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INTRODUCTION

PREFACE - -!J
Recent advances in the knowledge of the stratigraphy 

of southeastern Arizona have made it desirable to revise 
the older maps, and supplement them with more detailed 
work. The faculty of the Department of Geology at the 
University of Arizona is particularly interested in these 
revisions. The present study has been undertaken as a 
part of this regional program, and this area selected 
because of the writer's interest in mining geology.
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portions,of their areal geology maps Into the present 
study.

Copies of a map prepared by J. E. Spurr, In 1905, claim 
maps of the district, and maps showing some of the underground 
workings of the district were made available to the writer 
through the courtesy of Mr. C. M. Taylor, Pima County Assessor, 
and by lessees who were working at the mine In 1940 and 1941.

The reports accompanying Spurr’s map were not available,
having been lost while in the hands of parties holding options
on the property. Mr. Spurr informed the author that his
personal copy of the report had also been lost.
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PREVIOUS WORK IN THE REGION
In 1905, while acting as a private consultant to the 

Helvetia Copper Company, J. E. Spurr prepared a geologic map 
and report on the area owned by that company. A copy of 
that map is enclosed with this thesis.

F. C. Schrader and J. M. Hill spent the summers of 
1909 and 1910 in the Santa Rita and Patagonia mountains 
and prepared the U. S. G. S. Bulletin number 582, Mineral 
Deposits of the Santa Rita and Patagonia Quadrangles. The 
bulletin was published in .1915 and contained a reconnaissance 
report of the two ranges, including accounts of the mines 
and mining activity at Helvetia until 1912.

In 1930, W. L. Thomas wrote his Master's thesis on 
the "Geology and Ore Deposits of Rosemont District*. This 
area adjoins the area mapped by the writer on the southeast 
and Included Hart Butte, and the quartz monzonlte olug which 
lies a short distance north of It.

In 1937, M. S. Dunham prepared a map and thesis on the 
"Geology of the Blue Jay Mine Area", part of which has been 
reinterpreted by the writer, in the light of recent 
information on local stratigraphy. Dunham's topograohy was 
used, with minor alterations.

In 1940, C. Popoff remapped the area covered by Thomas 
and extended his map southward on the east slope of the 
range in the preparation of his Master's thesis. This paper
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i'S entitled "The Geology of the Rosemont Mining Camp".
W. R. Jones is preparing a thesis on the "Sycamore 

Ridge Area" which lies in the eastern part of the district.
All of the above theses were presented in partial 

fulfillment of the requirements for the degree of Master of 
Arts or Science at the University of Arizona. The areal 
geology of these reports was freely consulted by the 
author, especially that prepared by Mr. Jones.
FIELD WORK

During the school season of 1939-40 the writer, in 
company with W. R. Jones and D. Jackson, prepared a
triangulation-net and topographic map of the area using '
- . ! - : z; ';

50-foot contour intervals and a scale of 500 feet to the 
inch. A base line was laid out on the flats south of the 
old town-site, and accurately measured, using a steel tape 
and a builder's level. From this base the triangulation 
system was prepared and plotted on the map, using a co-ordinate 
system of lines running north-south and east-west according 
to calculations based on a solar observation. The magnetic 
declination was 15 degrees and 10 minutes.

Plotted triangulation monuments were used to locate the 
instrument set-ups by "three-pointing". Alidade and stadia 
rod were used to locate secondary plane-table stations.

In the spring of 1940 and the school year of 1940-41, 
the areal geology was placed on the topographic map with 
the aid of "rod-stations", brunton compass and an aneroid 
altimeter.



i Spurr’s map was discovered too late to "be used 
as a topographic base for the present report.

Detailed mapping of underground structures was 
attempted only in the Leader mine, as the others were 
largely inaccessible.

Portions of the map of the Sycamore Ridge Area have 
been incorporated without alteration, while several details 
have been adapted to the writer’s Interpretation of the 
structures.
LABORATORY STUDIES

A series of 32 thln-sectlons were prepared from the 
Igneous and metamorphic rocks and studied microscopically. 
Also twenty polished sections of the ore-bearing rocks.
The writer's interpretation of paragenetic relations of the 
minerals is based on the study of these sections. Proof 
of some of these contentions may be found.in the pictures 
in the plates of the appendix.
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GEOGRAPHY 7

LOCATION ■' ■. ■ ■ ; . ■ ' ;
The old mining camp of Helvetia la in the northern 

part of the Santa Rita Mountains, about 33 miles from Tucson, 
by road. The longitude 1s 110° 471 west and lattitude is 
31° 511 north. The best and shortest route from Tucson 
lies along the Tucson-Nogales highway for 18 miles; to a 
station known as Sahuarlta, thence up the pediment slope 
along a dirt road in a southeasterly direction. Part of 
this road is maintained by the U. S. Forest Service. The 
remainder is desert road but quite passable.

An alternate route is by way of Vail, 18 miles from 
Tucson, and a graded road to Johnst©nVs ranch (approximately 
12 miles). The remaining 5 miles to-Helvetia is over desert 
roads which are poorly maintained. ; ; :

The east slope of the range is more readily accessible 
by way of Davidson Canyon, on the road to Patagonia, and. 
thence by a side road to Wasp and McLeary canyons, where the
mines are located. ... >^ ■• ■■■ ' ■ - ' ' ..' '" " •'

From the Santa Cruz valley one may see three prominent 
land-marks in and near the district. On the pediment, about 
two miles from the foothills of the range, is a sharp 
prominence known as Huerfano Butte. Toward the northern end 
of the area is a large white limestone cliff which shows up 
prominently in the midst of the gray and brown surroundings.
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This is the Escahrosa Cliff. On the crest of the range, 
with old mine workings all around it, is a large round-topped 
butte called Hart Butte. Most of the claim surveys are tied 
to a U. 3. Mineral Land Monument (No. l) on the top of a 
white limestone bluff at the end of a ridge extending westerly 
from Hart Butte.

Land office plats show the area covered by this paper 
comprises most of sections 11, 12, 13, 14, 15, 22, 23, and 
24 of Range 15 east and Township 18 south of the Salt River 
Base and Meridian.
TOPOGRAPHY

The general topography of the area is rugged. Steep 
hills are capped with limestones, generally Escabrosa or 
Snyder Hill, as these are the common cliff forming rocks 
and the stream valleys are in the shaly Naco and Manzano 
limestones or in the granite. A long straight ridge consist
ing mostly of Permian limestone, known as Sycamore ridge, 
forms the eastern edge of the area for this study. Elevations 
vary from 4000 to 6100 feet above sea-level, as determined 
from a U. S. Geological Survey Benchmark' in the::south-.west;; 
corner of the area, near the road. This benchmark belongs 
to a secondary system and is marked 4173 feet (Nogales datum) 
above mean sea level. The highest point is Hart Butte, with 
an elevation of 6074.

Three main stream systems drain the area. Two of them 
have their heads along Sycamore ridge. One of these has
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cut a deep valley in the soft. Manzano beds and runs northward 
to join the.main Sycamore canyon, which flows into the Santa 
Cruz valley and river. The other heads along the south part 
of the ridge, near Hart Butte and is cut mostly in the 
granites along the southern limit of the area.

The third drainage system heads in another area of 
Manzano beds and Snyder Hill limestone, near the north- 
central portion of the area, and drains westward to Join 
Helvetia Gulch at a point beyond the limits of the map.
A.low limestone ridge separates the area drained by this 
stream from the valley occupied by Helvetia Gulch.
CLIMATE

The climate is such that field work may be carried 
on throughout the year. Temperatures range from 15 to 
112 degrees fahrenhelt. For a short time during the summer 
rainy season one may expect frequent drenching showers, but 
due to the elevation, the summer temperatures are much more 
mild than they are at Tucson. The winters are not rigorous
and many of the days are sunny and comfortably warm.

• ■ •During seasons of average or above average rainfall,
an abundance of desert grasses grow during the summer rainy 
season and furnish excellent feed for cattle. Wet winters 
are always followed by an abundance of wild flowers. The 
most common plants belong to the yucca and cactus families, 
but mesquite, oak, and palo verde are common.

Due to the seasonal precipitation, the growing season 
for grasses is short and a large acreage is required per cow
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to prevent over grazing of the range. The average annual 
rainfall at Tucson is 11.5 Inches while the higher slopes 
of the mountains receive from 20 to 25 inches.^ Peaks 
rising above an elevation of 7000 feet may be snow covered 
for a few weeks each year.
WATER SUPPLY

Two springs within the area have a fairly steady flow 
of water. They are located at the contact of the Naco and 
Manzano beds in the area north of the Heavy Weight mine. The 
soft Manzano limestones and marls seem to act as a reservoir 
to soak up the rainfall and feed it out gradually at the 
points of drainage.

A well has been dug in the large fault, running east 
from the Old Dick mine, where it crosses the middle fork of 
Helvetia Gulch. The water level in this well is two to five 
feet below the level of the wash at that point. The water 
in the well, when kept clean, is potable although rather hard

Water from the springs is charged with calcium carbonate 
and calcium sulfate. These springs seldom discharge more 
than 10 - 20 gallons per minute.

(l) Some Arizona Ore Deposits, Univ. of Ariz. Bull. no. 145, 
Geol. eer. no.' 12.
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Water is also available for raining purposes at the 
300 foot level of the Copper World, the 300 foot level of 
the Isle Royal, and the 65 foot level of the Leader. Pumping 
from any one of these does not exceed 100 gallons per minute. 
FLORA

. The common plants of the area are:
Soap Weed (Yucca Bacata)
Spanish Yucca
Black Oak
Caisclaw
Saguaro
Cholla
Mescal
Ocatlllo
Spoon Cactus
Pincushion Cactus
Barrel Cactus
Palo Verde
Mesquite
Mahogany (Iron Wood)

A great variety of desert grasses and wild flowers 
are to be found in the flats surrounding the hills.
NATIVE ANIMALS

The following native animals were observed during the 
field work connected with this paper:

Javelina
... ■ White-tail Deer 

Rabbits 
Coyotes 
Fox
Mexican Eagle 
Buzzard 
Gila Monster 
Rattle Snake 
Bull Snake
Numerous species of lizards and rodents.
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STRATIGRAPHY 

HISTORICAL GEOLOGY

SEDIMENTARY
In the area studied there are no beds which can be 

correlated with the pre-Cambrian Apache Group of the Tucson- 
Blsbee-Globe area. Lower Cambrian sediments are lacking, as 
they are elsewhere in southeastern Arizona. All outcrops of 
the Middle Cambrian Bolsa quartzite lie on the Archean Pinal 
schist or on granitic rocks. Although the presence of a 
thin conglomerate at the base of the Bolsa quartzite has been 
noted at a number of other localities, such a feature is 
entirely absent at Helvetia.

In view of the intrusive contacts at the base of the 
Bolsa, at this locality, it is not Illogical to assume that 
the basal conglomerate was present and has been obliterated 
by the corrosive agents which accompanied the intrusion.

The Bolsa quartzite represents a shore facies (or near 
shore) of the sediments in a Middle Cambrian sea which 
continued to cover portions of southeastern Arizona until 
Upper Cambrian times. The uppermost Cambrian formations of 
adjacent ranges (Rincon limestone in the Whetstone mountains, 
the Copper Queen limestone at Blsbee, and the Peppersauce 
Canyon sandstone of the Santa Catalina mountains) are not 
present at Helvetia. It is possible that they were removed
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by erosive agents during the long period of energence during 
Ordovician and Silurian times, re-exposing the Abrlgo limestones.

Silurian sediments are unknown in Arizona and the beds 
of Ordovician age are limited to a small area near Morencl 
and Dos Cabezos. The evidence points to a period of low 
relief in southeastern Arizona during this time and extending 
into the Upper Devonian.

The Martin limestone Indicates a period of submergence 
during the Devonian. The Lower Ouray limestone was not 
recognized at Helvetia and sedimentation may have been- 
Interrupted during late Devonian and the next beds to be 
deposited were 700 feet of massive, non-magneslan Escabrosa 
limestones, of lower Mississippian age. Although the interval • 
between the deposition of the Martin and Escabrosa limestones 
appears to be sufficiently long to permit the deposition of 
150 feet of limestone in the vicinity of the Santa Catalina 
mountains, less than 100 miles distant, there is little 
evidence of any time lapse at Helvetia. The Escabrosa lays 
with apparent conformity on the Martin.

Sedimentation was again Interrupted at Helvetia during 
upper Mississippian times, while the area northeast of Bisbee 
(Chlricahua Mountain area) received 345 feet of limestones 
and shales known as the Paradise formation, and was resumed 
in Pennsylvanian times when the Naco formation was deposited.
The sediments deposited in the Santa Rita and Empire mountains 
by this Pennsylvanian sea consist of thin-bedded to massive



limestones and thin-bedded shales.
The Permian Manzano series was deposited on the Naco 

limestone with apparent conformity but with a short time 
interval during which there was no sedimentation. This may 
represent the period during which the lower (Abo) member of 
the Manzano group was deposited in New Mexico and Texas. , 
Sedimentation was continued with but minor Interruptions, 
not recorded at Helvetia, until the Snyder Hill limestone was 
deposited, and possibly for some time thereafter.

A period of emergence began in Late Permian or post- 
Paleozoic times and continued into the Upper Cretaceous, 
when a great thickness of red, gray, buff, and dull green 
arkoses, sandstones, and conglomerates were laid down in 
what is now the northern Santa Rita, and Empire Mountains.
As observed in this vicinity, these beds appear to have 
been deposited in or near the margin of a large lacustrine 
basin or an arm of the sea. Evidence in favor of the latter 
is the presence of marine.fossils in the Cretaceous lime
stones in Tucson Mountains and Santa Rita Mountains. Thin 
beds of limestone are also found In the Empire Mountains, 
on the eastern slopes of the Santa Rita Mountains, and in 
the Tucson Mountains.
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IGNEOUS
The first large Intrusion (the porphyritic granite) 

probably took place in Mesozoic or Laramide times. The large 
quantities of volcanic and granitic material in the 
Cretaceous beds would lead us to suspect that part of the 
material was derived from lavas and intrusive rocks related 
to that granite. Such assumptions would automatically 
place the date of intrusion in the Mesozoic and possibly 
pre-Cretaceous.

A second intrusion occurred during the Tertiary period. 
The rocks connected with this intrusion are very light 
colored granites and quartz monzonites. They may belong to 
the same large massif and be local derivatives, or there may 
have been two separate injections. The writer is inclined 
to favor the former view, in as much as the general character 
is similar throughout and the chemical difference between a 
granite and quartz monzonite is not great.

Folding and faulting accompanied the emplacement of 
both granitic intruslves and faulting was continued for some 
time after they had cooled. Several post-llght-granite 
dikes, of varying character, have been observed and are to 
be connected with late intrusive shearing or to a still 
later and more basic intrusion. The diabase and basalt 
porphyry are probably later than the light granite. The
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basalt dike is certainly later, but the evidence regarding 
the diabase is not conclusive.

The ore deposits are genetically related to the light 
granite. This places their formation in the Tertiary, 
probably Miocene.

Since the mid-Tertiary erogenic movements, and the 
emplacement "of the granites, the"chief geologic process has 
been-erosion. - Minor differential movements of the crustal 
blocks have changed the pattern,of the streamsrand"interrupt 
ed the normal sequence of topographic forms in,a mild manner 
but, in the main, the activity has been largely the tearing-, 
down of the mountain‘blocks;



SEDIMENTARY-FORMATIONS
CAMBRIAN 
Bolsa Quartzite

The oldest sedimentary formation in the district is 
the resistant, ridge-forming, Bolsa quartzite. It is a 
light pinkish-tan to a rich brown color, often with a trace 
of purple. The lower portion (300 feet) is very light color
ed, where fresh, but weathers to a light brown. The upper 
220 feet is composed of less thoroughly cemented, rather thin- 
bedded, sandy quartzite, which has a tendency to produce 
bedding slabs, and tends to weather to a much darker brown 
than the lower portion. Some of these beds are well cemented 
while others are very sandy and contain dark carbonaceous spots 
about the size of a small pea. . _

At localities where the base of the Bolsa is well 
exposed it is often found to contain a thin basal conglomerate. 
In few places is the conglomerate more than one or two feet 
thick and in places it is absent. In many places the Bolsa 
is reported to be cross-bedded. Metamorphism, attendeht to 
the intrusion of the two granites, has destroyed whatever . - •
evidence there might have been regarding either the basal 
facies or the cross-bedding. The corrosive activities of 
the granites has been so intense that the contact between the 
quartzite and intrusive is very difficult to locate precisely.
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Ip is probable, therefore, that the basal portion of the quart
zite has been removed. Both Schrader^) and Popoff^) report 
this conglomerate to be present south of Rosemont toward Box 
Canyon.

Stoyanow^2 3 4 5 6 7) correlates the Bolsa with the Wheeler 
formation of the House range in Utah. The age, then, is upper 
Middle Cambrian.

Two rather limited outcrops of this formation have been 
previously reported and mapped by former students. One lies 
on the west side of the Escabrosa cliff in the Blue Jay area, 
as mapped by Dunham^®), who estimates it to be 535 feet thick. 
The other lies on the northeast flank of Hart butte, and was 
reported by Thomas^®) and Popoff(?). The writer has

(2) Schrader, F. C., Mineral deposits of the Santa Rita and
Patagonia quadrangles: U. S. G-eol.
Survey Bull. 582, p. 15, 1915.

(3) Popoff, C. , Op. clt.
(4) Stoyanow, A. A., Correlation of Arizona Paleozoic formations:

G-eol. Soc. Am., vol. 47, p. 480,: 1936.
(5) Dunham, M. S., Geology of the Blue Jay-Area, Helvetia,

Arlz.: Master’s thesis, Unlv. of Arlz.
pp. 11-12, 1937.

(6) Thomas, W. L., Geology and ore deposits of Rosemont
district, Arlz.: Master’s thesis, Unlv.
of Arlz., 1930.

(7) Popoff, C., The Geology of the Rosemont Mining camp,
Arizona: Master’s thesis, Unlv. of Arlz.,
1940.
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substantiated the former, but the assignment of the latter to 
the Cambrian period is seriously open to question.It is 
faulted on all sides and lies In contact with a shaly limestone 
which might be either Cochise or Naco (or Manzano). On the 
basis of lithology the writer believes the metamorphosed shaly 
limestones are late Paleozoic and the quartzite belongs to the 
San Andres division of the Manzano.

Schrader^estimates the thickness of the Bolsa in the 
Santa Rita Mountains at 700 feet. The best evidence obtained 
by the writer indicates the thickness at Helvetia to be between 
500 and 520 feet. Thus it is quite possible that the lower 
100 to 200 feet of the formation are missing. Ransome^) gives 
the thickness as 430 feet at both Bisbee and Tombstone.

Deformation is characteristic ally by faulting, which is 
often obscured by the tendency to form bedding slabs.

At Deer Hill the dip and strike of the Bolsa quartzite and 
the overlying cherty limestones are reasonably conformable 
except at the northern end of the quartzite block where there 
is a sudden change of strike in the younger beds. At this 
point the Bolsa appears to be over-riding the Abrlgo (?), which

(8) Schrader, F. C.., Mineral deposits of the Santa Rita and
Patagonia quadrangles: U. S. Geol.
Survey Bull. 582, p ,1915.

(9) Ransome, F. L., Some Paleozoic sections in Arizona and
their correlation: U. S. Geol. Survey
Prof. Paper no. 98K, 1917.
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might be due either to a drag effect along a lateral fault,
; ' ’ 'or to an actual overthrusting of the quartzite. In consider
ing these alternate hypotheses It Is well to bear In mind that 
there Is strong evidence for overthrusting, In the same 
direction, to be found in the Escabrosa limestone, less than 
1000 feet to the east. Flat-lying sllckensides show a movement 
within the quartzites In a N 77° E direction and dipping 20 
degrees west, while the plane of movement locally was striking 
N 15° W and dipping 27 degrees westerly.
Cambrian Limestones

Lying above the Bolsa quartzite is a series of very thin- 
bedded cherty limestones with occasional beds of dark greenish- 
brown shale and a few more massive limestone beds. The whole 
series has been so thoroughly metamorphosed that the fossil 
evidence has been completely destroyed. The lithological 
character of the series is that of the Abrigo limestone of 
Bisbee, as described by Ransome^lO). Stoyanow^*^ has sub
divided this original limestone into the Abrigo formation 
"proper" and the Cochise formation on faunal evidence.

(10) Ransome, F. L., Geology and ore deposits of the Bisbee
quadrangle: U. S.’Geol. Survey Prop.
Paper no. 21, p. , 1904.

(11) Stoyanow, A. A., Correlation of Arizona Paleozoic
formations: Geol. Soc. Am., vol 47,
p. 479, 1936.
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The writer believes the series of limestones, mentioned 
above, to be the equivalent of those beds included in the 
original definition of Abrigo limestone. Since the lithologic• 
differences are negligible, and one cannot map formations on 
a faunal basis when no recognlzeable fossils are to be found, 
the writer is led to call this series "Cambrian limestones8.

Metamorphic influences have led the silica in the chert 
to react with the limestone to form lime-silicates, where close 
to igneous contacts. Before the silicate formed, the beds 
were soft and readily yielded by plastic deformation. As a 
result, the bedding is much distorted and strikes and dips 
are unreliable. After the formation of.silicates the tendency 
to fracture and shear was more prominent, and the beds have 
been intimately faulted. All this adds to the difficulty of 
arriving at an accurate estimate of the thickness.
Cochise Formation

Dunham(12) describes the Cochise in the Blue Jay area
as follows:, 8.... ..Overlying the Bolsa quartzite in the

western part of the area is a rather thin- 
bedded, fine-grained, blue-gray limestone,
295 feet thick, containing fine, disseminated 
silica and faint wavy bands of rusty chert.....8

(12) Dunham, M. S., Geology of the Blue Jay Area, Helvetia,
Arlz.: Master's thesis, Univ. of Ariz., p.13,1937. 1
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It was mapped separately from the Abrigo because of
the unusual thickness of Cambrian limestones. It was argued
that the normal thickness of the Abrlgo Is less than 430 feet
at other localities and 800 feet of Abrlgo was untenable.

- ' : . ' '
The writer saw Insufficient lithologic differences to separate
this formation from the Abrlgo, as a mapping unit.
Abrlgo Formation

The Abrlgo formation, as seen in the vicinity of Helvetia, 
varies greatly in character. In places It is a light gray 
dolomltlc limestone. At other places, and especially where 
weathered, It is a brown wrinkled appearing cherty limestone. 
The wrinkled appearance is due to finely interbedded chert 
layers which weather Into strong relief while the limestone 
Is dissolved from between the chert bands. There Is enough 
iron In the chert to give it a brown color when thoroughly 
weathered. This appearance Is very characteristic of the 
Abrlgo throughout southeastern Arizona.

The Abrlgo limestone Is correlated with the Upper Cambrian 
Weeks formation of the House Range in Utah, on the basis of 
Crepicephalls fauna. ( S t o y a n o w ) T h i s  formation is 
Included in the horizon labeled "Cambrian limestones*.

(13) Stoyanow, A. A., Correlation of Arizona Paleozoic
formations: G-eol. Soc. Am., vol. 47,
pp. 479-481, 1936.
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DEVONIAN '
Martin Limestone

The Martin limestone was laid on a more-or-less irregular 
erosion surface of Cambrian (Abrigo) limestone. Faulting and 
plastic deformation accompanying the two magmatic intrusions 
•has removed much of the evidence of bedding in the Martin, 
and has also caused a very noticeable thickening and thinning 
of the formation. Under these circumstances it is difficult 
to get data to adequately prove or disprove the conformable 
or unconformable relations which existed at the time of 
deposition. Within the area mapped, the Martin shows a 
variable thickness of from 150 to 450 feet, suggesting that 
it was deposited on an uneven surface.

Lithologically it is a rather soft, thin-bedded, mostly 
fine-grained, light gray to buff limestone...Much of it is 
sandy or shaly and crushes extensively in the vicinity of 
faults. Weathered surfaces are distinctly yellow to brown 
in contrast with the light gray color of fresh surfaces. One 
of the most noticeable characteristics of this formation is 
the lack of epidote, garnet, and diopside hornfels near 
intrusive contacts. Instead, the limestone contains abundant 
disseminated wollastonlte and tremollte, very little of which 
forms massive metamorphic bodies. This is especially true in 
the portions which were sandy, or contained sponge spicules.
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The base of the formation is marked at one place by a 
thin bed of quartzite, at another by a thin bed of shale and 
at others by normal Martin limestone. Within the formation, 
the impurities are lentlcularly arranged. A dark-blue, shaly 
limestone, exposed only for a short distance near the south 
end of the Escabrosa Cliff, has been altered to an andaluslte 
schist. The andaluslte is present in needle-like crystals 
forming as much as 10 percent of the rock. Other evidences 
of schlstoslty are missing from this bed, which was not 
observed at any other point along the Martin outcrops.

At one point the Martin limestone appears to have been 
completely "faulted out", and the Escabrosa lies In contact 
with Abrigo. The presence of this fault might be easily 
overlooked as there is very little evidence of gouge, or 
crushing, and the strike of the cherty layers in the Abrigo 
is parallel to the contact.

Fossils found in the Martin limestone are badly distorted 
and metamorphosed. Forms resembling Acervularla and Cladopora 
were observed but their identity was vague.
MISSISSIPPIAN 
Escabrosa Limestone

The Lower Mississippi Escabrosa consists of a pure, non- 
magnesian limestone. The color varies from almost pure white 
to gray, with some portions showing pink tints. Where not 
faulted, these limestones lie in conformity, on the Martin 
limestone, but are distinct because of their tendency £o form
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cliffs and ridges in contrast to the slope-forming habits of 
the Martin limestone. Due to the massive character of the 
beds it is almost impossible to determine strike and dip, 
especially since recrystallization, attendant to the intrusions, 
has destroyed much of the evidence of bedding. Calcite 
cleavage rhombohedrons measuring more than one inch on each 
side are not uncommon.

Large Mississippian cup corals were found in the 
Escabrosa limestone at several places. Generally they were 
accompanied by Syrlngopora and small Zaphrentold corals. One 
specimen of a Favosltida coral was found but was so altered 
by recrystallization of the calcite that it was not possible 
to make closer identification. Although Ransome^4  ̂ reports 
large accumulations of crinoidal stems at Bisbee, very few 
were found in this area.

Solution cavities are a prominent part of the weathered 
surfaces of the Escabrosa limestone. They tend to follow 
Joints and are especially common along stream channels, which 
are often grooved and fluted and show numerous potholes filled 
with sand. Many stream channels are kept scoured by the 
abrasive action of sand carried by the heavy run-off from 
sudden showers falling on the bare limestone slopes.

(14) Ransome, F. L., Geology and ore deposits of the Bisbee
quadrangle: U. S. Geol. Survey Prof.
Paper no. 21, 1904.
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Enlows^®) reports 750 feet of Escabrosa in the Little 
Dragoon mountains, and Ransome^®) reports 700 feet at Blsbee. 
Dunham(I?) estimated 525 feet in the Blue Jay area, but field 
work by the writer has shown that the base of the Naco is 
higher in the column than he suspected. The thickness at 
Helvetia is estimated by the writer to be about 700 feet, 
although thickening and thinning during deformation and vary
ing amounts of erosion during upper Mississlppian times may 
change this figure by as much as 100 feet.

Deformation is characteristically accomplished by re- 
crystallization and plastic yielding. Faults have been observed 
but were difficult to trace due to the tendency of the limestone 
to flow and recrystallize, sealing the shear planes. Distorted 
calcite rhombohedrons were drawn o#t until their length became 
several times their breadth.

Weathered surfaces are often covered with a sooty gray 
stain.

(15) Enlows, Harold, Geology of the Little Dragoon Mountains,
Ariz.: Doctor's thesis, Univ. of Ariz.,
1959.

(16) Ransome, F. L., Geology and ore deposits of the Blsbee
quadrangle: U. S. Geol. Survey Prof. Paper
no. 21, p. 42, 1904.

(17) Dunham, M. S., Geology of the Blue Jay Area, Helvetia,
Ariz.: Master's thesis, Univ. of Ariz.,
1937.
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PENNSYLVANIAN 
Naco Formation

Lying above the Escabrosa, and separated from it by a 
thin bed of dark-gray to dark greenish brown shale, which may 
or may not contain pebbles or boulders of vein quartz, chert 
or quartzite, is the Naco formation. Above this parting shale,
the abundant coral fauna of the Escabrosa limestone could not

\be found, and the massive, poorly bedded limestones give way 
to thlnner-bedded limestones and light gray thin-bedded silt- 
stones.

No fossils could be found in the Naco formation, but the 
interruption of sedimentation, and the change in lithology of 
the beds above the shale member are believed to be sufficient 
grounds for separating the two formations at this horizon.

Near the base of the formation the limestone beds are 
light colored, moderately coarse to fine-grained, and may be 
as much as 10 feet thick. They are interbedded with light 
gray calcareous shales which metamorphose into siliceous beds 
which greatly resemble a fine-grained white quartzite. The 
proportion of limestone decreases progressively upward 
through the section and the bedding tends to grow thinner.
The lower 700 feet of the formation is dominantly light colored 
except for erratic patches of garnetized shales. The upper 
portion, generally light colored when fresh, tends to weather 
to a rusty brown color. At the top of the formation is a
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eerie8 of gray-green to brown-green thln-bedded (one to three 
inches) shales about 800 feet thick. The estimated total thick
ness present in the Helvetia district is 1500 feet. Difficulty 
in finding an unfaulted series of beds from top to bottom of 
the formation precludes any accurate measurement of the section.

Prior to 1940 the shaly uppervportion of the Naco formation 
had been assigned to the Manzano (Permian) formation. Finding 
of the guide fossil, (Sopp)^QJ Chaetetes milliporaceous, 
for the Naco in the supposed Manzano formation of the Empire 
mountains made a reassignment of these beds necessary. The 
dark colored shales are used in this thesis as the marker for 
the top of the Naco to place it in harmony with the recent 
fossil evidence.

The finding of the shale-conglomerate horizon at the base 
of the Naco, and the presence of Mlsslssippian coral fauna in 
rocks assigned to the Naco by Dunham, make a revision of 
his map and section appear adviseable. This was done by , 
using the previous topographic map, with revisions, and

(18) Sopp, G. P., The Geology of the Montana Mine Area,
Empire Mountains, Arlz.: Master1s thesis,
Univ. of Arlz., 1940.

(19) Dunham, M. 5.,Geology of the Blue Jay Area, Helvetia,
Arlz.: Master's thesis, Univ. of Arlz.,1937.
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incorporating that portion which covers Deer Hill and the 
Escabrosa ridge into the present map. The geology was remapped 
and revised to accord with the recent discoveries. This involved 
the substitution of fixed marker horizons for the arbitrary 
division of the Carboniferous section as presented in the map 
of the Blue Jay Mine Area.

Ransome^O) made no mention of an erosional disconformity 
between the Escabrosa and the Naco limestones, though he may 
have been aware of the time lapse between the two formations 
as he says the Escabrosa limestones contain lower Mississippian 
fauna and the Naco contains a lower Pennsylvanian fauna near 
the base of the formation. As near as could be determined 
from the scant bedding in the Escabrosa limestones at Helvetia, 
there is no angular unconformity.

Recent mapping in the Empire Mountains and Santa Rita 
Mountains has disclosed the presence of a parting shale which 
is more persistent than was previously supposed. This shale 
contains sand and pebbles of chert and quartzite. The chert 
was possibly derived from weathering of the Escabrosa lime
stones, leaving the chert as a residual conglomerate. The 
extent of this hiatus has been disclosed by the finding of

(20) Ransome, F. L., Geology and ore deposits of the Blsbee
quadrangle: U. S. Geol. Survey Prof.Paper
no. 21, p. 45, 1904.
Some Paleozoic sections in Arizona and 
their correlation: U. S. Geol. Survey
Prof. Paper no. 98K, 1917.
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tfie Paradise formation which lies stratigraphically between 
the Escabrosa limestone and the Naco limestone. Occurrence 
of this formation, in Arizona, was reported by Stoyanow^*^ 
and described by Hernon^B) states that it is unknown west
of the Chlricahua Mountains and comprises a series of lime
stones and shales, which, including an un-named member at the 
bottom, are 345 feet thick.

The Naco limestones and shales are fairly resistant to 
erosion, especially when metamorphosed. The resulting horn- 
stones often form prominent ridges next to the valleys eroded 
in the soft Middle Manzano beds and the unmetamorphosed Naco.
The rusty brown weathered surface is the most readily 
noticed feature of the upper Naco.

In the original definition of the Naco limestones, 
Ransome^S) included the present Naco formation (sensu stricto), 
the beds now called Manzano group, and the Snyder Hill limestone. 
The use of the term "Naco formation" as used in this paper 
is not to be confused with the original Naco limestones as. 
described at Blsbee. The 3000 (plus) feet of Naco limestones

(21) Stoyanow, A. A.,Notes on recent stratigraphic work in
Arizona: Am. Jour. Sol., vol. 12, 5th
series, p. 315, 1926.

(22) Hernon, R. M., The Paradise formation and it's fauna:
Doctor's thesis, Univ. of Arlz., 1934.

(23) Ransome, F. L., Op. cit.
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mentioned in Ransome1s papers correspond to: Lower Naco
(800 ft.) Upper Naco (700 ft.) Ydso (1000 ft.) San Andres 
(700 ft.) and Snyder Hill (500 ft. plus) as mapped at Helvetia. 
PERMIAN 
Manzano Beds

Resting on the Naco shales, in apparent structural 
conformity, is a series of soft, white, marly limestone which 
may show a pinkish tint in some places and a gray color in 
others. Lenticular masses of gypsum are numerous, and give 
rise to a peculiar weathered surface when the gypsum comprises 
more than a small proportion of the rock. These soft 
gypsiferous beds have been plastically deformed and faulted 
until a reliable stratigraphic section does not exist in the 
district. The best estimate of their thickness, obtained north
east of the Heavy Weight mine, places it at 1000 - 1300 feet.

Due to their soluble and friable character they are 
easily eroded and form wide valleys, except where metamorphism 
has formed a hornstone or hornfels. This latter condition does 
not extend to any great distance from the intrusive contact 
as it does in the Naco formation. Introduction of silica and 
formation of lime silicates in the Manzano (Yeso)(?) limes is 
generally limited to a distance of 300 feet from the contact. 
Within this zone, however, contact metamorphlc action may. 
produce a porcelanous garnet, epidote, dlopside hornfels which 
is very similar to those of the lower Naco formation, making 
them difficult to distinguish lithologically. No metamorphosed 
gypsum was noted. .
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Correlation of these beds with the Manzano formation of 
New Mexico, has been made by Dr. A. A. Stoyanow^^) on the 
basis of marine fossils found in similar beds in the Whetstone 
mountains. The Supal formation, of northern Arizona, is of 
the same age but is of continental origin and is therefore to 
be distinguished from the marine Manzano. Darton^S) reports 
interfingering beds of the two formations at certain 
localities in the southern portion of the Mogollon plateau 
and in the Ft. Apache Indian Reservation.

The white limestone and marls are conformably overlain 
by a dark, bluish-gray limestone which is in turn overlain 
by two thick quartzite members with an interpbsed slate-gray 
to light gray limestone. This upper division of the local 
Manzano group is now being tentatively correlated with the 
San Andres formation of the New Mexico Manzano, while the 
soft gypsiferous limes and marls are correlated with the 
Yeso^G). Marine fossils are quite common in the limestone 
members of the San Andres formation. The writer has observed

(24) Stoyanow, A. A., Correlation of Arizona Paleozoic
formations: Seol. Soc. Am., vol. 47,
p. 530, 1936.

(25) Barton, N. H., A Resume* of Arizona Geology, Univ. of
Arlz., Bull. 119, pp. 84-87.

(26) Stoyanow, A. A., Oral communication.
also Lee, W. T., Manzano group of the Rio Grande Valley:

U. S. Geol. Survey Bull. 389, p. 68, 
1909.



weathered.specimens of Brachlopods resembling Camorophorla 
delol (King) and Compos!ta mexicana (Hall) In the lower San 
Andres limestone along with coiled gastropods similar to those 
found in the Snyder Hill limestone. Jones^?) reports the 
presence of Orthonema aff. Socorroense (Glrty), Phanerotrema 
manganicurn (Lee), Myallna apachesi (?) (Marcou) and small 
crinoidal plates in the same limestone in the Sycamore Ridge 
area. All of these fossils, together with Productus ivesl 
are reported by Lee^S) to be present in the Manzano beds 
of the Rio Grande Valley. Productlds are also present in the 
San Andres at Helvetia but are calcified and poorly preserved.

A sillcifled gastropod from the lower limestone was 
leached in acid and identified by Dr. Stoyanow, who assigns 
it to the genus Natica, species unidentified.

(27) Jones, W. R., Geology of the Sycamore Ridge Area.
Master's thesis, Univ. of Arlz., 1941.

(28) Lee, W. T., Manzano group of the Rio Grande Valley:
U. S. Geol. Survey Bull. 389, 1909.
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Manzano section at Helvetia:
Quartzite, generally light to white but may 

be pink. It may. show strong 
sacoharoidal texture. 75 - 100

Limestone, light gray to slate-gray. 100 - 150
Quartzite, generally pink and sandy but 

may be bleached near the 
granites. The only evidence 

of bedding is an oscillatory 
variation in grain size and
sorting of the same. 200 - 350

Limestone, dark gray, containing fossils 
similar to Snyder Hill, plus 
minute Manzano gastropods..
Near the northern limit of 
the area the upper portion 
of this member is sandy and
Irregularly bleached. 200 - 400

Quartzite, thin and .not always present.
Limestones with lenticular bodies of 

gypsum, marl, and shale.
Gypsum is near the bottom 
of the formation. Thickness
is very irregular. 700 - 1100

Naco limestones and shales.

The quartzites are thoroughly shattered by the faulting 
and folding which accompanied the intrusion of the granites.
As a result it is difficult to find exposures of top and bottom 
of these members without the probability of faulting. Folding 
has had a tendency to cause thickening and thinning in the 
limestones of both the San Andres and Yeso formations.
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Snyder Hill Limestone
The Snyder Hill limestone is characteristically a 

dark bluish-gray limestone of Permian age. It is very massive 
and nearly always a cliff-forming formation, making a prominent 
topographic feature wherever it occurs. Bedding is very 
indistinct and many beds are massive.

There are two fossiliferous horizons. One contains 
calcified shells which are very difficult to release or to 
recognize. In the other they are quite well preserved and 
only slightly calcified. It is not unusual to observe the 
remnants of coiled gastropods or productlds, preserved in 
pure calclte casts, standing out as strong white spots 
against the very dark limestone background around them. Only 
the outline remains and none of the finer skeletal features 
are preserved.

The distinctive Permian fauna recognized by the writer 
includes Comooslta mexicana. cup corals (sp.)), Camarophorla 
deloi, coiled gastropods (resembling Avonla sp. and Buxtonla 
sp. ?, and Belleronhon sp.? Pro ductus sp., and several Bryozoa. 
Both colled gastropods and Comooslta were identified in all 
but one of the blocks of Snyder Hill limestone, shown on the 
map. This exception is the hill containing the Old Dick mine. 
At this locality the presence of the white, saccharoidal 
quartzite beneath the limestone and the kaollnous shales above
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(Suggestive of Cretaceous) was considered to be conclusive 
evidence to identify Snyder Hill.

The upper surface of the Snyder Hill limestone is every
where eroded, making estimates of its original thickness 
impossible. This erosion surface was characterized by 
prominent hills and solution cavities, suggestive of sea- 
caves or of karst topography. Some very Irregular contacts 
were noted during the examination, including irregularities 
which could only have been formed because of solution 
cavities as mentioned above.

In general, these limestones are very competent and yield 
by flowing and .recrystallization as well as by fracturing.
Their massive character and tight jointing make it very 
difficult to determine the bedding planes, and conversely, 
the strike and dip.

Referring to the Snyder Hill limestone, in the Blue
Jay area, Dunham^9V says: The top of this formation

in the Blue Jay area is marked 
by 30 feet of brownish, somewhat 
muddy, massive quartzite. The 
total thickness in the area is 
590 feet...........w

It was thought, at first, that he referred to the San Andres 
limestone, but thorough investigation revealed that the Manzano

(29) Dunham, M. S., Geology of the Blue Jay Area, Helvetia,
Arlz.: Master1s thesis, Univ. of Ariz.
p. 18, 1937.
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quartzite had over ridden the Snyder Hill limestone at one 
outcrop; and' that a muddy, siliceous, brown slate, similar 
to that found near Lopez pass, formed the base of the Cretaceous.

The Snyder Hill contains a fauna^O) which is similar 
to that found in the lower Kaibab limestone near Grand Canyon. 
MESOZOIC 
Cretaceous Beds

The basal member of the Cretaceous sediments, in the area 
covered by this map, shows a varying texture and composition.
The most common is a slightly calcareous gray shale, with 
traces of very fine arkoslc sand. There is also a buff- 
colored shale with small, Irregular lenses of green shale 
mixed with the buff. Adjacent to intrusive contacts, these 
shales, have been hardened and baked until they resemble a 
slate, though they generally lack the slaty cleavage.

Above these shales, is a thick series of red, green, 
gray, gray-green, maroon and buff shales, arkoses and 
conglomerates. The latter are composed mostly of granitic 
or volcanic material, containing pebbles of lava, and 
porphyries of varying composition. The size of the pebbles 
varies up to four or five Inches in the coarser beds. * •

(30) Stoyanow, A. A., Correlation of Arizona Paleozoic
formations: Geol. Soc. Am., vol 47,

• 1936.
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Hematite is the most common staining material in the red 
facies of this series, while iron silicates and organic matter 
are probably responsible for the gray and green colors.

Outcrops of some of the buff arkosic sandstones are 
difficult to distinguish from the surfaces of weathered 
porphyries. The conglomerates and shales afe easily distinguish
ed, but the sandy, equl-granular, arkosic members have mutual 
boundaries with the porphyries which are difficult to map with 
any degree of confidence. One area, in particular, is worthy 
of mention in this regard. It lies in the northeast corner 
of the map, near the Junction of the streams. Quartz, feld
spar, biotite, llmonlte, and minor accessory minerals have 
been found in croppings which the writer believes to be of 
sedimentary origin.

At points where the bedding of both the Cretaceous and 
Snyder Hill limestone is preserved, near the contact, there 
is a difference of about 10 degrees in dip and a similar 
difference in strike. Such places are difficult to find, but 
the evidence of a slight discordance is quite definite. As 
the surface on which the Cretaceous was laid down was very 
irregular, it is probable that greater discordances exist, 
but were not observed by the writer.

Only a small portion of the Cretaceous series is exposed 
within the area mapped. The maximum thickness in the vicinity 
has never been determined but is known to be great.
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Since'Alberding (31) measured more than 5000 feet In the r
■- ' . : ■ JNorthern Empire Mountains with an unknown additional thickness, 

detailed mapping of the Mt. Fagan area would be necessary to 
arrive at a logical estimate. It Is sufficient to say, here, 
that there are several thousands of feet of Cretaceous strata, 
possibly 10,000 to 15,000 feet.
Deformation

Both faulting and folding were observed in the Cretaceous 
beds near Helvetia. Of the two, faulting is:.probably the more 
common. In many places the beds are tilted at high angles. 
Indicating that much of the deformation which the region has 
undergone, has been In post-Cretaceous times.

The immense amount of Igneous material Indicates that 
intense volcanic activity was going on during the time the 
sediments were being deposited, or a large area of granitic 
rocks was exposed at no great distance. Otherwise the arkoses 
would not have been preserved, as such. This point is of 
interest in the dating of the first granitic intrusion.

Popoff(32) reports the presence of Vlvjparus so. and 
Unlo so. shells in the Cretaceous north of Box Canyon. They 
were in thin, local, fresh-water limestone beds. He suggests

(31) Alberding, H., The Geology of the Northern Empire
mountains, Ariz.: Doctor’s thesis,
Unlv. of Ariz., p. ,1938.

(32) Popoff, C., The Geology of the Rosemont Mining
camp, Arizona; Master’s thesis, Unlv. 
of Ariz., p. 51, 1940.
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that this horizon should be correlated with the Fort Crittenden- . ' .. i
formation of Adobe Canyon (uppermost Cretaceous).

S c h r a d e r f e l t  that the presence of Unlo and Vivloarus 
Indicated Eocene age. Stoyanow(34) expressed the same opinion 
In 1936, but recent flnds^S) of vertebrate fossils in the 
same beds indicates that they are more probably correlated 
with the Laramie (latest Cretaceous).
CENOZOIC
Tertiary

The writer has observed no Tertiary sediments in the 
district of Helvetia. The area is entirely mountainous and 
all alluvial material is adequately explained by Quaternary 
or Recent erosion and deposition.
Quaternary and Recent

The alluvium found in the vicinity of the old towns!te, 
and in the valley north and east of the old Tip Top mine 
consists of stream washed gravel and sand. It is very coarse 
and irregularly bedded. The thickness varies from a scant * •

(33) Schrader, F. C., Mineral deposits of the Santa Rita
and Patagonia quadrangles: U. S. Geol.
Survey Bull. 582, p. 45, 1915.

(34) Stoyanow, A. A., Correlation of Arizona Paleozoic
formations: G-eol. Soc. Am., vol. 47, 
p. 296, 1936.
• '

(35) Stoyanow, A. A., Oral communication.
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cover, up to 60 feet.
In the southwest corner of the area, where the heavy 

alluvial cover Is found, the remnant of an older surface 
of aggradation Is apparent. Deep washes have recently been 
cut Into these gravels, exposing a granitic bedrock In many 
places. The most plausible explanation for this condition 
Is a changing stream gradient, caused by tilting or faulting.

The presence of low outlying hills about li miles 
west of the town suggest that there may have been some 
differential faulting, with those blocks being raised with 
reference to the main part of the range. This would force 
the streams to drop their load behind the barrier until It 
could be breached, and the normal gradient renewed. Breach
ing of the barrier, or headward erosion of a stream working 
behind the barrier would permit the streams to Incise them
selves In the gravels, as they now are.
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/ IGNEOUS— ROOKS
Two granitic intrusions have penetrated the rocks of 

the area. The earlier is gray and coarsely porphyrltic, while 
the later is light (nearly white) to pinkish and more even 
grained. The earlier will be referred to as the dark granite 
to distinguish it from the light granite which intrudes it. 
DARK PORPHYRITIC GRANITE

The oldest recognized intrusive is a coarse porphyrltic 
gray granite with large light (often salmon tinted) gray 
phenocrysts of orthoclase and microcline, some of which 
have diameters up to three-and-one-half Inches, the size 
varying greatly in adjacent areas. The average phenocryst 
measures between one and two inches and the space between 
them is occupied by smaller crystals of orthoclase, blotlte, 
and iron oxides. Chlorite is also a common constituent 
though not observed at appreciable distances from fault 
zones.
Composition

Field observations indicate the mineral composition 
varies between the approximate limits shown below:

Orthoclase
Percent 
30 - 40

Microcline 30 — 40
Quartz 15—— 20
Blotlte 3 - 15
Chlorite 0 - 1 0
Magnetite 5 - 7
Others* 0 - 5

* Includes sphene, pyrite, chalcopyrite, etc.
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, Microscopic analysis of a thin-section of dark granite 
taken from the area north of the Heavy-Weight mine showed 
the following proportion of minerals:

Mineral . Percent
Mlcrocline 36
Orthoclase 29
Quartz 22
Biotite 5
Magnetite 5
Plagloclase 2
Others _JL100

Most of the orthoclase and mlcrocline is clouded by 
serlcitlc alteration, and kaolin. Some of the blotlte has 
been bleached and has much weaker color and pleochroism 
than the olive-green to brown, unbleached, crystals. It is 
seen in small clusters around the edges and in cleavage or 
Joint planes of the feldspar phenocrysts. No particular 
orientation of the mica cleavage was noted, and all of the 
crystals were small. Magnetite is most Intimately associated 
with biotite but small scattered specks are included in the 
feldspar and quartz.
Field Relations

Field relations indicate that the granite was intruded 
as a relatively large stock with satellltlc masses penetrating 
the sedimentary rocks as sills and dikes. The main body of 
intrusive is located on the west side of the present crest 
of the range, as is also the light granite. The dikes and 
sills, many of which are large, commonly occupy fault zones.
It is probable that the displacement on the dike fissures ■
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took place at the time of Injection.
No evidence of the dark granite within the main mass of 

light granite was observed. Instead, it forms a belt 
around the margin of the light granite, next to the sediments. 
The dikes and sills Intrude the late Paleozoic Manzano and 
Snyder Hill formations and are definitely post-Paleozoic.
Where the granite comes in contact with the Manzano quart
zites, there are tiny veins of the granite fingering into 
the quartzite. The quartzites near the contacts have been 
subjected to the corrosive action of fluids from both the 
dark and light granite magmas.

The contact between the dark granite and probable 
Cretaceous sediments is observed in only one place, which is 
also near the light granite and in an area which is intensely 
faulted and sheared. This makes the relations uncertain. If 
the contact is intrusive, the granite is post-Cretaceous, if 
faulted, the granite may be older than the sediments.

The immense amounts of arkoslc sandstones, shales, and
■ : • ■■■-' ' . ■ : : IVconglomerates containing igneous materials, which form the

major portion of the Cretaceous formations in the northern 
Santa Rita and Empire mountains constitute indirect evidence 
regarding the age of the dark granite. Since arkoses are 
not formed at points remote from sources of granitic or 
volcanic rock, there must have been strong volcanic activity, 
or a large area of granitic rocks exposed to active erosion, 
during the time that they were being laid down. The probable
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4ate of intrusion, then, was pre-Cretaceous to middle- 
Gretaceous (Mesozoic).

The dark granite weathers to a cinnamon brown, readily 
distinguished from the faint reddish brown or light buff 
of the light granite. Resistance to weathering and erosion 
varies greatly. Where fractured and not slllcifled by later 
intrusions, It erodes readily and forms stream channels.
Where sllicifled or Jointed and impregnated with aplltic 
material from the later granite, it is very resistant and 
may form ledges and ridges. Hart Butte is an example of 
this "stiffening* of the granite.
LIGHT GRANITE

The light colored granite is a nearly white to pinkish, 
or greyish, holocrystalllne siliceous granite. It consists 
essentially;of quartz, orthoclase, ollgoclase, and muscovite, 
with varying amounts of biotite and other mafic minerals. In 
the portions where the mafics constitute as much as 5 percent 
of the rock, the weathered outcrops are slightly colored with 
a llmonlte-hematlte stain.
Composition • . • .

Megascopic examination shows that the relative proportions 
of the minerals varies within the approximate limits shown 
below:

Mineral Percent
Quartz 30 - 35
Orthoclase 35 ** 40
Microcline 5' - 20
Ollgoclase 10 - 20
Muscovite 3 - 7
Biotite 3 - 7
Other mafics 1 - 5
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— " Microscopic analysis shows the following proportions 
of minerals in a specimen from the King mining claim:

Dimensions
Mineral Percent Max. mm. Ave."mmOrthoclase 38 2 1.1Ollgoclase 14 1.3 1Microcllne 13 1.5 1Quartz 
Pyrite and 
Muscovite

30
limonite 1

3
2.0 1

Biotite 1
The texture of the specimen Is equlgranular with 

subhedral plagioclase and anhedral orthoclase, microcllne 
and biotite and muscovite.

Portions high in ollgoclase approach the composition 
of a quarts monzonite. The sample collected by Dunham, in 
the Blue Jay area was probably one of these.

The writer collected a coarse specimen of the light 
granite from the wash west of Deer Hill and found that the 
composition was closer to that of a quartz monzonite than the 
other specimens. Using the index of refraction and becke-line, 
it was found that much of the plagioclase had an index lower 
than balsam. Some of these crystals were zoned and the inner 
portions had the composition of ollgoclase while the outer 
shell was albite. By attempting to separate the alblte and 
ollgoclase the writer arrived at the following proximate analysis

Mineral Percent
Orthoclase 20
Quartz 29
Microcllne 22
Alblte 08
Ollgoclase 12
Biotite 4
Muscovite 5
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The reader will note that If the alblte and ollgoclase 
are considered together as plagioclase (Soda-Lime feldspars) 
that the result is a quartz raonzonlte. However it is 
customary to consider alblte as an alkali feldspar which 
makes the rock a granite.

Microscopic examination of another specimen, taken 
between the Heavy Weight and Old Dick mines, showed it to 
be a chilled facies, or a near contact porphyritlc facies 
of the light granite with quartz phenocrysts surrounded by 
a finer matrix of orthoclase, ollgoclase, blotite and 
accessory minerals. Late quartz velnlets filled tiny fractures 
traversing the rock. Minerals identified in this section are: 
quartz, orthoclase, blotite, carbonates, sphene, pyrlte and 
ollgoclase.

This is the type of rock which Spurr^3^  called "granite 
alaskite porphyry". To the writer, it appears to represent 
a porphyritlc, near contact, phase of the normal light granite, 
from which it differs only in texture, and in which blotite 
is the only mafic mineral. Although this mineral assemblage 
fits the definition of an "alaskite", as given by Spurr, the 
writer feels that it is a portion of the main granite mass.

(36) Spurr, J. E., Ore Magmas, MeGraw Hill, Hew York, p. 310,
1923.

also
Schrader, F. 0., Mineral deposits of the Santa Rita and

Patagonia quadrangles: U. S. Geol. Survey 
Bull. 582, 1915.
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-slightly impoverished in mafics and enriched in silica.
Field Relations

In the deep wash southwest of the Omega mln$, the light 
granite has a chilled phase near the contact and has metamorphos 
ed the darker porphyrltic granite. Veins of the light granite 
may be seen penetrating the dark granite along small branch
ing fissures.

In the Backbone, Don, and Grizzley claims the light 
colored aplite forms a network of small veins in the dark 
granite, in places forming a high percentage of the outcrop.
This evidence shows that the light granite is younger than 
the dark granite and intrusive into it.
Weathering

The light granite weathers readily and many of the 
deeper washes have been cut in it. Finer grained portions 
weather less rapidly and may stand out as low ridges. Aplites 
and quartz veins associated with this second intrusion are 
quite resistant and stand out as sharp ridges in both granites.

So far as observed, the alteration of the light granite 
is mostly limited to weathering and some garnetization near 
the contacts with limestones. Some faults show sericltlzatlon, 
but it is very limited.

Weathered surfaces of the normal light granite show 
little staining except in the porphyrltic phases. A light 
orange colored stain is formed where the porphyrltic phases 
or aplites are present.
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The quartz monzonlte porphyry Is a light brown to buff 
dike rock which intrudes the Cretaceous sediments at the north 
end of Sycamore ridge, and form a small plug-like capping 
between the granite and sediments, north of Hart Butte.
Blebs of quartz (phenocrysts) generally form the only mineral 
which can be identified megascopically. They are surrounded 
by a finely crystalline groundmass of feldspar and quartz with 
a small portion of mafic minerals. The finer grained portions, 
near the contacts, especially where weathered, are difficult 
to distinguish from the arkoslc sandstones of the Cretaceous 
series.

Microscopically it consists of large quartz phenocrysts 
(3 to 8 mm'.) and smaller oligoclase crystals in a crypto
crystalline groundmass of quartz, orthoclase, and plagioclase.
- - . //The feldspars are cloudy from weathering. In'fine groundmass

feldspars were identified by means of the Becke line test.
Flaky particles of biotite, muscovite, rutile and leucoxene 
were also recognized. Biotite, leucoxene and a small amount 
of llmonite give the rock it's color.

As one of the larger of these dikes cuts through the 
Cretaceous arkoses, it has been assigned to the Tertiary.
Time relations with reference to the granites is not certain.
It might possibly be worked out by a detail study of the contacts 
in the granite plug south of Lopez pass.

QUARTZ MONZONITE PORPHYRY
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The rhyolite porphyry is a very light gray, almost cream- 
colored dike rock intruding the light granite, and cropping 
in the wash east of the old Tip Top ranch house toward Deer Hill. 
The width is 10 to 15 feet and it can be traced for only a 
short distance before being lost under the thin layer of debris. 
The strike is roughly north and south. It is distinguished 
from the aplltes by. its strong porphyritlc texture and low 
quartz content.

RHYOLITE PORPHYRY

The following mineralogical composition : 
microscopic analysis:

Ls indicated by 

nercent
Orthoclase 42
Oligoclase 10
Blotlte 3
Leucoxene 3
Magnetite 1Cryptocrystalline groundmass 41.

The groundmass appears to be composed of crystallites
of quartz, feldspar and blotlte, too small to be identified 
with a magnification of 100 diameters. No quartz was observed 
but the writer believes that it is present in the groundmass, 
and therefore calls it rhyolite.

The maximum crystal diameter observed was 0.8 millimeter 
and the average dimensions are 0.2 to 0.5 millimeter.
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Intruding the light granite Is an olive-green dike rock, 
here termed basalt porphyry, with crystals too small to permit 
macroscopic identification. The dike is traceable for about 
one-half mile southerly from the side of the old Helvetia 
Copper Company smelter. The width varies from 5 to 15 feet, 
with an average close to eight feet. The general trend is 
S 15° W and the dip is 40° to the west.

The porphyry is only slightly more resistant to weather
ing and erosion than the light granite, and cannot be traced 
outside of the washes where recent erosion has exposed the 
rock surfaces.

The texture is fine grained and under the microscope the 
rock is seen to be a felted mass of tiny plagloclase feldspars. 
Extinction angles indicate a composition close to the andeslne- 
laboradorite boundary (Ab^gAn^g). This feldspar constitutes 
about two-thirds of the rock. Other minerals present are: 
antigorlte, muscovite, olivine, magnetite, and carbonates 
(probably calcite). A single fragment of quartz in a large 
section Indicates a low proportion of silica, which is further 
shown by the presence of olivine. The latter is largely 
altered to antlgirlte, and limonite which "forms a stain in the 
feldspars, and with the antigorlte, Imparts the color to the 
hand specimen.

It is quite possible that this rock is genetically related 
to the diabase.

BASALT PORPHYRY
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DIABASE
Diabase dikes have been observed In several of the 

faults In the vicinity of the Escabrosa cliffs. In two 
places the dikes have expanded to form bodies large enough 
to show on the map. The largest Is In an east-west fault 
zone and attains a maximum width of 90 feet, leasing out In 
both directions. In the westerly extension the dike becomes 
composite, with an aplite dike occupying the middle position. 
The apllte is similar to those related to the light granite 
intrusion.

Fresh diabase Is a gray-green color but It rapidly 
weathers to a mottled greenish brown when exposed.

Megascoplcally the texture is seen to vary widely with 
the grain size. The coarser specimens show green laths of 
plagioelase, with a felted arrangement, In a matrix of small
er plagioclase crystals and amphlboles.

A thin-section shows the plagioclase to be largely 
laboradorlte (maximum extinction angle of 38 degrees). 
Phenocrysts of laboradorlte (3 to 20 millimeters) are 
surrounded by smaller crystals of the same mineral, with 
subhedral hornblende, Iron oxide, carbonates, blbtite (?) 
chlorite and pyrite. Hornblende and plagioclase comprise 
more than 80 percent of the rock in coarse specimens. In 
finer-grained specimens (from thin dikes and sills) the 
proportions of maflcs are greatly increased. The plagioclase
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becomes a minor constituent and the mineral assemblage in 
order of abundance, is: biotite, hornblende, actinolite, 
chlorite, plagloclase, carbonates, quartz and antlgorite.

At the base of the Escabrosa cliff the limestone 
appears to lie on a sill of fine-grained, highly altered 
diabasic rock. This sill-like body is exposed at several 
places along the base of the cliff, and in an attitude that 
suggests an inter formatlonal position: 1. e., between the
Martin and Escabrosa limestones, or at a marly horizon within 
the Escabrosa. An alternate explanation is that the diabase 
occupies the plane of a fault, similar to other observed 
occurrences, but with a very flat dip (10 to 15 degrees 
eastward). Thinsections confirm the field impression that 
the sills are closely related to the diabase.

Field relations suggest that the diabase is later than 
the light granite, but are not conclusive.
PEGMATITE

On the west slope of Deer hill, the granite.and Bolsa 
quartzite are separated by a mass of granite pegmatite 
consisting of orthoclase, mlcrocllne, quartz, muscovite and 
biotite, given in order of their abundance. The maximum 
grain-size observed in thln-section is 5 millimeters, and 
the average is 2.5 to 5.0 millimeters. Hand specimens show 
mica plates having a width of 2& centimeters and makes the 
texture definitely pegmatitic. Feldspars and quartz also 
have diameters as large as one-half inch.
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Fleld relations do not show clearly the relation of 
the pegmatite to the other Intrusives, except that it is 
later than the dark granite, with which it is in contact.
It is probably related to the light granite. The maximum 
observed width is about 150 feet.
APLITE DIKES

Aplite dikes are numerous in the porphyritic granite, 
quartzites and in the light granite. They are most abundant 
near the contacts between the light and dark granites. In 
composition they range from a mixture of orthoclase"and 
quartz with a small amount of biotite, to masses of 
crystalline quartz. To some of the latter type, and some 
badly corroded quartzites, Spurr applied the name "arizonlte*.

Most of the aplltes are genetically connected with the 
light granite intrusion, and the largest of the dikes are 
in the dark granite near the Leader mine.
QUARTZ VEINS

Veins of massive quartz are quite common and generally 
lie in the porphyritic dark granite near the contact with 
the light granite and nearly normal to it. The width varies 
from a few feet to more than fifty feet. They may be as 
much as 500 feet long. They are especially numerous in the 
area between the Heavy Weight, Old Dick and Omega mines.
They appear as separate veins but several of them may be 
faulted segments of veins that were formerly continuous. As 
they are in the massive granite this faulting is very difficult 
to prove.
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The siliceous solutions appear to have originated in 
the light granite and flowed into fissures in the porphyritic 
granite. Spurr(37) refers to them as quartz aplite veins 
or aplltlc quartz veins. They strike generally northwest to 
southeast and are roughly normal to the contact between the 
intrusives, indicating that they had their origin in the 
light granite and had occupied fissures in the dark granite. 
This genetic relation and the presence of more typically 
aplltlc material in and adjacent to these large quartz veins 
lends credence to the idea of an aplltlc origin, though It 
is far from conclusive.

Other masses of quartz, listed in this group by 
Spurr(3?) appear to the writer to be highly metamorphosed 
quartzites. Thin-sections show semi-rounded quartz grains, 
in part recrystallized, with fractures along which granitic 
material has entered to alter and stain the quartz.

Two thin sections, one from quartzite exposed south of 
the Copper World mine and another from that east of the 
Heavy Weight mine, are composed of semi-rounded quartz grains, 
in part reconstituted by the hydrothermal solutions, and 
with Interstitial cavities filled with a silty (?) sericitic 
matrix. Small amounts of limonite are present as an 
alteration of pyrite, and as an Interstitial stain. The

(37) Spurr, J. E., Ore magmas, McGraw-Hill, New York, p. 310, 1923.
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intrusive solutions seem to have eaten along joint planes, 
replacing the quartz with a finer-grained quartz-feldspar- 
sericite combination.
Arizonite

Corroded quartzite may be seen at the contacts of the 
granites in the Omega, Omega-Extension, Don, Light Weight, 
Narragansett, Oswego, and several other claims. Some are 
only slightly altered, but others were so thoroughly reworked 
by the intrusive that they have taken on many of the 
characteristics of quartz aplites. To these Spurr gave the 
name "arizonite" which he defined as follows:

"The quartz aplite, or arizonite, it may be explained, 
is a peculiar highly siliceous aplitic dike rock which I have 
described from this locality, and named; it is an alaskite 
aplite with the feldspar reduced so as to form an accessory 
constituent, so that quartz is by far the most Important 
constituent; thus the rock belongs to a more siliceous group 
than do the alaskites. On account of the aplitic grain and 
texture, the rock resembles very closely a quartzite. Besides 
the feldspar, the usual granite accessories (zircon, muscovite, 
garnet, etc.) occur. ............

The fact that the quartz aplite, or arizonite, solidified 
with a homogeneous fine grain throughout, the grain and structure 
being Identical with the somewhat earlier alaskite aplite. 
indicates that the two magmas (quartz and quartz feldspar) 
had about the same viscosity, and cooled under the same 
conditions and at the same rate. The quartz magma, which 
became arizonite (like the sllghtlv earlier quartz-feldspar 
magma which became alaskite aplite) was not attenuated and 
aqueous, even though residual. Crystallization set in 
simultaneously in numerous closely adjacent centers, so that 
growing quartz crystals interlocked in a uniform quartzite
like mosaic; and the great viscosity is evidenced by the ■ 
homogeneity of texture and composition.......... *

In the opinion of the writer, their characteristics are 
not sufficiently distinctive from other highly metamorphosed 
quartzites to warrant a special designation.



56

METAMORPHISM AND METAMORPHIC ROCKS 

METAMORPHISM IN THE GRANITES

Southeast of the Mineral Monument No. 1 and in the 
fault zone between the Leader and Heavy Weight mines, the 
granite is much finer grained and contains a greater 
proportion of the mafic minerals, magnetite, biotlte and 
chlorite.
BIOTITE ROCK

In the fault zone between the Leader and Heavy Weight 
mines is a very dark xenolithlc (?) mass of material here 
designated as "biotlte rock". Megascoplcally it consists of 
a mass of dark micaceous material which resembles a knotty, 
metamorphosed, black limestone, especially on the weathered 
surfaces. On fractured surfaces it resembles certain 
fibrous plastics used in the electrical industry. Microscop
ically, it is seen to consist essentially of biotlte, 
muscovite, chlorite, and quartz with small amounts of feld
spar, pyrlte and magnetite. The proximity to shales of 
apparent Cretaceous age suggests that it may be the meta- 
morphic product of a shale zenoliths in the granite. On the 
other hand, the dark granite in which it is found appears 
to be older than the Cretaceous.
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ANDALUSITE GNEISS -
About 200 feet northeasterly from the biotite rock, 

is a gneiss which, at first glance, looks like a sheared 
gray marble. Closer Inspection indicates that the rock is 
an ordinary crush gneiss which occupies a shear zone in the 
dark granite.

Thin sections reveal the presence of 8 to 10 percent 
of andalusite which appears to be one of the earliest 
minerals and one of the more resistant to crushing. In 
order of abundance, the minerals are: blotlte, orthoclase,
microcline, andalusite, muscovite, quartz, ollgoclase, chlorite, 
and apatite. All are crushed and altered. Muscovite replaces 
blotlte and feldspars. Muscovite and chlorite occupy the 
fractures in andalusite, indicating that they are of later 
origin and probably formed at the expense of the andalusite.

Twinning of the microcline has a peculiar wavy extinction, 
due to shearing. Blotlte is concentrated in a rough linear 
pattern which is visible in the hand specimen but orientation 
of the cleavage is lacking. Comparison of the mineral 
composition of the andalusite gneiss and the dark granite 
shows that the difference is limited to an increase of blotlte 
and the presence of andalusite in the gneiss.
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ALLANITE FAULT BRECCIA
A fault with granite and quartzite on one wall and 

Manzano limestone on the other, crosses the eastern part of 
the Heavy Weight ridge. In the crushed zone along the fault 
is an unusual assemblage of minerals. Chlorite, tremollte, 
and allanite form the bulk of the material, with subordinate 
hematite, magnetite, goethite, limonlte, and pleonaste (bright 
green spinel). The rock is relatively soft and may be easily 
removed with a hand pick.

METAMORPHISM OF SEDIMENTARY ROCKS
MARBLE

The entire Escabrosa limestone formation has turned to 
marble under the influence of the intrusions and deforming 
stresses. Crystals measuring as much as an inch in diameter 
are common in this formation. Pure limestone members of the 
Naco and Manzano formations have also been marblized, and to 
some extent the Martin limestone is affected in the same 
manner.
QUARTZITES

Cambrian and Permian quartzites which have come into 
contact with the intruslves have been reconstituted, and 
cemented by the metamorphic action of the magma. At numerous 
places within the district and along the crest of the range 
toward Box canyon the corrosive action of the magmas on the 
quartzite may be observed. These quartzites are much more
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-resistant to erosion than those which have not been acted 
upon by the magmatic solutions. The latter: have been ao 
intimately sheared and crushed by the deforming stresses 
that, they are readily eroded and frequently form talus slopes 
upon the soft Manzano limestones lying below them.
ANDALUSITE SCHIST

Metamorphic forces, acting on a shaly limestone member 
of the Martin limestone, have produced in it a felted mass 
of long, needle-like crystals of andalusite. The crystals 
are long and slender and have not gained sufficient 
individuality to show up well in thin section, but with the 
aid of a hand lens the dark crosses so characteristic of 
chlastolite may be readily identified. The andaluslte 
crystals are the only evidence of schistosity within this 
bed which can be traced for less than 100 yards. This locality 
is immediately below the Escabrosa cliff, near its southern 
end. In the other blocks of outcropping Martin limestone this 
bed was not recognized.
HORNFELS AND HORNSTONE

Many beds in the Naco formation and some in the Manzano 
are siliceous or argllaceous. Where these beds are near 
intrusive masses they are readily metamorphosed into garnet- 
epidote-dlopslde hornfels or into a very fine-grained, 
porcelain-like siliceous hornstone which resembles novaculite. 
The Naco hornfels and hornstones are very resistant to erosion
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and tend-to form ridges. Weathered surfaces are stained 
brown by a coating of limonite, somewhat analagous to the 
desert varnish formed by manganese oxides.

Thin sections show the garnets, epidote and dlopside 
in the finely banded hornfels to be arranged in thin bands 
with sharp, clean boundaries, indicating that heat and 
pressure were the chief environmental factors in producing 
the metamorphism. Had water been present in large quantities 
as hydrothermal solutions the bedding laminae would have 
been destroyed. The laminated character of the bedding is 
more noticeable after the hornstones are formed than in the 
un-metamorphosed portions of the same bed. Other places the 
metasomatlc processes were at work and large masses of garnet 
ized limestone were formed.

Formation of; hornfels and hornstones in the Manzano 
limestones is limited to a zone within 100 yards of the 
intrusive contact. In Naco beds the metamorphlc effects 
may extend as far as a half-mile from visible intrusions. 
LIMESTONE-INTRUSIVE CONTACTS

The granite-limestone contacts in the Heavy Weight mine 
and adjacent to it are marked by a finely crushed, amorphous 
(?) silica which resembles a siliceous sinter from a hot 
spring. The limestone appears to have been leached out and 
the powdery silica left in its place. The contact is very 
Irregular and shows some movement but is believed to be 
_intruslve despite the faulting. The faulting Is believed to



belong to the period of intrusion of the light granite.
The "sinter" lies at the contact of the limestone with both 
intrusives but thins gradually as the distance from the 
light granite Increases.

Many, but not all, of the intrusive contacts between 
the limestones and granites are marked by varying amounts of 
dlopslde, garnet, and epidote veins, or zones. The garnets 
are limited mostly to the limestones and hornfels, but it 
is not unusual to find a zone of garnetlzed granite which 
grades gradually into a normal granite at a distance of 5 
to 50 feet. The garnets in granite are especially noticeable 
on the south side of the Old Dick mine, where the light 
granite is in contact with the Snyder Hill (?) limestone.

Other granite limestone contacts are marked only by 
small amounts of wollastonlte or tremolite, or may show 
no metamorphlc Influences other than marbllzing of the 
limestone.
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ECONOMIC -GEOLOGY 
ORE DEPOSITS

GENERAL STATEMENT
No large bodies of ore have been developed in spite of 

the abundance and widespread indications of ore bearing 
minerals in the sedimentary rocks adjacent to the intrusive 
bodies. Neither have any of the veins been shown to contain 
continuous tabular ore bodies. Both carbonate and sulfide 
ores are confined to irregular shoots or lenses near the 
intrusive contacts. The ores have been mined at shallow 
depth and mineralllzed fissures are not known to carry 
commercial ore at depths greater than 600 feet.

Metals known to occur in the district are: Copper,
gold, silver, molybdenum, lead, zinc, iron and tungsten.
Copper has been most important and most of the other metals 
have been produced as a by-product of the copper mining.
The exceptions to this are silver and molybdenum.

Production of the district since 1900 (including Rosemont 
Camp) is slightly in excess of $2,600,000. The total 
production is probably in excess of $3,000,000. (See 
production statistics for details)
HOST ROCKS

Most of the ores are in fissures or replacement bodies 
in altered limestones. These limestones have suffered three 

"" types (or stages) of alteration. Some are merely bleached.



63

others bleached and sillclfled, while another portion is 
thoroughly garnet!zed. The amount and kind of alteration 
depends on the composition of the limestone, the distance 
from the granite and probably on the temperature and 
chemical properties of the altering solutions.

The ores of the gametlzed zones contain large quantities 
of magnetite. Production statistics are not sufficiently 
accurate, nor detailed, to permit a ••breaking-down* of 
production into the types of ore, 1. e. carbonate vs sulfides 
or garnet!zed gangue vs sillclfled gangue. No ores were 
observed in igneous rocks, shales, or quartzites.
RELATION TO STRUCTURE

All of the mineralized veins or zones investigated by 
the writer were in faults or shear planes near the granite 
but mostly within bleached and silicifled or garnet!zed lime
stone. Few of the deposits are in simple fault zones. Most 
of them had minor shears curving irregularly into the walls.

With minor exceptions (including the Blue Jay Mine) the 
entire production of the camp came from a zone less than 4000 
feet wide and 3 miles long, forming a sweeping curve from 
near the Tip Top mine northwest of Helvetia to the crest of 
the range and then south along the ridge. On the west slope 
of the range, the general trend is S 70° E and the trend on 
the east slope is south to S 20° W. Throughout this belt 
the granite contact is included in the mineralized zone, and 
the bulk of the production came from fissures which are less
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than 500 feet from the granite.
The orehodies tend to form In shoots which are 

irregularly distributed along the fissures and in minor 
fractures near the fissures. The limestones replaced by garnets 
or granular quartz are sufficiently competent to maintain open 
fractures through which the ore-bearing solutions moved to 
deposit the pyrite and chalcopyrite etc.

Erosion has exposed the mineralized zones to the action 
of meteoric waters and formed oxidized ores near the surface 
of most of the veins. The writer does not concur in Schrader's

opinion that the chalcopyrite is secondary (supergene) 
and that the Copper World orebody was localized by the presence 
of the quartzite ( "quartz aplite dike") because that body 
formed an impervious dam to the movement of meteoric water.
It is believed that the fault zone lying east of the quart
zite (and above it) was channeled by hypogene magmatic solutions 
which formed garnets and stiffened the rock sufficiently to 
to permit the maintaining of open channels for the solutions 
to follow,.and that most, if not all, of the chalcopyrite 
was deposited by hypogene solutions passing through these 
garnet!zed, pyrltized and fractured rocks. The amount of 
secondary enrichment at the Copper World mine is suprlsingly

(4l) Schrader, F. C., Mineral deposits of the Santa Rita
and Patagonia quadrangles: U. S. G-eol.
Survey Bull. 588, pp. 103-104, 1915.
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small and it is possible that siliceous solutions of the 
late: mineral stage sealed many of the fractures and decreased 
its permeability to the point where erosion exceeded the rate 
of downward migration of the copper mineral.

The elevation of the water table (slightly below the 
300-foot level) in the Copper World and Isle Royale-mines) 
helped to localize the deposition of secondary copper 
minerals, mostly carbonates.
MINERALOGY OF THE ORES

Most of the ores were mined for copper but minor amounts 
of lead-zinc, silver, and molybdenum ores were produced and 
marketed. The copper ores may be roughly divided into 
sulfide ores and carbonate (oxidized) ores. The sulfide ores 
are generally near to the igneous contacts and below the 
carbonates. They are also closely related to the zone of 
garnetization. The carbonates are more commonly in bleached 
limestone, or where calcite has been replaced by powdery silica.

Minerals in the sulfide ores are pyrlte, chalcopyrite, 
bornite, chalcocite, garnet, epldote, quartz, sphalerite, 
and galena, with small amounts of silver and gold. Gangue 
silicates and pyrites are abundant with the copper minerals 
replacing pyrlte along rather definite channels.

The copper carbonates (malachite and azurite) with 
minor amounts of chrysacolla and calcanthite replace the 
sllicifled limestone. Outlines are irregular and indistinct 
with the copper values grading outward into barren limestone.



66

These ores.all lie above the water table and are apparently 
supergene. Complex sulfates of copper are also present in 
the Leader tunnel.

Gold and silver are present largely as minor constituents 
In the copper ores or in the lead-zinc ores. One notable 
exception is the Blue Jay mine which is discussed in detail 
on a later page.
PABAGENISIS
Origin and Classification

Most of the ores of Helvetia district belong to the 
Contact Metamorphic type of copper deposits. Two periods of 
hypogene metallization are recognized. Magnetite, pyrite, 
chalcopyrite, sphalerite and galena were deposited during 
the first period, while scheelite, molybdenite and possibly 
powelllte were deposited in the second. Between the two 
periods there was renewed fissuring, introduction of vein 
quartz, and finally of molybdenite.

Polished sections show that the early magnetite was 
replaced by pyrite, and that both of them- have been replaced 
by supergene chalcopyrite, sphalerite and galena. Barite is 
earlier than chalcopyrite.
Supergene Alteration

Carbonate ores are found only above the water-table and 
in replacement bodies in limestone. The surface ores of all 
of the mines except the Copper Woirld and the Leader were 
oxidized. They are formed in the fissures and in irregular
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shoots similar to those in which the sulfide ores were formed. 
Hence it is believed that, the supergene alteration has not 
moved the copper far from the position it occupied as a sulfide.

Small amounts of bornlte and some chalcoclte are present 
in most of the ores below the carbonate zone. The bornlte 
occurs as a thin coating around grains of chalcopyrlte, 
seldom thick enough to recognize in polished sections. Chalcoclte 
is the sooty variety and lies in the cracks in pyrlte and 
chalcopyrite. Both are believed to be supergene. Late pyrlte 
(probably supergene) was observed to be replacing chalcopyrite.
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Sequence of Events:
The following chart shows the sequence of events which 

led to the formation of the orebodies, as indicated by studies 
of polished sections and field relations.

I Intrusion of granites and formation of gametlzed 
zones, epldote, dlopside, etc.

II Introduction of magnetite.
Ill Introduction of pyrite (in part replacing magnetite).
IV Introduction of hypogene chalcopyrite, sphalerite, 

galena and possibly argentlte.
V Renewed shearing.

VI Introduction of hypogene molybdenite and scheellte.
If powellite is hypogene it was probably Introduced 
at this time also, replacing limestone.

VII Supergene enrichment forming chalcopyrite, bornlte
and chalcoclte. Chalcocite, bornlte and pyrite replace 
chalcopyrite. Possible oxidation of molybdenite to 
form powellite. Formation of cerargyrite from 
argentlte (at Blue Jay mine).
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MINING HISTORY* *
While rumors ascribe the discovery of* metal bearing 

minerals, in the district of Helvetia, to the days before the 
Civil war, there are no records of any mining before 1880.
The earliest records of location are for the discovery of the 
Old Dick, Heavy Weight, and Tally-ho claims. The locator was 
L. M. Grover, who discovered them in the late 1870’s. They 
now belong to the Helvetia Copper company.

In 1880, the Old Frljole mine, on the southwest slope 
of Hart butte, was located by Bill Hart and John Weigle, who 
worked it until 1884. In 1881 the development of the Old Dick 
and Heavy Weight mines was begun, and the ores were treated 
at a small smelter in the gulch easterly from the old Tip Top 
ranch, and camp. This was known as the Columbia smelter.

In 1885, the Mohawk smelter was built near the site of 
the Columbia to treat the ores of the Rosemont Mining and 
Smelting company. Ores were packed over the summit, from the 
east slope of the range, and down to the smelter for treatment.

* Schrader, F. C., Mineral deposits of the Santa Rita and
Patagonia quadrangles: U. S. Geol. Survey
Bull. 582, pp. 96-98, 1915.
(Field work in 1909.)

* Mineral Resources.
* Mineral Industry.
* Lessees Statistics.
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Burros were the chief method of packing the ore. This 
smelter operated fairly steadily from 1889 to 1902.

In the early nineties the "Old" Helvetia company 
(Helvetia Copper Co. of New Jersey) started mining on a group 
of ten claims near the townslte and continued to work them 
until about 1902. It is reported that this company spent 
$800,000.00 to develop the property, built 5 or 6 miles of 
.narrow gage track, and produced but $400^000 worth of copper 
which contained a small but variable amount of gold and silver. 
The ore, much of which was surface ore and of high grade, was 
said to average 8 to 10 percent copper. Ore from the Leader 
was reported to contain an average of 14 percent copper.

In 1903, the Helvetia Copper Co. of Arizona commenced 
operations in the district,and continued to produce until 1911. 
Holdings of this company included the Black Horse, Copper 
World,Heavy Weight, Isle Royale. Leader and Old Dick mines. 
Extensive development work was done in 1905, and in 1906 
a smelter was placed in operation to produce a copper matte 
for shipment. The smelter was unsuccessful and in 1907 the 
shipping of ore to.the Old Dominion Smelter was begun. Ship
ments in 1907 amounted to $40,000. The 1908 depression closed 
the smelters and production was valued at less than $16,000.
In 1909 they were valued at $157,000 (11,000 tons), with the 
summer production averaging about 60 tons per day. The ore 
was hauled 14 miles, by wagon, and shipped by rail from Vail 
on the Southern Pacific Railroad.
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Productlon during 1910 amounted to only $2,500, and 
In 1911 the pumps were removed and the mines closed. The low 
price of copper was given as the reason for the shut-down.

During the first World War, the Narragansett, Rosemont 
and Mohawk'mines were Important producers, but when the 
artificial stimulation of the war had passed the Narragansett 
was closed. Production continued Irregularly at the Rosemont 
and Mohawk until 1929 when piemmeting metal prices closed that 
property also. Production statistics Indicate that mining 
after 1920 was done by lessees who worked small .hlghgrade 
streaks that were unprofitable to the company.

Mining done In the district since 1950 has also been 
by lessees. In 1934, the Molybdenum Inc. company leased the 
Leader mine and attempted to produce a molybdenite concentrate. 
No mention of any molybdenum production is made In the 1935 
statistics in Mineral Resources.

During the winter of 1940 and 41 lessees were again
working the Leader and Copper World mines. Their production
is 105,280 pounds of copper.

xLessees were also working in the Narragansett but no 
production figures were obtained of production from the 
Rosemont (east slope) mines during 1937 - 1941.
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METAL PRODUCTION OF HELVETIA AND .EMPIRE MOUNTAINS, PIMA COUNTY*-- /

Treated
Year Tons of Ore Au. Ae\ Cu. Pb.

o%. S oz. s . lbs. S lbs. & Total
1905 100 956 500 $ 5001904 40 200 100 20,000 600 7001905 600 75,000 11,700 11,7001906 11,852 46.42 960 4,444 2,977 706,625 141,325 145,2621907 5,711 7.55 152 6,905 4,556 478,970 95,796 28,989 1537 102,041
1908 944 5.68 76 2,085 1,105 93,602 12,355 16,575 696 14,2321909 12,250 28.88 597 20,166 10,486 1,168,878 150,711 113,670 . 4888 166,6821910 148 5.15 65 1,572 741 ' 10,013 1,272 10,881 1479 2,557
1911 40 mmmmm 858 444 13,043 1,630. 5,378 242 2,316
1912 5 8 j 6 2.57 49 16.873 10.377 39.792 6.565 3,759 169 17,160

52,271 91.85 $1899 55,817 #31,286 2,585,923 $421,554 199,250 $8611 $463,150

*(After Schrader)Schrader, F. C., Mineral deposits of the Santa Rita and Patagonia quadrangles:
U. S. Geol*. Survey Bull. 582, p. 29, 1915.
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PRODUCTION OF HELVETIA DISTRICT, PIMA COUNTY
1908-33

Producers Gold Silver Copper
\nr±z

Lead
:ona Metai

Zinc
rrnaimn nn

TotalYear Lode Placer Totir (valnp) (onnoe.q) (nmmd r) (nounds) (noundR) Val u p

1908 3 892 $ 61 949 91,146 374 S 12,6111909 2 ' m m m m 11,287 597 11,698 1,156,604 m m m m m m 157,0381910 3 m m m m ' 124 ■ —  —  — —  — m m m m m m m m — — m m m m m m

1911 2 m m m m mm m m  mm mmmmmmm mm mm mm mm m m m m m m ^m m m m m m mmmmmmm

1912 4 467 mmmmmmm mm mmmm rnmmmmmrnmm ' m m m m m m mm mrnm mm 6,3531913 6 m m m m 739 64 1,170 62,805 10,392 236,117 24,1851914 2 ' mm mm m m m m m m mm mm mm mm mm m m mm m m m m m m

1915 6 m m m m 2,506 248 3,300 349,945
1,958,825

m m m m m m 63,1611916 11 m m m m 14,609 289 19,300 71,903 m m m m m m 499,8201917 10 m m m m 18,499 269 24,525 2,615,613 19,171 m m m m m m 736,4961918 8 mmmm 16,302 56 17,828 2,156,486 12,406 489,163 595,9311919 7 : m m m m 3,357 300 5,479 414,370 58,432 ■■ —  — 86,6071920 6 m m m m 2,516 8 6,295 401,244 3,618 80,9881921 — ■ m m m m  ■ mmmmmm «•»«**«*» — — — —

1922 1 m m m m m m m m m m m m m m  mm mm m m m m m m m m m m m m m m m m m m m m m m

1923 8 mmmm 683 163 5,024 69,633 40,590 m m m m m m 17,3601924 4 m m m m 202 31 1,459 33,585 9,018 mmmmmm 6,1301925 8 319 80 2,500 41,972 6,000 mmmmmm 8,5001926 5 m m m m 73 100 150 9,272 3,000 mmmmmm 1,7651927 4 m m m m 116 136 73 15,332 2,761 'mmmmmm 2,359 ■

1928 4 mmmm 150 140 70 18,750 2,700 m m m m m m 3,0421929 6 m m mm 756 34 852 84,823 2,774 m m m m m m 15,5921930 3 m m m m 2,258 185 1,282 145,882 80 m m mm m m 19,648
1931 1 mmmm 40 —  —  ■ ' '

1932 — »-* mimmm —  —  — — — — —  —  — —  —  — — — —

1933 m m  m mmm m m m m m m

Total 75,895 #2,761 101,954 9,626,287 243,219 725,280 #2,337.386
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APPROXIMATE PRODUCTION
1

OF HELVETIA DISTRICT, PIMA COUNTY (BY MINES)*

Copper
(nounds)

Gold
(value)

Silver 
(value)

Total
value

Helvetia (Rosemont) District 
Rosemont & 'Mohawk,

, .1899-1929................
A1 2'Helvetia (Copoer World),

1899-1911................
Tip Top (Little Helvetia),
1904-26...:____ . .........
Narragansett, 1915-20....
Columbia, 1882..... .
Omega, 1883...............
Silver Sour. 1880-89.....

2.900.000
4.250.000
1,000,000
6,000,000
500.000
500.000

#1,000
# 20,000 

20,000
4,000

40.000

40.000

# 710,000(1)
705.000
160.000 

1,525,000
95.000
85.000
40.000

Total................ 15,150,000 f1,000 #124,000 #3,320,000
(1) Includes 60,000,000 pounds of zinc.
(2) Does not include production from Heavy Weight claim prior to 1900.
•HUsing, M. J. and Heineman, R. E. S., Arizona Metal Production, Arizona Bureau of

Mines, Economic Series No. 19, Bulletin No. 
140, p. 97, 1936.
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PRODUCTION OF THE HELVETIA DISTRICT 1934-1940*

Year Tons
Gold
oz.

Silver
oz.

Copper
lbs. Lodes

Value
■ e

MoSp 
lbs 7

. .1934 200 ? ? 1 8100(2)
U)l934 32 (#1.00) 102 3475 3 379.

1935' ■
1936
1937-38

?
819

7
_  38

?
9637(3)

?
18666 7

?
9342.

/ »1939—40 
1411940-41 • • • • • • -

1260 .12 1500 105280 1 12830
' ' •> /' ' ■ . . r??1 , /* Information collected from Mineral Resources and current operators.

(1) Bulk from Atkins property.
(2) Molybdenum Inc. co. (of Tucson) leasing Leader mine. 

200 tons of ore, 6& tons 90^ MoSg cone.
(3) Blue Jay mine.
(4) Leader mine only (courtesy Robert Burney)
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MINES OF THE DISTRICT 
COPPER WORLD MINE

The Copper World mine is located on a north-south ridge 
which divides the drainage'of Sycamore canyon from that of 
Helvetia Gulch. The ores lie in the limestones, immediately 
above a quartzite bed which separates the limestone from the 
dark porphyrltic granite. The limestones are thoroughly 
crushed and altered by sillclfication, formation of silicates 
and bleaching. The sllication has formed epidote, diopside, 
and garnet, irregularly distributed throughout the limestone, 
while the bleaching,also irregularly distributed, may Involve 
sillclfication.

The ores are largely composed of chalcopyrite in 
pyrltlzed limestone. Pyrlte„with small amounts.of chalcopyrite 
and chalcocite are also plentiful; the latter as a secondary 
coating around particles of chalcopyrite and pyrlte. No 
carbonate ore was mined from the Copper World shaft, but the 
Black Horse shaft, which is connected by underground workings 
did have a small amount of oxidized ore.

The shaft inclines 68° to the east-north-east, and lies 
in the altered limestone to the 200 foot level. Below this 
point the quartzite flattens and the shaft passes into a thin 
sill of dark granite before reentering another limestone on 
the footwall side of the quartzite. This flattening and the 
wide zone of intense crushing suggest, to the writer that the
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F to c u  8.—Crow acctloa of Copper World mine on line of Copper World end Lander■hefts.
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-movement may have been along a reverse fault. This is 
further borne out by the presence of the Manzano (?) quart
zite lying beneath Naco limestones. Also traces of structure 
in the limestone resembling bedding were observed to dip about 
70° to the westward, in contrast to the eastward dip of the 
quartzite (alaskite aplite of Spurr and Schrader) and are 
reported by Schra&er^S) in his discussion of the mine. This 
westward dip may be due to an overturned fold which has broken, 
or it might be drag along a reverse fault. Much depends on 
the interpretation of the age of the adjacent limestones, which 
are too badly altered to permit definite assignment of age.

The thickness is comparable with the thinner portions 
of the upper Manzano quartzite, and the limestone underlying 
the quartzite above the Leader mine resembles the middle lime
stone in many respects, though bleached and gametized or 
marmorized.
OMEGA MINE

The Omega mine, one of the oldest mines in the district, 
is said to have been worked in the late 1870's. In excess 
of 2000 tons of ore were produced, most of it prior to 1909.
Two claims comprise the property and are developed by four 
tunnels, a shaft and a winze. The open cut ore was worked

(42) Schrader, F. 0., Mineral deposits of the Santa Rita
and Patagonia quadrangles: U. S.Geol.
Survey Bull. 582, pp. 99-105, 1915.



F io c u  8.—Plan and longitudinal projection of workings of Omega mine.
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through tunnel # 2 as shown In the accompanying cut from 
Schrader's report.

The limestone contact with the granite is exposed in 
three of the tunnels. All of the ore was obtained from 
tunnels 2 and 3. In a reconnaisance of tunnel No. 1, the 
writer confirmed the location of the granite-limestone contact 
but failed to observe any ore or signs of development raising 
from the tunnel. The contact is very irregular, with several 
dikes of granite showing in the tunnel at points well within 
the limestone. Knotty sericlte schists conforming approximate
ly to the definition of the german "Fruchtschiefer" were 
noted at several places in the tunnel.
Ore

The ore occurs mostly in a garnet and magnetite gangue 
along the contact. The whole is soft, thoroughly crushed and 
impregnated with pyrite, chalcopyrite, sphalerite and llmonite. 
S c h r a d e r r e p o r t s  the presence of manganese, but polished 
sections examined by the writer fail to show any evidence of 
it. The material which appears to be manganese•oxides is 
really a crushed magnetite.

The paragenetic sequence of ore minerals appears to be: 
magnetite, pyrite, chalcopyrite, quartz, sphalerite, llmonite.

(43) Schrader, F. C., Mineral deposits of the Santa Rita and
Patagonia quadrangles: U. S.Geol.
Survey Bull. 582,pp. 115-117, 1915.
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third 0) LEVEL

bo Feet

F lo ras  4.—Longitudinal section of Isle Royal mine.
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The latter is secondary as may be seen In plate # 'A'aTa  .
The ore is therefore, a noraal contact metamorphlc deposit 

of copper and zinc, with supergene alteration forming goethlte 
and "limonite" from the pyrite when exposed to the action of 
meteoric waters.
ISLE ROYALE MINE

The Isle Royale mine was entirely inaccessible at the 
time of the present investigation. It was similarly so at the 
time of Schrader's visit in 1909. The ores in this mine are 
similar to those in the Copper World, viz., varying amounts 
of chalcopyrite in pyrite near the contact of the granite and . 
limestone. Ore above the 300-foot level was all of the 
carbonate variety, while ores between the 300-foot level and 
the 600-foot level were sulfide.

The 800-foot vertical shaft is sunk for 450 feet In 
limestone. Below this point the shaft is in granite, with the 
contact between the two dipping northward at 68°. In the north 
drift, on the 800-foot level, the linestone was reentered and 
the drift driven along a fault. A 160-foot winze was sunk on 
the fault but only a small amount of ore was exposed. The 
report (Schrader)^ does not say which way the fault was 
dipping. Knowledge of this would aid in interpreting the

(44) Schrader, F. C., Mineral deposits of the Santa Rita
and Patagonia quadrangles: U. S. Geol.
Survey Bull. 582, p. 109,1915.
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structure around the three mines (Isle Royale, Copper World, 
and Leader).

Ground water level stands at a little below the 300-foot 
level in the shaft.

The accompanying sketch (from Schrader) shows the section
al view of the orebody and workings above the 300 level.
Sulfide ores were mined $o the 600 level, though very little 
was found below the granite contact.
OLD DICK MINE

The Old Dick mine lies in a limestone hill immediately 
east of the old townsite. The limestone is apparently Isolated 
from the other sedlmentaries by the Intrusions. A silty, 
clayey sedimentary formation lies in fault contact with the 
upper surface of the limestone, which is apparently Snyder 
Hill. Hand specimens bear a close resemblance to an arkosic 
shale but the thin section shows the material to be a kaolinltlc, 
sericitic shale; the individual grains being too fine for 
identification. This shale resembles that at the base of.the 
Cretaceous at other localities and has been correlated with it 
by the writer. The orebodles lie in the limestone, at or near 
the contact with the shale. It is quite probable that the 
shale exerts a favorable influence in concentrating the ore 
solutions along the fault and causing them to deposit their 
metal contents in the limestone.

A 900-foot drift extending northward from the main 
workings is in limestone, though extending under the shale
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and to a point near the granite contact. This relation may
Indicate a structural basin of Snyder Hill limestone and
Manzano formation underlying the "granite alasklte porphyry*
in the area between the Old Dick, Heavy Weight, Mohawk, and

(45 )Sunsette mines, as expressed by Schrader. Evidence
favoring the existence of this fault is inconclusive.

A portion of the north side of Old Dick hill has slid 
towards the mine workings. Mr. A. L. Gorman, who was a 
shift boss during the operations reported that all of the 
movement had taken place since the mine was abandoned, though 
he did not think the mining had any thing to do with the 
movement.

It may be that the fault existed before the mine was 
worked and that the removal of the ore merely accelerated the 
movement. The slipping was on a curved fault, both ends of 
which may be traced in to the fissure from which the orevwas 
mined, and that the south side of the old pit shows evidence 
of landslide action.

The ore was largely copper carbonate in limestone and 
contained but very little pyrite or chalcopyrite. There is 
also very little evidence of a gossan.

(45) Schrader, F. C., Mineral deposits of the Santa Rita
and Patagonia quadrangles: U. S. Geol.
Survey Bull. 582, pp. 113-114, plate
opposite 94,1915.
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- The mine was one of the largest producers in the camp 
from 1905 to 1907. The workings were caving and not accessible 
at the time of the writer's visit, so no data on under
ground geology are available, except the material in U. S.
G. S. Bulletin 582, where it is reported that the main shaft 
penetrated the granite at a depth of 110 feet, and that 
the long northerly crosscut did not reach the contact.



HEAVY WEIGHT MINE
The Heavy Weight was a large contributor to the output 

of the camp from 1889 to 1902, when It was closed "because of 
the price of copper". There are over 3000 feet of workings, 
mostly tunnels, in and around the contact between the granites 
and the Snyder Hill limestone. The ore was apparently connect 
ed with the light granite, as a porphyrltic tongue of this 
rock lies between the dark granite and the limestone. At the 
contact, the solutions have replaced the limestone with a 
fine amorphous silica which resembles tufa, and bleached the 
remaining limestone for a distance of several feet. Garnet 
is also abundant.

The ore was composed of copper carbonates and sulfides. 
The mine is located near the top of the hill and operations 
did not go deep enough to reach the water-table. All surface 
indications pointed to the tongue of light granite having 
forced its way into the limestone, as the limestone both 
overlays and underlays the granite in the neighborhood of 
the workings. Plastic deformation of the limestone was 
probably intense.

Schrader, F. C., Mineral deposits of the Santa Rita and
Patagonia quadrangles: U. S. Geol. Survey
Bull. 582, p. 110, 1915.
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Fiovm e 5.— F lan  of worklUKS of H eavy W eight mine.

Kidvbe 0.™ Longitudinal evctlun of Heavy Weight mine.
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MOHAWK' MINE
The Mohawk mine adjoins the Old Dick on the northwest.

The ores apparently belong to the same fissure system as 
those of the Old Dick, and were similar in character.

The shaft encountered granite at a depth of 200 feet 
and was abandoned in 1900. Most of the ore was extracted 
from a fissure in the bluff on the south side of the wash, 
opposite the shaft. It differed from Old Dick ore in having 
a larger proportion of chalcopyrlte. Production is estimated 
at about 3000 tons.
Eclipse Group

The ore in the Eclipse and King claims, near Lopez pass 
and east of the Isle Royale mine, lie at the garnetized 
contact of a plug of light granite and quartz monzonite 
porphyry with the Snyder Hill limestone. The ore is 
chalcopyrlte and pyrite with subordinate chalcopyrlte or 
chalcocite in fissures and replacement bodies In the limestone. 
Supergene enrichment has coated the chalcopyrlte with bornlte 
and chalcocite stains. Some of this ore was very rich but 
in small pockets, and the total production was very small.

Schrader, F. C., Mineral deposits of the Santa Rita and
Patagonia quadrangles: U. S. Geol. Survey
Bull. 582, p. 115, 1915.
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LEADER MINE

The Leader mine was one of the earliest to be opened 
In the Helvetia mining district. It lies approximately 800 
feet northwest of the Isle Royale and about 700 feet west- 
southwest of the Copper World, The workings consist of 
tunnels, a shaft, and several winzes which were used to 
prospect the veins under the "Leader Hill". These workings 
aggregate more than 2000 feet, of which the major portion is 
on the tunnel level. Although the total length of the tunnel 
was not accessible at the time of the visits, the writer 
inspected about 1000 feet of the reported 1500 feet of work
ings on the main level.

An irregular contact fissure,, showing evidence of an 
appreciable amount of movement, and dipping 30 to 60° east
ward, is followed by the tunnel in a northerly direction. It 
is off-set at several points by small faults which trend 
northeasterly. The ore makes in irregular shaped lenses 
along the fissure between the granite hanging-wall and 
limestone foot-wall, and extends into the limestone as 
irregular lenses. Only one small stope was mined above the 
tunnel and the material remaining in the walls suggests that 
the minerals were mostly copper and iron carbonates, in a 
silicified and gametized limestone foot-wall. Below the 
tunnel level are several winzes which were sunk to develop
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and mine the irregular pipe-like orebodies. These ores 
were largely pyrite, chalcopyrite with coatings of chalcocite 
and bornite, and sphalerite. The gangue minerals are magnetite, 
garnet, epidote, diopside, and silicified limestone. Small 
veins of white quartz are also present.
Molybdenum

At a point about 155 feet from the portal of the tunnel 
is one of the cross-faults previously mentioned. A winze was 
sunk on the foot-wall split of the vein showing a few inches 
of chalcopyrite and pyrite, to a point about 30 feet below 
the level. Below that point the vein flattens and the copper 
sulfides are absent and their place in the vein is occupied 
by molybdenite. Both the copper and molybdenum sulfides 
occur in a gangue of garnetized and silicified limestone. 
Schrader noted the presence of molybdenite in the winze but 
made no mention of the powellite which may be found in the 
less altered limestones along and near the east-west cross 
fracture on the tunnel level. Viewed under filtered ultra 
violet light, the powellite (CaMoÔ .) gives a strong cream
to ochre colored phosphorescent glow. It is sufficiently

. ■ - .■

soft to soil the hands and is difficult to distinguish from 
the altered limestone. The only ready means of recognizing 
its presence is by use of the “mineral light". There is 
also some admixed or combined scheelite with the powellite.

Several hours were spent in stopes where molybdenite, 
pyrite and chalcopyrite were all present. The writer found
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only-one specimen containing molybdenite in contact with 
the other sulfides. Examination of a polished section showed 
molybdenite to be distinctly later than pyrite. The specimen 
would not polish well enough to photograph. * •

Schrader, F. C., and Hill, J. M.,
Some occurrences of molybdenite in the 
Santa Rita and Patagonia mountains, Arizona! 
U. S. Geol. Survey Bull. 430, pp. 156-157, 
1910.

Schrader, F. C., Mineral deposits of the Santa Rita and
• • Patagonia nuadrangles: U. S. Geol. Survey

Bull. 582, pp. 106-108, 1915.
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BLUE JAY MINE*
The Blue Jay mine was the only mine In the district 

to produce silver ores as such. The silver produced at the 
other mines was In copper, lead and zinc ores and was 
generally a minor value. It Is located about 2 miles, air
line, north of Helvetia and Is about 12 miles south of Vail. 
The distance by road from Helvetia is nearly 6 miles.

It was discovered in 1882 and sold In 1884 to the Iowa 
Mining and Development company, who operated it continuously 
until 1902 and owned it in 1909, at the time of Schrader's 
visit. In spite of the pockets of rich ore the mine was not 
a very profitable one.

During 1902 it was leased and four carloads of ore 
assaying 140 ounces of silver and 8 dollars gold were shipped. 
The next shipments were made by lessees in 1907 when the 5 
carloads of ore were reported to assay 300 ounces of silver 
and 8 dollars in gold.

- During 1937-1938, lessees were again working the mine 
though no figures as to their production are obtainable. The 
greater part of the silver production shown from the district 
during those years is believed to have come from the Blue 
Jay. (Refer to production statistics) page 7JT.

The mine is developed by four tunnels and several 
shallow shafts and winzes, with workings aggregating slightly
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over 3000 feet. The ores are restricted to the narrow 
belt of Snyder Hill limestone which traverses the hill, 
and are associated with.diabaslc or gabbroic lamprophyre 
dikes similar to those found in the Abrigo and Escabrosa 
formations, a half-mile to the west, and reported to form 
very large dikes in Sycamore canyon, 1& miles northerly 
from the mine. •

Metals were present in the ore mostly as argentite 
and gold, though the early surface workings produced some 
extremely rich horn silver ore. .Galena, cerussite, and 
pyrite were also present. Slight copper stains may be 
observed but the amount of copper present is very small.
The main vein, of three,. strikes NW-SE and dips 75 degrees to 
the north-east. This vein is six to eighteen feet wide and 
has a known vertical extent of 350 feet. * *

* Schrader, F. G., Mineral deposits of the Santa Rita and
Patagonia quadrangles; U. S. Geol. 
Survey, Bull. 582, pp. 132-133, 1915.

* Mineral Resources, 1939.
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ECONOMIC POSSIBILITIES OF THE DISTRICT
The orehodies are located around the margin of an 

intrusive mass from v/hich the overlying sediments have been 
removed. The large amount of garnet and the great thick
nesses of Cretaceous beds around. Mount Fagan Indicate that 
the ores did not form near the surface, but rather under 
pressure and fairly high temperature. It is more common to 
find large orebodies in areas where the parent intrusives 
lie at some depth below the ores instead of the ores'; lying 
around the margin of the granite as they do at Helvetia.
It is apparent that these orebodies were formed near their 
source, and in roof pendants, and if great orebodies did 
exist they have been largely removed by erosion, and present 
mining is in the "roots” of the original orebodies. The 
most promising outcrops of the district have been prospected 
without locating large or highly profitable orebodies.

Spotty orebodies, of the contact type, are difficult 
to work on a large scale and it is the opinion of the 
writer that the hope for future production lies in the 
activity of small leasing operations in the vicinity of 
the older mines. It is probable that most of the large 
orebodies have been worked out, but many smaller ones may 
prove to be profitable when metal prices are favorable.
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The molybdenite ores are believed to be marginal 
at present metal prices.. In the deepest molybdenite work
ings visited by the writer there was no evidence of the ore 
being "bottomed".

Further prospecting for scheelite is recommended.
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MINERALS 

COPPER MINERALS 

AZURITE (Cu3 (OH) 3(003)2)

Azurlte is abundant around all of the granite limestone 
contacts in the district. At the Old Dick, Heavy Weight, 
and Mohawk mines a large part of the copper production was 
derived from this mineral. Some of the other mines produced 
carbonate ores also, but the production was small compared 
to the great number of azurlte bearing outcrops in the 
district. Azurlte is generally associated with malachite 
in all of these occurrences.
CALCANTHITE (CuSO^.SHgO)

Many of the fissures exposed in the old workings, at 
or above the water table, show crusts of calcanthlte forming 
on the walls. Mixed in the sulfides and carbonates in which 
it was trapped, it may have contributed to the copper out
put of the camp.
CHALCOCITE (Cu2S)

Chalcoclte is a very minor ore mineral at Helvetia. It 
occurs in the Leader and. Copper World mines as a sooty film 
around pyrlte and chalcopyrite, enriching the ores slightly 
though forming very few and small bodies of chalcoclte ore.
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BORNITE (Cu5FeS4)
Bornlte occurs chiefly as a surface alteration of 

chalcopyrite. None of the polished sections showed 
sufficient bornlte to identify.
CHALCOPYRITE (CuFeSg)

A;t the Leader, Copper World, Heavy Weight, Isle Royal*, 
and Omega mines chalcopyrite was the chief, copper ore mineral. 
The short vertical range of the rich chalcopyrite ores may 
indicate that some of the chalcopyrite is supergene, but 
microscopic studies gave no indication of it. All of the 
chalcopyrite in polished specimens appeared to be replacing 
magnetite and pyrite and to be contemporaneous with hypogene 
sphalerite and galena.
MALACHITE (Cu2( OH) 2C03)

The occurrence of malachite is more widespread than 
azurlte and it probably accounted for more of the total 
copper production of the camp. The two minerals are generally 
co-existent with malachite predominating. Numerous small 
fissures around the contacts were stained with this mineral 
but were too small or too low grade to be mined.
NATIVE COPPER (Cu)

Native copper is reported by Schrader^®^, and the

(38) Schrader, F. C., Mineral deposits of the Santa Rita and
Patagonia quadrangles. U. S. Geol. 
Survey Bull. 582, pp. 88-90, 1915.
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mineral combination is one in which the native metal is 
often found. The writer did not observe native copper in 
the district. ■ ' •. .
CHRYSACOLLA (CuSi03.2H20)

Chrysacolla was observed in some"of the fissures but 
was not abundant. The Tip Top Mine appeared to have more 
of this mineral than the other mines of the district.

" IRON MINERALS - -
MAGNETITE (Fe304) : ' . ; -

Magnetite is present in all of the contact-orebbdies 
in the garnet. It is one of the most abundant gahgue 
minerals and may constitute as much as 30 percent of the ore 
in which it occurs, It is one of the earliest of the gangue 
minerals, being preceded only by garnet, or perhaps the 
original country rock (limestone). Many examples may be 
seen where magnetite is the first metallic mineral to form, 
and where it is replaced by any or all of the later ore 
minerals. . , • . •.
HEMATITE (Specularite) (FegOs) '  ̂ .

Hematite was observed as a late ore mineral. Its 
relations indicate.that it is later than pyrlte and possibly 
later than chalcopyrite. 1 It is present as specularite;flakes 
in the ores of the Leader mine and suspected in Omega ores, 
though no microscopic evidence was obtained in the latter.
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PYRITES FeSg)
Pyrite is probably the most abundant metallic mineral 

in the camp. Mo surface croppings were observed but it is 
present in all of the ores and in most of them the quantity 
exceeds that of copper minerals present. It occurs as an 
early hypogene mineral and as a late supergene mineral.
Pyrite replacing chalcopyrlte is cited as evidence for the 
supergene origin of part of the pyrite. (See polished 
section photograph) Pyritized limestone and pyritized 
porphyries and granites extend below the known orebbdies 
in all of the deeper mines of the district.

LEAD MINERALS.
GALENA (PbS)

Galena ore, with silver, is present in the Curtis claim 
on the southwest slope of Hart butte, near the southern edge 
of the area and was observed in one polished specimen of ore 
from the Leader mine. At the Curtis claim, it occurs in a 
thin, rather flat-lying vein and in small quantity. It is 
highly argentiferous, and small tonnages have been mined for 
the silver content.

The galena (from Helvetia) observed in polished sections, 
from the Guild Collection of specimen, and in one specimen 
collected by the writer, appears to be contemporaneous with 
the chalcopyrlte and sphalerite. No silver minerals were 
observed in these specimens.
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MOLYBDENUM MINERALS
MOLYBDENITE (MoS2) • r ; ■. . . •.

Molybdenite is the last, metalliferous sulfide to be 
introduced by hypogene solutions. It occurs in cracks and 
slickensided shears, often forming a molybdenite mirror on 
the polished surfaces of the shear. One sllckenside, exposed 
in the first sub-level (40 foot) near the shaf^y has .a layer 
of solid molybdenite from 1/8 to 1/2 inch thick. At other 
places in the mine it is disseminated through the gametlzed 
limestone near the granite contact, generally lying between . 
the copper orebodies and the intrusive.

In the Leader mine the molybdenite is intimately associat
ed with late vein quartz, as fracture fillings. Here 
molybdenite lies below the copper and in a distinctly separate 
zone. Copper minerals and molybdenite overlap slightly but 
were not found intermingled.: Schrader(?9) reports the same 
to be true at the Ridley mine (now referred to as the."Grave
yard mine") where the copper ores are found in the upper 
-levels and molybdenite in the bottom of the shaft. The Ridley

(39) Schrader, F. C., Mineral deposits of the Santa Rita
and Patagonia quadrangles: U. S. Geol. 
Survey Bull. 582, p. 127, 1915.

also
Some occurrences of molybdenite in the 
Santa Rita and Patagonia mountains:
U. S. Geol. Survey Bull. 430, pp. 156- 157.
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mine is about 1& miles southwest of Helvetia on the road 
to Tucson. J- ' :
: : Molybdenite has been noted in small quantities in most
of the other mines of the district but the Leader. is the only- 
one from which it has been produced. i v
POWELLITE (CaMoO^) ■ ; : : ; .

Powelllte has been noted in the leader tunnel.' It is 
most abundant in the limestone near an east-west fault which 
off-sets the main fissure at the "molybdenite winze", about 
155 feet from the portal of the tunnel. Small quantities 
were observed, with the aid of a .mineral lamp*, „at' other places 
in the Leader tunnel, the lower Omega .tunnel, in a small 
adit and winze east of the Isle Royal^,and a prospect on 
the Indian Club claim. : : ; . .. .

Powelllte occurs as a soft, almost powdery, earthy 
mineral in leached limestone and appears to be most abundant 
near east-west faults. The;color .of some of this material 
Is more yellow than is characteristic of ordinary powelllte 
and it is believed that ^lybdlte) is also present.: -

,zMolybdlt)e generally occurs as a yellow stain but is difficult 
to Isolate.
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' SILVER" MINERALS 
CERARGYRITE (AgCI)

Cerargyrlte was mined at the Blue Jay mine In the 
early days of the camp, with Embolite (a silver chloro- 
bromlde) as an associated mineral of lesser Importance.
Some of the ores were reported to assay as much as 800 
ounces per ton. It occurs as a surface oxidized zone above 
the silver sulfide ores.
ARGENTITE (Ag2S) • '  ̂ ^ -

Argentlte was the silver mineral which contained the 
silver at the Blue Jay mine below the relatively shallow 
oxidized zone. Production of silver from argehtite ores 
was several times greater than from cerargyrlte ores. The 
silver sulfide ores were in the limestone,' associated with 
basic dikes. The presence of argentlte was reported by 
S c h r a d e r a n d  was not confirmed by the writer.
PROUSTITE

Proustite was reported by Schrader, but was not confirm
ed by the writer.
NATIVE' SILVER , : ̂  . . r; , ■ .

: In many mining districts argentlte and cerargyrlte ores
are found in limestone associated with native silver. No

(40) Schrader, F. C., Mineral deposits of the Santa Rita
and Patagonia quadrangles: U. S. Geol.
Survey Bull. 582, p. 132, 1915.
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No native silver was observed at Helvetia by the writer, how
ever, it may have been mined by the early operators.

TUNGSTEN MINERALS
SCHEELITE

Scheelite is the only tungsten mineral observed by the 
writer. It is widespread in the garnet!zed zones of the lime
stone-granite contacts. No mineable bodies were observed 
although some samples collected in the vicinity of the Blue 
Jay mine looked very promising. Associated minerals are 
garnet, diopside, apidote, and calclte.
. , ZINC MINERALS

SPHALERITE, (ZnS)
Sphalerite occurs in the ores of the Copper World,

Leader and Omega mines as Irregular masses in pyrite, 
chalcopyrite, magnetite and garnet. Polished sections show 
it to be replacing magnetite and hence of later origin.
Age relations to pyrite and chalcopyrite were not distinctly 
shown in any of the specimens examined.

GOLD
Gold is present in small amounts in both copper ores 

and pyrite. The quantity is insufficient to appreciably 
affect smelter returns on the ore. The district has produced 
no gold ore.

/</ / b ̂
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■GANGUE AND METAMORPHIO MINERALS
GARNET

Garnet occurs in varying amounts at, and near, the 
intrusive contacts with limestone, marls, and siliceous 
limestone of the Naco formation. The index of refraction 
of specimens from the Naco hornfels correspond with andradite 
(index 1.85). Grossularite is present in the ores of the 
Leader mine. Several euhedral crystals of andradite have 
pyritohedron faces (pentagonal dodecahedrons), with strlatlons 
plainly visible under a handlens.
EPIDOTE AND DIOPSIDE

Epidote and diopside are present in very fine disseminat
ed crystals in the silicated laminae and beds of the Naco 
formation. They are also present in the contact veins with 
garnet and calcite.
ALLANITE (Cerium Epidote)

Allan!te occurs in a fault which crosses the ridge east 
of the Heavy Weight mine. The fault zone is several feet wide 
and is filled with sericite schist and a mixture of allanite 
and chlorite with minor amounts of hematite, goethite, 
wollastonite, llmonite, magnetite and pleonaste (a green 
spinel). The allanite is pleochroic from deep amber to almost 
colorless yellow, has moderate relief, polysynthetic twinning, 
extinction angles 29 to 40 degrees, biaxial negative and a 
variable birefringence. The absorption tends to produce
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slightly anomalous interference colors, Birefringence is 
variable. Twinning is evident in the pleochroic colors of 
plain"polarized light.
ANDALUSITE (Al2Si05)

Andalusite occurs in the andalusite gneiss in'Helvetia 
gulch northeast of the Old Dick mine. It appears to be an 
early constituent of the rock. Many of the crystals are among 
the largest found in a thin section, and all are somewhat 
crushed by the same forces which sheared the other minerals 
in the granite. This may be primary andalusite in the granite

In thin section, the andalusite shows strong pleochroism, 
from colorless to pink, and fairly high index of refraction 
(1.60-1.65). The crystals are clear and unclouded by foreign 
matter such as is found in the variety known as chlastollte. 
Cleavage is poor to nil, and birefringence 0.006 to 0.008. 
Crystals are length-fast.

Chlastollte schist is also present in the north portion 
of the area, In the Martin under the Escabrosa cliff. The 
andalusite occurs as slender needles, very impure but showing 
the characteristic black cross.
BIOTITE

Biotite is in all of the intrusive rocks, in the allanite 
bearing fault gouge, and in the "biotite rock". In the latter 
1$ forms a large part of the rock and appears to be of 
metamorphic origin. Some of this biotite has been altered to 
muscovite by hydrothermal action.
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TREMOLITE AND WOLLASTONITE Ca(Mg Fe)3 (S103)4 and (CaS103)
Tremollte and wollastonite are abundant In the hotufels 

and hornstones near the contacts of limestone and granites. 
Tremollte is generally disseminated in the limestones and 
hornfels, while wollastonite may also form large.rosettes 
and globular accumulations with radiating structure. 
Wollastonite Is especially abundant in the Martin and in the 
middle Manzano limestones.
LEUCOXENE

Leucoxene was observed in several of the thin sections 
of igneous rocks of the area, and is especially abundant in 
the quartz monzonite porphyry. It is present as a nearly 
opaque, earthy, brown interstitial matter in the groundmass 
surrounding the phenocrysts.
CHERT (Si02)

Chert is present as chert nodules, and larger masses, 
in the Escabrosa, Naco and Snyder Hill limestones. Some of 
these cherty masses are several square feet in area. Residual 
chert from weathering of upper Escabrosa limestones during 
late Mississippian times is accumulated in the shale at the 
base of the Naco. Much of the chert has become crystalline 
under the metamorphic influences of the intrusions and natural 
devitrification. Bedded chert is also present in the Abrlgo.
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BARITE (BaS04)
Tabular barite crystals were observed In polished sections. 

They were formed prior, to the chalcopyrlte.
CALCITE (CaC03)

Calcite occurs in the limestones and marbles,- and 
also as a late vein mineral in garnetized fissures. Many 
of the large rhombohedrons of calcite from the fissures are 
deeply etched, showing their trigonal symmetry.



1-04

/ STRUCTURE
GENERAL STATEMENT '

The faulting, in the area studied by the writer, has 
been so intense that most of the evidence regarding the 
chronological development of the structures is obscured.
In view of this fact the writer is very hesitant about 
attempting a philosophical discussion of the mechanism 
Involved in the deformation. Discussion of the structure 
will be largely limited to a statement of the observed 
conditions without regard to their genesis.

FOLDING
Regional compression and folding in Laramide times has 

been reported throughout the Cordilleran United States.
The Santa Rita mountain area probably did not escape this 
folding but the evidence of it at Helvetia is Inconclusive 
because of the intense block-faulting.

FAULTING
GENERAL STATEMENT

The area has suffered two periods of intrusion and each 
was accompanied by intense block-faulting. The magmas also 
forced themselves into the strata, prying the blocks apart, 
obscuring the evidence of earlier faulting and folding, 
and removing or submerging large portions of the lower 
Paleozoic section.
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„ There are eight more or less Independent structural 
units whose relation to adjacent areas Is not readily 
apparent. The soft limestones have concealed many of the 
faults and other faults are occupied by granites. The units 
recognized by the writer are: (l) Hart Butte block, (2)
Sycamore Ridge block, (3) Copper World block, (4) Mineral 
Monument block, (5) Old Dick block, (6) Heavy Weight block, 
(7) Escabrosa Cliff block, and the Snyder Hill Cretaceous 
block In the northeast corner of the map.
HART BUTTE BLOCK

Permian (?) quartzites and limestones have been thrust 
over Cretaceous arkoses and shales which dip westerly.
The fault dips at ;j toJd degrees, and the Cretaceous 
beds at y/r degrees. (Thomas) . The beds of the over
thrust block are standing nearly vertical and are broken 
by small tear faults. Thomas also reports that most of 
the ore deposits on the east side of Hart Butte are relat
ed to the zone of thrusting (Rosemont fault) and subsidiary 
faults In the thrust block.

(46) Thomas, W.L., Geology and ore deposits of Rosemont
district, Ariz.: Master's thesis,
Univ. of Ariz., p. 25, 1930.
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SYCAMORE RIDGE BLOCK
Pennsylvanian and Permian formations have been folded 

and appear to be thrust to the westward. The movement is 
greatest at the north end of the block where the Naco beds 
are exposed in a rather tight fold which is sheared by 
the Sycamore fault. The western limb is forced over the 
San Andres quartzite at the Copper World mine, in a swing
ing movement with the greatest relative displacement at 
the north end of the block. Much of the evidence of this 
simple structure is obscured by later faulting.
COPPER WORLD BLOCK

San Andres quartzites and limestones in the ridge at 
the Copper World and also at the Leader mine have been 
intruded by a sill-like mass of dark granite. The quart
zite which lies on the granite is the footwall of the 
thrust block of Naco (?) limestone which contains the 
Copper World mine. The bedding near the footwall dips 
steeply to the east while that near the hangingwall is 
crushed and twisted but with an apparent westward dip of 
eighty to ninety degrees. '

Mining development indicates that the limestone which 
forms the footwall in the Leader mine is the same as that 
exposed in the bottom of the Copper World shaft although 
in the latter, the granite is encountered.between the 300
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and_400 foot levels as a thin sill at that depth as 
contrasted with a width of more than 500 feet at the 
surface. Granite is also present in the limestone on 
the 200 foot level.

The quartzite which outcrops at the Copper World shaft 
may be traced in a southerly direction until it curves 
eastward toward known San Andres quartzite and has been 
correlated with it.
MONUMENT RIDGE BLOCK

The rocks in this ridge consist of Escabrosa (?) 
limestone, Naco hornfels, and blocks of Manzano quartzite 
dipping steeply to the south. These beds have been rotat
ed until-the beds dip steeply southward and have dragged 
the edges of the quartzite beds in the Sycamore-Copper 
World block upward along the fault. This accounts for 
the peculiar disposition of the footwall quartzite south 
of the Copper World mine.

Within the block, the beds are intimately sheared and 
distorted. Only the major faults in this block were record
ed on the map. They constitute less than one percent of 
those present and less than ten percent of those actually 

observed at one point or another but which could not be 
consistently traced nor Interpreted. The San Andres (?) 
quartzites are in faulted contact with the Naco hornfels, 
and appear to be large xenolithic blocks of quartzite 
which were dragging along the edge of the magma chamber.
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The Omega mine is located at the limestone granite
contact where one of the quartzite blocks is lodged. In
the deeper workings no auartzlte is present.

. * " ' ' - 
OLD DICK BLOCK . : -

Snyder Hill limestones and San Andrea quartzites are •
overlain by Cretaceous (?) shales and are at the contact
between the light and dark granite. The sedimentary rocks
are apparently completely. Isolated by the granites, forming
a xenolithlc mass. They dip gently northward and may be
connected with the limestones of the Heavy Weight block.

:
The two masses of limestone are the same age and may form 
a basin with the eynolinal area occupied by the porphyry 
phase of the light granite.
HEAVY. WEIGHT BLOCK

Snyder Hill and San Andres limestones and quartzites 
form a long ridge of isolated sediments resting on the 
granites. They are intimately intruded, intensely faulted, 
and appear to be roof-pendants in the granitic mass.
The granite overlying these limestones are distinctly 
porphyrltic while that beneath them is coarse-grained 
and holocrystalline. The contacts are both intrusive 
and faulted, which led Spurr to the idea that they 
constituted an eroded outlier of an overthrust block.
(refer to enclosed map)



ESCABROSA cliff block
This block contains all of the lower Paleozoic 

formations in the area and is essentially a faulted anti
cline plunging to the southeast. Thrusting movements 
directed in a northeasterly direction have broken the anti
cline and caused the Escabrosa limestones to ride over the 
Lower Naco. (see pictures of the Escabrosa cliff showing 
this overthrusting)

On the east side of this block the Naco limestones are 
in faulted contact with the Snyder Hill limestones and San 
Andres formation. North of the Copper World mine, the 
folded Naco beds are in fault contact with the Manzano of 
the Escabrosa cliff block, in such a manner as to suggest 
a steep reverse fault or thrusting from the west, but it 
may be a normal fault dipping eastward.

Block-faulting during the period of late-magmatic 
subsidence has broken this block into smaller units. Many 
of these faults are obscured by recrystallization of the 
massive limestones in which they occur.

On the south, it is separated from the Heavy Weight 
mine block by a wide dike of dark granite having only slight 
discordance with bedding dips.
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NORTH-EAST BLOCK
This block has the least internal disturbance of any 

block within the area. It is essentially a rotated fault 
block with a definite drag effect at the southern end 
where the Sycamore fault separates it from the Sycamore 
ridge block. Bedding faults and small fractures and 
joints are present in abundance. They show the great 
intensity of the deforming forces but evidence of major 
faulting within the block is inconclusive. In many of 
the brecciated zones the beds may be traced across the 
fault with but a few feet of offset. Thick beds are 
seldom moved sufficiently to completely separate the 
broken ends.
COMMENT

Any area which has suffered two periods of compressional 
stress and two periods of relaxatlonal faulting is bound 
to have a complex structure. The compressional faulting 
and later tension faulting which accompanied the second 
intrusion have obscured the evidence of the structural 
relation at the end of the first period of intrusion and 
made it difficult to determine the chronological order 
of faulting. No attempt is made on the map to distinguish 
the faults connected with the first intrusion from those 
related to the second.
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..Three types of block-fault movement are recognized 
within the area, thrusting (mostly from south and west), 
normal faulting, and faults with rotational or shearing 
movement.

It Is believed that faults and Intrusions are closely
related.
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AREAL PHOTOGRAPH OP AREA 
Outline of the area marked by a dotted 
line of red ink.





Plate" I

Vievr of the area from the Vail road looking southeast. 
' (a) Old Pap butte.

(b) Hart butte.
(c) Deer Hill.
(d) Escabrosa cliff.

View of the camp from knoll near Ridley mine.
(a) Hart butte.
(b) Old Dick hill and mine.
(c) Mineral monument.
(d) Heavy Weight mine.
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Plate II

A - Composite view showing Copper World mine and the 
below It. Lopez pass In right background. Note 
vertical shaft with headframe used by leasers. 
Inclined shaft hoist may be seen over, the dump.

H a m

:1

B - Composite view of townsite and 
from hill south of Tip Top mine

(a) Old Dick mine.
(b) Heavy Weight mine. 
.(c) Mohawk mine.
(d) Sunsette shaft.
(e) Omega mine.

some of the mines, take
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Bolsa quartzite overriding Cambrian limestones on no 
side of Deer Hill. Escabrosa and Martin In the for

Plate III

Cherty conglomerate and shale at base of the Naco, 
looking northeast along top of Escabrosa cliff. 
Escabrosa at left, Naco at right.
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- Weathered Abrigo limestone shotting wrinkled chert. 
Tip Top mine in the background.

Plate IV

- Abrigo limestone in bottom of shallow wash. Note 
variation in bedding, also thicker limestone beds at 

. left and right.



PLATE tv



A - Fossils (corals?) in Martin limestone below Escabrosa 
cliff.

Plate-V

B - Fossils in Martin limestone, east of Tip Top mine.





Plate-VI

A - Solution cavities and flash flood scouring along stream 
bed In Escabrosa limestone. Solution holes may hold 
enough soil to support plants.

B —  Weathered Abrigo.





: Plate JQI

iabase sill (?) in Escabrosa limestone at bottom of 
cliff. See Plate H I  for location along fare of cliff"

B “ Stream scouring and solution cavities in Escabrosa
limestone. One cavity Is filled with water.





Fossils (mostly gomposlta) In Snyder Hill limestone 
Sycamore Canyon. (Scale from Brunton compass).

Plate-VIII

Stream scouring in Snyder Hill limestone in south 
fork of Sycamore Canyon - near the forks. Picture 
taken while standing on Cretaceous arkoses.





' : Plate, IX .

A - Faulted contact between Snyder Hill limestone and 
Cretaceous arkoses. Location is near that of Plate 
viii (b). '

B - Cretaceous beds tilted at a high angle in south fork 
of Sycamore Canyon. Beds at left are maroon shales, 
center is arkoslc sandstone. At right is conglomerate 
containing granitic and volcanic pebbles.
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V -V : Plat©~X ■ _, ' . ■ ■

A - Basal conglomerate of Naco on the end of ridge, south 
of Deer Hill. Escabrosa limestone In foreground. Six 
inch boulders In center near the sample pick.

B - View of Heavy Weight mine and hill from the east. Granite * 
lying below Snyder Hill limestone is in fault contact 
with;Yeso limestone at right.
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Plate" XI

A - Valley cut in Yeso gypsiferous marls. Contact between
Yeso (white) and Naco (brown) shows at left of center 
Escabrosa cliff in the background.

B — Closer view of faulted limestone bed in Naco. It may 
. also be seen in line with the Escabrosa cliff in upper 
picture. Escabrosa cliff at left in background.





Escabrosa cliff from south. Note break in Escabrosa 
at thrust fault. Slopes in Martin and Abrigo. Bolsa 
Quartzite (Deer Hill) at left.

' Plate XII

Same from southwest. Location of thrust fault 
and diabase marked Visible Naco conglomerate
marked (On).





■ ' - ■ . . ; ; " .A - Bedding fault In San Andres, between middle limestone... ...... . ... - " . . . , Y
and lower quartzite. Fault trace lies in the wash 
(quartzite on right, limestone on left). Snyder Hill 
limestone is visible in upper left-hand corner.

Plate" XIII

B - View of Tip Top mine looking west-southwest across the 
granite flats.





Plate XlV
: ; ■ : : - ■ : ■ .A - Looking west along the crest of Old Dick hill where'

recent faulting has formed a pit.

B - Old Dick mine looking east. Hart butte in the back-is 
ground. Picture above was taken on top of the hill 
above the mine. The trees on the sky-line of both 
pictures are the same, viewed from opposite directions.

Old Dick shaft and dump is at the right and the 
open cut. may be seen at left. Adit along road, in 
center, is on the fissure. Dumps in lower-left are 
also part of this mine.





A - Vlev; of Leader shaft and tunnel, (from Isle Royale
- dump) showing footwall limestone In fault contact with ,

. . - \  ■■ :  : .■ . ; - . : ' ' ■ : . ' ■ . : .

granite and dipping about 45° east. Crest of ridge is
■■■"■■■■■ ' ■ .' ' ■: . -quartzite. The tunnel; passes under the saddle at right

side of the picture.

Plate XV

- View of Isle Royale shaft and dumps, showing Copper 
World quartzite (Q) at;left, and road to Omega on the 
right. The U. S. Mineral Monument is on the hill behlm# 
the mine, and silhouetted against Hart butte. Quartz 

. monzonite porphyry hill in upper left, with ledges 
facing north-west.





View of Omega mine and Mineral Monument from Leader 
mine dump, near the road.

Plate-XVI

Heavy Weight mine and hill from southwest, near 
Old Dick mine.
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A - Blue Jay mine from ridge north of Escabroea cliff, 
looking east. The mine is Snyder Hill limestone.

• Plate m i

B - View of Escabrosa - Naco contact from top of Escabrosa 
cliff. Limestone ridge in the background is the same 
as above.





A - Bedding fault ^  in bleached San Andres limestone, 
east of Blue Jay mine. Dark zone is limonite stained 
breccia and gange.

Plate JCVIII

B - Sycamore Fault looking east from Sycamore Canyon 
(south fork).

(Psh) Snyder Hill limestone.
(Psa) San Andres formation.
(Pmy) Yeso (?) limestone.
(K) Cretaceous 
(Qtzte) Quartzite.





A - Slag dump and smelter ei’te showing foundations of
smelter operated In early days by the Helvetia Copper

: "do. ' ; ■' .■ ■■ ■■"'

Plate XIX

B - View looking southeast on the east side of Copper
: V ■ '■ . '  : 'V:;. '-v • " ' : '(V\World ridge, showing valley cut In manzano marls/ y ■ ■ *

Blackhorse shaft ■ , Hart butte and Lopez pass . 
The ridge in left foreground is Naco and the upper 
slopes are formed of San Andres and Snyder Hill 
formations.





A - Polished section photomicrograph showing early barite 
and magnetite being replaced by chalcopyrite.
Chalcoclte is replacing chalcopyrite around the margins 
of the barite. Sphalerite may be seen replacing 
magnetite in the lower portion of the picture. 
Magnification 45X.

Plata XX

B - Polished section photomicrograph, same as above 
but magnified to 92 diameters.

Symbols 
(ba) Barite.
(cc) Chalcoclte.
(cp) Chalcopyrite.
(mg) Magnetite.
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A - Polished section photomicrograph showing supergene 
pyrlte replacing chalcopyritey Pyrlte, chalcopyrlte 
magnification: 80X.

Plate XXI

B - Polished section photomicrograph showing chalcopyrlte 
replacing magnetite along the side of fractures. 
Magnification: 47X.

Symbols
(cc) Chalcopyrlte.
(mg) Magnetite.
(cp) Chalcopyrlte. .
(py) Pyrlte.
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A - Photomicrograph showing sphalerite replacing magnetite. 
Chalcopyrlte, also replacing magnetite, appears to 
be later than sphalerite.
Magnification 35X.

Plate'XXII

3 - Polished section photomicrograph of ore from Leader 
mine showing sphalerite replacing magnetite. 
Chalcopyrlte may also be seen in the cracks near the 
sphalerite. Age relations between chalcopyrlte and 
sphalerite are indistinct.
Magnification 80X.

Symbols
(cp) Chalcopyrlte.
(sp) Sphalerite 

• (mg) Magnetite.
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Polished section photomicrograph showing rosette of 
molybdenite filling radiating fractures in quartz 
and garnet. The molybdenite is later than quartz . 
which contains fragments of garnet.
Magnification 47X.

Plate'XXIII

Polished section photomicrograph showing quartz veinlets 
in garnet. The cracks In quartz are filled with 
molybdenite.
Magnification 47X.

Symbols
(mo) Molybdenite.
(q) quartz.
(g) garnet.



Plate Xxui



A - Thln-eectlon photomicrograph of lab^radorite
showing polysynthetic twinning, zoning, and ophitie 
texture.
Magnification 60X.

Plate XXIV

B - Polished section photomicrograph showing late hematite 
(specularlte) replacing pyrite and chalcopyrlte. 
Magnification 30X. ' .

Symbols
(hm) Hematite.
(py) Pyrite.
(cp) Chalcopyrlte.





Plats XXV

A - Thin-sectlon photomicrograph of coarse (dark) granite 
near the contact with light granite, showing sphene 
and biotite, in feldspars. Magnetite is also present. 
Magnification 45X.

B - Thin-section photomicrograph showing echeellte in 
a matrix of granite, diopside and epidote. Quartz, 
calcite and chlorite are also present.
Magnification 35X.

Symbols 
(sph) Sphene.
(bi) Biotite.
(F) Feldspars. •
(sch) Scheellte.



PLATE Yx V



A - Thin-section photomicrograph of muscovite,
microcllne and quartz in.fine-grained portion of 
pegmatite.

..■■■Magnified. 35X.

Plate XXVI

B - Andalusite gneiss showing crushed andaluslte with 
muscovite and chlorite, in the factures. Fragments
of orthoclase may also be observed.

•■■'•■-. . ' ' ' : ' . ' • .Magnified 35X.

Symbols
(mus) Muscovite. 
Craic) Microcllne. 
(q) Quartz.
(and) Andalusite.
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A - Thln-gectlon photomicrograph of quartzite under
crossed nichols, showing rounded quartz grains and 
alteration along fractures.
Magnified SOX.

Plate XXVII

B - Thln-section photomicrograph of Naco hornfels, 
showing remnants of bedding preserved in garnet, 
epidote and diopside.
Magnified SOX.



Pl a  re XXVII



A - Thin-section photomicrograph of zoned labradorite 
phehocryst in diabase. Note the zoning and the 
pericllne twinning.
Magnification 35X.

Plate- XXVIII

3 - Photomicrograph from same section as above showing 
intergrown cyrstals of labradorite with intimate 

. polysynthetic twinning arranged at right angles. 
These crystals are also zoned. ,
Magnification 35X.
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Plate XXIX

.A - Photomicrograph of a polished section, showing
llmonlte (L) replacing pyrlte (py). The annular 
Structure of the llmonlte is plainly shown. 
Magnified 37X.

B - Andaluslte (chlastollte) schist from the Martin 
limestones near the Escabrosa Cliff. The 
slender, needle-like character of the crystals 
is clearly shown. The typical dark crosses 
may be seen in several of the cross-sections. 
Magnified 1& times.
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A -Thin-sectIon photomicrograph showing pleonaste (sp), 
and allanlte (al) in actinolite (ac), from fault gouge 
east of Heavy Weight mine.
Magnified 30X.

Plate XXX

' ' . . ... ■ ’ . . . . . ■. - , ■ : ■ ■ . ' . -

B - Thin-section photomicrograph of quartz monzonite 
porphyry showing large quartz (q) phenocr&sts in a 

. very fine groxmdmass.
Magnified 30X. ■
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S T R U C T U R E  SECTIONS
IN

HELVETTA MINING DISTRICT
PIMA COUNTY, ARIZONA 

BY YARD H JOHNSON

SCALE I INCH = 500 FEET





MINE .WORKINGS

LEADER . COPPER 'WORLD A  ISLE ROYALE MINES

HELVETIA COPPER CO.

HELVETIA ARIZONA

>
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THE TOPOGRAPHIC MAPS OF THE UNjlTED STATES

The United States. Geological Survey is making a standard 
topographic atlas of the United States. This work has been in 
progress since 1882, and its results consist of published maps of 
more than 40 per cent of the country, exclusive of outlying 
possessions.

This topographic atlas is published in the form of maps or 
atlas sheets measuring about 16£ b); 20 inches. Under the 
general plan adopted the country is divided into quadrangles 
bounded by parallels of latitude and meridians of longitude. 
These quadrangles are mapped on different scales, the scale 
selected for any quadrangle depending on its nature and its 
probable future development, and consequently though the 
standard atlas sheets are of nearly uniform size they represent 
areas of different sizes. On the lower margin of each sheet are 
printed graphic scales showing distances in feet, meters, and 
miles. In addition, the scale of the map is shown by u repre
sentative fraction expressing a fixed ratio between linear 
measurements on the map and corresponding distances on the 
ground. For example, the scale ^  means that 1 unit on 
the map (such as 1 inch, 1 foot, or 1 meter) represents 62,500 
similar units on the earth’s surface.

The standard scales used on these maps are multiples of
the fraction Quadrangles in thickly settled or indus
trially important regions are mapped on a scale of or 
about 1 mile to an inch, and cover areas measuring 15' in 
latitude and longitude. Quadrangles in less thickly settled or 
industrially less important districts are mapped on a scale 

or about 2 miles to an inch, and cover areas measur126 Ml’

All the water features are represented in blue, the s nailer 
streams and canals by single blue lines and the larger st earns, 
the lakes, and the sea by blue water lining or blue tint. Inter
mittent streams— those whose beds are dry for a large ] art of 
the year—are shown by lines of blue dots and dashes.

Relief is shown by contour lines in brown. A contour line 
represents an imaginary line on the ground (a contour) every 
part of which is at the same altitude above sea level. £ uch a 
line could be drawn at any altitude, but in mapping on y the 
contours at certain regular intervals of altitude are fijiown. 
The line of the seacoast itself is a contour, the datum of zero 
of altitude being mean sea level. The 20-foot contodr, for 
example, would be the shore line if  the sea should rise 20 feet 
Contour lines show the shapes of the hills, mountains, and 
valleys, as well as their altitudes. Successive contour lines that 
are far apart on the map indicate a gentle slope; lines thfat are 
close together indicate a steep slope; and lines that r^n to
gether indicate a cliff.

The manner in which contour lines express altitude, form, 
and grade is shown in the figure below.

ing 30' in latitude and longitude. Reconnaissance maps of 
desert or sparsely inhabited regions have been made on a scale 
of ŝ poo, or about 4 miles to an inch, covering areas measuring 
1° in latitude and longitude. Maps for special purposes are 
made on scales larger than

A topographic survey of Alaska has been in progress since 
1898, and nearly 35 per cent of its area has now been mapped. 
About 10 per cent of the Territory has been covered by recon
naissance maps on a scale of *̂ 55, or about 10 miles to an 
inch. Most of the remaining area surveyed in Alaska has 
been mapped on a scale of but about 3,500 square miles 
has been mapped on a scale of

A large part of the Hawaiian Islands has been surveyed, 
and the resulting maps are published on a scale of

The features shown on these maps may be airanged in three 
groups— (1) water, including seas, lakes, rivers, (canals, swamps, 
and other bodies of water; (2) relief, including mountains, 
hills, valleys, and other features of the land surface; (3) culture , 
(works of man), such as towns, cities, roads, railroads, and 
boundaries. The conventional signs used to represent these 
features are shown and explained below. Variations appear on 
some earlier maps, and additional features are represented on 
some special maps.

The sketch represents a river valley that lies between two 
hills. In the foreground is the sea, with a bay that is partly 
inclosed by a hooked sand bar. On each side of the valley is 
a terrace into which small streams have cut narrow gullies. 
The hill on the right has a rounded summit and gently slop
ing spurs separated by ravines. The spurs are truncated at 
their lower ends by a sea cliff. The hill at the left terminates 
abruptly at the valley in a steep scarp, from which it slopes

gradually away and forms an inclined table-land that is tra
versed by a few shallow gullies. On the map each of these 
features is represented, directly beneath its position in the 
sketch, by contour lines.

The contour interval, or the vertical distance in feet between 
one contour and the next, is stated at the bottom of each map. 
This interval differs according to the topography of the area 
mapped; in a flat country it may be as small as 1 foot; in a 
mountainous region it may be as great as 250 feet. Certain 
contour lines, every fourth or fifth one, are made heavier than 
the others and are accompanied by figures showing altitude. 
The heights of many points—such as road corners, summits, 
surfaces of lakes, and bench marks—are also given on the map 
in figures, which show altitudes to the nearest foot only. More 
exact altitudes—those of bench marks—as well as the geodetic 
coordinates of triangulation stations, are published in bulletins 
that are issued free by the Geological Survey.

The lettering and works of man are shown in black. Boun
daries, such as those of a State, county, city, land grant, 
township, or reservation, are shown by continuous or broken 
lines of different kinds and weights. Metaled roads are shown 
by double lines, one of which is accentuated. Other public 
roads are shown by fine double lines, private and poor roads 
by dashed double lines, trails by dashed single lines.

Each quadrangle is designated by the name of the principal 
city, town, or natural feature within it, and on the margins of 
the map are printed the names of adjoining quadrangles of 
which maps have been published. Over 2,800 quadrangles in 
the United States have been surveyed, and maps of them 
similar to the one on the other side of this sheet have been 
published.

The topographic map is the base on which the geology and 
mineral resources of a quadrangle are represented, and the 
maps showing these.features are bound together with a descrip
tive text to form a folio of the Geologic Atlas of the United 
States.

Index maps of each State showing the topographic maps and 
geologic folios published by the United States Geological Sur
vey may be obtained free. Copies of the topographic maps 
may be obtained for 10 cents each, or in lots of 50 or more, 
either of the same or of different quadrangles, for 6 cents each. 
The geologic folios are sold for 25 cents or more each, the price 
depending on the size of the folio. A  circular describing the 
folios will be sent on request

Applications for maps or folios should be accompanied by 
cash, draft, or money order (not postage stamps) and should be 
addressed to

TH E DIRECTOR,
United States Geological Survey,

Washington, I). C.
November, 1919. ' , ,• V'W
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