite, in others, small granite 

veinlets are found cutting the diabase. The relative sequence of 

the two rocks is not clear.

Neither of these rocks are found in place anyplace else in 

the Fresnal Canyon area. Granite fragments found in Fresnal 

Fanglomerate and older rocks are much lighter in color and are even

grained. Kohi Kug granite fragments and diabase fragments are common 

in the Yellowstone Wash beds.

Monzonite

Two small exposures of monzonite occur within the area called 

the Triangle. (Figure 1). They are pod-shaped and about 50 feet in 

diameter. The monzonite is gray in color, and even textured. It 

contains numerous xenoliths of the surrounding andesite host rock, 

and shows chilled borders where it is in contact with the andesite.

Total Thickness of Fresnal Canyon Section

Only a minimum thickness can be determined for the entire 

Fresnal Canyon section because of faulting, alluvial fan gravel cover, 

and areal limitations of the mapped area. A total of the individual 

fonnational thicknesses given above shows the entire section to be at 

least 20,325 feet thick.
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Geomorphology

The geomorphology of the west side of the Baboquivari Mountains 

has been studied by Cooley (personal communication), who mapped several 

pediment surfaces and correlated them with surfaces around nearby 

mountain ranges. His treatment was more comprehensive than what will 

be attempted here, but it is hoped that some details discussed here may 

add to his broad, overall geomorphic description.

For convenience the surface features will be described under 

three classifications based on origin: structural, depositional and

erosional. This is necessarily arbitrary; the present land forms are 

the result of all three modes of origin.

Structural Geomorphic Features

In Fresnal Canyon these are the features which owe their 

existence mainly to the fault action. Of principal interest are the 

truncated spurs which form the scarp along the trace of the Baboquivari 
Fault. Many of these are several hundred feet high.

Streams commonly follow fault traces, especially in the resistant 

Ali Molina outcrops. Most of the northeast trending canyons are the 

result of erosion along faults. The best examples are Mulberry Canyon 
and Yellowstone Canyon.

Depositional Geomorphic Features

A widespread gravel and cobble blanket, representing coalesced 

alluvial fans, was deposited on a pediment surface cut mostly on 

Yellowstone Wash beds (Figure 13). This surface dips about 3° away
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FIGURE 13.

Alluvial Fan Gravels.

FIGURE 14.

Upper surface of Alluvial Fan Gravels (horizontal surface in sunlight).
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from the present main ridge of the Baboquivari Mountains These alluvial 

fan gravels are bounded by the Baboquivari and Mulberry Wash Faults, and 

apparently represent erosional debris from parts of the range uplifted 

by vertical movements on these faults.

The upper surfaces of these gravels are pediment-like, but 

the topography suggests that these may be at least in part the original 

surfaces of the fans and not an erosional surface. Two prominent 

levels were noted; more are probably present.

An interesting drainage feature apparently caused by the 

alluvial fan gravels, but which superficially appears due to faulting, 

is the northwest bend taken by some streams when they cross the 

Baboquivari Fault. An example is that of Yellowstone Wash. These bends 

appear to be due to lateral offsets along the fault, similar to those 

reported along the San Andreas by Moody and Hill (1956, p. 1218), Close 

examination, however, shows that the streams were apparently deflected 

by the edges of the old alluvial fans as they were being built.

Erosional Geomornhic Features
The highest and most rugged hills in the area are formed from 

tilted beds having greater resistance to weathering and abrasion.

The conglomerate member of the Pitoikam, the Ali Molina beds, and the 

Mulberry Wash Volcanics are the examples.

/



RELATIONSHIPS TO ROCKS IN NEARBY MOUNTAINS

Some interesting stratigraphic comparisons can be made between 

the Fresnal Canyon beds and geologic units in nearby mountain ranges.

Comobabi Mountains

The south Comobabi Mountains, about 20 miles northwest of 

Fresnal Canyon, (Figure 2), were studied by Bryner (1959). During this 

present study, I spent about two weeks in the Comobabi Mountains com

paring the units described by Bryner and by MacKallor (1958), with those 

found in the Fresnal Canyon area.

One of the important points to consider in a comparison of these 

two sections is the position of the conglomerate and clastic units 

mapped by Bryner and by MacKallor. In Fresnal Canyon there are four 

conglomerate units which could be mistaken for one another if they were 

encountered in isolated outcrop. These are the lower member of the 

Pitoikam, the sedimentary member of the Mulberry Wash, the Fresnal 

Fanglomerate, and the Yellowstone Wash Conglomerate. Bryner described 

two outcrop areas of conglomerate. The largest of these contains tuffs 

and flows as well a conglomerate. It is located about three miles east 

of the old Picacho Mine. The smaller outcrop is about 2 miles southwest 

of the Picacho Mine and is characterised by red shale and mudstone as well 

well as conglomerate, with thin interbedded arkose and quartzite, but no 

interbedded volcanics are reported. Since the outcrop was small, 

there was no reason for Bryner to think it might be a different unit

38
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than those exposed east of the Picacho Mine. Close examination, 

however, with the Fresnal section in mind, shows a striking similarity 

of the beds in Bryner's larger area to the interbedded sediments and 

volcanics found in the Mulberry Wash Volcanics. Lithology and 

sedimentary characteristics are the same. Indeed, if the tuffs and 

agglomerate in the upper part of Bryner's Comobabi beds be considered 

as equivalent to the upper member of the Mulberry Wash, then the 

thicknesses of these two units are nearly the same. The small outcrop 

southwest of the Picacho Mine, on the other hand, looks to the author 

more like the red shale, arkose, and pebble conglomerate which are 

found in the upper member of the Pitoikam Formation.

Also of significance are the metamorphics exposed just east of 

the area which Bryner mapped. These consist of arkose, quartzite, 

and probable rhyolite flows, which are moderately well foliated and 

metamorphosed. It seems likely that these beds are older than any of 

those mapped by Bryner. He described metamorphics which were included 

as exotic blocks within the Jaeger Diorite Complex. He recognized that 

these inclusions were from an extensive section of older rocks, and 

he says, "These remnants of metamorphic rock probably represent septa 

from a sedimentary mass with interbedded volcanics". He left the 

question open as to whether or not the inclusions he saw in the 

Jaeger Diorite were equivalent to the large mass of metamorphics 

exposed east of his area. He seemed to think that the metamorphism
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in the two suites of rocks was different. He thought the foliation 

in the inclusions were parallel to the original planar features, 

whereas he believed that the foliation in the outcrop to the east cut 

across the original planar features. He thought that the metamorphism 

occurring to the east was later than his Donna-Cooncan flows. This 

may or may not be so, but one of his assumptions based on a one day 

trip within the outcropping metamorphics was that these were all 

originally igneous rocks. To the contrary, however, there are 

numerous exposures within these outcrops which are metamorphosed 

arkose or quartzite beds with the original sedimentary features still 

preserved. Some beds may also represent metamorphosed rhyolites and 

other flows. The case seems strong, therefore, for/an older unit of 

metamorphosed interbedded elastics and volcanic flows in the Comobabi 

Mountains which are similar in their lithology to the Ali Molina beds 

found in Fresnal Canyon.

In both the Comobabi and Fresnal Canyon areas, the apparent 

sequence is one of (a) and older metamorphosed clastic and volcanic 

series overlain by (b) a series of red shale, arkose and conglomerate, 

in turn overlain by (c) a highly siliceous volcanic series becoming 

more basic toward the top and with more and more interbedded elastics 

near the top, and (d) a final capping of later andesites, welded tuffs, 

and local stream deposits. There apparently is nothing in the Comobabi 

area analogous to the Fresnal Fanglomerate and the Yellowstone Wash 

Conglomerate,
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West Sierrlta Mountains

Another interesting and instructive comparison can be made 

between the Frcsnal Canyon section and the section on the west side 

of the Sierrita Mountain's, some twenty miles east of Fresnal Canyon.

This area has been mapped by Cooper (in press), and by others 

including the author, whose work has not been published.
The lowermost post-Paleozoic formation on the west side of 

the Sierritas contains a thick series of latite flow-breccias, tuffs, 

and agglomerates, which grade upward into a series of interbedded 

flows and sediments. The sediments are arkose, quartzite and con

glomerate and the associated flows arc andesite porphyry, rhyolite, 

latite and minor amounts of basalt. This unit is designated as 

the Oxframe Formation by Cooper (ibid). Megascopically, the rock 

type, sequence and amount of metamorphism are very similar to the 

^11 Molina beds in the Fresnal Canyon area. Particularly striking 

‘is the similar occurrence in both areas of clean white quartzite 

interbedded with volcanics. At Tasquella Canyon the Oxframe Formation 

is approximately 2,500 feet thick.

This unit is conformably overlain by a sequence of thin bedded, 

red to purple shales containing subordinate amounts of arkose, quartette 

end conglomerate. Most of the conglomerate occurs in a lower member, 

a condition similar to that found in the Pitoikam Formation in



Frcsnal Canyon, only here this unit is much thinner. Total thickness 

appears to be just over 2,000 feet, and the basal conglomerate does 

not get much more than 500 feet thick. Heguscopically, however, 

these beds are identical to the Pitoikam units. In the northern 

part of the West Sierrita Mountains, these beds are metamorphosed.

In this respect they differ from the Fresnal Canyon section, although 

metamorphosed conglomerates which may be equivalents are present 

northwest of Fresnal Canyon, apparently above the All Molina beds.

Overlying these red shales and conglomerates on the west 

side of the Sicrritas are a scries of very siliceous quartz-latite 

porphyry flows, rhyolites and intcrbedded elastics. This is in turn 

apparently overlain by a series of andesitic flows and lahars.

Although Cooper shows these andesite beds overlying the quartz-latite 

porphyry series, there is some question as to the actual relative 

sequence. They may possibly be stratigraphic equivalents.

The youngest major unit on the west side of the Sierritas is 

a series of welded tuffs and rhyolites, capped by basalt.

The important comparison to be made between the West Sierrita 

Mountains and Fresnal Canyon is the relationship between the older 

volcanic series, which resembles the All Molina, and the next overlying 

unit, which looks like the Pitoikam. On the west side of the Sierritas 

these units are in definite conformable sequence, with the All Molina 

analogue on the bottom. The age differential between these two units 

would not be considered as great when judged by the West Sierrita 

outcrops as by the Fresnal Canyon outcrops. The amount of metamorphism
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is the chief factor in question, and the difference is not nearly as 

great in the Sierritas as it is in the Fresnal Canyon. The red beds 

are slightly metamorphosed in the Sierritas, but there is some 

difference in degree of metamorphism between the two units. This 

may be a reflection of different rock types. In Fresnal Canyon, it 

is probable that movement along the Baboquivari Fault has placed a 

more highly metamorphosed part of the Ali Molina section adjacent to 

the Pitoikam, and the metamorphosed equivalents of the Pitoikam have 

either been laterally displaced or eroded off. If this is true, 

the age differential between the Ali Molina and the Pitoikam may not 

be very great.

The series of quartz-latite and rhyolite flows with inter- 

bedded sediments occurring on the west side of the Sierrita Mountains 

above the red beds is strikingly similar megascopically to the Mulberry 

Wash Volcanics. The problem of the actual position of the andesite 

lahar beds with respect to these quartz-latite and rhyolite flows 

remains unresolved here, but it is not critical in correlative com

parisons with the Fresnal section. A unit similar to that in the 

Sierritas occurs at the upper contact of the Pitoikam Formation, and 
one also is found within the Mulberry Wash beds.

The general stratigraphic relationships of the rocks in the 

Comobabi, Baboquivari, and West Sierrita mountains, therefore, are 

similar. Tfcey exhibit the following characteristics in common: (a) an 

older metamorphosed series of volcanics and sediments overlain by (b) 

a series of sedimentary rocks, predominantly red to green mudstone, arkose 

and conglomerate, overlain by (c) a series of highly siliceous flows and



interbedded conglomerate, and higher in the election in each case is

found (d) a very young group of welded tuffs, rhyolite.and.minor7 'v
amounts of andesite and clastic sediments. These four units or 

groups of beds seem to be recognizable over a wide area in central. 

Pima County. This suggests that environmental conditions varied 

uniformly over a wide area and over a major interval of time.



REGIONAL CORRELATIONS AND AGE DESIGNATIONS

The entire Fresnel section can be placed approximately in the

geologic column by regional stratigraphic inference. In the discussion

which follows the units will not be considered in chronologic order,
••

but the ones with best evidence for age designation will be discussed
• * -

so that the remaining units can be placed in relative relationship to 

them.

Turkey Track Porphyry

During the past five years a large amount of work has been 

done on a chemically and mineralogically unique andesite or basalt 

porphyry which is found in numerous localities within a radius of 

about 75 miles of Tucson. This porphyry, locally termed the Turkey 

Track, is distinct raegascopically,and this distinctiveness plus 

a similarity in its field occurrences led Cooper (I960) to suggest . 

that the unit might be a valid marker for regional correlations 

within the limited area in which it is found. He summarized the 

general relationships as follows:

The geologic occurrence of Turkey-Track porphyry flows, 
particularly their local intercalation with other kinds of 
rock, shows that eruptions were repeated and must have been 
spread out over a long span of time, as most people view it. 
Nevertheless, the indicated span of time at any one locality 
was short geologically. Rough contemporaneity is also 
suggested by stratigraphic relations in the Dragoon quadrangle, 
Graham Mountains, and Fisher Hills. There is no geologic 
evidence disproving rough contemporaneity in all the areas 
reviewed.
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Cooper's initial investigations led others to make more 

thorough studies of the petrography and geochemistry of this rock.

Halva (1961), analyzed several specimens of Turkey Track and concluded 

that they were all very similar and unique. Damon et al (1964), have 

recently conducted further studies of the Turkey Track using a variety 

of geochemical and radiometric analyses. According to these authors, 

"Data at present indicates that the Turkey Track andesite porphyry 

shows a consistent relationship between alpha and beta activity when 

the rock sample is completely fresh", Using the potassium-argon 

method these same authors report a radiometric date on the Turkey 

Track in the Tucson Mountains of 28 million years.

It seems apparent that the case is very strong for the limited 

use of the Turkey Track porphyry as a stratigraphic marker. Its 

apparent restricted time range, of from 25 to 30 million years, and 

its frequent occurrence as a flow interbedded in clastic units makes 

it extremely useful to the field geologist where it occurs.

The Turkey Track porphyry is found in the Fresnal Canyon area 

within the Yellowstone Wash Conglomerate beds. It has been examined 

there by Cooper, and it constitutes the westernmost occurrence of this 

rock which he has seen (personal communication). The exposures in 

Fresnal Canyon are flows which are interbedded with the conglomerate 

which forms the basal member of the Yellowstone Wash beds. This 

restricts the Turkey Track to a very narrow depositional interval 

within the section, and it is significant that it occurs at the base 

of a series of claastic beds representing the most profound structural
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disturbance which has occurred in the Fresnel Canyon area. This 

evidence leads to the further conclusion that the angular unconformity, 

and the Yellowstone Wash clastic beds themselves, are the manifestation 

in the Fresnal area of the mid-Tertiary orogeny postulated by Cilluly 

(1946), Lance (1960) and others, and which has been recently dated 

radiometrically by Damon et al (1964), and in particular in the 

Tucson Mountains by Bikerman and Damon (1964).

The coarse conglomeratic nature of the Yellowstone Wash beds 

contribute further to this correlation. In the Pima District, Cooper 

(1960), described the Helmet Formation, which is a thick fanglomerate 

series that locally contains huge blocks and breccia zones which could 

be considered analogous to the monolithologic breccia zones in the 

Yellowstone Wash series. In Cinenege Gap, thick fanglaseratea desig

nated as the Pantano beds have been described by Brennan (1957), and 

by Metz (1963). On the east side of the Rincon Mountains, Chew (1952) 

described coarse conglomerates in hie Mineta series. All of these 

above units were associated with flows of Turkey Track porphyry and 

all are coarse clastic conglomerates or fanglooerates which are very 

similar in their deposittonal characteristics to the Yellowstone Wash 

beds.

The characteristic appearance of these conglomerates and the 

concept that they represent a rather limited period of geologic time 

has been strengthened by fossil and radiometric dating evidence. The 

Mineta beds contained a fossilized rhinoceros tooth (Chew, 1952), 

which places the deposits within the upper Oligocene or lower Miocene;
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in absolute terms about 25 million years ago. Considered with the 

28 million year radiometric date in the Tucson Mountains, this strongly 

suggests that these widespread deposits were indeed formed at approxi

mately the same time and reflect pronounced mid-Tertiary orogenic 

activity.

Mudstone-Arkose Beds

The fine to medium-grained elastics which are described herein 

as Che upper member of the Pitoikam Formation are similar in appearance 

to beds in several areas of south-central Arizona. Already discussed 

is their probable correlation with beds in the south Comobabi and 

West Sierrita Mountains.

Beds which are similar in appearance, and which may occupy the 

same place in the stratigraphic section, have been described by Colby 

(1958), and Kinnison (1958), in the Tucson Mountains, These in turn 

have been tenatively correlated by various authors with other deposits 

in the Santa Rita, Empire, Patagonia and Buachuca Mountains (Ferguson, 

1959).

In the Tucson Mountains, Ferguson (ibid) also points out that 

the deposits "are predominantly of terrestrial origin, whose source 

areas were probably to the west". The increasing thickness of con

glomerate associated with these deposits in the West Sierrita Mountains 

and in Fresnal Canyon, is consistent with this postulation.

These beds are considered to be lower Cretaceous by most students 

(Ferguson, 1959, p. 44). Of interest here is a still unpublished fossil
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find within these beds in the south Comobabi Mountains, within the 

area mapped by both MacKallor (1957), and Brynar (1959). The find 

was a dinosaurian bone fragment, tentatively identified as Stegosaurus 

sp (lleindl, personal communication). If the identification is correct, 

a Jurassic age is indicated for the fossil. In any case the evidence 

is strong for the widespread occurrence of early Cretaceous continental 

and near-shore deposits which can be correlated if a sufficient geologic 

section is exposed.

Silicic Volcanics

Ferguson (1959), p. 47) pointed out that many of the Cretaceous 

deposits were overlain or associated with acidic lava flows and 

pyroclastics. Tie sequence in the Tucson Mountains has been described 

by several authors, and is rapidly becoming a standard for comparison.

Here the siliceous Cat Mountain rhyolite has been dated at approxi

mately 70 million years, (Bikenaan and Damon» 1964). Comparable dates 

were determined in siliceous volcanics of the Roskruge Mountains to 

the west, north of Fresnal Canyon about 15 miles.
These units are apparently similar chemically and mineralogi- 

cally to the rocks found within the Mulberry Wash Volcanics and corre

lated beds of the Sierrita and south Comobabi areas. The relationship 

to underlying early Cretaceous (?) mudstone and arkose sections strengthens



the possibility that all these silicic units are correlatable, and 

occupy the same interval in geologic time.



GEOLOGIC STRUCTURE OF THE FRESHAL CANYON AREA

Introduction

A generalized structural picture of the northern part of the 

Baboqulvarl Mountains was published by Heindl et al (1956, pp 256, 

260). He depicted the area as a north to northwest trending series of 

sediments, volcanics and intrusives, separated in most places by 

major faults, which also trended northwest. The few known dips were 

to the west and southwest; the postulated ages also required a 

general southwesterly dip for the section.

The mapping done for this study confirms the above general 

picture for the Fresnal Canyon area. Reference to Figure 1 shows a 

preponderant north to northwest trend to the beds and to many of the 

faults. Some major exceptions, however, appear on this larger scale 

map. The most important are the northeast trending faults and the 

nearly east-west trending beds of the Yellowstone Wash Formation. 

Generally speaking, the overall picture is that of a monocline 

tilted to the southwest. This tilting can be attributed to faulting, 

and perhaps to intrusions, which at least in part have been designated 

as late Cretaceous or Tertiary (Heindl, ibid).

The diversity of structural features in the Fresnal Canyon 

area requires some method of classification for descriptive purposes. 

The one used here is the classical division of primary, or original 

structures versus secondary, or induced structural features.
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Primary Structural features

The main primary structural features are flow structure, 

bedding, unconformities, and slump folds, although the latter cannot 

always be distinguished from tectonic flowage folds.

Flow Structure

Most of the andesite, many of the rhyolite flows, and a few 

of the latite flows, show flpw banding (Figure 15). Except for the 

more basic andesites, this banding is characteristically curled or 

irregular in trend, suggesting viscous flow. This produces many 

apparently anomalous features on the map (Figure 1) where trend of the fo 

formational units is in one direction and the flow structure is at an 

oblique angle or even transverse to this trend. In some cases this 

may represent slight flowage after the unit has reached a plastic 

state, or it may be drag associated with faulting. In most instances, 

however, it is thought to represent irregularities in the viscosity 

of the lava, or irregularities of the surface over which the lava 

flowed, or perhaps it marks the site of vents or fissures from which 

the lava came.

Bedding and Cross-Bedding

All of the sediments in Fresnel Canyon except the upper member 

of the Pitoikam were deposited in an environment of rapid uplift and 

erosion. They are continental sediments, mostly alluvial fan deposits. 

Deposition was by water, or water plus gravity sliding. Under such



FIGURE 15.

Flow banding in Mulberry Wash Andesite.



54
conditions, bedding is often indistinct or irregular, cross-bedding 

is common but local, and true attitudes are often difficult to 

decipher. For this reason, some of the attitudes wshown on the map 

(Figure 1) may be misleading, in a manner similar to that described 

above under Flow Structure. In the field, contacts between major 

units were walked out where possible, and those trends were considered 
as the true ones, even though nearby bedding or flow structure was at 

an angle to than.

The Pittoikam beds show distinct, easily mappahle bedding, 

even though individual beds are not persistent laterally. Except for 

soft-rock deformation or flowage due to folding (discussed below) the 

attitudes mapped in this unit are reliable indications of general 

structure.

The present general structural picture of the Fresnal Canyon 

area, as determined by the primary bedding and flow features, is as 

follows:

Ali Molina. Pitoikam. Mulberry Wash. Strike of beds averages 

about N 10° - 35° W, with dips of 50° to 75° west. At the south-central 

edge of the mapped area, there is some evidence of large scale folding 

in the Mulberry Wash beds; trends swing to the northeast.

Fresnal Fanslomerate. This unit is cut into two structural 

sections by faulting; the bedding within the north section strikes 

M 20° - 30° E, with dips of 30° to 55° northwest, and the trends 

in the southern section strike from due north to N 10° E, with dips of
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40° to 55° west. Some local folding in the southern section' produces 

N 60° W trends, with high dips.

Yellowstone Wash Formation. These beds also occur in two 

structural sections. The northern one is relatively undisturbed, 

and is believed to represent the truest relationship to older beds 

Strikes are about N 55° - 70° E, and dips are 35° to 50° northwest.

Kohl Kug Volcanics. These beds have a characteristic strike 

of N 30° - 40° W, and dip 30° to 45° to the southwest. Local 

irregularities occur which are extreme; they are believed to be near 

vents or fissures.

Unconformities
In the field, most of the unconformities in the Fresnal Canyon 

area can be bracketed to within a few feet locally, but clear-cut 

exposures of the actual surfaces are rare. Their nature has been 

inferred in most cases by (a) changes in bed attitudes above and 

below the break, (b) changes in lithology, (c) truncation of igneous 

and fault features, (d) a sinuousity which usually distinguishes them 

from faults.

Intra-Pitoifram Hiatuses. The change from coarse to fine 

elastics represented by the two members of the Pitoikam is accompanied 

by cut-and-fill features which form local unconformities. These are 

not believed to represent large breaks in time; no change is apparent 

in fragment composition or depositional environment.

]>< ipnilffp-Hulbernr Wash Unconformity. This break is only 

exposed in a few places at the head of Fresnal Canyon near the end of



55
40° co 55° west. Some local folding In the southern section' produces 

N 60° W trends, with high dips.

Yellowstone Wash Formation. These beds also occur in two 

structural sections. The northern one is relatively undisturbed, 

and is believed to represent the truest relationship to older beds 

Strikes are about N 55° • 70° B, and dips are 35° to 50° northwest.

Kohl Kue Volcanica. These beds have a characteristic strike 

of H 30° - 40° W, and dip 30° to 45° to the southwest. Local 

irregularities occur which are extreme; they are believed to be near 

vents or fissures.

Unconform!ties

In the field, most of the unconformities in the Fresnal Canyon 

area can be bracketed to within a few feet locally, but clear-cut 

exposures of the actual surfaces are rare. Their nature has been 

inferred in most cases by (a) changes in bed attitudes above and 

below the break, (b) changes in lithology, (c) truncation of igneous 

and fault features, (d) a sinuousity which usually distinguishes them 

from faults.
Intra-Pitoikam Hiatuses. The change from coarse to fine 

elastics represented by the two members of the Pitoikam is accompanied 

by cut-and-fill features which form local unconformities. These are 

not believed to represent large breaks in time; no change is apparent 

in fragment composition or depositional environment.

Pitoikam-Mulberry Wash Unconformity. This break is only 

exposed in a few places at the head of Fresnal Canyon near the end of
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the road. On a small scale It Is Irregular, with local relief of one 

or two feet. No breccia was observed along this break, although some 

vertical slickensides were found. The interpretation made here is 

that later minor fault movement has occurred along the unconforroable 

surface.

Intra-Mulberry Wash Hiatuses. The Mulberry Wash is a hetero

geneous formation displaying abrupt changes in lithology. Minor cut- 
and-fill features suggest brief breaks in deposition. The break 

between the Third and Fourth members is a well developed unconformity 

on the large hill just north of Fresnal Canyon proper. Here, red 

fanglomerate and other elastics overlie a well defined surface cut on 

volcanics. For reasons given elsewhere in this study, however, this 

break is not considered to be a major one.

Mulberry Waah-Freanal Unconformity. This unconformity is the 

only one which is well-exposed through much of its length. It can be 

traced almost uninterrupted from Allison Camp in Fresnal Canyon proper 

north to Mulberry Wash, a distance of almost'two miles (Figure 16).

It exhibits local relief of several feet, and is offset locally by small 

scale faulting. The dip of the erosion sufface averages 45° to 50° to 

the west.

Along this break Fresnal Fanglomerate differs in strike from 

the underlying Mulberry Wash by an average of 20°,, and it dips less 

by an average of 15° to 20°. The composition of fragments within the 

Fresnal is much more diverse than the fragment composition of the 

Mulberry Wash elastics. The evidence seems strong that this is a 
major depositional break.
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FIGURE 16.

Mulberry Wash-Fresnal Fanglomerate Unconformity. 
Andesite to left of hammer, fanglomerate to right of hammer. 

Dip of unconformity about 45°.



58

Yellowstone Wash Unconformity* The major unconformity within 

the area is that upon which the Yellowstone Wash beds are deposited.

Only in the northern part of the mapped area are these beds deposition- 

ally in place; here they lie on older beds with a basal conglomerate 

which is badly weathered, and which in turn is locally overlain by flows 

of Turkey Track porphyry.

The radical change in attitude of the Yellowstone Wash beds, 

the beveling of several lithologic types with associated structural 

features, and the degree of weathering of the basal conglomerate, 

suggest a major depositions! break in the section.

The case is probably good for two unconformities here— the 

.second one on the top of the weathered conglomerate. There is a 

slight discordance of strikes between the two beds, and a rather long 

time-interval was probably needed for the weathering to take place.

The same arguments used in the discussion of the Mulberry Wash hiatuses, 

however, apply here. Lithologic type and depositions! characteristics 

are the same for all the conglomerate units within the Yellowstone 

Wash Formation, so the break above the weathered basal conglomerate 

is not considered to be major from the standpoint of time.

Kohl Kue "Contact". The contact between the Kohi Kug and 

presumably older beds is inferred to be an unconformity, distorted by 

faulting and by intrusion of the volcanics. Dips locally are extremely 

high, so that vents or fissures may occupy the contact gone along 

much of the outcrop. Only one exposure showed tuffs in the Kohi Kug



overlying Yellowstone Wash Conglomerate. These tuffs had a strike 

almost perpendicular to the Yellowstone beds, and dipped at a 

shallower angle.

The actual contact was covered, but the simplest interpre

tation is that the tuffs lie unconformably upon the conglomerate.

Older Alluvial Fan Gravels. The latest unconformity other 

than that underlying Recent stream gravels is the pediment surface 

which truncates the higher hills in the northern part of the area.

This surface dips west at about 3° and therefore constitutes the 

largest difference in angularity between sets of beds separated by 

unconformable surfaces in the Fresnal Canyon area. A series of 

alluvial fans were deposited upon this pediment surface, and their 

eroded remnants are represented by the gravels which presently cap 

many of the hills.

Slump Folding.
Scattered through the Fresnal Canyon section are fine-grained, 

incompetent elastics which represent deposition in lakes, graded 
flood plains, or perhaps in the case of the Pitoikam beds, lagoons or 

estuaries. These beds all show some evidence of deformation which is 

not directly traceable to major tectonic forces. In most cases, 

however, no distinction is possible between deformation due to original 

slump folding and incompetent flowage folding due to later compressional
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Secondary Structural Features

Principal secondary structural features of the Fresnel Canyon 
area are faults, folds and intrusives.

Fault Sets.

The major faults in the Fresnal Canyon area can readily be 

grouped into two almost perpendicular trending sets; northeast and 

northwest. There is some indirect suggestion that both of these 

fault* directions are old— at least pre-Mulberry Wash. Direct 

evidence, however, shows only the northeast direction to be 

pre-Mulberry Wash in age; the northwest direction cannot be defin

itely established as being nearly so old.

One local thrust is postulated trending north to northwest.

It is related to small north to northeast trending tear-faults which 

may not be related to the major northeast set.

Northeast Trending Faults. The principal northeast trending 

faults have been given the following field names (see Figure 1, going 

from southeast to northwest); Sycamore Fault, Escondido Fault,

Mulberry Wash Fault, Yellowstone Canyon Fault, and Granite Fault,

These faults all have a high angle of dip, and all except the Granite 

Fault have mthe northwest side down relative to the southeast side. 

Movement has apparently always been of a normal nature on these faults.

No breccia zones were seen, which suggests that the faults do not 

represent large amounts of extension of the crust. As will be discussed 

below, the northeast direction has been recurrently active from pre-Mul- 

berry Wash time until prior to the deposition of the alluvial fan gravels.



Sycamore Fault. Exposures on this fault are poor. It cuts 

only Mulberry Wash bedssin the area mapped; its possible extension 

into the Pltoikam outcrop area was onot found. Its known age, there

fore, is only post-Mulberry Wash.

Escondido Fault. This fault is of considerable interest 

because it is the oldest known fault in the area. It cuts Pltoikam 

beds only, and apparently has no extension upward into the Mulberry 

Wash beds. It may be possible that later rejuvenation of this fault 

is the control responsible for the location of Fresnal Canyon proper 

where it crosses the Mulberry Wash outcrops. If so, there is very 

little later movement, because the Mulberry Wash beds show no offset 

where they cross Fresnal Canyon.

Mulberry Wash Fault. This is one of the major faults of the 

area. Its strike is about N 45° E, and its dip is inferred to be 

vertical. Within the All Molina outcrop area, it can be easily traced 

by its topographic expression--a deep, straight canyon. To the 

southwest, in less competent beds, the fault is not as easily followed 

because it does not exhibit a striking topographic effect. Later fan 

gravels and alluvium also obscure its course. It can be followed and 

mapped by tracing bed truncation and changes in bed attitudes.

Estimates made from apparent displacements along the fault 

indicate that over 3,000 feet of vertical movement may have occurred.

Last movement was before the deposition of the alluvial fan gravels.

Its intersection with the northwest trending Allison Fault forms 

part of the boundary of a structurally complex area, termed the Triangle.
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In this area, late andesitic intrusions have apparently come in 

along the Mulberry Wash Fault.

Yellowstone Canyon Fault. Almost a twin to the Mulberry Wash 

Fault, the Yellowstone Canyon Fault lies a short distance northwest and 

trends slightly oblique to the Mulberry Wash Fault. The strike is 

approximately N 50° E and the dip is vertical. The general character

istics of the two faults are the same. Vertical movement on the 

Yellowstone Canyon Fault is estimated to be 1,500 to 2,000 feet. The 

two faults join in the area of the Triangle. Age of movement on the 

Yellowstone Canyon Fault is believed to be the same as that of the 

Mulberry Wash Fault.

Granite Fault. Like the Escondido Fault, this fault is signifi

cant because the time of movement can be ascertained. It strikes N 45°- 

50° E, and dips 85° NW. It cuts the Fresnal Fanglomerate beds, but does 

not affect the overlying Yellowstone Wash beds. It probably was active, 

therefore, during the time of the uplift recorded by the unconformity 

underlying the Yellowstone Wash beds.

Vertical movement cannot be estimated. It was probably of a 

reverse nature, because the only large outcrop of granite (the Kohi Rug 

granite) within the Fresnal Canyon is exposed in the hanging wall side of 

the fault. Also no positive identification of fragments of this granite 

was made in the Fresnal Fanglomerate, which suggests that the granite was 

not exposed prior to this faulting. In contrast to this, Kohi Rug granite 

fragments are abundant in the overlying Yellowstone Wash beds.

Other Bortheast^ending Faults. On the south-central edge of 

the map area is a north-northeast trending fault designated as the
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Reservoir Fault. It la locally prominent and easily traced, but Its 

effects become faint and finally die out in the Mulberry Wash beds.

It separates Fresnal Fanglomerate from Mulberry Wash beds. It is not 

clear from the outcrops whether this fault has had vertical or strike- 

slip movement. If it is a strike-slip fault, then a small, northwest 

trending thrust fault must be postulated as the eastern boundary of- 

the block which has the Reservoir Fault as the western boundary. This 

postulated thrust contact, unfortunately, has Fresnal Fanglomerate 

juxtaposed with conglomerate beds of the Fourth member of the Mulberry 

Wash Formation, and the exact nature of the break could not be seen or 

determined in the field. If it is a thrust, the cause for it is 

obscure, since the Allison Fault is clearly normal in character in 

this area, and no other evidence of compression was seen. Such 

evidence, however, may lie south of the mapped area.

Northwest Trending Faults. This system of faults creates 

prominent topographic effects and/or geologic contrasts. Only two 

major faults occur; they are designated herein as the Baboquivarl 

and Allison Faults. Both apparently have complicated histories.

Baboquivarl Fault. This is the most profound and obvious 

fault in the Fresnal Canyon area. It separates All Molina beds on 

the north from Pltoikam, Mulberry Wash, and Yellowstone Canyon beds 

on the south. The fault tone is locally from 50 to 300 feet wide, 

and is composed mostly of granulated or myIonized rock— usually the 

hanging-wall beds. Some fault breccia is found locally, but it is 

rare. Strike of the fault is about N 45° W, and the dip averages 

80° to 85° southwest.
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The Baboquivari Fault has a complex history of movement. The 

general sequence seems to be: (a) early, large-scale left-lateral

movement, (b) later, limited right-lateral movement, and (c) final 

vertical movement, probably normal in character.

The left-lateral movement is suggested by two features. The 

first of these is the presence of what is interpreted to be drag folds 

in the Pitoikam, striking about N 25° W, oblique to the fault. These 

drag effects are present for about 2,000 feet laterally from the fault, 

suggesting long continued movement and/or powerful tangential forces.

The second feature suggesting left-lateral movement is the present 

outcrop arrangement. If all the movement on the Baboquivari Fault was 

vertical, it would require a minimum of 20,000 feet of displacement to 

produce the present outcrop relationships. While this is theoretically 

possible, it is much more probable that horizontal displacement has 

occurred on this scale, or a combination of horizontal and vertical move

ment. Because of the Pitoikam drag folds, it seems that the predominant 

movement must have been horizontal. The metamorphism presently seen in

the All Molina beds, however, could be a reflection of several thousand1
Ifeet of vertical movement associated with the lateral movement, exposing 

deeper beds which show metamorphic effects from underlying intrusives.

Later right-lateral movement is suggested where some of the 

initial drag folds have been distorted by later movement. Near the 

fault plane, these drag folds open up and the strike of the beds becomes 

almost perpendicular to the fault. This effect might be termed unfolding. 

It suggests later tangential forces which were apparently opposite to 

the initial fold producing forces.



Another feature suggesting right-lateral movement is the 

apparent clockwise rotation of the small block containing Yellowstone- 

Wash beds (including Turkey Track Porphyry) on the hanging wall of 

this fault in the north-central part of the area. If the present 

outcrop pattern here is the result of tangential forces only, 

significant right-lateral movement is indicated.

That the right-lateral movement was not on the scale of the 

earlier left-lateral movement, however, is probable because the drag 

effects are much less severe in the Fitoikam beds, and also because 

the present outcrop pattern of All Molina and Fitoikam beds could not 

be accounted for by right-lateral movement if the relations and 

correlations made with the geologic section on the west side of the 

Sierrita Mountains (p. 43) are correct.

Final vertical (normal) movement on the fault is clearly 

indicated by fresh-looking vertical slickensides, which would have 

been destroyed by any later lateral movement. Other suggestions of 

final vertical movement are the truncated spurs marking the fault scarp, 

and the occurrence of the alluvial fan gravels capping many of the 

hills. These gravels are limited to the southwest side of the fault 

and represent debris which was probably eroded when the mountains 

were uplifted along this fault.

Time designation of movements on the Baboquivari Fault is 

somewhat speculative. Because Yellowstone Wash beds show only the 

effects of right-lateral movement, it is assumed that the left-lateral
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phase was pre-Yellowstone Wash time. Both the right-lateral and the 

vertical movement occurred after Yellowstone Wash time, but before 

the deposition of the alluvial fan gravels.

Allison Fault. This fault is located in the western third of 

the mapped area. It trends about N 30° W and dips 75° to 80° west. 

Along the southern half of its course, it separates Fresnal Fang1 Gener

ate from the Yellowstone Wash Formation; along the northern half, in 

some places it separates Kohi Rug granite from Yellowstone Wash beds, 

but locally it is contained completely within the Yellowstone Wash 

beds.

It is not clear what type movement has taken place along the 

Allison Fault. Along the northern part of the fault, the present 

outcrop of Yellowstone Wash beds could be accounted for by either 

vertical (normal) or strike-slip movement. The fault trace is 

difficult to follow in the field and in only a few spots can the 

fault plane actually be observed. One of these, just south of the 

Fresnal Canyon road, shows vertical striations which are probably 

slickensides. No tectonic breccia or wide gouge or myIonite zone 

was seen. Judging from the history of the Baboquivari Fault discussed 

above, it is probable that strike-slip movement has taken place on 

the Allison Fault at an earlier time, and that the last period of 

movement was vertical (normal). The absence of a wide gouge zone 

suggests that the movement was not as great, nor were the forces 

involved as strong, as those which produced the Baboquivari Fault.
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Air-Photo Fractyre Analysis.

In the past ten years special attention has been given by 

students of aerial photo interpretation to the study of subtle 

fracture traces or linears which are present on all aerial photo

graphs. Blanchet (1957), Lattman (1958), Mollard (1958), and others 

have developed theory and techniques for the interpretation of 

these features. The accepted general hypothesis is that these 

features reflect the major stress field in the earth's crust, 

.(Lattman et al, 1960, p. 260), Once the "normal11 pattern for an 

area is ascertained, any deviations or anomalous patterns should 

reflect either present or past structural disruptions. These 

studies are particularly useful in mapping structure beneath glacial 

or alluvial cover (Mollard, 1957), but they can also be useful in 

areas of outcrop. A fracture trace study was made in the Fresnal 

Canyon area in an effort to better delineate the northeast trending 

Mulberry Wash and Yellowstone Canyon Faults. Figure 17 shows 

these plots. Note that the northeast-northwest fracture fabric of 

the area is very strong. There is no indication of any other 

significant direction evpr having been present in any of these rocks.
The two faults in question were not well delineated, but a 

significant increase in intensity of fractures can be seen in beds 

older than Yellowstone Wash. This is interpreted to be a reflection 

of an increase in the force of the stress field during the 

post-Fresnal, pre-YeHowstone Wash orogeny.
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Folding
As previously described, the entire section is tilted west

ward in what is described as a monocline. Smaller scale folding 

occurs, usually as incompetent flowage folding induced by tectonic 

stress. This is not always distinguishable from primary slump folds, 

but the examples listed below are believed to be secondary flowage 

folds.

Beds. The upper member of the Pitoikam Formation 

contains thick mudstone beds and some marl beds which locally show 

extensive flowage folding. The axes of these folds, where they can 

be determined, are parallel to the general trend of the formation as 

described above, which suggests that the origin of the folds is 

flowage associated with the westward tilting of the section.

Mulberry Wash Formation. Some mudstone beds with flowage 

characteristics similar to those in the Pitoikam occur in this 
formation, but the chief feature of interest is a lake-bed sequence 

within the Fourth Member, exposed along the Fresnel Canyon road.

This outcrop consists of limestone, marl, and mudstone, estimated 

at 100 feet in thickness, which is tightly folded within a latite- 

andesite sequence. In the limestone, folds show wave-lengths of one 

to two feet, and amplitudes of six inches to one foot. The apecies 

of the folds show extreme thickening due to flowage; beds of about 

one foot normal thickness are three to four feet thick along the 

crest of the overturned anticline.
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Intrusives. .
Intrusives usually occur in areas where the crust is weakened. 

They frequently reflect prior structural grain. This is the case in 

Fresnal Canyon.

Pre-Mulberry Wash Intrusives. The dacite, rhyolite, and 

andesite dikes which intrude the Pitoikam in the Fresnal Canyon area 

have been discussed by Donald (1958). They give an indirect suggestion 

that the northwest fault direction was present in pre-Mulberry Wash 

time. Dikes of northwest trend are common (Figure 1) and must have 

been intruded along tension fractures or related lines of weakness.

Post-Mulberry Wash Intrusives. Numerous andesite and 

lamprophyre dikes, and at least two small monzonite "pods" intrude 

Mulberry Wash and younger beds. The monzonite has associated breccia 

zones or pipes which are apparently in part intrusive. The intrusives 

cause local folding and brecciation of host rocks. These intrusives 

and breccias have a northwest trend, parallel to the Allison Fault.

One breccia zone is elongated northeast along the Mulberry Wash Fault. 

They have been discussed previously.

Welded tuffs in the Kohi Rug Volcanics show extreme defor

mation near the old Fresnal Canyon schoolhouse (southwest corner of 

Figure 1) and in the Kohi Rug Buttes proper. The deformation is 

apparently local and these features are interpreted as vents.



Structural Summary
The timing of structural events will be considered again in 

the discussion on Geologic History. The significant facts which 

should be reemphasized here are the general westerly tilting of the 

section, the persistent northeast and northwest trends taken by 
fracturing, and the major orogeny represented by the pre-Yellowstone 

Wash unconformity.



GEOLOGIC HISTORY

Introduction

The geologic relations described in this study are complete 

enough so that broad aspects of historical developemtn can be 

interpreted and traced. Four periods of volcaniem are clear, 

together with attendant sedimentation. Two major orogenies are 

apparent, one of them building to a climax through several close

spaced uplifts. Reflections of several minor uplifts or hiatuses 

also can be seen. The general trend was from an environment of 

widespread igneous activity--both extrusives and hypabyssal8--in 

an area of low to moderate relief, to an environment of increasing 

relief, crustal instability, and more local, explosive volcanic 

eruptions. Climate probably varied from warm, semi-arid through 

warm, sub-humid, to cool arid, and finally to the present hot arid. 

The time span involved is postulated to be from Jurassic(?) or 

Early Cretaceous through Miocene. Local alluvial fan gravels 

probably represent a cool, wet interval of the Pleistocene.

Climatic and environmental postulations made in this chapter 

depend heavily upon the work of Melton (1965) , Blissenbach (1954), 

Lance (1960), and Dorf (1960).
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All Molina Time

The thickness and extent of All Molina rocks in the Baboquivari 

Mountains, as well as the wide distribution of similar rocks which are 

herein correlated (p. 43) or considered equivalent (Heindl and Fair, 

in press), suggest an important, widespread, and long-lasting period 

of volcanism. Their silicic nature characterized succeeding volcanics 

in the Fresnal Canyon area also, but there are important differences.

Rock units of the All Molina are usually thick, up to several 

hundred feet. If these units represent flows, the viscosity of the 

lava is presumed to have been high because of the siliceous composi

tion. Some flow breccias attest to this being the case, at least 

locally. The widespread geographic distribution of these rocks, 

however, would require widespread activity from a host of vents, 

unless some other mode of origin might be possible. Work by Peterson 

(1961) has established some criteria by which welded tuffs or 

pyroclastics might be recognized even though time changes and 

metamorphism have obscured some of the original textures. In 

particular, broken phenocrysts (Figure 3) and uniformly flat planar 

structures suggest that many of the units of the Ali Molina were formed 

as pyroclastic or nuee ardente deposits. Deposits near the top of 

the section which are interpreted as lahars are consistent with this 

interpretation.

The absence of fanglomerates from this section marks a major 

difference of the Ali Molina beds from younger beds. This suggests 

that, although volcanism was widespread, the area was relatively
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stable and relief was not great. Another difference from the later 

volcanics is the presence of rocks which are interpreted as hypabyssal 

equivalents of the flows. Outcrops with texture as coarse as quarts- 

monzonite are not uncommon. Except for difference in grain size and 

lack of flow structure, these rocks are identical megascopically to 

the flow rocks. One reason for the presence of the hypabyssal rocks, 

however, may be that erosion simply has gone deeper in these older 

rocks.

The climate was probably mild, although not humid enough for 

intense chemical weathering to alter the volcanics. These conclusions 

are supported by the nature of the sediments which are present.

Feldspar in the arkose was not destroyed, which attests to an 

envirnoment free of chemical weathering. The cross-bedded quartzites 

could well be formed in a flood plain environment, with associated 

dunes.

The evidence suggests therefore, that Ali Molina time in 

the Fresnal Canyon area was one of widespread numerous shallow 

intrusions, accompanied by nuee ardente eruptions and silicic flows. 

Individual intrusions must have been small, because there is no 

evidence for important uplift; the associated sediments are fine to 

medium grained. The climate was probably warm, semi-arid.

Post-Ali Molina Interval

Although the lack of an angular discontinuity (evidenced in 

both Fresnal Canyon and the West Slerritas) is puzzling, the break 

between Ali Molina and Pitoikam time must have been major in character.



That it was a long interval is suggested by the occurrence of 

fragments of All Molina beds in Pitoikam conglomerate. That it 

involved major uplift is suggested by the coarseness and thickness 

of the Pitoikam Conglomerate.

No direct evidence was observed of the nature and direction 

of faulting associated with this uplift. The results of the air

photo fracture analysis described previously suggests that any 

faulting which was present was either northwest or northeast.

Perhaps this orogeny established the stress directions which all 

later deformation in this area maintained.

The conclusion is that the Post-All Molina deformation was 

epirogenic, probably consisting of large-scale doming or block 

faulting.

From evidence cited earlier, the All Molina is considered 

older than Pitoikam, and the latter is probably early Cretaceous in 

age. Because the massive conglomerates in the Pitoikam suggest 

widespread and important uplift, it is suggested here that the All 

Molina beds are probably Jurassic in age. This is not out of line 

with suggestions made previously by other students. McKee (1951J 

p. 495), Gilluly (1956), and others have postulated an early 

Cretaceous or Nevadan orogeny, which might account for the 

conglomerates of the Pitoikam. Wilson (1962, p. 40-41) in sunning 

up present thought on the paleogeography of the early Mesozoic 

shows that Triassic-Jurassic marine deposition occurred very 

near the present Fresnal Canyon area, so that the floodplain



or dune environment suggested above for the All Molina sediments 

is a reasonable possibility.

Pitoikam Time

The coarse elastics which were deposited at the beginning of 

Pitoikam time as a result of post-All Molina uplift gradually changed 

to sandstone, arkose, siltstone, and mudstone deposits as the amount 

of uplift lessened. Pebble conglomerates and cut-and-fill features 

throughout the section suggest that some relief was always present, 

however. The fine-grained elastics and local muddy limestone of 

the upper 4,000 feet of the section suggest a long period of marsh, 

lagoonal, or estuarine environment. This conclusion is strengthened 

by the dark colors of the mudstones: black, gray, purple, and green;

colors which are generally accepted as indicating reducing conditions

Some of the arkose and sandstone has a matrix which mega- 

scopically looks tuffaceous. This could indicate distant volcaniua 

during Pitoikam time, but could also be due to erosion of older 

volcanics, such as the All Molina. Whatever the origin of this 

material, however, some volcanic activity had begun before the end 

of Pitoikam time, as evidenced by the andesitic lahars exposed along 

the Escondido Fault near the top of the Pitoikam.
A hot arid climate is not unlikely during the deposition of

the conglomerates of lower Pitoikam time (See general discussion by

Melton, 1965 p. 30). In later Pitoikam time, temperature* were

still warm, but a sub-humid to humid climate seems indicated by the 
limestone and finer grained deposits.



In an earlier section the probable Early Cretaceous age of 

these beds was discussed. The conditions responsible for deposition 

of these beds were widespread in south-cenCral| and southeastern 

Arizona during this interval. They apparently represent the marginal 

deposits between marine areas to the east and uplifted mountain 

blocks to the west.

Post-Pitoikam Interval

Mulberry Wash beds are found in disconformable contact with 

Pitoikam beds • As was the case with the inferred All Molina-Pitoikam 

contact, however, the break is apparently more profound than the 

appearance in outcrop would indicate.

Intrusive action is indicated by the dike system which Donald 

(1959, p. 25) related to doming, and which--because of lithologic 

similarity-may be related to granitic intrusion in the central 

Baboquivari range. Metamorphism of the All Molina beds, and perhaps 

part of the Pitoikam beds, may have occurred at this time.

Northeast trending faulting occurred, and probably northwest 

faulting, also. These were probably normal block faults.

The foregoing suggests epirogenic uplift, which proceeded 

violent volcanism and rapid uplift in Mulberry Wash time. It is 
interesting that the break correlated with this one in the Tucson 

Mountains and farther east shows marked angularity. Apparently the 

intensity of the orogeny was greater east of the Santa Cruz Valley, 

which is the approximate western limit of the lower Cretaceous marine 

deposits.
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Mulberry Wash Time

Deposits of the Mulberry Wash Volcanics reflect crustal insta

bility over a lohg range of time, with alternating periods of volcaniea 

and rapid uplift. The recurrent volcanics are similar in character, 

and flows and elastics have the same general structural attitude. 

Mulberry Wash time must have been one of recurrent block faulting, 

small but rapid uplifts, violent but local volcanic outbreaks which 

often dammed drainages, creating temporary lakes, and local intensive 

alluvial fan building. The volcanism which began the interval was 

apparently widespread, both in area and time, because later Mulberry 

Wash elastics contain mostly fragments of these earlier volcanics 

with little or no Pitoikam or Ali Molina fragments.

Climate must have varied greatly. The volcanics of the first 

three members contain few elastics, so little indication of climate 

at that time is available. Since these beds represent volcanism 

following major epiorogeny, a cold climate is probable.

The sedimentary deposits occur mostly in the upper members and 
are similar in composition to the lower PitOikam--red conglomerates 

and finer elastics— which probably reflect a warm semi-arid or hot 

arid climate.

The best estimate for geologic time involved during Mulberry 

Wash deposition is Late Cretaceous through Late Oligocene.
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Post-Mulberry Wash Interval

The overlying Freanal Fanglomerate lies in clear nagular

unconformity upon the Mulberry Wash beds. The strike of the beds is

different, and the fifference in average dip of the beds is on the 
o oorder of 20 to 30 . Although this is within the Angle of repose of 

sediments, it is much higher than the reported 10° maximum dip for 

bedding within alluvial fans (Blissenbach, 1954), This unconformity, 

therefore, apparently represents a major break in deposition. The 

pre-Fresnal beds were tilted and uplifted. Erosion was rapid. This 

is believed to be the beginning in this area of the mid-Tertiary 

orogeny postulated by several authors, including Damon et al (1964), 

and Lance (1960), which in Fresnal Canyon culminated with the deposi* 

tion of the Yellowstone Wash Conglomerates and Volcanics,

Fresnal Time

The Fresnal Fanglomerate reflects a period of intense uplift 

and erosion, unaccompanied by volcanism. Poor sorting, indistinct 

bedding, and the presence of large angular blocks indicate that mud 

flows were an important mechanism in the deposition of the unit. A 

study of fragment composition shows that All Molina rocks were exposed 

for the first time since Pitoikam time and that they were already 
metamorphosed.

It is possible that the Kohi Kug granite was intruded at this 

time. It is not petrographically similar to the Baboquivari granite to 

the south, which probably was intruded during the Post-Pitoikam orogeny. 

Climate was probably hot and arid, (see Melton, 196% p. 20).
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Post Fresnel Orogeny

Uplift which was begun in Fresnel time was intensified during 

this interval. Northeast faulting was rejuvlnated, and Kohl Rug granite 

was exposed by erosion. Succeeding Yellowstone Wash beds are in marked 

angular discordance to Fresnal beds.

Left-lateral movement on the Baboquivari Fault may have occurred 

at this time, although it could have taken place at any time after 

deposition of the Pitoifeam beds.

Yellowstone Wash Time

Extremely coarse conglomerates and fanglomerates deposited 

during this time attest to rapid uplift and erosion. A local basal 

conglomerate about 50 feet thick is deeply weathered, indicating at 

least one hiatus separating the clastic deposition into two intervals.

Flows of Turkey Track porphyry covered parts of the weathered
«

basal conglomerate before the second interval of deposition began. 

Perhaps other volcanism occurred at this time within the Triangle or 

perhaps it occurred much later in Yellowstone Wash time, after several 

hundred feet of conglomerate had been deposited.

Coarse angular monooict breccias probably represent paleo- 

talus slides, and further attest to the rapid uplift and erosion of 

the period.

Climate during Yellowstone Wash time probably began hot and 

humid. This is suggested by the weathering in the basal conglomerate



and by red color in the later conglomerates. The change was from 

humid to arid, finally to cold arid. This is indicated by the loss 

of red color and the increased occurrence of talus and breccia 

deposits upward in the section. These talus deposits were probably 

the result of intensive frost action as well as rapid uplift, (Melton, 

1965, pp. 10, 17, 30).

Post-Ye Hows tone Wash Orogeny

Northward tilting of the Yellowstone Wash beds indicates a 

major change in fold axes direction from north-south to east-west. 

Because the rotation was 90°, no change was produced in the fault 

trend pattern. Right-lateral movement on the Baboquivari Fault may 

have occurred at this time, however.

Kohi Kug Time

Pyroclastics and welded tuffs indicate an explosive period 

of volcanism. Eruptions were from small vents. Intercalated elastics 

are well bedded, and may represent temporary lake deposits formed by 

volcanic darning of drainages. The red color of the sediments can be 

interpreted as indicating a warm semi-arid climate.

Post-Kohi Kug Time

Major block faulting has occurred since the deposition of Kohi 

Kug beds. This faulting involved both northeast and northwest direc

tions. A long period of non-deposition may have also taken place,
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unless beds represented by this time interval lie beneath gravels to 

the vest. This may represent the prolonged period of stability 

postulated by Helton (1965), between Late Miocene and Pleistocene 

times. Alluvial fan gravels in Fresnal Canyon are considered to be 
part of the group of undeformed alluvial fan deposits which he 

described as being deposited after that period of stability, and 

which flank most of the mountain ranges in southern Arizona (Melton, 

ibid, p. 10). The deposition of these gravels occurred after and as 

a result of the last block faulting described above. They probably 

represent cold, sub-humid conditions.
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ECONOMIC GEOLOGY

Mineralized occurrences within the Fresnal Canyon area are 

unimpressive and past production is insignificant. Of academic 

interest is the fact that almost all mineralisation is associated 

with northwest trending faults or fractures, or with breccia pipes 

or zones--which, with one exception(?), are themselves related to 

northwest faulting.

Gold and Silver

From the standpoint of dollar value, gold is the only 

important metal which has been produced in Fresnal Canyon. It is 

associated with northwest trending quartz veins in volcanics of the 

Yellowstone Wash Formation in the Triangle, and to a lesser extent 

with northwest trending veins in the Fresnal Fanglomerate, in the 

southwest corner of the mapped area. The Allison Mine, which was the 

only important producer, is reported to have produced $100,000 worth 

of gold and $20,000 worth of silver between 1895 and 1928 (Elsing and 

Heineman, 1936). In 1931 combined gold-silver production was $5,500 

(Wilson, 1934). The old Allison group has recently been worked as 

a source of quartz flux for the Phelps Dodge Copper Smelter at Ajo.

Some credit in gold was paid. Copper is present in only trace amounts.



84
Manganese

Manganese with an estimated grade of 25% to 30% aoccurs in: 

(a) small breccia pipes 25 to 50 feet in diameter associated with 

quartz monzonite "pods'1 along the Allison Fault within the Triangle. 

and (b) in a breccia zone along the unconformity between Mulberry 

Wash beds and Pitoikam beds, two miles north of the end of the road 

at the upper end of Fresnal Canyon proper. This last occurrence is 

believed to be due to northeast cross faulting which has disrupted 

the unconformable contact between the two formations. Between 

1956-58, some production was attempted at this site, but it proved 

unprofitable.

Copper

One occurrence of copper oxides— believed to be exotic— is 

found in Yellowstone Wash Conglomerate along Yellowstone Wash proper 

in the northwest quarter of the area. Malachite coatings occur here 

in small shears. The occurrence is less than 2,000 feet horizontally 

from the Baboquivari Fault.

Tungsten

Although no tungsten is known within the area of this study, 

some production has come from the Baboquivari Fault about two miles 

northwest of the point where this mapping was terminated. These 

occurrences are reported to consist of powellite and scheelite, 

disseminated through the fault zone.



CONCLUSIONS

Fresnal Canyon contains a thick, structurally coherent section 

of volcanics and sediments which represent a time span from Juraeeic(t) 

to Late Tertiary. These rocks can be divided into six formations which 

can be used as a general guide to the interpretation of less complete 

sections, and in the construction of a generalized section for Late 

Mesozoic and Early Tertiary rocks in central Pima County.

Lithologic units exposed in Fresnal Canyon which appear to be 

good stratigraphic markers are (a) Turkey Track andesite, (b) red 

mudstone-arkose beds, and (c) highly silicic volcanics.

Beds which have been used as stratigraphic markers in other 

areas, but which appear to have limited utility as a result of the 
study of Fresnal Canyon are the andesites and andesitic lahars and 

individual fanglomerate beds.

Both northeast and northwest faulting is present in Fresnal 

Canyon, and each direction has been important throughout the time 

span represented by these seds. There is evidence for both strike- 

slip and normal movement on the northwest trending faults.

The broad aspects of the geologic history of the Fresnal 

Canyon area can be interpreted. Four periods of voleantsm occurred, 

with at least two major orogenies. The general trend was from an 

envirnoment which included widespread igneous activity in an area

85



of low to moderate relief, to an environment of sharp relief, crustal 

instability, and local explosive eruptions. Climate probably varied 

from warm semi-arid through cool humid to the present hot arid.
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