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UTRODUCTIOH

Location

The Gampo Bonito area covers approximately

3y- square miles.

It

is located on the northeastern slope of the Santa Catalina Mountains
(Plate V).
The Morning Star and Pure Gold tungsten mines are in the northcentral portion of the area.
or

These mines are Tg- miles, by dirt road,

air miles south south-east of Oracle, which is in Pima county,

Arizona, 34 miles north of Tucson.

The road between Oracle and Tucson

is a good black-top highway.

Tonography

The maximum relief in the area is 2,040 feet.

The lowest portion

is the granite area in the northeast, which is slightly less than
feet above mean sea level.
southwest.

4>400

The greatest elevation is Apache Peak in the

This is capped by Troy quartzite and reaches 6,440 feet.

The average elevation is about 5,400 feet*
There is a distinct difference between the topography of the granite
and that of the sediments.

In the granite the washes are more or less

broad and shallow and the surface is low and rolling.

In the sediments

most of the washes have steep sides and are ”V’W shaped.
The main drainage is in an easterly direction into the San Pedro
river.

The three main canyons from north to south are Bonito, Southern

Belle, and Peppersauce.

Purpose and Procedure and Scope of the Report

Tills report on the Campo Bonito area is offered in partial ful
fillment of the requirements for an advanced degree from the University
of Arizona and describes the principal structures, the sedimentary,
igneous and metamorphic rocks, and the ore deposits and their as
sociated features.
The topographic map used as a base was a United States Geo
graphical Survey manuscript map*
graph from a scale of
equals

It was enlarged by means of a panto

1 inch equals 2,000 feet to a scale of 1 inch

500 feet.

Most of the field work was done during the summer months of 1948.
The laboratory work, library research, and writing of the report were
completed during the school year of

1948-49.

A large scale topographic map, taken from a copy of a map made
by the United States Geological Survey, was used for detailed mapping
of the area, which covers the Pure Gold and Morning Star tungsten claims.

Previous Investigations

Little has been published on the geology of the Santa Catalina
Mountains.

1

Reconnaissance work by Stoyanow^ on the stratigraphic

Stoyanow, A. A., Correlation of Arizona Paleozoic Formations. Geol.
Soc. Am. Bull., Vol. 47, pp. 474-478, 489, 507, 1936

section in Peppersauce Canyon is discussed in a general paper.
During the second World War the government was interested in

tungsten deposits, and a report on the Pure Gold and Morning Star claims

2
was made by P« C. Bateman and M.P. Erickson •

2

Bateman, P. C., and Erickson, M.P., Pure Gold and Morning Star
Tungsten Mines. U. S. Geol. Survey, Strategic Mineral Investi
gation, G-44,1944

Several reports, concerned only with ore deposits, were made for the
owners of mines in the area*

3

A report by J. M, Hill^ and another by

Hill, Jo H., Report on the Maudina Tungsten Mine. Oracle. Pinal
County. Arize# Private report, 9 pages, 1946

j, B. Tenney^ were placed at the writer1s disposal by E. H. Molson#

4

Tenney, J. B., Geological Report Apache Peak Gold Prospect. Old
Hat Mining District. Pinal County. Arizona. Private Report, 4
pages, 1936

flUmate

The climate of the San Pedro valley is semi-arid, with an average
rainfall of

10,5"# but the surrounding mountains have a somewhat higher

rainfall.
About seven years ago, a few of the larger canyons contained
running water throughout the year.

At the present time, however, all

of the streams in the vicinity are intermittent.

Two or three all-year

springs were seen.
Most of the precipitation occurs in two periods, one during July and

-5-

August, largely from passing thunder storms, and one during the winter,
largely from melting snow.
The average distribution of total precipitation is shown in the
following table.
1900 and 1940,

The figures pertain to the forty year period between
The figures were tabulated for the town of Oracle, H.V.

Smith5.

5

Smith, H. Vo, The Climate of Arizona, Univ. of Ariz., Bull.p. 59,
1945.

January

*

2.15 inches

February

1*96

March ..

1.57

April ..

0*78

May

...

0*33

June ...

0.47

July

2.79

August .......
Seotember
OtrfeobtiT

*****

*******

MovAmbeT*

******

Dacembar

******

Total

___ 2.19
19.58 inches

The temperature may range from 40° F. at night to 100° F. in
the daytime during the spring months.
occurs in the course of a

This variation frequently

24 hour period.

The annual range is from approximately 15° F. in the winter to 108° F.
in the summer•
A. considerable amount of the precipitation falls as snow during the
months of December, January, February, and March,
snowfall for the forty year period, ending in

The average total

1940, is 12,2 inches per

year H, V. Smith6.

6

Smith, H, V,, The Climate of Arizona. Univ, of Aria., Bull. p. 57,
1945.

Flora and Fauna

The San Pedro valley contains relatively sparse vegetation.
predominant types are desert shrubs.

The

However, at higher elevation more

and varied vegetation appears.
The trees of the Campo Bonito area consist mainly of scrub oak,
mesquite, and palo verde.

Small groups of cottonwoods are found in

large creek beds and near springs.

Some of these trees have been used

for timber in the mines of this area.
The region is sparsely populated with wild life.

The game animals

include deer (white tail), javelina or wild pig, desert fox, and rabbitd.
Quail and dove are fairly numerous.

The area is populated with various

types of snakes, the most frequently encountered being striped water and
grass snakes, with surprisingly few rattlesnakes.

•7

GENERAL GEOLOGY

The Santa Catalina Mountains were briefly commented on by
Ransoms? as followsi

7

Ransome, F«L», Some Paleozoic Sections in Arizona and Their Corre
lations. U. S. Geol. Surv., Prof. Paper 98K, p.L44> 1916.

"The central feature of the range, as worked out by Tolman,
is a great post-Carboniferous intrusive mass of siliceous muscovite
granite modified to a gneissic rock near its margins, surrounded
by a zone of intense contact metamorphism in which rocks of widely
different kinds have been conspicuously affected. The oldest rock
cut by this granite is a coarse porpbyritic biotite granite, which,
apparently as a result of the later granitic intrusion, grades
into augen gneiss, and locally this rock in turn has been trans
formed into a thinly fissile schist".

g
W. M. Davis

states:

8 Davis, W.H., The Santa Catalina Mountainsp A rizona. Am. Jour. Sci.,
5th series, Vol. 22, p.

,1931.

"These mountains are of Complex structure and consist, accord
ing to an unpublished map by C. F. Tolman, formerly professor of
geology at the University of Arizona, largely of gneiss and schists
along their southern border, of intrusive granite in the center,
west and north, and in part of deformed Paleozoic formations in
the northeast. They have been briefly described from a geological
point of view by Blake (1909), Ransome (1916), and Darton (1925),
and have been plausibly regarded by various observers as an up
lifted and dissected two-fault block, chiefly because their
southern and western sides have rather simple base lines which
transect the rock structures indifferently,*

It is with the Paleozoic formations in the northeast portion of the
mountains that this paper is mainly concerned.

-8-

To the writer* s knowledge the-oldest rock in the vicinity is the

9
Oracle granite.

9

It is considered Archeozoic by Stoyanow .

The Scanlair

Stoyanow, A.A., Correlation of Arizona Paleozoic Formations. Geol.
Soc. Am. Bull., Vol. 47, p. 477, 1936.
...
. .

conglomerate, the basal member of the Apache group, lies on this granite#
The Pioneer shale, the Barnes conglomerate, and the Dripping Spring quart
zite lie in conformable succession above.

Although in the type section,

and elsewhere, the Mescal limestone lies above the Dripping Spring quart
zite and is the uppermost formation in the Apache group, it has not been
recognized in Peppersauce Canyon.

10

Stoyanow^-® describes a purple micaceous

Stoyanow, A .A,, Ibid, p. 447, 1936

mudstone and siltstone which occurs in its place here.

11

Stoyanow^- refers

Stoyanow, A.A., Ibid, p. 447, 1936

to this formation as "the unnamed sandstone".

The Canada Del Oro, where

the Mescal limestone is present, is approximately 2 miles west of Apache
Peak.
Stoyanow^ believes the "unnamed said stone" in this section to be a

12

Stoyanow, A. A., Personal communication, 1949.

result of erosion having removed Mescal limestone before the "unnamed

sandstone" was deposited®

13

Darton

cited a similar case in which the

Darton, N#®., A Resnne of Arizona Geology. Ariz* Bur® Mines Bull®
119, p. 53, 1925.

Martin limestone is in contact with part of the Apache group southeast of
Globe®

He attributed this to deep planation caused by uplift, due to a

pre-Devonian diabase intrusion®
The formations of the Apache group are distinctive, and if a fair
sized portion of one can be seen, it may usually be identified with ease,
but it is interesting to note that beds common to one formation were found
in some of the other formations.

The most striking example of this is

the purple mud and siltstone beds near the middle of the Pioneer formation
in Peppersauce Canyon, which would be extremely hard to differentiate, con
sidering only their appearance, from similar beds in the "unnamed sand
stone" .

They are fractured much the same; they weather the same and are

practically identical in color.

Another good example is the appearance of

the same purple mud and siltstone beds in the Dripping Spring formation®
Also, a few groups of beds found in the Troy quartzite are very similar
to a portion of the Dripping Spring formation.

This condition would seem

to reflect a repetition of depositions! conditions while these sediments
were being deposited.
The Troy quartzite is the basal member of the Middle Cambrian in
southeastern and central Arizona.

In

the Campo Bonito area the Troy

quartzite lies disconformably upon the "unnamed sandstone".

The Santa

Catalina formation and Southern Belle quartzite, respectively, conform

-10-

ably overlie the Troy and complete the units of the Middle Cambrian age.
The Abrigo formation comprises the major portion of the Upper Cambrian
formations in the Campo Bonito area.

It is covered by 21 feet of the

Peppersauce Canyon sandstone Stoyanow^*.

14

Stoyanow, A.A., Ibid, p. 477, 1936

The primary concern of this paper is with the pre-Cambrian and
Cambrian sediments.

It should be noted, however, that increasingly

younger sediments crop out in an easterly direction.
In the Santa Catalina Mountains Ordovician and Silurian rocks are
absent.

The Devonian period is represented by the Lower Ouray formation

and the Martin limestone, which comprise a total thickness of 295 feet
Stoyanow^,

15

The Escabrosa limestone of early Mississippian age confonn-

Stoyanow, A.A., Ibid, p. 489, 1936

A complete section of the

16

Stoyanow, A.A., Ibid, p. 508, 1936

Escabrosa has not been found in this vicinity.

The Cretaceous (?) Period

is represented by a thick section of sandstones, shaly mudstones and
conglomerates.
area.

Approximately

1500 feet of strata lies within the Maudina

The Gila conglomerate (?) of Pliocene (?) age is exposed in one or

two places.

It was observed to be very irregular in thickness, but there

was no exposure at which a satisfactory measurement could be obtained
Bromfield1^.

17

The strata of the Pennsylvanian and Permian periods are

Bromfield,

Personal communication, 1949

well represented in many sections of southern Arizona, but they were
not identified in the Campo Bonito area*

It is well established that

no Triassic or Jurassic sediments are present in southeastern Arizona*
The extent of igneous activity in the Campo Bonito area appears to
have been relatively small, being represented mainly by diabase in
trusions*

The major portion of the diabase occurs as sills.

S o t o of the

sills appear to be rather regular, but others are variable in thickness
and in their position within the formations*

Quartz veins are fairly

well distributed throughout the area, but the only one seen of any size
is one located in the Pioneer shale*
averages about

It is parallel to the bedding and

15 feet in thickness*

As has previously been stated, the major poet-CanBrian igneous
activity in the range consisted of a great post-Carboniferous intrusion
of siliceous muscovite granite which now forms the central portion of the
range*
Except for a baking of the beds in the immediate vicinity of the dia
base and quartz veins, there seems to be little, if any, metamorphism as
a direct result of intrusion in the Campo Bonito area*

•12-

SEDMEMTABY ROCKS

PRE-CAMBRIM ROCKS (Apache group)

Scanlan conglomerate

The Scanlan conglomerate was first described by Ransome

18

IB

in the

Ransome, F*L*, Geology and Ore Deposits of the Bisbee Quadrangle.
Arizona, U. S. Geol, Snrv,, Prof* Paper 113, p. 136, 1916.

Globe area, where it is frcaa 1 to 6 feet thick and composed of imperfect
ly rounded pebbles of vein quartz in a pink arkosic matrix#
The Scanlan conglomerate does not crop out in the mapped portion
of the Campo Bonito area#

However, the writer observed it on a small

ridge east of Pepper sauce Canyon, at a position approximately due east
of Apache Peak#

Here it is the lowest member of the Apache group and

rests on the Oracle granite#
ness, and color.

It is highly irregular in texture, thick

On a fresh surface the color varies from white to

light green to red or to purple, and in this respect closely resembles
some of the beds of the overlying Pioneer shale#
variable.

Its texture is also

In some places the matrix is mainly re-cemented granite

fragments and the pebbles are of vein quartz, whereas a few yards away
the matrix is a medium-sized equi-grained arkosic quartzite#
pebbles are variable in size, shape and distribution#

The

The largest ob

served were 2 inches across; most are subangular and a few well-rounded#
There appear to be twice as many quartz vein pebbles as quartzite pebbles#
As a whole, the pebbles are sparsely distributed through the conglomerate#

-13'

The Scanlan conglomerate is poorly bedded*

The arkosic portions

are not as strongly cemented as the quartzitic portions*

The formation

is not very resistant to weathering, but the underlying granite is even
less resistant and in many places slopes gently away from the conglomer
ate.

A measured section of the Scanlan conglomerate may be found on

page

31.

Pioneer shale
]Q
The Pioneer shale is also described by Ransome

19

«

The name applies

Ransoms, F. L., Ibid, p. 136, 1916

to the beds between the Scanlan conglomerate and the Barnes conglomerate*
The type section is exposed on the northeast slope of Pioneer Mountain
in the Globe quadrangle.
The Pioneer shale occurs in Peppersauce Canyon and in Bonito Canyon,
both within the mapped portion of the Carapo Bonito area.

It crops out

west of the Pure Gold and Morning Star mines, along the Mogul fault, and
on the east side of the upper half (western half) of Peppersauce Canyon
(Plate VII)*

Outcrops of the formation are not prominent, as it forms

gentle slopes which are smooth and largely covered by detritus and vege
tation*

Individual beds are mainly sandy or shaly with the exception of

a few quartzite beds that exhibit more prominent outcrops.

The Pioneer

shale was measured in the same vicinity as the Scanlan conglomerate.
Peppersauce

In

Canyon the formation appears exceptionally thick but this is

14

because of a massive diabase sill near its center.

A measured section

of the Pioneer Shale may be found on page 30#

Barnes conglomerate

The Barnes conglomerate lies stratigraphically above the Pioneer
shale and below the Dripping Spring quartzite.

20

described by Ran some

20

This formation was first

and was named for Barnes Peak in the northwestern

Ransome, F. L., Ibid, p. 137, 1916

part of the Globe quadrangle.

At the type locality it is from 10 to 15

feet thick.
In Peppersauce Canyon the Barnes conglomerate is a striking for
mation, about 35 feet thick.

It forms prominent outcrops in the upper

(western) part of Peppersauce Canyon where it forms a massive sheer cliff,
in some places about 50 feet in height (Elate H i ) #

From a distance it

has a dark, reddish-brown appearance and is not recognizable as a con
glomerate.
In general the color of the matrix results from white, purple, and
buff sand grains.

The pebbles are primarily white, purple, or brownish-

red.
The Barnes conglomerate is composed predominately of quartzitic
pebbles and cobbles.

They are predominately ellipsoidal in shape, but

some are flat and some are irregular.

They are all well-rounded.

In a few places bedding is present, but the conglomerate is
characteristically massive and, in-most places, exhibits little recog-

-15-

nizable stratification.

-

Although the pebbles are composed mainly of quartzite, about one
out of twenty is quartz.

A few red jasper pebbles are scattered through

out the conglomerate.
The matrix grades from quartzite to arkose, with the latter pre
dominating.

Within the formation are lenses of matrix which contains few,

if any, pebbles, but these lenses are not common.

Throughout most of the

conglomerate, pebbles are numerous, and the proportion of matrix is small.
The matrix contains quartz grains up to
cemented with silica.
a homogeneous rock.

3§- mm. in diameter.

It is well

Where the conglomerate is unweathered, it acts as
It is highly fractured in most places and the

fractures cut through the pebbles and matrix alike, exposing cross sec
tions of pebbles as if they had been cut with a knife.
Depending upon the relationship between the dip of the formation and
the surface slope, the Barnes may form a cliff, as described above, or it
may form more gentle slopes, as it does on the northern side of Apache
Ridge (Plate II).

The pebbles weather out of the formation readily and

are often found some distance from the outcrops.

On a weathered surface

the conglomerate is somewhat more reddish than on a fresh surface.

A

measured section of the Barnes conglomerate is found on page 5Q.

Drirroing Soring quartzite

The Dripping Spring quartzite lies conformably on the Barnes con
glomerate and below the "unnamed sandstone".

16-

Ransoma 21 describes it as followsn

21

Ransome, F. L., Ibid, p. 137-38, 1916

“Approximately the lower third of the formation consists of
hard fine-grained arkosic quartzites, which, as seen in natural
sections, show no very definite division into distinct beds, but
do exhibit a pronounced striping, due to the alteration of dullred and dark-gray or nearly black bands parallel with the planes
of stratification. These bands, as a rule, are less than one foot
thick and give a generally thin-bedded aspect to this portion ...
About midway between the top and the bottom of the formation the
striped beds are succeeded by fairly massive beds, as much as six
feet thick, of even-grained buff or pinkish quartzite associated
with flaggy variegated red, brown, and gray beds with layers of
gray and reddish shales suggestive of the Pioneer shale."
“In the upper part of the formation the beds become thin,
flaggy, and rusty.®
In the Gampo Bonito area the Dripping Spring quartzite appears
to be identical with that described by Ransome (Plate VIII).
This formation, in contrast to the Troy quartzite higher in the
section, weathers to slopes and in many places is concealed.

A

measured section of the Dripping Spring quartzite may be found on
page 29.

Unnamed sandstone

An "unnamed sandstone" overlying the Dripping Spring formation
was described by Stoyanow^ as; “purple sandstone made of extremely

22

Stoyanow, A. A., Correlation of Arizona Paleozoic Formations,
Geol. Soc. Am. Bull., Vol. 47, p. 477, 1936

angular quartz grains in a sericitic matrix

0

••

Intraformational con-

-17'

glomerate,

30 feet thick at the-base.8

This sandstone, which occurs in the Campo Bonito area in the
stratigraphic position normally occupied by the Mescal limestone, is
easily identified (Plate IX).

It can usually be recognized from a

distance by its purple color*

It crops out in three places on Southern

Belle Ridge*

Much of the outcrop on Apache Ridge is covered by detritus,

but it forms a small cliff high on the west side of Apache Peak*
This formation is extremely variable with the exception of its color,
which is consistently purple*

In general the formation has a shaly tex

ture, complicated by fracturing at various angles to the bedding planes*
Generally, an angular conglomerate is present at the base*
places, however, this is completely missing*

In some

In a small canyon south of

Peppersauce Canyon the conglomerate was observed with fairly well-rounded
pebbles up to

6 inches long.

The thickness of the formation varies con

siderably*

At one point, south of Peppersauce Canyon, it was estimated

to be about

300 feet thick, but a short distance to the north it has a

thickness of approximately 135 feet,
sandstone" may be found on page

A measured section of the "unnamed

28,

PALEOZOIC ROCKS
ffi-ridla Cambrian

Troy quartzite

The Troy quartzite takes its name from Troy Mountain, in the

-18-

23
Dripping Spring Range, north of Ray Ran some

23

In the Campo Bonito area

Ransome, F. L., Geology and Ore Deposits of the Bisbee Quadranglef
Arizona, U. S. Geol. Surv., Prof. Paper 113, p. 139> 191o

it lies disconformably upon the "unnamed sandstone" Stoyanow

24

Stoyanow, A, A., Correlation of Arizona Paleozoic Formations. Geol.
Soc. Am. Bull. VoL, 47, p. 477, 1936

The Troy is exceptionally resistant to weathering.

It caps prominent

ridges where present (Plate VI) and it appears to be consistent in com
position and thickness throughout the area.

The best exposures are on the

north side of Peppersauce Canyon.
Beds of the Troy quartzite can be divided into two types.
(type l) consists essentially of a series,
and a similar series about

One type

40 feet thick, at the base,

35 feet thick, beginning approximately 65 feet

from the top of the formation.

Type 1 can easily be mistaken for beds

of the Dripping Spring quartzite (Plate IX).

The beds of this type are

light brown on fresh surface, their texture is medium-grained, and their
composition is somewhat arkosic.
thin to medium

The bedding varies in thickness from

(jr to 5") and is# for the most part, flat.

grains are well bonded with a siliceous cement.

The quartz

In general, beds of type I

are less resistant to weathering than those of the rest of the formation,
and are therefore less prominent.

Weathered surfaces of this group are

smooth and a darker brown than fresh surfaces.
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Type II comprises the major -part of the formation.
exhibits a marked contrast to type I.

This group

A fresh surface may show streaks,

blotches, or bands of pink, purple, red-browns, and yellow-browns, on a
background of dull white.

The texture varies from fine to coarse-grained,

with some grains as large as 7 mm. in diameter.

The beds of type II are

practically all composed of well-rounded quartz grains, strongly cemented
with silica.

The bedding is thick and massive, and contains a considerable

amount of cross-bedding.
appearance.

Weathered surfaces give a dull-red to pink

The detritus from these beds is hard and blocky.

size of the fragments is about

6 inches across.

of the quartzite weathers very smooth.
as 25 feet are common.
or more, in height.

The average

In most places the surface

Cliffs of Troy quartzite as high

On Apache Ridge the Troy forms a cliff 100 feet,

The total thickness is 330 feet.

A measured section

of the Troy quartzite may be found on page 28.

Santa Catalina formation

The Santa Catalina formation was described by StoyanoW^< as:

25

Stoyanow, A. A.,Ibid, p. 476,

19366

6alternating, thin-bedded, red to black and ocherous quartzites, red to
yellow sandstones, and light-colored, often pinkish and greenish,
micaceous shales, which, in the type locality in Peppersauce Canyon on
the north side of the mountains, have a thickness of 415 feet.”
The upper and lower boundaries of this formation are easily recog
nized since it lies between two prominent quartzites (Plate X ) ; the
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massive Troy below, and the striking white Southern Belle quartzite above.
Generally it weathers to a smooth slope (Plate XI).

A measured section

of the Santa Catalina formation may be found on page

26*

Southern Belle quartzite

The Southern Belle quartzite has been described in Peppersauce Canyon
by Stoyanow^.

26

"The Santa Catalina formation is overlain by the Southern

Stoyanow, A. A., Ibid, p. 476, 1936

Belle quartzite, which is a cliff-forming, massive, hard, white quartzite,

26 feet in thickness.8
Gebhardt (unfinished thesis) identified the Southern Belle quartzite
in the control area on the old Mt. Lemmon Road (ll feet thick).
In the Campo Bonito area, because of its outstanding color and
resistance to weathering, this quartzite forms prominent outcrops
(Plate X). A measured section maybe found on page

26.

Upper Cambrian

Abrigo formation

In the Campo Bonito area the Abrigo formation conformably overlies the Southern Belle quartzite, and makes up the major portion of the
Upper Cambrian sedimentary rocks.
The type locality of the Abrigo limestone is near Bisbee, Arizona,
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where it was first described by Ran some

27

27

as follows:

Ran some, F. L., The Copper Deposits of Rav and Miami. Arizona, U. S.
Geol. Surv., Prof. Paper 115, p. 145, 1919

"Conformably overlying the quartzite (Bolsa) is the Abrigo
limestone, 770 feet thick. This formation consists mainly of
rather thin-bedded limestones, in part sandy and dolomitic,
with some shale.. A laminated structure, due to the alteration
of layers of gray limestone, generally 2 to 3 inches thick, with
still thinner sheets of chert, is a conspicuous feature of the
formation.8
\
Very little Abrigo limestone is exposed in the Campo Bonito area,
outcrops being confined to a small block in the northeast corner adjacent
to the granite (Plate XI).
From a distance the Abrigo has much the same appearance as the
Santa Catalina formation except, perhaps, that it is a little darker
and a little more resistant to weathering (Plate X).

It weathers in

more or less gentle slopes, and its detritus varies from platy to granular
material much the same as that from the Santa Catalina.
Although no fossils were found in the Abrigo by the writer,
Stoyanow^ has described

28

specimens of Tricrepicephalas texanus

Stoyanow, A. A., Ibid, p. 476, 1936

(Shumard), Hesuerasnis pansome! Stoyanow and H. butler! Stoyanow.

These

were in the lower portion of the formation.
A few thin (1-3 ft.) lenses and beds of almost pure calcium car
bonate in the form of calcite were found in the lower portion of the
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Abrigo,

The beds eould.be traced for several hundred feet.

the lenses were confined to a length of 10 to 20 feet.

Most of

A measured

section of the Abrigo limestone is located on page 25*

Fennersauce Canyon sandstone

The Pepper sauce Canyon sandstone does not occur in the Gampo
Bonito area, but is included here in order to complete the description
of the Cambrian section.

29

This sandstone was described by Stoyanow^ as

Stoyanow, A. A., Ibid, p. 476, 1936

follows:

"Overlying the Abrigo, there are about 21 feet of alternating

hard pinkish quartzites and brown, often porous and saceharoidal# cal
careous sandstone beds with a faunale of tribolites among which forme
congeneric with Iddingsia Walcott and Elvinia are predominant."
This thin group of beds contrasts markedly with the upper portion
of the Abrigo.

It is much lighter in color and predominantly brownish

red to pink, whereas the portion of the Abrigo immediately below is
dull gray to black.

Lower Mississinpian

Escabrosa limestone

With the exception of the recent gravels the only beds younger
than the Cambrian rocks that crop out in the Caapo Bonito area is the
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Escabrosa limestone

31

31

It occurs as a block approximately 250 by 550

Stoyanow, A* A., Personal communication, 1949

feet in the central portion of the area (Plate l) (Plate XII B).

This

block of limestone has been faulted down and is surrounded by pre-Cambrian
sediments on the south and the Oracle granite on the north.
major outcrop of the Escabrosa limestone is approximately
the southeast in the Maudina mine area (Plate l),

The nearest

5#500 feet to

*

"The Escabrosa limestone, as characterized by Bansome, is a cliff
forming, thick-bedded, white to dark, non-nagneslan, granular limestone
made up largely of crinoitial material," Stoyanow^,

32

For a description

Stoyanow, A. A,, Ibid, p, 505, 1936

of the Escabrosa limestone in the Campo Bonito area the reader is referred
to a thesis on the Maudina Mine area written at the University of Arizona
by C. S, Bromfield,

CENOZOIC ROCKS
Quaternary Alluvium

On the northern side of the Santa C atalina•mountains, the long
slope from the base of the mountains to the San Pedro river bed is covered
with a sheet of alluvium.

This sheet is thin in the foothills, thickens

rapidly towards the San Pedro river, and has been cut in many places by
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intennittent streams that drain northward into the San Pedro Valley.
On the upper slopes of the Campo Bonito area the major portion of the
alluvium consists of fragments of sedimentary rocks of the area, and
of these, the highly resistant quartzites predominate.

Farther down

the slopes the major portion of the detritus in the alluvium is granite.
The detritus, which makes up the alluvium, is poorly sorted and varies
from coarse material on the higher slopes to finer material near the
valley floor.

Where arroyos have cut the alluvium, the sides of the

arroyos reveal roughly stratified detritus which ranges in size from
boulders to fine sands and silts.
dated.
pml

The alluvium is generally unconsoli

An exception is caliche conglomerate which is found in a few

1 isolated places.
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MEASURED SECTIONS IN CAMPO BOHITO AREA

Partial section of Upper Cambrian strata, measured south of
mapped portion of Carapo Bonito area; beds dip 30°northeast.

Martin limestone
Disc onformity
Upper Cambrian
Peppersauce Canyon sandstone
Abrigo formation

Feet

2. Quartzite - pink, steel gray, and white
alternating; fine to coarse grained sandy
and arkosic beds; generally thin-bedded
(1-6”) gnarly and cross-bedded;
firmly cemented; weathers to brown and
dark gray rough surfaces, weathers to
small cliffs (1-2") .....................

1* Calcareous siltstone - pinkish brown,
fine-grained, crystalline and calcareous;
very thin-bedded (■£-4”) J generally wavy
bedding; strongly cemented with lime;
weathers to slopes with rocky detritus,
mostly platy; most weathered surfaces
sandy and reddish brown .........

162

Total ...........................................

245

Partial section of the Middle Cambrian strata measured in
Peppereauce Canyon one-half mile west of the old Mt« Lemmon Road;
beds dip approximately 25° northeast.
Southern Belle quartzite
3*

Feet

Quartzite - light purple; contains medium,
well-rounded grains; massive, strongly
cemented with silica; weathers purple, smooth;

8

forms cliffs

2.

Quartzite - white; contains medium well rounded
grains; massive; strongly cemented with silica;
weathers white, smooth; forms cliffs and
ledges .....

1.

18

. .. .......................

Quartzite - light purple; contains medium,
well-rounded grains; massive; strongly cemented
with silica; weathers purple, smooth; forms

10-15

cliffs ..................
T o t a l .........................................

36-41

Partial section of Middle Cambrian strata measured on the
north slope of Peppersauce Canyon, three-quarters of a mile west
of the old Mt. Lemmon Road; beds dip approximately 25° northeast*
Santa Catalina formation

.

8, Quartzite - buff to pink; fine-grained,
slightly porous; thick bedded, massive;
strongly cemented with silica; weathers to

Feet
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Feet
gray and pink, smoothj forms cliffs .............. .

7.

23

Mudstone and siltstone - inter-bedded; red-brown,
yellow-brown, green brown; silty, shaly; very
thin to thin-bedded (i>3”) cross-laminated; firmly
cemented with calcareous cement; weathers to
slopes, brown .................................. ..

6.

43

Sandstone - white, speckled brown; medium-grained,
quartzitic, porous; quartz grains firmly cemented
with silica; weathered surface pitted, brown;
forms small cliffs ............. .................

5.

17

Mudstone and siltstone - interbedded; red-brown,
yellow-brown, green-grown; silty, shaly; very
thin to thin-bedded

cross-laminated; firmly

cemented with calcareous cement; weathers to
slopes, brown .....................

4.

75

Sandstone - white, speckled brown; medium-grained,
quartzitic, porous; quartz grains firmly cemented
with silica; weathered surface pitted, brown; forms
small1 cliffs ......................................

3.

5

Quartzite - red; fine-grained; limy, gnarly, beds
(^-15*); strong siliceous cement; weathers rough;
forms small cliffs .....................••••..e....

63

►28-

Feet
2.

Quartzite - brown; fine-grained; limy, gnarly;
strongly cemented with silica; weathers rough;
forms small cliffs ...........................

1.

22

Mudstone and siltstone - inter-bedded; redbrown, yellow-brown, green-brown; silty| shaly;
very thin to thin-bedded Wr-3") cross-laminated;
firmly cemented with calcareous cement;
weathers to slopes,

brown .. ................

43

T o t a l ...........................................

292

Partial section of the Middle Cambrian strata measured in Peppersauce Canyon approximately 1* miles west of the old Mt. Lemmon Road;
beds dip

30° northeast,

Troy quartzite
1.

Feet

Quartzite - light brown to red-brown; medium
grained; thick-bedded, cross-laminated; strongly
cemented with silica; weathers to c l i f f s .... .

330

Disconformity
Pre-Cambrian (Apache group)
Partial section of the pre-Cambrian (Apache group) measured
south of the central portion of the mapped Campo Bonito area; beds
dip 30° northeast*
Unnamed sandstone
5.

Mudstone and siltstone - inter-bedded; creamcolored; fine-grained; shaly, thin-bedded;

Feet
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Feet
weathers dull purple; forms slopes ................ 78

Quartzite - light brown; medium-grained; forms
small cliffs; weathered surface brown, blocky . . . .

3#

18

Conglomerate - purple and red; irregular bedding;
silica cement varying in strength; matrix
weathers dark blue; pebbles weather red-brown;
non-resistant to weathering.

Matrix: purple;

sub-angular to round quartz grains; cemented with
silica.

Gravel:

purple and red; angular, quartzite.

2.

Diabase sill ....................... .............. .

1,

Mudstone - purple; fine-grained; shaly; thin-

48
43

bedded ......... ......... .........................

15-25

Total .................. ..........................

215

Partial section of the pre-Cambrian (Apache group) measured south
of the central portion of the mapped portion of the Campo Bonito area;
beds dip 25° northeast.

Dripping Spring quartzite
2.

Feet

Quartzite - buff and pink; fine-grained, arkosic;
massive, thin-bedded; cross-bedded; strongly
cemented with silica; weathers pink and brown;
forms small cliffs . .. . .. ... ... ..... ......

1.

118

Quartzite - green-brown, red-brown, dull-yellow;
fine-grained; cross-bedded, cross-laminated, wavy;
weathers brown; forms small cliffs (1-6*).........

162

T o t a l .......... .............. ...................

280

Partial section of the pre-Cambrian (Apache group) measured in
the western portion of Peppersauce Canyon; beds dip 25° northeast,
Feet

Barnes conglomerate
1,

Conglomerate - red, red-brown, purple; massive;
forms cliffs . .

........................ ...........

35

Partial section of the pre-Cambrian (Apache group) measured on the
east slope of the west end of Peppersauce Canyon; dip 36° northeast.

Equivalent of the Pioneer shale
8.

Mudstone - greenish-cream and purple; aphanitic; shaly,
very thin-bedded, cross-bedded; weathers to slopes ......

7.

63

Quartzite - purple; fine-grained; thin-bedded, crossbedded; cement siliceous and firm; forms small cliffs;
weathers smooth, dark purple ............................

6.

Massive diabase sill ..................... .

5.

Quartzite - gray and purple, banded; fine-grained; thin

28

420

to thick-bedded, wavy; firmly cemented with silica; forms
cliffs (3-6*);

4e

weathers smooth, gray and purple .......

Mudstone - purple; aphanitic; shaly, thin-bedded; crosslaminated; forms smooth slopes; weathers dark purple ...

3.

28

10

Quartzite - buff to brown; medium-grained; indistinct
bedding, cross-bedded; firmly cemented; weathers brown
and rough

8
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2.

Quartz vein - white .............................

1.

Quartzite - gray-green; fine to coarse grained;

Feet
10-20

scattered, well-rounded, quartz pebbles, arkosic;
cross-bedded; firmly cemented with silica; weathers
rough, gray-green and pink ............. .

.

.

87

Total ......................................... .

659

Partial section of the pre-Cambrian (Apache group) measured on
the east slope of the west end of Peppersauce Canyon; dip 36° north
east.

Scanlan conglomerate
1.

Feet

Conglomerate - brown, red, white; irregularly
bedded.

Matrix: arkosic, siliceous cement.

Gravel:

white, brown, red; angular quartz

pebbles, quartzite pebbles ............. .

8-12
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IGNEOUS ROCKS

PRE-CAMBRIAN

Oracle granite

The Oracle granite is the basement rock in the northern part of
the Santa Catalina Mountains.

A short distance east of Peppersauce

Canyon the Scanlan conglomerate, which is the lowest formation of the
Apache group, lies unconformably on this granite.

The Oracle granite

is also exposed in Bonito Canyon along the Mogul Fault, the major struc
ture in the area (Plate l).

Here the southern block appears to have

been dropped at least 4,800 feet, and the sediments of the northern
block removed by erosion (Plate II).
The Oracle granite is extensively weathered wherever it is exposed,
and it is responsible for a characteristic rolling topography.

The

surface of the granite is covered with small buff-colored, weathered
fragments derived from the underlying rock.
The granite is cut by numerous quartz veins.

These veins are much

more resistant to weathering and tend to form small ridges.

The granite

is also cut by aplite dikes which are much less conspicuous.
Megascopically, the rock has a gray-green color, speckled by
biotite, and appears to be composed almost entirely of quartz, orthoclase, and biotite.

Large phenocrysts of orthoclase (1-5 cm) are set

in a matrix of quartz, feldspar, and biotite.
pyrite and magnetite can be seen.

Occasional crystals of
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Micro scopic examination reveals the following mineralst
Per Cent
Quarts

Size

35

0,1 to 6 mm.

Oligoclase

12 to 20

1*0 to 6 mm.

Microcline

20

1*0 to 10 mm.

Orthoclase

10

1*0 to 5 mm*

Biotite

.10

Pyrite

0*5

Magnetite

1.5

Alteration minerals are kaolin, chlorite, and sericite.

The

kaolin and sericite result from the alteration of orthoclass and
plagioclase and the chlorite from the alteration of biotite.
According to Wahlstrom* s classification, the rock is very near the
dividing line between granite and quarts monzonite, but it lies on the
quartz monzonite side*

However, if the orthoclase phenocrysts which

did not appear in the section were included, the rock would probably
be more nearly granite, '

Aolite

This rock occurs as equi-granular, fine-grained dikes in the Oracle
granite*

It is generally buff-colored,

Hegascopically it is composed

of 65 per cent quartz and 25 per cent feldspar,
about 2 per cent of the rock.

Muscovite makes up

Garnet crystals, apparently secondary,

are sparsely distributed throughout.

Microscopic examination reveals the following:
Sjze

Per Cent
Quartz

70

0*2 to 0*5 mm.

Orthoclase

15

0,3 to 1*5 mm.

Oligoclase

8

0,1 to 5 mm.

Muscovite

2

0*1 to 0,5 mm.

.5

1*0 to 1.5 mm.

Garnet

Diabase

Diabase is widespread throughout the area, and occurs mainly as
sills intruded into pre-Cambrian sediments and as irregular masses in
the granite (Plate l)•

It has invaded the Pioneer shale, Dripping

Spring quartzite, and the Nunnamed sandstone” .

Nowhere in the area

was it in, or above, the Troy quartzite or in contact with it,
oq

Ransomei

33

describes a diabase of similar properties and geological

Ran some, F,L,, Geology and Ore Deposits of the Globe Copper
Districts,. Arizona. U, S. Geol, Surv„, Prof, Paper 12, p, 53,1903•

occurrence in widely distributed areas as follows t
"Diabase of the same kind as that in the Globe-Ray region,
and undoubtedly belonging to the same period of intrusion, is
abundant to the north, in the vicinity of Roosevelt and in the
Sierra Ancha, Near Roosevelt the diabase forms a thick sill
in the Pioneer shale. In the Sierra Ancha a sheet fully 1,000
feet thick has invaded the Mescal limestone. Diabase, also
correlated with that of the Globe-Ray region, occurs in the
Santa Catalina Range, northeast of Tucson."
The most extensive exposure of diabase in the Gampo Bonito area is
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a thick Rill (estimated 420 feet) which occurs in approximately the
middle of the Pioneer shale*

A large mass crops out in Bonito Canyon,

west of the Morning Star and Pure Gold mines (Plate I), but the apparent
thickness of the sill is greatly exaggerated because the dip of the
sill approaches the slope of the hill at that point*

The thickness of

sills in the Munnamed sandstone” and Dripping Spring quartzite varies
from 40 to 90 feet*

The greatest known thickness of diabase of similar

character and occurrence is found near Superior, Arizona, where the two
largest sills, out by the workings of the Magma mine, total 3,100 feet
34
Short, Galbraith, Harshman, Kuhn, and Wilson \

34

Short, M*N*, Galbraith, F.W., Harshman, E.N,, Kuhn, T«H«, and Wilson,
E, D., Geology and Ore Deposits of the Superior Mi nine Area, Arizona.
Ariz. Bur* Mines Bull, 151, p* 35, 1943

A number of diabase intrusions in the granite, a few of which can be
seen northeast of the Pure Gold and Morning Star mines (Plate I), appear
to be conduits through which diabase intruded overlying sediments that
have since been eroded away.
In most places, a green-brown soil covers the diabase outcrops.
But Red Hill (Plate l) which is composed mainly of diabase, is, as its
name implies, a bright brownish-red because of this rock*

The diabase

fragments generally weather into sub-spherical shapes (Plate XII)*
In some places the diabase exhibits distinct fracturing parallel
to the bedding of the sediments, thus giving the appearance of bedding
planes*
A few amall veins of asbestos were found in the diabase*

Various men who have studied the diabase do not agree upon the
age of its intrusion*
Ransome^ concluded, in his study of the Ray and Miami districts,

35

Ransoms, F.L., The Conner Deposits of Rav and Miami. Arizona,
U. S. Geol. Surv., Prof. Paper 115# pp* 53 and 5b, 1919

that the diabase is early Mesozoic or late Paleozoic*

He states: "Small

bodies or dikes of the diabase cut the Martin and Tornado limestones*
Intrusive relations also show that the diabase is definitely younger
than the Troy quartzite."
Carton^ states:

36 Barton, H* H*, A Resume of Arizona Geology, Ariz. Bur* Mines
Bull. 119, PP. 254-255, 1925.

"I am sure that these (small bodies and dikes of diabase that
cut Martin and Tornado limestones) are not the same intrusions as
the sills and dikes in the Apache group but feeders of some of
the Tertiary and Quaternary basalts. In other portions of the
region I have found that the diabase invades mainly the strata
older than the Troy, but in some instances the lower part of the
quartzite is invaded."
37
Short and Ettlinger
found, in the Magma mine at Superior, that the

37

Short, M. N., and Ettlinger, L. A*, Ore Deposits and Enrichment
at the Mamma Mine, Superiorr Arizona. Am. Inst* Min. Eng., Trans.,

Vol. 74, p. 181, 1926

diabase intruded the Troy quartzite, but did not intrude the Martin
limestone.

They concluded that the age of the diabase is post-Middle

Cambrian and pre-Upper Devonion.

The diabase in the Campo Benito area was found exclusively in
formations older than the Troy quartzite, and is therefore to be
correlated with pre-Devonian diabase of other areas*
Megascopically the rock is a dull green with the typical ophitic
texture of diabase.

Laths of gray plagioclase, a maximum of 3 mm.

long are surrounded by

a ferromagnesian matrix.

The results of the microscopic examination are as follows:
Per Cent

Size

Plagioclase
(Andesine)
Augite
Magnetite

65

3.0 mm.

30

2.0 mm.

3

01. to 0.5 mm.

Serpentine alteration, in the form of little veinlets, is
prevalent.

STRUCTURE

Regional

The Santa Catalina Mountains have a generally north-west south
east trend.

They are in the Mexican highland section of the Basin

and Range Province, as defined by Fenneman, and are considered by
38
Davis'7 to have added a new variety to the list of special features

38

Davis, W. M., The Santa Catalina Mountains. Arizona. Am. Jour.
Sci., 5th series, Vol. 22, pp.308-309, 1931

by which certain basin ranges are characterized•
As pointed out by Galbraith

39

39

, thrust faulting occurs in many

Galbraith. F. TJ». Empire Mountains. Southeastern Arizona (abstract)
Geol. Soc. Am. Bull., Vol. 51, p. 1927, 1940

basin ranges.

Three such ranges, not far distant from the Catalinas,

are the Empires, the Dragoons, and the Tucsons.

However, very little

evidence was found of low angle thrust faulting in the Campo Bonito
area*

All of the major faults, that were detected, are high angle

faults.

But much of the structure is covered and some of the faults

had to be assumed.
Davis‘S

40

Undoubtedly some structure went unnoticed.

stated that various observers consider the Catalinas to be

Davis, W. M „

Ibid. p. 309, 1931

a dissected two-fault block.

He goes on to say that it is inconceivable

that a part of the Catalinas once extended southward into the valley
and that this part has been eroded back to such a precipitous outline.
To make this reasoning even more striking is the long gradual slope
of pediment on the north side of the range.

Davis believes the southern .side (the high side) to be a result of
an "upbending"«
Fig. 1.

Diagramstically, this would look as shown below in

This upbending, he postulates, took place in two upheavals#

SAN P E D R O R I V E R

Fig* 1.

CANADA PEL PRO

An illustration of a vertical section northeast
through the Campo Bonito area in the Santa
Catalina mountains.

He estimates the second, and minor one, of the two, to have been at
least 1,000 feet#

It would seem that he infers, then, a total up-

bending of approximately 4,000 feet or more.

Such a movement, over a

horizontal distance of approximately eight miles, would set a definite
system of compression and tensional forces into action#

This would

result in a vast fracture system, probably with some movement.

But

the present writer is concerned with relaxation of the force causing
the flexures, and the inevitable readjustment that would follow.
It seems logical to assume that owing to the adjustment, additional
movement would take place in the fracture pattern.

It appears to be

in order, then, to attribute the Mogul zone of movement to the largest
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5AN PEDRO RIVER

Fig, 2,

CANADA DEL ORO

Depicting the same as Fig, 1 plus the Mogul
fault and fracturing.

adjustment in the region.

This is simply represented in Fig, 2,

Sympathetic faulting would undoubtedly accompany the major dis
placement, as illustrated in Fig, 3.

As can be seen from a study

of the areal map (Plate I) and sections (Plate II), the structure
of the area seems to suggest such a scheme of development.

SAN PEDRO

RIVER
CANADA DEL ORO

Fig, 3. Depicting the same as Fig. 1 plus the Mogul
fault, sympathetic faults and fracturing.
Other evidence that might contribute to the above postulation,
is a schistose structure in the granite, which carries through, as
fractures, into the sediments.

This was observed at the contact of

the granite and the Scanlan conglomerate.
and the dip is about 60° NW,

The strike is IT. 55° E.

The major drainage of the area is

predominantly easterly.

The competent beds are thoroughly fractured,

A1
but strike and dip joints seem to predominate.

41

Brown

suggests this

Brown, W. H., Tucson Mountains. An Arizona Basin Range Type.
Geol. Soc. Am. Bull., Vol. 50, p. 755, 1939

type of structure from his study of the Tucson Mountains. "The
sequence of eastward dipping Roskruge l a m s and Tucson volcanic
rocks dipping eastward toward the crystalline Catalinas, very
strongly suggests that the ranges consist of tilted fault blocks,
especially if it is considered that block faulting is the pre
dominant type of Tertiary structural deformation in the Tucson
Mountains."

Folding

With the exception of drag folding along the Mogul fault, very
little folding is apparent in the Campo Bonito area.

At distances,

as far as 800 feet away from the fault, depending on the competency
of the formation, the beds have been dragged up from a northwesterly
strike to a due north and occasionally northeasterly strike.

Faulting

There are two main groups of faults *

a series trending east-

west, which closely parallel the Mogul, and a smaller series trending
north-south.

Because of the cover very few dips and strikes of the

faults could be taken directly.

Except for a well exposed bedding

fault in Peppersauce Canyon, all other faults were measured as highangle faults or gave good indication that they were high-angle faults.
The east-west fault group suggests step faulting.

However, all

the faults of this group were undoubtedly greatly effected by the
movement on the Mogul fault zone.
important structure in the area.

This structure is by far the most
Movement took place on a large number

of parallel, closely spaced surfaces.

The boundaries of the fault

zone are not distinct and the zone, with few exceptions, is well
covered.

Its estimated average width is 90 feet.

There is no way of

estimating the amount of horizontal movement along this zone.

The

small rectangular block, immediately south of the limestone block
containing the Morning Star and Pure Gold mines (Plate l), would seen
to indicate a horizontal component of movement to the west.

This

block is upside down and has been rotated about 110 degrees to the
west.

A few dips were obtained in the zone and averaged

southwest.

The over-all strike is about H. 70° H7.

1(P to 75°

The throw is

believed to be at least 4,800 feet, and the hanging wall side is down
thrown.

The other major fault in the east--west group is the Apache

Ridge fault*.

The movement on this fault put Dripping Spring quartzite

in contact with the Santa Catalina formation.
approximately N. 70° TJ. and 70° SW.

The strike and dip are

The displacement is estimated at

500 feet.
The north-south group of faults is much less conspicuous in
size and number.

The two largest form the east and west boundaries

of the limestone block containing the Morning Star and Pure Gold mines,
and continue southward.

Both of these faults displace the sediments

approximately 250 feet vertically.

Evidence of this movement can be

seen on Southern Belle Ridge, where the upper contact of the Dripping
Spring quartzite has been moved upward beyond the lower contact of the

-

"unnamed sandstone*•
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Displacement on the westernmost fault is

indicated by the sudden termination of the Barnes conglomerate against
the Dripping Spring quartzite#

This may be observed in the upper por

tion of the canyon immediately west of the limestone block (Plate I),
The dip is not definitely determinable, but appears to be nearly
vertical.
The Mogul fault zone gives good evidence that the east-west
group of faults is the younger.

As is indicated on the areal map

(Plate I) the Mogul fault cuts off all other faults.

Because the

Mogul fault zone is so wide and so largely covered, faults having a
small amount of horizontal movement crossing the Mogul fault could
easily be concealed.

No other evidence in the sediments could be found

to determine the time relationship between the two main groups of faults.
Faults in the granite are hard to discern unless they are marked by
quartz veins, as many are (Plate l).

With one exception, the faults

observed in the granite fall in the east-vest trending group.

The

exception is a fault located in the northwest part of the area.

It is

essentially a north-south fault.
The previously mentioned bedding plane fault, which occurs in
Peppersauce Canyon, can
feet.

be traced for a distance of approximately 1,600

The fault is in the Troy quartzite.

of movement were not determined.
fault.

The amount and direction

Plate I shows a small portion of the

The width of the breccia zone is variable*

Pure Gold and Morning Star blocks

The most interesting and most complex structure in the Campo

Bonito area is centered around the limestone block which contains the
Pure Gold and Morning Star mines, and a small block of pre-Cambrian
sediments which lies immediately to the south of the limestone block
(Plate I).
The limestone block has been dropped down on the Mogul fault at
least 2,000 feet to its present position#
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B# S. B u t l e r ^ suggests

Butler, B, S#, personal communication, 1949

that the block was dragged down dip from a position considerably Mist
of its present position#

Evidence of such a movement lies in the block

immediately to the south#
cussion of the Mogul fault#

This evidence was pointed out in the dis
Other evidence of such a movement is found

in the presence of a few limestone blocks, 10 to 20 feet long, found at
different places, in the vicinity of the big limestone block#
pieces of limestone are believed to be giant breccia#

These

Small pebble

sized limestone breccia appear at many points along the Mogul fault,
in the vicinity of the limestone#

The Pure Gold and Morning Star blocks

are severely crushed, and their relation to the surrounding rocks is
well concealed.

It is, therefore, difficult to come to any definite

conclusion on their structural relationship to the surrounding for
mations#
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E. D# Wilson

® has saidr H ,,«The lime stone-granite contact

Wilson, E. D«, Tungsten Deposits of Arizona. Ariz# Bur* Mines,
Bull. 148, p. 33, 1941

appears to be a low-angle fault genetically related to the Mogul fault,
which outcrops 300 feet north of the mine#"

The Barnes conglomerate outcrops on the crest of the southernmost
of the two blocks (Plate l)«

It is interesting to note that the fault

between these two blocks brings Mississippian Bacabrosa limestone

A.A®

Stoyanow^, one of the highest formations in the Peppersauce Canyon

44

Stoyanow, A. A ., Personal communication, 1949

section, in contact with the Barnes conglomerate, one of the lowest
formations in the section.

Maudina Fault Block

Faults along the Mogul fault, and trending parallel to it, were
observed to be numerous.

A block between one of these faults and the

Mogul has been turned upside down.

The block is located in the eastern

part of the area, just a few hundred feet west of the Maudina mine
(Plate l).
block.

The Abrigo is the lowest formation that outcrops in this

It dips approximately 60° MW and is adjacent to the Mogul fault*

The Southern Belle quartzite, the Santa Catalina formation, and the
Troy quartzite lie on top of the Abrigo reversing their stratigraphic
relationships (Plate III).

EC0M0MIC GEOLOGY

History of Mining

There is very little published information on the history and
production of the area.

The writer has obtained the following infer

nation in referring to the notes of the late E. J, Ewing
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and through

Ewing, E. J., Miscellaneous Notes Regarding Canroo Bonito. Private
Report, 61 pages, 1945

correspondence with E. H. Mo Ison (1949) •
A point of historical interest is that the town of Oracle derives
its name from a ship called "The Oracle", which rounded Cape Horn and
from which passengers found their way to Oracle.
In the late 1870*s and early 1880*s a party prospecting the Catalina
Mountains, especially that region south of the town of Oracle, found
placer gold in Southern Belle and Bonito canyons.

This discovery created

the first interest in the area, and a small settlement sprang up at the
mouth of Southern Belle canyon as a result of placer operations near by.
There is no known record of the placer gold production, but it is
certain that there was a substantial amount recovered during the 1880*s.
In 1885 an operator from New York opened the Southern Belle mine
and erected a ten stamp mill.
years.

These operations lasted from two to three

The mine is believed to have produced some 18,000 tons of about

$10.00 grade ore.

The United States Mint returns show a little more

than $60,000.
Southern Belle mine was reopened in 1910 by a promoter from San
Francisco,

He produced ore in which the heads ran $100 per ton.

After

a short period of successful mining the promoter decamped with the gold
and left behind the unpaid bills.
Later in 1910 the Cody-Dyer Arizona Mining and Milling Company
secured the property under a bond and lease.

The "Cody" of this company

was William Cody, better known as "Buffalo Bill".
The Maudina mine is located two-thirds of a mile, in an easterly
direction, from the Pure Gold and Morning Star open pits.

It was

originally claimed as a gold mine, but it was later discovered to have
a good grade of scheelite ore.

Considerable tonnage was mined and mill

ed in 1 9 H and 1912.
In 1913 scheelite float was found in a wash on the north side of
the Southern Belle ridge.

Farther up the wash, it was found in place

on one of the claims which was being leased by the Cody-Dyer Company,
and a small amount was milled and shipped by that company.

However,

the profits were not great enough, and the operation was discontinued.
Molson & Co. took a lease on the Southern Belle in 1930*1932 and
did some development work at that time.

However, they were forced to

give up because the margin of profit was not sufficient.

A few years

later, Edward Congdon spent about $70,000 on development work and was
forced to give up, as the margin of profit from working the flat veins
did not appear sufficient to warrant building a mill.
In 1943 E, H. Molson purchased the entire Campo Bonito property
on which the Maudina tungsten mine and the Pure Gold workings are
located.

At the same time the Morning Star Mining Co. obtained a

lease on the Morning Star claim of the Southern Belle group and worked
that for scheelite on the continuation of the Pure Gold vein into the
Morning Star claim.

Mining ceased after a short period as a result

of a lawsuit based on the Apex law.

The lawsuit has since been settled

and recently mining on these claims has been resumed.

Southern Belle Mine

In the Southern Belle free gold occurs in quarts and no other
mineral is present in important quantities.

The gangue consists almost

entirely of quartz.
The ore minerals appear to have replaced favorable beds in the
Dripping Spring quartzite, however, in some places the ore was closely
associated with the diabase.

Apache Girl Prospect

The workings at the Apache Girl are not extensive and were evidently
stopped when a transverse fault to the west was encountered.

The vein is

apparently another bedded quartz replacement deposit of the Southern
Belle type.

The vein outcrops on the north side of Apache ridge, and to

the south it is cut off by the Apache ridge fault.

The vein appears to

be pinching out in the winze at the east end of the workings.

The faults

are believed to be pre-mineral, owing to the lack of fracturing in the
quartz and the relatively smooth contacts of the quartz vein and the
faults.
The gangue is almost entirely quartz.
stains the dump rock.

Oxidized copper sulfide •

A small amount of galena was seen in place in

the stops.

Pure Gold and Morning Star Mines

The short life of the Pure Gold and Morning Star Mines was ter
minated in June of 194A.

They had been in operation for approximately

one and one-half years Hill^.
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The tungsten concentrate production in

Hill, J. K., Ibid, p. 1, 1946

Arizona in 1943 and 1944 iaa 62 and

2® short t<m@ of sixty per cent

WOj respectively Minerals Yearbook^.
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These figures are very close to

Minerals Yearbook, U» S« Dept, of the Interior, Bureau of Mines,
U. S. G o v H . Print* Office, Washington, p, 663, 1945

the production of these mines inasmuch as they were the only major
producers in Arizona during 1943 and 1944 Wilson^.
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Wilson, E. D., Personal communication, 1949

The mines occur in Escabrosa limestone, which m s identified by
StoyanoV^, adjacent to the Mogul fault (Plates I and H ) .
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The move-

Stoyanow, A. A., Personal communication, 1949

meat thoroughly fractured the limestone, and the fractured limestone
made an ideal host rock for the deposition of the ore.

Unless the

block is a wedge, or is cut off by faulting, there should be a good
sized portion of the sediments in the section below the outcrop of the
Escabrosa limestone.

Favorable horizons can be expected in the Devonian

limestones which lie immediately below the Escabrosa.

910731
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Productive scheelite-bearing quartz veins have been mined at
Atolia, California.
monzonite Kerr

50

50

.

They occur as numerous veins, cutting quartz
It seems possible then, that the ore could continue

Kerr, P. F*, Tungsten Mineralization in the United States.
Waverly Press, Inc., Baltimore, Md., 241 pages, p. 61, 1946

from the known deposits into the granite.
The veins composed of quartz carrying scheelite appear to Ire
fissure filling, with a small amount of replacement.

Some galena

occurs in the Pure Gold and H o m i n g Star Mines, but the galena end the
scheelite are apparently independent of each other.

It is, therefore,

assumed that they were deposited during separate periods of minerali
zation,
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Kerr* s'*

Kerr, P. F „

studies of mines in the western states indicate that

Ibid, p. 65, 1966

the galena was later than the scheelite.
There are apparently no mineral indications of the temperature of
the deposit.

The classification of this ore deposit is therefore

problematical.
Alteration consists mainly of silification of the limestone.

A

series of beds of highly altered sedimentary rocks of unknown thickness
dip to the south, under the limestone at about 30° (Plate II)•
relationship to the section is not known.

Their

A thin section of the altered

rock shows about sixty per cent of the rock to be quartz grains.

Highly

altered feldspars make up about 15 per cent and magnetite 1 per cent.

51-

Clay minerals constitute the matrix*

Water Supply

There are no permanent streams in the vicinity.

Approximately

seven years ago heavy rains made the stream in Bonito canyon flow all
year.

At the present time, this stream flows only a few months out of

the year*

There are a number of springs scattered throughout the

district, but the flow is very limited, and many of them are seasonal.
In 1912 a pipeline was run from the Tule spring on Mt. Rice to a
mill in Peppersauce Canyon, a distance of about 2 miles.
the spring at that time was 6,000 gallons in 24 hours.

The flow from
The present

rate of discharge is not known.
A possibility that deserves some consideration is the San Pedro
river bed.

The cost of maintaining a well and transporting the water

should be the item of major consideration.
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A portion of the Pepper sauce Canyon
section.
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Southern Belle quartzite
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PLATE XI
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Part of the upper portion of the
Abrigo formation
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Part of the lower portion of the
Abrigo formation
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THE TOPOGRAPHIC MAPS OF THE UNITED STATES
The United States Geological Survey is making a standard
topographic atlas of the United States. This work has been in
progress since 1882, and its results consist of published maps of
more than 42 per cent of the country, exclusive of outlying
possessions.
This topographic atlas is published in the form of maps on
sheets measuring about 16£ by 20 inches. Under the general
plan adopted the country is divided into quadrangles bounded
by parallels of latitude and meridians of longitude. These
quadrangles are mapped on different scales, the scale selected
for each map being that which is best adapted to general use in
the development of the country, and consequently, though the
standard maps are of nearly uniform size, they represent areas
of different sizes. On the lower margin of each map are printed
graphic scales showing distances in feet, meters, and miles. In
addition, the scale of the map is shown by a fraction expressing
a fixed ratio between linear measurements on the map and cor
responding distances on the ground. F or example, the scale
means that 1 unit on the map (such as 1 inch, 1 foot, or 1
meter) represents 62,500 similar units on the earth’s surface.
Although some areas are surveyed and some maps are com
piled and published on special scales for special purposes, the
standard topographic surveys for the United States proper and
the resulting maps have for many years been divided into three
types, differentiated as follows:
1. Surveys of areas in which there are problems of great
public importance— relating, for example, to mineral develop
ment, irrigation, or reclamation of swamp areas—are made with
sufficient accuracy to be used in the publication of maps on a
scale of
(1 inch = one-half mile), with a contour interval of
1, 5, or 10 feet
2. Surveys of areas in which there are problems of average
public importance, such as most of the basin of the Mississippi
and its tributaries, are made with sufficient accuracy to be used
in the publication of maps on a scale of ^ (1 in ch = nearly
1 mile), with a contour interval of 10 to 25 feet.
3. Surveys of areas in which the problems are of minor
public importance, such as much of the mountain or desert
region of Arizona or New Mexico, are made with sufficient
accuracy to be used in the publication of maps on a scale of
ij^ooo (1 inch = nearly 2 miles), with a contour interval of 25 to
100 feet.
A topographic survey of Alaska has been in progress since
1898, and nearly 43 per cent of its area has now been mapped.
About 10 per cent of the Territory has been covered by recon
naissance maps on a scale of
or about 10 miles to an
inch. Most of the remaining area surveyed in Alaska has
been mapped on a scale of ~b> but about 4,000 square miles
has been mapped on a scale of ^ or larger.
The Hawaiian Islands, with the exception of the small
islands at the western end of the group, have been surveyed,
and the resulting maps are published on a scale of
The features shown on these maps may be arranged in three
groups— (1) water, including seas, lakes, rivers, canals, swamps,
and other bodies of water; (2) relief, including mountains,
hills, valleys, and other features of the land surface; (3) culture

(works of man), such as towns, cities, roads, railroads, and
boundaries. The symbols used to represent these features are
shown and explained below. Variations appear on some earlier
maps, and additional features are represented on some special
maps.
All the water features are represented in blue, the smaller
streams and canals by single blue lines and the larger streams,
the lakes, and the sea by blue water lining or blue tint. Inter
m ittent streams— those whose beds are dry for a large part of
the year—are shown by lines of blue dots and dashes.
Relief is shown by contour lines in brown, which on some
maps are supplemented by shading showing the effect of light
thrown from the northwest across the area represented, for the
purpose of giving the appearance of relief and thus aiding in
the interpretation of the contour lines. A contour line repre
sents an imaginary line on the ground (a contour) every part
of which is at the same altitude above sea level. Such a line
could be drawn at any altitude, but in practice only the con
tours at certain regular intervals of altitude are shown. The
line of the seacoast itself is a contour, the datum or zero of alti
tude being (mean sea level. The 20-foot contour would be the
shore line if the sea should rise 20 feet. Contour lines show
the shape of the hills, mountains, and valleys, as well as their
altitude. Successive contour lines that are far apart on the
map indicate a gentle slope; lines that are close together indi
cate a steep slope; and lines that run together indicate a cliff.
The manner in which contour lines express altitude, form,
and grade is shown in the figure below.

The sketch represents a river valley that lies between two
hills. In the foreground is the sea, with a bay that is partly
inclosed by a hooked sand bar. On each side of the valley is
a terrace into which small streams have cut narrow gullies.
The hill on the right has a rounded summit and gently slop

ing spurs separated by ravines. The spurs are truncated at
their lower ends by a sea cliff. The hill at the left terminates
abruptly at the valley in a steep scarp, from which it slopes
gradually away and forms an inclined table-land that is trav
ersed by a few shallow gullies. On the map each of these
features is represented, directly beneath its position in the
sketch, by contour lines.
The contour interval, or the vertical distance in feet between
one contour and the next, is stated at the bottom of each map.
This interval differs according to the topography of the area
mapped: in a flat country it may be as small as 1 foot; in a
mountainous region it may be as great as 250 feet. Certain
contour lines, every fourth or fifth one, are made heavier than
the others and are accompanied by figures showing altitude.
The heights of many points—such as road corners, summits,
surfaces of lakes, and bench marks— are also given on the map
in figures, which show altitudes to the nearest foot only. More
exact altitudes—those of bench marks—as well as the geodetic
coordinates of triangulation stations, are published in bulletins
issued by the Geological Survey.
Lettering and the works of man are shown in black. Bound
aries, such as those of a State, county, city, land grant, town
ship, or reservation, are shown by continuous or broken lines
of different kinds and weights. Good motor or public roads
are shown by fine double lines, poor motor or private roads by
dashed double lines, trails by dashed single lines.
Each quadrangle is designated by the name of a city, town,
or prominent natural feature within it, and on the margins of
the map are printed the names of adjoining quadrangles of
which maps have been published. Over 3,300 quadrangles in
the United States have been surveyed, and maps of them
similar to the one on the other side of this sheet have been
published.
The topographic map is the base on which the geology and
mineral resources of a quadrangle are represented, and the
maps showing these features are bound together with a descrip
tive text to form a folio of the Geologic Atlas of the United
States. More than 220 folios have been published.
Index maps of each State and of Alaska and Hawaii showing
the areas covered by topographic maps and geologic folios pub
lished by the United States Geological Survey may be obtained
free. Copies of the standard topographic maps may be obtained
for 10 cents each; some special maps are sold at different prices.
A discount of 40 per cent is allowed on an order for maps
amounting to $5 or more at the retail price. The geologic
folios are sold for 25 cents or more each, the price depending
on the size of the folio. A circular describing the folios will
be sent on request.
Applications for maps or folios should be accompanied by
cash, draft, or money order (not postage stamps) and should be
addressed to
T H E D IR EC TO R ,

United States Geological Survey,
Washington, D. C.
September, 1928.
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