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ABSTRACT

This thesis contains a description'of the geology of 
the Sycamore ridge area, located on the west side of the 
northern Santa Rita Mountains in the Helvetia mining district.

The oldest sedimentary formation in the area is the Low
er Pennsylvanian Naco limestone. It is overlain successively 
by the Yeso (?) and San Andres (?) formations of the Permian 
Manzano (?) group, the Permian Snyder Hill formation, and by 
the Upper Cretaceous shales and conglomerates. The total 
maximum thickness of the Paleozoic rocks is 46OO feet. Only 
the lower 1000 or so feet of the Upper Cretaceous beds are 
found in the area mapped.

The sedimentary formations have been folded in a com
plex anticlinal structure which trends, in general, north
west-southeast and which plunges gently towards the southeast. 
The outer flanks of the anticline have been thrust over the 
underlying beds towards the axis of the anticline along sev
eral strong reverse and thrust faults which, in general par
allel the strike of the anticlinal axis, and which, because 
of later deformation, are all considerably steepened and in 
some places even overturned. It is believed that these struc
tures developed when the area was subjected to a regional 

% compressions! stress and to a horizontal shearing stress 
which was directed N. 7O0 W. parallel to the Sycamore fault.
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A porphyritio granite was intruded, during this period of de
formation, into the rocks in the southern part of the area 
along the Leader fault zone and caused intense contact meta- 
morphism of the sedimentary rocks in that region. The gran
ite was later intruded by a quartz monzonite porphyry.

A brief description of the Copper World mine is given, 
in which it is pointed out that the deposit belongs to the 
pyrometasomatic type and that the ore is probably genetically 
related to the intrusion of the granite intrusive. Attention 
is called to one rather extensive, high grade gypsum bed, 
which is found in the Yeso sediments north of Copper World 
ridge.
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CHAPTER I. INTRODUCTION
Field Work:

The field work upon which this thesis is based was done 
on week-ends and vacation periods during the school year, 
1939-1940. In addition, a few trips were made to the area 
in the fall months of 1940.

The first few months were spent making a topographic map 
A base-line was established and a primary triangulation net
work was surveyed with a transit. A secondary triangulation 
net-work was then surveyed and the topography drawn in by the 
plane table method.

During the spring of 1940, the geology was superimposed 
on the topographic map. Points of geologic interest were 
located on the map by various intersection methods. An aner
oid 'barometer was used as a check on points thus located. 
Although this method is not recommended where great accuracy 
is required, it was found to be sufficiently accurate for the 
purposes of this thesis.

The office and laboratory work was done for the most 
part during the fall and winter months of 1940 and 1941. 
Acknowledgments:

The author wishes to express his appreciation to Doctors 
B. S. Butler, M. N. Short, A.A. 'Stoyanow, R. N. Hernon, and 
F. W. Galbraith, faculty members at the University of Arizona 
for their encouragement and interest, as well as for many
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valuable suggestions on all aspects of the work.
The author is also indebted to Mr. Yard Johnson for his 

assistance in making the topographic map, and for many other 
favors. The primary triangulation was done in cooperation 
with Mr. Johnson and Mr. Jackson, graduate students at the 
University of Arizona.

The publications, listed in the bibliography, needless 
to say, have been of great value.

Grateful acknowledgment is given to John Hendrickson and 
James Nabours for photographing the outstanding features of 
the area.
Scope of present work:

In this thesis the author presents a discussion on vari
ous geologic phases of an area located in the northern part 
of the Santa Rita Mountains. Although the area is small, a 
description of it is, nevertheless, an important contribution 
to the task of describing in detail the geology of the Santa 
Rita Mountains.

This report includes a discussion of the stratigraphic 
units, igneous rooks, their metamorphism, an explanation of 
the complex structure, and a description of the ore deposits 
found within the boundaries of the area.

The area mapped is approximately 1.5 miles long in a 
north-south direction and 1 mile wide in an east-west direc
tion. Mapping was done on a scale of 1 inch equals 500 feet, 
with a contour interval of 20 feet. (See Plate I)
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Previous Investigation:
In 1909 P. C. Schrader and J". M. Hill, using topographic

sheets of the United States Geological Survey on a scale of
2 miles to the inch as a basis for their field work, mapped
the geology of the Santa Rita and Patagonia Mountains. The

(1)
report was published in 1915 > and although of a reconnaisance 
nature, it is still the most valuable and complete publica
tion on the Santa Rita and Patagonia Mountains. It contains 
a general description of the geology as well as a general 
idea of the character, occurrence, distribution, and devel
opment of the mineral resources of the area.

. (2 )
In 1917 F. C. Schrader, in a later article, described

various sections of the original area in greater detail, and
discussed the genesis of the ore deposits.

Sometime in the early part of this century J. E. Spurr
examined the Helvetia mining district. With the exception
of a few scattered references to this district in "The Ore 

(3)
Magmas", his observations and conclusions * based on his ex
amination, were not published and are not available.

In the past decade several geologic reports, based on 

studies made in the Santa Rita Mountains, have been published

(1) Schrader, F. C. and Hill, J. M., Mineral deposits of the
Santa Rita and Patagonia mountains, Ariz.: U. S.
Geol. Survey Bull. 582, 1915.

(2) Schrader, F. C., The geological distribution and genesis
of the metals in the Santa Rita-Patagonia mount
ains, Ariz.: Boon. Geol., vol. 12, pp. 237-269,

/ t 1917.(3/ Spurr, J. E., The Ore Magmas: McGraw-Hill Book Co., vol. 
2, 1923.
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by graduate students at the University of Arizona. They are:
1. Thomas, W. L. - ,lGeology and Ore Deposits of the Rose-

mont Area, Pima County, Arizona.” He 
described an area of 1 square mile in 
the vicinity of the Narragannsett Mine 
on the basis of a map with a scale of 
1 in. = 200 ft. This area lies just 
south and on the opposite side of the 
range from the Sycamore Ridge Area.

2. Lee, C. A. and Borland, G. C. - "The Geology and Ore
Deposits of the.Cuprite Mining Dis
trict," 1935. The geology of an 
area of 4 square miles was mapped on 

. : a scale of 1 in. - 400 ft. This area
lies 5-6 miles N.E. of the Sycamore 
Ridge Area and is at the northern 
extremity of the Santa Rita Mountains.

3. Dunham, M. S. - "The Geology of the Blue Jay Mine Area,
Helvetia, Arizona," 1935• The geology 
of this area, 1 square mile in extent, 
and lying about 1 mile N.N.W. of the 
Sycamore Ridge Area, was mapped on a 
scale of 1 in. z 400 ft.

4. Popoff, C. - • "The Geology of the Rosemont Mining
Camp, Pima County, Arizona", 1940.
The geology of this area was mapped 
on a scale of 1 in. z 1000 ft. and 
comprises about 5 square miles. It 
extends southward from the Sycamore 
Ridge Area along the east side of the 
range for 2.5 miles. Into it is in
corporated the work of W. L. Thomas.

At the present time a detailed study of the entire
Helvetia mining camp is being made by Mr. Yard Johnson. When
completed, it will include this thesis as well as reports by
Dunham (see 3 above) and Jackson.

(1) Jackson, D., graduate student at Univ. of Ariz., is
now mapping the area which lies to the 
west of the area considered in this re
port.
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GHAPTSR II GEOGRAPHY
Location:

The Sycamore Ridge area is situated in the northern 
portion of the Santa Rita Mountains, Pima County, Arizona, 
about 1 mile northeast of the once flourishing, now defunct, 
town of Helvetia. It lies for the most part on the western 
slope of the range, but overlaps for 1000 feet or more onto 
the eastern slope. Its approximate position is Latitude 31° 
52*; Longitude 110° 46f.
Accessibility:

The area is best reached by the following route: U.S.
Highway 89 from Tucson to Sahuarita (about 17 miles); turn 
east and proceed for one mile; then turn south on old No
gales road and follow it for another mile before turning off 
to the southeast; follow narrow, sandy, desert road for about 
15 miles, and then take east fork to Helvetia; from Helvetia 
take mountain road up to Leader mine. The area lies north 
of this mine.

This route, although not the only one, is by far the 
best. It is open all year and provides the quickest, easiest, 
and most direct means of reaching the Sycamore Ridge area.
The trip may be made from Tucson in an hour.

Physiography
General Relationships:

The Santa Rita Mountains lie within the Mexican Highland
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division of the Basin and Range Physiographic Province of 
Fenneman. Inspection of the Patagonia quadrangle topogra
phic sheet shows clearly that the Sycamore Ridge area, sit
uated in the northern part of the range, lies in a region 
of lower elevations, gentler slopes, and more moderate re
lief than the regions in the southern part of the range, 
where the topography is rugged, and where greater elevations 
Eire reached. The range reaches its maximum elevation of 
9432 feet at Mt. Wrightson in the south-central part, about 
12 miles southwest of the area discussed in this paper.

The Santa Rita Mountains rise abruptly from the inter
mountain basins, especially in the southern part. In the 
northern part, north and west of Helvetia, the abruptness is 
masked by the gentle rise of the pediment. It is also 
noticeable that the western slope is considerably steeper 
than the eastern slope along the axis of the entire mountain 
range.
Sycamore Ridge Area:

The Sycamore Ridge area, located near the crest of the 
range, is characterized by steep slopes, cliffs, deep ravines, 
and considerable relief. The maximum relief is approximate
ly 1100 feet. The lowest elevation, 4600 feet, is in the 
main wash at the extreme northern end of the area. The 
highest point, 5700 feet, is located in the central part of 
Sycamore Ridge, near the eastern margin of the area.

Sycamore Ridge, extending in a north-south direction
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for about a mile, forms the crest of the Santa Rita Mountains, 
and is the outstanding topographic feature of the area. The 
upper 200 feet of its western slope is a limestone cliff.
The eastern slope, on the other hand, is relatively gentle.

The area is bounded on the south by a low ridge which 
strikes N. 35° W. in its eastern portion, but gradually 
swings to the north in its western portion. A continuation 
of this ridge forms the western boundary. Spurs, extending 
eastward from the ridge forming the western boundary and 
westward from the north end of Sycamore Ridge, almost close 
the opening to the north of the interior erosional basin.
In the central portion of the area there are several low hills 
separated from each other by dry washes.
Drainage:

The drainage flows from the surrounding ridges towards 
the central basin, whence it is carried northward by the main 
channels to the south fork of Sycamore canyon. It eventually 
flows out of the mountains near Stone’s ranch, about 3 miles 
northwest of the area. All the streams are intermittent.

In a subsequent chapter, entitled Geomorphology, the 
author discusses the physiographic development of this area 
and emphasizes the relationship between the stream pattern 
and the structure and nature of the underlying rocks.
Climate:

The climate of the region is semi-arid. The average 
total rainfall is about 15 inches. Precipitation, mostly as
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rain but occasionally as snow in the high mountains, is con
fined to two seasons, one in the sussaer and one in the winter. 
The average maximum yearly temperature is 108° F.; the aver
age minimum yearly temperature is 17° F . Temperatures as 
high as II4.0 F. have been recorded during the months of July 
and August, liven in the winter time a drastic fall in temp
erature takes place as soon as the sun sets. This rapid 
change in temperature naturally favors the process of mechan
ical disintegration. The monomineralic rocks of the area are 
effected less by this process of weathering than are the 
heterogeneous rocks. The igneous rocks within the area occupy 
the saddles in the ridges and the flats in between the ridges, 
whereas the limestones and quartzites form the prominent 
physiographic features.

The only spring in the area trickles out of the bedrock 
exposed in the main drainage channel near the northern bound
ary of the area.
Vegetation and wild life:

Vegetation is typical of the semi-arid types. There is 
no obvious change in the type of vegetation between the lowest 
and highest elevations in the area.

The author is not familiar with the semi-arid type of 
vegetation and, therefore, will not attempt to describe it 
in any detail.

The few trees within the area are all of the small bushy 
type, such as mesquite, juniper, and greasewood. Bushes rec-
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ognized by the author are: Cacti, catclaw, ocotillo, and
soapweed (Agave schotti). It is interesting to note that the 
soapweed grows most profusely on rocks rich in silica. In 
places it is so closely intergrown that walking is almost im
possible. . -

Grasses are practically absent except for an occasional 
patch in the lower portions of the area.

A few deer and several jack rabbits were seen during the 
course of the year, but they are relatively scarce because of 
the lack of food and water.
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CHAPTjSR III
GEOLOGIC HISTORY OF SOUTHEASTERN ARIZONA 

In this chapter the author presents a brief resume of 
the stratigraphic, structural, and igneous history of south
eastern Arizona. The information for this chapter was gathered
from many sources, but chiefly from the publication of A. A.

(1 )
Stoyanow, and from the summary presented by B. S. Butler and

(2)
E. D. Wilson.

N. H. Barton, F. L. Ransome, F. C. Schrader, early work
ers in the interpretation of Arizona geology, deserve a great 
deal of credit for the part they played in the development 
of the geologic history of this region as we know it today.

Pre-Cambrian
General statement:

Rocks of pre-Cambrian age constitute more than a third 
of the outcrops in the southern Arizona mountains. They may 
be divided into two major systems, older pre-Cambrian (Arch- 
ean), and younger pre-Cambrian (Algonkian).
Older pre-Cambrian:

The Pinal schist, probably of sedimentary origin, is the

ll) Stoyanow, A. A., Correlation of Arizona Paleozoic forma- 
tions: Geol. Soc. Amer. Bull., vol. 39, 1936.

(2) Butler, B. S. and Wilson, E. D., Some Ariz. ore deposits, 
part I., General features: Ariz. Bureau of Mines 
Bull. 145, pp. 9-25, 1938.



-11-

oldest formation in southeastern Arizona. It is correlated 
with the Vishnu schist of the Grand Canyon region, and with 
the Yavapai schist of the Central Arizona region.

Exposures of the Pinal schist have been found as far 
north as Globe, as far south as Bisbee, and as far east as 
Morenci. It probably underlies most of southeastern Arizona. 
Not all schistose rock, however, is necessarily of older pre- 
Cambrian age, nor is a lack of schistosity any indication of 
a later age. Schists of Paleozoic and even of Mesozoic age 
have been found, and the Pinal schist in some places is only 
slightly schistose.

Contemporaneous with the earliest deposition of sediments 
was the extrusion of intermediate to basic flows accompanied 
by minor intrusions of a similar composition. This activity 
was followed by extrusions and near-surface intrusions of ig
neous rocks, predominantly of rhyolitic composition. After 
a long period, characterized by igneous quietude and by the 
accumulation of thousands of feet of sediments, the area was 
subjected to an extremely intense crustal disturbance, caus
ing extensive folding and faulting, and the intrusion of 
large batholiths of granite.

(1 )
This disturbance, the Mazatzal revolution, produced 

structural features of sufficient magnitude to influence the

(1J Wilson, E. b., Pre-Cambrian mazatzal revolution' in Cen- 
tral Ariz., Geol. Soc. Amer., Proc. for 1936-37*
pp. 112-113.
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tectonic patterns of the succeeding eras. It was undoubted
ly responsible for the formation of a broad mountain range ex
tending northeastward across the state. This structure, 
called Mazatzal Land by Stoyanow, survived, and in so doing, 
greatly influenced the geologic history of the younger pre- 
Cambrian and Paleozoic eras.

(1 )
According to Butler and Wilson the predominant trend of 

structures and related ore deposits, resulting from the Maz
atzal revolution, is northeast to slightly west of north. 
Younger pre-Cambrian:

After a period of erosion of sufficient duration to cut 
deeply into the older pre-Cambrian batholiths, a series of 
rooks was deposited, known as the Apache group. This group 
is largely confined to an area in central Arizona that ex
tends north of Tucson to the Plateau, as far east as the 
Little Dragoon Mountains, and as far west as the Vekol Moun
tains.

The Apache group, as now defined, consists of the follow
ing members; At the base, the Scanlan conglomerate, followed 
by the Pioneer shale, Barnes conglomerate, Dripping tipring 
quartzite, Mescal limestone, and a flow of basalt.

The Apache group is tentatively correlated by Stoyanow 

with the Unkar group of the Grand Canyon.

Igneous activity during the younger pre-Cambrian era

(Ij Butler, B. ti. and Wilson, A. D., op. cit., p. I9.
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was inconspicuous. A basalt flow from 100 to 400 feet thick 
marked the close of Apache time. Diastrophism likewise was 
slight and no structures were formed favorable to the deposi
tion of ore deposits.

The age of the great diabase sills, which intrude the
(1) (2)

Apache strata, is regarded by Ransome as Mesozoic, by Barton
(3)as younger pre-Cambrian, and by Short as post-Middle Cambrian.

Paleozoic
General statement:

The Paleozoic marine strata of southeastern Arizona were 
deposited for the most part by seas which encroached upon the 
land from a general southeasterly direction. The Paleozoic 
section is much thicker in southeastern Arizona than it is 
in the central portion of the State, and the strata of any 
one period show.:) a gradual change in lithological character 
between the two areas.

The Paleozoic is further characterized by an almost com
plete lack of evidence for igneous activity dr for crustal 
unrest. No apparent angular unconformity has been recognized 
between the sediments of any two periods.
Cambrian:

Land conditions prevailed in southeastern Arizona from 
late older pre-Cambrian time to the middle of the Cambrian

11} kansome, i*1. L., Description of the Ray Quadrangle, U.S.
G.S. Folio 217, 1923.

(2) Barton, N. H., Resume of Ariz. Geol., Univ. of Ariz., Ariz.
Bureau of Mines Bull. 119, 1925-

(3) Short, M. N., Unpublished data.
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period. The first marine transgression of the Paleozoic in 
this region came in Middle Cambrian, probably as a rather 
narrow sea encroaching upon the land from the southeast.

In the Tucson-Bisbee sub-area, as defined by Stoyanow, 
the Cambrian sediments consist predominantly of limestone 
with the exception of a basal quartzite and a few thin beds 
of sandstone and shale. In this sub-area they, lie unconform- 
ably upon the Archeozoic schists and granites, while in the 
Tucson-G-lobe sub-area to the north, they overlie the Apache 
sediments and consist almost entirely of clastic rocks.

There is a noticeable decrease in the thickness of the
Upper Cambrian sediments towards the northwest.

(1)
The Cambrian section in the Tucson-Bisbee sub-area is 

as follows:
U. Cambrian Rincon limestone ...... 42'

Abrigo formation .....  430’
Cochise formation ..... 311'

M. Cambrian Pima sandstone ........ 4'
Bolsa quartzite .....  400'

1187’
Ordovician and Silurian:

Following the retreat of the Cambrian sea near the end 
of the period, the southeastern portion of Arizona was ex
posed to the forces of erosion. As no strata of either Or
dovician or Silurian age are known within the Tucson-Bisbee 
sub-area, it is believed that land conditions prevailed 
throughout these two periods and on through to Upper Devonian

TI; Stoyanow, a . A., op. cit., pp. 466-486.
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time .
In the Clifton-Morenci district the Longfellow limestone 

is of Ordovician age, and a small outcrop of limestone in the 
Dos Cabazas Mountains has been regarded by some authors as 
of Ordovician age.
Upper Devonian:

In Upper Devonian time another marine transgression be
gan, probably from the southeast, and extended as far north 
as the Mazatzal land barrier. -

Throughout most of southern Arizona, the Devonian is
represented by the Martin limestone, although, as pointed

(1 )
out by Stoyanow, north ofATucson-Bisbee line there are for- 
mational units older and younger than the Martin.

The Martin limestone, although quite arenaceous in the 
lower portions, is dominantly a dark gray, compact limestone, 
and although the formation shows little tendency to thin out 
northward, it does become more and more arenaceous.
Lower Mississippian:

In southeastern Arizona the Lower Mississippian is re
presented by the Lscabrosa limestone, ”a compact, cliff form
ing, thick-bedded, white to dark, non-magnesium, granular-

(2)
limestone, made up largely of crinoidal material.” Barton 
pointed out that the Lsoabrosa limestone decreases in thick-

(1) Stoyanow, A. A., op. cit., p. 486
(2) Stoyanow, A. A., op. cit., p* $0$
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ness northward towards Mazatzal land. At Bis bee the Esoa- 
brosa is 700 feet thick, while near Globe it is about 150 
feet thick.
Upper Mississinoian:

following the deposition of the Esoabrosa, the sea re
treated from all of southeastern Arizona with the exception 
of a small area known today as the Chirioahua Mountains. In 
this locality 134 feet of alternating layers of limestone and
yellow shale were deposited upon the Esoabrosa. These sedi-

(1 )ments make up the Paradise formation and are of Upper Missis- 
si ppian age. They indicate a fluemating, but dominantly 
shallowing sea.
Lower Pennsylvanian:

Resting upon the Esoabrosa limestone in southeastern 
Arizona with a marked disconformity, there is approximately 
3000 feet of light gray to pink, moderately thin-bedded lime
stone, called the Naco limestone by Ransoms.

After the retreat of the Mississippian sea from south
eastern Arizona, and after a period of erosion of unknown 
duration, but sufficient, at least, for the deposition of 
the Paradise formation, the southeastern depositional area 
was again inundated by a sea. This sea was the first Paleo
zoic marine invasion to roll over Mazatzal Land. Throughout 
previous Paleozoic periods it remained a land barrier dividing

(1 ) Hernon, R. N., The Paradise formation and its fauna: 
Univ. Ariz., thesis, 1934*

i y
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the state into two depositional areas. By Pennsylvanian 
time it is believed that erosion had lowered it sufficiently 
to permit the transgression of the encroaching sea.

From the lithological character of the upper Naco for
mation, it seems probable that near the end of the Lower 
Pennsylvanian period the sea was shallow, and consequently 
shales and shaly limestones, rather than pure limestones, 
were deposited.
Permian:

Evidently conditions for sedimentation during Permian 
time were continually changing, for the Permian section con
sists of alternating layers of unconsolidated sediments with 
sandstones, shales, and sandy-limestones, and of thick sand
stones with equally thick marine limestones.

The Permian section has been divided.into the following 
stratigraphic units: The Manzano beds, the Snyder Hill for
mation, and the Chiricahua limestone.

A detailed description of these units is given later in 
this paper. The youngest Permian formation, the Chiricahua 
limestone, is found only in the extreme southeastern part of 
Arizona near the Mexican border. It contains the same fauna 
as member B of the Kaibab formation of tjie Grand Canyon.

Mesozoic
Triassio-Jurassic:

At the close of the Paleozoic era, southern Arizona was 
uplifted above sea-level and land conditions prevailed until



—18-

Lower Cretaceous time, when the region was again submerged.
No Triassic or Jurassic sediments are known to exist in 
southern Arizona.

Sometime in the early Mesozoic interval, probably during 
the late Jurassic or early Cretaceous, a crustal disturbance 
occurred causing folding and faulting, and erosion of Paleozo
ic rocks. This crustal disturbance has been correlated with 
the post-Jurassic revolution of the Sierra Nevada.

Igneous activity occurred during this interval as is 
shown by the Juniper Plat stock north of Bisbee, which in
trudes Paleozoic rocks but which is overlain by the basal 
conglomerate of the Cretaceous sediments.

Ransome and Trischka regard the Sacramento stock at Bis
bee as being of pre-Cretaceous age, but Butler and Wilson 
believe it to be later.
Cretaceous:

After the crustal disturbance of late Jurassic (?) age, 
the southern part of Arizona was covered by a shallow oscillat 
ing sea. The Lower Cretaceous (Comanchean) section at Bis
bee is as follows: At the base, the Glance conglomerate,
overlain by the Morita sandstones and shales, followed by 
the Mural limestone, and finally at the top, the Cintura 
formation consisting of shales and sandstones. The section 
at Bisbee is 5000 feet thick, and an even greater thickness 
may be represented in other areas. These Comanchean sedi
ments rest everywhere unconformably upon rocks of different
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ages. -
Very little is known about the Upper Cretaceous rocks 

in southern Arizona. They consist of at least 25,000 feet 
of grits, conglomerates, sandstones, mudstones, thin-bedded, 
black limestones, arkoses, and a series of volcanic rocks.

At the close of Cretaceous time and during early Ter
tiary time, the entire western United States was subjected 
to the intense structural deformation and widespread igneous 
activity of the Laramide Revolution. In southern Arizona 
this deformation resulted in regional uplift, and in the fold
ing and faulting of the Paleozoic and Mesozoic rocks. Stresses 
developed in the crust were released by thrust faulting ac
companied by high angle reverse faulting, and later by nor
mal faulting. Igneous activity, closely associated with 
this deformation, resulted in the great outpourings of lavas 
and in the intrusion of numerous large batholiths, stocks, 
and dikes of intermediate to granitic composition.

The ore deposits in southern Arizona related to the ig
neous activity of the Laramide Revolution are by far the most 
productive and the most numerous. Nearly all the large 
copper mines, with the possibly exception of Bisbee, belong 
in this group.

Cenozoic

Tertiary:
After the devastating action of the Laramide Revolution,

southern Arizona having been uplifted well above sea-level.



-20-

underwent a long period of erosion, giving rise to the de
position of a thick series of continental deposits.

Later in Tertiary time erosion and sedimentation were 
interrupted by great outpourings of basic and acidic lavas 
accompanied by minor intrusions.

Contemporaneous with this renewed igneous activity was 
the upheaval of the present mountain ranges. This regional 
uplifting increased the intensity of erosional processes, re
sulting in the accumulation of thousands of feet of stream 
and lake deposits. Igneous activity had not ceased entirely 
as is diown by the presence of lava flows in and on top of the 
sediments, (Gila conglomerate).
Quaternary:

The relative uplifting of the mountains and the subsidence 
of the intermountain basins continued on into Quaternary time. 
The Gila conglomerate is tilted, faulted and in places folded. 
In the Santa Rita mountains even the very latest alluvial 
deposits have been deeply entrenched.
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CHAPTER IV GENERAL GEOLOGY 
General statement:

The rocks exposed in the Sycamore Ridge area range from 
Lower Pennsylvanian to Quaternary in age, and consist pre
dominantly of limestones, metamorphosed sedimentary rocks, 
and minor amounts of unconsolidated sediments.

In other areas in the Santa Rita Mountains, described 
in previous years by graduate students at the University of 
Arizona, the lower Paleozoic section has been found. Approx
imately one mile northwest of the Sycamore Ridge area, Dunham 
has described rocks ranging from the Older pre-Cambrian gran
ite to the Quaternary gravels. The Paleozoic section includes 
Cambrian, Devonian, Mississippian, Pennsylvanian, and Permian
strata and is about 2700 feet thick.(2)
, In the area studied by Popoff, located on the east side 

of the range just south of the Sycamore Ridge area, the 
Paleozoic section, approximately 3000 feet thick, includes 
strata of Cambrian, Devonian, Mississippian, and Permian age.

The igneous rooks occupy a relatively small part of the 
area and are described in the following chapter.

The distribution of the sedimentary and igneous rocks 
is shown on the geologic map, (Plate I) and the stratigraphic

(1) iDunham, M. 3.: The geology of the Blue Jay Mine area,
' Helvetia, Ariz., 1935*

(2) Popoff, C.: The geology of the Rosemont Mining Camp,
Pima; County, Ariz., 194-0.
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relationships of the formations is shown in the structure 
sections (Plate II).
Stratigraphy?

The formations present in the Sycamore Ridge area are as 
follows:

Cenozoic Quaternary Thin veneer of coarse gravels
and stream deposits.

-- Unconformity--
Mesozoic Cretaceous Great thickness of clastic

rocks.
-- Unconformity--

Paleozoic Permian A. Snyder Hill formation
B. Manzano (?) group

-- Disconformity--
Lower Penn. Maco limestone

Naco Limestone:
---------------  (1 )

The Naco limestone, as origihally described by Ransome
at Bisbee, consists of approximately 3000 feet of light gray
to pinkish-gray, relatively thin-bedded limestone. In 1904

(2)
Girty recognized two different faunas within the Naco, making 
it possible to subdivide the formation into two parts: (1)
Lower Pennsylvanian of Bisbee, Naco sensu strict©; (2) Lower 
Pennsylvanian with a number of species known from the Y/ewoka 
formation of Oklahoma.

(3)As pointed out by Dr. Stoyanow, Lausen found the Naco

(1) Ransoms, P. L., Geology and ore deposits of the Bisbee
quadrangle, Ariz., U.S. Geol. Survey, Prof. Pap.

y t t 21, 1904.
(2) , (3) Stoyanow, A. A., op. cit., p. 522-523.
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(sensu strict©) in the Whetstone Mountains to consist of 
1600 feet of

"thin-bedded, dark-gray to black limestone, in 
places with chert, partly dense and granular, 
interbedded with calcareous shale that weathers 
buff."

The 4OO-65O feet of reddish arenaceous limestone capped by 
a white massive limestone 30 feet thick, which he found im
mediately above the Waco sensu strict© is correlated by Dr. 
Stoyanow with the Lower Pennsylvanian which contain fauna 

"with a decidedly Wewoka aspect."
At the present time the exact location of the boundary 

between the Lower Pennsylvanian Waco and the Permian Manzano 
(?) beds has not been recognized anywhere in southeastern 
Arizona.

Although no fossils were found to substantiate the claim, 
the 1250 to 1500 feet of sediments underlying the poorly con
solidated sediments of lower Manzano (?) age in the Sycamore 
Ridge area are tentatively correlated with the Lower Pennsyl
vanian Waco limestone. , This correlation is based on the
lithological similarity and on the stratigraphic position of

(1 )
these beds with the beds of Waco age described by Sopp in 
the Montana Mine area in the Umpire mountains. In the Mon
tana Mine area the correlation was based upon the identifi
cation in the Waco of the guide fossil, Chaetetes millenora- 
ceous.

(ij Sopp, D. P., op. clt., p. 24-25. ' '
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The Naco sediments in the Sycamore Ridge area may be 
separated into five well defined units on the basis of their 
lithological character: (l) A lower limestone, 100-200 feet
thick, of light to dark gray, medium to thin bedded limestone, 
partially recrystallized. On the north slope of Mineral hill 
a layer of conglomerate or breccia from a few inches to 15 
feet in thickness underlies this dark gray limestone (Plate 
VIII, fig. 1 and 2). The pebbles in the conglomerate are 
black and white, cherty, rounded to sub-angular, and are one 
to six inches in diameter. (2) Lying above the lower lime
stone are 200-250 feet of reddish-brown metamorphosed limy 
shales with lenses of light to dark gray limestone. The 
lenses are about 200 feet long and 30 feet thick. This unit 
appears to be transitional between the lower limestone and 
the overlying unit (3) which consists of 450 feet of reddish- 
brown metamorphosed limy shales. In places the interbedded 
limestone has weathered out giving the rook a characteristic 
pitted appearance. The 4th unit consists of 200-250 feet of 
light to dark green, or greenish-gray, metamorphosed limy 
shales. This unit is quite distinctive and is easily separ
ated from the overlying unit (5) which consists of 150-200 
feet of white to buff colored (often weathering gray) thick- 
bedded, somewhat arenaceous limestone.

The upper limit of the Haoo formation is tentatively 
placed at the top of the thick limestone (unit 5) and at the 
bottom of the overlying poorly consolidated sediments. In
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30 doing the author follows the precedent established by Sopp 
in the Montana Mine area. The contact between these two 
horizons has the advantage of being easy to map and provides 
a convenient but tentative boundary line.

Manzano (?) Group: Lower Permian
Yeso formation (?):

In the type locality in the Rio Grande Valley of New
(1 )

Mexico, the sediments defined by Lee and Girty as belonging 
to the Yeso formation consist of 1000 to 2000 feet of

"sandstone, shale, earthy limestone, and
gypsum."
In the Sycamore Ridge area the poorly consolidated sedi

ments which are tentatively correlated with the Yeso for
mation of New Mexico consist of 1000 to 1400 feet of white 
to buff colored arenaceous limestone with thin bands of inter 
bedded shale; drab greenish-gray, very fine-grained hornfels; 
yellow to light brown marls; dark gray, thin-bedded limestone 
and two gypsum beds.

The correlation of these beds with the Yeso of New Mex
ico is made entirely on the basis of the similarity in litho
logical character and stratigraphic position.

The Yeso (?) formation crops out along the flats west 
of Sycamore Ridge, where it is partially covered by an allu

vial apron, and along the north slope of Copper World ridge

(l) Lee, W. T. and Girty, G. Ii., Paleontology of the Man- 
zano group of the Rio Grande Valley, N. M., 
U.S.Geol. Survey Bull. 389> P» 41-136, 1909*
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where it overlies the uppermost Naco bed with apparent con
formity.

Section A of the following s actions was measured on the 
northeast slope of Copper World ridge, and section B was 
measured near the north end of Sycamore ridge. Because 
section A apparently rests conformably upon the Naco, it 
probably represents the lower members of the section. The 
Yeso fault separates section B from the Naco and it is be
lieved that the beds represented in section A may have been 
cut out by the fault. The gypsum horizon is found only in 
that part of the Yeso section which crops out along the north 
slope of Copper World ridge.

(sections are on next page)
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Sect ion A
—— «»ll©l!r0*bis, Fo-iilt# (?) — —

Sediments Thickness Description
Limestone 25-50 ft. Dark gray, thin-bedded, some

what dolomitic Is.
Gypsum
Limestone

0—10 ft e 
75-100 ft. Dark gray, thin-bedded, some

what dolomitic Is.
Gypsum
Marls

50-6O ft. 
40-75 ft. Unconsolidated white to It. 

brown and yellow, limy marls.
Hornfels 10-80 ft. 

200-375 ft.
Tough, massive, greenish gray, 
fine-grained hornfels.

--- Disconformity (?)

Naco Limestone

Section B
----Lower San Andres limestone-

— Hendricks Fault--
Marls 40-50 ft. Marls with interbedded yellow 

to brown shales.
Sandy limestone 175-225 ft. Light yellow, pinkish, weak

ly-cemented sandy Is.
Hornfels 120-140 ft. Drab, greenish-gray, very 

fine-grained hornfels.
Sandy limestone 4O-6O ft. Gray, sandy, thin-bedded weak 

limestone.
Shaly limestone 4OO-50O ft. Gray to buff, thin-bedded ar

enaceous Is. with interbedded 
bands of shale about 1 or 2 
inches thick.

————Yeso.Fault————
Naco Limestone
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Saji Andres (?) formation;
(1 )

As originally described by Lee and Girty, the San Andres 
formation of New Mexico consists of

"a massive limestone much of which is cherty
and poorly fossiliferous.”
In the Sycamore ridge area the rocks, tentatively cor

related with the San Andres formation of New Mexico, consist 
of two dark, somewhat dolomitio limestones, alternating with 
two quartzite members. The total estimated thickness is from 
750 to 1000 feet.

The lower member near the base is a dark gray to black, 
thin-bedded to massive limestone with a few thin interbedded 
layers of chert. The upper $0 feet is a light gray, massive 
dolomitio limestone with numerous inclusions of calcite no
dules up to 5 inch in length. The maximum thickness of this 
member is 250 feet. The lower contact with the Yeso (?) for
mation is a faulted contact. Numerous well preserved fossils 
were leached out of a specimen of the limestone taken from a 
fossiliferous horizon in the formation just south of Sycamore 
fault. The assemblage included the following fossils: Orhq-
nema aff. socorroense Girty. Phanerotrema aff. manzanicum 
Girty. Myalina apachesi Marcou, and small crinoid plates.

A bed of white, fine-grained quartzite, about 4-00 feet 
thick lies above the lower limestone. The original bedding 
is well preserved, especially near the base. The upper 150

11J Lee, W. T. and Girty, G. H., op. cit., p. 57.



-29-

feet is more massive than the lower portion and does not 
weather to a brick red color as does the lower. About $0 
feet above the base of this quartzite is a bed of medium
grained, buff colored sandstone, not over 1$ feet thick.

The limestone above the thick quartzite consists of 200- 
250 feet of light to dark gray, non-fossiliferous, dolomitic 
limestone, It resembles most closely the upper $0 feet of ; 
the.lower limestone.

The top member of the San Andres formation is a fine
grained, light gray to white, vitreous quartzite. In places 
where it has well preserved bedding and weathers red, it re
sembles the lower thick quartzite. The bed varies in thick
ness from 10 to 50 or 60 feet, but as the upper limit is a 
faulted contact, some of the beds are more than likely missing. 
In the Montana Mine area and in other areas in the Empire 
Mountains this upper quartzite is 100 to 150 feet thick. 
Johnson has observed thicknesses up to 100 feet in other parts 
of the Helvetia district.
Snyder Hill formation: Permian:

(1 )
As defined by Stoyanow, in its type locality at Snyder 

Hill, 10 miles southwest of Tucson, the Snyder Hill formation 
consists of

"from 250 to 500 feet of thin-bedded, black lime
stone containing numerous species of Composita 
mexioana (Hall), and near the top, of a gray lime
stone that carries silicified bryozoan reefs."

11) Stoyanow, a . A., op. cit. p. 530*
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Stoyanow states that it lies between the beds with Manzano 
fauna and the strata containing the fauna of member B of the 
Kaibab formation of the Grand Canyon.

In the Sycamore ridge area the Snyder Hill formation con
sists of from 500 to 750 feet of dark gray to black, thin- 
bedded limestone containing numerous horizons rich in fossils. 
Near the top of the formation is a thin band, probably a lens, 
of quartzite.

Near the base it is a black, thin-bedded limestone with 
large nodules of black chert. One large nodule contained a 
species of Productus at its center. The upper portion of the 
formation is also black or dark gray and is thin-bedded. At 
the northern end of Sycamore ridge the author found an ex
cellent horizon of Composite mexicana. Along the top and 
down the west slope of the ridge the limestone contains a- 
bundent crinoidal plates, a few scattered single corals, none 
of which could be identified, a few Product! believed to be 
Productus aff. oocidentalis. and a few Bellerophon aff. car- 
bonarius. At the crest of Sleeping Dog hill the Snyder Hill 
contains numerous specimens of this productus and a silici- 
fied bryozoan reef.
Cretaceous conglomerates and shales:

Thousands of feet of sediments of Cretaceous age are ex
posed in the area north and northeast of the Sycamore fault 
and east of Sycamore ridge beyond the area mapped. These sedi
ments consist of interbedded bright red, green, purple, and
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brownish-red shales, sandstones, arkosics grits, and conglo
merates, metamorphosed to hornfels, quartzite, and quartzite 
conglomerate. The metamorphosed brightly colored shales 
(hornfels) are the dominant rook type. The pebbles of the 
conglomerates consist chiefly of quartzite and chert. In 
general they are well rounded and are not over three inches 
in diameter. The conglomerates are long lenticular beds in 
the shales, sandstones, and grits. The "original bedding, 
some places cross-bedding, of the sandstones is preserved in 
some of the quartzites. There are also one or two thin lenti
cular beds of light gray limestone interbedded with the clas
tic rocks.

The contact of the Cretaceous beds with the underlying 
Snyder Hill formation is a fault contact except on the east 
side of Sycamore ridge where the two formations are separated 
by an erosional unconformity.

Igneous rocks
General statement:

The two types of igneous rocks which outcrop in the 
southern part of the Sycamore ridge area are:

1. Porphyritic granite
2. Quartz monzonite porphyry
The porphyritic granite outcrops as a tongue-shaped 

body between Leader hill and Copper World ridge. Towards 
tfye south and southwest it spreads out into a large irregular 
body.
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The quartz monzonite porpJary outcrops in two disconnected 
areas. It forms the prominent buttress south of Lopez pass 
and outcrops in the bottom of the washes between the Copper 
World and Leader mines. Megascopically the rocks from these 
two areas are quite dissimilar, but microscopically they are 
similar in texture and mineral composition. The description 
of specimens from both outcrops is given later in this chap
ter. They may possibly represent different facies of the 
same intrusive.

South of the Copper World mine the quartz monzonite in
trudes the porphyritic granite and is therefore younger. A 
thick cover of alluvium prohibited the mapping of the contact, 
other than diagramatically. It is not known if the quartz 
monzonite was intruded along east-west breaks in the granite,

(i)as is the case south of the area mapped.
A#e of the intrusion:

Schrader points out that there are two very similar gran
ites in the Helvetia district, one of which he regards as 
pre-Cambrian age and the other as Mesozoic age. Popoff, in 
describing the area to the south, encountered strong evidence 
in favor of both the pre-Cambrian and Mesozoic periods of in
trusion. He concluded that the granite was of pre-Cambrian 
age but states that its separation from the younger granite, 
reported by Schrader, deserves special study.

U) Popoff, c. C., op. cit., p. 57
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Both the porphyritic granite and the quartz monzonite in 
the Sycamore ridge area are regarded by the author as of post- 
Cretaceous age. The granite is clearly intrusive into the 
lower quartzite of the Permian San Andres formation; like
wise , the Paleozoic sediments, especially the limestones, 
show evidence of intense contact metamorphism. It is be
lieved that the granite occupies a fault zone which developed 
in Laramide time and that the fault contact between the granite 
and the Paleozoic rooks, apparent in some places, is probably 
due to late Tertiary deformation. The quartz monzonite por
phyry is unquestionably later than the granite, and is re
garded by nearly all investigators as of Laramide age.

Porphyritic Granite
Megascopic: .

A greenish-gray, porphyritic granite with euhedral pheno- 
crysts up to 1 inch in length of flesh to gray, orthoolase 
feldspar and small rounded grains of quartz, in a matrix of 
microcrystalline quartz with small, scattered aggregates of 
fine-grained, greenish-black biotite.
Microscopic: -
Essential minerals Ave. grain size Percent
Quartz: phenocrysts 1.60 mm. 2.0

matrix 0.30 45.0
Feldspar: Orthoolase 3.30 (max. 17.5) $0.0

Oligoclase 0.6$ 0.0$
(Abg5-Ani5)

Biotite 0.30 2.0
Muscovite 0.35 0.1
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Accessory minerals
Apatite
Sphene
Magnetite

Ave» grain size Percent

0.25
0.03

0.40
1.0

The rock consists of euhedral phenocrysts of orthoclase 
feldspar, varying in size from 1.0 ram. to 17.5 mm. in length 
in a microcrystalline groundmass of quartz. The one small 
grain of plagioclase was determined to be oligoclase. Aggre
gates of small, lath-shaped, dark greenish-brown, strongly 
pleochroic biotite with small lath-shaped grains of muscovite 
are scattered throughout the rock. In one thin section fine
grained biotite occupies the cleavage planes in an orthoclase 
phenocryst which, along with the small grain size, suggests 
that the biotite has been recrystallized. Hexagonal and 
short prismatic sections of euhedral apatite are scattered 
throughout the rock but are most abundant in the aggregates 
of biotite. Although much less abundant, the anhedral to 
euhedral grains of sphene have a similar distribution. Some 
biotite has altered to chlorite and magnetite, and the magne
tite in turn has altered to hematite or limonite. Some of 
the opaque grains may be ilmenite, as one of them is almost 
completely altered to leucoxene.

On the basis of Adolph Knopf’s classification, a rock 
of this composition is a porphyritic granite.
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Quartz Monzonite Porphyry 
(South of Copper World Mine)

Megascopio:
A light brown to gray, medium-grained plutonic rook con

taining numerous small, irregular aggregates of microcrystal
line quartz in a matrix of light-gray to white feldspar with 
a few scattered grains of a black mafic mineral, probably 
biotite.
Microscopic:
Essential minerals Ave. grain size Percent
Quartz 0.30 mm. 50.0
Feldspar: Orthoclase 0.80 25.0

Oligoclase 1.00 ■ 20.0
(Abgs-Ani/,.)

Biotite 0.30 2.0
Muscovite 0.20 . 2.0
Accessory minerals
Apatite - 0.05
Sphene 0.10

H O

Ilmenite (?) 0.05
Magnetite 0.05

Phenocrysts of anhedral to euhedral orthoclase and oli- 
goclase up to 1 mm. in length are scattered throughout the 
rock in nearly equal proportions. The matrix consists main

ly of microcrystalline quartz. Most of the oligoclase shows 
extensive albite twinning and is free from alteration. Other 
minerals present include: fine-grained, green, strongly
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pleoohroio biotite in aggregates varying in size up to 1 mm.; 
muscovite as small rectangular grains, usually adjacent to 
the biotite; a few scattered euhedral grains of apatite; 
sphene, as scattered anhedral fragments about 0.08 mm. in 
diameter; and a few small grains of ilmenite and magnetite. 
The orthoclass is altered to kaolin and sericite, especially 
along cleavage planes. Biotite is partially altered to 
chlorite and magnetite, and the ilmenite is partially altered 
to leucoxene.

On the basis of Adolph Knopf's classification, a rock 
of this description is a quartz monzonite porphyry.

Quartz Monzonite Porphyry 
(South of Lopez Pass)

Megascopic:
A light gray to pink, medium-grained porphyritic rock 

with subhedral phenocrysts of quartz (0.2 cm.), orthoclase 
and plagioclase feldspar (0.25 cm.), and biotite (0.05 cm.),
in a microcrystalline matrix of quartz.
Microscopic:
Essential minerals Ave. grain size Percent
Quartz: phenocrysts 0.80 mm. 15.0

matrix 0.04 40.0
Orthoclase 0.90 20.0
Plagioclase (olioclase) 1.00 20.0

(Aby^-Augiy)
Biotite 0.55 3.5

0.20 0.5Muscovite
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Accessory minerals Ave. grain size Percent

Apatite 0.1$ mm. 1
Zircon 0.04 Lo
Magnetite 0.50 (
Sphene 0.10 j

The rock consists largely of subhedral to euhedral pheno- 
crysts of orthoclase, oligoclase, and quartz in about equal

' V  ■ . . .proportions with a minor amount of biotite and small euhedral 
apatite, imbedded in a microcrystalline matrix of quartz.

* Several grains of orthoclase show carlsbad twinning and all 
show incipient alteration to kaolin and sericite. The oli- 
goclase shows combined albite and perioline t winning and some 
grains show concentric zoning, indicating rapid cooling of 
the rock. Light green to brown, strongly pleochroic plates 
of biotite are scattered throughout the rock and are altered 
in many cases almost completely to chlorite and magnetite.
The rook contains numerous prismatic and basal sections of 
euhedral apatite, and a few wedge-shaped grains of sphene.

On the basis of Adolph Knopf1s classification, a rock 
of this description is a quartz monzonite porphyry.
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CHAPTER V STRUCTURAL GEOLOGY 
General statement;

The first part of this chapter is devoted to descriptive 
facts; the second part^ to the writer's interpretation of 
these facts.

The structural features of the Sycamore ridge area have 
been classified, when possible, on the basis of the causal 
stress. The features thus grouped are discussed in their 
chronological order, which coincides to some extent with the 
order of diminishing importance.

Part I Descriptive Facts 
Vertical faults of large horizontal displacement 

Sycamore fault:
The Sycamore fault, probably the most conspicuous 

structural feature of the area, strikes N. 70° W., is essential
ly vertical, and has a strike-slip of at least 5000 feet, and 
an unknown but relatively minor dip-slip. The main fault 
splits into several faults near the eastern and western limits 
of the area. The fault is bounded on the north by Cretaceous 
rocks except near its eastern and western exposures where 
thin wedges of badly sheared, black limestone, probably 
Snyder Hill, form the north wall. The fault is bounded to 
the south by the Snyder Hill formation, the San Andres for
mation, the Yeso formation, and the uppermost member of the 
Naco formation. The block north of the fault was pushed
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northwestward about a mile relative to the south block.
Similar faults in nearby areas:

Several faults similar to the Sycamore fault have been
previously described in the northern part of the Santa Rita

(1 )mountains. Popoff has described five east-west shear zones 
cutting across the range southeast-of the Sycamore ridge
area. A summary of the description of these faults follows:

Name
Ave.
Strike

Width
of

Dip breccia
Distance in 
feet, south 
of Syo. area

Altamont Zone N.70oW. 850-90° S. 50 ft. 12000 ft.
Coconino-Chicago E.-W. 90° 1500 7000

Zone VI.
Coconino N.8QO W. 900 wide (?) 8500
N. Chicago N .300 W. 90? m 7000
S. Chicago ' N.750 w. 90° It 7500

Old Pap Zone N.65-70* W. 70° S. 500 5000
Cuba fault E.-W. 90° (?) 10 (?) 4000
Helvetia Zone E.-W. 85° S. wide (?) 100

The amount and direction of displacement of the blocks
adjacent to these faults is not described.

In the Cuprite mining district about 5 miles northeast
(2)

of the Sycamore ridge area, Lee and Borland described two 

northwest-trending faults of large horizontal displacement.

tlj Popoff, u., op. cit., pp. 68-76.
(2) Lee, C. A. and Borland, G. C., Geology and ore deposits 

of the Cuprite mining district, Master’s thesis, 
Univ. Arlz., 1935, pp. 28-32.
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Name_______Strike_____Dip_____Horizontal displacement Type
Nosecut N.32°W. 85° S.W. 1600 feet Normal
Long Mile N.32°W. Steep (?) Large (?) Normal

In each case the block southwest of the fault moved to 
the northwest. They also described several northwest-trend
ing dikes which more than likely occupy fault zones.

Less than 2000 feet south of the area mapped by the.
writer a strong vertical fault cuts through the granite,

„ (1)
striking N. 70° W.

Features caused by oompressional stresses 
A. Folding:

The rocks in this area have been folded into a rather 
sharp anticline whose axis strikes in general N. 45° W. and 
plunges gently towards the southeast. The limbs are steep 
(65° - 85°), but this steepness probably does not represent 
the original attitude, but rather an attitude resulting from 
the movement along numerous faults which developed in the 
anticline. Only segments of the limbs remain between the 
faults. The southwest flank is essentially vertical but is 
locally overturned towards the southwest.

Minor rolls have developed in the formations which make 
up Sycamore ridge. The axes of these rolls strike a few 
degrees north of west, and are apparently horizontal. The 

average dip of the limbs is about 40°.
Evidence of extensive folding on a small scale is seen

(1) Johnson, V., Personal communication.
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in the limestone southeast of Copper World ridge (see Plate 
VII, fig. 2) and in the shaly limestones just south of the 
Sycamore fault. The axes of these small folds generally 
strike northwest, parallel to the axis of the major anticline. 
B. Reverse Faults:
General statement:

Eight faults in the Sycamore ridge area are included 
under this heading. These faults are usually characterized 
by a wide zone of brecciation rather than by well defined 
fault planes. Proof of the reverse movement in all oases 
rests entirely upon the stratigraphic relationships of the 
beds adjacent to the faults. The dip must be inferred in 
most cases from the way in which the outcrop of the faults 
traverses the topography.
Crescent fault:

The Crescent fault dips 80° - 90° to the south and ex
tends in a broad arc for at least 4000 feet from the center 
of the area, where it strikes N. 7° W. to the western slope 
of Sleeping Dog hill, where it strikes due west. Because of 
the uncertainty‘of the Naco section, it is impossible to call 
culate the maximum throw, although it is certainly hundreds 
of feet. The reverse movement has brought a middle horizon 
of the Naco formation in contact with a lower horizon of the 
same formation as is shown in Plate II, section A-A*. A 
central segment of the fault has been offset to the northeast.
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Helvetla fault:
The Helvetia fault can be traced on the surface with 

difficulty for about 4000 feet. It is essentially vertical 
and makes a very small angle with the bedding of the adjacent 
rocks. The reddish-brown hornfels of the Naco formation, 
which dips steeply to the northeast, forms the south wall, 
while the gypsiferous layers of the Yeso formation, which 
dip about 600 to the southwest, form the north wall. The 
fault strikes N. W. and intersects the Copper World fault,
east of Sleeping Dog hill and southeast of Copper World ridge. 
The stratigraphic relationship of the formations adjacent to 
the fault justify the assumption that the block on the south 
side was raised for at least a hundred feet, relative to the 
block on the north side of the fault. As it is believed that 
the fault originally dipped towards the southwest, the Helve
tia fault is classified as a reverse fault.
Yeso fault: •

The Yeso fault, a reverse fault, dipping to the north
east, extends for approximately 4500 feet in a northerly 
direction, parallel to and 800 feet west of the Hendricks 
fault. The dip of the Yeso fault steepens from 45° in 
the southern portion to 650 II.li. in the northern portion.
It is terminated to the south by the Copper World fault and 
to the north by the Sycamore fault. The reverse movement 
has brought the middle (?) and upper (?) horizons of the 
Yeso formation in contact with the sandy, buff-colored lime
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stone of the uppermost Naco. The lower (?) gypsiferous hori
zons of the Yeso, which rest upon this upper limestone member 
of the Naco north of Copper World ridge, have been truncated 
by the fault and are not exposed at the surface.
Long Ridge fault:

The Long Ridge fault also dips to the northeast and east 
and is a relatively low angle reverse fault, extending for at 
least 4000 feet along the upper part of Sycamore ridge. The 
Snyder Hill limestone has been thrust over the upper San Andres 
quartzite in such a way as to partially truncate it, in some 
places more than others. This fault is terminated to the 
north by the Sycamore fault, and it disappears in the bedding 
planes of the Snyder Hill limestone to the south.
Hendricks fault:

The Hendricks fault extends northward for $000 feet a- 
long the base of Sycamore ridge from the ravine north of 
Mineral hill (see Plate I) to its intersection with the Syca
more fault in the north-central portion of the area. Through
out this course it dips to the east and northeast. The dip 
varies from low angle to high angle and the fault plane is 
warped as are the formations above it in the ridge. The 
hanging wall consists of the lower San Andres quartzite in 
the southern part, and of the lower San Andres limestone in 
the central and northern parts. Where the hanging wall is 
quartzite, the footwall consists of Naco limestone and reddish- 
brown and green hornfels, as is the case southeast of Copper
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World ridge, where the fault cuts across the trend of the anti
clinal axis and the strike of the beds at approximately 90°. 
Farther north, where the lower San Andres limestone forms the 
hanging wall, the weak arenaceous limestone and marl beds of 
Yeso age form the footwall. The northern end of the fault 
strikes about N. 20° W.

Because of lack of knowledge of the Yeso section, it is 
impossible to estimate the amount of displacement which has 
taken place. The stratigraphic relationship of the beds ad
jacent to the southern portion of the fault indicates that 
the displacement may be measured in hundreds of feet.
Copper World fault:

The Copper World fault has been traced for approximate
ly 7000 feet. As seen on the areal geology sheet (Plate I), 
it outcrops in three disconnected places in the southern part 
of the area. On the south side of Mineral hill it strikes 
N. 65° W. and dips 80° to the south. The hanging wall con
sists of brecciated lower San Andres quartzite and the foot- 
wall of recrystallized limestone and of light green to reddish- 
brown hornfels of Maco age. Beneath the fault the rocks are 
badly broken and sheared for at least 10 feet.

On Leader hill it strikes IJ. 25° W. and dips about 45° - 
50° N.E. The hanging wall is the lower San Andres quartzite, 
and the footwall is the lower, weak, badly sheared, green 
hornfels of the Yeso formation in some plaoes/ and ihiothers 
the sandy, buff-colored limestone of the upper Naco section.
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Along the aouthside of Copper World ridge it strikes 
N. 20° W. and dips 70° - 80° N.E. North of the low pass in 
this ridge the hanging wall is the reddish-brown hornfels 
member of the Naeo. Southeast of the pass, where the dip is 
less steep, the hanging wall is the lowest, weak, badly 
sheared, green hornfels of the Yeso formation,and the upper
most Naco. Throughout this section the footwall is the lower 
San Andres quartzite. The sedimentary formations have been 
so intensely metamorphosed by the intrusion of the Helvetia 
granite that positive identification and correlation of the 
formations is practically impossible.
Leader fault:

Although the Leader fault plane cannot be observed at 
the surface, there is good evidence of its existence. In
spection of Plate I ,(S.W. corner) shows a tongue-shaped in
trusion of the porphyritic granite extending in a northwest
erly direction, approximately parallel to the strike of the 
Copper World fault in this locality. It is believed that the 
granite occupies the Leader fault zone. The attitude of the 
beds on the north and south sides of the tongue-shaped in
trusion cannot be explained except by considerable displace
ment along a fault somewhere in between the two exposures.
The lower San Andres quartzite north of the intrusion dips 
70° - 80° N.H. and is overlain by the Naco and Yeso forma
tions, while south of the intrusion the quartzite dips 45° - 
50° N.E. and overlies the Naco and Yeso formations.



-46-

Iramediately south of Sleeping Dog hill there is a fault 
zone 10 - 15 feet wide which, if extended towards the south
west, would coincide with the trend of the tongue-shaped in
trusion. This fault dips 80° - 85° S.W. It may possibly be, 
however, merely an offset segment of the Copper World fault. 
Newton fault:

The Newton fault extends for about 4000 feet in a north
westerly direction along the northeast slope of Mineral hill. 
In general, it dips steeply to the southwest, but may dip 
steeply to the southeast in some places. The fault zone is 
not everywhere well exposed. It is characterized by brecci- 
ated silicified limestone, broken chert pebbles within the 
limestone, schist, and by stringers of vein quartz. It is 
believed that the fault formerly extended farther southeast 
and influenced the path of intrusion of the igneous rook in 
that region. The fault is bounded to the south by a meta
morphosed, gray limestone overlain by a reddish-brown horn- 
fels of Naco age, and is bounded to the north by the lower 
and middle members of the San Andres formation. The beds 
on the north dip 70° - 80° N.N. and 80° S.N., while the beds 
on the south side dip 60° S.W.
Bedding plane faults:

Bedding plane faults are prominent throughout the area. 
In some sections they are so numerous that it was impractible 
to map them other than diagramatioally. Undoubtedly, con
siderable of the displacement of the formations attributed
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to the large reverse faults in the area actually took place 
along closely-spaced bedding plane faults, especially wherever 
limestone formed the hanging or footwall of the faults. The 
weak, poorly-consolidated limestone of Yeso age that crops 
out south of Sycamore fault, seems to have favored this type 
of adjustment more than the other formations. However, as 
it is difficult to differentiate between the fault gouge or 
breccia and the marl beds in the Yeso, it is quite possible 
that the importance of bedding plane faults has been over
estimated in this section.

Tear and tension faults
Several vertical faults of minor displacement, most pro

minent in "the central portion of the area, strike across the 
anticlinal structure, approximately normal to the axis of the 
fold and to the strike of the reverse faults. The centrally 
located Elliot hill block was displaced $0 to 100 feet towards 
the northeast, relative to the blocks on the east and west. 
Movement was confined largely to the Mantos and Cotter faults.

Southeast of the Mantos fault a bed of gypsum has been 
broken into segments by several small vertical faults, all 
of which strike about N. 50° - 55° E. The movement along . 
these faults is measured in tens of feet.

Northwest of the Copper World dump one of these north
easterly-striking faults extends southward into the granite 
and may be traced for 75 feet in the intrusive until it dis
appears under the alluvium.
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Some of these faults are mineralized, while others are
not.

Normal faults (Gravity)
The normal faults in the area are relatively unimportant. 

As a rule the displacement is of insufficient magnitude to be 
shown on a map of the scale, luinch equals $00 feet. They 
are not constant in either dip or strike. It is believed 
that these breaks represent the adjustment of the formations 
to the contraction of the underlying igneous mass upon solidi
fication. They are especially numerous in the vicinity of 
the intrusion in the southern part of the area.

Part II. Interpretation of structural features 
Introduction:

The Sycamore fault is evidence for the existence in the 
geologic past of a horizontal shearing stress in this locali
ty. The northern member of the shearing couple was most pro
bably directed N. 70° W., parallel to the strike of the Syca
more fault. Evidence of the other member of the couple is 
not present in the area mapped. However, as mentioned pre
viously, several prominent shear zones striking N. 70° - 80°
W., have been recognized by Popoff in the region to the south. 
Johnson and the writer have recognized a strong vertical 
fault zone in the granite 2000 feet south of the Sycamore 
ridge area which strikes N. 70° ¥., and which, in the writer's 
opinion, may be the northwest extension of one of the fault 
zones described by Popoff. The fact that this shear fault 
in the south cuts through the granite shows that the shearing
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stress was active after the solidification of the intrusive.
It is possible, however, that the shearing stress was also 
active in the region before the time of intrusion, .

The relative age of intrusion and the development of 
Sycamore fault is not clear as the granite is not exposed in 
the vicinity of this fault. The writer believes that the 
shearing stress was active in the region long before the in
trusion of the granite and that it continued to be active for 
some time after the intrusive had solidified. The evidence 
favoring this conclusion is summarized in the following para
graph:

1. Some of the structures within the area believed to
have resulted from movement along the Sycamore 
fault, notably the Leader fault, acted as loGi 
for intrusion. .

2. The formations adjacent to the tongue-shaped in
trusion, occupying the fault south of Copper World, 
ridge, show evidence of intense contact metamorphism.

3. Where the lower San Andres quartzite crosses the 
main wash coming from Lopez pass, the granite has 
unquestionably been intruded into the quartzite a- 
long fractures (see, Plate X, fig. 1 and 2).

4* The local fault contacts between the Intrusive and 
the quartzite are attributed to continuation of the 
shearing stress after solidification of the granite.

5. The intrusion may have destroyed the evidence of the
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. c •.southern zone of shear, and the position of the shear 
fault in the granite 2000 feet south of the area may 
have been inherited from a pre-existing structure a-
long which movement has been renewed.

(1 )
Popoff states, concerning the east-west shears in the 

Rosemont area:
"It is evident that the east-west faults pre
ceded the intrusion of the granite. ...... The
east-west faults cannot be older than upper Cre
taceous time, and therefore must be regarded as 
of i.aramide age, or younger." '
In view of the evidence presented in the preceding para

graphs, the writer concludes that the region has been sub
jected to a horizontal shearing stress of great magnitude, 
and that this stress was directed about N. 70° Vi., parallel 
to the strike of Sycamore fault.

Experiments have shown the type and direction of fractures 
which develop in a block of competent material when subjected 
to a shearing stress. The results of these experiments have 
been found to be applicable in many cases to distortion of 
blocks of the Earth’s crust subjected to similar stresses. 
Because of the heterogeneity of the rocks included in a 
block of the crust, compared with the homogeneity of the 
material in the experimental block, and because of later de
formation, the strike and dip of the structures rarely coin

cide with the theoretical expectations. Figure (1) shows

(1) Popoff, 0., op. cit., p. 7b.
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the relationship of the structural pattern of the tiycamore 
ridge area to the structural pattern which would develop in 
a theoretical area subjected to a shearing stress. It also 
shows that the shearing stress is resolved into two forces; 
a horizontal compressive stress acting from the northeast 
and southwest, and a horizontal tensions! stress acting to
wards the northwest and southeast.

It is believed that the major structural features of the 
Sycamore ridge area resulted for the most part from forces 
exerted by these compressive and tensions! stresses, when it 
was subjected to a shearing stress. It is not known if the 
induced compressions! stress is adequate to explain the appar
ent great shortening of the area in the N.E. - S.W. direction. 
If the Copper World thrust is an erosion thrust, the actual 
displacement is probably much less than indicated by the 
stratigraphic position of the formations involved. Further
more, regional compressions! stress may have formed the anti
cline before the Cretaceous period. If so, erosion could 
have removed its crest by Laramide time. Renewed regional 
compression, reinforced by compression induced from a shear
ing couple, may then have resulted in further shortening by 
folding and by reverse faulting.

The shearing stress was relieved by movement along the 
Sycamore fault mainly, but also to some extent by strike- 
slip movement along the Yeso, Hendricks, and Long ridge 
faults. Figure (l) shows that the strike of these faults



swings from N. 25° W. near Sycamore fault to N. 5° W* along 
the base of the ridge. Their strike in the north parallels 
more or less the strike of the reverse faults in the theor
etical area, (N. 39° W.). To the south their strike swings 
so as to parallel the strike of the induced shears in the 
theoretical area (N. 0° - 5° W.). figure (1) (theoretical 
area) shows that the formations on the east would be pushed 
northward along the strike of the faults relative to the for
mations on the west. No actual evidence of this movement was 
observed, but the writer believes that it took place.

The horizontal compressive stresses, induced by the 
main shearing action, was relieved by folding and.by dip- 
slip movement along the reverse faults which strike in gen
eral N. 25° W. Further relief was found in movement along 
vertical fractures which strike N. 50° - 55° E. The strike 
of these tear faults was more than likely influenced by the 
existence of a northwest-southeast tensional stress, induced 
by the main shearing. It is not known to what extent this 
tensional stress was active. Theoretically, such a stress 
would be relieved by the development of vertical joints nor
mal to the stress direction. There are numerous vertical 
faults in the Sycamore ridge area which strike N. 50° - 55°
E. Figure (1) shows that, theoretically, the tension breaks 
would strike N. 52° E.
Development of structural features:(refer to Figs. 2a, b, and

o •) /•jrj <x'
With the beginning of the shearing stress, which in

duced a compressive stress, the rocks began to fold into a
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(1 )
northwest-southeast-striking anticline. Thomas has described 
similar anticlinal folding in the Rosemont area, immediately 
to the southeast. The writer believes that the anticlinal 
structure in the Rosemont area may be a continuation of the 
structure in the Sycamore ridge area. If this is true, the 
trend of the fold swings in a broad arc, convex to the north
east, from the western boundary of the Sycamore ridge area 
where the trend is due west to the eastern boundary of the 
Rosemont area where the trend is N. 10° - 20° W.

As folding progressed, erosion gradually removed the 
crest of the anticline. When the weak sediments of Yeso age 
were exposed, it may be assumed that the rate of erosion in
creased rapidly. When forces could not be relieved by fold
ing as easily as by low angle reverse faulting, the competent 
formations were thrust upwards from the flanks of the anti
cline towards its center along several low angle reverse 
faults, and to some extent over the eroded surface of the 
Yeso formation. The movement on the northeast flank was con
fined to the Crescent, Helvetia, Copper "World, Leader, and 
Newton faults. It is believed that the Copper World fault 
and the Hendricks fault may be continuous around the south
east nose of"the anticline. They apparently join near the

the wash flowing west from Lopez pass.

The thrusting on the southwest flank was confined in

I D  Thomas, W. L., Geology and ore deposits of the Rosemont 
area, Pima County, Ariz.,-Master's thesis, Univ. 
Ariz., 1931> p. 23.
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the earlier stages to movement along the Copper World fault. 
The overthrust block rests upon a varying thickness of the 
Teso formation and in some places upon the underlying Naoo. 
This may be explained in two ways. First: The overthrust
block may have been thrust over an irregular erosion surface 
at which the Yeso had been removed in places, exposing the 
Naoo; Second: The strike and dip of the thrust plane may have 
been less than the dip of the formations on the flank of the 
anticline.

After considerable movement had taken place along the 
Copper World fault in the southern part of the area, and after 
erosion had removed at least part of the formations making up 
the overthrust block, the formations in this overthrust block 
were folded into an anticline and syncline, overturned to the 
northeast. Eventually, a break occurred more or less parallel 
to the axial plane of the syncline. This break is designated 
as the Leader fault. (See fig. 2b) The pre-existing Copper 
World fault was involved in this later folding and faulting. 
This explains why the Copper World fault, southwest of Leader 
fault, dips to the northeast.

As compression persisted, another low angle thrust de
veloped, called the Newton fault. The movement along this 
fault caused a block consisting of a part of the Naco forma
tion, overlain by lower San Andres quartzite, but separated 
from it by the earlier Copper World fault, to ride northeast
ward over the Snyder Hill formation and the middle and upper
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members of the San Andres formation. This thrust developed
near the southeast nose of the major anticline.

(1 )
Thomas has described overthrusting in the adjacent Rose-

mont area along two major faults which dip to the southwest
and which, if extended westward, would probably connect with
the Newton and Copper World fault on Mineral hill. Thomas

(2)
states:

"The folding was followed by strong thrust fault
ing from the southwest which carried Paleozoic 
rocks over and upon the Cretaceous rocks. Asso
ciated with the major thrusting were minor thrusts 
in the overthrust block."
As the anticline plunges gently towards the southeast, 

an overthrust block from the southwest would zest on successive
ly younger beds towards the southeast. Thus, in the Sycamore 
ridge area the lower San Andres quartzite of Permian, age under
lies the thrust and in the Rosemont area the Cretaceous rocks
underlie the thrust.

(3)Popoff, in a more recent paper, does not recognize any 
thrusting in the Rosemont area. He evidently believes that a 
strong east-west shear zone best accounts for the stratigra
phic relations. The question is not settled nor will be until 
more work is done in the northern part of the Rosemont area.
One of the first problems to be settled is the age of the 
sedimentary rocks.

The strike of the Newton fault plane made a small angle

ID, (2) Thomas, W. L., op. cit., p. 25-17, p. 23.
(3) Popoff, C., op. cit., pp. 74-76.
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with the Leader fault and with the formations associated with 
it, and, therefore, the Newton overthrust cuts across this 
earlier structure and the overthrust block lies on the north
east limb of the Leader syncline.

It is believed that fault No. 1 (see Plate I), which off
sets two horizons of the Naco formation, was in existence be
fore the development of the Copper World fault and the Newton 
fault. It intersects both of these faults but does not offset 
them.

As is to be expected in a region characterized by thrust 
faulting, the formation underlying the sole of the major 
thrust planes have been greatly deformed. The limestones and 
limy-shales of the Naco formation are crushed, recrystallized, 
and severely crumpled into small folds whose axes trend north
west-southeast. This crumpling is best observed in the low 
hills southeast of Copper World ridge (see Plate VII, fig» 2).

The movement along the Mantos and Cotter faults and along 
the numerous other smaller faults striking N. 50° - 55° N, is
believed to have been contemporaneous with the compressive

(1 )
stresses. R. N. Hernon has suggested

"that the tension direction may simply have been 
a 'hon-compressional" direction. The tear action 
due to varying compressional stress could develop 
these faults."
Movement along the Sycamore fault continued as a means 

of release of the shearing stress throughout the development

Qj Hernon, R. N., Personal communication^
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of all previously described structures, and as long as the 
shearing stress was active.

It is believed that the Helvetia granite was intruded 
soon after the development of the Leader fault. There is a- 
bundent evidence that the intrusive solidified before the 
cessation of deforming forces, although the faults in the 
granite may be due to renewed movement during a later period 
of deformation.

The theory, adhered to by the writer and described above, 
necessitates a steepening and overturning of the reverse and 
thrust faults in the southern part of the area (see fig. 2b 
and c). Assuming that originally the reverse and thrust faults 
in the south dipped about 45° to the southwest, the dip of the 
Helvetia and Crescent faults, now vertical, have been steepened 
about 50° - 55°; the Copper world south of the Copper World 
ridge, now dipping 7C° - 80° northeast, has been tilted at 
least 55°; the Newton fault, now dipping 80° northeast to 80° 
southwest, has been tilted 50° - 60°. The Copper World fault 
on Leader hill, now dipping 50° - 60° N.E., has been rotated 
from its original position about 50° - 60°. The present atti
tude of the faults in the southern part of the area may, there
fore, be explained by a general tilting of this region about 
50° - 60° towards the southwest.

At least four causes may be suggested to explain this 
tilting. They are:

1 . Force of intrusion of Helvetia granite directed in a
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favor able way.
2. Increase in magnitude of compressive force from north

east, or persistence of this force after compressive 
force from southwest was no longer active.

3. Continued compression from both southwest and north
east.

4. Renewed folding resulting from a more recent period 
of deformation.

It is believed that the reverse faults, dipping to the 
northeast, have also been steepened 30° - 4O0 as shown in 
figure 2c.
Age of deformation:

Deformation probably began in Laramide time. Since then
minor disturbances have caused the development of new structures
as well as the renewal of movement along pre-existing structures.

Cl)
Butler and Demon have recognized overthrusting in the region 
northeast of the Santa Rita mountains, which probably belongs 
to a late Tertiary period of deformation.

Southeast of Elliot hill, in the Sycamore ridge area, a 
small terrace of older alluvium is perched on the side of the 
hill. It is believed that recent uplift of the area has en
trenched the streams in the alluvial apron at the base of 
Sycamore ridge.

(Tj Butler , B. s. and Demon, k. W., Personal communication.



CHAPTER 71 METAMORPHISM 
General statement:

The sedimentary rocks of Paleozoic and Mesozoic age of 
the Sycamore ridge area have undergone important changes in 
lithology since being deposited. Many factors have been act
ive in accomplishing these changes. Probably the earliest 
factor was uniform pressure, caused by the weight of the over- 
lying sediments and resulting in dehydration, recrystalliza
tion and compaction of the sediments. Next, directed or non- 
uniform pressure, causing folding and faulting, furthered the 
processes of dehydration, recrystallization and compaction, 
and developed new minerals, slaty cleavage and schistosity.

By far the most severe changes in environmental condi
tions was caused by the intrusion of the igneous rock. The 
large increase in temperature and pressure, and the percola
tion of gaseous and liquid magmatic emanations resulted in 
intense contact metamorphism of the rocks, obliterating earlier 
adjustments. The character and intensity of the metamorphism 
is dependent upon the distance from the igneous intrusion, 
chemical and mineralogical composition of the sedimentary 
rocks, structural conditions, and the character of the solu
tions.

It is believed that the rocks were buried far below the 
surface of the earth's surface.at the time of the intrusion.
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The best evidence for this statement lies in the large size 
of the mineral grains in the granite. It must be kept in 
minde that the present outcrops of the igneous bodies are only 
small pinnacles of probably much larger masses.
Metamorphism of the sandstones:

The Permian and Cretaceous sandstones in this area have 
been changed to quartzites. The Permian quartzites are ex
tremely fine-grained, well-cemented, in places show relict 
bedding, and on fresh fracture are white and vitreous. The 
lower ban Andres quartzite weathers to a buff or brick red 
color, indicating the presence of ferruginous material. Where 
this quartzite crops out along the edge of the intrusion, 
more ferruginous material has been added by circulating therm
al solutions derived from the intrusive body. Most of the 
iron has been oxidized to the insoluble ferric state and re
mains, filling the numerous fractures and joints in the quart
zite. The quartzite near the intrusive has been recrystallized, 
destroying the rounded character of the grains (see Pig. 1,
Plate X I H ) .

The Cretaceous sandstones have also been altered to 
quartzites and differ only in color from the quartzites of 
Permian age. it is believed that the Cretaceous sediments 
contained abundant ferruginous material which, when oxidized, 
gives a brilliant color to the weathered outcrop. The Cre
taceous rocks include several large lenticular beds of quart
zite conglomerate in which the pebbles and boulders are well-
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cement ed in a finer-grained quartzite matrix.
Metamorphism of the limestones:

The degree to which the limestones have been metamor
phosed has obviously been dependent upon the following factors: 
Original composition, closeness to the intrusive, and close
ness to the structural breaks.

In general, the pure limestones have been recrystallized 
with little change in mineral composition, and the impure 
limestones have become somewhat dolomitic.

Close to the intrusion on the south side of Copper World 
ridge, the limestones have been so severely metamorphosed 
that positive recognition of their age is practically im
possible. They have been recrystallized and bleached to a 
light gray, and have been intensely silicified and converted 
to silicates. Close to the fissures and fractures meta-sili
cates and ortho-silicates of calcium and iron have been formed, 
such as, wollastonite, garnet and epidote. The presence of 
these minerals indicates that some material was added by the 
thermal solutions•

The limestone on the south end of Sleeping Dog hill has 
been completely recrystallized. Crystals of calcite over an 
inch in length are common. All semblance of bedding has been 
destroyed, and the rock is a dazzling white. Because of its 
stratigraphic position, it is believed to be the upper lime
stone of the Waco.

On the east end of Copper World ridge, near the contact
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of the hornfels and the uppermost limestone of the Naeo age, 
metamorphism has altered the thin hands of limestone in the 
shale to garnet, and the shale to hornfels. The garnet hands 
are more resistant and form conspicuous ridges in the rock.
This garnetization of the limestone bands, interbedded in the 
shales, is found also in the rocks on the south end of icilliot 
hill.

The limestones in the Yeso formation are also partially 
recrystallized and bleached.

Metamorphism is decidedly more intense in the southern 
part of the area near the outcrop of the intrusion* The San 
Andres limestones and the Snyder hill limestone on Sycamore 
ridge show little evidence of thermal metamorphism except 
near structural breaks. It is believed that the present out
crops of these limestones were far removed vertically as well 
as horizontally from the intruding magma.
Metamorphism of the shales:

The metamorphism of the shales has produced the most 
striking lithologic feature of the area. For the most part, 
the shales have been changed to hornfels; that is, to very 
hard and tough, dense cherty-looking, silicified, non-schistose 
rock. This change was accomplished by dehydration, recrystal
lization, and silicification. Most commonly the rocks con
sist of alternating white and green or brick-red and brown 
bands of dense rock. In places the original bedding is 
shown by cavities-formed by the solution of thin limy layers.
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The Cretaceous hornfels differs from the Paleozoic hora
tals in that they are more brilliantly colored, and lack the 
solution cavities. Evidently, the shales of Cretaceous age 
were not interbedded with thin layers of limestone as were 
the shales of Paleozoic age.

The poorly-consolidated sandstones, shales, and marls 
of the Yeso formation have not been changed into hard rock 
and show little, if any, effects of the metamorphism which 
affected the shales, both above and below this formation. It 
is possible that the Yeso sediments were rock at one time and 
that the present poorly-consolidated state is due to shearing 
of inherently-weak rock. B. 3. Butler, however, expressed 
the opinion that the beds probably never were really consoli
dated.
Age of metamorphism:

Quartzite pebbles in the Cretaceous conglomerates are 
evidence for earlier metamorphism of the Paleozoic rocks. How
ever, the most intense and for that reason the most important 
metamorphism is believed to have accompanied the intrusion of 
the granite and the quartz monzonite porphyry in Laramide 
time. This period of metamorphism may be divided into two 
stages.

The first stage was largely due to heat and pressure 
with little, if any, introduction of new material. Its 
effect was widespread and resulted in the hardening of the 
clastic rocks and the marmorization of the limestones.
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The second stage was caused by the migration of magmatic 
emanations given off from the cooling magma, and is therefore 
associated with structural breaks. The solutions introduced 
many new elements and compounds but chiefly magnesium, iron, 
and silica, which formed the ortho and meta-silicates along 
the solution channels by selective replacement of the more 
favorable beds.

The igneous rocks show no evidence of a post-intrusion
period of metamorphism
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CHAPTER VII GEOMORPHOLOGY 
Development of topography:

The present topography of the Sycamore ridge area has 
been developed by erosional forces since the close of Lara- 
mide time. Throughout this interval various factors have 
influenced its development, the most important of which are:
The lithology of the rocks, the structure of the area, and 
the climatic conditions.

The most outstanding topographic feature of the area, 
Sycamore ridge, owes its existence to the resistant nature 
of limestone in a semi-arid climate. The less resistant Cre
taceous sediments have been stripped off the ridge, exposing 
the Snyder Hill limestone. The steepness of its western 
slope is due largely to the resistant nature of the Permian 
limestones and quartzites. Lower down, where the weak Yeso 
sediments crop out, the slope flattens abruptly.

Equally resistant to weathering and erosion is the horn- 
fels formed from rocks of Naco age. These tough, dense rocks 
make up the southeastern end of Copper World ridge, the eastern 
slope of Sleeping Dog hill, and the centrally-located Elliot 
hill.

The soft, poorly-consolidated limestones and marls of 
the Yeso formation eroded more rapidly, forming the low re
gions.

The granite has also eroded rapidly, because of the
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difference in hardness and coeficients of expansion of its 
constituents.

In general, it is true that the homogeneous rocks have 
proved most resistant and thus form the prominent topogra
phic features, whereas the heterogeneous rocks and the poor
ly-consolidated sediments have proved less resistant and form 
the low places in the area.

It is strikingly evident that the structural breaks 
caused by faulting have had a profound influence in the de
velopment of the topography, especially in the location of 
streams. The strongest evidence for this is the development 
of deep gullies along the faults. Attention is called to 
the almost universal coincidence of the major faults and the 
stream beds in the area. The Sycamore, Crescent, and Yeso 
faults afford the most striking examples.

At the south end of Sycamore ridge, where the Permian 
rocks are turned in strike, the stream valleys parallel the 
strike of the layers.

The semi-arid climate of the region, with sparse vege
tation, rapid changes in temperature, and torrential summer 
rains has had considerable influence on the development of 
the topography. All streams in the area are intermittent.

Alluvial fans have formed and coalesced to form an 
apron along the west front of Sycamore ridge. This detrital 
material, from 10 to 20 feet thick, rests like a blanket 
upon the weak Yeso sediments, thus protecting them from



erosion. This apron has been dissected by deep gullies, 
running nearly east-west. The Yeso sediments are exposed 
in the bottoms and along the sides of these gullies.
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CHAPT^R VIII ECONOMIC GEOLOGY
(1 )A. Popper World mine:

History and production:
The Copper World mine is one of the many mines in the 

Helvetia district. It was first worked in 1900 by the Hel
vetia Copper Company, although prior to that time about 
$800,000.00 had been expended in the district as a whole by 
the Helvetia Copper Company of New Jersey. Later it was 
closed and reopened in 1906, and was worked steadily until 
1911, when it was closed along with the other mines in the 
district.

A total of 15,000 tons of ore was mined and shipped
from the Copper World mine, containing 4,250,000 pounds of
copper, $1,000.00 worth of gold, and $20,000 worth of^silver.
The total value of the ore did not exceed $705,000.00.

(3)The following chart shows the metal prices from 1905-
1912:

Year
Gold per 

oz.
Copper per 

lb.
Silver

oz.

1905 $20.6? $0,156 $0.61
1906 M .193 .68
1907 11 . 200 .661908 M .132 .531909 .130 .521910 .127 .541911 if .125 .531912 .165 .62

ID bohrader, Jf, 0. and kill, J. L., op. clt.
(2), (3) Elsing, M. J. and Heineman, R. E. S., Arizona metal 

production, Ariz. Bur. Mines Bull. 140, pp. 97> 
12, 1936.
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A1though the price of copper was decreasing steadily 
from 1907 to 1911, it is not believed to have been the im
portant reason for closing the mine. Production ceased be
cause no further ore could be found.
Location:

The Copper World mine lies in the southern part of the 
Sycamore ridge area, on the southern slope of Copper World 
ridge, at an elevation of 4,900 feet, about a mile and a half 
northeast of the Helvetia townsite.
Type of deposit:

The Copper 'World mine belongs in the pyrometasomatic 
group of ore deposits. It is in sedimentary rock near the 
contact of the intruded granite. The sedimentary rocks, lime
stone, shales and quartzite,have been intensely metamorphosed 
by magmatic emanations. Irregularly-shaped ore bodies were 
formed in the limestone by replacement. The deposit was ori
ginally formed at great depth and has since been exposed at 
the surface by erosion.

Exposure at the surface resulted in the oxidation and 
secondary enrichment of the lean primary ore to the depth of 
a few hundred feet. Erosion subsequently removed nearly all 
the oxidized zone, and an unknown part of the secondarily- 
enriched zone. Only enriched ores were mined, as thelypogene 
ore was of non-commercial grade.
Mineralogy:

Unlike the ore in the other mines of the district, the
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ore mined from the Copper World mine consisted essentially of
(1 )

sulphides rather than carbonates. Schrader attributes the 
lack of carbonate ore to a condition in which the rate of ero
sion has kept pace with the rate of oxidation of the near- 
surface ore. It is true that the elevation of the Copper World 
mine (4900 feet) is greater than the elevation of nearly all 
the other mines in the district. As the rate of erosion in
creases with increase in altitude, Schrader’s explanation 
seems highly plausible. .

The Copper World mine was made inaccessible by fire in 
1935• Schrader’s description of the ore is given in the 
following paragraph:

"The ore of the Copper World mine consists of 
soft, earthy, fine-grained, mostly pulverent 
chalcopyrite, cupriferous pyrite, and chalco- ' 
cite, the black glance. The chalcocite occurs 
principally as a black coating or film of sec
ondary origin on the chalcopyrite and pyrite 
and is less plentiful in the lower and inter
mediate levels, as is also the chalcopyrite, 
which is also largely secondary. The ore carries 
from 1 to 2 to 10 percent or more of copper and 
averages about 75 cents to the ton each in gold 
and silver, but for the latter minerals the com
pany received no returns from the smelter un
less the silver content amounts to two ounces 
or more and the gold to 0.0$ ounce or more to 
the ton.
The gangue is composed chiefly of garnet, iron
bearing pyroxene, molybdenite, calcite, second
ary quartz, epidote, pyrite, pyrrhotite, and 
magnetite."
Recently considerable scheelite has been found in the

(1) schrader, f . 0., op. cit., p. 100
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fissures around the Copper World and Black Horae shaft, in 
the adit of the header mine, and in the east-west breaks on 
the north slope of Mineral hill.
Genesis: •

The ore is most likely genetically related to the granite 
which was intruded into the Paleozoic sediments in late Meso
zoic or early Tertiary time along the Leader fault. Hydro
thermal solutions, given off from the magma in a late stage 
of crystallization, migrated upward along the Copper World 
fault and along minor faults, fissures, and bedding planes in 
the sediments adjacent to it. The ore minerals were deposited 
in the limestone by metasomatic processes rather:;than in the 
quartzite, probably because of the greater chemical dissimil
arity of the limestone and the ore-bearing solutions. 
Subsequent to the deposition of the primary ore, weathering 
and downward percolation of acid meteoric waters in an oxi
dizing environment, resulted in a secondary enrichment of the 
sulphide minerals in a shallow zone a few hundred feet below 
the surface. The carbonate ore, formed by the same process 
and confined largely to the zone lying below the gossan and 
above the zone of sulphide enrichment, has been removed by 
erosion along with the gossan. The ore which has been mined 
has come from the zone of sulphide enrichment.
Alteration of wallrock:

From an examination of the underground workings, Schrader
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states that the limestone which forms the hanging wall is al
most completely altered to a massive, fine to medium-grained, 
greenish-gray or brown, silicified limestone with varying a- 
mounts of diopside, massive garnet, calcite, wollastonite, 
quartz, epidote, and cupriferous pyrite. In some places it 
is hard and silicified; in others it is bleached to a greea- 
ish-gray to buff-colored soft rook.

The author found the surface exposure of the limestone 
to be a medium-grained, light gray to dark, massive silici
fied limestone. Such minerals as wollastonite, epidote, 
quartz, garnet and pyrite are found in irregularly distribu
ted patches.

The quartzite which forms the footwall is much less al
tered than the limestone. Abundant hematite and limonite are 
found in even the smallest fractures of the rook and is re
sponsible for the red stain on the otherwise white quartzite. 
Mine development: (See Plate III)

The Copper World mine is opened to the 400 foot level 
by a double compartment shaft which dips 68° to the north
east. As is shown in Plate III, four levels were developed. 
The main drifts extend for approximately 1700 feet parallel 
to the formations. The mine contains about 12,000 feet of 
workings.

iiight hundred feet north of the main shaft on the op
posite side of the ridge is the Black Horse shaft. It is 
vertical and 100 feet deep. A drift was cut from the bottom
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of the shaft westward, for 350 feet until it intersected the 
northern extension of the 200-foot level of the main workings. 
future possibilities:

The lower limit of the zone of secondary enrichment is. 
controlled largely by the elevation of the ground water table. 
During the period when the mine was in operation, the ground 
water table stood close to the 400-foot level. Assuming 
that this elevation of the water table remained constant for 
a long period, and that it had not been raised subsequent to 
the main period of enrichment, there is slight chance of find
ing commercial ore below the 400-foot level.

There is, however, a possibility of finding more ore a- 
bove the 400-foot level; If the map of the workings is com
plete; it seems to the author that the logical place to look 
for ore on the fourth level has never been investigated. On 
the second and third levels, about 150 feet southeast of the 
main shaft, a fair-sized ore body was found and mined out.
On the second level the ore body measures 40 feet long, 20 
feet wide, and dips steeply to the east-northeast. Below, 
on the third level, represented on the map by a circular 
area, is what is probably the downward continuation of the ore 
body found on the second level. The ore body continues to 
dip steeply to the northeast. The logical place to intercept 
this ore body on the fourth level would be in a drift about 
200 feet southeast of the Inclined shaft.

The mine map available is not known to be complete in
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every detail. Later mining, of which there is no written 
record,may. have removed the ore from this seemingly favor
able location.

The present burned-out condition of the mine would pro
bably prohibit an inexpensive exploration of the property.
B. Gypsum deposits:
Location:

The gypsum deposits in the Sycamore ridge area crop out 
along the northeast slope of the Copper World ridge, in the 
upper portion of the Yeso (?) formation. There are two beds 
of gypsum separated by approximately 100 feet of dark gray, 
dolomitio limestone. . . .

The lower bed, about 50 feet thick, is underlain by un
consolidated shales and marls. . It crops out on the north 
side of the Helvetia fault, along the base of the Copper 
World ridge. Several northeast-southwest, faults have offset 
•the deposit and may be responsible for its disappearance at 
both extremities. It has been traced laterally for 1900 feet 
and may possibly extend farther to the southeast under the 
alluvium. It dips steeply to the southwest.

The upper bed, about 10 feet thick, is overlain by the 
upper reddish-brown hornfels of the Waco formation. It crops 
out about two-thirds of the way up the northeast slope of the 
Copper World ridge. It has been traced laterally for 100 
feet, and may only be a small lens in the limestone. It 
also dips steeply to the southwest.



Grade of the gypsum;
The following analysis was made on the gypsum by R. H.
(1 )

Kellner:
C a O ..........  32.20 per centSO3 . .  ....... 44.59 " "

CaSOz . . . .  . . . . . 75.80 " »
H20 ........  20.26 " "

Insoluble . . . .  . . . . .  1.52 « «
It is usually pure white and free from aranaeeous material.
The weathered outcrop is light gray and quite distinctive.
Fresh outcrops are compact and massive. No anhydrite has
been recognized. . . .
Accessibility:

It would be inexpensive to extend the road from Helvetia
to the Leader mine shaft up around the eastern end of Copper
World ridge, a distance of approximately 1500 feet. The
lower, thick bed crops out on a relatively gentle slope and
could easily be mined with a power shovel.

(2)
Other deposits in Arizona:

Gypsum has been found in many localities in Arizona.
The largest deposits are in Navajo County, Fort Apache Re
servation, Snowflake, Winslow and Woodruff; Cochise and Pinal 
Counties, along the San Pedro River, and at Douglas; Pima 
County, in the foothills of the Santa Catalina Mountains 
near Sentinel Peak, and in the Nmpire Mountains.

Hi Galbraith, F. w.,' Gypsum, Circular Wo. 5* Ariz. Pur. 
Mines, p. 4 , 1941.

(2) For complete list of deposits, see Galbraith, F. W., op. 
cit.
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The deposits in the Sycamore ridge area resemble most 
closely the deposits of the Empire Mountains and the Sentinel 
Peak district.
Origin:

The gypsum deposits were deposited as a result of the e- 
vaporation of salt water from a land-looked arm of an invad
ing sea, during a period of relative aridity. The largest 
and most commercially important deposits of gypsum in the 
world have had a similar origin. Gypsum may also be formed 
by the action of sulphuric acid derived from the oxidation 
of sulphides, notably pyrite, on limestone rocks.
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Photographs of the Sycamore Ridge Area

Plate IV

ifig. 1
General view of Sycamore ridge area 

looking north from Copper World ridge, 
showing Alliot hill in center and Mt. 
Pagan in background to the right. Light- 
colored formation in foreground is lime
stone at top of Naco.
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Plate V

Pig. 1
View looking northwest from Sycamore 
ridge, showing Sycamore fault. Prominent 
hill in right-center is offset portion of 
Snyder Hill formation. Tucson Mountains 
barely visible in left background and 
Santa Catalina Mountains in right back
ground.

Pig. 2
View looking northwest from Sycamore 
ridge towards Sleeping Bog hill, show
ing Copper World ridge at left and Elliot 
hill in center. Light-colored formation 
is top limestone of Naco; dips steeply to 
southwest.



PLATE 7

Fig. 1

Fig. 2
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Plate VI

Fig. 1
View looking north from near Leader 
mine towards Copper World ridge, show
ing dump of Copper World mine.

Fig. 2
Inclined shaft of Copper World mine a 
few feet to right of-figure. Charred 
remnants of timber project out from 
shaft. View looking northeast.



PLATE VI

Fig. 2
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Plate VII

Fig. 1
General view of west slope of Sycamore 
ridge taken from Copper world ridge. 
View looking northeast.

Fig. 2
Close-up of crumpling in Naco limestone 
southeast of Copper World ridge. Scale 
is given by small pencil.
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Plate VIII

Fig. 1
Oute«3p of WBgIcatterate at base of the 
Maeo limestone on the north slope of 
Mineral hill. View looking southeast 
along strike; beds dip 60° southwest.

' Fig. 2 , .
Same, but looking southwest across the 
strike.
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Plate IX

Pig. 1
Close-up of lower gypsum bed outcopping 
in wash on northeast slope of Copper 
World ridge. View looking south; beds 
dip 60° to the south.

Pig. 2
Leader mine south of Copper World ridge. 
View looking north, showing contact of 
porphyritic granite and lower San Andres 
quartzite.
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Plate X

Fig. 1
Intrusive contact of granite and lower 
tian Andres quartzite in wash flowing 
from Lopez pass. View looking north
east.

Fig. 2
Same, but view looking north.
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Pig. 1
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Plate XI

Fig. 1
Photomiorograph of quartz monzonlte 
porphyry from south of Lopez pass, show
ing zonal structure, and alMte twinning 
in plagioclase phenocrysts in fine
grained groundmass of quartz. (Crossed 
nicols, x 95.)

Fig. 2
Same, showing combined albite and peri- 
el ine twinning in plagioclase pheno- 
oryst, and altered orthoelase phenocryst 
in upper right hand quadrant. (Crossed 
nicols, x 95.)





Fhotemiorograph of porphyritic granite, 
showing fine-grained biotite (lower left) 
and large phenoeryst of altered orthoelase 
(upper right) in matrix of fine-grained 
quartz. (Grossed nicols, x 95)

Fig. 2
Photomiorograph of quartz monzonite 
porphyry from south of Copper World 
ridge, showing fine-grained biotite 
(top center), a phenoeryst of twinned 
orthoelase (right center), a phenoeryst 
of plagioclase, showing albite twinning 
(bottom right center) and a groundmass 
of quartz. (Crossed nicols, x 95)
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Photomlorograph of lower San Andres 
quartzite from near Copper World mine, 
showing the extent to which recrystalli
zation has destroyed the rounded charac
ter of the grains. (Crossed nicols, x 
95)
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PLATS XIII

Fig. 1
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