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ABSTRACT
The Sierra Cobriza area, located 1.5. km west of Nacozari,
Sonora, Mexico, contains Lower Cretaceous sedimentary, volcanic, and
volcaniclastic rocks (Lily Formation).

An early Eocene period of

igneous activity resulted in the deposition of over 1,000 m of andesitic
to rhyolitic flows and tuffs.

Probably coeval with the volcanics, a

quartz latite porphyry and a quartz monzonite stock (Carolina stock)
were emplaced.

Skarn and porphyry copper mineralization in the area

are thought to be related to a porphyritic phase of the Carolina stock.
Porphyry copper mineralization is predominantly fracture controlled, for
the most part hosted by the Florida Andesite, and of a too low grade
(0.325% Cu) to be of economic significance.

Several Zn-Cu garnet

skarns occur throughout the La Lily Formation, most apparently being
roof pendants within the quartz latite porphyry.

Localized high-grade

zones make the sampled skarns likely candidates for a small-scale mining
operation.

Basin and Range faulting uplifted most of the area several

hundred meters.

viii

CHAPTER 1
INTRODUCTION
The Nacozari raining

district in northeastern Sonora, Mexico,

(fig. 1), has had a long mining history with the most important
deposits being the Pilares breccia pipe and the La Caridad porphyrycopper deposit.

Other much smaller mines have operated intermittently

within the district, and with few exceptions little has been done
recently to try to evaluate the current economic potential of these
abandoned mines.
With this is mind, Mexicana de Cobre, which owns and operates
the La Caridad deposit, has been exploring several areas within the
district, one of which, the Sierra Cobriza area located 1.5 km westsouthwest of the town of Nacozari (fig. 2, in pocket), is the object of
the present study.
Location and Access
The Nacozari mining district in northeastern Sonora, Mexico, is
located approximately 220 airline kilometers southeast of Tucson, Ari
zona, and 170 airline kilometers northwest of Hermosillo, Sonora (fig.
1).

The district embraces about 500 km", with the town of Nacozari

being located in its west-central portion at lat 30o22'25n N., long
109o41'28" W.
The Sierra Cobriza area is located in the west part of the
district and extends 4 km on an east-west direction and 8 km along a
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north-south direction to cover a total of 32 km" (fig. 2).

The mercator

coordinates of this area are X = 620,000 m to 624,050 m and Y = 355,080
tn to 3,363,080 m.
Access from the north to the town of Nacozari is from the city
of Agua Prieta along the Mexico-U.S. border, either 120 km along a
paved highway or 123 km by railroad.

Access can also be attained from

Hermosillo, the capital of the State of Sonora, 255 km to the northwest
by paved highway.
From the town of Nacozari, the thesis area can be reached by
several roads, which are accessible throughout most of the year to two-wheel-drive vehicles.

South of Nacozari, two unimproved dirt roads

depart from the Hermosillo-Nacozari highway and give access to the
base of the eastern slope of Sierra Cobriza (fig. 2).

The southernmost

of these roads originally went all the way to the La Fortuna mine, but
through the years several streams have eroded part of the road and
now one must walk about 2 km to reach the mine.

Access to the north

ern part of the area and to the base of the western slope of Sierra
Cobriza is attained by a dirt road, which begins in the northwest part
of Nacozari.
Topography and Climate
The climate of the region is semiarid, with slightly below
freezing temperatures during the winter and maximum temperatures dur
ing the summer in the low 40s°C.

Precipitation is scarce and highly

irregular, with most of it falling as thundershowers during the months
of July, August, and September;

snow falls occasionally in the higher
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elevations during the winter months.

The average annual precipitation

is 380 mm (15 in.) (Coolbaugh, 1971).
Vegetation is sparse and is typical of semiarid regions, with
ocotillo, sotol, mesquite, and maguey at lower elevations and small oak
trees and grasses predominant at higher elevations.

In some

mountains, pines may be abundant.
The most prominent topographic expression of the thesis area is
the approximately north-south-trending Sierra Cobriza and its northern
extension, Sierra Coppercuin, which on some maps appears as the
southern end of Sierra La Purica.

The town of Nacozari lies 1.5 km

east of the study area within the valley of the same name at an eleva
tion of 1,040 ra.

Rising steeply above the valley, Sierra Cobriza attains

a maximum elevation of 1,912 m, giving a maximum topographic relief of
712 m. with respect to the adjacent pediment.

The eastern slope of

Sierra Cobriza is very steep and locally attains gradients up to 35 de
grees;

the western slope, although steep, has gradients that, in gen

eral, are 5 to 10 degrees less than in the eastern slope.
Method of Study
The purpose of this study was to obtain a surface geologic map
of the Sierra Cobriza area at a scale that would provide enough detail
to give a general overview of the economic potential of the area and
also to determine the viability of making a small mining opertion from
the three mineralized skam occurrences.

In addition, a reevaluation of

the information obtained by the Consejo de Re'cursos Minerales during
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their drilling of the La Florida porphyry-type occurrence was performed
during the course of this investigation.
Theodore and Priego de Wit (1979) included a geologic map,
which covers a major portion of the area;

however, the scale of the

map is smaller than required for this study.

They dealt with the La

Florida porphyry-type occurrence, whereas in this study emphasis was
placed on the mineralized skarn occurrences.
McAnulty (1970) included in his map of the northern part of the
district approximately 40 percent of the northern part of the Sierra
Cobriza area, but again the scale of the map is smaller than needed.
He treated two skarn occurrences, one north of and the other within
the present study area (La Lily mine).

His treatment of the latter was

only brief, and he provided no data on assays or on grade behavior
within the mine;

Further study was thus considered necessary.

The Sierra Cobriza area forms a rectangle, which extend 4 km
on an east-west direction and 8 km on a north-south direction and is
located on the western edge of the Nacozari mining district.

During

the summer of 1981 (late May through August), 2\ months were spent
doing a semi-detailed geologic outcrop map of this area.

The mapping

was done using acetate overlays on 1:5,000 black-and-white aerial pho
tographs where available, approximately 60 percent of the area, and
using a 1:10,000 topographic map with 10-m contour intervals for the
remainder.

When working with the topographic map, a brunton compass

and an altimeter were used to aid in locating the geology.

All the sur

face geology was then compiled at a 1:10,000 scale to provide the final
map.
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The La Fortuna and San Francisco mines were mapped by com
pass and tape at a 1:500 scale, whereas for the La Lily mine, the level
maps in Nasser N.'s (1968) thesis were used as a base for the samp
ling.

Locations of samples for assay, collected by Mexicana de Cobre

personnel, were marked on the maps and in the mines with spray paint.
Petrographic studies were made of 35 thins sections from sur
face samples collected during the geologic mapping, as well as 23 thin
sections and 10 polished surfaces collected from the mine workings.
The locations of these samples are shown on the surface geologic map
and on the mine maps, respectively.
Previous Work
The geologic studies done in this part of northeastern Sonora
have followed to a good degree the economic booms of mining in the
area.

Several regional studies were done in the early part of the cen

tury when Pilares was an important copper producer.

During this same

period a few detailed investigations were done on specific mineral de
posits, mainly Pilares.

After Pilares closed down, little attention was

paid to this part of the state until the early 1960s when a joint explor
ation venture between the United Nations Development Programme and
the Consejo de Recursos Minerales brought renewed interest to the
area.

The following paragraphs described the most important published

papers that deal with the geology of northeastern Sonora.
One of the earliest accounts of Sonora's geology is that by
Dumble (1900), who in his paper summarized the knowledge at that
time.

Flores (1919), writing on several geologic expeditions as far

north as Nogales, gave a good description of the regional geology of
central Sonora and provided a large number of photographs.
gave a brief description of many of the mines he visited.

He also

Taliafierro

(1933) mapped the Cabullona Basin, an area located 20 km southwest of
Agua Prieta and reported for the first time the presence of Upper Cre
taceous sedimentary rocks in northern Sonora.

King (1929) mapped and

studied most of the southern half of the State and published his find
ings in what has become a classic paper, which to this day remains an
important stratigraphic reference for Sonora.

Imlay (1939) gave a de

tailed description of the stratigraphy of northeastern Sonora.

His work

extended as far south as Moctezuma, located 60 km south of Nacozari.
Wade and Wandtke (1920) described in a very general way the geology
of the Nacozari mining district, reporting for the first time the pre
sence of sedimentary rocks in the western part of the district.

Fries

(1962) updated the knowledge of the geology of Sonora, with special
treatment given to the Paleozoic rocks in the State.

Solano R. (1975)

provided a more recent review of the geology of the State.

Mulchay

and Velasco (1964) provided a stratigraphic correlation with the rocks
at Cananea and those in the better studied sections of southeastern
Arizona.

Wisser (1966) described the geology of the Sierra Madre

Occidental (northwest Mexico), placing emphasis on the Tertiary volcanics and their relation to precious-metal deposits.

The most recent

detailed summary of the geology of Sonora is that given by Lopez Ramos
(1979b) in the second edition of his book on the geology of Mexico.
Raines (1978) did a lineament study of northeastern Sonora based on
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Landsat-1 images to determine their relation to porphyry-type mineral
ization.
Two dissertations on the district geology have been written:
One by McAnulty (1970) concerns the northwestern part of the district,
and the other by Worcester (1976) treats the eastern portion of the
district.

McAnulty covered a large area (about 90 km"), which includes

Sierra Coppercuin and the northern part of Sierra Cobriza and de
scribes for the first time in any detail the volcanic stratigraphy of the
area.

Worcester, who covered a large area (approximately 85 km") to

the southeast of Nacozari, gave a very detailed description of the
stratigraphy and petrography of the volcanic rocks in the Pilares por
tion of the district.
Chiapa and Thoms (1971) summarized the geology of the dis
trict, with special emphasis to the area east of Nacozari.

Theodore and

Priego de Wit (1978) discussed a portion of the western part of the
district, concentrating on the La Florida porphyry-type occurrence.
Bolich (1969) studied the petrography of the intrusive rocks in the
southeastern portion of the district.
Several studies concentrated on specific deposits in the district.
Among these are one by Wade and Wandtke (1920), which deals with the
geology of the Pilares mine.

Wandke (1926) described the old La Cari-

dad mine, located about 3 km northeast of the La Caridad porphyry
copper deposit.

Wendt (1977) described the geology of the Batamote

porphyry copper occurrence located in the northwest part of the dis
trict.

Two undergraduate theses were done on the area.

One by

Nasser N. (1968) deals with the geology of the La Lily mine, located
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3.5 km northwest of Nacozari.

The other by Chiapa Ch. (1968)

reported a study of the Bella Union mine, located 14.5 km southeast of
Nacozari.

Livingston (1973a) did some K-Ar age date determinations of

rocks in and around the La Caridad porphyry copper deposit.

Cool-

baugh (1971) and Saegart, Sell, and Kilpatrick (1974) described the
geology of the La Caridad deposit in more detail.

Guilbert and Echi-

varri (1970) described in a private report of ASARCO the geology and
alteration at La Caridad.

CHAPTER 2
HISTORICAL PERSPECTIVE
Although present mining in the district is essentially restricted
to the La Caridad porphyry deposit, which began production in mid1979, the Nacozari district has had very long and important mining his
tory dating back nearly 300 years and evidenced by the large number
of mines shown in figure 2 (in pocket).
Mining reportedly started in the district before the Spanish
missionaries arrived, with silver and gold mines being operated at
Nacozari and nearby Cumpas as early as 1688 (Pay Dirt, 1981a).
Nasser N. (1968) reported that the oldest production came from the
Churunibabi silver veins, which were mined intermittently for about 300
years until the mine shut down in 1954.
The oldest significant copper production came from the La Fortuna mine, a skarn deposit, located within the present study area 4.5
km southwest of the town of Nacozari (fig. 2).

This mine started pro

ducing sometime in the early 1880s (Nasser N., 1968), with other small
mines coming into production at approximately the same time.
In the mid 1880s the Moctezuma Concentrating Company, a small
organization, bought some of the mines in the district and worked them
for nearly 10 years with varying success.

The company sold its mines

to Meyer Guggenheim and Sons, who formed the Moctezuma Copper Com
pany and for several years tried to turn it into a profitable
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operations;

production costs, however, were too high for this small-

scale operation to yield a profit.

In 1895 the Phelps Dodge Company,

on the recommendation of Dr. Louis D. Ricketts, purchased the Moctezuma Copper Company and began a program of development to transform
this area into one of the largest mining centers in Sonora (Cleland,
1952).
Among the properties purchased by Phelps Dodge was the Pilares deposit, located 7 km southeast of Nacozari, where drilling had
indicated reserves of several million tons of 3% Cu to underlie the
copper-stained landmark pillars that gave the deposit its name (Pay
Dirt, 1981).
To give an idea of the importance of the Pilares deposit, it
should be mentioned that the Moctezuma Copper Company was Phelps
Dodge's second largest copper-producing unit in 1908 when Phelps
Dodge became a corporation.
Initially Phelps Dodge installed a 500-tpd mill, which later
underwent several expansions until it reached a maximum of 3,000 tpd.
Phelps Dodge also built a railroad, first to transport the ore about 9.5
km to the mill at Nacozari and later to transport the concentrate from
Nacozari to the smelter at Douglas.
1904 (Cleland, 1952).

This later section was completed in

Mining at Pilares was interrupted only twice:

from April 1921 to February 1922 and from September 1931 to September
1927.

It ceased mining operations completely May 31, 1949.

continued until December 1960 (Pay Dirt, 1981).

Leaching

Up to and including

1959, production from the Pilares breccia pipe totaled 16.6 million metric
tons of ore averaging 2.5% Cu and 25.71 g/t Ag.

Also 19,850 metric
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tons of copper were produced through a leaching program from 1946 to
1960 (Chiapa Ch., 1980).
The Santo Domingo mine located 14 km southeast of Nacozari
(fig. 2) represents another significant mineral producer in the district.
Santo Domingo is an elliptical breccia with copper, tungsten, and silver
values.

It was mined almost continuously under various operators from

1935 through 1968.

Total production is estimated at 230,000 metric

tons, averaging 3% Cu and around 128 g/ton Ag (Chiapa Ch., 1980).
The La Guadalupe mine lies adjacent to the La Caridad por
phyry copper deposit on the latter's southwest side and 13.5 km south
east of Nacozari.

Production began here in 1954 when a pegmatite with

copper and molybdenum values was discovered.

Mining continued

through March 1959, with production reaching a total of 116,000 tons of
ore, averaging 3.44% Cu and 0.43% Mo (Coolbaugh, 1971).
Other smaller mines operated at various times within the district
with differing success;

however, since the Pilares mine shut down in

1949, the district remained essentially dormant with respect to major
exploration activity until the mid-1960s when interest in the district was
renewed.

This renewed interest began in 1962 when a major exploration

program was undertaken by the Consejo de Recursos Minerales No
Renobales (now the Consejo de Recursos Minerales) and a team from the
United Nations Development Programme.

The initial purpose of this

program was to explore for iron deposits, but in 1963 it was expanded
to include other metals, mainly copper (Coolbaugh, 1971).
This exploration program resulted in the discovery in 1967 of
the La Caridad porphyry copper deposit and in outlining within the
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district other subeconomic porphyry-type mineralized areas such as
Batamote, Bella Esperanza, Los Alisos, and La Florida (fig. 2).

Pub

lished reserves for La Caridad are 680 million metric tons of 0.67% Cu
and 0.02% Mo.

Production began in June 1979, and when its 72,000-

mtpd mill reaches full capacity, it will be, according to Sisselman (1979,
p. 73)

n.

. . the world's third largest open-pit copper mine."

The La

Caridad deposit i s owned and operated b y Mexicana d e Cobre, S . A . ,
which comprises a combination of private Mexican interests (56%) and
agencies of the Mexican government (44%).

In 1980 Mexicana de Cobre

began the construction of a flash smelter a few kilometers north of the
mine;

the smelter is still under construction, and when completed it

will have a 180,000 metric-ton-per-year capacity.

CHAPTER 3
REGIONAL SETTING
The Nacozari mining district lies at the northeastern edge of
the northwest-trending belt of Laramide-age porphyry copper deposits
of the southern Cordillera within the Basin and Range physiographic
province.

Although the geology of northeastern Sonora is not as thor

oughly understood as that of southeastern Arizona, sufficient studies
have been made to place the Nacozari district within the context of
Sonora's geology.
The geology of northeastern Sonora, similar to that of south
eastern Arizona, is dominated by north-trending mountains ranges con
sisting of Paleozoic and Mesozoic sedimentary rocks overlain by Mesozoic
and Cenozoic volcanics.

The volcanics are intruded in places by elon

gate north-trending plutons, which are probably Mesozoic in age
(Saegart and others, 1974;

cf. Titley, 1981, fig. 2, p. 82).

Following

is a brief description of the regional geoiogy of the State with an
emphasis on northeastern Sonora.
Geomorphology
The State of Sonora north of lat 28° N. (approximately 6 km
north of Guaymas) is divided into three geomorphic provinces with a
north-south trend.

These are the Sierra Madre Occidental province,

the Parallel Ranges and Valleys province, and the Sonoran Desert
province (fig. 3).

The Parallel Ranges and Valleys province and the
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Figure 3. Geomorphic provinces of Sonora, Mexico. — Based
on King (1939) and Worcester (1976).
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Sonoran Desert province combined correspond to the Basin and Range
province of the southwestern United States.

In particular, the Sonoran

Desert province approximately corresponds to the Desert region and the
Parallel Ranges and Valleys province with the Mountain region of the
Basin and Range province as defined by Wilson (1962).
Eyen though King (1939) worked only on the southern half of
the State, the subdivision of Sonora is based largely on his work, be
cause his descriptions also apply to the northern half of the State.
Imlay (1939) followed the geomorphic provinces proposed by King (1939)
and added to the description of the provinces as they apply in north
eastern Sonora.
Sierra Madre Occidental Province
The Sierra Madre Occidental is a mountain range that extends
1,200 km south-southeastward from approximately 15 km south of lat 31°
N. (King 1939) about 70 km southeast of Agua Prieta and has an aver
age width of 250 km.

This province covers the eastern portion of the

state, extending a maximum of approximately 65 km west of the SonoraGhihuahua border, with the major part of the province extending to the
State of Chihuahua.
The province is a volcanic plateau with deep gorges cut by
westward-flowing streams.

It mainly consists of Tertiary flat-lying or

gently tilted lava flows, ignimbrites, and tuffs, whose average com
position is that of andesite (Guzman and De Csema, 1963).
King (1939) divided the province into two parts:
Plateau, section and a western, or Barranca, section.

an eastern or
The Plateau
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section has a gently rolling surface with mountainous areas reaching up
to 2,600 meters in elevation.

This section has a mature topography and

lies entirely within the State of Chihuahua.

The western limit of this

section is marked by a sharp break in topography, with the erosional
base level of the Barranca section being thousands of feet lower than
that of the Plateau section (King, 1939).
The Barranca section displays youthful topography and forms a
40- to 95-km-wide belt of rocks cut by steep-sided canyons (barrancas,
in Spanish), which reach depths down to 2,000 m.

The Barranca sec

tion constitutes the Sierra Madre Occidental province of Sonora and can
be considered roughly equally distributed between Sonora and Chihua
hua.

Westward this section ends in a roughly continuous line of high,

west-facing escarpments (King, 1939) giving way to the Parallel Ranges
and Valleys province.
Parallel Ranges and Valleys Province
The Parallel Ranges and Valleys province consists of a belt of
mountain ranges separated by intermontane valleys, with the average
trend of both being N. 10° W.

It is 90 to 120 km wide in central

Sonora and extends into the State of Chihuahua near the International
Border.

The mountain ranges are upfaulted blocks, with most of the

faults in the northern part of the province being located on the east
side of the ranges (King, 1939).

In northeastern Sonora normal fault

ing predominates, with some thrust faulting having been reported
(King, 1929; Imlay, 1939; Fries, 1962).
is quite varied,

The geology of this province

with outcropping rocks ranging in age from
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Precambrian near Cananea (Anderson and Silver, 1977) to Holocene
throughout.
The Nacozari mining district is located in the eastern portion of
the Parallel Ranges and Valleys province, just south of the northern
most extent attained by the Sierra Madre Occidental province in Sonora.
In the district, as in the rest of the province, the mountain ranges rise
to a maximum elevation of about 2,000 m.
The Parallel Ranges and Valleys province is equivalent to the
Mountain region of the Basin and Range province of Arizona, although,
as defined by Wilson (1962), the Mountain region extends 70 km west of
Nogales, whereas the western limit of the Parallel Ranges and Valleys
province passes through Nogales (Worcester, 1976).
Sonoran Desert Province
The Sonoran Desert province is an arid region located west of
the Parallel Ranges and Valleys province extending westward to the
Gulf of California.

It covers approximately 50 percent of the State and

is equivalent to the Desert region of the Basin and Range province of
Arizona.

The main characteristics of the Sonoran Desert province is

the presence of isolated mountains ranges for the most part lacking a
definite orientation, although a few still show some evidence of being
fault blocks and thus retain a north-south trend.

As a result of the

mature topography of the area, valleys or plains are much more
extensive than in the Parallel Ranges and Valleys province.

Mountain

ranges attain a maximum elevation of 1,000 m and consist mainly of
Precambrian granites and metamorphic rocks, Paleozoic and Mesozoic
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sedimentary rocks, and Quaternary volcanics in the northwestern por
tion of the State (for example, the Pinacate volcanic field).
Structural Geology
The topography of the State is closely related to its underlying
structure, this being most evident in the Parallel Ranges and Valleys
province where predominantly normal faulting has produced a series of
horsts, grabens, and tilted fault blocks.
Using the most recent state geologic mapf published by the
Direcci6n General de Geografia del Territorio Nacional (1981) at a scale
of 1:1,000,000, the most important structural feature that can be dis
cerned is the series of subparallel normal faults that trend in an ap
proximate north-south direction.
this pattern.

Older state geologic maps also show

These faults in general bound the flanks of roughly

north-south-trending mountain ranges, which constitute the Basin and
Range physiographic province (Sonoran Desert plus Parallel Ranges and
Valleys provinces).

Movement along these faults is interpreted to have

started during the middle Tertiary as is inferred from the accumulation
of thick mid- to late-Tertiary continental sediments, the Baucarit For
mation, the basins between these subparallel mountain ranges (Roldan
Q. and Solano R.» 1978).

The base of the Baucarit Formation consists

of one or more basalt flows (King, 1939) for which Vdzquez P. (1975),
based on a personal communication from P. E. Damon of the Laboratory
of Isotope Geochemistry, The University of Arizona, reported a 21m.y.-old age for a basalt sample from central Sonora.
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Laramide and pre-Laramide deformation is present throughout
the State, although it has been partially obliterated by the later Basin
and Range orogeny.

Most of the Basin and Range deformation occurred

from early or Middle Miocene into Pliocene time, continuing with lesser
intensity into Pleistocene time (Wilson, 1962),

The latest tectonic

movement in northeastern Sonora occurred on May 3, 1887, when a
major earthquake affected a large portion of northwestern Mexico and
southwestern United States.

The epicenter for this earthquake was

located approximately 75 km southeast of Agua Prieta and had an esti
mated magnitude of 7.2 (DuBois and Smith, 1980).

The resulting fault

scarp lies entirely in Sonora and extends over 50 km in a roughly
north-south trend ending about 15 km south of the International
Border.

It displays an average vertical displacement of 3 meters.
An important feature of the geology of northern Sonora is the

predominance of northeast- and north-northwest-trending lineaments as
interpreted from Landsat-1 images (Raines, 1978; Wendt, 1977).

This

type of structural manifestation is evidence in the Arizona-Sonora
copper belt by the elongation of plutons, veins, and dikes along
northwest and northeast trends and by the northwest trend of outcrops
of Paleozoic and Mesozoic sedimentary rocks.

The northwest structural

trend is interpreted as having been active during pre-Laramide Mesozoic
time, whereas the northeast structural trend may have been inherited
from Precambrian structural elements (Titley, 1981).

These structural

elements reactivated during the Laramide are thought to have provided
zones of low compression into which porphyry copper deposits could be
emplaced.

At the La Caridad porphyry copper deposit, located in the
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Nacozari mining district, there does not appear to be a persistent linear
structure, and the fractures and mineralized veins have multiple orien
tations (Saegart and others, 1974).

However, in viewing on a regional

scale, Raines (1978) found a close correspondence between the location
of the La Caridad deposit and north-northwest- and northeast-trending
lineaments as interpreted from Landsat-1 images.
Another important, although interpreted, structural feature of
northern Sonora is the Mojave-Sonora megashear (fig. 4).

Anderson

and Silver (1979) proposed this structural element to separate two dif
ferent raetamorphic

grades in Upper Precambrian rocks near Caborca.

The rocks that lie east of the megashear show a greenschist facies metamorphism and a 1.7 to 1.6 b.y.-year age.

West of the megashear,

rocks show a higher metamorphic grade, up to amphibolite facies, and
are older (1.8-1.7 b.y.).
Coney (1981) considered in his North American suspect terrane
map the Mojave-Sonora megashear as a terrane-bounding fault separat
ing the autochthonous North American cratonic basement to the north
east from the allochthonous Caborca terrane to the southwest.

Based

on analysis of displaced strata, movement along the megashear is
believed to be mid-Jurassic in age (Anderson and Silver, 1979).

Due

to the similarity in Precambrian basement between the Caborca terrane
and the Inyo Mountains-Death Valley region, there appears to have
been a 700-800-km left-lateral displacement.

The trace of this

megashear southeast of the Caborca area is very uncertain due to the
post-Jurassic volcanic and sedimentary cover.
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Stratigraphy
The geology of the State of Sonora is quite varied and complex,
both in terms of ages and lithologies of the rocks found within it.

The

oldest rocks in the State are Precambrian in age and are restricted
essentially to the Cananea.

Except for the Silurian System, all of the

systems in the Paleozoic Era are represented.

Mesozoic and Cenozoic

rocks are present throughout the State, with the youngest volcanics
being less than 20,000 years old and being located in the Pinacate vol
canic field in northwestern Sonora.
Precambrian Era
Outcrops of Precambrian rocks in Sonora are essentially re
stricted to the northwest portion of the State and are reported as far
south as 50 km northwest of Hermosillo (Anderson and Silver, 1970).
Following the subdivision of the Precambrian rocks in Arizona into
"older11 and "younger" (Wilson, 1962), the Precambrian in Sonora is
given the same terminology (Fries, 1962).

Salas (1970) considered the

metamorphic rocks near Santa Ana to represent both the older and the
younger Precambrian;

however, because he gave no age dates and

none was encountered in the literature, this age assignment is con
sidered tentative.

In the following discussion of the Precambrian

rocks, only those areas for which radiometric ages have been reported
are considered.
The older Precambrian rocks are restricted to the Caborca re
gion,

They consist of metamorphic rocks ranging from schists and

quartzites

to

flaser

gneisses

that

are

intruded

by

nearly
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contemporaneous hornblende diorite sheets and a rhyodacite porphyry.
The rhyodacite porphyry represents the oldest dated rock in Sonora
according to Anderson and Silver (1971), who reported a 1780 ± 20
m.y. age for this rock.

The highest and most abundant metamorphic

grade is attained west, south, and southeast of Caborca where almadine
araphibolite facies metamorphic rocks are present.

East and locally

southeast of Caborca the rocks have attained a greenschist facies
metamorphism.

Anderson, Bells, and Silver (1979) reported quartz

monzonite and granodiorite outcrops southeast of Caborca that are 1740
to 1745 ± 15 m.y. old;

these outcrops should be approximately 40 km

southeast of Caborca based on their description.
Damon (1968) proposed two orogenic episodes for the older Precambrian of Arizona and Sonora:

The Arizonan Revolution, which oc

curred between 1,630 and 1,760 m.y. ago, and the more widely recog
nized Mazatzal Revolution, which took place between 1,370 and 1,450
m.y ago and marks the end of the older Precambrian.

In the Caborca

region the end of the older metamorphic event is marked by the occur
rence of metamorphic segregations and pegmatites.

Reported age dates

for the pegmatites are 1,680 m.y (Damon, 1968); 1,650 ± 30 m.y and
1,600 ± 20 m.y. (Anderson and Silver, 1971); and 1,630 ± 20 m.y. and
1,675 ± 20 m.y. (Anderson and others, 1979).

A quartz monzonite near

Cananea yields a U-Pb date of 1,440 ± 15 m.y. B.P., which places it in
the time range of the Mazatzal Revolution.

However, Anderson and

Silver (1973) considered it part of an anorogenic suite of Precambrian
plutons in the southwestern United States and northern Mexico.
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The younger Precambrian rocks are represented by a felsic
intrusive event, which Anderson and Silver (1970) dated at 1,140± 25
m.y. and consider to be the southwesternmost occurrence of Grenville
igneous activity.

The rocks are unfoliated and are defined by several

granitic outcrops south and west of Sonoyta and by outcrops of the
Aibo micrographic granite found 25 km south of Caborca.

Unconform-

ably overlying the Aibo granite is a thin conglomerate that marks the
beginning of the younger Precambrian sedimentary sequence.

This

basal conglomerate and the overlying quartzites have an average thick
ness of 10 m (Damon and others, 1962) and are overlain by a thick,
predominantly marine sequence of carbonate and clastic rocks.

This

sedimentary sequence is generally fresh but locally shows a very low
degree of metamorphism and is at least 4,200 m thick (Merriam and
Eells, 1978).

It consists of stromatolitic dolomites, limestones, in-

terbedded quartz-arenites, and minor shale interbeds.

It is divided

into a lower half containing abundant algal structures and an upper half
consisting predominantly of massive dolomite and thick quartzite beds.
Fries (1962) suggested a correlation between these rocks and the
Apache Group of Arizona;

however, Anderson and others (1979) con

sidered that they are not correlative and that instead a correlation may
exist between this section and pre-Olenellus formations in the Death
Valley—Inyo Mountains region.
Paleozoic Era
There are many outcrops of Paleozoic rocks in Sonora, and they
are most abundant in the Caborca region in central Sonora east of
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Hermosillo and in the northeastern portion of the State.

The south

ernmost extension of Paleozoic deposition in Sonora corresponds to a few
outcrops found northeast of Navojoa.

Essentially all of the Paleozoic is

represented in Sonora except for the Silurian and Lower Devonian sedi
mentary rocks (Lopez Ramos, 1969, 1979aj F. Rangin, 1978).
Paleozoic time in Sonora was characterized by the deposition of
a thick sequence of shallow marine sediments.

In the Caborca region a

Cambrian shale unit conformably overlies upper Precambrian sediments.
This relationship suggests that a Precambrian transgressive cycle con
tinued into the Paleozoic.

However, in the northeastern and central

portions of the State, uplift and erosion most likely occurred in the late
Precambrian—early Paleozoic as is suggested by the unconformable
nature of the contact in northeastern Sonora (F. Rangin, 1978) and the
absence of Cambrian strata in central Sonora (King, 1939).
consist of limestone, dolomite, sandstone, and shale.

The strata

In the Caborca

area a composite stratigraphic column attains a maximum thickness of
2,600 m (Lopez Ramos, 1979b).

In the El Tigre area, in eastern

Sonora, Imlay (1939) reported a 1,675-ra thickness of upper Paleozoic
sedimentary rocks.

The thicker Paleozoic sequence near Caborca is

interpreted to represent a faster subsidence rate toward the northwest.
Probably the best studied Paleozoic rocks in the State are the
Cambrian strata in the Caborca region, where they attain a maximum
thickness of 1,310 m (Anderson and others, 1979) and consist of shale,
sandstone, limestone, and dolomite.

Cambrian sedimentary rocks are

also found near Cananea, where 210+ m of quartzite and limestone were
reported by Mulchay and Velasco (1954).

Ordovician strata have been

reported west of Caborca (Cooper and Arellano, 1945) and southeast of
Hermosillo where they are approximately 50 m thick (King, 1939).

As

mentioned, there are no Silurian or Lower Devonian sedimentary rocks
in the State.

In the Caborca area the Devonian through Permian is

represented by about 1,000 m of limestones and cherty limestones that
are separated by the absence of Pennsylvanian rocks (Lopez Ramos,
1979b).

In central Sonora the Ordovician sedimentary rocks are un-

conformably overlain by approximately 500 m of thick, massive Permian
limestone (King, 1979).
F. Rangin (1979) mentioned the presence in the northeast por
tion of Sonora, between Cananea and Agua Prieta, of a predominantly
carbonate sequence that ranges in age from Cambrian to Permian with a
Silurian hiatus and a partial Ordovician-Devonian hiatus.

Mulchay and

Velasco (1954) described a 745-m limestone sequence in the Cananea
area that ranges from Devonian through Pennsylvanian.

Taliafierro

(1933) reported the presence of 750 m of upper Paleozoic limestones in
the Cabullona basin, southwest of Agua Prieta.

Several Permian-Car

boniferous limestone occurrences in northeastern Sonora, most of which
are located east-northeast of Nacozari, were mentioned by Imlay (1939).
These limestones range in thickness from tens of meters to 1,675 m in
the El Tigre area.
Wade and Wandtke (1920) reported a limestone occurrence of
unknown age west of Nacozari, which Imlay (1939), although giving no
paleontological evidence, considered as late Paleozoic in age.

However,

McAnulty (1979) considered them to be of Early Cretaceous age based
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on stratigraphic similarities with rocks in southern Arizona and south
ern New Mexico.
During Paleozoic time there was no magmatic activity in Sonora
(Wisser, 1966), and with the exception of a probably pre-Permian
deformation (King, 1939) there were no orogenies during this time
period.
Mesozoic Era
Upper Permian as well as Lower Triassic sedimentary rocks are
absent in Sonora;

this absence suggests that northwest Mexico was

uplifted during this time period (Wisser, 1966).

The rest of the Mes

ozoic is well exposed throughout the State, but it is most abundant in
the Parallel Ranges and Valleys province.

Unlike during the Paleozoic,

subaerial sedimentation became important during this era.
During he Late Triassic and Early Jurassic, the accumulation of
clastic continental rocks in central and northwestern Sonora occurred.
This sedimentary sequence is known as the Barranca Formation, and it
consists of a massive sandstone separated by a plant-bearing carbona
ceous shale member (King, 1939).

In places, it contains graphitic

quartzite, impure graphite, and slate.

In the northwest portion of the

State, the formation contains minor marine calcareous units that repre
sent the first Mesozoic transgression in Sonora.

Lopez Ramos (1979b)

gave a total thickness for this formation in central Sonora of approx
imately 1,720 m.

In the Antimonio area, about 40 km west of Caborca,

rocks equivalent in age with the Barranca Formation are found (Cooper
and Arellano, 1946).

They consist of 3,400 m of sandstone, mudstone,
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siltstone, fossiliferous limestone, and black shale, which Gonzalez (1979)
correlated with the Barranca Formation.

Near Caborca the limestone

and some of the shale units are highly fossiliferous, and among the
fossil fauna they contain are corals, pelecypods, bryozoans, ammonites,
and belemnites.

In central Sonora the shale member of the Barranca

Formation contains an abundant fossil flora for which King (1939) gave
a list of species.

In the northeastern portion of the State no Upper

Triassio—Lower Jurassic outcrops have been reported in the literature.
During Early to Middle Jurassic time, a sequence of volcanic
and volcaniclastic rocks accumulated from Sonoyta in northwestern
Sonora through El Novillo in central Sonora.

C. Rangin (1978) con

sidered this magmatic arc related to subduction off the coast of Baja
California.

The lithologies present are andesitic flows, tuffs, ag

glomerates, volcanic breccia, and volcanic arenite, for which Gonz&lez
(1979) reported a 700-m thickness in the Sierra del Alamo, west of
Caborca.

Locally, the rocks of this volcanic and volcanisedimentary

assemblage found in a northwest-southeast belt that extends from almost
10 km east of Sonoyta to approximately 50 km southeast of Santa Ana
show a low-grade greenschist facies metamorphism of Late Jurassic age
(C, Rangin, 1978), i.e., the Nevadan Revolution.
Cretaceous sedimentation was restricted to the eastern and
northeastern portions of the State.

During the Early Cretaceous, a

thick sequence of rocks, which in north-central Sonora reaches 2,000 m
(Roldan Q. and Gonzdlez, 1979), was deposited.

It consists of con

glomerate, sandstone, limestone, and mudstone with an abundant fossil
fauna, the most important of which are ammonoids, pelecypods, and
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forarainifera (King, 1939).

This sedimentary sequence is equivalent to

the Bisbee Group, and it shows a facies change toward the west mani
fested by thinning of the limestones and thickening of the terrigenous
rocks in that direction. The sedimentary rocks found west-northwest of
Nacozari, according to McAnulty (1970), are probably equivalent to the
Bisbee Group.

Unconformably overlying these Lower Cretaceous rocks

is the Cabullona Group, which is Late Cretaceous in age and was origi
nally named by Taliafierro (1933), southwest of Agua Prieta, in the
Cabullona basin.

They formed in a continental environment of deposi

tion and consist of conglomerate, sandstone, and mudstone.

They con

tain freshwater invertebrates and dinosaur fossils (Taliafierro, 1933).
What is interpreted as one of the characteristics of the Cretaceous
sedimentary rocks in Arizona, southwestern New Mexico, and northern
Sonora is that they accumulated in isolated basins, thus show rapid
facies changes over short distances (Lowell, 1974) and make correlations
between them difficult.
Cenozoic Era
The Cretaceous-Tertiary boundary is marked by folding and
faulting of previously deposited rocks, widespread intrusions, and
coeval volcanics, i.e., the Laramide Revolution.

For southwestern

North America this period of magmatic activity can be separated into:
(1) a Laramide period dominated by plutonic activity and related to the
development of porphyry copper deposits;

(2) a period of magmatic

quiescence between approximately 50 and 40 m.y. B.P.;

and (3) a

later period of abundant volcanism with very little intrusive activity
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(Titley, 1981), which Solano R, (1975) placed between 40 and 10 m.y.
B.P. in Sonora.
Laramide intrusions are found throughout essentially all of the
State of Sonora, except in its easternmost portion, the Sierra Madre
Occidental province, where Tertiary volcanics cover most of the area.
The intrusions range in size from small dikes to stocks to plutons of
batholitic proportions.

Compositionally, they range from quartz diorite

to granodiorite to quartz monzonite to granite, all of which can be porphyritic (Sillitoe, 1976).

In general they tend to be characterized by

abrupt contacts with their host rocks, i.e., passive emplacement, with
abundant dikes and sills projecting from the stocks.

In some places,

the stocks formed by a series of magmatic pulses and not by a single
event such as at the Cananea and La Caridad porphyry copper deposits
(Sillitoe, 1976; Coolbaugh, 1971).

By looking at the state geologic map

(Direcci6n General de Geografia del Territorio Nacional, 1981), the
preferred north-northwest orientation of these plutons becomes apparent
and from it, it is interpreted that they took advantage of an older
structural fabric for their emplacement.
Most of the age date determinations that have been made cor
respond to stocks associated with porphyry copper-type mineralization
(Livingston, 1973, table 1 and Sillitoe, 1976, table 1),
the most part fall in the 50-60 m.y. range.

Their ages for

For example, the Cananea

deposit i s 58.5 ± 2 . 1 m . y . old and the La Caridad deposit 52.1 ± 2 . 0
m.y. old (Livingston, 1973b), and the Sonoran granite near the town of
Opodepe in north-central Sonora gives a date of 57 ± 2 m . y . B . P .
(Ramirez M., 1979).

Age dates in the 60-70 m.y. range have been
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reported for the Gananea district by Anderson and Silver (1977), who
determined the age of the Cuitaca granodiorite as 64 ± 3 m.y and of the
Chivato monzodiorite as 69 ± 1 m.y.

Thus a Laramide age for these

plutons is clearly established.
Contemporaneous with the emplacement of the Laramide plutons
and extending farther in time, a series of volcanic rocks that range in
composition from rhyolitic to andesitic accumulated.

Livingston (1973a),

for example, reported the age of a latite porphyry flow near the La
Caridad deposit as 51.3 ± 0,3 m.y.

This Early Tertiary magmatism was

separated by an approximately 10 m.y. period of magmatic quiescence,
between approximately 50-10 m.y. B.P., from a Middle Tertiary episode
of magmatic activity.

According to Damon (1968), most of the activity

of this second magmatic pulse in the southern part of the Basin and
Range province occurred between 25 and 30 m.y. B.P.

This period of

igneous activity was mainly volcanic and resulted in the accumulation of
thick ignimbrites within the Sierra Madre Occidental province in eastern
Sonora.
During the Late Tertiary, predominantly basaltic to andesitic
flows accumulated throughout Sonora.

Gastil and Krummenacher (1977)

listed a series of K-Ar ages obtained from volcanic rocks along Sonora's
central coast.

These ages range from 22.7 ± 1 . 1 to 3 . 7 ± 0 . 9 m . y .

The initiation of this basaltic to andesitic volcanism is thought to be
contemporaneous with the beginning of the Basin and Range orogeny
(Roldan Q. and Gonz&lez, 1979).

In some of the basins that formed as

a result of this tectonic activity, thick sequences of Upper Triassic
continental terrigenous rocks, which are known as the Baucarit
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Formation, accumulated.

They consist of sandstones, clayey sand

stones, and conglomerates, locally interbedded with minor basalt flows.
King (1939) correlated this formation with the Gila Conglomerate of
southern Arizona.

Lopez Ramos (1979b) reported marine shales inter

bedded within the Baucarit Formation west of Hermosillo.

This for

mation is found throughout the State but is most abundant within the
Parallel Ranges and Valleys province.
During the Quaternary, a final period of volcanic activity took
place in a few locations throughout the State, the most important and
best studied of which is the Pinacate volcanic field in northwestern
Sonora.

Here the most important lithology consists of olivine basalt

flows, with minor pyroclastic deposits (Merriam, 1972).

In the Pinacate

area there are a number of cinder cones along with several craters that
are probably collapse features.

Based on two samples from the El Ele

gante crater dated by the carbon-14 method, a minimum age of forma
tion of approximately 17,000 years is assigned to that crater (Roldan Q.
and Solano R . , 1978).
Quaternary alluvium covers a major portion of western Sonora,
and it also occurs along river valleys throughout the State.

In gen

eral, it consists of unconsolidated silt, sand, and gravel, although
locally the deposits may be well cemented as as in a few places along
t h e Sonoyta-Caborca highway (Merriam, 1972),

CHAPTER 4
GEOLOGY OF THE NACOZARI MINING DISTRICT
Within the Nacozari district the dominant lithology consists of
andesit i c to latitic flows and ignimbrites of Laramide a g e , which may b e ,
at least in part, coeval with the Laramide intrusive rocks in the
district.

The oldest rocks in the district, located west-northwest of

Nacozari, are sedimentary and volcaniclastic and have been tentatively
assigned an Early Cretaceous age.

The intrusive rocks and most of the

volcanics have been dated as early Tertiary, the exception being a
middle Tertiary volcanic unit in the eastern part of the district.
Structure
The district can be viewed as being separated into four
structural blocks by three major faults of undetermined but inferred
major displacement (fig. 5).

Two of these faults, the Pilares and

Coloradito, have a northwest trend, whereas the Florida fault, located
west of Nacozari, has an approximately north-south trend.

In a

general sense the rocks in these structural blocks can be said to
decrease in age from west of east because there are Cretaceous rocks
west of Nacozari, early Tertiary volcanics and intrusive rocks
throughout, and middle Tertiary sedimentary and volcanic rocks in the
eastern part of the district.
On the west side of the Florida fault there are two northtrending mountain ranges:

Sierra Cobriza, located southwest of
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Nacozari, and Sierra Coppercuin, located northeast of Nacozari.
block will be referred to as the western block.

This

The Florida fault is an

essentially vertical normal fault with an approximate north-south trend
and a localized shear zone up to 200 m wide to the west of Nacozari.
The west central block, which forms the Nacozari Valley, is
downdropped and bounded by the Florida fault on the west and the
Pilares fault on the east (fig. 5).

The Pilares fault is locally tends of

meters wide, has an approximate N. 30° W. strike, and extends for
over 15 km.

The displacement along the Pilares fault decreases from

the southeast to the northwest, with a reported displacement of 1,000 m
east of Nacozari and 400 m at its northwest end (McAnulty, 1970).

The

direction of movement along this fault appears to be down to the south
west (Worcester, 1976).
The east-central structural block is bounded by two northwesttrending faults, the Pilares fault on the west-southwest and the Colo
radito fault on the east-northeast.
not crop out;

The Coloradito fault apparently does

it was exposed northeast of the La Caridad deposit in

several road cuts.

The fault is over 15 m wide, and it has an apparent

orientation of N. 65° W. and a dip of 38° NE. (Worcester, 1976).

The

amount of displacement along this fault is unknown, although due to its
width it appears to be a major fault with relative movement down to the
northeast.

East-northeast of the Coloradito fault is the eastern struc

tural block, which contains the youngest rocks in the district.
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Stratigraphy
Following is a brief description of the district's stratigraphy,
which will consider each structural block separately, beginning with the
western block and continuing eastward.
Western Structural Block
The western structural block contains most of the thesis area
and will therefore be discussed in detail in the next chapter, with only
a short mention of its salient features being given here.
The central and southern portions of Sierra Coppercuin, i.e.,
southern extension of Sierra La Purica, and the northern part of Sierra
Cobriza are composed of a sequence of Lower Cretaceous sedimentary,
volcanic, and volcaniclastic rocks (fig. 5).

In Sierra Coppercuin, a

metamorphosed marine limestone is the dominant rock type, whereas in
Sierra Cobriza, quartzite and tuffaceous quartzite predominate.

Several

mineralized skarns are found within this rock sequence, the most impor
tant of which are, from south to north. La Fortuna, San Francisco, La
Lily, and La Carolina mines.

The first three of these mines lie within

the present study area.
A locally altered and mineralized andesite is found capping
Sierra Cobriza and on the southeast portion of Sierra Coppercuin,
where a subeconomic porphyry-type occurrence, known as the La Flo
rida deposit (fig. 5) has been drilled.

A hypabyssal latite porphyry

constitutes the major portion of Sierra Cobriza, locally intruding the
andesites and the Cretaceous sedimentary rocks.

Along the northwest

portion of Sierra Cobriza and the northern part of Sierra Coppercuin

38
are several outcrops of a granitic pluton, which McAnulty (1970) called
the Carolina stock and which in Sierra Coppercuin intrude the predomi
nantly calcareous units.

In the northwest portion of this structural

block, west and southwest of Sierra Coppercuin, are a series of massive
tuffaceous units that constitute the Ejido Rhyolite.
West-Central Structural Block
Within the southern portion of the Nacozari Valley and up to
approximately 1 km north of the town of Nacozari, the lithology consists
of what McAnulty (1970) appropriately called the Valle Andesite.

The

exposed thickness of this formation is close to 300 m, and the formation
consists of predominantly porphyritic andesite flows with minor, thin
basalt flows and interbedded andesitic tuffaceous sandstone.

Cerro

Florida, located west of Nacozari, is formed by massive tuff units,
which were termed the "Florida member" of the Ejido Rhyolite by
McAnulty (1970).

Outcrops of the Florida member are also found just

north of Nacozari and in the northern part of the district where the
member attains its maximum thickness of 240 m.

The Valle Andesite un-

conformably overlies the Ejido Rhyolite, with the beds within the former
apparently increasing in age toward the south (Chiapa and Thoms,
1971).
In the northern part of this structural block and unconformably
overlying the Valle Andesite is the Pista Fanglomerate, with an exposed
thickness of approximately 150 m.

It consists of boulder and pebble

conglomerates with intercalated sandstone beds and thin, olivine basalt
flows.

The boulders are predominantly andesitic, with a few rhyolitic,
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and are characterized by a decrease in abundance toward the top of the
formation.

McAnulty (1970) reported the presence of small bone frag

ments in some of the sandstone beds, although poor preservation pre
cluded identification.
East-Central Structural Block
The rocks in this structural block are predominantly volcanic,
have a general northeast strike, and dip 20°-35° SW.

Besides the

northwest-trending block-bounding faults, Pilares and Coloradito, these
rocks are cut by several smaller faults, which cause repetition of some
of the units.

The volcanic stratigraphy of the rocks at and near

Pilares has been described by Chiapa and Thoms (1971), Chiapa (1980),
and Worcester (1976), with all of these reports forming the basis of the
following summary, although that by Worcester gives the most detailed
and complete description.
The

total thickness of the stratigraphic column varies

considerably as reported by the different authors.

Chiapa and Thoms

(1971) reported a thickness of 670 m, whereas Worcester (1976) gave a
thickness of approximately 1,375 m.

Although he acknowledged the

probable thickening of two of the formations through faulting, this
would only decrease its thickness by about 200-300 m, still giving a
thickness 60 to 70 percent greater than that reported by the former
authors.

Some of this difference is probably due in some places to the

marked thickness variation, depending on the location where it was
measured.

Because of the apparent thoroughness of Worcester's des

criptions, the thicknesses he reported will be considered here.
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The volcanics have been divided into six units, the oldest of
which, probably the basal unit for the sequence, is a crystal-lithic
dacite tuff (termed an "andesitic sandstone" by Chiapa and Thorns,
1971).

This dacite tuff is poorly exposed;

(1975), less than 10 m of it were observed.

according to Worcester
Disconformably overlying

it is the Esperanza Group, which is divided into a lower formation
called the Esperanza Ignimbrite and an upper one called the Paulina
Lithic Ignimbrite.
The Esperanza Ignimbrite crops out and is very abundant in
the northern portion of the east-central structural block.

It appears to

be correlative with the Ejido Rhyolite of McAnulty (1970). The
Esperanza Ignimbrite consists of tuff beds, which display a varying
degree of welding and have an estimated thickness of about 470 m.
The Paulina Lithic Ignimbrite conformably overlies the Esperanza
Ignimbrite and has its main exposures approximately 3 km north-north
west of the town of Pilares, where it reaches a thickness of 85 m.

It

is a thin- to medium-bedded ash-flow tuff with abundant sand- to
pebble-size felsite fragments and fractured plagioclase phenocrysts
(Worcester, 1976).
The Rosario Formation conformably overlies the Paulina Lithic
Ignimbrite, with the contact being gradational about 3 km northwest of
the town of Pilares and sharp elsewhere.

It has a maximum measured

thickness of 265 m, although N. 60° E. en echelon faults probably
resulted in repetition of some of the units.

This formation is fairly

widespread and is among those that display the greatest thickness
variations, because in part of the district it is only 50 m thick.

It
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consists of an andesitic crystal-lithic tuff, which near Pilares has a thin
welded tuff member.
Conformably overlying the Rosario Formation in the Pilares area
is the Porvenir Andesite,

It displays a large thickness variation,

ranging from 346 to only 82 m, although Worcester (1976) assumed that
thickening of this formation occurred as a result of faulting.

Both

vertically and laterally the Porvenir Andesite displays a large lithologic
variation, which includes andesitic tuffs, some of which may be
conglomeratic, andesite flows, andesite breccia, and autobrecciated
andesite.
Overlying the Porvenir Andesite and separated from it by an
ang u l ar unconformity is the Pilares latite flow breccia (fig. 5), which is
probably over 200 m thick (Chiapa and Thoms, 1971).

This formation

constitutes most of the Pilares area and extends farther to the
southeast.

According to Chiapa and Thoms (1971), this andesite

represents a good example of autobrecciated lava flows.

The latite

fragments are angular to subangular and range in size from pebbles to
small cobbles in a matrix of latite fragments in the sand- to silt-sizerange.

Small latite dikes locally intrude the breccia (Worcester, 1976).
The La Caridad intrusive complex, which hosts the porphyry

copper deposit of the same name, is located in the southeast portion of
the east-central structured block.

The Pilares breccia pipe, hosted by

the upper volcanic units, is also located in this block.
deposits will be discussed later.

Both of these

The La Caridad intrusive complex is

characterized by several rock types, ranging in composition from diorite
to pegmatite.

They are thought to be differentiates of a parent magma,
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because the contacts between the various rock types are not abrupt
(Coolbaugh, 1971).
Eastern Structural Block
The eastern structural block is bounded on its southwest side
by the Coloradito fault, striking northwest and dipping northeast.
Exposed in this part of the district is the Caridad Conglomerate, which
is up to 100 m thick (Livingston, 1973a), with interlayered rhyolite
tuffs and a ferruginous conglomerate.

The Caridad Conglomerate,

termed the "Coloradito fanglomerate" by Worcester (1976), is well
indurated and poorly sorted, with most of the clasts being derived from
volcanic rocks.

A few clasts of quartz monzonite porphyry derived

from the leached capping of the La Caridad porphyry copper deposit
also occur in this conglomerate (Saegart and others, 1974).

A

ferruginous conglomerate occurs in the streams draining the La Caridad
deposit.

The clasts that comprise this red conglomerate have varied

lithology and were derived from the La Caridad intrusive complex.
They are cemented by dark-red iron oxides probably derived from
solutions that leached the La Caridad deposit (Livingston, 1973a).
The El Globo Formation unconformably overlying the Caridad
Conglomerate consists mostly of thick rhyolite flows and is the youngest
exposed volcanic unit in the district (Worcester, 1976).
The old La Caridad mine, located approximately 3 km northeast
of the La Caridad porphyry copper deposit and worked in the early
part of the century for its limited copper and minor silver content
(Coolbaugh, 1971), is located in the eastern structural block and is

43
thought to represent the faulted top of the La Caridad porphyry copper
deposit (Martinez M., 1981, personal commun,).
K-Ar Age Dates
Several K-Ar age dates have been obtained for rocks in the
district, most of which are from the different intrusive rocks associated
with the La Caridad porphyry copper deposit and reported by Livings
ton (1973a).

Only one age date from the present study area was found

in the literature.
The oldest reported age date for the Nacozari district is 54.0 ±
1.6 m.y. B.P. given by Damon and others (1968) for a pegmatite from
the Guadalupe mine, approximately 400 m southwest of the La Caridad
deposit.

However, the pegmatites are regarded as the youngest rocks

of the La Caridad intrusive complex (Coolbaugh, 1971; Saegart and
others, 1974).

To account for this discrepancy, Livingston (1973a) ex

plained that this age date falls within the expected analytical variance
and this is indeed is the youngest rock of the deposit.

Based on field

interpretation, the oldest rock of the La Caridad intrusive complex is a
coarse-grained biotite quartz monzonite, which has been dated at 53.1 ±
1.1 m.y. B.P.
Sericite from a quartz monzonite porphyry just outside the de
posit was dated at 53.2 ± 1.2 m.y. B.P. (Livingston, 1973a).

Because

alteration and mineralization at the La Caridad deposit are spatially
coextensive and appear to be contemporaneous (Saegart and others,
1974), this date is interpreted to represent the age of both the hydrothermal alteration and the copper mineralization.

Clark and others
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(1979) using Livingston's data and updating his decay constants
(Damon, 1983, personal commun.) reported a revised K-Ar age date of
54.47 ± 0.9 m.y. B.P. for the sericite from the quartz monzonite
porphyry.

Within the present study area, sericite from a quartz vein

in the La Florida area was dated by Clark and others (1979) at 52.4 ±
1.3 m.y. B.P.

Therefore a late Laramide age for both the intrusive

activity and the porphyry-type alteration-mineralization within the
district is well established.
Two of the lower volcanic units in the east-central block have
been dated by the K-Ar method.

The Esperanza Ignimbrite was dated

at 52.0 ± 2.5 m.y. B.P. (Worcester, 1976), and the overlying Paulina
Lithic Ignimbrite at 52.1 ± 1.9 m.y. B.P. (Livingston, 1973a), making
these volcanics at least partly coeval with the Laramide intrusive rocks
in the district.

The youngest date in the district was from a sample

from a rhyolite tuff interlayered with the Caridad Conglomerate and
collected approximately 600 m northeast of the La Caridad deposit.
rhyolite tuff was dated at 24.0 ± 0.5 m.y. B.P.

The

CHAPTER 5
GEOLOGY OF THE SIERRA COBRIZA AREA
Sierra Cobriza and the southern portion of Sierra Coppercuin,
two approximately north-trending mountain ranges, are the main topo
graphic features of the thesis area.

Sierra Cobriza is located southwest

of Nacozari and constitutes about 65 percent of the area.

Moderate to

steep slopes with up to 35-degree gradients prevail throughout the
area, thus providing good exposures of the various rock types present,
except in the westernmost and northeastern portions of the area.

For

this reason, I decided to do a semi-detailed geologic outcrop map of the
area leaving out, as far as the scale permitted, interpreted contacts
that might mislead the reader.
The rocks exposed in the area consist of Cretaceous sedimen
tary, volcanic, and volcaniclastic rocks, Tertiary andesitic and rhyolitic
volcanics, Tertiary porphyritic latite and quartz latite, and a quartz
monzonite stock probably of Laramide age.

These lithologic units are

locally overlain by colluvium and alluvium, which probably range in age
from Tertiary to Holocene.

This cover of unconsolidated materially

locally masks the contact relationships between some of the units, al
though, in general, the relative ages of the different lithologic units
are well established.
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Stratigraphy
Thirteen mappable rock units besides the unconsolidated sedi
mentary coveroccur in the Sierra Cobriza area.

Except for sericite

from a quartz vein in the La Florida area in the northeast portion of
the area, no age dates have been reported for this part of the district.
Nonetheless, age assignments can be made with a fair degree of confi
dence by correlations with other parts of the district,.
Mesozoic Rocks
The Mesozoic rocks represent the oldest known rocks of the
district and are present only in the study area and farther north in
Sierra Coppercuin (fig. 5).

They occur in the lower portions of the

western slope of Sierra Cobriza, in the northern and northwestern
parts of the same range, and in the north-central portion of the area
(fig. 6, in pocket).
McAnulty (1970) called this rock sequence the Lily Formation
and reported an exposed thickness of about 500 m.

The total exposed

thickness of Mesozoic rocks is approximately 800 m, considering the
conformably overlying Coppercuin Formation found north of the study
area.

Nasser N. (1968) reported a measured section of 692+ m for the

Lily Formation;

however, he included 70 m of dikes in his section and

he probably included part of what McAnulty called the Coppercuin
Formation.

Hence, there is general agreement between the two authors

on the thickness of the Lily Formation.

It should be noted here that

approximately north and northwest of a point whose coordinates are
62,250 N and 22,000 E (only the last five digits of the mercator
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coordinates are given when referring to a location on figure 6 (in pock
et), the rocks correspond to McAnulty's (1970) Coppercuin Formation.
However, because the contact between the two formations is depositional and McAnulty in his description is not clear on where one ends
and the other begins, such distinction is not made in this thesis.
The Lily Formation consists of tuff, tuffaceous quartzarenite,
tuffaceous subarkose, quartzite, conglomerate, siltstone, and limestone,
all of which show incipient metamorphism, with the limestone being
locally metasomatized.

The age of this formation is not known with

certainty, except that it is pre-Tertiary.

Wade and Wandtke (1920)

noted probably for the first time the presence of sedimentary rocks in
the district without making an age assignment.

Imlay (1939), although

not describing it, includes this formation in his description of PermoCarboniferous rocks of northern Sonora.

Nasser N. (1968) reported

the presence of fossils within this formation, which due to poor pre
servation could not be identified.

However, he adopted Imlay's age

assignment.
Based on stratigraphic similarities with rocks in the Cabullona
Basin in northern Sonora and the Bisbee Group of southern Arizona and
southern New Mexico, McAnulty (1970) considered the Lily Formation as
Early Cretaceous in age.

No fossil were observed by me, because they

are rare and most likely occur north of the study area where limestone
becomes abundant.

Hence, even though there is lack of definitive pale-

ontological evidence, the age assignment given by McAnulty (1970) is
considered to be the most likely and will be adopted here.
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The base of the Lily formation is not exposed, and what consti
tutes the bulk of the formation and the major portion of its exposures
(about two-thirds) are a series of tuffs, tuffaceous quartzarenites, and
tuffaceous subarkoses.

The tuffaceous arenites are fine grained, and

hence it is hard to distinguish between them in the field or distinguish
them from the tuff beds.

Six samples for thin-section study were col

lected from this part of the formation, and they all are from the volcaniclastic rocks that appear to constitute the major portion of the base
of this formation.
The volcanic rocks are white to light gray and form moderate to
steep rubbly slopes upon weathering throughout - most of the area, ex
cept north of coordinate 61,000 N, where they form cliffs along the
eastward- and westward-flowing streams of Sierra Coppercuin.

Occa

sionally, a few of the beds in the northern part of the area stand out
in relief, as, for example, the bed located about 300 m north of La Lily
mine, where sample C-64 was collected.
Petrographically, the tuffaceous arenites consist of 60 to 90
percent quartz grains (table 1), which fall into two grain sizes, with 20
to 70 percent being sand size and 8 to 60 percent silt size (the per
centages given throughout represent visual estimates).

Quartz grains

in all the samples examined have a frosted surface, which may be due
either to impact or diagenetic frosting.

Sericite ranges from about 3

percent in sample C-48 to 40 percent in sample C-64.

It is thought to

represent the alteration of volcanic ash originally present in the rocks
rather than the thermal metaraorphism of argillaceous sediments as sug
gested by McAnulty (1970).

The reasons for this are that there are no
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Table 1.

Modal analyses of tuffaceous arenltes. — Percentages repre
sent visual estimates.
Sample Number

Mineral

C-36

C-48

C-50

C-64

C-81

C-82

Sand-size

60

50

60

40

7-

20

Silt-size

20

40

20

9

56

17

tr

30

40

15

10

tr

1

Quartz

Sericite
Muscovite
Chloritetr

tr

1
3

3
1

Montmorillonite
Feldspars

3a

Apatite

tr

10b

3
1

3a

4
6

1

Hematite
Magnetite

2

1

a.

Altered to sericite.

b.

Altered mostly to clay (montmorillonite?) and minor sericite.

1
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changes in the mineralogy of the rocks with respect to the outcrops of
the quartz monzonite stock as would be expected in thermal metamorphism, nor is there evidence to suggest that the stock might underlie
most of the Lily Formation.

Jackson (1970, p. 222) noted that in re-

crystallization of clays to sericite and chlorite, andalusite or cordierite
forms in order to accommodate the resulting excess of iron, magnesia,
and alumina.

Due to the high sericite content of some of the samples,

either andalusite or cordierite would be expected, neither of which was
observed.

The effects of low-grade metamorphism are nonetheless evi

dent in the recrystallization of sericite to muscovite (Samples C-50 and
C-81).

Feldspars range from none to 10 percent and have been exten

sively to totally altered to sericite (Samples C-36, C-50, and C-82) and
to clay with minor sericite (sample C-48).

Chlorite, montmorillonite,

hematite, and magnetite are present in small amounts, and apatite is
present as inclusions in quartz in sample C-36.
North of approximately 58,400 N. for a few hundred meters the
rocks have a spotty appearance (samples C-50 and C-81), with 1- to
8-mm-diameter, greenish blots in a light-gray to cream-colored rock.
This is due to the concentration of chlorite and montmorillonite in
clusters where sericite is also abundant and silt-size quartz is minor.
Bedding attitudes could not be determined for this part of the for
mation.
In the upper portion of the Lily Formation, the tuffaceous
arenites become minor and the predominant lithologies are conglomerate,
quartzite, siltstone, and limestone beds.

These occur in the western

slope of Sierra Cobriza, west of approximately 21,700 E. and in Sierra
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Coppercuin north of about 61,100 N.

In the western slope of Sierra

Cobriza, these beds strike N. 36° W,, with a ±5-degree range obtained
from the measurements and dip 20°-25° SW., except for one outcrop in
which the beds dip 36° SW.

The attitudes in the northern part of the

area were determined from outcrops of limestone and welded tuff.
Around the la Lily mine the beds have a general N. 40° W. strike and
50° NE. dip.

Northwest of La Lily the beds are folded and still strike

35°-40° W. but dip 20° SW.

The trace of the axial plane of this fold

was not observed in the field and hence was approximately located on
the geologic map (fig. 6, in pocket).
Quartzite and an interbedded conglomerate underlie the lime
stone, with a siltstone horizon occurring between them.

The quartzite

and conglomerate are white to light gray and form cliffs in the western
slopes of Sierra Cobriza.

The conglomerate is moderately sorted with

subrounded quartzite clasts ranging from 4 mm to 12 cm in diameter.
It is thin to thick bedded with individual strata 8-80 cm thick.

The

groundmass forms approximately 55 percent of the rock and consists of
sand and coarse silt-size quartz with 1 percent biotite, traces of
chlorite and hematite, and 1 to 2 percent montmorillonite.

Quartz clasts

ranging in size from 2 to 7 mm in diameter form 3 to 5 percent of the
rock*

They are subrounded and in hand specimen appear milky white.

Quartzite is thin to thick bedded, white to light gray to light grayish
brown.

Where interbedded with conglomerate it underlies the limestone;

however, it also occurs stratigraphically above it in the north-central
part of the area.

Petrographically, it consists of 95 percent equant

and subequant (in about equal proportions) quartz grains.

They are
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0.05 to 0.5 mm in diameter and have been recrystallized by metamorphism, although nearly 50 percent of the grain boundaries are not
straight.

Montmorillonite form 5 percent of the rock as irregularly

shaped aggregates, 0.06 to 0.5 mm in diameter, which are probably
altered feldspars.

These aggregates are deformed and locally partially

engulfed by recrystallized quartz.

Occasional veinlets of chlorite with

traces of epidote occur.
In the southwestern part of the area, on the western slope of
Sierra Cobriza, stratigraphic relationships are best exposed, showing
that limestone with interbedded siltstone beds near its base conformably
overlies the quartzite.

The siltstone is light gray to light greenish

gray, thin to very thin bedded, with individual strata 1-20 cm thick.
Where observed at the contact between the limestone and the quartzite
there is a siltstone bed.
Petrographically, the siltstone consists of 70 to 75 percent
silt-size (0.01-1.05 mm) quartz grains.

A clay mineral, which optically

appears to be hydromuscovite, occurs occasionally as individual grains
but mostly as irregularly shaped aggregates up to 3 mm long, giving
the rock a decussate texture and spotty appearance in hand specimen.
It forms 20 to 25 percent of the total rock, although in some laminae it
is more abundant and forms up to 40 percent.
were observed in hand specimen;
shaped aggregates.
to 2 percent.

Pyrolusite dendrites

in thin section they form irregularly

They are dark-greenish-gray to black and form up

This rock is firmly indurated due to the effects of

incipient metamorphism and would thus be better termed an "argillite."
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Slaty cleavage was not observed at either the macroscopic or micro
scopic level of examination.
At the La Fortuna mine and in the north-central portion of the
area (coordinates 62,400 N, 22,800 E) a series of welded tuffs occurs.
The tuffs are generally massive,
most part strongly indurated.

medium to dark gray, and for the

In the northern part of the area their

attitude parallels that of the limestone and quartzite beds, and they are
thus thought to be conformable with the rest of the Lily Formation.
Their composition and texture are highly variable and include fine
grained tuff (predominant lithology), sandy tuff, and lithic tuff.

In

hand specimen, these variations are not apparent, with the lithic nature
of some of the beds standing out in a sawed surface and in thin section
(e.g., sample C-99), although the fine to very fine sand-size quartz
grains (sample C-110) were observed only in thin section.
tuffs have a latitic composition.

The lithic

Because all the exposures of this unit

have the same megascopic appearance, they are all though to have the
same composition even though it could generally not be determined in
thin section.

Another reason for suggesting a latitic rather than

andesitic composition is that one thin section (sample C-73) and one
hand specimen (sample C-65) were stained for K-feldspar, which proved
to be abundant in the fine-grained ash matrix.
Quartz generally ranges from 1 to 7 percent as anhedral grains,
0.02-1 mm in diameter, but generally less than 0.2 mm.
tuff layers it forms 20 to 25 percent of the rock.

In the sandy

Occasionally quartz

occurs as polycrystalline aggregates and in rare veinlets.

Plagioclase

phenocrysts, 0.1 to 2.5 mm long, occur in the sandy and lithic tuffs

forming 1 percent in the former and about percent in the latter.

They

are generally fragmental and have been partly altered to clay and minor
sericite.

Albite twinning is generally observed, whereas carlsbad

twinning is rare.
(An^^n^) •

The plagioclase has a sodic andesine composition

Green biotite occurs only in the lithic tuff where biotite

form 3 to 5 percent of the rock.

Magnetite disseminated through the

matrix ranges from traces up to 5 percent in sample C-86.
talline euhedral apatite crystals occur in trace amounts.

MicrocrysCalcite oc

curring in veinlets up to 1 mm wide and as alteration of plagioclase
ranges from traces up to 4 percent.

Chlorite is generally present in

trace amounts but locally forms 3 percent (sample C-110).

The miner

alogy of the ash matrix of the tuffs could not be determined.
70 to 80 of most samples and may be devitrified glass.

It forms

It is crypto-

crystalline and from the staining of two samples is seen to contain
abundant K-feldspar. It has been altered locally to clay, as in sample
C-86 where montmorillonite forms about 10 percent of the rock.

Pyrite

is generally present as disseminations throughout the matrix (sample
C-99) or preferentially concentrated along certain laminae (sample
C-73).

It is euhedral to subhedral and up to 0.3 mm long, and it

ranges from trace to 3 percent in sample C-73.

Pyrite is thought to be

syngenetic, because in the outcrop from which sample C-73 was col
lected (coordinates 62,500 N, 22, 750E), it is preferentially concen
trated in laminae 1-2 mm wide and forms about 7 percent of these lami
nae.

The separation between the pyrite-rich laminae is 0.5-2 cm, with

pyrite crystals being small and four to five times less abundant outside
these laminae*
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Within the present study area, fresh, unaltered limestone was
not observed.

It has been either recrystallized to white marble, the

largest occurrence of which is an approximately 550-m-long outcrop lo
cated at coordinates 62,600 N and 22,900 E, or it has been metasomatized as evidenced by the several skarn occurrences observed within
the study area. Most prominent are the garnet skarn occurrences
*
found in both the eastern and western slopes of Sierra Cobriza, gen
erally at lower elevations, and in the north-central part of the area.
They show at least traces of copper-zinc mineralization and hence must
have been subjected to various degrees of mining.

Their maximum

width is about 15 m.
On the western slope of Sierra Cobriza,. west of coordinate
21,500 E, is a large outcrop of partially metasomatized limestone, which
consists mainly of tremolite and recrystallized calcite, with about 10 to
15 percent garnet crystals, which upon weathering stand out in relief,
giving the rock a rough hackly surface.
range from 1 to 4 mm in diameter.

The individual garnet crystals

The petrographic characteristics of

the garnet skarn occurrences will be described in the next chapter
within the context of their economic significance.
In the north-central part of the area, on the southernmost ex
tension of Sierra Coppercuin, a conglomerate unconformably overlies the
upper portion of the Lily Formation.

This conglomerate a 250-m-long

outcrop about 90 m east of La Lily mine (at coordinates 61,900 N,
22,250 E), forming a small mesa.
8°-10° NW.

It strikes N. 78°-82° E. and dips

The clasts are subrounded to subangular, range in size

from 0.5 to 12 cm in diameter, and form 40 to 75 percent of the rock.
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Quartzite and the tuffaceous arenites are the main constituents, al
though clasts are abundant near the base of this unit.

This conglom

erate will be considered part of the Lily Formation in keeping with
Nasser N. (1968) and McAnulty (1970).

It is interpreted that the rel

ative age of this unit is premetasomatism and premineralization of the
limestone horizons.

The skarn clasts do not suggest either a pre- or

postmineralization age;
within the groundmass.

however, a few garnet crystals were observed
They probably represent metasomatism of a

locally calcareous groundmass.

Most of the skarn clasts are garnet

skarn (about 90%), with a few having radiating tremolite needles as the
main mineral.

The age of this unit is unknown, although due to the

absence of clasts from the Tertiary volcanic and intrusive rocks found
within the study area it is thought to be pre-Tertiary in age.

If

McAnulty's (1970) age assignment is correct, it is Early Cretaceous in
age.
Tertiary Rocks
The Tertiary rocks are the volcanic and intrusive rocks that
occur within the thesis area and extending farther out.

They range

from andesitic flows to rhyolitic tuffs, with latite and andesite dikes,
and quartz latite porphyry and quartz monzonite stocks.
reported age dates for the rocks of this area;

There are no

however, certain strat-

igraphic correlations and the well-established Tertiary age for the
volcanic and intrusive activity within the district (Livingston, 1973a;
Damon and others, 1968; Worcester, 1976) permit assigning these rocks
to the Tertiary Period.

Worcester (1976) reported a K-Ar age date of

52.0 ± 2.5 m.y. B.P. for the Esperanza ignimbrite, which he correlated
with the upper portion of McAnulty's (1970) Ejido Rhyolite (rhyolite
tuffs present in the northeast and northwest portions of the study
area).

Only one age date for the present study area was found in the

literature.

Clark and others (1979) reported a 52.4 ± 1.3 m.y. age for

sericite from a quartz veins, and Damon, Shafiqullah, and Clark (1983)
are more specific in the location of this sample and state that it is from
sericite from the hydrothermal alteration of granite in the La Lily mine.
However, although the sample may have come from sericite from a
quartz vein, there is no aplitic granite in the vicinity of the La Lily
mine or in the present study area.

Hence, this provides an age date

for the sericite alteration without the possibility of making any in
ference about its relation with the copper-zinc mineralization at the La
Lily mine.
Cobriza Latite Porphyry.

The mostly light- to locally medium-

gray porphyritic volcanic rocks that crop out in the central and south
eastern portions of the area are here termed the "Cobriza latite
porphyry."

These rocks occupy the major portion of Sierra Cobriza

(fig. 6, in pocket) and cover an area of approximately 4.5 km2 that
extends farther south.

They are typically massive, forming steep,

rubbly slopes upon weathering and generally forming cliffs up to 4 m
high.

The northernmost extent of its outcrops is approximately 60,200

N., and although it extends south of the study area (fig. 5), it
appears to be restricted to the Sierra Cobriza.
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The Cobriza latite porphyry was studied petrographically from
six representative samples from which thin sections were made.

It has

a porphyritic, holocrystalline hypidiomorphic-granular texture and con
sists of 5 percent (sample C-20) to 30 percent (sample C-77) subhedral
plagioclase phenocrysts, 0.4-5 mm in diameter.

There appears to be

general increase in the amount of plagioclase phenocrysts from the lower
to upper elevations of Sierra Cobriza.
ocrysts are broken (up to 70%).

Most of the plagioclase phen

Well-developed to faint albite twinning

was observed in all the thin sections, whereas carlsbad twinning was
only occasionally observed.

Plagioclase is altered to sericite with the

extensiveness of this alteration ranging from 5 to 30 percent.

Even

where sericite alteration is not present, the plagioclase phenocrysts are
generally cloudy, making composition determinations difficult.
theless,

None

several plagioclase composition determinations using the

Michel-L6vy method were made from each thin section that gave a calcic
oligoclase (A^y) to sodic andesine (An^) compositional range.

Or-

thoclase phenocrysts begin to appear north of coordinate 59,000 N,
forming up to 8 percent of the rock (sample C-57).

They are anhedral

and 0.6-5 mm in diameter and appear to be partly corroded by the mat
rix.

Quartz ranges from 3 to 7 percent as veinlets up to 1.5 mm wide

or as aggregates up to 1.5 mm long, with individual crystals 0.05-0.8
mm in diameter.

Chlorite and, to a lesser extent, epidote are present

in trace amounts, forming 2 percent of sample C-33.

Muscovite was

observed only in sample C-60, in which it forms about 1 percent of the
rock as scattered aggregates.

Magnetite in the matrix ranges from 1 to

2 percent in most samples and forms 6 percent of sample C-57.
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Hematite occurs in trace amounts as an oxidation product along the
edges of magnetite crystals.

The matrix consists of a microcrystalline

intergrowth of equant, anhedral quartz and feldspar grains, with indi
vidual crystals less than 0.03 mm in diameter.

The quartz and feldspar

raay have formed by devitrification of an originally glassy groundmass.
The feldspar in the matrix was determined to be potassium feldspar
through K-feldspar staining of one thin section (sample C-33) and two
hand specimens (samples C-57 and C-77).
Rock fragments ranging in size from 0.7 to 2.5 cm in diameter,
although not abundant, were observed included within the matrix.

In

hand- specimen the rock fragments appear to have been derived from a
single rock type, whereas in thin section they were observed only in
sample C-20.

In thin section they were seen to be quartz monzonitic

with a fine-grained, hypidiomorphic granular, holocrystalline texture.
They contain abundant magnetite (up to 7%), slightly sericitized feld
spars and sodic andesine (An^) plagioclase phenocrysts as determined
by the Michel-Lfrvy method.
Fluidal textures of the latite porphyry were observed in both
hand and thin section, especially where the plagioclase phenocrysts
form less than 10 percent of the rock.

In thin section, the flow bands

were seen to bend around the rock fragments.

Flow banding was clear

ly seen under plane polarized light but is not evident under crossed
polars.
Florida Andesite.

Within the present study area andesite

occurs as dikes, as flows (i.e., Valle Andesite), along the westernmost
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portion of the area, and as flows in the south-central and northern
portions of the area.

To differentiate these latter flow, they will be

called the Florida andesite.

This andesite is porphyritic and medium to

dark gray, with a locally greenish tint due to propylitic alteration.

It

occurs capping Sierra Cobriza in the south-central part of the area,
where it forms massive cliffs up to 2 m high (fig. 7, in pocket).

It

also crops out south of Cerro Florida (coordinates 59,000 N, 23,400 E)
and in the northeast and northwest portions of the area along streams
and forms gently sloping small hills, which display a mature topog
raphy.

This unit was described by McAnulty (1970) as stocks based on

his observations in the northern part of the area where it occurs in
close proximity to the Florida and Barrigon faults (fig. 6).

Vdzquez

and Islas (1971a) and later Sillitoe (1976) also considered this unit as
intrusive.

Theodore and Priego de Wit (1978, p. 65) considered it as

"probably a flow."

I also consider the Florida andesite as extrusive.

The intrusive or extrusive nature of the andesite could not be ascer
tained in the northern part of the area due to the limited outcrops and
the extensiveness of the alteration, but in the south-central part of the
present study area the andesite was seen to unconformably overlie the
Cobriza latite porphyry.

This last outcrop is approximately 2 km long,

and it had not been previously recognized, as district geologic maps
consider the Sierra Cobriza to consist of essentially a single rock type.
In the upper portions of Sierra Cobriza, where this unit is best ex
posed, it is 130 m thick, although its true thickness is probably much
greater because in drill hole its apparent thickness is up to 280 m with
several drill holes bottoming in andesite (Vizquez and Islas, 1971b).
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Petrographically the Florida andesite consists of 60 to 70 per
cent euhedral to subhedral plagioclase phenocrysts ranging from 0.1 to
3 mm in diameter, with most being less than 1 mm.

Plagioclase pheno

crysts are occasionally zoned and have been altered to clay and minor
epidote with the core of the zoned crystals being preferentially altered.
The extensiveness of the plagioclase alteration ranges from 10 to 40
percent, which makes composition determinations difficult.

Observation

of both albite and carlsbad twinning permitted estimating plagioclase
composition by the Michel-*L£vy method, which gave a calcic andesine
(An^g) to sodic labradorite (An^^) plagioclase composition.

All other

minerals present occur interstitially between the plagioclase pheno
crysts, giving the rock a porphyritic, holocrystalline texture.

Horn

blende, 0.03 to 0.5 mm in diameter (generally less than 0.1 mm) forms
up to 2 percent of the rock and is partially replaced by augite.
Chlorite ranges from 7 to 12 percent as irregularly shaped aggregates
up to 0.5 mm long and as minor veinlets.

Occasionally these aggregates

have a prismatic outline, suggesting that they may represent altered
hornblende or pyroxene.

Epidote forms from a trace up to 8 percent as

isolated crystals or crystal aggregates 0.1 to 1 mm in diameter.

Quartz

occurs in a few veinlets up to 0.4 mm wide, commonly associated with
chlorite, and in the matrix as microcrystalline grains (approximately
0.01 mm in diameter) and forms 1 to 8 percent of the rock.

Magnetite

ranges from 5 to 8 percent as mostly subhedral crystals up to 0.2 mm
in diameter, although most are about 0.005 to 0.02 mm.
calcite as veinlets were observed.

Traces of
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In the andesite outcrops that occur just south of Cerro Florida
(coordinates 59,000 N, 23,400 E) radial black tourmaline aggregates
were occasionally observed along with traces of pyrite in veinlets, and
rare traces of chalcopyrite were observed in quartz veins.

In hand

specimen, there appeared to be an inverse correlation between the
abundance of epidote and calcite, with epidote being more abundant
where calcite was minor and -vice versa.

In thin section this rela

tionship could not be evaluated due to the limited number of samples
observed.

In the outcrop capping Sierra Cobriza traces of pyrite and

chalcopyrite were also observed, as well as a few magnetite veinlets.
The Florida andesite outcrops in the northern part of the area
also contain traces to minor amounts of pyrite and chalcopyrite in veins
and veinlets, with the most interesting outcrops from an economic point
of view being those located in the northeast corner of the area.
outcrops will be referred to here as the La Florida prospect.

These
In this

prospect the andesite has traces to minor pyrite and chalcopyrite as
veins and veinlets, chalcopyrite in quartz veins, and malachite and
chrysocolla as the main copper minerals observed.

The Florida prospect

was the subject of a drilling program by the Consejo de Recursos Minerales and will be discussed in more detail in the next chapter.
Ejido Rhyolite.

The predominantly rhyolitic tuffaceous units

exposed in the northwestern portion of the area and in Cerro Florida
(northeast quadrant of fig. 6) form the Ejido Rhyolite.

McAnulty

(1970) named this formation and divided it into, from oldest to
youngest, the Represo, Castillo, and Florida members.

He gave a total
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thickness, which ranged from 590 to 990 m.

This subdivision of the

Ejido Rhyolite is not made here, because it was not considered neces
sary for the purposes of the present study and there is no clear stratigraphic separation between the three members.

Within the present

study area approximately 70 percent of the Ejido Rhyolite exposures
correspond to his Florida member.
The Ejido Rhyolite is white to light gray, commonly with a
light-yellowish-brown color on a weathered surface.

Upon weathering it

forms cliffs, which are best developed in the eastern slope of Cerro
Florida and in the northwest portion of the area (Cerro La Hoya).

Its

contact with the Florida andesite was observed only at the base of
Cerro Barrigon (coordinates, 60,900 N, 20, 700 E).

Here the Ejido

Rhyolite is seen to unconformably overlie the Florida andesite.

This

relationship is best seen in the drill-hole cross section of Vizquez and
Islas (1971b), which shows that in Cerro Florida up to approximately
210 m of Ejido Rhyolite overlie the Florida andesite.
McAnulty (1970) correlated the Ejido Rhyolite with a volcanic
sequence, which in the Pilares area includes a crystal-lithic dacite tuff,
the Esperanza ignimbrite, the Paulina lithic ignimbrite, the Rosario
Formation, and the Porvenir andesite.

Worcester (1976) correlated this

same sequence at Pilares with only the upper half of the Ejido Rhyolite.
I agree more with McAnulty's correlation, although excluding the Por
venir Andesite seems to provide a better correlation.

The reason for

this is mainly the lack of andesite flows and autobrecciated andesite
characteristic of the Porvenir andesite in the upper member of the Ejido
Rhyolite.
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Within the present study area, the main lithology is lithic and
crystal-lithic rhyolitic tuffs, both welded and nonwelded.

Andesitic

tuffs and tuffaceous sandstone also occur as thin interbeds.

In the

lower member of the Ejido Rhyolite tuffaceous sandstone along with con
glomerate beds are thicker and are reported by McAnulty (1970) to be
10 to 30 m thick.
The Ejido Rhyolite was not studied in detail in thin section,
hence the following descriptions gives its general characteristics without
attempting to described the differences that exist throughout the sec
tion.

One of the main features observed under the microscope was the

abundance of shards (up to 15 percent), most of which have, been part
l y devitrified showing a n axiolitic t e x t u r e .
mm in length.
of t h e r o c k .

T h e y r a n g e from 0 . 1 t o 1

Lithic fragments 1 to 4 mm long form up to 10 percent
T h e y a r e tuffaceous a n d occasionally h a v e spherulites 0 . 1

to 0.2 mm in diameter that may be feldspathic.

Feldspar phenocrysts

are fragmental and have been altered to clay and sericite;
composition could not be determined.
rock.

hence, their

They form up to 5 percent of the

Muscovite occurs in trace amounts in the matrix and in the lithic

fragments.

Anhedral grains of hematite 0.4 to 3 mm in diameter occur

in trace amounts.

The matrix has been devitrified to a cryptocrysta-

lline quartz and feldspar intergrowth.
Latite Flow Breccia.

The latite flow breccia is light-gray felsic

breccia, which nonconformably rests on the quartz latite porphyry.
exposures in the study area are limited.

Its

Three small outcrops, each

less than 100 m long, occur in the eastern slope of Sierra Cobriza about
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150 m east of the La Fortuna mine.

The contact here is nonconform-

able, although locally it is a fault contact.

It also crops out on the

w e s t e r n s l o p e of Sierra Cobriza a t coordinates 56,200 N , 31,500 E
McAnulty (1970) described a latite flow breccia in the uppermost
portion of the Ejido Rhyolite, which Worcester (1976) correlated with
the Pilares latite flow breccia.

The latite flow breccia within the

present study area due to its lithological similarities is tentatively
correlated with the Pilares latite flow breccia.

This correlation should

be regarded as tentative due to the limited outcrops and uncertain
stratigraphic position of this unit within the study area.
The latite flow breccia consists of light-gray, subrounded to
subangular, tightly packed latite fragments, ranging in size from 3 mm
to 13 cm.

The fragments are generally porphyritic with up to 8 per

cent plagioclase and orthoclase phenocrysts in approximately equal
amounts ranging from 0.3 to 2 mm in diameter.

Feldspar phenocrysts

also occur interstitially, forming 1 to 2 percent of the rock.
feldspars have been 10 to 30 percent altered to sericite.

All the

The composi

tion of the plagioclase ranges from a calcic oligoclase (A^^) to a sodie
andesine (An^).

The matrix of the fragments and most of the inter

stitial material are a microcrystalline intergrowth of quartz and feld
spar.

Muscovite occurs interstitially and forms about 3 percent.

Traces of chlorite and approximately 1 percent microcrystalline magne
tite also occur interstitially.
section C-79.

Flow banding was observed locally in thin
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Valle Andesite.

The series of porphyritic andesite flows with

minor andesitic agglomerate and basalt flow interbeds was termed the
"Valle Andesite" by McAnulty (1970).

It occurs along essentially all of

t h e easternmost portion of t h e area, e x c e p t north of coordinate 62,100
N (fig. 6), continuing farther east and covering a major portion of the
Nacozari Valley (fig. 5).

This formation unconformably overlies the

Ejido Rhyolite, with only its basal portion being exposed within the
study area.

McAnulty (1970) reported an exposed thickness within the

Nacozari Valley of 300 m, and he correlated it with the Nacozari Group
of Worcester (1976).

More specifically, the portion of this formation

exposed within the study area, due to lithologic similarities, appears to
be correlative with the San Pedro Andesite, which is one of the lower
members of the Nacozari Group.
The attitude of this formation is most apparent along the walls
of t h e ravine called Canada Florida (coordinates, 60,100 N , 23,900 E ) .
Here the beds strike N. 36° W. and dip 40° NE.

Within the study area

the Valley Andesite consists of a series of purple, porphyritic andesite
flows and purple andesitic agglomerate interbeds.

They are not very

resistant to weathering and form generally gently sloping small hills
dissected by deep-cut arroyos.
The andesite flows contain 15 to 20 percent, white, subhedral
to euhedral plagioclase phenocrysts 0.5 to 4 mm long, which have been
extensively altered to clay and minor sericite.
could not be determined.

Hence, their composition

Hornblende phenocrysts 1 to 3 mm long have

been completely altered to magnetite and form about 1 percent of the
rock.

Anhedral quartz grain 0.05 to 0.3 mm in diameter occur
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throughout the matrix, forming 1 to 2 percent of the rock.
subhedral microcrystalline magnetite forms about it.

Euhedral to

The groundmass

appears to be predominantly glassy, because it is optically nearly iso
tropic.

Minor amounts of microcrystalline plagioclase (up to 15%) occur

in the groundmass.

The agglomerate was not studied in thin section.

In hand specimen the fragments have the same mineralogical and textural appearance as the porphyritic andesite flows.
Intrusive Rocks
There are several intrusive igneous rocks exposed in the pres
ent study area.

As stated previously in discussing the Tertiary rocks

of the area, even though there are no age dates for these rocks, their
Tertiary age seems fairly well established.
large stocks to plugs and dikes.

They range in size from

Their composition varies from quartz

monzonite to andesite, with the former being much more abundant.
Quartz Latite Porphyry.

In Sierra Cobriza a light-gray, por

phyritic, massive quartz latite crops out.

It is restricted to the lower

elevations of this range, both on its eastern and western slopes and on
its northern portion, with the possibility that it may continue south of
the study area.
upon weathering.

It is highly fractured and forms steep rubbly slopes
It is distinguished in the field from the Cobriza

latite porphyry by the presence of 5 to 10 percent quartz "eyes,"
which are its most distinctive feature, by the lack of visible flow
banding in hand specimen, and the fact that it is not a cliff former and
is more strongly fractured.

This unit has a microcrystalline matrix and

up to 40 percent of its plagioclase phenocrysts are fragmental,
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which suggests an extrusive rather than intrusive origin.

However,

field evidence suggests a high-level intrusive emplacement of the quartz
latite porphyry.

Its contact with the Cobriza latite porphyry was not

observed in the field, although it could be located within ±10 m.

The

irregular nature of this contact, especially in the southeast portion of
the area (thickening of exposures of Cobriza latite porphyry) suggests
to me an intrusive rather than depositional contact.

The intrusive

character of this unit is more apparent on the western slope of Sierra
Cobriza, where the La Fortuna and San Franciso skarn occurrences are
engulfed by the quartz latite porphyry and appear to be pendants of
the Lily Formation within this unit.
In the northwest portion of the area, where sample C-69 was
collected (coordinates, 59,900 N, 21,550 E), there is a small exposure
of this unit intruding the Ejido Rhyolite.

This outcrop is about 3 m

long and hence is not shown on the geologic map (fig. 6).

McAnulty

(1970) described a quartz-feldspar porphyry plug intruding the Ejido
Rhyolite, but due to its degree of alteration he could not determine the
original rock type.

However, based on his description, which includes

the present of distinctive quartz phenocrysts, it appears to be part of
the quartz latite porphyry of Sierra Cobriza.

The final line of evidence

for the intrusive nature of this unit is based on the Consejo de Recursos Minerals reports from their drilling program in the La Florida
prospect.

In the drill logs that accompany one of their early reports

(V&zquez and Islas, 1970) they described a monzonite porphyry intrud
ing the andesite (e.g., drill hole 9).

In a later report (Vdzquez and

Islas, 1971b), this intrusive is termed a "quartz latite," probably
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based on petrographic analyses, and it appears to be equivalent to the
quartz latite porphyry exposed at the surface in the Sierra Cobriza.
In thin section, the quartz latite porphyry consists of 5 to 10
percent anhedral quartz phenocrysts, with a few subhedral quartz
phenocrysts 1 to 4 mm in diameter.

Occasionally they have embay-

ments, and they generally have aligned submicroscopic inclusions.
Quartz is also present as veinlets up to 1 mm wide, which form less
than 1 percent of the rock.

In sample C-90 a polycrystalline quartz

lens 2.2 mm long occurs, with individual quartz crystals being dis
tinctly coarser than t h e matrix quartz and ranging from 0.08 t o 0.15
mm in diameter.

Subhedral plagioclase phenocrysts 0.3 to 2 mm in di

ameter or 15 to 20 percent of the rock.

Although twinning is commonly

masked by alteration, albite twinning is generally observed, whereas
carlsbad twinning is rare.
( A n ^ - A n ^ ) composition.

The plagioclases have a sodic andesine
Anhedral orthoclase phenocrysts 0 . 2 t o 1 mm

in diameter form up to 5 percent of the quartz latite porphyry.
orthoclase and plagioclase contain minor quartz microlites;

Both

they are

partly altered to clay and minor sericite with the extensiveness of this
alteration ranging from about 20 to 40 percent.

The feldspar pheno

crysts and typically the quartz "eyes" are partly resorbed and are com
monly fragmental.

These phenocrysts are engulfed by a microcrystal-

line equigranular matrix, which forms 65 to 70 percent of the rock and
consists of a quartz K-feldspar intergrowth with individual grains being
less than 0.03 mm in diameter.

The presence of abundant K-feldspar in

the matrix was determined by staining two thin section (samples C-29
and C-90).

Also p r e s e n t i n t h e matrix i s chlorite a s clusters u p t o 0 . 3
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mm in diameter and as disseminations forming 1 to 4 percent.

Subhed-

ral to anhedral magnetite forms 1 to 2 percent, with a few crystals
measuring 0.3 mm, although most are the same size as the matrix.

Epi-

dote associated with chlorite forms about 1 percent of sample C-90.
Traces of hematite and apatite were observed.

Traces of fine-grained

pyrite were observed in the hand specimen for sample C-90.
developed flow banding was observed only in sample C-29.

A weakly
This band

ing was especially evident in the stained thin section under plane
polarized light, but was not evident in hand specimen.
Based on textural and compositional similarities, this unit is
tentatively correlated with Worcester's (1976) fine-grained facies of a
porphyritic quartz latite that crops out about 1.7 km northwest of the
Pilares breccia pipe.

This porphyritic unit consists of dikes and small

elliptical plugs, which have a greater chlorite, epidote, calcite, and
sericite content than the quartz latite at Sierra Cobriza, probably due
to the alteration associated with the formation of the Pilares deposit.
Quartz Monzonite.

In the northwest portion of Sierra Cobriza

(west-central part of fig. 6), a quartz monzonite stock occupying an
area of approximately 2 km2 crops out.

It has a main outcrop about

2.3 km long, with several smaller ones to the east and a 100-m-long
outcrop 1.5 km farther south.

The outcrop is texturally and composi-

tionally similar to the much larger stock of Sierra Coppercuin, which
crops out about 1.5 km north of the study area;

hence, they were

mapped as one unit called the Carolina stock by McAnulty (1970).

The

quartz monzonite of the thesis area intrudes the Lily Formation and the
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quartz latite porphyry and is therefore Tertiary in age (fig. 7, in
pocket).

This stock has not been dated}

however, it is correlated

with the intrusive complex at La Caridad because there appears to have
been only one Tertiary period of intrusive activity within the district.
This period of plutonism lasted from about 52 to 59 m.y. B.P. as deter
mined from the literature (see discussion of K-Ar age dates in Chapter
4).

The intrusive phase present within the study area is probably

most closely related in age with the granodiorite at the La Caridad
porphyry copper deposit.

The granodiorite as described by Guilbert

and Echcivarri (1970) contains 10 to 15 percent less K-feldspar and may
represent a less differentiated phase of the Canutillo quartz monzonite
of Worcester (1976).

Although he mapped around the La Caridad de

posit, he referred to the granodiorite as part of the Canutillo quartz
monzonite, which he correlated with the Carolina stock.

McAnulty

(1970) had earlier made this same correlation.
The quartz monzonite is light gray with a light-pinkish-gray
color locally.

It can be regarded as porphyritic, because it has 2 to 5

percent, subhedral, pink, orthoclase phenocrysts 1 to 3 cm long in a
medium-grained matrix.

Upon weathering, it has a distinct topographic

expression, forming rounded to subrounded hills with gentle gradients.
Facies variations that range from quartz monzonite to granite to peg
matite were reported by McAnulty (1970) for the Carolina stock.

Within

the study area only quartz monzonite was observed, with the only vari
ation noticed being textural.

At the southern edge of the main mass of

the stock (coordinate 58,000 N), the rock is fine grained, probably
representing a chill contact (samples C-45 and C-46).
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A medium-grained, hypidiomorphic-granular texture is charac
teristic of the quartz monzonite.

Petrographically it consists of 35

percent orthoclase phenocrysts 0.4 mm to 3 cm in diameter.

They are

subhedral to anhedral, with the larger phenocrysts forming poikilitic
overgrowths around quartz and less commonly plagioclase.

Carlsbad

twinning was occasionally observed in the larger crystals, but a microperthitic texture was observed in only one phenocryst. Plagioclase
phenocrysts are euhedral, 0.5 to 6 mm in diameter and form 45 percent
of the rock.

Albite twinning is generally observed, whereas carlsbad

twinning is rare.

The plagioclase phenocrysts have a sodic oligoclase

(An^g) composition and are commonly zoned.

The type of zoning was

not determined but is thought to be normal with a more calcic core.
This is due to the preferred alteration to clay of the cores of zoned
crystals.

Inclusions of microcrystalline apatite were observed in a few

plagioclase and quartz phenocrysts.

Anhedral quartz phenocrysts 0.4

to 4 mm in diameter form 10 to 15 percent of the rock.

Abundant,

usually aligned microcrystalline inclusions are common in the quartz
phenocrysts.

Biotite flakes up to 4 mm long, but usually less than 1.5

mm, occur as lamellar aggregates and form 5 percent of the rock.
They are weakly chloritized and on weathered surfaces have been partly
oxidized.

Traces to 1 percent anhedral to subhedral magnetite occurs.

In hand specimen muscovite was commonly observed along fracture
planes.
served.

Milky quartz veins up to 1 cm wide were occasionally ob
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Latite Porphyry Dikes.

Several light-colored latite porphyry

dikes intrude the Mesozoic rocks near the La Lily mine (coordinates
61,800 N, 22,100 E).

They are light pinkish gray, weathering to a

light orange gray due to the presence of goethite along fracture planes.
The dikes are 3 to 5 m wide, with a single dike being traced for up to
500 m along strike.

Their strike varies from N. 40° W. to N. 50° W.,

and they appear to have sharp vertical to near-vertical contacts with
the surrounding country rock.

Even though they may be as close as

50 m from the La Lily mine, no copper sulfides or copper oxides were
observed.

The only suggestion of copper mineralization is the presence

of spotty pyrolusite along the fracture planes, which if assayed would
probably give copper values.
tain.

The relative age of the dikes is uncer

From field relationships within the study area, they can only be

said to be post-Cretaceous in age.

McAnulty (1970) included these

dikes with the rhyolite dike swarm that intrudes the Carolina stock
approximately 3.5 km north of the study area and also intrudes the
Ejido Rhyolite and the Valle Andesite within the Nacozari Valley.

Even

though these dikes are clearly not rhyolitic, they may be part of the
rhyolite dikes of McAnulty because he mentioned that they vary in
amount and kind of phenocrysts.

This correlation would make them

post-Carolina stock in age.
The dikes have a porphyritic, holocrystalline, hypidiomorphicgranular texture.

Petrographically they consist of 20 percent euhedral

to subhedral plagioclase phenocrysts 1 to 5 mm in diameter.

Albite

twinning was generally observed, but pericline twinning was observed
in only one crystal (sample C-83).

Phenocrysts and groundmass
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plagioclase are sodic andesine (An^g).

Plagioclase laths in the matrix

are 0.1 to 1 mm in diameter and form approximately 20 percent of the
rock,

Anhedral fine-grained (0.05-4 mm) quartz forms 3 to 4 percent.

Orthoclase is anhedral and 0.1 to 0.3 mm in diameter and forms about
50 percent of the rock.

Muscovite occurs as inclusions in orthoclase

and as phenocrysts, which form 1 percent.

Chlorite forms 1 to 2 per

cent of the rock as the alteration product of biotite, with only traces of
biotite still present.

Microcrystalline (0.03-0.3 mm), anhedral to sub-

hedral magnetite occurs throughout the rock, forming 2 percent.

In

hand specimen, traces of goethite pseudomorphs after pyrite were ob
served along with pyrolusite dendrites along fracture planes.
Andesite Dikes.
study area.

Medium-gray andesite dikes are common in the

These are 0.3 to 3 m wide and generally tens of meters

long, although a few can be raced up to 150 m along strike.
their width, they are not shown in figure 6.

Due to

They intrude the quartz

latite porphyry, the quartz monzonite, the Lily Formation, and the
mineralized skarn occurrences at the La Fortuna and La Lily mines.
They have a preferred N. 40° W. to N, 75° W. strike, but a few strike
nearly east-west and northeast.

The contacts with the surrounding

country rock are sharp and nearly vertical.

In the underground

workings at the La Fortuna mine their dips range from 75° to 88° SW.
McAnulty (1970) considered the andesite dikes part of what is
here called the Florida andesite.

Field evidence, however, suggests to

me that these dikes are younger than the Florida andesite.

The ande

site dikes intrude the quartz latite porphyry, and from the cross
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section and drill logs included in V&zquez and Islas's (1971b) report, it
can be seen that the quartz latite porphyry intrudes the Florida ande
site.

The dikes are thought to be post-skarn formation and mineral

ization, because at the La Fortuna and La Lily mines they do not show
the metamorphic effect that would be expected from the temperatures
necessary to form a garnet skarn, i.e., presence of epidote and secon
dary sodic plagioclase.

Along fracture planes they show traces of pyr-

ite and chalcopyrite, which may be the result of remobilization during
their emplacement.

These dikes are probably the same age as the post-

mineralization andesite dikes that occur along the eastern fringes of the
La Caridad porphyry copper deposit (Saegart and others, 1974).
The andesite dikes are generally aphanitic, but a few are porphyritic with 5 percent medium-grained plagioclase phenocrysts.
fine-grained, holocrystalline,

A

intersertal texture is characteristic.

Petrographically the andesite dikes consist of 60 percent plagioclase
laths 0.1 to 1.5 mm long, with most being less than 0.4 mm.

They are

partly altered to calcite, with the extensiveness of the alteration
ranging from 10 to 30 percent.

Albite twinning is common, but due to

alteration not always observed.

Carlsbad twinning is rare, and peri-

cline twinning was observed in only one crystal.

They have a calcic

andesine (An^) composition, with one crystal giving a sodic labradorite
(An^y) composition by the Michel-L6vy method.

Chlorite with a berlin

blue interference color occurs interstitially to the plagioclase and forms
15 percent of the rock.

Calcite partly or totally replaces plagioclase

phenocrysts in the andesite dikes that intrude skarn occurrences.

It

forms 3 to 5 percent of the rock and also occurs in trace amounts in
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veinlets.

Subhedral to anhedral microcrystalline magnetite interstitial to

the plagioclase forms 10 to 15 percent.

A dark, cloudy, green-colored

clay mineral (montmorillonite?) forms 10 percent and may be the devit
rification product of a glassy groundmass.
in thin section.

Pyroxene was not observed

If it was originally present, it is now altered to

chlorite.
Alteration
The most striking alteration feature of the study area is the
intense limonite staining along the Florida and Barrigon faults in the
northern half of the area (fig. 6, in pocket) that gives a distinct
yellowish-brown to reddish-brown color anomaly on aerial photographs.
Along the Florida fault the limonite-stained zone extends for approxi
mately 2.5 km and ranges in width from 50 to 250 m.

The stained zone

is restricted to the trace of Arroyo Florida and the western slope of
Cerro Florida.

The stained zone along the Barrigon fault extends about

1 km and is 40 to 80 m wide and also occurs on a hillslope.

Both

limonite-stained zones are restricted to the Ejido Rhyolite and occur in
highly fractured, locally gouged rock.

Limonite occurs along fracture

planes and consists primarily of ochre-yellow, red, and black goethite,
with minor maroon hematitic staining.

At the Florida zone minor chrys-

ocolla and malachite wore locally observed along roadcuts as stockworktype mineralization.

The roadcuts represent drill sites that were part

of the late 1960s and early 1970s exploration program aimed at evalu
ating the Florida porphyry copper occurrence and will be discussed in
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the next chapter.

The other types of alteration observed, which are

discussed here, are epidotization, propylitization, and tourmalinization.
Epidotization
Within the Ejido Rhyolite several generally elliptical zones
consisting primarily of quartz and epidote were observed.

They are

light green on fresh surface but dark brownish green on outcrop due
to limonite staining.

These zones are brecciated with subangular to

subrounded fragments 2 to 8 cm long.

These zones are not thought to

be metamorphic because they are distinct, irregularly spaced, generally
small. 50-150-m-long zones, with sharp contacts with the surrounding
country rock.

Due to the extensiveness of the alteration the original

rock composition could not be determined;

however, because these

zones are restricted to the Ejido Rhyolite, it is inferred that they were
originally tuffaceous rhyolites.

Their elliptical

shape,

uneven

distribution, sharp contacts, and brecciation seem somewhat puzzling.
However, these same characteristics are displayed by the alteration
zones in andesite at the top of Sierra Cobriza.

It is proposed here

that the distribution and shape of the alteration zones in both the Ejido
Rhyolite and the andesite may in a rough sense reflect the presence of
underlying plugs that metasomatically altered and brecciated these
rocks.

The suggestion of an intrusion at depth may not be as far from

reality as some might think.

At none of the garnet-skarn occurrences

within the study area is the intrusion presumably responsible for the
metasomatic alteration exposed;
be inferred here.

hence an intrusion at depth must also
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Quartz epidote zones occur along the western slope of Cerro
Florida, at the lower elevations of Cerro La Hoya in the northwest cor
ner of the area, and on the southeastern slope of Cerro Barrigon.
Their outcrops are generally small, the exception being the quartz
epidote occurrence that forms most of the southeast slope of Cerro
Barrigon.

This last occurrence is 100 to 150 ra wide and extends for

about 1 km generally parallel to the trace of the Barrigon fault.
Petrographically the rock consists of 30 to 40 percent epidote
and 60 to 70 percent anhedral quartz.

The epidote occurs mainly as

aggregates up to 2 mm long and as minor amounts (up to 5%) of indi
vidual prismatic crystals 0.02 to 0.4 mm long.
forms radiating aggregates.

Locally, the epidote

The anhedral quartz, the most abundant

mineral, ranges in size from 0.02 to 5 mm, with most being less than
0.1 mm..

A few of the quartz grains contain abundant needle inclu

sions that could not be identified but may be rutile or tourmaline.
Locally chlorite may form up to 1 percent of the rock as scattered ag
gregates (e.g., sample C-61).
pseudomorphs after pyrite;

Hematite occurs in trace amounts as

they generally have square sections.

Traces of pyrite along fracture planes were observed in hand specimen.
Also observed in hand specimen (sample C-61) were goethite pseudo
morphs after pyrite, 2-5 mm in diameter, and traces of quartz gash
veins.
Propylitization
Chlorite, epidote, and traces of calcite occur throughout most
of the study area.

This mineral assemblage may be due to either

79
low-grade regional metamorphism or to a weak to moderate propylitic
alteration.

The latter interpretation is preferred, because the rocks of

the area have been subjected to at least two major intrusive events and
mineralized areas, although generally small, are widespread.

These

facts suggest that the heat source necessary to develop this widespread
propylitic alteration was present at some point in time.

Extensive areas

of propylitic alteration, which is not generally pervasive, occur in other
parts of the Nacozari district.

Worcester (1976) reported a propylitized

area in the eastern part of the district that covers about 40 km2 with
most of its margins extending beyond the area of his map.

Guilbert

and Echivarri (1970) reported the presence of a thin outer propylitic
zone at the La Caridad porphyry copper deposit.

The propylitization in

this zone is in general not pervasive.
Within the study area the only units that were not propylitically
altered are the Ejido Rhyolite and the Valle Andesite.

The quartz mon-

zonite stock, except for the incipient chloritization of biotite, is not
propylitically altered.

The rest of the rocks display a weak propylitic

alteration that consists of traces to 4 percent chlorite, traces to 1
percent epidote, and nil to traces of calcite.

Calcite occurs as veins

and veinlets, whereas chlorite and epidote most commonly occur as clus
ters throughout the rock and only occasionally as veinlets.

Except for

the Florida andesite these rocks in general contain less than a combined
1 percent of all three minerals;

calcite is almost always absent.

Hence, the propylitic alteration shown in figure 6 (in pocket) is re
stricted to the Florida andesite.
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For the reasons given above propylitic alteration can be con
sidered essentially coextensive with the Florida andesite.

The andesite

dikes that are present throughout the area also contain abundant chlo
rite (up to 15%) as an alteration product of its ferrotnagnesian minerals
and up to 3 percent calcite as the alteration product of plagioclase.
Propylitization of the Florida andesite gives the rock a slight greenish
tint.

Alteration is generally moderate, and it consists of 7 to 12 per

cent chlorite aggregates up to 0.5 mm long throughout the groundmass.
Occasionally these aggregates have a rectangular outline suggesting that
they are replacing hornblende.

Epidote ranges from traces up to 8

percent of the rock (sample C-30).

It occurs as subhedral crystals 0.1

to 1 mm in diameter and as crystal aggregates replacing plagioclase.
Veinlets of epidote and chlorite are rare.

Calcite occurs as veins and

veinlets and is essentially restricted to the Florida andesite outcrops
that occur just north of Cerro Barrigon and to those just south of
Cerro Florida (coordinates 58,900 N, 23,500 E).

As noted earlier for

these latter outcrops there appears to be an inverse relationship be
tween the abundance in veins and veinlets of calcite and epidote, with
one being abundant where the other is minor.

Traces of pyrite in

veinlets were observed in the Florida andesite outcrops, whereas chalcopyrite and copper oxides were observed only in the outcrops that
form the Florida prospect in the northeast corner of the area.
Approximately 500 m southwest of the andesite outcrops that
contain calcite veins and veinlets (coordinates 58,300 N, 23,100 E),
several small outcrops of the Cobriza latite porphyry have been per
vasively propylitically altered.

They contain 7 to 10 percent epidote
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and chlorite veins and veinlets up to 3 mm wide;

both minerals are

present in about equal proportions.

Three to 5 percent chlorite also

occurs throughout the groundmass.

In addition, magnetite associated

with the chlorite and epidote veins and veinlets and as microcrystalline
grains throughout the matrix forms about 10 percent.

Due to the per

vasiveness of the alteration, the original rock composition could not be
positively determined.

However, due to the preservation of about 2

percent of the plagioclase phenocrysts and a microcrystalline intergrowth of quartz-potassium-feldspar in the matrix, the rocks are
thought to be part of the Cobriza latite porphyry.
Tourmaliniz ation
Radial black tourmaline aggregates occur in trace amounts in
the Florida andesite exposures just south of Cerro Florida.

They were

observed in the stream outcrops where sample C-30 was collected.

More

abundant black tourmaline (schorl) occurs in the andesite outcrops that
cap Sierra Cobriza.

Here several elliptical-shaped, 40 to 150 m long,

strongly altered and brecciated zones occur.

These zones contain

abundant epidote, actinolite, and minor tourmaline.

The andesite frag

ments have been leached of their mafic constituents and are white to
light gray.

The contact that marks the end of the leached andesite

fragments is sharp, although the epidote and actinolite in much lesser
abundance grade into the surrounding country rock.

A few rare, ap

parently unleached, medium-gray andesite fragments were observed.
These altered zones, which generally occur along the ridge of
Sierra Cobriza, could have been included with the propylitic alteration
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in figure 6 (in pocket);

however, they were separated to emphasize

their brecciated character and the presence of actinolite and tourmaline.
Tourmaline, although only locally present within the study area, is a
significant though mineral alteration mineral of the Nacozari district.
Saegart and others (1974) reported that tourmaline forms up to 2 per
cent of the total rock at the La Caridad deposit.

Worcester (1976)

outlined an area approximately 4 km2 where tourmaline occurs.

This

area is located about 2 km northwest of the La Caridad deposit and
coincides, although occupying a smaller area, with the argillie alter
ation.

Therefore, neither the presence of tourmaline within the study

area nor the fact that it occurs in propylitically altered rocks are
considered anomalous.

Hollister (1978) in describing the alteration of

Andean porphyry copper deposits said that when tourmaline occurs it
may be in any of the alteration zones.
The andesite fragments are generally subrounded, range in size
from 2 mm to 30 cm, with most being less than 4 cm,
by epidote, actinolite, and minor tourmaline.

and are cemented

The breccias consist of 5

to 20 percent epidote, mostly as an interstitial mineral but also in the
matrix of the fragments.

It occurs as individual crystals or as crystals

aggregates up to 4 mm long.

Actinolite occurs at about 3 percent in

the groundmass of the fragments and as fibrous subparallel aggregates
(12%-15%) filling the space between the fragments.

Tourmaline as

generally subhedral fibrous radiating aggregates ranges from traces to
3 percent of the total rock.

It has a black to dark-blue green to buff

color in thin section and is strongly pleochroic.

It is associated with

epidote and actinolite but occurs in distinct cluster.

Plagioclase is the
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main constituent of the andesite fragments.

It is subhedral, 0.05 to

0.5 mm in diameter, commonly displays albite and carlsbad twinning,
and has a sodic labradorite (An^-An,^) composition.

A dark-greenish-

brown clay mineral (montmorillonite?) forms up to 10 percent of the
andesite fragments.
of plagioclase.

It occurs in distinct clots as the alteration product

Anhedral microcrystalline quartz forms 1 to 4 percent in

the matrix of the fragments and is associated with epidote and actinolite.

Magnetite forms 1 to 5 percent of the breccias occurring within

the fragments and interstitial to them.
As noted above in discussing the quartz-epidote zones, these
small elliptical breccia zones are thought to represent the upper mani
festations of a stock or a breccia pipe.

Although these breccias are

small and unmineralized at their present exposure level, mineralized
breccia pipes are a common feature of the Nacozari district.
important of them is the Pilares breccia pipe.

The most

Other breccia pipes

worth mentioning are Santo Domingo and Bella Union.

Breccias also

occur within the La Caridad porphyry copper deposit.
Structural Geology
Structural manifestations within the study area are complex and
dominated by fracturing with minor folding of the Mesozoic rocks.

The

topography of the area, as for the rest of the Parallel Ranges and
Valleys province, is clearly related to its structure.

Although, as

mentioned in the discussion of the structural geology of Sonora, the
linear elements may have been inherited from pre-Laramide Mesozoic time
(Titley, 1981).

The latest tectonic movement that gave rise to the
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structural relationships observed in the study area is probably related
to the Basin and Range deformation.
Folding
Small- and large-scale folding of the Lily Formation was ob
served in the field.

The relative age of the folding could not be deter

mined from field relationships but is interpreted to be related to the
period of Laramide intrusive activity.

Small-scale folds were not

studied in detail and could be observed due to the presence of a thin
siltstone horizon at the contact between limestone and quartzite in the
western slope of Sierra Cobriza.

At about 500 m S. 70° W. of the

Venus mine (coordinates 57,500 N, 21,600 E) these folds have an ampli
tude of 2.5 to 3 m, with axial planes that along strike do not appear to
extend for over tens of meters.
feature of the Lily Formation.

This type of folding is a localized
The attitude of the strata within this

formation, especially for the volcaniclastic units, could not always be
determined, hence other small-scale or gentle, broad-scale deformational
features might be present.
Only one large-scale fold, a syncline, occurs within the study
area.

It is located in the north-central portion of the area, and al

though the hinge of the fold was not observed in the field, it is
approximately located by the change in attitude of the strata.

On both

limbs of the syncline the beds strike N. 35° W. to N. 40° W., but on
its southwest limb they dip 50° NE. and on its northeast limb they dip
20° SW.

Thus they form an asymmetric fold.

The fold trends north

west and extends for at least 1.3 km, although it appears to continue

north of the study area*

At its southeast end, the fold

appears to be

truncated by the Florida fault.
Folding within the study area could have been produced in two
different ways.

By southwest-northeast-directed compressional forces

associated with the Laramide deformation, or by mainly vertical stresses
related to the emplacement of plutons that are also Laramide in age.
Because the folding is not regional in scale and is based on the
presence of plutons that might account for the principal stress being
vertical, the latter interpretation is preferred.

This type of stress

distribution, as suggested by Heidrick and Titley (1982), would most
likely be associated with the high levels

(i.e.,

near-surface

environment) of an intrusive system.
Faulting
In the study area three distinct fault trends can be discerned
(fig. 6, in pocket):

north-northwest, northeast, and east-west.

The

first fault trend is the most important, followed in importance by the
northeast trend, whereas the east-west trend is localized and minor.
The trace of the faults, except locally for the Florida and Barrigon
faults, is poorly exposed;

hence, their dip directions and amount of

dip are generally not known.

Because most of the faults within the

district are normal and steeply dipping (Worcester, 1976j McAnulty,
1970), I assume that at least the major faults are normal and steeply
dipping;

a lateral component of displacement is evident in the field for

some of the minor faults.
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East-west-trending Faults»

Two nearly east—west-trending

faults occur in the eastern portion of the study areas.

One of them

offsets the Florida fault in the southeast portion of the area, and al
though their age relative to the northeast-trending faults could not be
determined, they are thought to represent the youngest fault movement.
This interpretation is based on their small displacement, which ranges
from a few meters to tens of meter, and to their localized occurrence
apparently unrelated to any major structural event.

The one that dis

places the Florida fault strikes N. 88° W. and has a vertical dip and
left-lateral displacement.

The other fault occurs west of Cerro Florida

and displaces an agglomerate horizon of the Valley Andesite.
N. 85° E. strike and a right-lateral displacement.

It has a

Its dip could not be

determined but appears to be vertical or near vertical.
Northeast-trending Faults.

Several northeast-trending faults

were observed in the northern half of the area (fig. 6).

The ones that

occur in the vicinity of the La Lily mine have a strike-slip displacement
ranging from a few meters to about 40 m.

Two have a right-lateral

displacement, whereas the southernmost one has a left-lateral separa
tion.

Their trace is not exposed, hence, they were approximately lo

cated based on the outcrops of the displaced skarn and latite porphyry
dike.

Their dips are assumed to be near vertical.
All other northeast-trending faults are assumed to be steeply

dipping normal faults.

The largest of these and the one that warrants

further discussion is the Barrigon fault.

This fault, like the Florida

fault, has an intensely fractured, locally gouged, limonite-stained zone.
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This zone is 40 to 80 m wide and extends for about 1 km.
study area the Barrigon fault has a northeast trend}

Within the

however, farther

north McAnulty (1970) shows in his map that it has a north-northwest
trend and extends for at least 5 km north of the study area (fig. 5,).
Therefore, in a regional sense, the Barrigon fault is part of the
north-northwest-trending fault system to which the Florida fault be
longs.

Hence, both are interpreted to have been active during the

same time period.

The Barrigon fault cuts the Ejido Rhyolite and con

tinues west of the study area, with its down thrown side being to the
southeast.

Northwest of Cerro Barrigon, the hill slopes are covered

with colluvium, hence the trace of the fault in this area is uncertain
and is shown as inferred in figure 6.
North-northwest-trendin g Fault.

The Florida fault on the west

ern part of figure 6 (in pocket) is the only north-northwest-trending
fault of the study area.

It is the major structured feature of the area

and extends over 15 km in a roughly north-south trend.
steeply dipping normal fault with variable strike and dip.

The fault is a
The north

west-trending Pilares and Coloradito faults, located east of the study
area (fig. 5) are, along with the Florida fault, the most important
structural elements of the district.

Combined movement along the

Florida and Pilares faults produced a graben, which forms the Nacozari
Valley.
Within the study area the trace of the fault is very distinct.
In the southern half of the geologic map, the fault separates the lightgray quartz latite porphyry on the west from the purple Valle Andesite
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on the east (fig. 7, in pocket).
locating the trace of the fault.

The striking color contrast permits
Farther north, on the west side of

Cerro Florida, it essentially follows the course of Arroyo Florida and
has a 50-250-m-wide, highly fracture zone with intense limonite stain
ing,

This limonite-stained zone extends for about 2.5 kin and provides

a well-defined color anomaly.
The trace of the fault has many bends, which result from sev
eral strike changes.

In the southern portion of the area it has a N.

18° E. strike, which changes to N. 3° E. just south of the east-west
fault that displaces it (coordinate 56,500 N).

Slightly north, its strike

changes to N. 47° W. (coordinate 56,900 N) and continues that way for
about 1 km.

Its trend again changes to N. 12° W—N. 20° W., contin

uing for approximately 4 km.

Another change of strike occurs just

below the headwaters of Arroyo Florida, where the strike is about N.
20° E.

Even though this fault locally trends northeast, it is included

here due to its predominantly northwest trend.
The Florida fault is steeply dipping, and although local vari
ations in dip occur, they are minor.

The dip of the fault was measured

only along its southern portion where along the trace of the fault three
brecciated, elongate, narrow zones cemented by calcite occur.

These

zones contain quartz latite fragments, are about 4 m wide, and extend
for a little over 100 m.

These zones can be considered as casts of the

fault and as such provide good exposures to measure its attitude.
the dip of the fault ranges from 88° SE. to 88° SW.

Here

Based on these

measurements, the dip of the fault is considered to be essentially ver
tical throughout the area.
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The amount of vertical displacement along this fault is in the
order of several hundred meters, although the actual amount has not
been determined.

McAnulty (1970) considered the displacement along

this fault to be on the order of several thousand meters because in the
northwest part of the district it brings in contact the Carolina stock
with the Tertiary volcanics.

Theodore and Priego de Wit (1978) con

sidered the vertical separation to be at least 200 m.

Their criteria are

somewhat dubious, because they considered the present position of the
base of the Represo member of the Ejido Rhyolite, east of the fault, as
their basis for determining the displacement.

According to McAnulty

(1970), east of the Florida fault the Represo member is restricted to the
eastern block of the Pilares fault at least 2 km away.
not seem a logical criterion.

Hence, this does

Based on the presence of the Florida an-

desite at the top of Sierra Cobriza and east of the fault, I consider
that vertical separation was at least on the order of 500 to 600 m.
may have been somewhat greater;

It

however, McAnulty's estimate is

thought to be very large.
The age of last movement along the Florida and Barrigon faults
is uncertain.
lite.

Movement along these faults seems to be post-Ejido Rhyo

Evidence for this is that in the northeast portion of the area the

beds of this formation strike N. 55° E. to N. 65° E. and dip 30°-35°
NW., whereas in Cerro Florida they have a N. 30° W. strike and a 25°
NE. dip.

This change in attitude of the strata in Cerro Florida is

thought to be related to movement along the Florida fault.

Faulting

seems to be post-Valle Andesite because there is a clear topographic
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break between the Valle Andesite and the quartz latite porphyry in the
southeast portion of the study area.
McAnulty (1970) considered the Florida and Barrigon faults to
be post-Valle Andesite.

However, because he considered the Florida

andesite to be intrusive, he proposed a pre-Florida andesite period of
faulting, which would thus make it prealteration and mineralization of
this unit.

Theodore and Priego de Wit (1978) also considered these

faults to be premineralization but did not relate the age of the faulting
to any of the stratigraphic units.

Worcester (1976) considered that the

major faulting of the district (i.e., the Pilares, Coloradito, and Florida
faults) was produced during the Miocene period of Basin and Range
deformation conforming in a general sense the present topographic con
figuration of the district.
I favor Worcester's interpretation for the reasons discussed be
low.

That the major period of mineralization and alteration within the

district is late Laramide in age seems fairly well established (see age
dates, previous chapter).
would be postmineralization.

Therefore, a period of Miocene faulting
If faulting were premetallization, the

intensely fracture zones it produced would provide excellent low per
meability zones favorable for ore deposition.

Titley (1982) mentioned

that copper mineralization in porphyry copper deposits is, to a large
extent, localized by fractures or veinlets.

This is not the case at the

Florida prospect, as V&zquez and Islas (1971b) in their drill-hole cross
sections showed that mineralization is preferentially associated with the
Florida Andesite and not with the strongly fractured Ejido Rhyolite
where copper values are almost always less than 0.07 percent.
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Theodore and Priego de Wit (1978) in discussing the Florida porphyrycopper occurrence described what they called an early dispersed biotitic
alteration, which introduced minor chalcopyrite and preceded the mainstage copper occurrence.

The Florida Andesite occurrence that caps

Sierra Cobriza was not studied in detail in thin section and the
presence of this biotitic alteration could therefore not be determined.
However, the abundance of chlorite (7%-10%) in the samples collected
suggests that this biotite alteration also affected this outcrop and the
biotite has been altered to chlorite.

If this is correct, it would then

suggest that, although less extensive due to distance from a
mineralizing center, the early dispersed biotitic alteration also affected
the andesite outcrops in the upper portion of Sierra Cobriza and was
thus pre-faulting in age.
If my interpretation is correct, a Laramide porphyry-type al
teration-mineralization event affected the northwest portion of the area
and fractured the rocks in a stockwork pattern.

Later, during the

Basin and Range deformation, faulting produced the Florida and Barrigon faults along with the other major faults of the district.

The

Florida and Barrigon faults took advantage of preexisting zones of
weakness such as the fractured tuffaceous units on the western slope of
Cerro Florida, further fracturing and partly gouging these zones.
Weathering then oxidized the sulfides present in these zones and pro
duced the limonite staining presently observed.
A final reason for suggesting a postmineralization faulting is
that, if the Ejido Rhyolite is an especially incompetent formation, it
would be expected to produce similar intensely fractured zones
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wherever it is cut by a major fault.

North and east of Nacozari, the

Pilares fault, which has a vertical separation similar to that of the
Florida fault, cuts the Ejido Rhyolite without producing an equivalent
highly fractured zone.
Other Fracturing
On the geologic map (fig. 6, in pocket)) only a few of the more
prominent and representative joint directions are shown.

A systematic

study of fracture orientations and fracture densities was not performed,
hence only some general statements regarding other fracturing can be
made.

Intense fracturing was observed only along the Florida and

Barrigon limonite-stained zones.

A prevalent north-northwest fracture

set occurs throughout the area.

For this fracture set most of the

measured joint directions have a N. 30°-70° W. orientation with only a
few trending N. 0°-10° W.

Two other fracture sets occur in the area:

a north-east-trending and an east-west-trending set.

Both of these are

minor, as suggested by the measurements obtained and by the
predominantly northwest orientation of andesite and latite porphyry
dikes.

CHAPTER 6
ECONOMIC GEOLOGY
The Nacozari district is one of the most important economic and
historic mining districts in the State of Sonora, Mexico.

With mining

dating back nearly 300 years to pre-Spanish missionaries times, the
district has experienced several periods of intense mining activity
followed by periods of quiescence.

Economically, porphyry-type miner

alization is by far the most important, with La Caridad, Pilares, La
Florida, and Batamote (not all of which are economic) being of this
type.

Of much smaller economic significance are the silver veins at

Churunibabi (fig. 2, in pocket), several skarn occurrences in the west
ern part of the district, and gold and copper veins at the Barrigon
mines, just west of the present study area, all of which have been
mined intermittently at various times.

At present, except for small-

scale mining by gambusinos (prospectors), the only deposit being ex
ploited within the district is La Caridad.
From the literature, historical production figures could be ob
tained for only a few of the mines within the district.

Among the mines

for which no production data were available or for which information
was obtained for only specific years, are the Churunibabi veins and
most of the mineralized skarn occurrences.

Total production for the

Nacozari district, prior to development of the La Caridad porphyry
copper deposit, is estimated to be approximately 820 million 1984
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U.S. dollars (table 2).

This figure was obtained by using the total

production and average grades reported in the literature for the vari
ous mines and the 1984 metal prices.

It vshould be noted that about 96

percent of this total is attributed to the Pilares deposit, hence even if
production figures were available for the other mines, the total would
not change significantly.
Major Deposits in the District
After mining at the La Caridad porphyry copper deposit began
in June 1979, the Nacozari district surpassed Cananea as a copper pro
ducer and Mexico jumped from seventeenth to sixth position among
copper-producing countries (Sisselman, 1979).

The Los Pilares deposit,

although not currently mined, is still of importance.

It made the dis

trict one of the most important mining centers of Sonora during the
first half of the century.

Although they are located outside the pres

ent study area, a brief description will therefore be given of the La
Caridad and Los Pilares deposits.
La Caridad Deposit
The La Caridad porphyry copper deposits, located in the east
ern portion of the district (fig. 5), is the southernmost deposit of the
northwest-trending belt of porphyry copper deposits of the southern
Cordillera.

It has been dated at 53.2 ± ± 1.2. m.y. B.P. (Livingston,

1973a) and is the youngest dated of the deposits.

Published reserves

for La Caridad are 680 million tons of 0.672 Cu and 0.02% Mo, consid
ering a 0.4% Cu cutoff grade (Sisselman, 1979).

Table 2.

Estimated production for the Nacozari district. Total is in 1984 U.S. dollars and does not
consider production from the La Caridad deposit.
Total Production
Cu
lb

Mo
lb

Ag
tr oz

Au
tr oz

Reference

Deposit
Pilares
Sto. Domingo

957.8 x 10°
15.2

Guadalupe

8.8

Carolina

1.3

Barrigon Mines

0.2

Chiapa Ch. (1980)

13,723 x 10*

Chiapa Ch. (1980)

947
1 . 1 x 10 1

Coolbaugh (1971)
McAnulty (1970)
3 x 10-

983.3 x 106

(2) Price

$0.694/lb

$3.70/lb

$9.12/tr oz

$388/tr oz

$682

$4

$134

$1

(1) x (2) in
million U.S.
dollars
Total for all metals:

14,670 x 10J

3 x 10J

(1) Total

1.1 x 10"

McAnulty (1970)

E&MJ (Jan, 1984)

$821 million

U1
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The geology of the deposit is characterized by several intrusive
rock types, which range in composition from diorite to pegmatite.

Cool-

baugh (1971) believed these to be differentiates of a parent magma,
because contacts between the various rock types are not abrupt.

Al

though textural variations are observed, the main intrusive rock types,
from oldest to youngest, are diorite, granodiorite, quartz monzonite
porphyry, and pegmatite.

The diorite occupies the west portion of the

deposit and is fine to coarse grained and locally porphyritic.
diorite occupies the eastern portion of the deposit;
porphyritic and a medium-grained phase.

Grano

it has both a

Saegert and others (1974)

considered the approximately north-south contact between the diorite
and the granodiorite to be a zone of structural weakness that controlled
later intrusive events.

These rocks are distinctly older than the

mineralization.
Quartz monzonite porphyry is the main rock type within the
deposit.

It is closely related to the mineralization, although it appears

to be distinctly premineral in age.

It occupies the central portion of

the deposit with its main mass being elongate 3 km in a northwest di
rection.

Sericite from this intrusive phase was dated at 53.2 ± 1.2

m.y. B.P. (Livingston, 1971a).

Because alteration and mineralization

are spatially coextensive and appear to be contemporaneous, this gives
an age for both the hydrothermal alteration and the copper mineraliza
tion.

Chiapa Ch. (1984, personal commun.) reported that Anaconda

Company identified five different facies of the quartz monzonite por
phyry during their detailed mapping and petrographic study of the
Santa

Rose

claim in

the

central

portion

of

the

deposit.
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Mineralization varies, with there being pyrite-rich, chalcopyrite-rich,
and molybdenite-rich facies.
There are several pegmatite occurrences within the district,
with one small body approximately 100 m long occupying the central
portion of the La Caridad deposit.

They consist of biotite, quartz, and

occasional microcline and are thought to be late-stage differentiates of a
parent magma (Coolbaugh, 1971).
Monolithologic and mixed breccias occur within the deposit.
The former consist of angular fragments of one rock type and are
thought to be deuteric in origin.

Breccias of the latter type are in

trusive breccias and consist of fragments of quartz monzonite porphyry,
diorite, and minor granodioritv..

Due to the intimate mixing of frag

ments of several rock types, the intrusive breccias are thought to have
had an explosive mechanism of emplacement (Saegart and others, 1974).
Alteration zoning at La Caridad has been reported at two dif
ferent scales.

First, there are alteration selvages around individual

mineralized veinlets;

the selvages grade from sericitic and argillie near

the veinlet walls to propylitic in the wall rock.

Second, there are

alteration zones approximately centered around the quartz monzonite
porphyry;

these consist of phyllic alteration, which grades outward in

to an irregular argillic zone which, in turn, is enveloped by a thin
propylitic halo.

Potassic alteration has been encountered only in deep

drill holes (Contla, 1984, personal commun.).
Phyllic alteration represents the most abundant and welldeveloped alteration type within the deposit.

Although centered around

the deposit, phyllic alteration is in general less extensive than the
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ore-grade supergene mineralization.

Phyllic alteration occurs as

sugary-textured quartz and sericite, which commonly obliterate the
original rock texture.
-Argillic alteration, although not displaying a distinct zoning
pattern, general envelops the phyllic alteration.

The phyllic alteration

consists of kaolinite and montmorillonite replacing plagioclase and
chloritized biotite.

Propylitic alteration, which forms a thin alteration

zone around the margins of the deposit, consists of epidote, zoisite,
calcite or montmorillonite replacing plagioclase, and chloritized biotite
(Guilbert and Ech4varri, 1970).
Both hypogene and supergene sulfides occur in the La Caridad
deposit, with the supergene copper mineralization generally an essential
aspect of the ore.

The copper content of the secondary enrichment

zone is approximately 3.5 times that of the underlying hypogene copper
mineralization.

The primary sulfides present are, in order of decreas

ing abundance, pyrite, chalcopyrite, molybdenite, sphalerite, galena,
bornite, and rare cubanite.

The total sulfide content of the deposit,

including secondary sulfides, averages 2 to 3 percent by volume, with
pyrite by far the most abundant.

The pyrite-to-chalcopyrite ratio

ranges from 1:1 in the central portion to 10:1 in the margins of the
deposit.
Molybdenite generally occurs as the only sulfide mineral coating
fractures or in quartz veins.

It is most abundant in the eastern por

tion of the deposit where it averages 0.04% Mo.

Because molybdenite is

generally not associated with other sulfides and its center of concen
tration is displaced to the east relative to that of the copper, two
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separate mineralizing events have been proposed, with molybdenite
mineralization younger than the pyrite-chalcopyrite mineralization
(Saegart and others, 1974).

Sphalerite and galena are present only in

trace amounts in the margins of the deposit where they are associated
with the propylitic alteration.
Supergene enrichment formed a chalcocite blanket, which re
sembles an inverted saucer in cross section.

Its lateral extent as de

termined using a 0.4% Cu cutoff grade averages 1,700 m in diameter.
The chalcocite blanket has an average thickness of 90, although in the
central portion it may reach more than 250 m.

Prior to mining, the

supergene blanket was overlain by 0 to 230 m of leach capping with no
appreciable oxidized copper minerals (Coolbaugh, 1971).

The secondary

sulfides consist mainly of chalcocite with minor covellite and traces of
digenite.

A minimum age of 24 m.y. has been determined for the second

ary sulfide enrichment.

The evidence for this is the presence of clasts

of leached capping found within the Garidad Conglomerate, which has
b e e n d a t e d t h r o u g h a n i n t e r b e d d e d r h y o l i t e flow a t 2 4 . 0 ± 0 . 5 m . y .
B.P. (Livingston, 1973a).
Los Pilares Deposit
The Los Pilares breccia pipe is located approximately 2 km
southeast of Nacozari (fig. 5).

Production from this deposit, including

the underground mining which ended in 1949 and the leaching program,
which ended in 1960, reached 958 million pounds of copper and nearly
14 million troy ounces of silver (table 2).

The mine has been worked
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to a depth of 722 m and on 22 levels.

Remaining reserves for the de

posit are on the order of 44 million tons of 0.8% Cu (Sillitoe, 1976).
Very little has been published on this deposit, with the few
articles that describe it being from the 1920s and 1930s.

Worth men

tioning are those by Wade and Wandtke (1920), Locke (1926), Smythe
(1933), and Tenney (1935).
brief.

The following description is therefore

Questions still remain, especially regarding its origin.
The deposit is a collapse breccia pipe with vertical contacts.

The uppermost exposed unit is the Pilares latite flow breccia, which is
separated by an angular unconformity from the underlying Porvenir
Andesite.

Below the Porvenir Andesite is a unit that has been termed

a "monzonite" by Wade and Wandtke (1920), a "diorite sill" by Tenney
(1925), and a "fine-grained andesite porphyry" by Chiapa Ch. (1980).
Chiapa Ch. considered it a sill, although he did not establish with cer
tainty its intrusive nature.

The lowermost unit encountered in the

mine workings is a dacitic tuff.
The breccia pipe is oval in plan view;

its long axis measures

650 m and trends N. 35° W., and its short axis attains a maximum of
325 m.

The contacts of the pipe with the wall rock are well defined.

The pipe is bounded on its northwest and southeast sides by fractures,
which have an approximate N. 80° E. orientation.

On its northeast and

southwest sides, the bounding fractures trend N. 35° W.

Within the

breccia, the latite-andesite contact is approximately 150 m lower than its
original position outside the breccia.

This difference in elevation is

considered evidence for collapse of the breccia (Chiapa Ch., 1980).
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The highest grade ore occurs along the breccia periphery,
especially at the northwest and southeast ends.

This is due to the

higher intensity of brecciation at the pipe's perimeter where most of the
mining took place.

Mineralization occurs mainly as open-space filling

that cements the breccia;

in addition, there is minor replacement of

the fragments by pyrite and lesser chalcopyrite.

The mineralization

consists mainly of pyrite and chalcopyrite, with minor to rare chalcocite, covellite, bornite, tetrahedrite, native copper, scheelite, sphal
erite, and specularite.

Also associated with the copper mineralization

are sericite, chlorite, calcite, quartz, epidote, gypsum, barite, and
kaolinite (Wade and Wandtke, 1920).

Chalcocite and covellite are re

stricted to the upper levels of the mine, whereas specularite is
especially abundant in the latite in the upper 200 m.

Alteration within

the breccia consists of silicification and, to a lesser extent, quartzsericite in the latite.

Sericite and chlorite are the main alteration

minerals.
Two theories have been proposed for the origin of the Los
Pilares breccia pipe.

Wade and Wandtke (1920) and Smythe (1933) es

sentially proposed that the breccia pipe occurred above the cupola of a
deep-seated intrusion that domed and fractured the rocks.

Later

shrinkage of the intrusion due to cooling or pressure release caused
collapse of the structure.

Smythe (1933) cited evidence of this initial

doming in the presence within the breccia of a block of dacitic tuff 45
m above its normal position.

The second theory is that of Locke

(1926), who proposed that solutions rising along channels stoped or
removed rock material.

This process would have been followed by
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brecciation and collapse of the resulting unsupported rock and by later
deposition of ore and gangue minerals.
Mineralization in the Sierra Cobriza Area
There are essentially two types of mineral deposits in the Sierra
Cobriza area:

skarn and porphyry copper.

No historical records of

production were found in the literature, and there is no current mining
in the area.

The most important of the mineralized garnet-skarn occur-

rences are the La For tuna, San Francisco, and La Lily mines (fig. 6, in
pocket), all of which are located in the eastern half of the area.

Other

smaller mineralized skarns at or near the base of the western slope of
Sierra Cobriza are the El Socorro, Venus, and Rey de Cobre mines.
These appear to have been worked by gambusinos, who probably fol
lowed copper oxide minerals from the surface.

This appears to be the

case at the Venus mine where there is only a 6-m-long trench in a
skarn and where only minor malachite and traces of chalcopyrite were
observed.

Due to the limited extent of the mineralization, as inferred

from field observations, these last three skarns were not studied in
thin section or in polished surfaces.

It should be noted, however, that

they appear to roof pendants in the quartz latite porphyry and that
Rey de Cobre (west-central portion of fig. 6) is the only skarn occur
rence where magnetite is abundant.
Porphyry copper-type mineralization occurs in the northeast
corner of the area in what is called the La Florida prospect (fig. 5),
where mineralization occurs in medium- to dark-gray Tertiary andesite
flows.

Although, as stated previously, the bulk of the mineralization in
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the area is porphyry- or skarn-related, there are a few small workings
that appear to have followed thin quartz veins in pursuit of silver and
gold (Osoria, 1967).
meters of adit.

These workings consist of a small trench or a few

They are located along Arroyo Florida, on the western

slope of Cerro Florida, and in the southeast slope of Cerro Barrigon.
Due to their very small size and the inaccessibility of some of the
workings, they will not be further discussed.

In addition, there is a

small quarry in marble, approximately 500 m northwest of the La Lily
mine, in the north-central portion if figure 6.

As for most of the other

mines, it is not known when this quarry was in operation.
Skam Deposits
La Fortuna Deposit.

The La Fortuna prospect is the southern

most of the three mineralized garnet-skarn occurrences that will be
discussed (fig. 6).

The earliest recorded production from the La For

tuna mine dates back about 100 years to the 1880s when the ore was
taken to a small adobe smelter located approximately 3.5 m south of
Nacozari and shipped from there to England via Guaymas (Nasser N.,
1968).

There is no record as to the tonnages mined or average grades

from that or later production periods.
The La Fortuna mine was mapped at a 1:500 scale using compass
and tape, with the geology being projected to waist height.

The mine

consists of four levels at irregular vertical intervals, which range from
11.5 m between Levels 3 and 4 to 38 m between Levels 2 and 3.

Total

development of drifts and adits is approximately 360 m, the shortest
being Level 1 with a length of only 35 m, and the longest being Level
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3, with a length of 162 m (fig. 8, in pocket).

The difference in ele

vation between Levels 1 and 4 is 68 m, which suggests that when active
this was a good-size operation.
the surface.

Originally, all four levels connected to

Caving has blocked the entrance to Level 4, which is now

accessible only through the stopes between Levels 3 and 4.
lute elevation of the mine workings is not known.

The abso

On three separate

occasions the elevation of Level 3 was measured with an altimeter, tak
ing as a reference the bench mark at the Nacozari train station.
average of the three readings was 1,425 ± 10 m.

The

This gives the ap

proximate elevation of a large boulder located 5 m from the portal of
Level 3, and this boulder was used as a reference station in mapping
all four levels.

Thus, the elevations given in figures 8 and 9 (in

pocket) represent approximations and are included to provide the rela
tive position of the various levels.
The skarn at La Fortuna is engulfed by the quartz latite por
phyry;

thus, based on surface exposures, the skarn appears to be a

roof pendant within this unit.

The dimensions of the skarn are not

apparent because it crops out only at the portals to the different
levels.

Based on its attitude and the geologic maps of the levels, the

minimum true thickness of the skarn is estimated to range between 5
and 12 m.

Although not totally exposed in the mine workings, the

thickness is not thought to exceed 15 m.

The length of the skarn

along strike in the lower levels, where most of the mining took place, is
about 120 m, whereas in the upper levels it is at least 40 m.

Although

not all levels are interconnected, they appear to have been mined in the
same skarn horizon, which is estimated to have a downdip dimension of
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at least 120 to 130 m.

At the surface, skarn exposures near the

portals of Levels 1 and 2 strike N. 59° W.
served within the adits;

No relict bedding was ob

hence, it could not be determined if there is

any change in attitude of the skarn.

This unit has a southwest dip,

which decreases from 29-30 degrees in the upper levels to 23-25 de
grees in the lower levels.
The skarn horizon at the La Fortuna mine is part of the Lower
Cretaceous Lily Formation, which is most abundant in the western and
north-central portion of the area.

Here the skarn horizon is inter-

bedded with medium- to dark-gray volcanics, which include tuff, sandy
tuff, and lithic tuff.

The originally calcareous units that now con

stitute the skarn apparently did not form a uniformly persistent horizon
as they do in the north-central portion of the area (e.g., La Lily
mine).

Instead, they formed lenses interlayered with the tuffaceous

units as is interpreted from the geologic map of the mine.

This does

not mean, however, that several lenses were mined at La Fortuna;
rather it appears that the mineralized skarn horizon represents just one
lens.

This apparent lensing of the skarn is best seen at the end of

Levels 3 and 2 (a small adit located 20 m north of the main workings of
Level 2), where the skarn ends against the tuffaceous units (fig. 8).
As described in the previous chapter, these volcanic units,
although displaying textural variations, all have a latitic composition.
In the upper three levels at La Fortuna, andesite dikes, ranging from
30 cm up to 1.8 m wide, intrude the garnet skarn. These dikes crop
out throughout the Sierra Cobriza area.

They locally strike nearly

east-west, but most strike N. 60°-75° W. and dip 75°-88° SW.

They
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are interpreted to be postmineralization in age.

Locally,

the volcanic

units contain minor chalcopyrite and pyrite along fracture planes;

a

fact thought to be due to remobilization of the sulfides during their
emplacement.

In Level 3 an andesite dike, which extends for about 95

m, splays into two dikes in the outer portion of the level (fig. 8).
From the mine mapping and petrographic study, there does not
appear to be a mineralogical zonatxon of the skarn horizon, either ver
tically or laterally.

This differs from the lateral zonation of calc-

silicate minerals reported by McAnulty (1970) for the Carolina mine in
the thicker and more calcareous sedimentary sequence that occurs north
of the study area.

Garnet, quartz, and calcite form an average of ap

proximately 96 percent by volume of the skarn.

Its mineralogy, except

for local variations, remains fairly constant throughout.

The only

variation is the presence of white to light-grayish-white marble lenses
within the skarn.

Marble was observed in the outer 50 m of Levels 3

and 4 and locally in Levels 1 and 2.
Similarly, the quartz latite porphyry shows no significant meg
ascopic or microscopic mineralogical changes near or in contact with the
skarn.

One sample of the quartz latite porphyry (sample C-81) taken

just 3 m from the portzil to Level 3 shows a slight (l%-2% greater) but
not significant increase in the amount of chlorite present in this unit.
In addition, up to about 20 m from the portal to Level 2, the unit con
tains malachite and goethite with minor hematite along fracture planes
and a few quartz veins up to 2 cm wide.

The quartz latite porphyry in

the mine workings show trace to weak amounts of chalcopyrite and pyr
ite as veinlets.
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The tuffaceous units at La Fortuna show alteration effects that
are probably related to the mineralization.

These are mainly from the

introduction of fine-grained, green biotite that has been variably
chloritized.
rock.

In sample C-99 the biotite forms about 4 percent of the

Calcite locally forms up to 3 percent in veinlets.
Eight thin sections and eight polished surfaces from the differ

ent levels at the La Fortuna mine were made to determine both the
skarn and the sulfide mineralogy.

This petrographic study served to

establish the paragenetic sequence shown in table 3.

The mineralogy of

the skarn is simple, because there does not appear to a mineral zonation and the only facies present is garnet-pyroxene.

The prograde

minerals are diopside, hedenbergite, garnet, and quartz.
retrograde calcite and chlorite.

There is

The clinopyroxenes occur generally in

trace amounts and were observed only in thin section.

Hedenbergite

was observed only in sample C-93, where it occurs as microcrystalline,
pleochroic, green to greenish-brown radial aggregates.

Diopside is

present in most of the samples, but it is abundant only in sample C-95
where it forms about 5 percent by volume.
anhedral to subhedral crystals,
eight-sided cross sections.

It occurs as colorless,

some of which have prismatic

The diopside crystals are replaced by

quartz and sulfides and locally occur as inclusions in euhedral garnet
crystals.

Diopside grains range from 0.03 to 0.5 mm in diameter.

The

sulfide content ranges from 1 to about 10 percent by volume (sample
C-93).
Garnet in the samples studied ranged from 25 percent (sample
C-88) to about 75 percent (sample C-96), with an average of 42

Table 3.

Paragenesis of pyrotnetasomatic minerals at La Fortuna mine

Garnet

xxxxxxxxxxxxxxx

Quartz

xxxxxxxxxxxxxxxxxx

Diopside
Hedenbergite
Calcite

xxxxxxxxxxxx

Chlorite
Sphalerite

ooooooooo

Chalcopyrite
Bornite
Covellite

Wittichenite(?)
Galena
Pyrite
Scheelite
Molybdenite
Azurite
Malachite

<1% by volume
1-10% by volume
>10% by volume

ooooooono,
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percent.

The garnet is generally microcrystalline, with individual

crystals only occasionally being observed by hand lens.

In hand speci

men, it is yellowish brown, and in thins section, it is light brown to
rarely colorless.

Garnet occurs as euhedral crystals and more commonly

as intergrown polycrystalline masses.

Individual crystals range from

0.05 to 2.2 mm in diameter, with calcite and quartz and, to a lesser
degree, with sulfides partly replacing them.

The larger crystals show

compositional variations, as is inferred by their commonly zoned habit.
Locally, it appears that there were two stages of garnet formations be
cause isotropic garnet crystals have thin overgrowths of a slightly an
isotropic garnet zone (e.g., samples C-91 and C-94).

The composition

of the garnet was not determined, but due to its light-brown color in
thin section and its association with hedenbergite, it is thought to be
andraditic.

As is generally the case, its composition probably does not

represent an end-member of the garnet group, as the zonation of some
of the crystals suggests.
Quartz, a common constituent of the skarn, ranges from 2 to 40
percent by volume, generally forming more than 20 percent of the rock.
Generally, there are irregular zones where quartz is much more abun
dant than garnet or vice versa.

In one of the samples (sample C-88),

there are alternating bands up to 1 cm wide where either quartz or
garnet predominate;

these may represent alternating layers of origi

nally calcareous and siliceous sediments.
layering was not observed.
isolated euhedral grains.

In general, however, this

The garnet that occurs in the quartz forms

Locally, there are milky quartz lenses up to

10 cm long and a few quartz veins up to 5 mm wide.
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The calcite content, which is fairly constant, ranges from 20 to
35 percent.

It occurs as a retrograde replacement of garnet, but occa

sionally forms pseudomorphs after garnet.

There are also minor calcite

veinlets, 0.1 to 1.5 wide, which are post-sulfide mineralization.
age and twinning were commonly observed.

Cleav

Chlorite ranges from traces

up to 3 percent as an alteration product of garnet and rarely as veinlets.
The La Fortuna gamet-skarn contains mainly copper and zinc
mineralization, with minor silver and local concentrations of molybdenum
and tungsten.
etic position.

Table 3 lists the ore minerals along with their paragenAll of them, except the oxidized copper minerals azurite

and malachite, which are restricted to the surface or near-surface ex
posures, were observed in the polished surfaces.

The sulfide minerals

occur mainly replacing garnet and occur to a lesser degree replacing
diopside where it is present.

Volumetrically and economically, the

principal ore minerals are sphalerite and chalcopyrite.
covellite occur in minor to trace amounts.

Bornite and

Molybdenite and scheelite are

only locally abundant, and galena and wittichenite are rare.
There is no trend or systematic variation in the abundance of
sphalerite relative to chalcopyrite within the deposit.

In general, it

can be said, however, that where chalcopyrite is abundant sphalerite is
also abundant, but the reverse is true.

Overall, sphalerite is more

common than chalcopyrite and an abundance of sphalerite is not neces
sarily accompanied by an abundance of chalcopyrite.
Sphalerite occurs as anhedral masses, which are black in hand
specimen and light gray in polished surface.

It commonly contains
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exsolved blebs of chalcopyrite.

As with the other sulfides, sphalerite

occurs as crystalline to microcrystalline irregularly distributed ag
gregates, which might be thought of as "disseminated" mineralization,
and as lenses of essentially massive sulfides, which may be several
centimeters to tens of centimeters long.

Sphalerite deposition appears

to have been contemporaneous with chalcopyrite deposition or slightly
older.
The most abundant copper mineral is chalcopyrite, which occurs
as small replacement masses and as rare veinlets.

Exsolution blebs of

sphalerite in chalcopyrite are rare and were observed only in sample
C-94.

Chalcopyrite is replaced by bornite and covellite, and it replaces

pyrite.

A white, weakly anisotropic mineral that occurs associated with

chalcopyrite was tentatively identified as wittichenite (Cu^BiS^).

Due

to the small size of the grains, which are visible under high-power
magnification, it could not be positively identified.

It has a light-

pinkish to bluish-gray anisotropisra and occurs as blebs in chalcopyrite.
It could have formed as a result of bismuth exsolving from chalcopyrite.
Bornite, although minor, was locally observed in hand speci
men.

It occurs mainly as a supergene mineral replacing chalcopyrite

and occasionally being replaced by covellite.

No exsolution blebs of

bornite in chalcopyrite were observed to suggest a primary origin.

The

bornite occurs as coatings or patches on the edges of chalcopyrite
grains.

In sample C-lll a chalcopyrite grain has a bornite annulus,

which, in turn, has a thin, discontinuous, outer covellite ring, indi
cating that both bornite and covellite are supergene.

Rare individual

microcrystalline bornite grains were observed, and these may represent
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a minor hypogene bornite phase.

Covellite is rare and forms thin re

placement coatings, mainly on bornite and rarely on chalcopyrite.

Pyr-

ite is rare and was observed in only one polished surface where it is
being replaced by chalcopyrite.

The rarity of pyrite suggests that this

was a low-sulfur system with respect to the Cu-Fe-S ternary diagram.
In the Cu-Fe-S sulfur activity diagram, the activity of sulfur for this
system was probably near the chalcopyrite-chalcopyrite + pyrite boun
dary but sufficiently low that essentially only chalcopyrite formed

(cf.,

Vaughan and Craig, 1978, fig. 8-31).
Molybdenite may occur in trace amounts throughout the garaetskarn, as inferred by the presence of even small amounts of molybde
num in all samples assayed.

The distribution is erratic, and where

abundant it occurs as the main sulfide associated with milky quartz
lenses, although the quartz lenses do not always contain molybdenite.
It occurs as small plates, which, when abundant, commonly contain
chalcopyrite in the voids between the platy aggregates.

The position of

the molybdenite in the paragenetic sequence is not known with certain
ly, because it rarely occurs with other sulfides.

Molybdenite deposition

is older than that of chalcopyrite and probably older than or contempo
raneous with the initial sphalerite deposition.
Galena occurs in trace amounts and was observed only in sam
ples C-94 and C-112 where it forms anhedral microcrystalline grains
associated with chalcopyrite and sphalerite.

Its characteristic trian

gular pits were visible only under high-power magnification due to
the small size of the crystals.

Galena deposition appear to have been

contemporaneous with that of chalcopyrite and sphalerite.

Scheelite
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occurs in trace amounts and is only locally abundant.

Its presence was

first suggested during the field work when a whitish-blue fluorescence
was locally observed in the mine while using a black light.

It has been

observed only in sample C-lll as a euhedral pseudo-octahedral crystal
with yellowish internal reflections.

Its paragenetic position is un

certain, but because the crystals are euhedral, it is thought to be
contemporaneous with the calc-silicates that form the garnet-skarn.
All four levels at the La Fortuna mine were assayed for six
elements:

Au, Ag, Cu, Mo, Zn, and WO^.

Assay samples were col

lected by Mexicana de Cobre personnel using an average spacing of 20
m.

As shown in figure 8 (in pocket), the samples were taken from

either the back or one of the ribs of the adits, the choice depending on
accessibility (i.e., roof too high or ribs covered with muck).

Due to

the wide spacing between sample locations, the sampling should be con
sidered preliminary.

Its purpose was to get a general idea of the metal

grades associated with the deposit and hence its possible economic sig
nificance;

the sampling was also done to see if there was any apparent

metal zoning in the skarn.

In all, 21 channel samples were collected

(Table A-l), all of which were assayed for Au, Ag, Cu, Mo, and Zn;
for cost reasons, only 5 were assayed for WO^.

The assaying was done

by a private laboratory in Hermosillo for Mexicana de Cobre.

It should

be noted that even though high-grade, copper-zinc mineralization oc
curs in irregular zones or lenses, the deposit was sampled irrespective
to the position of these zones.

Because for the most part the zones

have been essentially mined out, a more or less regular sample spacing
was used to provide a better estimate of the current economic potential
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of the deposit.

Four of the samples collected came from the tuffaceous

units rather than the garnet skarn to determine how much the mineral
izing solutions affected them.
Based on the assay results and the study of polished surfaces,
there is no metal zonation in the deposit except for local apparent
trends as described below.

As would be expected, there is a sharp

drop in the metal content in going from the garnet skarn to the tuffa
ceous units, as there is a 5- to 15-fold decrease in the assay values
from sample T-28 in the skarn to sample T-29 in the tuffaceous units
(table A-l, appendix).

Gold is essentially absent from the deposit and

was detected only in three samples that assayed 0.1 to 0.2 ppm Au.
Silver occurs throughout the deposit, although commonly in small quan
tities, with assay values ranging from 2.6 to 201 ppm.

No silver min

erals were observed in any of the polished surfaces, and it is thought
that the silver occurs in bornite or galena.

The former is believed to

be the most likely silver-bearing mineral for two reasons.

First, bor

nite is more abundant than galena, which was observed in only two
samples.

Second, there appears to be a general correlation between

copper and silver, with the silver values generally, although not in
variably, increasing as the copper values increase (table A-l, appen
dix).

On mine Levels 1 and 2, based on the few samples that were

collected, there appears to be a systematic increase in the silver con
tent from the portal toward the end of the workings.
the opposite appears to be the case:

On Level 4, just

the silver values increase toward

the surface in the outer half of the adit.

On Level 3, there is no
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systematic variation.

Along the dip, there is no systematic variation in

the silver content of the garnet skarn.
Tungsten, although only assayed for in five samples, appears
to be in very low amount throughout the deposit, with only local erratic
concentrations occurring.

Most samples assayed less than 0.02% WO^,

with only sample T-ll, which yielded 0.446% WO^, being economically
significant.

Tungsten occurs as scheelite, which seems to be unrelated

to the sulfides.

Molybdenum values are in general low and subeconomic

for a small-size deposit like this, with values ranging from 0,03% to
0.262% Mo.

As can be seen in table A-l (appendix), only local concen

trations of possibly economic molybdenite occur.
Zinc and copper in the form of sphalerite and chalcopyrite are
the main ore minerals, with the zinc content being in general 2.5 times
greater than that of copper.

These, as with the other metals, are lo

cally concentrated in high-grade zones and are nonuniformly distributed
throughout. Copper showed a wide range of assay values, which varied
from 0.105% to 4.462% Cu, with seven of the assays from the garnet
skarn being below 0.4% Cu (table A-l, appendix).

The variation in

copper values shows a pattern similar to that of silver, with the values
increasing toward the deeper parts of the workings on mine Levels 1
and 2.

On Level 3, the copper values are low in the central portion of

the skarn, progressively increasing away from the middle.

The lowest

mine level has high values in the eastern half of the skarn, with low
values elsewhere.

Zinc similarly showed a wide range of values, which

in the skarn ranged from 0.095% to 5.13% Zn, although, unlike copper,
it shows no local assay trends.
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The weighted average grades for the garnet skam (i.e., ex
cluding assays for tuffaceous units) are 2.405% Zn, 0.996% Cu, 45.95
g/t Ag, and 0.039% Mo.

Information on historical mining grades is not

available, but they were were most likely much higher, because mining
was mostly in the high-grade- zones.

Based on the low present-day

metal prices and the small size of the deposit, these grades are not
very encouraging.

Considering the metal prices in the January 1984

issue of Engineering and Mining Journal, the in situ gross value per
metric ton of ore is $58.31 if all four metals are considered, with the
value decreasing by about $3 if molybdenum is excluded.

The values

were calculated as follows:
Copper

0.996%

= 21,938 lb/t

x $0.694/lb

= $15.22

Zinc

2.465%

= 54.295 lb/t

x $0.487/lb

= $26.44

Silver

45.95 ppm

—

1.477 tr oz/t

x $9.12 tr oz

= $13.47

=

0.859 lb/t

x $3.70/lb

= $ 3.18

Molybdenum 0.039%

In situ gross value per metric ton

= $58.31

Whether a small-scale mining operation can be carried out here
depends not only on the metallurgical recovery of metals and whether
all the costs associated with mining, transporting, and processing the
ore can be kept below the recovered value per ton of ore but also on
what the reserves of the deposit are.

Based on the present informa

tion, this figure cannot be determined;
magnitude figure can be estimated.

only a preliminary order of

The problems in estimating

reserves stem mainly from the lack of surface exposures from which to
determine the thickness and strike-length of the skarn.

Also the
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apparent lensing of the skarn may affect the estimates.

Considering

the width of the garnet- skarn to average 10-15 m, using a strike-length
of 125 m for the lower two mine levels and 40 m for Levels 1 and 2,
and using 3.2 as the specific gravity of the ore (table 4), the initial
reserves of the deposit were estimated to have been between 210,000
and 320,000 mt (table 5), with 50 to 70 percent of that having been
mined.

Based on this estimate, greater reserves need to be proved

before the feasibility of a small-scale operation can be considered.
Three aspects that should be considered in trying to increase reserves
are:

(1) continuity of the skarn along strike at the end of mine Levels

1, 2, and 4, (2) continuity of the skarn below Level 4, and (3) wheth
er the tuffaceous units at the end of Level 3 mark the end of the skarn
or if it continues and the workings diverge from it.

Because the last

portion of the workings in Level 3 trend 10 to 15 degrees more norther
ly than the strike of the skarn, it is possible that the skarn continues
as noted in aspect (3).

Apparently, when the mining on Level 4 encoun

tered the marble lens in the central portion of the level, the bearing of
the face was changed and mining continued in a more northerly direc
tion in lower grade ore.

This raises the possibility that higher grade

ore may be more southerly or central to the skarn.
To test the three points mentioned above, underground drilling
is not recommended because it would have to be downdip or along the
strike of the skarn.

The only exception would be a drill hole near the

end of mine Level 3, where sample T-30 was collected.

This hole would

test whether the workings diverge from the skarn or if the skarn ended
around sample T-28 (fig. 8).

This drill hole would be 30 m long, have
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Table 4.

Estimated specific gravity of the ore at the La Fortuna mine

Average Mineral Content
(1)

Specific
Gravity
(2)

(1) x (2)/ino

0.996% Cu =

2.9% chalcopyrite

4.1

0.119

2.46%

3.7% sphalerite

4.0

0.148

42.0% garnet

3.8

1.596

25.0% quartz

2.65

0.663

26.5% calcite

2.7

0.716

Zn =

100.1%
Specific gravity of ore

Table 5.

3.242

Premining estimated reserves for the La Fortuna deposit
Dip Length
m

Strike Length
m

Width
m

Density
t/m3

Levels 1-2

40

40

10

3.2

51,000

Levels 3-4

40

125

10

3.2

160,000

Low estimate =

Tonnage
mt

211,000

Levels 1-2

40

40

15

3.2

77,000

Levels 3-4

40

125

15

3.2

240,000

High estimate =

317,000
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a N. 30° W. bearing and a +60 degree angle in order to be perpendicu
lar to the skarn.

Extending the present workings to test the conti

nuity of the mineralized skarn in a small-tonnage deposit like this is not
recommended due to the high cost involved.

Instead, surface diamond

drill holes would be the best option for testing the continuity of the
skarn.
Two surface drill sites are proposed, the location and length of
which can only be approximated because the surface topography is not
known in detail.

Based on the 1:10,000 topographic map on which the

geology was mapped, the location and attitude of the proposed drill
holes can be estimated.

By assigning coordinates 1,000 N, 1,000 E to

the large boulder near the entrance to mine Level 3, which was used as
a monument for the mine surveying, the proposed drill sites can be
assigned approximate coordinates*

Drill site A, which would test the

continuity of the skarn below the mined levels, would have coordinates
940 N, 890 E.

Two diamond drill holes are proposed here, with both

having a N. 30° E. bearing, and the second being conditional on the
results of the first.

The first drill holes is designed to intersect the

skarn 20-25 m downdip from mine Level 4 and would have a 60-degree
angle and a minimum length of 80 m.

The second drill hole would have

a 75-degree angle and would be at least 85 m long to intersect the
skarn 20-25 m downdip from the intersection in the first drill hole.
Drill site B would test the skarn continuity in the upper levels through
two inclined diamond drill holes;
N, 795 E.

its approximate coordinates are 1,065

Again both drill holes would have a N. 30° E. bearing, with

the first having a 60-degree angle and a minimum 75-m length to
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intersect the skam about 15 m below mine Level 1.

The second drill

hole would have an 85-degree angle and a length of 80 m, cutting the
skam 20-25 m downdip from the intersect of the first drill hole.
San Francisco Deposit.

The San Francisco mine is located

approximately 900 m N. 45° W. of the La Fortuna mine (fig. 6, in pock
et), at an elevation of about 1,600 tn.

There were no production fig

ures or production periods for this deposit in the literature.

This

operation was much smaller than the La Fortuna mine, with the ore
probably taken out by mule;

there are no roads going to the mine.

Mining was concentrated in the two nearly parallel adits in skarn, which
have a total development of 53 m (fig. 10),
called the San Francisco mine.

These workings will be

Thirty-two meters almost due south of

the main workings is a 12-m adit driven entirely into the quartz latite
porphyry.

There is also an incline 25 m S. 18° W. of the mine.

This

was driven roughly along the contact between the skarn and the quartz
latite porphyry for a length of 20 m.

Total production from this mine

probably did not exceed a few thousand tons of ore.
This mineralized garnet skarn is similar to that in the La For
tuna deposit inasmuch as it is also a roof pendant of the Lily Formation
in the quartz latite porphyry.

The tuffaceous units and the andesite

dikes observed at the La Fortuna mine do not, however, occur at the
San Francisco mine, and marble was observed only at the bottom of the
incline.

The skarn is apparently thicker at this mine than at the La

Fortuna, with a minimum width of 20 m and a probable maximum width
of 25 m.

Due to the lack of surface exposures, the dimensions of he
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Geologic map of the San Francisco mine, Sonora, Mexi
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skarn along strike and dip are unknown.

Based on the underground

mapping, it can only be said that its strike length is greater than 25 m
and its dip length greater than 15 m.

Due to the lack of relict bedding

the skarn and the lack of surface exposures away from the mine work
ings, its attitude striking N. 85° W. and dipping 75° SW, is only ap
proximately known.
There is no lateral zonation of the ore or calc-silicate minerals.
Although information is limited, it is thought that, as at the La Fortuna
mine, there is also no vertical zoning.

There is also no distinct al

teration of the quartz latite porphyry near the garnet skarn.

In the

vicinity of the skarn the porphyry contains up to 1 percent epidote and
2-3 percent magnetite associated with chlorite and traces of pyrite.
The paragenetic sequence as determined from the study of thin
and polished sections is shown in table 6.

Although similar in overall

mineralogy, there are several distinct differences relative to the skarn
at the La Fortuna mine.

Diopside was not observed, the quartz content

is on average 15 percent greater, total sulfide content is lower, and
molybdenite is the only ore mineral that is more abundant at the San
Francisco deposit.

Acicular masses of radiating hedenbergite were

observed in only trace amounts, with calcite and quartz generally
replacing it.
Garnet as zoned euhedral crystals 0.05 to 5 mm long and as
intergrown polycrystalline masses has a yellowish-brown color in hand
specimen and is light brown in thin section.

The zonation of the larger

garnet crystals suggests compositional variations and, although not
determined, are thought to be andraditic due to the color in thin

Table 6.

Paragenesia of pyrometasomatic minerals at the San Francisco mine

Garnet

xxxxxxxxxxxxxxx

Quartz

xxxxxxxxxxxxxxxxxx

Hedenbergite
Calcite

xxxxxxxxxxxx

Chlorite
Sphalerite
Chalcopyrite

ooooooooo
ooooooooo.

Bornite
Covellite
Wittichenitef?)
Pyrite
Scheelite
Molybdenite
Azurite
Malachite

= *1% by volume
ooo = 1-10% by volume
= >10% by volume

XXX

.0
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section and the association with hedenbergite.

Garnet is commonly re

placed by quartz, calcite, and, to a lesser extent, sulfides, with a few
anhedral skeletal crystals observed that have a garnet rim and a quartz
or mostly calcite core.

Garnet forms an average of 30 percent of the

skarn.
Calcite occurs partly replacing individual garnet crystals and as
massive replacement of the skarn.

It ranges from 20 to 30 percent by

volume, with a few late-stage veinlets forming less than 1 percent.
Cleavage and twinning are common.

Chlorite ranges from traces up to

5 percent as a retrograde replacement of garnet in the hydrolitic phase
of skarn formation.
Quartz is the most abundant mineral in this skarn, averaging 40
percent by volume.

It occurs as masses of crystalline quartz that lo

cally engulfs garnet, calcite, hedenbergite, and the sulfides.

There

are also milky quartz lenses that, for the most part, are barren but
contain local concentrations of molybdenite.

The largest lens, near the -

entrance to the maun workings (fig. 10), is at least 9 m long and 0.5 to
1.8 m wide.

Euhedral quartz crystals were locally observed in vugs

near the entrance to the mine.
The main ore minerals are sphalerite and chalcopyrite, with
local concentrations of molybdenite.

Bornite, covellite, and pyrite

occur in trace amounts. Wittichenite is rare, and scheelite, although not
observed, is thought to occur as a tungsten-bearing mineral.
and chrysocolla were observed only near the mine portal.

Malachite

The sulfides

are present throughout the skarn, generally as small, irregularly
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distributed aggregates or "disseminations" and as local high-grade zones
or lenses.
Sphalerite occurs as black anhedral masses, which in polished
sections are seen to contain common chalcopyrite ex solution blebs.
Chal copyrite occurs as small replacement masses and commonly as exsolution blebs in sphalerite.

It is locally replaced by bornite and

covellite, and it replaces pyrite.

Chalcopyrite deposition was contem

poraneous with sphalerite, and it is younger than the molybdenite.
Microcrystalline blebs of a white, weakly anisotropic mineral closely
associated with chalcopyrite occurs in trace amounts.
tatively identified as wittichenite (Cu^BiS^).

It has been ten

The mineral has a light-

pinkish to bluish-gray anisotropism and was contemporaneous in deposi
tion with chalcopyrite.

Pyrite is rare and was observed only in sample

C-109, where it is partly replaced by chalcopyrite.
its paragenetic position is uncertain.

Due to its rarity,

It was deposited before chalco

pyrite, and it was probably one of the earliest sulfides formed.

As

previously discussed for the La Fortuna deposit, the paucity of pyrite
suggests that the system was a low-sulfur system, with chalcopyrite
forming at the expense of pyrite.
Molybdenite is only locally observed in hand specimen but is
present in trace amounts throughout the skam.
always associated with milky quartz lenses.

Where abundant it is

It forms small platy aggre

gates, with chalcopyrite commonly filling the voids between them.

The

paragenetic position of the molybdenite is uncertain because from the
polished surfaces examined, it can only be said that it is older than
chalcopyrite.
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Due to the size of the workings, only five channel samples at
an average of 10 m apart were collected from the San Francisco mine.
All of them were assayed for Au, Ag, Cu, Mo, and Zn;
were assayed for WO^ (table A-2, Appendix).

only three

Except for molybdenum,

the assay values are in general lower than at the La Fortuna mine, and
they show at least an order of magnitude variation between the lowest
and highest values for each metal.

The assays for sample T-9 are

much lower than for the other samples;
grade variation decreases significantly.

If this sample is excluded, the
Because sample T-9 is the

outermost sample, it can be interpreted to represent a general westnorthwesterly increase in the metal content of the skarn, at least in the
portion that has been exposed through mining.
There is no gold associated with the deposit;
ranges from 4.5 to 58.1 ppm.

silver values

Because the silver content increases

along with copper content, it is thought that silver occurs associated
with chalcopyrite.

Sphalerite and chalcopyrite are the principal ore

minerals, and they occur in approximately equal amounts, with the
overall zinc content being slightly higher than that of copper.

Zinc

values are consistently lower than at La Fortuna, ranging from 0.20 to
1.56 percent.

Copper grades at the San Francisco mine show a nar

rower variation but also tend to be lower than at La Fortuna.
range from 0.29 to 2.11% Cu.

They

Molybdenum values, which range from

0.007 to 0.176 percent are higher here.

This may be due to the great

er abundance of milky quartz, with which the molybdenite is associated,
in the San Francisco skarn.

Tungsten values, generally an order of

magnitude greater than at La Fortuna, range from 0.043 to 0.112% WO^,
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The weighted, average grades for this deposit are 0.96% Zn,
0.759% Cu, 0.116% Mof and 25.4 g/t Ag.

These grades, except for

molybdenum, are significantly lower than at La Fortuna, with zinc being
about 2.5 times lower, silver nearly two times lower, and the copper
grade decreasing by 0.2%.

Based on current metal prices (Engineering

and Mining journal, January 1984), the in situ gross value per metric
ton of ore is $38.80 if Cu, Zn, Mo, and Ag Eire considered;
not recovered, this figure would decrease to $29.35,

if Mo is

These figures

were calculated as follows:
Copper

0.759%

= 16.718 lb f t

x $0.694/lb

= $11.60

Zinc

0.906%

s 21.145 lb/t

x $0.487/lb

= $10.30

Silver

25.4 ppm

-

0.817 tr oz/t

x $9.12 tr oz

= $ 7.45

=

2.555 lb/t

x $3.70/lb

= $ 9.45

Molybdenum 0.116%

In situ gross value per metric ton

= $38.80

For a small-tonnage deposit like this, the values listed above
and their probably values in recovery can at best be considered eco
nomically marginal.

However, because only a presumably small portion

of the skarn has been exposed through mining and the metal grades for
the garnet skarn in the district are highly variable, it is possible that
higher grade mineralization may occur west-northwest of the present
mining limits.

As noted previously, lack of surface exposures and

limited exposures due to mining prevent calculating reserves for this
deposit.

Hence, any exploration effort here should be directed toward

determining if there is higher grade mineralization associated with the
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deposit and toward determining the approximate dimensions of the gar
net skarn.

Driving exploration drifts and crosscuts to test the above

would not be feasible for a small deposit like this.
drilling seems a better exploration tool;

Surface diamond

however, because there are no

roads to the mine, there would be the added expense of building at
least a jeep trail.

The road going to the La Fortuna mine would have

to be repaired and from there a 1.5-2-km road going to the San Fran
cisco mine would be built.

At least one drill site is recommended, the

location and dimensions of which can only be approximated, because the
surface topography is not known in detail.

If sample C-92 is assigned

coordinates 100 N, 100 E, the proposed drill site would have coordinates
55 N, 75 E, such that it would intersect the skarn at least 25 m along
strike from sample C-92,

From this station fan drilling could be done,

with the drill holes having a N. 05° E. bearing.

The first drill hole

would have a 50-degree angle, would be at least 80 m long, and would
intersect the skarn at the same elevation as the mine workings.

A

second drill holes would have a 70-degree angle, would be at least 90 m
long, and would cut the skarn 25-30 m below the previous intersection.
Based on the results from these two drill holes, additional holes might
be planned.
La Lily Deposit.

The La Lily deposit is the northernmost and

the largest of the garnet skarns within the study area, although
mineralized skarns such as the Carolina deposit are known farther
north.

This garnet skarn also occurs within the Lower Cretaceous Lily
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Formation and can be traced on the surface for approximately 900 m
along strike (fig. 6, in pocket).
Mining, which has been restricted to its southeast portion, ex
tends for a maximum of about 200 m to the southeast of the mine portal.
The La Lily mine was operated intermittently between 1929 and 1967 j
production figures are available in the literature for only a few of those
years.

Total development is about 630 m in four mine levels, with the

difference in elevation between the first and fourth levels being 57 m.
The mine was mapped and described in macroscopic detail by Nasser N.
(1968) as the central theme of his undergraduate thesis.

McAnulty

(1970) gave a brief description of the deposit along with its paragenesis.

Therefore, due to the previous work that has been done here,

less time was spent studying this deposit than at La Fortuna.

The

level maps in Nasser N.'s (1968) thesis were used as a base for the
sampling and assaying and for the petrographic study.
The La Lily skarn is different in several respects from the
other skarn occurrences in the study area.

First and most important is

that it is not a roof pendant and hence has much greater continuity,
especially along strike.

Second, there is no lensing of the skarn as

appears to have occurred at La Fortuna.

Mineralogically, the quartz

and calcite content is much lower, and the overall metal content is also
lower, except for pyrite, which is more abundant than at La Lily.

Ex

cept for an andesite dike observed in the underground workings, there
is no intrusive rock in contact with the garnet skarn, at least down to
the present exposure levels.

A latite porphyry dike located
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approximately 30 m southwest of the skarn trends roughly parallel, but
it is vertical and does not intersect the skarn.
Petrographically the skarn at the La Lily mine is characterized
by a very high garnet content, which ranges from 30 to 90 percent,
averaging 71 percent.

Euhedral, zoned garnet crystals 0.2 to 1.5 mm

in. diameter are more common than in the other skarns.
occurs as intergrown polycrystalline masses.

Garnet also

The garnet is yellowish

brown in hand specimen and light brown in thin section, with quartz,
calcite, and sulfides replacing it.
Quartz ranges from 2 to 70 percent in amount but is generally
less than or equal to 5 percent.

It forms masses of crystalline quartz

that locally contain whole, broken, or skeletal garnet crystals.

Quartz

also occurs as rare veinlets, which may be up to 0.7 mm wide.

Locally

alternating, quartz- or garnet-rich bands up to 2 cm wide have been
observed in hand specimen (sample C-105), but this is not common.
Calcite, ranging from 1 to 10 percent in volume was observed in only a
few of the thin sections.

It replaces garnet and diopside.

The clino-

pyroxenes, hedenbergite and diopside, are minor constituents, generally
forming less than a combine 2 percent of the rock volume.
the earliest formed of the pyrometasomatic minerals.

They are

Chlorite was ob

served only in sample C-103 where it forms 5 percent of the rock and
occurs as an alteration product of garnet.

Limonite, although not

observed in all the samples, range from 5 to 7 percent of the volume
where present.

It occurs as medium-gray to greenish-gray clayey ag

gregates, which are concentrated in irregular zones or veins and
represent the weathering product of the sulfides.

Limonites also occur
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in the lower levels, because many of the stopes or raises in them are
connected to the surface.

Overall, the sulfides form 1 to 2 percent of

the skarn.
The paragenesis of pyrometasomatic minerals at the La Lily mine
is very similar to that at the La Fortuna.

The same gangue minerals

are present, with the addition of tremolite, which was locally observed
in surface outcrops but not in thin section.

McAnulty (1970) placed

the formation of the tremolite as contemporaneous with diopside.

Fluor-

ite was observed in a 35-cm-long cavity about 25 m from the portal on
mine Level 2.

It occurs as euhedral, white and light-green crystals,

ranging in diameter from 0.4 to 2 cm.

Because it does not occur asso

ciated with the sulfides, its paragenetic position is uncertain.

It is

probably one of the earliest formed minerals, because it occurs as openspace filling.

Wittichenite and galena were not identified, but they may

occur in trace amounts.
trace amounts.

Molybdenite is present only rarely and in

The oxidized copper minerals, malachite, chrysocolla,

and azurite, are much more abundant in this mine because many of the
stopes are connected to the surface.
Channel samples for assay were collected from all four levels of
the mine.

All samples are from the garnet skarn, with an average

spacing between them of about 20 m.

The results of this sampling

should be regarded as preliminary due to the wide spacing between
samples.

A total of 13 samples were collected;

10 of them came from

mine Level 3, which with nearly 200 m of development is the longest.
All samples were assayed for Au, Ag, Cu, Zn, and Mo;
assayed for WO^.

only 9 were

Over half of the samples were assayed for Pb, and
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except for samples T-36 and T-37, which assayed 0.03% Pb, and 0.18%
Pb, respectively, they all assayed 0.01% Pb and hence are not included
in table A~3 (appendix).
Based on the assay results, severed generalizations can be made
in comparing this garnet skarn with the other two previously described.
The molybdenum content is one to two orders of magnitude lower here,
this being related to the rarity of milky quartz lenses, which in the
other mines contain local concentrations of molybdenite.

In the other

skarns, high silver values are associated with high copper values, and
this is generally the case here, but there are two samples that depart
from this pattern, showing an inverse relationship between silver and
copper.

These are samples T-37, which assayed 58.3 g/t Ag and only

0.053% Cu, and sample T-45, which assayed 115.0 g/t Ag and 0.175%
Cu.

These values suggest that, at least locally, silver may be present

in a form other than associated with chalcopyrite as was previously
suggested for the La Fortuna mine.

Another thing that distinguishes

this from the other skarns is that the sulfide mineralization appears to
bottom out with depth.

There is a sharp drop in the metal content in

going from Level 3 to Level 4, with the average grades for the
lowermost level being an order of magnitude lower than for the other
levels.

Because the samples are from the garnet skarn, these

observations are not affected by the fact that the workings in this
lower level tend to wander, as noted by Nasser N. (1968).

In this

respect, they commonly diverge from the skarn, with only about 25
percent of the workings in this level being in garnet skarn.
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Considering the average grades for each level (table 7), there
appears to be a trend to the metal content variations within the de
posit.

Copper and silver values are highest in Level 1 and progres

sively decrease downward.

Zinc grades are highest in the middle two

levels and decrease toward the upper and lower levels.

Although not

apparent at first sight, if the Zn-to-Cu ratio is considered, there is a
zonation between these two metals.

There is an enrichment of zinc rel

ative to copper with depth (table 7), with this pattern continuing even
in Level 4 where the metal grades decrease significantly.

Tungsten,

although only assayed for in a few samples, appears to increase pro
gressively with depth for the first three levels, with the values drop
ping off sharply in Level 4.
The weighted average grades for the deposit as determined from
the sampling are 0.213$ Cu, 1.395% Zn, 0.003% Mo, and 13.6 g/t Ag.
If Level 4 is excluded due to its very low grades, the average grades
increase to 0.321% Cu, 1.939% Zn, and 20.32 g/t Ag, with molybdenum
still negligible at 0.003 percent.

As for the other mines, the sampling

was done at more less regular intervals, without concentrating on highgrade zones to get an estimate on the overall grades of the deposit.
Hence, actual mining grades must have been much higher.

This is con

firmed by the data given by Nasser N. (1968), which includes produc
tion figures for several small isolated mining periods.

In 1929, total

production was 456 tons of ore averaging 6.91% Cu and 96.4 g/t Ag,
whereas in the last half of 1943, a total of 903 tons of ore were mined
averaging 11% Zn and 2.27% Cu, with no mention made of the silver
content.

Assay results were also given by Nasser N, (1968)

His
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Table 7.

Average grades at the La Lily mine

Level

Length
m

Ag
ppm

Cu
%

Zn
%

Mo
%

Zn/Cu

1

90

31.50

0.810

1.200

0.004

1.48

2

150

18.68

0.310

2.236

0.004

7.21

3

200

17.38

0.167

2.050

0.003

12.28

4

190

2.13

0.027

0.464

0.001

17.19

13.60

0.213

1.395

0.003

Weighted Average
Grades for Mine
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samples apparently were taken from the stoped high-grade zones.

For

the largest of these zones, located 40 m southeast of the mine's location
monument, he reported an average grade of 5.14% Cu and 13.5% Zn,
which is significant considering that this zone is 30 m x 14 m x 40 m.
For another stope, 15 m from the portal to Level 3, he reported an
average grade of 1.5% Cu and 3% Zn.

The large discrepancy in the

average grades obtained from the present study and the ones obtained
by Nasser N. can be explained by the sampling method.

Sampling the

stopes as was done in the previous study gives an estimate of the his
torical mining grades, whereas sampling at roughly equal intervals gives
an estimate of the average grades of the present-day reserves.

The

grades given by Nasser N. may be biased, because for one of the
stopes they are higher than the reported mining grades.
Based on the average grades reported in this study, an impor
tant' conclusion as to the economics of this deposit can be reached.
Even though the average grades within the mine are not economic, the
length of the garnet skarn horizon and the high-grade concentrations in
what has been mined suggest the possibility that enough economic re
serves may. remain in the deposit to make this a small mining operation.
The southeast portion of Levels 1 and 2 are inaccessible;
grades at the end of these workings are not known.

hence the

Sample T-48 col

lected at the end of Level 3 assayed high zinc (4.01%) and moderate
copper (0.76%) and silver (11.5 g/t) values, which suggests that eco
nomic mineralization may continue southeast of the present mine work
ings.

Although mining has been restricted to the southeast portion of

the skarn, there is no geologic evidence to suggest that mineralization
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should not continue farther to the northwest.

Therefore, any explor

ation effort in this deposit should concentrate on determining the con
tinuation of mineralization to the southeast and northwest of the present
mine development.

Based on the assays from Level 4, it seems unlikely

that economic mineralization would extend below it;

nonetheless this

should be tested at least locally.
Extending the present workings for exploration purposes is not
recommended due to the high costs involved.

Instead, surface diamond

drill holes would be a more feasible exploration alternative.

A surface

drill site is proposed to determine if mineralization continues southeast
of the mined areas.

It would have coordinates 61,920 N and 22,350 E

and would be the site of three inclined diamond drill holes with a S.
50° W. bearing.

The first drill hole would have a 40-degree angle and

would be 190 m or longer, if needed to fully cut the garnet skarn, in
tersecting it about 10 m above the elevation of mine Level 1.

The

second drill hole should have a 55-degree angle and be at least 200 m
long, intersecting the skarn slightly above the elevation of mine Level 3
and 50 m below the previous drill hole intersect.

The purpose of the

third drill hole is to see if there is economic mineralization at the
elevation of mine Level 4.

The drill holes would have a 70-degree angle

and be 220 m long, intersecting the skarn just below the elevation of
the lowest mine level.

Based on the results from these drill holes, an

other drilling site could be programmed about 40 m S. 40° E. of the
first one, where fan drilling would also be recommended.
Approximately 130 m northwest of the portal to Level 1, the
skarn horizon is offset by several faults, with two small segments lying
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between these faults (fig. 6, in pocket).

Rather than concentrate

exploration efforts on these small targets, northwesterly extensions of
the mineralization should be looked for northwest of these faults, where
the skarn horizon is continuous again.
again the best way to determine this;

Surface diamond drilling is

however, geochemical sampling is

suggested to aid in determining the best location for the drill holes.
This geochemical survey should use the surface exposures of the skarn
above the mined areas as a control survey to determine how the surface
values relate to the mineralization.

The total length of the skarn

should be sampled, using a 10-20-m spacing between samples.
Genetic Interpretation of Skarn Deposits.

The causative intru

sions for the metasomatism and mineralization of the calcareous units at
the three mines described above does not crop out in the vicinity of the
skarn deposits.

At the La Lily mine the intrusion related to mineral

ization is neither exposed on the surface nor in the mine workings.
Although the La Fortuna and San Francisco skarns are roof pendants
within the quartz latite porphyry, I do not think that there is a genetic
relationship between the skarn and the quartz latite porphyry.

The

reasons for this are the lack of mineral zoning in the skarn with re
spect to the quartz latite porphyry and the lack of an endoskarn in the
quartz latite porphyry, which in copper and in zinc-lead skarns should
be at least locally present (Einaudi and Burt, 1982).
Skarn deposits were classified by Einaudi, Meinert, and New
berry (1981) into six groups according to the predominant economic
metal.

These are Fe, W, Cu, Zn-Pb,, Mo, and Sn skarns.

The garnet
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skarns from the present study area are poly metallic;

Zinc and copper

are the principal economic metals, but the skarns also contain variable
silver and minor molybdenum and tungsten.

They can therefore be

considered Zn-Cu skarns, with characteristics, which in general may be
intermediate between those of the Cu and Zn-Pb groups.

If their aver

age grades are considered, the Zn—Cu ratios range from 1.3 for the San
Francisco mine to 6.6 for the La Lily mine.

This finding suggest that

their characteristics should be closer to the Zn skarn end member than
to the Cu skarns.

Two characteristics of the Zn-Pb skarns that apply

especially well for these deposits are their size and spatial relation to
the associated intrusions.

Zinc-lead skarns are much smaller than their

copper counterparts, ranging in size from 0.2 to 3 millions tons, and
are commonly distal to intrusive contacts (Enaudi and others, 1981).
The Fortuna, San Francisco, and La Lily deposits have probable re
serves that fall within this range, and they are distal to the causative
intrusion.
For the Carolina skarn deposit, located approximately 3 km
north of the study area (fig. 5).

McAnulty (1970) suggested that the

probable source of the metasomatic and mineralizing fluids is the Caro
lina stock, which is there intrusive into the Lower Cretaceous sediment
ary units.

He also proposed the same relationship between the La Lily

deposit and the Carolina stock, although the stock crops out about
1,600 m southwest of the La Lily mine (fig. 6, in pocket).

I agree

with McAnulty's interpretation in that the Carolina stock is the probable
causative intrusion for the formation and mineralization of the skarns.
This, although not demonstrable within the study area, seems like the
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most likely origin for these deposits.

Zf this interpretation is correct,

the Carolina deposit would be proximal to the stock, whereas the La
Lilyt San Francisco, and La Fortuna skarns would be distal.

At the

Carolina mine, chalcopyrite is the main sulfide and there is very minor
sphalerite (McAnulty, 1970).

At the other three deposits, sphalerite is

more abundant than chalcopyrite.

This change in sulfide mineralogy

would be expected if the Carolina stock was the causative intrusion,
because copper skarns are characterized by proximity to the stock con
tacts and zinc skarns are commonly distal to the intrusion (Einaudi and
others, 1981).

The Carolina stock is a large pluton whose main mass

occurs in the northwest portion of the district, but it also crops out in
the west-central portion of the Sierra Cobriza area.

McAnulty (1970)

reported six facies within the stock north of the study area that ranged
from pegmatite to monzonite porphyry.

It is thought that the monzonite

porphyry facies is the one most likely related to the mineralization.
Porphyry-type Prospect
La Florida Prospect.

The La Florida porphyry-type copper

occurrence is located in the northeast corner of the area (fig. 6, in
pocket).

The color anomaly associated with the La Florida fault and

described in the previous chapter, brought attention to the area during
the mid-1960s when a major exploration program for porphyry copper
deposits was being carried out in northern Sonora by the Consejo de
Recursos Minerales (CRM) and a team from the United Nations Develop
ment Programme.

Later mapping and geochemical sampling made this a

high-priority target (Osoria, 1967) due to its high geochemical copper
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very minor disseminations and consists of pyrite, chalcopyrite, molyb
denite, magnetite, and rare bornite, covellite, native copper, galena,
and sphalerite (Amaya M., 1971).

Although of low average grade, this

porphyry system is aerially fairly extensive, with its minimum dimen
sions as determined by diamond drilling being 2.5 km in a north-south
direction and 1 km along an east-west line.
The northern portion of the porphyry system, which is of
somewhat higher grade, was considered in estimating the reserve figure
given by V&zquez and Islas (1971b).

This area begins with the Florida

andesite outcrops in the northeast corner of figure 6 and extends for a
maximum of 800 m to the south and 530 m in an east-west direction.
Down to the depth to which this porphyry system has been explored
(about 840 m above sea level or 380 m below the surface), three rock
types host the mineralization:

a quartz latite stock, which is correlated

with the quartz latite porphyry of Sierra Cobriza;
of the Florida member of the Ejido Rhyolite;

the tuffaceous units

and the Florida andesite.

With minor local variations, the copper grade in the quartz latite and
the tuffaceous units is less than 0.1 percent.

The Valle Andesite, vol-

umetrically the most mineralized unit, generally has copper grades an
order of magnitude higher and locally as high as 1.68% Cu but generally
less than 0.4% Cu (V&zquez and Islas, 1971b).
The preferential association of the mineralization with the andesites is not unusual for this type of deposit.

Andesite is a good host

for copper mineralization, for example, the Sierrita—Esperanza deposit
(West and Aiken, 1982 and in the El Arco deposit (Echdvarri and
Rangin, 1978).

Molybdenite, although minor, is present throughout the
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area drilled by Cobre de Mexico and the CRM.

An assay value of

0.022% Mo was obtained for one drill hole, but values for the rest were
generally an order of magnitude lower.

Silver locally assayed as much

as 50 ppm but the silver values were usually less than 5 ppm.

Al

though for the most part gold is not present, it locally assayed 0.1 to
0.6 ppm.

Several samples from one of the drill holes were assayed for

tungsten with values ranging from 0.013% to 0.075% W (V&zquez and
Islas, 1970).
Surface exposures of the Florida andesite are characterized by
a propylitic alteration consisting of chlorite, epidote, calcite, and
pyrite.

This alteration gives the rock a greenish tint.

Theodore and

Priego de Wit (1978) determined through a petrographic examination of
the drill core that the most pervasive alteration type present in the
andesite is a potassic type, which they called an early dispersed biotitic
alteration (EDB).

It is characterized by a greenish-brown secondary

biotite, which pervades the andesite, locally forming up to 60 percent
of it.

The biotite may be accompanied by magnetite and rarely occurs

in veins.

The early dispersed biotitic alteration is characterized by the

initial introduction of copper as chalcopyrite into the system.

Although

not documented in detail, there appears to be a vertical and lateral
variation in the intensity of the EDB alteration.

Actinolite associated

with EDB alteration appears to increase westward, as Theodore and
Priego de Wit interpreted from two drill holes, whereas in one of the
deepest drill holes they observed a continual increase with depth in the
intensity of the EDB alteration.
quartz-calcite-chlorite

stockwork

A later alteration stage consists of
veining,

with

minor

epidote,
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lauraontite, magnetite, sphene, and minor to traces of pyrite, chalco
pyrite, molybdenite, and sphalerite.
has been altered to chlorite.

Locally, most of the EDB biotite

Theodore and Priego de Wit suggested

that these veins formed at temperatures below 250°C and hence were
not boiling during their emplacement.
Two stages of copper mineralization have been suggested for
the La Florida porphyry system.

The first involved the introduction of

chalcopyrite penecontemporaneously with the EDB alteration, and the
second the chalcopyrite associated with the quartz—calcite—chlorite stockwork veining.

Most the copper mineralization was introduced during

the second stage, hence chalcopyrite occurs mainly as veinlets.
Theodore and Priego de Wit (1978) suggested that the EDB al
teration and related initial copper mineralization are genetically related
to the emplacement of the quartz latite porphyry, which they termed a
"dacite porphyry."

They further suggested a hiatus in the evolution of

the porphyry system during which, after uplift and erosion, the Ejido
Rhyolite and possibly the Valle Andesite were deposited.

This was fol

lowed by emplacement of the Carolina stock, which produced the
quartz—calcite-chlorite veining and associated main-stage copper miner
alization.

They considered that the Carolina stock acted only as a heat

source, causing upward remobilization of copper from deep EDB-altered
rocks, which they inferred to be the quartz latite porphyry stock.
I disagree with the interpretation that the quartz latite por
phyry is the source of the copper and that there was an interruption in
the evolution of this porphyry system that allowed for deposition of one
and possibly two volcanic units with a combined thickness of over 1,000
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m.

The first reason is that there is a lack of any evidence in the

literature that would suggest a break in the evolution of porphyry sys
tems.

Titley and Beane (1981) noted that the hydrothermal evolution

ary path of porphyry copper systems is dominated by cooling.

This

characteristic suggests that it is a continuous process and not one sub
ject to a large hiatus.

Also, if all of the copper were associated with

the EDB alteration, the more intense this alteration, the higher the
copper content that would be expected.

Moreover, Theodore and Priego

de Wit (1978) noted that a 4-m interval at the end of one of the drill
holes showed the most intense EDB alteration that they observed but
assayed only 0.12% Cu.
The final line of reasoning is through analogy with the other
porphyry copper occurrences within the district.

The volcanic and

intrusive rocks within the study area have not been dated, but based
on certain stratigraphic correlations and several early Eocene age dates
obtained for the igneous rocks within the Nacozari district (see Chapter
4), the rocks are considered to be Tertiary in age.

The Batamote por

phyry prospect located 9 km north of the study area is associated with
a granodiorite to quartz monzonite stock and was dated at 55.5 ± 1.2
m.y. B.P. (Wendt, 1981).

The La Caridad porphyry copper deposit is

located 14 km east of the Sierra Cobriza area.

It is associated with a

quartz monzonite porphyry stock and was dated at 53.2 ± 1.2 m.y.
B.P. (Livingston, 1973a).

Because the porphyry copper-type mineral

ization at the La Florida prospect appears to be of approximately the
same age as at Batamote and La Caridad and they are spatially close, it
seems unlikely that they would be genetically related to stocks that
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would be much different either texturally or compositionally.

There

fore, I suggest that the mineralization at the La Florida prospect is
related to the Carolina stock, which appears to be the same pluton
present at Batamote.

The Carolina stock does not crop out near the La

Florida prospect within the study area but is exposed about 0.5 km
north of it.

Although the Carolina stock has not been encountered

down to the depths to which this porphyry system has been explored,
it is thought to occur at depth because it crops out north and south
west of the prospect.

The Carolina stock is an intrusive complex with

at least six facies, which range from pegmatite to equigranular granite
to monzonite porphyry (McAnulty, 1970).

The monzonite porphyry

phase is the one most likely related to the mineralization at the La
Florida prospect.
Mineralization and alteration at the La Florida prospect are
therefore thought to have been a continuous process related to the em
placement of a porphyritic phase of the Carolina stock, which occurred
sometime after the deposition of the Ejido Rhyolite.

The presence of

propylitic alteration associated with the mineralization and the fact that
andesite flows host most of the mineralization (as is presently known)
suggest that the La Florida prospect represents the upper portion of a
porphyry system, at least higher than was suggested for the La Caridad deposit by Guilbert and Ech&varri (1970).
The drill-core information obtained by Cobre de Mexico and the
CRM does not show the presence of any high-grade zones that might be
considered for exploitation, nor does it suggest that a higher grade
hypog'ene zone might be present at depth.

As previously noted, the
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calculated reserves for this porphyry occurrence are 90 million metric
tons of 0.325% Cu (Vazquez and Islas, 1971b).

The reserves were ap

parently calculated by using a 0.25% Cu cutoff grade.

As is immedi

ately obvious, this average grade is of no interest under the present
condition of the metals market;
protore.

thus, this mineralization is classified as

From the drill-hole information in the CRM reports, it is seen

that rarely do more than three contiguous 3-m assay intervals have
grades above 0.4% Cu and that there is often an order of magnitude
variation in the copper grade from one assay interval to the next.
Hence, there are no high-grade zones that might be economic.

The

economics of this prospect are further reduced by the fact that over 50
percent of the estimated reserves underlie between 72 and 213 m of
rock that averages less than 0.1% Cu and can thus be considered as
overburden.

CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS
The Early Cretaceous Lily Formation represents the oldest rocks
exposed in the Sierra Cobriza area.

It consists of sedimentary, vol

canic, and volcaniclastic rocks, which were subjected to intense plutonism and volcanism during the Tertiary.

This period of plutonic

activity, although not dated within the study area, has a wellestablished early Eocene age for the Nacozari district.

The Lily For

mation hosts several Zn-Cu garnet skarns that are thought to be genet
ically related to the later part of this Laramide intrusive event.

A

sequence of lower Tertiary andesitic to rhyolitic volcanic rocks depos
ited as flows and tuffs are thought to be at least partly coeval with the
Laramide-age intrusions of the area.

The oldest of these volcanic units

is the Cobriza Latite Porphyry, which constitutes a major portion of
Sierra Cobriza.

Unconformably overlying the latite porphyry is the

Florida andesite, a series of flows that hosts the La Florida prospect, a
porphyry copper-type occurrence in the northwest portion of the study
area.

The tuffaceous units of the Ejido Rhyolite were unconformably

deposited on the Florida andesite. To a lesser degree, they also host
the porphyry copper mineralization.

A latite flow breccia and the Valle

Andesite are the youngest volcanic units of the study area.
their main exposures east of the Florida fault.
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They have
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A quartz latite porphyry and a quartz monzonite stock repre
sent the bulk of the Laramide intrusive activity in the area.

They

intrude all lithologies previously mentioned except the Valle Andesite
and the latite flow breccia.

Exposures of the quartz latite porphyry

are restricted to the Sierra Cobriza;

however, from drill-hole infor

mation it is also seen to occur in the northwest portion of the area.
The quartz latite porphyry is also a minor host for the porphyry-type
mineralization.
phyry;

The monzonite stock postdates that quartz latite por

it extends north of the study area and is part of what

McAnulty (1970) termed the "Carolina stock."
and andesite dikes are locally present;

Latite porphyry dikes

they apparently represent that

last manifestation of Laramide plutonic activity in the area.
Structural modifications of the area consist of localized folding
of the Lily Formation, local brecciation of the Florida andesite and Ejido
Rhyolite, and a varying amount of tilting of all three formations.

A

predominantly northwest-trending fracture set appears to be postCarolina stock in age, because these fractures are commonly filled by
andesite dikes that crosscut the stock.

The most important structural

features of the area are the Florida and Barrigon faults, produced dur
ing the Basin and Range period of deformation.
northwest on a regional scale;

Both trend north-

however, the Barrigon fault has a

northeast trend within the study area.

The Florida and Barrigon faults

have zones of strongly fractured, locally gouged rock with an intense
limonite staining.
A weak propylitic alteration occurs throughout most of the
study area.

It is moderate to intense only in the Florida Andesite
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where it consists of chlorite, epidote, minor to trace pyrite, and trace
calcite.

Quartz-epidote alteration is another type associated only with

the Ejido Rhyolite.

It occurs as brecciated zones where quartz and

epidote are the predominant minerals.

Tourmaline occurs as a type of

alteration associated with the Florida Andesite.

In the upper elevations

of Sierra Cobriza several brecciated zones of the Florida Andesite con
tain abundant epidote and actinolite and minor tourmaline.

These brec

ciated zones have sharp contacts with the surrounding country rock.
The brecciated zones in the Ejido Rhyolite and the Florida Andesite are
interpreted as representing the upward manifestations of underlying
stocks.
Skarn and porphyry copper-type mineralization occur in the
study area.

The garnet skarns contain zinc and copper mineralization,

with sphalerite being more abundant than chalcopyrite.

Except for the

skarn at the La Lily mine, all other skarn occurrences appear to be
roof pendants in the quartz latite porphyry.

Porphyry copper mineral

ization occurs in the northeast portion of the area in what is known as
the La Florida prospect.

The copper and minor molybdenum mineraliza

tion is mostly fractured controlled and preferentially associated with the
Florida Andesite.

The Ejido Rhyolite and the quartz latite porphyry

also host the porphyry copper mineralization, although, in general, the
copper grade is an order of magnitude lower than in the Florida Ande
site.
Mineralization and alteration in the study area are thought to be
related to the emplacement of the Carolina stock.

There are several

intrusive phases associated with this stock, and they range in
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composition from monzonite porphyry to pegmatite.
area quartz monzonite is the dominant facies.

Within the study

The main reason for this

interpretation is that the other Laramide porphyry copper occurrences
in the Nacozari district are associated with granodioritic to quartz monzonitic stocks;

therefore, it seems likely that this same type of as

sociation occurs at the La Florida prospect.
From study of surface exposures at the La Florida prospect and
a review of the results of the drilling program carried out by Cobre de
Mexico and the Consejo de Recursos Minerales, it appears that there is
no higher grade mineralization at depth.

In the depth to which this

porphyry system has been explored, there is no change in the copper
grade or in the alteration to suggest the presence of an immediately
underlying zones of higher grade mineralization.

Moreover, even if

there were a higher grade zone at depth, it would be too deep to be of
economic significance.
The garnet skarns represent a better exploration target in the
study area.

Production figures and the sampling that was done indicate

that there are high-grade zones within the skarns that would be suit
able for a small-scale mining operation.

At the La Fortuna, San Fran

cisco, and La Lily mines, the three mines that were studied, most of
the high-grade ore has been mined.

The work that was done suggests,

however, that mineralization should continue beyond the limits of the
mine workings.

Therefore, as detailed in Chapter 6, several diamond

drill holes have been proposed to test the continuity and associated
grades of the garnet skarn at the three mines.

APPENDIX
ASSAY RESULTS FOR LA FORTUNA, SAN FRANCISCO,
AND LA LILY MINES
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Table A-l.

Assay results for the La Fortuna mine

Sample

Ag

Number

ppm

Cu

Zn

Mo

wo3

%

%

%

%

*

Level 1
T-ll

201.0

4.460

4.110

0.011

T-12

16.6

0.290

3.050

0.009

—

T-13

3.6

0.168

0.027

0.003

—

T-14

7.9

0.222

0.095

0.262

T-15

46.9

0.558

4.530

0.003

—

T-16

82.4

0.669

0.849

0.004

—

T-17

11.2

0.248

0.657

0.013

—

T-18

8.3

0.250

2.190

0.004

—

T-19

5.6

0.169

3.930

0.012

—

T-20

19.0

0.451

1.530

0.027

—

T-21c

82.4

2.190

3.650

0.144

0.005

132.0

1.460

4.520

0.092

0.005

T-23

5.1

1.480

4.440

0.006

—

T-24

13.7

0.843

5.130

0.003

—

T-25

7.6

0.377

0.129

0.009

—

T-26

2.6

0.105

0.164

0.003

—

T-27b

24.1

0.422

0.380

0.008

—

T-28

15.5

0.556

0.807

0.074

T-29
T-30
T-31

3.5
4.2
2.8

0.114
0.125
0.43

0.054
0.092
0.160

0.002
0.001
0.013

0.446

Level 2
0.005

Level 4

T-22
Level 3

a.

Except as noted, all samples assayed 0.0 ppm Au.

b.

Assayed 0.1 ppm Au.

c.

Assayed 0,2 ppm Au,

0.016
—
—
—
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Table A-2.

Assay results for the San Francisco mine
Ag

Cu

Zn

Mo

wo3

Numbera

ppm

%

%

%

%

T-6

24.9

0.754

1.550

0.007

T-7

36.6

0.903

0.902

0.159

0.112

T-8

58.1

2.110

1.560

0.016

0.010

T-9

4.5

0.288

0.200

0.176

T-10

23.3

0.560

0.992

0.147

Sample

a.

All samples assayed 0.0 ppm Au.

—

—

0,043
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Table A-3.
Sample
Numbera

Assay results for the La Lily mine
Ag

Cu

Zn

Mo

wo3

ppm

%

%

%

%

Level 1
T-32

16.5

0.566

1.830

0.003

T-33

19.4

0.474

0.211

0.003

—

T-34

58.6

1.390

1.560

0.006

—

T-35

4.5

0.211

1.410

0.007

—

T-36

8.5

0.785

2.780

0.002

T-37

58.3

0.053

1.390

0.002

T-38

8.4

0.230

3.150

0.003

0.097

10.2

0.360

1.320

0.005

0.095

T-40 '

2.9

0.017

0.580

0.002

—

T-41

3.5

0.040

1.360

0.002

—

T-42

3.3

0.018

1.830

0.001

—

T-43

15.3

0.456

3.910

0.002

T-44

2.8

0.066

1.650

0.002

—

T-45

115.0

0.175

2.580

0.009

—

T-46

2.2

0.019

1.050

0.002

—

T-47

2.4

0.025

4.460

0.002

T-48

11.5

0.763

4.010

0.002

T-49A

2.0

0.009

0.054

0.001

T-49B

2.2

0.009

0.050

0.001

—

T-49C

2.4

0.021

0.081

0.002

—

T-49D

2.2

0.062

1.820

0.002

T-50

1.5

0.057

0.311

0.001

T-51

2.0

0.014

0.199

0.001

0.024

Level 2
0.068
—

Level 3
T-39

0.112

0.113
—

Level 4

a.

All samples assayed 0.0 ppm Au.

0.005

0.016
—

0.005
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