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INTRODUCTION

Location

The Maudina mine area in the southeastern section of 
Pinal County, Arizona, (see fig. 1) lies on the northeastern 
flank of the Santa Catalina Mountains. In plate 3 the rela
tive location of the area within the Winkelman quadrangle 
is shown on an enlarged map of a portion of that quadrangle.

Oracle, the nearest settlement, lies 3i miles in a 
straight line to the north-northeast of the thesis area.
Seven miles north of Oracle is the San Manuel mine of Magma 
Copper Company and the Mammoth-St. Anthony mine. At present 
the latter is the only producing mine of the Old Hat District

The Maudina mine is 7 miles south of Oracle on the old 
Mt, Lemmon road. This road is unimproved but graded and 
maintained. Normally it is in good condition except after 
rains or during periods of melting snows. Oracle is 4o miles 
north of Tucson via U. S. Highway 80, and State Highway 77.

Only Bonito Canyon and the easternmost portion of the 
area are accessible by road. An ungraded road which is not 
passable throughout its entire length extends up Southern 
Belle Canyon.
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Previous Investigatlone

Little detailed work has been published on the Santa 
Catalina Mountains. W. P. Blake (1908, pp. 45-49) gave the 
first general description of the range. F. L. Ransome (1916, 
pp. 144-145) gave a brief summary of the geology based on 
work which was being carried on at that time by 0. F. Tolman, 
but Tolman*s study was not completed. At Intervals between 
1930-38 B. N. Moore carried on the work. A map which was 
made as a result of these studies Is on open file at the 
Arizona Bureau of Mines. N. H. Barton (1925, p, 282) gives 
a section at Stratton Canyon on the northeastern flank of 
the range.

W. M. Davis (1931, pp. 289-317) gives a physiographic 
Interpretation of the Santa Catalina Mountains In which he 
detects two periods of faulting connected with the genesis 
of the range. The first is a period of uplift'on the 
southern and western flanks followed by depression along 
the same lines.

A. Stoyanow (1936, p. 477) has given a description of 
the Apache group, the Cambrian, and Devonian strata as ex
posed in Peppersauce Canyon.

No detailed geologic work on the structure has been 
published.

Some work in the vicinity of the Maudina mine has been 
done by various consulting geologists and engineers. None
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of this material has been published but Is In private re
ports to the owners of the Maudlna and Canspo Bonlto mining 
properties.

Field Work and Acknowledgments

An area of about 3i square milee was mapped during two 
months of the summer of 1948 and on weekends during the 
school year of 1948-49. Laboratory work was carried out 
during 1948-49. R. W. Ludden conducted a similar study*.in 
an adjoining area to the west (see pi. 3) and a composite 
geological map of the two areas is included in this report.

A preliminary U. S. Geological Survey topographic map 
on a scale of 1/24000 was made available to Mr. Ludden and 
the writer through the kindness of Dr. B. S. Butler and 
served as an excellent base map for the geological work.
This was enlarged by photographic methods to a scale of 
1/6000 for use in the field.

Valuable information concerning the general area and 
particularly of the mines was furnished by Mr. E. H. Molson, 
owner of the Maudlna mine.

Acknowledgments are also due to members of the Depart
ment of Geology of the University of Arizona who gave of 
their time, especially to Dr. B. 3. Butler for discussion
and suggestions, to Dr. M. N. Short for help with thin sec- 
♦"Geology of the Campo Bonlto Mine Area, Northern Santa 
Catalina Mountains, Pinal County, Arizona," Univ. of Ariz. thesis.
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tione, to Mr. E. D. McKee for a visit to the area, to Dr.
A. A, Stoyanow for suggestions and identification of fos
sils, and to Dr. F. W. dalbraith, thesis adviser, for dis
cussion and criticism. The writer wishes to thank all mem
bers of the Department of Geology for critical reading of 
the manuscript,

Mr. R. W. Ludden and the author discussed mutual prob
lems concerned with the adjoining thesis areas. These dis
cussions were of great help in clarifying certain features 
of the geology. For these discussions and for Mr. Ludden*s 
company on many long days in the field the writer wishes 
to extend his gratitude.

Especial thanks are due to the author*s wife for her 
companionship on occasional trips to the field and for her 
patience while typing the manuscript in both its prelimi
nary and final forms.

Climate

The weather within the general region under considera
tion is mild enough so that geological field work may be 
carried on throughout most of the year with little discom
fort. During the winter, largely in January, February and 
March, moderate amounts of snow fall. The mean annual 
snowfall at Oracle Is 12.2 inches. Within the Maudlna mine
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area snowfall probably Is somewhat greater owing to the 
higher altitude. Occasionally the winter snows lying on 
the ground may Impede geological observations, but this 
condition seldom lasts for more than a week at a time.

Precipitation, as In other parte of southeastern Ari
zona, occurs at two seasons. The summer rainy season oc
curs during July, August and September, the rain falling 
as cloudbursts which last usually only a short time, but 
are of considerable Intensity. A lesser winter season of 
precipitation occurs during December, January and February. 
The annual total precipitation for Oracle Is 19.58 Inches.

The temperatures, both summer and winter, are equable. 
During the summer months the temperatures within the Maudina 

, mine area are at least 10 degrees cooler than In the hot 
valleys nearby. Winter temperatures are seldom below freez
ing. July Is the hottest month, and January Is the coldest. 
Mean figures showing the range for these months as given by 
H. V. Smith (19^5» P# 57) from records of the Oracle Weather 
Station are given In Table 1.

January July
Mean Max. 56.9 91.7
Mean Min. 34.9 67.3
Mean 45.8 79.8

Table 1
Mean Temperatures at 

the Oracle Weather Station
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Topography

The Maudlna mine area, ae considered In this paper, 
lies on the northeastern flank of the Santa Catalina Moun
tains and on the eastern slope of Oracle Ridge, Topographi
cally the area may be considered as consisting of three 
types: the gently rolling country lying north of the Mogul
fault (pi, 1), the mountain area to the south, and the 
marginal alluvial slopes to the east,

• Granite underlies the region north of the Mogul fault 
and the topography is generally lower and more subdued than 
that of the region directly to the south. A few rounded 
residual boulders dot the lowlands, lying on a moderate 
thickness of decomposed granitic soil. Higher areas have 
prominent outcrops of rounded granite.

. Just to the south of the Mogul fault the area Is more 
rugged than the granite area to the north and of considerable 
relief. The westernmost edge of the area is approximately 
paralleled by Oracle Ridge, a northerly-trending ridge which 
is the divide separating the drainage of Canada del Oro to 
the west from that of the San Pedro River Valley on the east. 
The Joint areas of Ludden and the writer lie to the east of 
this ridge. Easterly-trending spurs from Oracle Ridge des
cend in altitude eastward until they merge with the gentle 
alluvial slopes of the valley deposits. The altitudes in 
this rugged area vary from an elevation of 6^46 feet at
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Apache Peak on Oracle Ridge to between 4600 and 4800 feet 
where alluvial fanglomerates meet the mountain slopes. The 
spurs are composed of easterly-dipping Precambrlan, Paleo
zoic and Cretaceous sediments, which are cut by narrow V- 
shaped valleys draining to the east. Within the area these 
valleys are known as Bonlto Canyon, the northernmost, Sou
thern Belle Canyon, Peppersauce Canyon, and Tule Springs 
Canyon, the southernmost.

Bordering the Santa Catalina Mountains on the east are 
extensive alluvial fans, now being dissected, part of which 
Is shown along the eastern margin of the map and represents 
the third topographic type In the area. The contact of the 
alluvial slopes with the mountain base Is Irregular. The 
heads of many fans extend as embayments within the range. 
The highest elevation within the mapped area reached by 
these alluvial slopes Is around 4700 feet. The fans slope 
gently toward the San Pedro River Valley 10 miles to the 
east, at a gradient of about 200 feet per mile. Their 
surfaces are smooth and flat and are broken only by narrow 
V-shaped canyons which are formed by Intermittent streams 
draining eastward.

In general the entire area is In a youthful stage of 
dissection.
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GENERAL GEOLOGY 

General Statement

On the northeastern flank of the Santa Catalina Moun
tains and within the general area mapped by Ludden and the 
writer lies a stratigraphic sequence which Includes forma
tions from Precambrlan through Recent* The sequence forms

. • . ' • - • • . - - -- ■ '

a monocllnal block that dips eastward at angles of from
15° to 40°.

The oldest rock In this region Is the Precambrlan 
Oracle granite. Upon the eroded surface of this granite 
lies the late Precambrlan Apache group. This group Includes 
the Scanlan conglomerate, Pioneer shale, Barnes conglomerate, 
and the Dripping Springs quartzite. The Mescal limestone 
which commonly Is the top member of the Apache group Is not 
present In the areas covered by Ludden or the writer, Its 
place being taken by an unnamed purple sandstone (Stoyanow, 
1936, p, 4?4). Within a short distance of the western boun
dary of the area studied by Ludden on the western side of 
Canada del Oro, the Mescal limestone Is present In the nor
mal sequence and the purple sandstone Is absent. The 
Apache group Is found only In the area studied by Ludden,

Overlying the Precambrlan Apache group with dlscon-



foraity Is the troy quartzite. This is the oldest rock in the 
sedimentary sequence found in the M&udlna mine area* Over- 
lying this formation is the Santa Oatallna formation, Southern 
Belle quartzite, Abrigo formation, and Peppersauce Canyon 
sandstone. Above the Cambrian formations without apparent 
discordance are the Martin limestone and Lower Ouray forma
tion of Devonian age* Still higher and forming the top of 
the Paleozoic section in this area is the Mlesleelpplah Esca- 
brosa limestone (pi. 14). Strata of Pennsylvanian and Per^ 
mlan age are absent in the Maudlna mine area. Cretaceous (t) 
strata lie upon an irregular surface of erosion on the Mis- 
sisslppian limestone. These strata are in part at least of 
continental origin. There Is a slight discordance between 
the strata of Cretaceous (1) and those of Paleozoic age.

In the eastern part of the mapped area a Tertiary fan- 
glomerate, possibly the equivalent of the Gila conglomerate (?) 
rests with marked angular unconformity upon upturned older 
rocks. Recent sands and gravels occur in the streams and 
as regollth.

High angle faulting in a north-south direction and a 
northwesterly direction has affected the area. Downthrow 
of the faults appears to be largely on the western side and 
has dropped the sediments in step-like fashion in that di
rection. The Mogul fault trends northwest by west and dips 
at high angles to the south. This structure separates Pre- 
cambrlan granite on the north from sediments of Precambrian,
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Paleozoic, Mesozoic and Tertiary age on the south. It Is 
the largest and most Important structural feature of the 
area. Some small scale folding has occurred.

Primary mineralization occurs both In the granite and 
In the sediments. Placer gold has been worked on a small 
scale. The most Important ore deposit within the area studied 
by the writer Is the Maudlna Tungsten mine. Most production 
from this mine was obtained during the first World War. On 
the whole, the economic Importance of the area has been 
small.
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SEDIMENTARY ROCKS

Cambrian System

Middle Cambrian 
Troy quartzite

The PreCambrian Apache group underlies the Troy quartz
ite In this region, but Is present only within the western 
area described by Ludden.

The Troy quartzite was named by Ransome (1903, p. 139) 
from Troy Mountain In the Dripping Springs Range where the 
formation Is well exposed.

Lithologically the Troy quartzite maybe characterized 
as a massive, cliff-forming quartzite of predominant pale 
red to light purplish color, commonly containing bands of 
gray and dull red colors. In general as shown In the de
tailed section It Is fine-grained In the lower half and 
medium- to coarse-grained In the upper half. It commonly 
contains random granules of quartz. On the south side of 
Southern Belle Canyon ripple marks were noted just below 
Its contact with the overlying Santa Catalina formation,

A section follows which was measured In Tule Springs 
Canyon and which will show the general character of the 
formation.
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Section of Troy Quartzite 
on North side of Tule Springe Canyon

Alternating thin-bedded mudetones and sandstones of 
Catalina formation.

Troy quartzite: ;
Quartzite: white to light pink, medium-

grained; contains occasional random quartz 
granules or pebbles, thin-bedded (1-3'), 
cros s-lamlnated, cliff-forming, weathers 
in rusty browns, pinks, dull reds, and 
grays.......... ...........................

Quartzite: white to light pink, medium-
grained, contains occasional random quartz 
granules or pebbles, medium- to thick-bedded 
(3-201), cross-laminated, cliff-forming, weathers in rusty browns, pinks, dull reds, 
and grays..... ........

Quartzite: grayish red, medium-grained, con
tains occasional granule or pebble of angu
lar quartz, medium-bedded (1-3'), weathers 
dark purple with occasional light gray 
bands (4-6")......... ............. .....

Quartzite: light gray, very fine- to fine
grained, medium- to thick-bedded (2-81), 
cross-laminated, weathers in grays and dull 
reds, commonly banded or blotched by local 
reduction of ferruginous pigment...... .

Quartzite: gray, very fine- to medium-grained
thin-bedded (1-6*), weathers in grays, and 
dull reds, slope-forming......... .........

Quartzite: gray, very fine-grained, medlum-
to thick-bedded (1-8'), cross-laminated, 
cliff-forming, weathers to grays and dull 
rede, commonly alternately gray and red- 
banded. .............. ...........

Dieconformity.
Unnamed sandstone.

the Santa

Feet

65

150

25

30

6
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No fossils were obtained from the Troy quartzite In 
this area. The age of the formation is considered to be 
Middle Cambrian on the basis of fossils collected In Ash 
Creek Canyon by M. R. Campbell (1904, p. 243) and Identi
fied by C. D. Walcott and corroborated by the find of Cam
brian braohlopods at the type locality In the Mescal Moun
tains. (Stoyanow, 1936, p. 475)

Santa Catalina formation

Overlying the Troy quartzite are several hundred feet 
of rusty brown Interbedded siltstones and sandstones.
These have been named the Santa Catalina formation by 
Stoyanow (1936, p. 476) from their type locality In the 
Santa Catalina Mountains.

From a distance the formation is reddish brown. It 
Is most easily recognized by Its position between the mas
sive cliff-forming Troy quartzite and the conspicuous white 
Southern Belle quartzite and from the fact that It forms a 
gentler slope than either of the other formations. The 
sandy layers are commonly cross-bedded and many have green 
to pink micaceous silty partings which are marked in many 
places with worm tracks or tubes.

Much of the Santa Catalina formation is characterized 
by thln-bedded mudstones and sandstones which have reacted 
as incompetent beds during structural movements. As a re
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suit small scale crumpling or folding ie common. This is 
well seen in the vicinity of the Maudina mine and.within 
the outcrop of the Santa Catalina formation which is 1000 
feet west of the Battlesnake fault (pi. 1).

The thin-bedded nature of the Santa Catalina formation
feet west of the Rattlesnake fault (pi. 1).

The thin-bedded nature of the Santa Catalina formation 
is shown in the section that follows. .........

Section of Santa Catalina Formation 
on the North side of Southern Belle Canyon

Southern Belle quartzite, thick-bedded pale red quartzite 
at the base with massive white quartzite above.

Santa Catalina formation: Feet
Mudstone: light brown, weathers yellow brown,

aphanitic with thin (&-&*) laminae of light 
red, very fine-grained sandstone, shaly.... 5

Quartzite: light brownish gray, weathers rusty
brown to black, medium-grained, thin-bedded 
(8-11*), cross-bedded, l* of light brown 
shaly mudstone at top.....................  22

Sandstone: light brownish gray, weathers gray
to black, medium-grained, medium-bedded 
(2-31), cross-bedded..... . 6

Quartzite: light brownish gray, weathers rusty
brown, fine-grained, thin-bedded (3-8"), 
silty partings, cross-bedded........... . 4

Sandstone: pale red, weathers in yellow browns,
red browns, very fine-grained, shaly in part, 
thin-bedded (3-8"), interbedded with thin 
laminae (4*) of fine-grained sandstone, slope 
covered with quartzite rubble from above... 9

Sandstone: pale reddish brown, weathers grayish
red to black, very fine-grained, medium-bedded (1-2*).................... ....... ......  7
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Mudetone; pale red to light brownt weathers 
In yellow browns and pale reddish browns, 
aphanltle, thln-bedded (0-6").............. 36

Sandstone: pale reddish brown, weathers pale
reddish brown, grayish red, very fine- 
rained, thln-bedded (1M-1‘)> slope, cross- 
edded, parts are thinly laminated, thin 

micaceous greenish to grayish mudstone 
partings, In part fucoidal, flat pebble
conglomerate at 25' from base.............  80

Sandstone: pale reddish brown, weathers gray
ish red, yellowish brown, to black, medium- 
bedded (1-3').............................  25

Mudetone and very fine sandstone: pale red,
weathers rusty brown, aphanltle, thln-bedded 
(4-6"), contains thin micaceous silty part
ings , surfaces gnarly, fucoidal, Hvollthes 
impressions 31* from base, unidentifiable
trilobite remains.........................  36

Quartzite: pale red to pale reddish brown,
weathers in grays, browns and black, flne- 
to very fine-grained, cliff-forming.......  4

Siltstone: light brown, weathers in yellow
browns, frequently black due to manganese 
stain, medium-bedded (1-2').............

Troy quartzite.

In Tule Springs Canyon there is 283 feet of Santa Cata
lina formation. The basal contact with the Troy was not ex
posed at this place but judging from local relations, not 
more than 10 to 15 feet is covered, making a total thickness 
of 293 to 298 feet at most. In the section given above, which 
was measured in Southern Belle Canyon, only 239 feet of Santa 
Catalina formation was measured.

In Southern Belle Canyon, 4o feet from the base, is a 
friable sandy bed replete with impressions of Hvollthes.
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Near the same horizon Impressions of the pygldla and cranl- 
dla of undetermined trllobltes are also present.

Stoyanow (1936, p. 4?6; 1949, P. 1922) reports Agraulos 
as being present throughout the entire thickness of the Santa 
Catalina formation. Immyla. Agnostldae, and Stenotheoa are 
also reported.

Southern Belle quartzite

The Southern Belle quartzite was named by Stoyanow (1936, 
p. 477) and its type locality is in Peppersauce Canyon. This 
stratigraphic unit was placed in the Middle Cambrian. Its 
appearance is striking, owing to the presence of white beds 
which are in marked contrast with the overlying Abrlgo and 
underlying Santa Catalina formations, both of which are dark 
rusty to reddish brown in color. It serves as an excellent 
stratigraphic marker.

This quartzite varies from 26 to 4? feet in thickness. 
During faulting and minor folding which has occurred in the 
area, the Southern Belle quartzite has reacted as a brittle 
bed. Where it has been subjected to stresses it is shattered 
extensively*

The lower part consists of pale red quartzite which is 
cross-laminated and medium- to thick-bedded; the upper part 
is a pure white quartzite of massive aspect, and with no 
apparent cross-lamination.
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Section of Southern Belle Quartzite 
on the North side of Southern Belle Canyon

Moderate brown magnesian limestones and thin grayish red 
sandstone beds of the Abrlgo formation.

Southern Belle quartzite: Feet
Quartzite: white, weathers white, medium-

grained, thick-bedded (3*), massive........  3
Quartzite: pale yellowish brown to white,
weathers pale red to white, medium-grained, 
thick-bedded (4*), massive................  4

Quartzite: white, weathers white, medium-
grained, thick-bedded (3-81), massive......  Ik

Quartzite: pale red, weathers grayish pink,
fine-grained, medium- to thick-bedded (1-3'),
cross-bedded.........     24—

Santa Catalina formation.

In the mapped area, as elsewhere, the quartzite Is un- 
foeslllferous.

Upper Cambrian 
Abrlgo formation

Conformably overlying the Southern Belle quartzite Is 
the Abrlgo formation first described by Ransoms (1904, pp. 30-32) 
as the Abrlgo limestone from the type locality In Abrlgo 
Canyon at Blsbee.

In the area mapped the Abrlgo formation consists In the
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lower portion of thin-bedded pale red to reddish brown silt- 
stones, and sandstones interbedded with reddish brown to pale 
yellowish brown magnesian limestones which weather to buff 
colors. Certain areas within the magnesian limestones are 
more arenaceous and tend to stand out on the weathered surface 
in the form of thin wavy laminae or lenses. In the sandstone 
layers thin green to pink micaceous slltetone partings are 
common. These commonly contain worm trails in many places.
The upper third of the formation consists of medium-bedded, 
blackish red to grayish red weathering quartzite beds. These 
beds have yielded no fossils by which their, stratigraphic horl 
zon could be determined, Stoyanow (1936, p, ^76) places 
these beds within the Abrlgo formation.

Lithologically the Abrlgo formation resembles in part 
the Santa Catalina formation and in a limited outcrop the 
two may be confused. The presence of magnesian limestone in 
the Abrlgo formation serves to distinguish the two formations.

Section of Abrlgo Formation 
on the North side of Tule Springs Canyon

Light brownish gray quartzite, limy in part, and arenaceous 
limestone of the Peppersauce sandstone.

Abrlgo formation: Feet
Quartzite: grayish red, weathers grayish red

to blackish red, fine-grained, medium-bedded 
(1-3*).................... ................  55
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Magnesian limestone; pale yellowish brown, 
contains lenses and Irregular areas which 
are arenaceous and weathers to a rough 
sugary surface with medium-sized quartz 
grains protruding.. . . i ^ . 8

Sandstone: pale red, weathers In pale browns,
very fine-grained, thln-bedded (2-4"), cal
careous....................... . 20

Magnesian limestone: pale yellowish brown,
weathers grayish orange, thln-bedded (<!*), 
contains Irregular wavy lenses and laminae 
of dark gray to grayish black very fine
grained sandstone which stand out In relief 
on weathered surface, bedding surfaces may 
contain thin greenish micaceous silty part
ings, fucoldal............................  20

Sandstone: light brown, weathers light brown,
some black manganese stain, very fine-grained, 
thln-bedded (<!'), some thin Irregular layers 
of arenaceous limestone, cliff-forming, cal
careous.................................... 30

Magnesian limestone: pale brown to light gray,
weathers moderate brown, fine-grained, thln- 
bedded (<!*), interbedded with thin beds of 

: - fine to very fine sandstone, pale reddish
brown, weathers to grayish red, thin greenish 
gray micaceous siltstone partings bearing 
fucoldal markings are common............. .

Southern Belle quartzite.

At Peppersauce Canyon Stoyanow (1936, pp. 46?, 4?6) 
reports the presence of Trlcreplcephalus texanus. Hesperas- 
pls butlerl Stoyanow and H. ransomel Stoyanow near the base 
of the formation.

Peppersauce sandstone

Above the Abrigo formation Is the Peppersauce sandstone
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named by Stoy&now (1936, p* 4?6) from Its occurrence at the 
type locality in Peppereauce Canyon.

The lower boundary of this formation ae defined by 
Stoyanow (1936, p. 476-477) hae been put at the top of the 
grayish red to blackish red sandstone beds which form the 
highest beds of the Abrlgo foraation. The upper boundary 
is readily apparent because of a bed of gray limestone con
taining abundant Devonian fossils at the base of the over- 
lying Martin limestone.

The Peppereauce sandstone consists of hard, fairly thin- 
bedded, light red-brown quartzites, which grade upward into 
sandy limestone and calcareous sandstone of buff color, with 
some interbedded light red quartzite layers. At the top is 
6 feet of light gray arenaceous limestone which weathers to 
a smooth surface.

Section of Peppereauce Sandstone 
on North side of Peppereauce Canyon on ridge near road

Medium gray foselllferous limestone at the base of the Martin 
limestone.

Peppereauce sandstone: Feet
Limestone: pale red, weathers light brownish

gray, fine-grained, arenaceous containing 
medium- to coarse-grained sub-angular quartz 
grains, medium-bedded (1-31) • 6

Sandstone: pale red, weathers light brownish
gray, very fine-grained, calcareous, contains 
greenish silty partings, thin-bedded (4-8*). 3
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Limestone: light brown, weathers light brown,
grains vary from fine to coarse, arenaceous 
containing medium to very coarse quartz 
grains, quartz grains and coarse calcite 
grains project from weathered surface, con
tains some thin interbedded light red quartz
ite , medium-bedded (1-31).................

Quartzite: yellowish gray, weathers light
brownish gray, medium-grained, sub-round, 
thin-bedded (<!*), contains limy matrix which 
may be leached out leaving a light brown 
silty residue, some horizons more limy in 
lower 5 feet,.............................

Stoyanow (1936, p, 4?6) reports Upper Cambrian fossils 
Including Iddlngsla Walcott and Elvlnia Walcott from the 
Peppersauce sandstone.

Upper Devonian 
Martin limestone

The Martin limestone was originally described by Ran
soms (1904, pp. 33-42) from the Blsbee District and was 
named by him for Mt. Martin, where the formation is well 
exposed. In the Maudina mine area sandstone is included 
in the formation so the term "limestone" is not entirely 
appropriate. It is used in a broad sense only.

As with the other Paleozoic strata the Martin limestone 
trends across the area from north to south, its outcrop being

Abrlgo formation.

Devonian System
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modified by faulting as well as by topography. Along Coral 
Ridge, which ie the easterly-trending ridge from Apache 
Peak, the Martin outcrops twice due to repetition caused by 
faulting.

At the base Juet above the Peppersauce sandstone is a 
medium gray limestone, about 12 feet in thickness. It con
tains abundant fossils. Immediately above the basal limestone 
are 13 feet of very fine-grained sandstone which weathers to 
red-brown and yellow-brown and is commonly stained black with 
manganese oxide. It is medium-bedded (1-3*).

Above the sandstone are 10 feet of limestone which wea
thers medium gray, and this is overlain by three 2-foot beds 
of sandstone, limestone and sandstone respectively. These 
alternating arenaceous and limy beds are topped by 80 feet 
of medium to light gray limestone.

Section of Martin Limestone
on North side of Peppersauce Canyon on ridge near the road 

Pale reddish quartsite of the Lower Ouray formation.
Martin limestone: Feet

Limestone: light brownish gray, weathers
light gray, aphanltlc, medium-bedded (1-3*), 
fossils elllolfled include: Cladopora sp.,
Atrypa reticularis. ......... .......... 70

Limestone: medium gray, weathers medium gray,
very fine-grained, medium-bedded (1-3*).... 10

Sandstone: medium gray, weathers yellow brown
to light brownish gray, fine-grained, thin- 
bedded (4-10")...............:..... ........ 2
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Limestone: pale red, weathers light gray
with smooth surface, fine-grained, thin- 
bedded ( 1')...............................

Sandstone: pale reddish brown, weathers rusty
brown to pale red, fine-grained, thin-bedded
(<!')............................. .......................................... .. ........................

Limestone: pale red purple, weathers medium
gray, thin-bedded (8"-2*), arenaceous in 
lower 31.......................... .........

Sandstone: pale red, weathers to grayish red,
yellow brown, very fine-grained, medium- 
bedded (I-]').... ................. .

Limestone: medium light gray, weathers medium
gray, very fine-grained, silicified fossils 
including Atrrypa reticularis. Cladopora sp,, 
Stromatopora, Pachyphyllum woodman!, tnln- 
bedded U 1)............................ .

Apparent conformity.
Peppersauce sandstone.

2

10

13

The lowest limestone member has abundant fossil remains 
including Atrypa reticularis. Cladopora oroliflca. and 
Pachyphyllum woodman!. A fragment of a gastropod was also 
found which Stoyanow* suggested might be Strapporolus (?) 
or a related genus. The sandy strata yielded no fossil 
remains. Fossils found In the upper limestone member con
sisted of Atrypa reticularis, Cladopora prollflca. Acer- 
vularla davldsonl. In addition to these Stoyanow (1936,
P. 489) also reports the presence of Splrifer whltneyl and 
8, hungerfordl. PI. 4 illustrates the abundance of colo
nial corals in certain portions of the upper member of the 
Martin limestone.
♦Stoyanow, personal communication.
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Lower Ouray formation

At several places In southeastern Arizona the Upper 
Devonian Martin limestone Is separated from the overlying 
Esoabroea limestone of Mississlpplan age by a formation con
sisting of limestones, shales and/or sandstones and charac
terized by the presence of Paurorhynoha endllchl.

Within the Maudlna area the Martin limestone Is sepa
rated from the Lower Mississlpplan Escabrosa limestone by a 
sequence of beds, the lower portion of which Is sandstone 
and the upper portion limestone. Paurorhynoha endllchl Is 
characteristic of these beds. Lower Ouray formation has been 
proposed as a name for these strata. (Stoyandw, 1936, pp. 
490-491) '

The lowest member of the Lower Ouray formation Is a 
series of light red-brown, cross-laminated quartzites. Above 
this member Is a buff limestone which Is reddish gray on 
fresh surface. Next Is a medium gray limestone. The units 
are medium-bedded (1-31) and the limestones contain numerous 
siliclfled "eyes" or fossil (?) "ghosts* up to an inch or 
two in diameter.

Above the highest Lower Ouray limestone bed and^the 
Misslsslppian Escabrosa limestone Is a bed of light colored 
quartzite which is 8 feet thick where It was measured. This 
quartzite is locally sandy and friable, especially where red 
iron oxides are abundant.
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Numerous impresBions and molds of. epiriferoid and other 
type brachlopods were found at the same horizon li miles 
southeast of the Maudlna area, about ^ mile east of BM 4630. 
Owing to the nature of preservation the remains are not 
generloally Identifiable.

The quartzite Is not assignable on paleontologie evi
dence, but on the basis of Devonian lithology In southeastern 
Arizona it is here tentatively placed within the Lower Ouray 
formation of Stoyanow.

Lithologically the evidence does not entirely support 
this view for two reasonsi " • . ; . : ;

1. The contact with the underlying Lower Ouray 
formation is sharp and distinct, pure, light 
gray limestone changing abruptly to medium- 
grained white quartzite. (PI. 5)

2. The upper contact with the Escabrosa limestone 
appears gradational, there being a thin (ap
proximately 1-2* ) transitional zone in which 
sand and limestone are admixed,

Paleontologie evidence is needed to completely resolve 
the question.

Section of Lower Ouray Formation 
on top of ridge on North side of Tule Springs Canyon.
Dark gray limestone of the Escabrosa limestone.
Lower Ouray limestone: Feet

Quartzite: white to pale brown, weathers
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white to red brown, medium-grained, in places 8friable , sandy and porous
Limestone: medium light gray, weathers light

gray, fine-grained, medium-bedded (1-3')..• 11
Limestone: medium gray, weathers light brown

ish gray, fine-grained, medium-bedded (1-3') 39
Quartzite: pale reddish brown, weathers pale

red, fine-grained, medium-bedded (1-31)•...# # * # - a
Martin limestone,

The finding of Paurorhynoha endllchl at several places 
including the Peppersauce Canyon area in southeastern Arizona 
was interpreted by Stoyanow (1936, pp. 490-491; 1948, p. 314) 
as indicating a probable connection between southwestern 
Colorado and Arizona at the close of Devonian time, and a 
correlation with the lower or Devonian part of the Ouray 
limestone of Colorado. In the former paper the name Lower 
Ouray is suggested "for the stratigraphic unit holding the 
typical Camaroteohia (Paurorhynoha) endllchl fauna and con
fined between the high Devonian (Martin limestone— l.e. 
Hackberry shale) and the lower Kinderhooklan."

Lower Mlssiseippian 
Escabrosa limestone

Above the Lower Ouray formation and forming the top of

Misslssippian System
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the Paleozoic sequence within the area is the Eecahrosa 
limestone. This massive limestone was first described and 
named by Ransoms (1904, p. 42) for Escabrosa Ridge near 
Bisbee.

A small block is found against the Mogul fault in 
Southern Belle Canyon and a considerable area is faulted 
against the Cretaceous strata west of the Three C Ranch.
The main part of the Escabrosa limestone crosses the area 
in a northerly direction consistent with the trend of the 
other Paleozoic strata. It Is well exposed in Tule Springs 
Canyon and there forms a sheer cliff. (PI. 6 A) The lower 
surface is apparently conformable with the Devonian rocks, 
whereas the upper surface of the formation is one of angular 
unconformity with the Cretaceous beds.

The Escabrosa limestone ip a medium- to thick-bedded, 
cliff-forming light to dark gray limestone. Some outcrops 
give a banded appearance caused by the alternating light 
and dark gray beds. Also characteristic is the presence 
of beds containing considerable crinoldal material. Chert, 
both lenticular and In nodules and Irregular masses, is 
present. (PI, 6 B)1 Lenticular masses which are parallel 
to the bedding serve to determine the attitude of the bed
ding when other criteria fall. Rather perfect molds of 
crlnoid stems occur in the chert.

One of the best exposures of the Misslesippian Esca
brosa limestone is on the north side of Tule Springs Canyon.
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Section of Eecabroea Limestone 
on the North side of Tule Springe Canyon

Basal limestone conglomerate of the Cretaceous strata.
Unconformity.
Eecabroea limestone: Feet

Limestone: dark gray, weathers medium dark
gray, rough to raspy surface, zaphrentold 
corals common, medium-bedded (1-31).......  6

Limestone: light gray, weathers medium light
gray, surface generally rough and granular 
though not raspy, medium-grained. In part 
crlnoldal, medium-bedded (2*), horn corals 
present............... .. ..... ........ 44

Limestone: medium light to medium gray,
weathers light olive gray, fine-grained, 
medium-bedded (2-31)» chert abundant as 
light gray, to white nodules and lenticular 
masses, parallel to bedding (PI. 6 B),., 
fossils slllcifled, Include Trlplophyllum
b p. . Rhlpldomella sp....................... 132

Limestone: medium gray, weathers medium
gray, and smooth, mottled white and medium 
gray, aphanitic, horn corals, medium-bedded 
(1-31)..................................... 71

Limestone: grayish black, weathers dark
gray, fine-grained, thick-bedded (3-5')» contains dark gray lenticular chert, some 
nodules, cliff-forming, small (1-2") geodes 
present (slllcifled fossil "ghosts"), nu
merous horn corals.......... ............ 17

Limestone: medium gray, weathers yellowish
gray, and smooth, beds about l1, slope..... 5

Limestone: medium dark gray, weathers medium
light gray, at base Is l1 bed grayish black 
weathering limestone, some exposures show 
thin laminae, alternately medium to dark 
gray, fine-grained, contains small (1-2") 
geodes, thick-bedded ($*)...... ...... 18
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Arenaceous limestone: light brown, weathers
pale brown to pale yellowish brown, with 
protruding quartz fragments, contains 15- 
20 per cent sub-rounded, medium-grained 
quartz fragments, thln-bedded (<!*).......

Limestone: medium light gray, weathers
medium gray, fine-grained, numerous orl- 
nold fragments, thln-bedded...............

Limestone: medium light gray, weathers
very light gray, aphanltlc, thick-bedded 
(5*^), contains small (1-2") geodes.......

Limestone: medium gray, weathers medium
light gray, fine-grained, thick-bedded 
(5*±), cllff-formlng, contains lenticular 
masses of light to dark gray chert parallel 
to bedding, fossils include Syrlngopora sp., 
also small geodes or slllclfled "ghosts" ..

Limestone: medium gray, weathers mediumlight gray, medium-grained, contains or1- 
nolds, medium-bedded (1-3 *).............. .

Limestone: medium gray, weathers light gray,
medium-bedded (1-31) > slope.........

Lower Ouray formation.

1

1.5

10

6l

5

The total thickness of Escabrosa Is not known as the 
upper surface Is one of eroslonal unconformity.

G-. H. Glrty, on the basis of Ransoms * a (1904, p. 42) 
work at Blsbee, found that the Escabrosa limestone was 
largely Klnderhooklan and Osaglan In age. From the Pepper- 
sauce Canyon area a fauna Is reported (Stoyanow, .1936, p.
50?) from near the top of the formation which Includes Oro- 
phocrlnus stelllformls showing that strata of Burlington age 
are represented In the Escabrosa limestone of the Santa Cata
lina Mountains.
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Splrlfer centronatue« Rhipldomella sp., Syrlagopora 
ep,, and numerous zaphrentoid corale were found.

Cretaceous System

Cretaceous Strata

Lying above the Paleozoic rocks ie a thick series of 
clastic strata characterized by the presence of conglomera
tic graywackes and siltstones. In aggregate thickness they 
total more than either the Paleozoic or the Precambrlan 
strata of this area. The total thickness is not exposed, 
however, for bajada slopes encroach upon and cover them east
ward toward the San Pedro River Valley. The Cretaceous se
quence rests unconformably upon the Missieeippian Escabrosa 
limestone. The contact of the Cretaceous rocks with the 
Escabrosa limestone is very Irregular as is shown on the 
map. Part of this Irregularity is due to faulting, and 
part is caused by the deposition of Cretaceous clastic sedi
ments on an erosion surface of some relief. Along the road 
going south from the Three C.Ranch to Peppersauce Canyon, 
the basal limestone conglomerate crops out at several places 
as a thin veneer upon the easterly-dipping Escabrosa lime
stone. In the dry stream bed Just to the east of the road 
light green mudstones and arkoslc beds are exposed, but not 
far to the east the Cretaceous rocks are buried under alluvium.
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South of Peppersauce Oanyon the Cretaceous is excellently 
exposed along the road all the way to fule Springs Canyon.
A large downdropped fault block of Cretaceous sediments is 
exposed to the west of the Mt. Lemmon road near the hairpin 
curves on the ridge Just north of the Three C Ranch.

The Cretaceous rocks are variable from place to place 
but in general consist of a basal limestone conglomerate (pi. 
12), light green and reddish brown mudstones, and rusty brown, 
olive gray, dull red, and green conglomeratic graywaokes.

The lowermost portion of the section is well exposed 
along the road leading down to Tuie Springs Canyon. Here, 
where the road crosses the stream bed, the basal conglo
merate rests on the Escabrosa limestone. The coarse frag
ments are predominantly of gray limestone, apparently derived 
from the underlying Escabrosa limestone, with a few chert 
pebbles included. The fragments are sub-rounded, and of 
cobble size. The matrix is calcareous mudstone. Crinoid 
fragments and corals of Miesiseipplan age were noted in some 
of the limestone fragments. Above this basal conglomerate 
are approximately 200 feet of light green, thick-bedded 
massive mudstones, followed by another limestone conglome
rate with some chert. This upper conglomerate contains 
lenses of finer-grained material. Above it the beds are 
coarser and more poorly sorted than those below. Some are 
conglomerates, whereas others are sandstones containing 
scattered pebbles or cobbles. The coarse fragments in the
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upper beds do not cortain limestones but consist largely of 
sub-rounded quartzite fragments with a few clay pellets.

In the upper part of the Cretaceous series granite 
boulders are common. Some of them are 4 to 5 feet In dia
meter, Diabase fragments up to boulder size are also seen.
The types of quartzite in the gravels resemble quartzites 
In the Paleozoic and Apache group sections and undoubtedly 
were derived from these. The character of the sediments 
varies both horizontally and vertically.

Following the recent terminology of sediments (Krynine, 
1948, p. 152; Pettljohn, 1949, PP. 24>-252) these beds are 
conglomeratic graywackee. On fresh surface many of them are 
dark green, and in more aphanitio varieties they superfi
cially resemble igneous rocks. Along the road from Pepper- 
sauce to Tule Springe Canyon these graywackee may be seen 
to weather in places to spheroidal boulders, much resembling 
erosional forms seen In diabase (pi. 7). The graywackee are 
very hard.

The fresh surface of the graywaoke may have small quartz 
and flesh colored feldspar grains which are distinct In the 
dark greenish matrix. A thin section shows definitely the 
clastic nature of the rock (pi. 8). A heterogeneous assort
ment of angular grains of all sizes, both simple and compound, 
including microcline, plagioclase, quartz, slltstone, sand
stone, and blotite is set in a chloritic matrix with some 
sericlte.
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Generalized Section of Cretaceous Strata 
on the Ridge on the North side of Tule Springe Canyon :

Top not exposed,
Cretaceous strata: Feet

Conglomeratic graywacke: dark green fresh,
dull gray greens to dull reds on weathered 
surface, variable In texture horizontally 
and vertically within short distances, lenses 
of coarser or finer material common, contains 
random fragments from granule to boulder In 
size, gravels present largely quartz, diabase 
gravels observed, coarse-grained granite gra
vels first appear 7001 ±: from base, frag
ments sub-rounded.......................... 2000 (Min,)

Limestone conglomerate: matrix gray green to
reddish green mudstone, weathers gray green 
to light reddish brown, gravels are lime
stone, cobble to pebble In size, sub-rounded,
medium gray to gray, resemble Mlsslsslpplan
limestone; limestone tends to weather out
leaving cavities In the rock.(pi, .12).....  15 (Min.)

Mudstone: light green to gray green, weathers
to gray green, some reddish, massive with no 
bedding, Vlvlparus sp. and Unlo In reddish 
mudstone near top.........................  200 (Min.)

Limestone conglomerate: matrix gray to gray
green mudstone, weathers gray green to 
light reddish brown, gravels consist of 
limestone cobbles and pebbles, largely of 

- - Mlsslsslpplan aspect, some chert pebbles 
are found, limestone gravels tend to wea
ther out leaving a pitted surface...... . 35 (Min.)

7250 (Min.)
Unconformity,
Escabrosa limestone.

Age

No Incontrovertible evidence has been found that would
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place these beds In the Cretaceous system. Faunal remains 
in these sediments are rare. The writer found a few in the 
lower beds, Just beneath the second limestone conglomerate. 
These fossils unfortunately were not diagnostic, though they 
were suggestive of Cretaceous age. They were fresh water 
types, both pelecypods and gastropods. According to Stoyanow* 
they Include Unlosp. and Ylvlparus so. At Adobe Canyon in 
the Santa Rita Mountains a similar fauna is found. There 
dinosaur teeth of Upper Cretaceous age are found associated 
with this fauna. (Stoyanow, 19^9» P» 59) Other thick se
quences of sediments in southeastern Arizona which lie un- 
oonformably on the Paleozoic have been dated variously as 
Lower Cretaceous and as Upper Cretaceous.

Relation to Mississlppian Strata

As previously mentioned this thick series of Cretaceous 
beds rests on an eroslonal surface in the Escabrosa lime
stone. In addition there is slight discordance between the 
two. The degree is not great where examined but by measure
ment of dip and strike at favorable contacts the discordance 
can be demonstrated. i

i *Dr. Stoyanow, personal communication
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Tertiary System

011a Conglomerate (?)

0. K. Ollbert (1875 > PP* 5^0**5^1) was the first to des
cribe the valley-filling deposits which he termed the Olla 
conglomerate. His partial description follows: .

"A system of valley beds, of which a conglomerate Is 
the characteristic member, are exhibited In section along 
the gorges of the upper Olla and Its tributaries. The boul
ders are of local origin, and their derivation from particu
lar mountain flanks is often indicated by the slopes of the 
beds. Its cement is calcareous. Interbedded with it are 
layers of slightly coherent sand, and of trass, and sheets
of basalt.... Where the Olla intersects the troughs of the
basin range, as it does north of Ralston, the conglomerate 
Is continuous with the gravels which occupy the troughs and 
floor the desert plains. Below the Bonlto it merges Insen
sibly with the detritus of the Pueblo Viejo Desert. It Is 
Indeed one of the 1Quaternary gravels1 of the desert interior 
and Is distinguished only by the fact that the water courses 
which cross it are sinking themselves into it and destroy
ing it instead of adding to its depth.*

M. M, Knechtel (1938, pp. 197-198) in recent studies 
argues, on the basis of vertebrate fossils found in beds 
traceable to and continuous with Gilbert1s type locality, 
that the Gila conglomerate Is of Pliocene age.

Bryan (1926, p. 169), working in the San Pedro River 
Valley near Benson, found vertebrate remains in two locali
ties in beds he considered to be the equivalent of the Gila 
conglomerate. J. W. Gidley in two papers (1922, p. 120;
19251 P* 83) on these faunas came to the conclusion that one 
was of late Pliocene age while the other had remains with 
both Miocene and Pliocene affinities. It seems evident then
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that these beds in part at least are of Pliocene age.
Hear the eastern edge of the area included in this 

study the Santa Catalina Mountains end and the smooth al
luvial slopes which border their eastern flanks begin. These 
slope gently away to the San Pedro River, a distance of nearly 
10 miles. They are being dissected by the present drainage.

A coarse conglomerate which rests with marked angular 
unconformity upon the Cretaceous and earlier rocks may be 
seen where the Intrenched valleys cut the alluvial slopes.
The dip of beds within the formation is to the eastward at 
angles of 15° or less. This inclination may be initial dip.

The conglomerate is formed of detrital sediments, 
largely of boulder size, which have been derived in large 
measure from the older rocks of which the mountains are com
posed. Many fragments are recogriizeable as having come from 
particular Precambrian, Paleozoic, or Cretaceous formations.
A large proportion of the conglomerate consists of gravels 
of green felsite porphyry, the source of which has not been 
located in the area. Sub-angular material dominates in all 
size ranges. The matrix is a poorly sorted calcareous 
sandy silt of buff color. Bedding is obscure or wanting 
and the texture of the formation varies laterally as well 
as vertically within short distances. In an unnamed canyon 
Just south of Peppersauce Canyon a bed of tuff was noted in 
the same conglomerate. It is 1& feet thick.(pi. 9 A).

On the basis of the physiographic and geologic relations
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as well as the composition of the conglomerate, the author 
considers this formation to he equivalent to the Gila con
glomerate and in part at least of probable late Pliocene 
age.

Quaternary System

Older Alluvium

Scattered patches of cemented gravels are found within 
some of the ravines in the eastern portion of the Maudlna 
mine area. These gravels are being trenched by the present 
drainage. They form a shallow apron seldom over 10 feet 
thick. The gravels are derived from the rocks in the im
mediate vicinity. They are angular and obviously have not 
traveled far. The gravels appear to be related to present 
drainage lines, but undoubtedly formed when the ephemeral 
streams were aggrading.

Younger Alluvium

Filling the stream beds that drain to the eastward and 
partially covering the slopes are sands and gravels of Re
cent age. This recent alluvium was mapped only where it was 
of sufficient extent to conceal bedrock structures effec
tively. The materials composing the alluvium are unconsoli
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dated. In the eastern end of Peppersauoe Canyon where they 
consist of sands, silts and gravels they have been trenched, 
In places, to 8 feet or more.



IGNEOUS ROOKS 

Oracle Granite

Dletrlbutlon

The Oracle granite occupies the northern portion of 
the mapped area. It le separated from the sedimentary 
rocks by the Mogul fault. No known sediments occur north 
of this structure within the Maudlna area* Apllte dikes, 
and dikes and Irregular masses of diabase cut the granite. 
Quartz veins, some of which contain sulphides, traverse 
the granite In a direction similar to the trend of the 
Mogul fault.

The part of the Oracle granite which lies within the 
area mapped Is a part of a larger stocklike mass which ex
tends northward to Oracle and several miles beyond, finally 
disappearing under a cover of alluvium. Several miles to 
the east of the area the granite Is lost under the upper 
terrace slopes of the San Pedro River Valley. To the west 
of the area the granite crops out on the north side of the 
Mogul fault for a distance of 4 to 5 miles, finally disap
pearing under the regolith. The granite also appears on 
the south side of the Mogul fault to the west of the area 
mapped. Here It forms the base upon which the Precambrlan



Apaohe group rests with apparent sedimentary contact.
At the Mammoth mine 8 miles northeast of Oracle, N. P. 

Peterson (1938, p. 8) reports a coarse granular porphyritic 
granite which he considers to be the Oracle granite. It is 
separated from the Oracle granite seasu stricto by, a belt of 
alluvium 2 or 3 miles wide. He states that 10 miles north 
of the mines in Camp Grant Mash it is overlain in sedimentary 
contact by the Preoambrian Apaohe series. This "granite" is 
also, as Peterson notes, more nearly a quartz monzonlte. 
Schwartz (1949, p. 255) also refers the quartz monzonite 
in which the copper deposit of San Manuel mine occurs to 
the Oracle granite.

Topographic Expression

■ As has previously been mentioned the granitic area 
north of the Mogul fault has a different topographic ex
pression from the more rugged area to the south. It is 
lower and more subdued. Lower areas are frequently strewn 
with residual granite boulders and covered by a thick (2-101) 
mantle of olive green to red brown soil.. It is difficult 
to find unweathered specimens for petrographic work. Hill
tops are commonly capped by the outcroppings of granite 
boulders, (pi* 9 B).
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Petrography

Megascopic

The rock in general aspect Is light grayish in color 
and weathers to shades of gray, light yellow, and brown. 
Where observed, this granite is porphyritic. The matrix is 
coarse-grained, and eubhedral to euhedral orthoolase crys
tals form the larger phenocrysts which are in places the 
size of a baseball but average from 1 to 2 Inches in dia
meter. The rock tends to weather, leaving these orthoolase 
crystals protruding from the surface.

Microscopic

Microscopically the rock has typical granitic texture, 
and in the specimen examined is medltim-grained.

Quartz occurs as random anhedral grains. Plagloelase 
occurs as euhedral crystals which are commonly much altered 
to sericite making it difficult to measure the extinction 
angles of alblte twins. Average extinction angle is 18°, 
Refractive indices measured gavec<=1.546, Y= 1.553. Plaglo- 
clase is andeslne of composition about Ab^An^.

Orthoolase occurs as anhedral grains, which are rela
tively free of sericitic alteration.

Mlcrocline occurs as large anhedral grains with typical 
grid twinning and is relatively free of sericitic alteration. 
Some grains are perthitlc.

Biotite is eubhedral to euhedral and commonly chlorl- 
tlzed. Apatite is always associated with it and occurs in 
parallel growth with the blotlte. Magnetite is also in 
close association with the blotlte. Within the thin section 
only one small grain of hornblende was observed.

The thin section from which the following, data were de
termined was taken from fresh material on the dump of the 
Golden Eagle claim, 4500 feet northwest of the Three C Ranch 
house.



Essential Accessory

43

Quartz - 28# Apatite - 1#
average grains 3-4 mm. In size

Pyrlte - 1#
Plagloolase - 26# Andeslne, =1.546

Y  = 1,553 Hornblende - 1#
average grains 3 mm. In size
Mlcrocllne - 18#
average grains 3-6 mm. In size
Orthoclase - 16#
average grains 3 mm. In size

Alteration
Serlclte '
Chlorite Magnetite 2# ‘

Blotlte - 7#
average grains 2 mm. in size

Classification

In the thin section examined approximately 43 per cent 
of the total feldspar Is plagloolase. The plagloolase Is 
andeslne. On this basis the rock should be classified as 
a quartz monzonite. The orthoclase percentage is undoubtedly 
too low owing to the large phenocrysts which were not pre
sent in the thin section and thus could not be taken into 
account. The composition of the plagloolase however seems 
to indicate quartz monzonite rather than granite.

The term Oracle granite is retained in this paper be
cause of its long standing and to avoid confusion. Also 
the author would hesitate to term quartz monzonite the en
tire mass now known as the Oracle granite merely on the 
basis of one thin section.
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Age

To the west of the composite areas at the base of the 
stratigraphic sequence on the east side of Oracle Ridge, the 
Seanlan conglomerate rests with apparent depositional con
tact on a coarse-grained, porphyritic granite which is in 
every repsect the equivalent of the Oracle granite, which 
lies north of the Mogul fault. The age of both is considered 
to be PreCambrian, that on the north side of the break re
presenting the upthrown side of the fault from which the 
overlying Precambrian, Paleozoic, and Cretaceous sediments 
have been stripped by erosion.



STRUCTURE

Regional

The area lies near the northeast border of the Santa 
Catalina Mountains. Blake (1908, pp. 45-49) summarized the 
then known geology of the range as follows:

"The rock formations on the southern side of the Cata- 
linas, toward the valley of Tucson are for the most part 
pre-Cambrian gneiss and mica schists in tabular form, regu
larly stratified and with included serieitic schist, all 
believed to represent some of the oldest rocks known, equi
valents of the ancient Huronian, the Keweenawan, and Lauren- 
tian forms of Canada.....

"On the northeast side of the Catallnas, we find Paleo
zoic strata resting unoonformably on crystalline schists 
of the pre-Cambrian, or upon a broad area of coarse granite 
as at Oracle. Between Southern Belle and Pepper-Sauce Gulch 
a long ridge extending eastward and named Coral Ridge is 
made up of quart z, limestone, and shaly limestone in which 
there is a bed of corals and shells of Devonian age."

Later workers have considered the gneiss to be of a 
younger age than PreCambrian. Ransome (1916, pp. 144-145) 
gives a brief resume of the geology of the range as Tolman 
envisioned it:

"The central feature of the range is a great post- 
Oarbonlferous intrusive mass of siliceous muscovite granite 
modified to a gnelsele rock near its margins, surrounded by 
a zone of intense contact metamorphism in which rocks of 
widely different kinds have been affected. The oldest rock 
cut by this granite is a coarse porphyrltie biotlte granite 
which apparently as a result of later granitic intrusion 
grades into augen gneiss, and locally into thinly fissile schist."



46

Hernon (1931* p. 18) In a study of the pegmatltlc rooks 
of the Santa Oatallna-Rlnoon Range concludes that the In
jection complex that makes up such an appreciable part of the 
range may have been originally Cretaceous strata or Pinal 
schist.

Davis (1931, p. 289) considered the Santa Catalinae 
to represent a basin range of a new type. On physiographic 
evidence he finds the mountains to have been outlined and 
uplifted along frontal faults following the southern and 
western edges of the range. According to Davie a later 
secondary uplift along a fault across the northern edge of 
the Catalinae depressed the southern and western portions 
along the original faults..

Tertiary sediments are tilted and deformed along the 
southern base of the Santa Catalinae. On their eroded 
surface lies younger alluvium. Bryan (1923, P# 29) suggests 
that these tilted sediments may possibly be correlated with 
Pliocene sediments of the San Pedro River Valley.

General

In the Maudlna area, the general dip of the sediments 
is easterly and averages about 30°. These sediments which 
include Precambrlan, Paleozoic, and Cretaceous (?) rocks of 
an accumulative thickness of approximately 5000 feet are cut 
by several northerly-trending, westerly-dipping normal faults,
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and numerous northwesterly-trending high angle normal and 
reverse faults* Later than these is a large break termed 
the Mogul fault which strikes northwest by west. This fault 
brings Precambrian granite on the north against sediments 
on the south which range from the Scanlon conglomerate at the 
base of the Apache group to late Tertiary fanglomerates.

Folding

Folds are of relative unimportance in the area. Slight 
change in average strike from slightly west of north to 
slightly east of north in going from the southern part of 
the area to the northern might be Interpreted as a gentle 
synclinal structure, but it is as likely that movements , 
within fault blocks have produced these anomalies.

On the crest of the ridge on the north side of Pepper- 
sauce Canyon above the point where the Southern Belle 
quartzite crosses the Canyon there is some tight small 
scale folding in the lower portion of the Abrigo formation. 
At this point the beds changed from a strike of H 80°* V, 
dip 40° to one of N 45° E, dip 60° within a space of 5 feet. 
Directly below the Abrigo the underlying Southern Belle 
quartzite is extremely shattered and broken. It appears 
that the incompetent thin-bedded Abrigo formation was more 
plastic and able to yield by folding while the massive 
quartzite yielded by intensive shattering. The fold axis



had a strike of N 60° 1.

Faulting

General

The area contains numerous faults not all of which are 
mapped, some because of the scale of the map; others were 
undoubtedly missed. Only the more Important faults will 
be discussed in this section.

North-South Faults

Several generally north-south trending faults cross the 
area. On the ridge south of Peppers&uoe Canyon a north- 
south fault causes the outcrops of the Southern Belle quartz
ite to be repeated. This fault is westerly-dipping at an 
angle between 70° to 80°,and has dropped the westerly block 
relative to the easterly block. The stratigraphic throw is 
approximately 150 feet. The fault is traceable to the 
southern limits of the map and continues southward. To the 
north it is lost as it is traced down into Peppersauce Can
yon. On the north side of the canyon two strong north-south 
faults are present, each with the downthrown side on the west 
and each dipping westward at 65°# The author believes that 
the westernmost one of these is a continuation of the north- 
south fault on the southern side of the canyon, as both have



a stratigraphic throw in the neighborhood of 150 feet.
Its traceable length within the area is slightly better 
than one mile.

The easterly fault of this sub-parallel pair has a 
stratigraphic displacement of around 4^0 feet and brings 
the MlSBiOBlppian Eeoabroea down against Peppersauce sand
stone. . ■ ■ : ■ • " = ' h

Northwesterly Faults

A strongly developed system of,faults trends in a 
northwesterly direction. They are numerous as shown on the 
map. The downthrown sides of the faults are generally on 
the west. This faulting results in repetition of portions 
of the stratigraphic sequence. Usually their stratigraphic 
throw is small, enough only to repeat a part of a formation 
within itself. These faults are not prominent and are dif
ficult to trace. Their surface expression is a zone of 
brecciated rook which has been recemented, and in limestone 
these faults are deceptively healed.

Mogul Fault

The Mogul fault is the most interesting and important 
structural feature of the area if not of the entire northern 
slope of the range. This fault traverses the northern portion
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of the area from east to west with a strike averaging 
N 70° V, hut varying from N 60° W to N 80° V. It dips 
southward at a high angle* In only one place was it posBible 
to measure the dip, which was S 80° W, as throughout most of 
its length it is not well exposed. The Mogul fault separates 
FreCambrian granite on the north from PreCambrian to Ter
tiary sediments on the south. Eastward from the divide 
which is known as Oracle Ridge and roughly paralleling the 
western edge of the area studied by Ludden, the fault can be 
traced nearly 5 miles. The position of the fault east of 
the Three 0 Ranch is not so easily ascertained owing to the 
Smooth alluvial slopes which begin at about this point and 
cover most of the bedrock outcrops. PI. 15 is a map show
ing the location of the Mogul fault within and to the east 
of the mapped area.

The Mogul fault is a zone which in places is at least 
50 feet in width, rather than a sharply defined break. The 
zone is filled with comminuted rock powder, which, where 
visible, is reddish in color.

No indications of mineralization were observed within 
the fault zone. Whether this is because this gouge acted 
as an effective barrier against mineralizing solutions or 
because the Mogul is later than mineralization is an open 
question.

The cumulative movement along this fault is large and 
far overshadows any other fault in the area. The highest
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rook brought against the Precambrlan granite by the displace
ment Is the Gila conglomerate (?).

The estimated, thicknesses involved are shewn in the 
table below: .

Feet
Gila conglomerate ( t 500 {Minimum) 
Cretaceous. . . . . . . . . .  a. .. 2000 (Minimum)
Paleozoic...............»... 1?43 & j

Apache group (Precambrlan)•■ 1047 i
Total 5290; ;

The figures are midoubtedly in error as the inaccuracies 
In estimated thicknesses within Cretaceous and Tertiary for
mations are probably large, but the general order of magni
tude is indicated#

Age ' . , - •: ; . . • -

The age of the fault, or at least of latest movement, 
can be estimated with some certainty. The youngest formation 
affected by the movement is the Gila conglomerate (1). Under 
the section on this fanglomerate the author has discussed 
the age and possible correlation of this formation# If we 
accept the tentative age, partly at least, as Pliocene, 
then certainly the last movement on this fault has been in 
Pliocene or post-Pliooene time#
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Maudina Fault Block 1 ii.

The Maudlna fault block, as used here. Includes that 
block which lies between the Mogul fault and the fault that 
passes through the Maudlna mine and Is termed In this paper 
the Maudlna fault (pi. 1). This is an extremely interesting 
structure. At the most westerly edge of the Maudlna area 
the Troy quartzite, Santa Catalina formation, Southern Belle 
quartzite and Abrigo formation are overturned and dip at 
steep angles to the southwest (pi. 13 B). The overturned 
section is cut off on the east by a northeast fault which 
dips 65° to the northwest, beyond which the formations resume 
their normal position and dip eastward. The Maudlna fault 
itself is essentially a vertical fault where exposed at the 
Maudlna mine. At both ends the fault Joins the Mogul, en
closing the much disturbed Maudlna fault block between. It 
is considered by the writer that these two faults are con
temporaneous, the Maudlna fault being a secondary break 
causing the engulfing of the Maudlna fault block in what is 
essentially a large horse or slice, .

Cretaceous Fault Block

West of American Flag Springs is a large block of Cre
taceous sediments which is outlined along its entire peri
phery by faults.
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Its northern margin la the Mogul fault which "brings 
these Cretaceous strata In contact with the Precaahrlan 
Oracle granite. Its western termination Is a northwesterly- 
trending fault or fault zone. The expression on the surface 
Is a zone of slllclficatlon filled with white "bull quartz." 
(PI, 11 A)} This zone Is Irregular In width and In places 
approximately 100 feet wide. Sllckensldes on the slllclfled 
fault filling, as well as brecciatlon of this filling, show 
that recurrent movement has occurred along this fault. This 
has been mapped as a eillcifled zone (pi. 1). At its nor
thern end this fault merges with the Mogul fault. At its 
southern end the fault Is terminated by American Flag Springs 
fault which forms the eastern margin of the Cretaceous fault 
block. ■ "" •' ' ; • ■■ ■ - - • ; '

This latter fault separates the Escabrosa limestone on 
the east from the Cretaceous strata. The Escabrosa forms 
a prominent escarpment which parallels the trend of the 
fault and it faces the topographic basin occupied by the 
Cretaceous sediments. The limestone ridge for several hun
dred feet back of this break has been extensively shattered 
and brecclated (pi, 11 B). It Is now recemented. In places 
along the fault sillclflcation is present, but not as ex
tensively as in the Rattlesnake fault. Dips along the 
American Flag Springs fault were only obtained in two loca
tions; one showed a dip of 25° SE and the other near Its 
southern end was of 45° SE. In essence the structure border



5*

ing the eastern edge of this Cretaceous block appears to be 
a low angle reverse or thrust fault, bringing Mlseleslpplan

. .. " x : . . • • .. .
limestone over Cretaceous strata (pi, 13 A ‘and pi. 2, sec. B-B*). 

Thrust Faulting

As Indicated In the previous section the Mlseleslpplan 
Escabrosa limestone Is seen along the American Flag Springs 
fault to be faulted over the Cretaceous strata. Directly
south of where the road crosses Peppersauce Canyon and along

ti

the northerly-descending ridge a limited outcrop of Mlssls-
slpplan rocks Is seen apparently thrust on top of Cretaceous 
strata. It Is believed that it is possible that a portion 
of the extremely irregular Cretaceous-Hississlpplan contact 
may be caused by this type of faulting, (See pi. 2, sec. D-D' 
and sec. E-E*.)
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History of Mining

The earliest prospectors to work the district are not 
known, B. N, Brajevich and John Ivancovich," later a well 
known Tucson business man, carried on prospecting in the 
late 1870*8 and early i8601s in the region south of Oracle, 
Gold float was found in both Southern Belle and Bonito Can
yons and the Apache Girl vein was located by them. Placer 
gold was worked. The wife of one of the miners is credited 
with the discovery of the Southern Belle claim. It is said 
that while bringing lunch to the prospectors at the Apache 
Girl one noon she rested under some oaks on the hillside 
above Southern Belle Canyon and saw free gold in the rocks.
She was a native of Virginia, as the story goes, whence the 
name Southern Belle applied to the claim,

A email placer settlement grew up at the mouth of Sou
thern Belle Canyon, There is no trace of this camp today.
Ho record of this placer production is available. After 
the 1880*8 most of this activity declined,

A Mexican prospector, whose name is no longer remembered, 
discovered the present Maudina mine and located it as a gold 
claim. Its subsequent history is rather vague until about
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1910, when Col. William F; ("Buffalo Bill-) Oedy and Ool. 
Daniel B. Dyer formed the Cody-Dyer Mining and Milling Com
pany and obtained the Bonlto claims (Including the Maudlna 
claim) from a Oapt. John D. Burgees, a promoter, who In turn 
had received them from another promoter, L. W* Getchell.
The Maudlna claim got its name from Mrs. Maud d. Thomas, an 
Englishwoman who had previously put money into some of 
Burgess* ventures. When seheellte was first discovered at 
the Maudlna is not recorded* «

Mr. John P. Behring, from Dragoon, took charge of the 
work and sank the shaft to the 175 foot level. Considerable 
ore (no figures available) was mined during 1910, 1911i and 
1912. Mr. B. J. Ewing was called in 1912 to look after the 
interests of Dyer, who knew little of mining. He advised 
the closing down of the operations owing to the low price 
of tungsten at that time.

In 1915, during World War I, tungsten prices rose and 
Ewing and a Mr, James Gorman obtained a lease from Codyc. 
Dyer to operate the mine. The ore was milled in Bonlto Can
yon and showed a recovery of 7 per cent WO3 per ton. Acti
vity ceased in 1916 with a decline in tungsten price. No 
work has been done since that time. Patent was secured in 
19^4 to 28 claims and the property is now owned by E, H.
Moleon and heirs of the late E. J. Ewing.

The Maudlna Tungsten mine has yielded 100 tone of con
centrates assaying 6l to 67 per cent WO3. Detailed break-
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down figures are not available, but most of the production 
was in 1915-16* Prices realized varied from #5*50 to a 
high of #66.00 a unit.

The Pure Gold mine and the Morning Star mine in the 
area to the west being described by Ludden were the only 
two properties in the joint areas that were active during 
World War II.

Most of the material in the preceding historical sketch 
was obtained from papers in the possession of E. H, Molson.

Ore Deposits

General Statement

Tungsten has been the chief metal recovered from the 
Maudina area* Some gold was produced from the Maudina mine 
in the early days and some gold placers were worked in 
Southern Belle Canyon. At the time of this writing, mining 
activity is dormant except at the Pure Gold workings in the 
Oaopo Bonito area where a lessee is taking out some tungsten 
and a little lead ore*

Classification of Mineral Deposits

For the purposes of description the mineral deposits 
are classified as follows!
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1. Mineralization in sedimente
a. Paleozoic
b. Crbtaoeoiifl

2. Mineralization in granite
3. Placers

Mineralization in Paleozoic Sediments

Within the thesis area the chief representative of this 
type is the Maudina Tungsten mine. Other prospects and claims 
are present over the area hut practically no recorded produc
tion can be attributed to them.

The Maudina Tungsten mine is located near the head of 
Maudina Gulch. It lies about 900 feet south of the Mogul 
fault in the north central part of the geologic map. The 
property is patented and is new owned by E. H. Moleon.

Development consists of a 1?5 foot vertical shaft with 
levels at 50, 100, 150, and 175 f®et and approximately 1000 
feet of drifting. At the present time the shaft is filled 
by debris to the 50 foot level, but the workings on and 
above the 150 foot level are accessible through an adit and 
open etopes and raises. These stopee have stood open since 
the last mining activity in 1916. Mo investigation of the 
workings below the 50 foot level was made.

At one time an 18 inch gauge track ran 6000 feet from 
the mine down to the mill at Campo Bonlto. The track is
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gene now, but the track bed,- whtcb hae a grade of about 
1 per cent, ie still in good condition.

The vein which carries the tungsten occupies a portion 
ef the Maudina fault which trends N 80° V and Is nearly ver
tical. Its trend at this point is nearly parallel to that 
of the Mogul fault which lies but 900 feet to the north. It 
is believed that the Maudina fault may be a branch of the 
Mogul fault and that the block of sediments between the two 
and which is much disturbed by folding and faulting repre
sents a slice or horse formed during the displacement along 
the Mogul fault. Using the easily recognized Southern Belle 
quartzite as a marker, the Maudina fault is seen to have a 
horizontal displacement of approximately 600 feet.

The ore occurred in a white quartz vein. The ore - 
mineralization ha d a  roughly pipelike shape as indicated 
by the old etopes. In width the vein varied from 4-12 feet 
and in etope length from 40-50 feet. This pipe or shoot 
plunged about 45® to the east. At the present surface the 
Maudina fault brings Middle Cambrian Santa Catalina forma
tion on the south against Middle Cambrian Abrigo formation 
on the north. These relations are shown in pi. 10.

So far as is known scheellte (CaWOjj,) is the only tung-
y ^sten mineral in the vein. Ce^rueite (PbCO^) was reputed 

to have occurred in small amounts within the upper 50 feet of 
the workings. Below the 50 foot level lead mineralization 
was absent except for a small occurrence on the 150 foot

21.0244
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level. Pyrlte is found in email amounts in selected speci
mens from the upper workings and euhedral psendomorphs of 
limonite (?) after pyrlte are present, told is reported, 
but no records of assays are available and it evidently was
minor. . ■ .'•■■■ '• . "

The gangue consists largely of quartz. Oalcite and 
serlcite are.found in minor quantities.

Mineralization in Cretaceous Sediments :

Mineralization in Cretaceous sediments has been of no 
importance within the area although there are numerous pros
pect pits in these sediments. -

In the Cretaceous block west of the hairpin curves near 
the Three C Ranch these diggings may be seen. A typical 
example is the C. 0. P. #2 claim. This claim includes a 
shallow inclined shaft on which some development has taken 
place. The incline was apparently dug on a quartz vein 
which strikes H 75° W and dips 35° to the southwest. This 
vein occupies a fault fissure. The reddish siltstones ad
jacent to the break have been much sheared and Serloitized 
as is seen by material on the dump.

Near the southern edge of the area in Cretaceous sedi
ments, prospect pits are present on quartz veins. Judged 
from the material on the dump mineralization was slight. A 
few galena and pyrlte crystals were all that was noted.
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Mineralization in Granite

Within the area little or no production has come from
the granite. Prospect pits of the ever searching prbspee-

. ■' .............................tor are numerous over the area*
On one claim some work had been do ne.Thisle the 

Evening Star, which wae reloeated in 19^5 as the Golden 
Eagle. A shaft has been sunk to at least 50 feet. Mo 
timbering or other means of access are now present so that 
underground investigation was not possible. The shaft is 
on a fault which strikes N 80° W and is nearly vertical.
Along this fault is a quartz vein which in the area of the 
shaft is about 2 feet wide, but to the east and west thins 
out to only 1 to 2 inches.

Material present on the" dump gave a genemllzed picture 
of the nature of the mineralisation. Vein quartz was the 
only gangue and the chief sulphide was pyrite, which was 
overwhelmingly predominant over other sulphides. The py
rite was euhedral. Granite present on the dump varied from 
that which was extremely pyrltized and eiliclfled to nearly 
unaltered with only a few grains of pyrite. Galena, ehaloo- 
pyrite, and coveHite round out the suite of minerals ob
served. Galena though much subordinate to pyrite was next 
in abundance, Covellite was noted as irrldescent coverings 
on euhedral galena crystals, Ohalcopyrite was noted in small 
Infrequent grains.

Lamping for tungsten failed to show its presence.
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Plate 4

A and B
Views of Devonian Martin limestone east of the Maudina 

mine showing abundance of fossil corals.



PLATE 4-



Plate 5

A and B
Views showing the eomtaet between the uppermost lime

stone bed of the Devonian Lower Ouray formation with the 
overlying quartzite.
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Plate. 6

k
Exposure of Eecabroea limestone forming a cliff on the 

north side of Tule Springe Canyon. The San Pedro Valley Is 
In the distance.

B
Nodules and Irregular masses of chert In the Eecabroea 

limestone.
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Plate 7

A and B
Spheroidal boulders formed by the weathering of gray- 

wacke. YlewS are both along the road between Peppersauoe 
and Tule Springs Canyon.
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Plate 8

A X 17
Thin section of graywaoke showing heterogeneous mix

ture of minerals and rock fragments. At the top is a frag
ment of sandstone or quartzite. The remainder of the sec
tion includes quartz, feldspar, and other minerals set in 
a strongly chlorltic matrix.

B X 17 Crossed nichols 
Same.
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Plate 9

A
Bed of tuff within the Glia conglomerate (?) In an un

named canyon south of Peppersauoe Canyon and east of the Mt. 
Lemmon road.

B
View showing granite boulders capping the hilltops In 

the area of Oracle granite north of the Mogul fault.





Plate 11

A
View showing a part of the zone of elllelflcatlon along 

the Rattlesnake fault. The outcrop Is white "bull* quartz 
which Itself has been shattered and healed with a second or 
more generations of quartz.

B
Shattered limestone along the American Flag Springs 

fault. This zone of shattering is in places more than 
200 feet wide.
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Plate 12

A
Outcrop of basal Cretaceous •limestone conglomerate north of Peppersauce Canyon and Just west of the Mt. Lemmon 

road.

B
Outcrop of basal Cretaceous limestone conglomerate Just 

west of where the Mt. Lemmon road crosses Tule Springs Can
yon. Some limestone fragments have weathered out leaving 
the surface pitted.





Plate 13

A
View showing an exposure of the American Flag Springs 

fault. Above the pick is Mlssisslppian Eeeabrosa limestone. 
The pick is standing in a recession caused by the weathering 
out of gouge. The approximate dip may be determined by the 
angle the recession makes with the overlying limestone. Be
low the fault are Cretaceous strata.

B
View of the overturned section west of the Maudina mine. 

The view is looking southwest. Abrigo formation (6a), Sou
thern Belle quartzite (6sb), Santa Catalina formation (6sc) 
and Troy quartzite (6t) are seen .in the inverted section.
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Panoramic view of a portion of the stratigraphic section. 
Santa Catalina formation (Csc), Southern Belle quartzite (Ceb), 
Abrigo formation (Ca), Peppersauce sandstone (Ops), Martin 
limestone (Dm), Lower Ouray formation (Dio), and Escabrosa 
limestone (Ce) are included in the section. The view is 
northwest. Southern Belle Canyon is Just beyond the ridge 
on which the section is marked.
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