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ABSTRACT

The Mineta Ridge area lies in the foothills of) the 
northeast flank of the Rincon Mountains in southeastern 
Arizona. Metamorphic rocks of preTertiary age and con
tinental sedimentary rocks of Cenozoic age crop out in 
the area. Igneous rocks exposed include granite, which 
underlies the lowest Tertiary sediments, and andesite 
porphyry which intrudes the Tertiary sediments.

The two major groups of faults in the area in
clude a series trending north 20° west, probably in
volving thrust faulting, and a series trending approxi
mately east-west which seems to have predominately 
vertical movement.

The Mineta Formation contained a vertebrate fossil 
of middle Tertiary age. The beds are steeply inclined 
and locally overturned suggesting major deformation 
after middle Tertiary time. The vertical limits of the 
Mineta Formation are not known because the beds are in 
fault contact with both the older and younger rocks.

Lithologically the sediments indicate a source con
siderably lower than the surrounding mountains and a 
climate probably somewhat more humid than that of today.
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INTRODUCTION

This paper discusses the lithology, structure and 
geomorphology of the Mineta Ridge Area which lies on the 
west side of the San.Pedro River Valley in Pima and 
Cochise Counties in southeastern Arizona. Spud Rock, the 
highest point in the Tanque Verde Mountains lies approxi
mately twelve miles to the southwest. It marks the con
vergence of the Rincon Mountains which trend north-south 
and the Tanque Verde Mountains which trend east-west.
(See reference map. Fig. I).

The area mapped is traversed by Latitude 32° 20* 
north which passes through the northern part and by longi
tude 110° 28* west. It covers all of sections 3# l4» and 
24 and large portions of sections 10, 11, lit., and 23 of 
T 13 S, R 18 E, Gila and Salt River Base and Meridian.
The area lies in the Redington Quadrangle except for the 
extreme northwest portion which is in the Tucson Quad
rangle .

The Mineta Ridge Area is reached by means of a graded 
county road across Tanque Verde Pass and then by a private 
road to the Bellota Ranch. Another means of access is by 
the county road which runs north from Benson down the San 
Pedro Valley. These roads are both fair but the second
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road is unusable during the summer rainstorm season when 
the San Pedro River cannot be crossed. No supplies or 
accommodations are available at Redington but water may be 
obtained at the various wells and ranch houses.

Field work was conducted during the summer and fall of 
1951 with a total of about ninety days spent in the field. 
Office and laboratory work were completed during late 1951 
and the spring of 1952.

Mapping was done on the Redington Quadrangle published 
by the United States Geological Survey. A small portion of 
the extreme northwestern part of the area is in the Tucson 
Quadrangle.

Topography, Climate and Flora

Mineta Ridge is part of a series of low hills between 
the Rincon Mountains and the San Pedro Valley. The hills 
are highly dissected and in the youthful stage of erosion. 
Maximum relief within the area mapped is 800 feet, ranging 
from 3250 feet in Soza Canyon at the Bar LY Ranch to 4055 
feet on Banco Ridge. (See Plate I".)

Climatic conditions in the Mineta Ridge area are simi
lar to those at Tucson. Although the area is 1000 feet 
higher than Tucson, precipitation and humidity are essen
tially the same. Rainfall is about eleven inches per year 
concentrated in two periods. In July and August the summer
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rainstorms occur almost daily; in the period from November 
to January the more persistent but less violent winter 
rainstorms occur. The temperature range is extreme; tem
peratures of over 100° are common during the day in summer 
but the nights cool off somewhat. In the winter the maxi
mum temperature is about 70° with occasional frosts at 
night.

The flora of the area are typical Upper Sonoran types. 
The two most numerous plants are the sahuaro and the 
ocotillo. Other important plants are the mesquite, cats- 
claw, and prickly pear. Palo Verde trees are common in 
the stream channels. For some unknown reason the various 
forms of cholla, barrel cactus and fishhook cactus are rare.



STATEMENT OF THE PROBLEM

The determination of the post-Cretaceous-pre- 
Quaternary history of southeastern Arizona has long 
been a problem because of an almost complete lack of 
fossil evidence. Late Cretaceous fossils have been 
found and identified with some certainty from a few 
areas and early Cretaceous fossils are definitely iden
tified from several areas, especially from the region 
around Bisbee, Arizona. Sedimentary deposits of late 
Pliocene and Pleistocene age have been identified on 
the basis of mammalian fossils collected from widely 
scattered localities in southeastern Arizona. Notable 
among these are deposits in the San Simon Valley and the 
San Pedro Valley near Mammoth and Benson. Until recently, 
however, no fossils intermediate in age between Cretaceous 
and late Pliocene have been known.

Various extrusive igneous and associated sedimentary 
rocks have been tentatively assigned to the Tertiary period 
on the basis of their stratigraphic position and attitude, 
but little real evidence of the exact nature or sequence of 
events has been uncovered. Another problem of particular 
interest but concerning which there is little exact informa
tion is that of the development of basin and range struc
ture in Arizona. These ranges are believed to have been
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raised along faults parallel to their margins, but, in many 
localities, these faults cannot be located in the field, or 
detailed work shows that the faulting is much more complex 
than was earlier believed. Various lines of evidence have 
suggested a late Miocene or early Pliocene age for the 
Basin-Range deposits but definite fossil evidence is lacking 
(McKee, 1951, p. 498).

Sedimentary rocks have been noted in fault blocks along 
the east side of the Rincon Mountains by L. A. Heindl while 
doing reconnaissance field work in the San Pedro Valley for 
the United States Geological Survey, Groundwater Branch. 
These appeared to be older than the late Cenozoic valley 
fill, but were lithologically unlike the known Paleozoic 
and Cretaceous rocks of similar areas. The author under
took to determine the structural and stratigraphic relations 
of these sedimentary rocks to the met amorphic complex ex
posed to the west in the Rincon Mountains and also their 
relations to the valley fill farther east. Early in the 
work, fragmentary remains of a rhinoceros were found and 
determined to be of Middle Tertiary age. The plan of the 
work was then modified to include detailed mapping of the 
Tertiary sediments and their structural relationships 
rather than the regional mapping which had at first been 
planned.

The present paper presents a detailed description of
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the fossil-bearing Tertiary rocks east of the Rincon Moun
tains and includes descriptions of the lithologic, struc
tural and stratigraphic relations of these to other units 
exposed nearby. Metamorphic rocks which apparently under
lie the Tertiary sediments have not been studied in detail 
and beds of valley fill above the Tertiary rocks have not 
been fully mapped. Age relations between the units mapped

X
have been determined with a few exceptions. The author 
made several reconnaissance trips outside the Mineta Ridge 
area both alone and with Mr. Heindl. During these trips 
much important evidence was found which had a direct 
bearing on the detailed mapping and so is included in this 
report.

The author is indebted to Mr. Heindl for his aid both 
in the field and through discussions. Dr. J. F. Lance of 
the University of Arizona acted as director of the thesis, 
accompanied the author in the field on several occasions 
and determined the age of the fossil rhinoceros. Dr. J. H. 
Johnson of the Colorado School of Mines examined several 
thin sections of algal limestone and provided information 
on environmental conditions based on these. The faculty 
of the Geology Department of the University of Arizona has 
given the author much aid, information, and advice. The 
United States Geological Survey, Groundwater Branch, 
assisted by lending the author aerial photographs.
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providing jeep transportation where necessary and furnish
ing thin sections of the algal limestone.

Mr. J. B. Reeves of the Bellota Ranch kindly allowed 
the author to use the Bar LY Ranch house during the summer 
field season.
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GENERAL GEOLOGY

The rocks of the area are exposed on a series of fault 
blocks the bordering faults of which have two general 
trends, one striking north 20° west and the other about 
north 90° west. The older rocks, metamorphosed sediments, 
are on the west nearer the Rincon Mountains. The younger 
rocks are on the east forming the valley fill of the San 
Pedro Valley. A list of the rock units of the area is 
found in Table 1. They are all treated more fully in 
later parts of this paper.

Metamorphosed sediments, forming the west boundary of 
the area mapped may be the oldest rocks in the area but 
there is no evidence concerning the age relationships of 
these to the granite. The metamorphosed sediments may be 
as young as Cretaceous, as suggested by Hemon (Hernon, 
1932, p. 2lj.) or they may be older. They might be younger 
than the granite which may be as old as Pre-Cambrian as 
suggested by Ludden (1950, p. 32). Another possibility 
is that the granite was the metamorphic agent for the 
sediments and is therefore younger but this cannot be 
determined within this area.

The Mineta Formation consists of three members all 
separated by faults and also lies in fault contact with the



TABLE 1 •

Sedimentary Rocks
Late Tertiary (?) or 

Quaternary or both
Recent Valley fill 
Banco beds 
Soza beds
Bar LY beds - may be 

younger than Soza 
beds

Middle Tertiary Mineta Formation
Upper Detrital 

. member
Limestone member
Conglomerate

member
Cretaceous or older Metamorphosed sedi

ments

Igneous Rocks
Late Tertiary or Quaternary

Middle Tertiary 
Precambrian (?)

Basalt flow 
Rhyolitic flow 
Andesite porphyry 
Rhyolite flow 
Granite
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metamorphosed sediments. In two places within the area 
mapped, fault blocks of the Lower Conglomerate member of 
the Mineta Formation also contain exposures of the granite. 
In these exposures the granite is in sedimentary contact 
with the conglomerate.

The Bar LY beds are exposed only in a small wedge 
along the Canada Fault. The Soza beds lie unconformably 
under the Banco Beds. The age relation of the Soza and 
Banco Beds to the Bar LY beds is unknown except that the 
Banco beds are the youngest dissected sediments in the 
Mineta Ridge area. ' j

The metamorphosed sediments are relatively flat- 
lying in the area. The Mineta Formation has, characteris
tically, a northwest strike and a northeast dip. This dip 
varies from a slight overturn in the south to nearly flat- 
lying in the north. The younger sediments are relatively 
flat-lying but dip slightly to the east.
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SEDIMENTARY ROCKS

Minota Formation
General. The term Mineta formation Is a field term 

for a sequence of continental sedimentary rocks both 
clastic and chemical which appear to represent a continu
ous period of deposition. This sequence is divided by 
faulting into three distinct units of which only the 
highest one has been dated.

The three members are designated, in this paper, 
from bottom to top as the Conglomerate member, the Lime
stone member and the Upper Detrital member.

The lower two members are, tentatively, considered to 
be part of the Mineta formation because of certain litho
logic similarities. There may be beds elsewhere that are 
faulted out in this area. Again it may be possible to as
sign, by some means in some other area, a more exact age 
for these lower members.

Conglomerate member. The Conglomerate member is a 
coarse arkosic conglomerate. In the southern part of the 
area this conglomerate lies over a rhyolitic flow which, 
in turn, is in fault contact with the metamorphic rocks.
In the northern part of the area the conglomerate lies in 
sedimentary contact with coarse-grained granite. The
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granite is highly weathered along this contact and obvious
ly is the source of most of the fragments in the conglomer
ate.

The thickest part of the conglomerate is in the ex
treme northern part of the area ifaere at least 1300 feet 
are exposed. In the southern part the thickness varies 
from lj.00 feet to about $0 feet. The exposed thickness is 
controlled entirely by faulting.

The predominant color in the conglomerate is red but 
it is yellow in many places and there are some blue-gray 
exposures south of the area studied.

The conglomerate is thin-bedded with layers of coarse 
fragments alternating with other layers of fine. Small 
lenses of sand are numerous. The thickest beds are about 
five feet and the small sand lenses are measured in frac
tions of an inch. Lensing of beds occurs in many places 
and no single bed persists for more than a few hundred 
feet laterally. The member shows typical "red bed" charac
teristics as described by Twenhofel (Twenhofel, pp. 6ij. and 
116).

The percentage composition of the fragments varies 
greatly from bed to bed but the same types of rock persist 
throughout the entire member. Granite is an important con
stituent of all the beds but does not predominate at every 
locality. Other rock types present are limestone,
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quartzite, schist and various fine-grained igneous rocks. 
Except for the granite and schist, none of the rocks com
posing the conglomerate are exposed within the area. All 
are known to crop out nearby.

Rounding varies from poor to fair depending on the 
composition,and size of the fragments. The largest frag
ments - six to eight inches in diameter - show the best 
rounding. All of the largest fragments are of granite 
showing that this probably was the closest source rock, a 
theory further strengthened by the presence of granite im
mediately under and in sedimentary contact with the unit 
in the northern part of the area.

The actual stratigraphic top of the conglomerate is 
not exposed in the area mapped. In the north part of the 
area the nature of the upper contact is obscure. The con
tacts further south are fault contacts. South of Youtcy 
Canyon, the upper contact, where it can be studied, is a 
fault contact and the author believes that it is a fault 
contact in the extreme north and northwest parts of the 
area too.

The conglomerate apparently was deposited following 
the uplift of a relatively close-by source. It is dis
tinctly a continental sediment and deposition was probably 
very rapid, shown by the coarse bedding and poor sorting. 
Source of the sediments varied constantly over intermediate
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distances as shown by the variation in composition of the 
various beds. The depositing medium probably was an inter
mittent stream flowing at first over a bedrock surface of 
granite and later over the beds it had deposited. The "red 
bed" characteristics of the unit show alternate wetting and 
drying - expected where deposition was by an intermittent 
stream. Deposition may have occurred on a delta being 
built out into a sea or lake. If such has occurred no evi
dence of it has been found. It is generally believed that 
no seas of Tertiary age covered more than the southwest 
comer of Arizona. The author believes that the conglomer
ate was deposited as an alluvial fan and not as a delta 
being built into a lake because the valley probably was not 
large enough to contain such a lake. It must be emphasized, 
however, that there is no proof of the location of deposi
tion other than that it was rapid and was alternately wet 
and dry. No cross-bedding has been observed in any member 
of the Mineta Formation.

There is no fossil evidence of the age of the con
glomerate member. Uniformity of deformation, cementation 
and fragment composition with the dated Upper Detrital mem
ber suggests that the Conglomerate is part of the same for
mation or of a unit pene-contemporaneous with it. All 
faults separating the two members are bedding-plane faults 
or have an attitude very near that of the bedding. There



Figure 2. Hounded cliff for ieci b 
rocks of the Gonglo, ;erate leiber of 
the ?•'! let a For at ion.
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is no indication that the conglomerate is younger than 
either the Upper Detrital member or . the Limestone member.

In general the Conglomerate member crops out con
spicuously and foms rounded cliffs. Where it is. present 
and more resistant rocks are absent, as on the south side 
of Youtcy Canyon, it forms hills. Where It is exposed to
gether with the andesite porphyry or the overlying Lime
stone member, it forms valleys.

Limestone Member. The Limestone member is separated 
from the underlying Conglomerate member and overlying 
Upper Detrital member by bedding plane faults wherever the 
contact has been studied. Its beds are composed of alter
nating fresh water limestones and thin-bedded yellow 
shales. Some of the limestones are algal. The limestone 
beds vary from about eight inches to a maximum of about 
thirty inches in thickness. The shale beds form groups 
about twelve inches thick composed of beds about one inch 
thick. The limestones are characteristically organic and 
marly; the shales are arkosic, and have a composition simi
lar to that of the underlying ̂ Conglomerate member and the 
overlying Upper Detrital member.

The Limestone member stands nearly vertical in all ex
posures. The thinnest exposures appear in the central part 
of the Mineta Ridge area with the thickest parts in the 
southern portion. At the minimum the limestone is about
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fifty feet thick; at its maximum, it is about seventy-five 
feet thick. The true thickness is believed by the author 
to be nearer fifty feet and that material has been added 
by repetition due to faulting. In areas of intense 
faulting the limestone is highly fractured and local rep
etition can easily be seen. The shales are less highly 
fractured. .

The limestone probably was deposited in a fresh water 
lake. The shale layers seem to represent the deposition of 
detrital material during times of an increase in the supply 
of sediments. The shales are arkosic showing that they 
were not reworked to any great extent. The small grain 
size indicates either a distant source or a low source.
The author favors the hypothesis of a low source because 
of the evidence shown in the Upper Detrital member of the 
Mineta Formation.

The thickness of the individual beds of both limestone 
and shale is very persistent throughout the area in direct 
contrast to that of the beds in the underlying Conglomerate 
member. Also, the thickness of the unit as a whole is re
markably uniform throughout the area, again in contrast to 
that of the underlying conglomerate.

There is no direct evidence of the age of the Lime
stone member. It is lithologically similar to fresh-water 
limestones within the Upper Detrital member and its posi
tion, between the Conglomerate and the Upper Detrital
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members, suggests that, if the conglomerate is included in 
the Mineta formation, the limestone should be also. There 
is no evidence to show that beds are not missing between 
the conglomerate and the limestone and between the lime
stone and the lowest beds in the Upper Detrital member.

The author believes that some beds are missing but 
there is no evidence of the thickness of these missing 
beds. Probably the source of the conglomerates was not 
cut off or destroyed in such a manner as to suddenly halt 
sedimentation and allow the deposition of limestone. How
ever, a sudden rise in the base level of tirosion would 
bring a halt to sedimentation. This could be accomplished 
by the sudden blocking of the drainage of the San Pedro 
Valley; the author believes that this hypothesis should 
not be considered without more evidence than has been un
covered at present.

Upper Detrital Member. The Upper Detrital member 
consists of a series of siltstones, mudstones, sandstones 
and limestones more than ll|_00 feet thick. The true thick
ness is not known nor is the magnitude of the thickness 
known. The upper contact is faulted at all known locali
ties against either the Banco beds or against the Con- • 
glomerate.

Throughout the Mineta Ridge area, the bottom of the 
Upper Detrital member is a fault contact with some other
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rock and the measured section of the member accompanying 
this paper was measured from one of these fault contacts.

The detrital beds are thin - never more than six 
inches thick. The limestones are generally thin bedded too 
but beds one to two feet thick are not uncommon. The 
thickest one observed, about twenty-five feet above the 
measured section, is about twelve feet thick and is a use
ful marker bed. Except for regional structural control, 
the beds are all more or less parallel to each other in 
attitude.

The mudstones and sandstones in many places are pur
plish to medium gray but some are yellow and green. The 
colors are in bands, the green and yellow averaging about 
thirty feet in width, but the gray much more. The bands 
coincide with the bedding. The limestone is silty and 
gray or yellowish gray. Some individual beds are high in 
organic matter and are black and fetid. Near igneous 
rocks these limestones are brick or orange red, probably 
due to infiltration by iron-rich solutions or oxidation of 
iron already in the limestone.

The detrital sediments are arkosic; feldspar is found 
in the sandstones and clay forms a large percentage of the 
matrix of the coarse sandstones. Quartz sand grains are 
common too and, in the upper part of the measured section, 
considerable muscovite occurs. The color and composition
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are those of "red bed" environment indicating alternate 
wetting and drying of the sediments.

Rock fragments can be identified in the coarse sand
stone. These are derived from both fine-grained igneous 
rocks and metamorphic schists. The fine-grained sand
stones are largely composed of quartz but seem to have 
silt-size particles in them too.

Rounding is poor in the larger grains of sand showing 
that transportation was over a short distance only.
Bedding is well developed because grain size changes ab
ruptly vertically. The mudstones show good bedding planes 
with beds generally about one-half inch thick. The se
quence of deposition is very irregular.

The limestone beds are silty and extend laterally for 
long distances.

A gypsum bed fifteen feet thick occurs about two hun
dred feet, stratigraphically, above the measured section.
It is very silty and contains thin shale beds. The bedding 
is indistinct because the introduction of the silt was ap
parently gradational.

The Upper Detrital member is lacking in conglomerates 
though it contains some fragments of granule size. The 
particles suggest a source which was predominantly granit
ic and metamorphic, located not very far distant. The 
general small size of the sedimentary fragments indicates
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that the surrounding mountains were hot high. The gypsum 
bed indicates that inflow into the valley exceeded outflow 
during the time of deposition. There is definite evidence 
of a trend toward a lowering of the source of the sediments 
with an accompanying decrease in the amount of detribal 
material carried into the basin of deposition. It appears 
that the valley went through the later stages of the stream 
cycle containing meandering streams of low transporting 
power and, from time to time, lakes. The "red bed" charac
teristics would be typical of this type of environment too 
(Kruzribeln and Sloss, p. 200).

No definite climatical evidence has been discovered 
in the Upper Detrital member. The limestones are either 
silty and algal or black and fetid with a few algal struc
tures. Both types of rock would seem to indicate a warm, 
rather humid climate.

The cement, is silicic but the fractured mudstones and 
siltstones erode easily and the brittle sandstones break 
easily. Therefore the Upper Detrital member weathers 
readily into valleys. The sandstones and limestones are 
more resistant than the siltstones and mudstones and form 
good outcrops. Most of the mudstones are so contorted and 
broken that they do not appear as outcrops except on the 
sides of canyons. A typical slope of the Mineta formation 
is shown in



Figure 5. Contorted nudstones in
.
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There are many minor faults of various types especially in 
the mudstones. These faults cannot be mapped over large 
distances but probably are connected with the faulting and 
uplift on the various blocks.

The Upper Detrital member is exposed throughout the 
Mineta Ridge area. In the southern part, its beds strike 
roughly northwest and dip to the east with dips ranging 
from seven degrees to vertical with local overturning in 
the extreme east. North of the Bar LY fault (see Geologic 
Map, Plate I) they are more nearly horizontal with dips 
averaging about eight degrees northeast. Between Horse 
Mountain and the Bar LY fault the dips become progressive
ly less steep. For a distance of about a quarter mile 
south of the Bar LY Ranch the beds are not exposed but are 
covered by either terrace deposits or by porphyry.

The Upper Detrital member is bounded on the west by a 
series of normal and bedding plane faults showing more or 
less an echelon structure and trending northwestward. The 
Upper Detrital member forms the hanging wall of these 
faults and the footwall is formed, in various places, by 
the earlier limestone and conglomerate or the metamor
phosed sediments. The eastern boundary is a fault contact 
with the Banco beds. An andesite porphyry covers much of 
the Upper Detrital member and locally small dikes and 
sills extend down into it and also into the fault zones.
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There is little baking along these igneous contacts but iron- 
bearing groundwater may be responsible for the red color in 
the rocks which lie immediately under the contacts.

To the south, the Upper Detrital member extends out of 
the area but a reconnaissance trip showed that it extends 
south for about two miles along the northwest trending 
faults. To the north, the formation is bounded by faults 
and is in contact with the Limestone and Conglomerate mem
bers which in turn lie in fault contact with the overlying 
Banco beds.

The Upper Detrital member has been dated as middle 
Tertiary age on the basis of fragmentary fossil remains 
collected by Dr. J. F. Lance of the University of Arizona. 
These remains consist of a few teeth and part of a jaw or 
maxillary from a young rhinoceros and were found in a 
fetid limestone near the center of the Upper Detrital mem
ber. A generic name cannot yet be assigned to the remains 
but the stage of evolution and the size of the animal indi
cates an Upper Oligocene or Lower Miocene age. An uniden
tifiable fresh-water gastropod has also been found.

Algal remains occur in many of the limestones. Three 
thin sections and hand specimens from the Mineta Ridge area 
and two from Tertiary (?) beds'*' in the Tucson Mountains

1. See Brown, W. H., Tucson Mountains, An Arizona 
Basin and Range Type, Bull. G.S.A., Vol. 50* 1939» pp. 7lf3-7Wr"
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were submitted to Dr. J. Harlan Johnson of the Colorado 

School of Mines for examination in the hope that they might 
add to the evidence of the age or depositional environment 
of the rocks. His letter of description is quoted here in 
part:

The material is unquestionably algal.
The algae responsible were probably low lime 
depositing forms of Cyanophyta or blue-green 
algae. They grew to form a silt-like mass 
of tiny thread filaments around which fine 
calcium carbonate was precipitated. It is 
impossible to identify them even by genus.
Similar material can be found in most Ter
tiary lake beds and even in recent lake de
posits.
It remains for further work, probably in some other 

area to prove the age of the Conglomerate member and the 
Limestone member.

Post-Mineta Sediments
The later sediments in the area can be divided into 

three general ages of deposits, which have been given the 
field names MSoza beds," "Banco beds," and "Bar LY beds." 
The Soza beds are exposed near the mouth of Soza Canyon 
about three miles northeast of the Mineta Ridge Area (see 
Fig.7<x ). There they tip westward at a high angle and lie 
under the Banco beds with angular unconformity. The Soza 
beds, therefore, are obviously older than the Banco beds. 
The Bar LY beds are exposed in a very small wedge along 
the Canada fault and their age relative to the Soza beds
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cannot be determined. The Banco beds are essentially unde
formed; therefore, the Bar LY beds cannot be younger than 
the Banco beds.

The Soza Beds. The Soza beds are not exposed within 
the Bar LY ranch area but crop out about three miles to the 
northeast in Soza Canyon. They consist of both poorly 
sorted alluvial fan deposits and fairly well sorted sands. 
Coarse conglomerate predominates with the fragments well 
rounded. These fragments consist of andesite porphyry, 
basalt and fine grained volcanics not found within the 
area.

Within the sedimentary beds are three igneous flows 
composed of vesicular black basalt. The interior of the 
middle flow, about fifty feet thick is composed of a fairly 
basic fine grained rock which contains about five percent 
epidote in crystals four to five millimeters in length and 
a very few somewhat smaller hornblende crystals. This 
material appears to occur in lenselike segregations within 
the basalt mass.

The sands interbedded with the conglomerate are 
quartoze probably containing several per cent feldspar.

.The Soza beds, in the exposure at the mouth of Soza 
Canyon, dip from fifteen to thirty degrees west and are 
highly faulted. They seem to be exposed over a large area 
from Soza Canyon southward for several miles and also at
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other places throughout the San Pedro Valley. 2 They are

2. Heindl, Leo J., Personal Communication.

overlain by the Banco beds in unconformable contact and are 
considered by the author to be post-porphyry and post- 
Mineta formation in age.

Banco Beds. The Banco beds are the youngest sediments 
in the area except for the recent valley fill. They form a 
series of valley filling beds with a maximum thickness of 
over 800 feet. They extend from the eastern border of the 
Mineta formation, or the overlying porphyry, to the San 
Pedro River. The fragments in the conglomerate are granite 
and schist in about equal proportions making these beds 
easily distinguishable from the underlying Soza beds which 
contain porphyry, basalt and volcanic fragments.

The Banco beds are essentially flat-lying but have a 
slight eastward dip that the author interprets to be 
original. In Roble Canyon, southeast of the Mineta Ridge, 
the Banco beds are somewhat faulted and slightly folded 
but not to the great extent shown in the underlying Soza 
beds.

The Banco beds lie in fault contact along the Canada 
fault with the Mineta formation. Evidence for this is seen 
in the steep dips, which apparently represent drag and 
small fault blocks. These dips are encountered near the
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contact wherever they can be measured. The contact cannot 
be seen in good cross-section within the Mineta Ridge area. 
Immediately south of the area a fairly good exposure can be 
studied and it is a fault contact. On the south slope of 
Roble Canyon, the Banco beds are in easily visible fault 
contact with the Mineta formation.

The Canada fault which forms the Banco-Mineta contact 
is apparently a high angle normal fault striking about 
north 20° west. North of Sosa Canyon the contact becomes 
obscure for about a half mile because it is covered by 
later material. About midway between Soza and Youtcy Can
yons the position of the contact again becomes clear though 
the nature of it cannot be determined. The author assumes 
it to be faulted at this point too with the strike of the 
fault more nearly northwest. Just south of Youtcy Canyon 
a small spur canyon reveals a sufficiently.good cross- 
section so that the fault nature of the contact can be deter
mined though it is Impossible to determine the type or mag
nitude of the movement.

This fault is offset in many places by smaller east- 
west trending faults of minor magnitude and there is no con
clusive evidence that the fault south of Soza Canyon and the 
fault north of Soza Canyon are the same break.

South of the Bar LY Ranch the Banco beds are in contact 
with the Upper Detrital member of the Mineta Formation and
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also the overlying andesite porphyry. North of the ranch 
the contact Is with the porphyry and with the Conglomerate 
member of the Mineta formation. The outcrop pattern of the 
Contact shows that the strike of the fault turns still fur
ther west and continues up Youtcy Canyon.

There are a number of small terrace remnants of an 
earlier stage of erosion than the one currently In effect 
within the area. These cap small hills in the Canada 
Atravesada and also west of Mineta Ridge. The source of 
most of the fragments in these terraces was the Banco beds 
and no further rounding of the fragments has taken place 
because of the small distance through which they were trans
ported. Most of these terrace deposits are at a lower alti
tude than the B&nco beds themselves and so can be easily 
distinguished from them but a few terraces northeast of the 
ranch house and also in the eactreme south of the area merge 
into the Banco beds imperceptibly so that the contacts can
not be accurately defined. These contacts are shown dotted 
on the geological map accompanying this paper.

Bar LY Beds. The Bar LY beds crop out on the east side 
of a hill just southeast of the Bar LY ranch house. They 
consist of a small series of interbedded sediments, tuffs, 
and flows. These are in fault contact with the andesite 
porphyry and seem to be a small wedge along the Canada 
fault. They include about fifty stratigraphic foot of
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continental sediments, a devitrified glass layer, water-laid 
tuff and a lava flow exposed over an area about 1000 feet 
long and 200 feet wide. The lava is porphyritic, apparently 
rather basic or intermediate. The phenocrysts are feldspar 
and the percentage of quartz is very low. The groundmass is 
aphanitic. This lava shows very good flow lines, especially 
on weathered outcrops, and is vesicular.

The Bar LY beds, which are exposed for a short distance 
along the strike of the Canada fault, are probably of post
porphyry age. Their relation to the Banco and Soza beds 
cannot be determined within the area covered by this paper 
and they have not been Identified in any other area. They 
may belong stratigraphically between the Banco and Soza beds 
or they may belong below the Soza beds between them and the 
porphyry. Unlike the Soza beds, sediments among the Bar LY 
beds contain no fragments of andesite porphyry. The Bar LY 
beds may represent the time between the forming of the Soza 
beds and that of the Banco beds. The presence of the por
phyry fragments in the Soza beds may be negative evidence 
for their older age, however, because such fragments are 
absent at the bottom of the Soza beds occurring only high 
up in the section. Thus, there is no conclusive evidence 
that the Soza beds represent the first deposition and 
erosion after the intrusion of the porphyry.

The exact age of the Soza, Banco, and Bar LY beds is
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unknown. Much of the valley fill in southeastern Arizona 
is referred to as Gila conglomerate, but more and more evi
dence is being found that it is not all of the same age.
For this reason an attempt has been made, in this study, to 
subdivide the deposits of the Gila Conglomerate type. The 
nearest valley fill deposits to be dated on the basis of 
fossils are near Benson about thirty-five miles upstream 
from the mouth of Soza Canyon. There lakebeds, mostly un
deformed, have been identified as late Pliocene and Pleis
tocene . Correlation of the two series over such a long 
distance is not possible at this time. A reconnaissance 
trip between the two areas showed many places where out
crop tracing would be difficult if not impossible. Litho
logic correlation can not be established between the two
areas.
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IGNEOUS ROOKS

Andesite Porphyry and Related Basic Dikes

Andesite porphyry either intrudes or is present as a 
flow over the Mineta formation. The complete thickness of 
the intrusion or flow is unknown as its top is eroded off 
everywhere in the Mineta Ridge area. The same type of ig
neous.rock occurs in many places in the San Pedro Valley, 
and in the Teran Wash area, fifteen miles to the southeast, 
it forms the bottom unit of a series of about fifteen igne
ous sills or flows exposed in a high hill. Within the Bar 
LY Ranch area, the maximum thickness exposed is about 1$0 
feet.

The porphyry is andesite porphyry as identified mega- 
scopically. The phenocrysts are plagioclase and horn
blende. The plagioclase appears to be close to andesine. 
The phenocrysts average about one-half Inch in length.
The plagioclase forms about fifty percent of the total 
composition. The hornblende phenocrysts are smaller, the 
largest being about one-fourth inch long. They form about 
ten percent of the total composition. The groundmass in 
this rock is aphanitic and, judging by its color, is com
posed of basic minerals.
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Petrographic examination, showed the following composi
tion for a typical specimen of the andesite porphyry:

Phenocrysts (Plagioclase, Ab^o-60
An5o-4.0

Groundmass
Epidote
Feldspar, composition inde

terminate
Magnetite-llmenite 
Kaolinite
Quartz and chlorite present 

less than

35%

2Q%

19%
9%
9%

1%

The plagioclase phenocrysts show foliation and are 
rather highly altered; this makes a closer determination of 
the composition impossible. Some of the smaller phenocrysts 
show first order interference colors and may" be epidote.
The groundmass of the rock is very highly altered making de
termination of the contained feldspar impossible but it may 
be orthoclase. Reflected light shows the groundmass to be 
formed of green and white areas containing some euhedral 
metallic crystals of magnetite-ilmenite. These areas are 
considered to be composed of epidote and kaolinite. There 
were many opaque flecks in the phenocrysts and these are 
assumed to be magnetite-ilmenite too.

The highly weathered nature of this andesite in thin 
section, collected from an "unweathered" outcrop high on 
the slopes of a hill, is noteworthy and shows that truly 
unweathered samples probably do not occur in the Mineta 
Ridge area.
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Away from the contacts with other rocks and basic dikes 
the composition of the porphyry is very uniform, throughout 
the area. Near contacts with other rocks, the porphyry 
tends to have fewer phenocrysts and more groundmass. Imme
diately north of the Bar LY ranch house, the porphyry, which 
is developed as a single mass elsewhere, divides into a num
ber of thinner branches with Mineta sediments in between 
which then return to the main porphyry mass. These small 
branches have a composition nearly that of basalt. Occa
sional agglomeratio phases also occur here. Over these 
small branches lies the main porphyry mass.

The porphyry forms good outcrops and caps most of the 
hills in the Mineta Ridge area.

Many other igneous bodies in the form of dikes and sills 
occur throughout the Mineta Ridge area and some of them can 
be traced back to the main porphyry mass. Most of these 
stringers are two to five feet thick and cut directly across 
the sedimentary beds. They tend to form somewhat larger in
trusive masses in fault zones. These stringers form a net
work within the underlying Mineta Formation and extend west 
as far as the metamorphic complex (see Geologic Map, Plate 
I). They do not occur in rocks stratigraphic ally higher 
than the Mineta formation.

The stringers are variable in composition. In some ex
posures they are slightly porphyritic with hornblende pheno
crysts.
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Baking along .the contacts is limited and occurs only 
in the finer-grained sediments for a distance of one or two 
feet from the contact.

There is not sufficient evidence to prove conclusively 
that the porphyry is an intrusive body. However, the occur
rence of the many smaller dikes and sills which extend in 
some places several hundred yards from the main porphyry 
mass would seem to indicate that the unit is intrusive. 
Another evidence of intrusion is the separation and re
joining of the branches immediately north of the Bar LY 
ranch house. (See Geologic Map, Plate I). Both of these 
phenomena would seem more likely to occur under intrusive 
conditions where pressures are higher than at the surface. 
In the northern part of the Mineta Ridge area, where most 
of the porphyry occurs, the Mineta Formation is nearly 
horizontal except in a few of the exposures under the por
phyry where dips as high as 39° have been measured. The 
folding indicated by these dips might have been caused by 
the intrusion of the porphyry.

The truncation of the Mineta formation by the por
phyry shows the porphyry to be post-middle Tertiary in age 
and its intrusion of all main faults in the area shows it 
to be post-faulting too. The Soza beds, which contain many 
porphyritic fragments, are clearly of post-porphyry age.
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Detrital member rocks between two 
masses of porphyry, northern par": of the area.
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Granite

Granite exposed In the Mineta Ridge area is confined to 
small fault blocks in the western portion. Its relation to 
the other rocks in the area, especially the metamorphics, 
cannot be determined because the boundaries of these various 
blocks are faulted in all exposures.

The. granite is coarse-grained. In many places the out
crops are highly weathered. A percentage composition of a 
typical hand specimen follows:

Specimen I If?
Quartz 20%
Feldspar (Orthoclase) 55%
Biotite (Apparently altered

from hornblende) 25%
The rock is equigranular with grains averaging about 

ten millimeters in length. Outcrops are typically red and 
highly altered. Locally, fine grained outcrops occur which 
seem to be aplite dikes of highly silicic composition - at 
least eighty percent quartz and feldspar.

The granite and its associated aplite seem to resemble 
very closely the Oracle granite as exposed in the Campo 
Bonita area studied by Ludden (Ludden, R. W. Jr., p. 32).
He considers it to be of PreCambrian age.
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METAMORPHIC ROCKS

Met amorphic rocks are confined to one unit which forms 
the extreme western border of the mapped area. They are ex
posed in a series of large fault blocks. Hone of them are 
in normal contact with other rocks and their stratigraphic 
relationships in the area cannot be determined.

The thickest and most easily studied section of these 
met amorphic rocks lies in Espiritu Canyon immediately west 
and southwest of the Bar LY ranch house. In this canyon,
350 feet deep, is exposed a series of nearly flat-lying 
moderately metamorphosed conglomerates, sandstones, schists 
and marbles, representing an originally thick sedimentary 
section.

Metamorphism has been moderate. The gravels in the 
conglomerates are stretched; the shales have been contorted 
to a high degree of ptygmatic folding; the marbles are fine 
grained. Elsewhere in the area, metamorphic rocks seem to 
be nearly all chlorite schists. No intense metamorphism or 
gneissic structure, such as occurs higher in Tanque Verde 
Pass, has been observed.

In spite of the slight amount of metamorphism, these 
rocks may be related to gneissies to the west in the Tanque 
Verde and Rincon Mountains. As yet, no correlation between
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rocks of these two areas has been attempted, however. The 
only contacts between the granite and the metamorphic rocks 
are fault contacts so the granite cannot be assigned, with 
any assurance, as the metamorphic agent.

In general the metamorphic rocks form poor outcrops 
because they are mostly schists that weather easily. The 
rocks of Espiritu Canyon seem to be an exception and this 
may be due to the fact that more resistant conglomerates 
and marbles occur there.

As stated in the section on General Geology in this 
paper the sediments forming the met amorphic series may be of 
Cretaceous age. It is also possible that they are much 
older. The possible age of a similar sedimentary section 
exposed near Madrona Ranger Station in the Tanque Verde 
Mountains is thoroughly discussed by Hernon (Hernon, R. M.,
p. 24).
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STRUCTURE

Faulting
Faulting dominates the structure in the area and there 

is no large scale folding. The major trend of the faulting 
is about north 20° west. There are also some minor faults 
and two major faults which strike nearly east-west.

The north 20° west faults seem to be either normal or 
steeply dipping reverse faults (see cross-section C, 
plate II). The movement along these faults has formed the 
many blocks shown on the geologic map.

The entire area is apparently the forward edge of a 
rather high angle thrust fault striking about north 20° 
west. The thrust fault plane crops out as the fault 
bounding the western edge of the area south of the Bar LY 
fault and forms the contact between the Conglomerate member 
of the Mine ta formation and the metamorphic rocks further 
west. The dip of the fault plane varies from 35° to 60°. 
This may be only one of several thrust faults which appe ar 
to exist west of the area in the older rocks. The loca
tion of the roots of the thrust are unknown but they would 
appear to be somewhere east of the area.^

3* Heindl, L. A., Personal Communication



Figure 12, Panorama view of the central part of the area 
looking northeast, Can&da Atravesada in the foreground is 
eroded in Upper Detrital member. Horse Mt. of andesite porphyry 
in the middle distance, left of center.
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The other reverse 'and normal faults are essentially 
vertical foralng the shattered hanging wall of the thrust.
The relation of the thrust to the attitude of the beds is 
such that younger beds have overridden older beds. The 
total movement along this thrust may not have been large and 
might be less than the total thickness of the rocks in
volved. This total thickness is possibly very great, es
pecially if the metamorphics are considered to be Precambrian 
for then the thrusting would have affected all the rocks 
from the Precambrian to the Middle Tertiary. Paleozoic 
rocks have been reported northwest of the Bar LY ranch and, 
questionably, west of the Mineta Ridge area. Proved pres
ence of Paleozoic rocks in the stratigraphic section near 
the Mineta Ridge area would add many hundred feet to the 
possible movement along the thrust.

The east-west faults are of a later age than the north
west trending group. This is proven by the east-west faults 
cutting the others in all exposures. Movement on these east- 
west faults has been predominately vertical but some hori
zontal movement has occurred offsetting many contacts. In 
general, the east-west faults have shown minor movement per
haps ten to twenty feet and therefore are too small to map. 
They are especially numerous about one-fourth mile south of 
Horse Mountain.

A larger east-west fault is the Saucito fault in the
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southern part of the area where the movement has been ap
proximately one hundred feet horizontally and about the same 
amount vertically.

The east-west fault, along which the largest vertical 
movement has occurred, is the Bar LY fault just north of 
the ranch house. The displacement on this fault has been 
very large bringing several hundred feet of met amorphic 
rocks into contact with the Upper Detrital member of the 
Mineta formation. The length of the Bar LY fault to the 
east is unknown but it probably extends eastward down Soza 
Canyon. Whether or not it affects the Canada fault in Soza 
Canyon is unknown. Because of this unknown quantity and be
cause of the obscurity of the Banco-Mineta contact imme
diately north of Soza Canyon, the faulting farther north is 
not considered, in this paper, as part of the Canada Fault.

The age of the faulting is unknown, but it appears to 
have occurred late in the geologic record. It is certainly 
post-Mineta Formation and therefore post-Middle Tertiary, 
but there is much evidence that the northwest trending 
series is pre-andesite porphyry in age. The porphyry covers 
many of the faults in the northern part of. the area. Too, 
stringers from the porphyry mass have intruded the fault 
zones in several places.

There is evidence, however, to indicate that movement 
has occurred along the northwest-trending series in post
porphyry time. The porphyry is in fault contact with the
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Conglomerate member of the Mineta Formation in the extreme 
northern part of the area immediately south of Youtcy Can
yon and this can only be explained as post-porphyry move
ment along an old fault plane.

The east-west trending faults are the latest in the 
area and some movement has occurred since the deposition of 
the Banco beds, the latest sediments though none of the 
terrace remnants in the area appears to be faulted. There 
may have been earlier movement along some of these faults 
however. Indirect evidence of possible earlier movement 
along the Bar LY and Saucito Faults is seen in the fact 
that they show displacement of a much larger magnitude than 
the other east-west faults. The relation between the Bar LY 
fault and the fault forming the western boundary in the 
northern part of the Mineta Ridge area is not known.

Folding

There has been no large scale folding within the area, 
though minor drag folds occur along the faults. The Mineta 
formation has a dip ranging from about 35° east to slightly 
overturned (73° west) in the south part of the area. These 
dips are considered to show the effects of tilting and not 
folding. North of the Bar LY fault, the Mineta Formation 
is nearly horizontal except locally under the porphyry.
This flattening of the dip from south to north seems to be
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relatively gradual, however, and has not been attributed to 
movement along the Bar IX fault. Exposures of the Mineta 
formation between Horse Mountain and the Bar LY fault are, 
in general, poor, but where dips can be measured the 
flattening seems to be gradual, starting immediately south 
of Horse Mountain and becoming nearly horizontal at the 
Bar LY ranch house.



GEOLOGICAL HISTORY

The geological history of the area seems to be one of 
periods of rapid deposition interrupted from time to time 
by large scale faulting and tilting.

Sequence of Events

1. The geologic history represented by (a) the de
position and met amor phi sm of the metamorphic rocks and (b) 
the intrusion of the granite has not been studied. How
ever, these rocks show that there was both sedimentation 
and tectonic activity in the Mineta Ridge area before the 
deposition of the Conglomerate member of the Mineta Forma
tion.

2. A long period of erosion occurred. This brought 
the granite and metamorphic rocks to the surface. Several 
distinct periods of alternate sedimentation and erosion 
may have taken place but no evidence of these alternations 
has:yet been discovered.

The last stage of this erosion must have taken place 
in a humid climate because weathering of the granite has 
occurred to a maximum depth of ten feet below the overlying 
conglomerate.

3. The first record of deposition that has been



studied is that represented by the Conglomerate member of 
the Mineta formation. The deposition of the conglomerate 
was rapid but intermittent and probably took place under 
alluvial fan-forming conditions. The environment and 
climate may have been similar to that in the area today.

!(.. The events of an unknown length of time are lost 
after the conglomerate because of later faulting.

5. The next recorded period of deposition is repre
sented by the Limestone member of the Mineta formation.
This is a fresh water limestone with many thin extensive 
shale beds and represents a time when a lake covered the 
area. The mudstones were probably deposited during periods 
of more active sedimentation. Their fineness and evenness 
shows their aqueous environment.

6. Again an unknown amount of time is unrecorded be 
tween deposition of the Limestone member and the Upper 
Detrital member, because of later faulting.

7• The lithology of the Upper Detrital member shows 
a valley environment with deposition occurring at fairly 
rapid rates part of the time and at slower and more even 
rates at other times. The "red bed" character of the sedi
ments also demonstrates their sub-aqueous origin. As time 
went on, the source of the sediments probably became lower 
and the streams became old age streams. The sediments be
come finer and finer in the higher beds of the unit and
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limestones begin to appear again showing the recurrence of 
lakes. All these limestones show minor shale partings per
haps indicating storm periods.

Near the top of the Upper Detrital member a siltygyp
sum bed shows the presence of a lake with inflow exceeding 
outflow.

The lack of large scale lensing in tho Upper Detrital 
member and the even bedding of the sediments indicates that 
the climate was more humid and sedimentation more even than 
it is in the area now. All the fragments in the sediments 
are from rocks exposed near the Mineta Ridge area and the 
rounding is very poor. This shows that the material was 
deposited not far from its source.

The deposition of these sediments occurred in Middle 
Tertiary time. These are the only dated rocks in the 
Mineta Ridge area.

8. There was a period of strong faulting with a 
north 20° west trend. There may have been some faulting 
with an east-west trend too. After the faulting came the 
intrusion of the andesite porphyry. Mountain building may 
have occurred during this period too as indicated by the 
presence of large fragments in the overlying sediments.

9. There must have been another period of extensive 
erosion in the Mineta Ridge area during which the.Soza beds 
were formed near the San Pedro River. Some time after this
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erosion started, the downward moving surface reached the 
andesite porphyry, and porphyry fragments were deposited in 
the Sosa beds. During this time of deposition there was 
the extrusion of basalt flows near the present-day San 
Pedro River followed by more deposition. All the deposits 
are fanglomerates formed on alluvial fans.

10. There was more faulting which tilted the Soza
beds.

11. Sometime after the introduction of the andesite 
porphyry and before deposition of the Banco beds, the Bar 
LY beds were formed including the introduction of the flow 
included in those beds.

12. The last large-scale sedimentation in the area 
was the deposition of the Banco beds which are fanglomer
ates within the Mineta Ridge area but are much finer 
closer to the San Pedro River.

13. The deposition of the Banco beds was followed by 
more faulting, first along the older northwest trending 
faults. This faulting apparently was of considerable mag
nitude for it brought the Banco beds into contact with the 
andesite porphyry. The last faulting was along-the:east- 
west faults and was probably of a minor nature.

Ilf. After the last faulting, a high pediment was out 
at the altitude of the top of Banco ridge. This pediment 
seems to have extended completely across the area and into
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the older rocks to the west. Several periods of erosion 
have followed, the results of which are treated more fully 
in the section on Geomorphology. There is no active de
position within the area at the present time.



GEOMORPHOLOGY

The geomorphology of the area is concerned with a 
series of dropping base levels forated after deposition of 
the Banco beds. Later destruction of these base levels 
formed a series of terraces. The highest base lelrel. 
caused the cutting of the pediment which forms the even 
profile of the summits along Banco Ridge and also along 
several hills west of the area. These hills are composed 
of more resistant rocks.

This pediment was apparently formed after both the de
position and the deformation of the Banco beds because the 
deformation does not seem to have affected it. In the cen
ter of the San Pedro Valley the profile of the pediment is 
interrupted by the cliffs along the river. These cliffs 
are from 75 to 100 feet high. Westward the pediment sur
face gains altitude evenly and croasts: the Mineta Ridge 
area at a maximum altitude of lj.055 feet, indicated by the 
altitude of the highest point on Banco Ridge. This point 
is immediately southeast of the Mineta Ridge area. Fur
ther west the pediment becomes more obscure but is shown in 
the concordant summits of several hills southwest of the 
Mineta Ridge area and it can be traced well up against the 
present foot of the Tanque Verde Mountains. When this
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pediment was formed the San Pedro Valley was much higher 
than at present, more flat and not as dissected. This 
pediment can be matched with a similar surface on the east 
side of the San Pedro valley. Correlation of this surface 
with the undissected surfaces observed by Knechtel in the 
San Simon and Gila River Valleys might be possible.

After the formation of this pediment, base level was 
lowered and dissection began again forming two good sets 
of terraces. Other terraces occur in the more highly dis
sected areas but were probably formed by local controls.

The higher of these two terraces has an altitude of 
about 3500 feet in the Mineta Ridge area and represents 
removal of about $00 feet of Banco beds. It is best ex
posed north of Soza Canyon. It has been much dissected by 
formation of the lower terrace.

The lower terrace forms the summits of hills in the 
Banco beds north of the area covered by this paper but is 
not well exposed within the Mineta Ridge area itself ex
cept between Soza and Youtcy Canyons. It lies at an alti
tude about fifty feet lower than the higher terrace.

This lower terrace may also be represented by the 
numerous isolated cut surfaces within the area. These 
are capped by thin veneers of detrital material which 
closely resemble the Banco beds in lithology. They were 
probably derived from the Banco beds with very little
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transportation involved.
Erosion is active within the area now but is highly 

controlled by the nature of the bedrock. The area between 
the Bar LY ranch house and the northwest corner of the 
Mineta Ridge area is drained by three streams, but is kept 
at a much higher level than the rest of the area. This is 
because two of the streams which drain that part of the 
area flow over resistant rocks, either granite or porphyry. 
The third flows over the rather resistant conglomerate and 
is cutting somewhat faster than the other two.

In the southern part of the Mineta Ridge area, ero
sion has proceeded very rapidly in both the soft Upper 
Detrital member of the Mineta formation and the Banco beds, 
especially in the Mineta formation, and has formed the 
Canada Atravesada (see Fig./Z. ). There is a definite "fall 
line" between the more resistant Limestone member on the 
west and the softer sandstones, siltstones and mudstones to 
the east. Water falls are also found wherever streams 
cross granite blocks or the other more resistant rocks 
that are in contact with the Mineta formation.
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One of the principal results of the field work con
nected with this paper has been to demonstrate that the 
sedimentary series described here is probably incomplete 
because of the great amount of faulting that has taken 
place. A more complete study of the Mineta formation can 
probably be conducted in some other area once the sedi
ments have been identified. The Mineta formation is not 
lithologically distinctive and correlation from area to 
area would probably have to be done by means of fossils.
A more complete study of the Mineta formation is highly 
desirable for it seems likely that such a study will re
sult in the addition of much evidence usable in deter
mining the sequence of events in Tertiary time in southern 
Arizona.

A sedimentary section of rocks lithologically similar 
to the Mineta formation is exposed in the Teran Basin about 
fifteen miles south of the Mineta Ridge area and on the 
east side of the San Pedro Valley (see Reference Map,
Fig. 1). The section exposed in Teran Basin is apparently 
much thicker than that exposed in the Mineta Ridge area.
No fossils have been found in the Teran Basin as yet. The 
Teran Basin is considerably more inaccessible than the

228200
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Mineta Ridge area.
A search for fossils should prove profitable in the 

Soza and Banco beds and would be desirable in understanding 
the post-porphyry history in both the Mineta Ridge and sur
rounding areas. The beds are but little weathered and a 
search for fossils should be rewarding.

Possibilities for future geological work in the San 
Pedro Valley are very good and concentrated effort should 
do much toward determining the Tertiary history of southern 
Arizona.
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APPENDIX 

Measured Section 

Measured northeast along Line S-S' (Plate I) 

Banco beds ( Quaternary or Late Tertiary) 

Upper Detrital member, Mineta Formation (middle Tertiary.) 

Shales and limestones, fine grained, t hin 
bedded. Somewhat gypsiferous near t h e 
top. Gypsum bed occurs about 200 1 

Feet 

ab ove the bottom of this unit ••••.• -.Approx. 300 

Tuff , may be water laid , a good marker bed 16 

S andstone, red with interbedded coarse a.rid 
fine l ayers. Contains some silty 
limestone near t he top ••••••••.••••••••••••• 141 

Limestone, black , fetid, resistant. The 
rhinoceros fossil was collected from 
this bed • • • • • • • . . • • • . • • • • • • • • • • • • • • • • • . • • • • • 2 

Shale and limestone , bright re d , thin 
bedded, but beddi n g indistinct •••••••••••••• 37 

Shale, g reen, thin bedded and very non
resistant. Much local change i n dip 

Mudstone, siltstone and sandstone, purple. 

. . . . . . . . 
Thin bedde d , sandier than lower units, 
contains mica which becomes more com-

109 

mon near the top of the membe r •••••••••••••• 126 

Siltstone and sandstone, mostly 'green but 
some purple. Thin limestone beds in 
lower 20 1 • Fewer sandstones than in 
the uni t below•••••••••••••••••••••••••••••• 92 

Siltstone and sandstone, g reen and purple, 
show good bedding 1/2-4" thick •••••••••••••• 133 
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Sandstone and shale, purple, thin bedded, 
forms poor outcrops. Sands are 
poorly sorted ..........     237

Mudstone and marly limestone, gray-green, 
mudstone beds about 1” thick, lime
stones l-lJr" thick. A 1* limestone 
bed at the top of the unit ................ 28

Marly limestone, thick bedded. Lower
is elastic. Contains algal remains......  10

Siltstone and mudstone, black to gray,
badly crumbled ...................    89

Limestone, light gray, massive and fairly
resistant............... .................. 2

Siltstone and mudstone, badly crumpled, a 
marly limestone occurs about 35’ from 
the bottom . . . . . . . . . . . . . . . . . . . . . . . .  56

Total thickness measured 1375' plus
Fault contact
Limestone member, Mineta formation (middle Tertiary ?)
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