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ABSTRACT

The El Tigre mine, California district, Cochise County, A ri

zona, contains low-grade, silver-bearing silica in the m id-Tertiary  

high-silica rhyolite ash-flow tuff-dominated Chiricahua Mountains. 

Epithermal massive and vein quartz, with calcite and minor adularia, 

fills a steeply dipping fault that cuts m id-Tertiary basaltic andesite 

metavolcanics. Acanthite is the principal ore mineral. The mine occurs 

at the edge of monzonite stocks associated with doming of the 25-26 

m .y. B .P . resurgent Turkey Creek caldera. Geochemical analyses of 

successive eruption units suggest that the complicated sequence of 

highly silicic and intermediate units resulted from a compositionally 

zoned magma chamber subject to at least four inputs of fresh magma 

with subsequent differentiation. Because the caldera units are defi

cient in silver compared to rocks worldwide, the caldera may have pro

vided a structural setting and heat source for mineralization, but it  was 

not the primary metal source.

xii



CHAPTER 1

INTRODUCTION  

Statement of Problem

The El Tigre mine is an epithermal silver-bearing silica deposit 

in the southwestern portion of the California mining district, northern 

and north-central Chiricahua Mountains, southeastern Arizona (fig . 1 ). 

The Chiricahua Mountains, like many ranges of the Basin and Range 

province of the southwestern United States, are dominated by rhyolitic 

welded ash-flow tuffs of m id-Tertiary age. The source of these tuffs 

was investigated by Marjaniemi (1970), who documented evidence of a 

13-mile-(21-km)-diameter Valles-type (Smith, Bailey, and Ross, 1961) 

resurgent caldera in the central Chiiricahuas. I f  Marjaniemi's (1970) 

interpretation is correct, the El Tigre deposit occurs just outside the 

rim of the resurgent Turkey Creek caldera, a system that may have 

served as the thermal center of hydrothermal mineralization (fig . 2 ).

Some of the greatest bonanza-type epithermal precious- and 

base-metal deposits in the Basin and Range province occur in areas 

dominated by m id-Tertiary-age silicic to intermediate ash-flow tu ffs . 

The tendency of these epithermal deposits to occur adjacent to or within 

mid-Tertiary-age calderas or ring dike structures is a recurring theme 

(Sillitoe, 1977; Rytuba, 1981) in the San Juan volcanic field, Colorado 

(Steven, 1968; Steven, Luedke, and Lip man, 1974; Wetlaufer and 

others, 1979; Lipman and others, 1976), at Goldfield (Ashley, 1979),

1
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EXPLANATION
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Bullfrog (Albers and Kleinhampl, 1970), and Tonopah, Nevada (Bonham 

and Garside, 1974; Silberman and others, 1979), in southwestern New 

Mexico (Elston, 1978; Elston, Rhodes, and Erb, 1976) and the Trans 

Pecos region of western Texas (McAnulty, 1976; Cepeda, 1979), at 

McDermitt on the Nevada-Oregon border (Fisk, 1968; Speer, 1977; 

Rytuba and Glanzman, 1979), and at Spor Mountain in western Utah 

(Lindsey, 1977; Davis, 1978).

To account for the volume of ash-flow tuffs covering the west

ern United States, Rytuba (1981) cited Smith's (1966) estimate that be

tween 250 and 2,500 calderas must have existed. Of the 125 or so 

calderas documented to varying degrees in the Basin and Range pro

vince (Rytuba, 1981), only a few exhibit spatially related geothermal 

ore deposits. For example, of the 98 mining districts in Nevada that 

produced $1 million or more of base metals, precious metals, or both, 

only 5 districts occur in m id-Tertiary ash-flow tu ff and only 2 of these 

districts occur within a reasonably well documented caldera (McKee, 

1979). With continuing research and exploration more of these "miss

ing" caldera structures should be discovered. Consequently, some 

existing epithermal deposits will be reinterpreted and new deposits in

terpreted as caldera related.

Purpose

The El Tigre mine offers the opportunity to investigate an epi

thermal deposit in a caldera setting in southeastern Arizona. This 

study will focus on the geologic setting of the El Tigre mine, the geo

logic history of the Turkey Creek caldera, and the genetic relationship



between resurgence of the caldera and mineralization of the El Tigre  

vein.

To understand the local geologic setting approximately 20 

square miles (50 km2) were mapped at 1:12,000 around the El Tigre  

mine (fig . 2 ). On this map and cross sections (figs. 3 and 4, in 

pocket) the extent of the silver vein was traced. As no detailed mine 

maps are known to exist, a detailed 1:1200 surface geologic map (fig . 

5, in pocket) and a brunton, tape, and pace survey of the 

underground workings were completed (figs. 6 and 7, in pocket). The 

mineralogy, alteration, and paragenesis of the El Tigre deposit were 

determined from outcrop, underground, and dump samples. Samples of 

both the caldera-related rock units and silica vein were analyzed for 

major- and trace-elements to investigate the magma history of the 

caldera and ore grades of the El Tigre mine and prepared for 

thin-section and polished-section studies.

Field work commenced in the fall of 1981 and continued peri

odically through the spring of 1982 with the remaining time spent in 

laboratory analysis and library research. Enlargements of the U .S . 

Geologic Survey (1978) Rustler Park 7^-minute quadrangle map and the 

U .S . Forest Service (1977) aerial photographs were used for field map

ping and presentation of data.

5

Location

The El Tigre mine was excavated into the south slope of Pinery 

Canyon in the north-central Chiricahua Mountains. Although the Pinery 

Canyon area is not covered by land lines on the Rustler Park 7i-minute
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quadrangle map (U .S . Geological Survey, 1978), the El Tigre mine is 

located unofficially with respect to the Gila and Salt River Meridian 

roughly in the SiSWl sec. 2, T . 17 S . , R. 30 E. (Keith, 1973). The 

El Tigre mine is about 6 3/8 miles (10.25) km southeast of the Visitors 

Center at the Chiricahua National Monument (fig . 1 ).

The distance from Willcox, Arizona, to the El Tigre mine by 

Arizona Highways 186 and 181 and the Pinery Canyon road is about 47 

miles (76 km) (figs. 1 and 8 ). To the El Tigre mine from Douglas, 

Arizona, via U .S . Highway 666 and Arizona Highway 181 is about 76 

miles (121 km ). Portal, Arizona, the nearest town, is about 18 miles 

(29 km) from the mine via Onion Saddle.

Regional Topography

The north-northwest-trending Chiricahua Mountains along with 

the Dos Cabezas Mountains to the north and the Pedregosa and Swiss- 

helm Mountains to the south and southwest form a west-facing crescent 

about 12 miles (19 km) north of the border with Sonora, Mexico, and 

about 4 miles (6 km) west of the New Mexico-Arizona border (fig . 8 ). 

The Chiricahua Mountains rise starkly 4,000 to 5,000 feet (1,200 to 

1,500 m) above Sulphur Springs Valley to the west and the San Simon 

valley to the east. Chiricahua Peak is the highest point in the range 

at an elevation of 9,796 feet (2,986 m ). Pinery Canyon is one of 

several roughly east-west-trending canyons that cut the west flank of 

the Chiricahuas. The south flank of Pinery Canyon, at the location of 

the El Tigre mine, is characterized by steeply rising slopes capped by 

200- to 300-foot (60- to 90-m) shear cliffs.
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The study area has the general form of clusters of steep peaks 

and ridges, which, in tu rn , are separated by major canyons. Eleva

tions range from 5,700 feet (1,740 m) at the northwest end of Pinery 

Canyon to 8,501 feet (2,590 m) near Ida Peak. Bases of prominent 

volcanic and intrusive outcrops are often ringed with slopes and piles 

of blocky rubble typical of arid-environment weathering. Talus from 

more resistant units cover contacts and slopes of less resistant rocks 

below. With the exception of prominent steep cliffs and knolls, the 

geologic units were mapped by plotting outcrops and cover.

The Pinery Canyon road and the road to Methodist Camp via 

Dowings Pass are unpaved and in places steep and rugged. They are 

nonetheless passable to two-wheel-drive vehicles. Jeep trails and other 

roads no longer maintained by the Forest Service require four-wheel- 

drive vehicles.

Climate

Climate in the Chiricahua Mountains is strongly influenced by 

the high topographic relief. Daytime temperatures can be in the 80s 

during the summer, even at higher elevations, but nights can be very  

cold. During the last 5 years, annual precipitation varied between 15 

and 24 inches (38 and 60 cm) and averaged about 18 inches (46 cm) 

(Roth, 1981, personal commun.) .  Most of it  occurred with the summer 

thunderstorms in July and August and with the snows of late November 

through February. From December through early February snowfall is 

heavy enough to close the Pinery Canyon road over Onion Saddle.
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Vegetation and Wildlife

The vegetation of the Chiricahua Mountains is typical of Arizona 

range elevations above the basin grasslands. Dense stands of pine, 

juniper, oak, and scrub oak cover shaded canyon bottoms and north

facing slopes at the lower elevations. F ir, aspen, and spruce dot the 

higher elevations. Scrub oak, chaparral, and manzanita bushes cover 

more exposed north-facing slopes in contrast to open south-facing 

slopes across the same canyon dotted with cacti, yucca, agave, and 

sparse brush.

Mule and white-tail deer, coati-mundi, and rabbits are the com

monly observed mammals, and occasionally black bear, peccary, and 

cougar are reported. Lizards and snakes are common. Venomous 

snakes encountered in the study area include the blacktail, rock, and 

twin-spotted rattlesnakes.

Previous Investigations

El Tigre Mine

The El Tigre mine has not been intensively investigated. Two 

early reports by Trivoska (1941) and Samson (1947) contain brief ac

counts of the general geology and of the mine workings. These re

ports, several field engineer's reports (Irv in , 1965-1975), and 

miscellaneous newspaper clippings were found in the files of the Arizona 

Department of Mineral Resources, Tucson.

The El Tigre mine is listed in the Index of Mining Properties 

for Cochise County (Keith, 1973) with a short geologic description 

taken from earlier reports. Drewes and Williams (1973) included the El
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Tigre in their survey of mineral resources of the Chiricahua Wilderness 

in the central Chiricahua Mountains. A brief description of mineral

ization and a general geologic map of the mine area were included in 

their report.

An unpublished mining engineering report by Tognoni (1974) 

summarized the reports of the 1940s and included additional production 

data. Measurements of the general dimensions and observations of the 

mineralization and alteration over the extent of the vein were synthe

sized into an unpublished report by me (Tsuji, 1982).

The location of the El Tigre mine is shown on the U .S . Geologic 

Survey Rustler Park 7£-minute (1978) and Chiricahua Peak (1958) 15- 

minute quadrangle maps, the U .S . Forest Service (1975) Coronado Na

tional Forest map, and Drewes's (1980) tectonic map of southeastern 

Arizona.

General Geology of the North-central 
Chiricahua Mountains

Since the turn of the century numerous workers have produced 

studies of the Paleozoic, Mesozoic, and m id-Tertiary geology of the 

Chiricahua Mountains and correlated the strata with those of nearby 

ranges. These earlier works have been compiled many times over in 

previous studies of the Chiricahua Mountains (Papke, 1952; Raydon, 

1952; Brittain, 1954; Epis, 1956; Chakarun, 1973; Lynch, 1973; and 

Howell, 1977) and need not be repeated here.

The general geology of the Chiricahua Mountains is shown on 

the Arizona Bureau of Mines (1959) Cochise County map, the Arizona 

state geologic map (Wilson, Moore, and Cooper, 1969), and Drewes's
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(1980) tectonic map of southeastern Arizona. The m id-Tertiary volcan- 

ics have been subjected to detailed studies since the 1950s. Enlows 

(1955) described the petrology of an almost 1,900-foot (580-m) section 

of the rhyolite tuffs and welded tuffs of the Rhyolite Canyon Formation 

in the Chiricahua National Monument. The underlying Faraway Ranch 

Formation rhyolite and rhyodacite tuffs and flows were described by 

Fernandez and Enlows (1966). Sabins (1957a) mapped these volcanics 

over a larger area of the northern Chiricahuas. Marjaniemi (1970) 

described the volcanics of the Chiricahua National Monument and pro

posed the Turkey Creek caldera as a source for the Rhyolite Canyon 

Formation welded tu ffs . Marjaniemi (1970) also described and correlated 

precaldera- and caldera resurgence-related ash-flow tuffs and flows 

over the length of the Chiricahua Mountains.

Chakarun (1973) described the low-grade copper and molyb

denum mineralization and alteration in the Jhus Canyon area northeast 

of Onion Saddle. The welded tuffs of the Chiricahua National Monument 

area were correlated with those adjacent to the Turkey Creek caldera in 

a geochemical study by Latta (1983). The El Tigre mine study area 

overlaps the southwest corner of Chakarun's (1973) map and the south

east edge of Latta's (1983) map. Drewes's (1981a, 1982) geologic maps 

and his (1981b) tectonic study of the northern Chiricahua Mountains 

proved invaluable in delineating geologic units and in understanding the 

regional structure.
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Accessibility and Layout of the Mine 

From the Pinery Canyon road, access to the El Tigre is pro

vided by a quarter-mile (0.4-km ) d irt road about 900 feet (274 m) east 

of Mile Post 9. Accessibility to the upper portions of the workings was 

restricted until August 1982, when a road was bulldozed on the east 

side. The road on the creek bed to the west of the workings is 

blocked by a dump pile from a short adit driven into the bank.

The El Tigre mine consists of six major adits driven into the 

silica vein. Three of the adits are accessible from the pad at the top 

of the access road (fig . 9) whereas the other three are driven further 

uphill above the trench along the vein (fig . 6, in pocket). The adits 

have not been given designations in the past and for this study are 

numbered one through six going uphill. Two more smaller adits num

bered seven and eight were dug into the wall rock west of the vein 

above the pad and access road.

The shallower portions of the adits are accessible, but wide 

raises from lower adits and slumps block access to deeper portions of 

the workings (fig . 6, in pocket). The adits are supported by timbers 

in various states of disrepair.
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F ig u re  9 . E l T ig r e  m ine  w o r k in g s .  —  A d its  2 a nd  3 (a b o v e ) 
a re  s h o w n . A d i t  1 (h id d e n  b y  b r u s h  in  fo re g ro u n d )  is  e x c a v a te d  in to  
th e  fo o tw a ll o f  th e  v e in  b e lo w  a d it  2 . T h e  f a u l t  zone on th e  fo o tw a ll 
s id e  o f  a d its  2 a nd  3 is  sh o w n  in  m ore  d e ta il in  f ig u r e  22.



CHAPTER 2

HISTORY AND PRODUCTION

The following accounts of the development and production of the 

El Tigre mine were compiled from the often incomplete written records 

mentioned previously and were supplemented from interviews with the 

current claim holders. The reader is referred to figure 6 (in pocket) 

as an aid to following the development of the mine.

History of Development

During the summer of 1941 W. Samson and J. Smith, both of 

Douglas, Arizona, happened upon a silver-bearing boulder in Pinery 

Canyon while working base-metal claims in the northern Chiricahua 

Mountains. Samples of the boulder assayed at an incredible 600 ounces 

per ton (20,571 g /t)  silver (Samson, 1947). Spurred by this result, 

Samson searched up slope believing that he found the source at the 

present mine site.

Throughout the following year, Samson drove adits 2 through 3 

at the top of the access road, a raise above adit 3, and adit 4 con

necting with the raise. From these workings Samson spot mined an 

unknown quantity of high-grade ore. Sometime between 1942 and 1945, ' 

R. Pursely excavated a decline from adit 4 and drove a d rift about a 

th ird of the way up the 1941-42 raise. From these workings 200 tons 

(181 t) of ore averaging about 8 ounces per ton (274.28 g /t)  were 

shipped to the Phelps Dodge smelter at Douglas, Arizona.

14
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Between 1945 and 1946 only a few tens of tons of ore were 

mined from the existing workings. A raise was driven in 1948 to con

nect the drift with adit 4, and in 1949 adit 5 was driven. Between 

1949 and 1960, the El Tigre was inactive.

With the death of Samson in 1960, Pursely and E. Riggs took 

up the lapsed claims. In  1963 adit 6, actually a decline, was exca

vated, and rails were laid in adit 5 to connect it  with an ore bin. In  

1964, 210 tons (189 t) of ore averaging 6 to 7 ounces per ton (200-240 

g /t) were shipped to Douglas. Between 1965 and 1972, the El Tigre  

was again inactive.

The Now or Never Mining Company (NONCO), incorporated in 

October 1973, leased the El T igre, extended the inner workings, and 

shipped 732 tons (664 t) of silver-bearing silica under contract to 

Douglas for smelter flux (Tognoni, 1974). In  1974, T . Szemerei of a 

Michigan mining venture reorganized NONCO as the TAMCO Mining and 

Milling Company. Along with the El Tigre mine, TAMCO acquired by 

lease or option rights to the Hilltop and King of Lead mines, both in 

the California mining district (Keith, 1973). Between 700 and 800 tons 

640-720 t) of low-grade ore were shipped to Douglas. Some time after 

May 1974, adit 1 was driven into the footwall beneath adit 2.

In  1975, a selective flotation plant was constructed at the old 

Methodist Camp site just north of the junction of Pine and Pinery Can

yons. The setup, designed to process 50 tons per day (45 t ) , proved 

too small to handle the high volume of low-grade El Tigre ore stockpiled 

on the site. Although higher grade ores from the Hilltop mine were
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processed, within a year the mill plant was shut down and disassem

bled. From 1975 to 1982, mining at the El Tigre ceased for a third time. 

Intermittent activity at the site consisted of maintenance of roads and 

drainages, retimbering adits, and excavation of two exploratory adits, 7 

and 8, into the hanging wall. Currently, the El Tigre is being sur

veyed as a possible silica flux source.

Production

Ore production from the El Tigre mine is summarized in table 1. 

Only the grades of silver, the major ore metal, are given. Specific 

grades of gold, copper, zinc, and lead for each period of mining are 

not recorded in the literature.

According to current records of the Arizona Bureau of mining 

and Mineral Technology, the El Tigre mine produced a total of 11 

ounces (0.34 kg) gold, 2,662 ounces silver (82.80 k g ), and 73 pounds 

(33.11 kg) copper, with no zinc or lead. Although older compilations 

(Keith, 1973) list lead and zinc production, no significant lead miner

alization and only scant zinc mineralization are observed at the El 

Tigre. Samson shipped lead and zinc ores from the Pine-Zinc mine 

(California mining district) to Bisbee under the name "El Tigre" 

(Pursely, 1982, personal commun. ) .  Stockpiles of lead ore at the mill- 

site consist of galena- and rhodochrosite-bearing limestone replacement 

ores of the Hilltop mine (Papke, 1952).
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Table 1. Silver ore production history of the El Tigre mine from 1941 to 
present. — Data compiled from Keith (1973), Tognoni (1974), 
and Pursely (1982, personal commun.).

Years Tonnage Ag (oz/ton) Operator

1941-1942 ? >25(7) W. S. Samson

1942-1945(7) 200 8 W. S. Samson

1945-1946 few 10s 9 W. S. Samson

1948 ? 13 W. S. Samson

1964 210 6-7 R. Pursely and 
E. Riggs

1973 732 7 NONCO, Inc.

1974 700-800 0.75-1.10 Tamco Mining and 
Milling

2,200-2,300



CHAPTER 3

GEOLOGY 

Regional Geology

Strata exposed in the Chiricahua Mountains range in age from 

Precambrian to late Tertiary , but those of Silurian, Triassic, and 

Jurassic age are missing (table 2 ).

Precambrian basement rocks are the oldest units in the northern 

Chiricahuas. Pinal Schist and partially metamorphosed granodiorite and 

quartz monzonite are exposed along the northeast flank east of the Chi

ricahua National Monument and northwest of Portal. The Gayleyville 

granite is exposed locally in the Jhus Canyon area (Chakarun, 1973).

Paleozoic sedimentary rocks, beginning with the Bolsa Quartzite 

rest nonconformably above the Precambrian basement and form extensive 

bedded exposures along the northeast flank of the Chiricahuas and the 

Dos Cabezas Mountains to the north. Limestone is predominant in the 

Paleozoic section, with lesser amounts of shale, siltstone, sandstone, 

and dolomite. Contacts are generally conformable, and strata strike 

roughly northwest and dip southwest between 40 and 70 degrees. The 

Paleozoic units are commonly disrupted by thrust faults oriented nearly 

parallel to bedding and steep faults normal to strike of bedding. S ilt- 

stones and shales with lesser amounts of sandstone and limestone of the 

Bisbee Group of Early Cretaceous age lie in angular unconformity upon 

the Paleozoic sedimentary rocks and are unconformably overlain by

18
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Table 2. General stratigraphy of the north-central Chiricahua Moun
tains . — Modified from Chakarun (1973) with additional data
compiled from Stoyanov (1936), Papke (1952), Ray don (1952), 
Enlows (1955), Sabins (1957b), Fernandez and Enlows (1966), 
Hayes (1970), Marjaniemi (1970), Drewes and Williams (1973), 
and Drewes (1980, 1982).

Geologic Unit

Maximum
Thickness

(feet) Age

Alluvium

.......................................................... nonconformity
Upper rhyolites (moat rhyolites) 1,200
.......................................................... nonconformity
Monzonite porphyry
Rhyolite Canyon Formation 2,850

.........................................................unconformity
Lower rhyolites, including 1,375

Faraway Ranch Formation

................................................. . . unconformity .
Nipper formation and other 656

intermediate to basic volcanics

............................ ............................unconformity
Bisbee Group ^3,570
.................................................angular unconformity
Naco Group 5,294
Paradise Formation 150
.........................................................dis conformity
Escabrosa Limestone 623
Portal Formation (Martin Limestone) 320 
El Paso Limestone (Abrigo Formation) 715 
Bolsa Quartzite 600
..................................................... nonconformity
Pinal Schist, gneiss, granodiorite, 

and quartz monzonite

m id-Tertiary to 
Quaternary

m id-Tertiary

m id-Tertiary  
m id-Tertiary  

(25.0 ± 0.8 
(24.9 ± 0.7

.am .y .)
m .y .)

m id-Tertiary
(29.61 ± 1.69 m .y .) 
(27.6 ± 0.8 m .y .)*

m id-Tertiary
31.77 ± 0.66 m .y.

Early Cretaceous

Pennsylvanian to Permian 
Late Mississippian

Early Mississippian 
Late Devonian 
Early Ordovician 
middle Cambrian

Precambrian

a. Marjaniemi (1970). b . Shafiqullah and others (1978).



andesite and basalt flows with intercalated sediments of m id-Tertiary  

age (Shafiqullah and others, 1978).

M id-Tertiary sequences of silicic to intermediate tu ffs , welded 

tu ffs , and flows, commonly hundreds of meters thick, dominate the 

northern and central Chiricahua Mountains. In  the Chiricahua National 

Monument the Tertiary  Faraway Ranch Formation (Fernandez and 

Enlows, 1966) unconformably overlies the Upper Cretaceous to middle 

Tertiary intermediate to basic flows. The Faraway Ranch Formation is 

included in Marjaniemi's (1970) lower rhyolite, which covers an exten

sive area outside the Turkey Creek caldera but is not observed within 

the caldera structure (Marjaniemi, 1970). Remnants of the caldera dom

inate the West Turkey Creek area of the central Chiricahuas. Welded 

rhyolite tuffs of the Rhyolite Canyon Formation (Enlows, 1955), eroded 

to steep pillars in the Chiricahua National Monument, unconformably 

overlie the lower rhyolite. The Rhyolite Canyon Formation is the oldest 

unit exposed in the caldera. Monzonite porphyry intrudes and domes 

the Rhyolite Canyon Formation within the caldera and forms steep cliffs 

up to a few hundred meters high on the caldera rim. Flows and tuffs 

of the upper rhyolite outside the caldera and equivalent moat rhyolites 

inside it (Marjaniemi, 1970) unconformably overlie the Rhyolite Canyon 

Formation. Rhyolite dikes intrude the m id-Tertiary volcanics and mon

zonite porphyry, whereas mid- and late-Tertiary  stocks of quartz 

monzonite, granodiorite, or granite intrude Paleozoic strata.

The northern Chiricahua Mountains are structurally complex and 

exhibit multiple periods and styles of deformation of Precambrian to 

Holocene age. Northwest-trending thrust and normal faults offset

20
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stratigraphy of Precambrian to Late Cretaceous age (Drewes and 

Thorman, 1978). The extensive steeply dipping west-northwest- 

trending Apache Pass fault complex between the Chiricahua and Dos 

Cabezas Mountains (Drewes, 1980) offsets stratigraphy up to the mid- 

Tertiary-age Faraway Ranch Formation (Enlows, 1955). Steeply dipping 

radial and concentric faults associated with caldera formation and re 

surgence dominate the m id-Tertiary and older units of the north-central 

Chiricahua Mountains. Finally, mid- to late-Tertiary-age Basin and 

Range faults, which trend north and northwest, were inferred along the 

northeast range front by Drewes and Thorman (1978). A north

trending fault along the west flank cuts off the western edge of the 

Turkey Creek caldera (Marjaniemi, 1970).

Description of the Geologic Units

Strata encountered in the Pinery Canyon area range in age from 

Early Cretaceous to late Tertia ry , with pre-Cretaceous units and the 

m id-Tertiary lower rhyolites (Marjaniemi, 1970) not exposed. Due to 

the large number of geologic units and the uncertainty in stratigraphic 

position of some units, the descriptions of individual units are grouped 

into separate sections based on origin and age relative to caldera em

placement and resurgence.

Precaldera Units

Bisbee Group. The Lower Cretaceous Bisbee Group section was 

originally described by Ransome (1904) in the Mule Mountains about 55 

miles (89 km) southwest of the study area. Outcrops of the Bisbee
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Group are generally restricted to the steep slopes and ridge tops due 

to rapid weathering, effecting a crumbly talus on gentler slopes. Lith

ologies consist of black, brown, or gray, very finely laminated s ilt- 

stone, mudstone, and shale and white, massive, arkosic sandstone in 

beds 5 to 15 cm thick. No fossils were encountered in the mapped 

area. Fossils in limestones of the Bisbee Group in the central C hiri- 

cahua and other southeastern Arizona ranges are interpreted as marine, 

grading laterally to brackish deltaic facies in the northern Chiricahua 

Mountains (Hayes and Drewes, 1968; Drewes and Williams, 1973).

Basaltic Andesite and Sedimentary Rocks. Basaltic andesite and 

intercalated sedimentary rocks lie unconformably above the Bisbee 

Group southwest of Thus Canyon (Chakarun, 1973). These volcanics 

and sedimentary rocks crop out as steep cliffs in canyon cuts and low 

scattered outcrops on slopes. Green to dark-green flows, green to 

brown flow breccias, and pale-green to gray hornfels are intercalated 

with gray to white siltstone and sandstone. Exposed surfaces weather 

readily, progressing in color from olive green to brown to ochre. 

Block-fractured talus commonly covers the base of cliffs, and gravel- 

size fragments cover slopes.

Flows, breccia flows, and hornfels grade into each other later

ally. Because sparse outcrops, localized textures, and few observable 

structures make stratigraphic correlations difficult, these volcanics are 

mapped as one unit. Where discernible, the intercalated sedimentary 

rocks are mapped as a separate unit. Thickness of the section is un

certain, because the top is eroded beneath the El Tigre conglomerate.
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An apparent thickness of 3,500 to 4,000 (1,050 to 1,200 m) is estimated 

from the cross sections.

Basaltic andesite flows, the most conspicuous rock type, are 

exposed as steep cliffs, ridges, and massive outcrops. Individual flows 

are recognizable locally by pillow structures(?), vesicles, and amyg- 

dules. Fresh surfaces are very fine grained and holocrystalline and 

exhibit weak banding.

In  thin section, the modal compositions were estimated as:

Plagioclase (A n ^ ) phenocrysts 7.60% 0.45-2.16 mm

Plagioclase 51.20 0.25 mm average

Augite .40 0.20

Magnetite 10.61 0.05

Micromafics 17.50 0.01

Chlorite 12.70 0.40

100.01%

The groundmass consists of scattered mafics among clusters of 

euhedral plagioclase microcrysts. Subhedral phenocrysts of labradorite 

exhibit microinclusions of mafics, magnetite, chlorite, and calcite. 

Augite, recognized by its variable 2V (45o-6 0 ° ) , moderate-brown color, 

weak pleochroism, and twinning, is subhedral with magnetite inclusions 

and uralitized(?) rims. Short, subhedral laths of orthopyroxene or 

olivine (?) and prismatic amphibole(?) are the micromafics. The micro- 

mafic composition is highly variable among individual specimens. 

Patches of almost pervasive chloritization locally obliterate the original

texture.
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Flow breccias, exposed along the ridges just east of Onion 

Spring, weather readily to low rounded outcrops. Angular clasts of 

basaltic andesite are poorly sorted with clasts of 4 to 8 mm in diameter 

filling interstices between larger clasts 1.5 to 5 cm in diameter and in 

places up to 12 cm in diameter. In  thin section, the aphanitic matrix of 

the breccias consists of micromafics scattered among prismatic plagio- 

clase microcrysts. The plagioclase microcrysts are only weakly com

pacted around the breccia fragments. The degree of alteration varies, 

but all sections exhibit extensive patches of chlorite, calcite, and 

limonite.

Hornfels, the least distinctive rock type, forms low scattered 

outcrops and crumbly ridges. The hornfels is generally massive or 

weakly laminated and may exhibit a remnant medium-grained texture.

In  road cuts, near-parallel fractures with respect to laminations 

heightened by weathering may produce a false bedded appearance. In  

thin section, few microcrysts of plagioclase, pyroxene, and chloritized 

mafics are discernible. The remnant microcrysts and lateral gradation 

with flows and breccia flows suggest that the hornfels resulted from 

periodic erosion of the volcanics followed by contact metamorphism of 

the fine-grained elastics by overriding flows.

The intercalated sedimentary rocks are best exposed along road 

and trail cuts where the siltstones are in sharp, conformable contact 

with the volcanics. Siltstone is generally finely laminated and moder

ately bedded, or less frequently massive and calcareous. No limestone 

is encountered, and massive, white, weakly bedded arkosic sandstone 

crops out only in places. In  thin section, the arkosic sandstone
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consists of poorly sorted angular to subangular grains, 0.05 to 0.20 mm 

in diameter, consisting predominantly of plagioclase with lesser amounts 

of quartz, mafics, and volcanic lithics, all in a clayey matrix. Fer

nandez and Enlows (1966) described a similar arkosic sandstone in ter

calated with andesite flows in the Chiricahua National Monument. They 

attributed the abundance of volcanic-derived fragments to periods of 

erosion of andesite flows and the argillie clay matrix to altered volcanic 

ash and dust. A similar interpretation is held for the arkosic sand

stones in the study area.

Chakarun (1973) correlated the andesites on the cliffs southwest 

of Jhus Canyon with the magnetite-clinopyroxene-bearing andesite flows 

and intercalated sedimentary rocks of the Nipper formation (Sabins, 

1957a) about 5 miles (8 km) east of the Chiricahua National Monument. 

Other intermediate flows and intercalated sedimentary rocks of similar 

description to those in the study area include the Hunt Canyon andesite 

(Epis, 1956) in the northern Pedregosa—southern Chiricahua Mountains, 

the upper portion of the Outlaw formation (Raydon, 1952) along the 

northeast flank of the Chiricahua Mountains between Portal and Para

dise, and those beneath the Faraway Ranch Formation in the Chiricahua 

National Monument (Fernandez and Enlows, 1966). These volcanics were 

traditionally considered Late Cretaceous to early Tertiary  age.

A sample from roadside flows between Onion Saddle and the 

Southwestern Research Station yielding a K /A r date of 31.77 ± 0.66 

m .y . B .P . (Shafiqullah and others, 1978) indicates that the age of the 

flows is mid-Oligocene rather than Early Cretaceous (Drewes and Wil

liams, 1973), Late Cretaceous (Hayes, 1970), or Laramide (Chakarun,
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1973). The mid-Oligocene andesite sequences, especially in the Cave 

Creek area west-northwest of Portal, are the subject of a stratigraphic 

and structural study by Buff urn (1983, personal commun. ) .

El Tigre Conglomerate. The El Tigre conglomerate in the vicin

ity  of the El Tigre mine was described briefly by Drewes and Williams 

(1973) but was not named as such by them. Forming a northwest

trending band south of Pinery Canyon and across East Turkey Creek, 

the El Tigre conglomerate dips about 25° SW. The conglomerate lies 

unconformably above irregular erosional surfaces of the andesite flows 

and intercalated sedimentary rocks and is intruded by monzonite por

phyry. The maximum thickness is estimated at about 450 feet (137 m) 

from the cross sections. Rounded outcrops with talus-covered bases 

dot ridge tops and steeper slopes. The best exposures are found in 

stream and road cuts.

Outcrops vary in color from light and medium gray to greenish 

gray, depending on the proportion of hornfels, basaltic andesite, s ilt- 

stone, sandstone, and limestone present (f ig . 10). Sorting of the 

clasts is poor. Sizes range from small gravel to large cobbles, with 

occasional small boulders, in a matrix of very fine sand to silt. 

Rounded to subrounded clasts predominate, although some angular 

clasts were noted. The conglomerate grades laterally from clast- to 

matrix-supported facies.

The El Tigre conglomerate contains clasts of volcanic and sedi

mentary rocks that range in age from Early Cretaceous to mid-Oligocene 

but contains no silicic volcanics of mid- to late-Oligocene age. The
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F ig u re  10. O u tc ro p  o f th e  E l T ig r e  co n g lo m e ra te
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conglomerate must therefore be of mid-Oligocene age. Drewes (1980) 

assigned an Eocene to Oligocene age to this and similar conglomerates in 

southeastern Arizona. Because no fragments of the biotite-bearing 

rhyolite porphyry dikes that intrude the basaltic andesite occur in the 

El Tigre conglomerate, the relative ages of the conglomerate and dikes 

are uncertain.

Caldera Volcanic Units

Units described in this section, with the exception of the Rhyo

lite Canyon Formation, were combined into one map unit by Marjaniemi 

(1970) as the upper rhyolites.

Rhyolite Canyon Formation. Welded and nonwelded rhyolite 

tuffs of the Rhyolite Canyon Formation, originally described by Enlows 

(1955), were named for the type location in the Chiricahua National 

Monument. Marjaniemi (1970) correlated the earliest welded tuffs of the 

caldera with the Rhyolite Canyon Formation of the Chiricahua National 

Monument on the basis of K /A r ages, phenocryst and lithic contents, 

and textures. He divided the welded tuffs into an upper and lower 

member based on the degree of welding, alteration, and lithic content, 

but was uncertain if  the members were mappable units. As in Marja- 

niemi's study, the members of the Rhyolite Canyon Formation were 

mapped as one unit in this study.

South and west of Pine Canyon and west of Rustler Park, 

welded tuffs of Marjaniemi's lower member predominate. The rounded 

outcrops and canyon cuts vary in color from pale brown, maroon, 

bluish gray, to brownish gray. Welding is moderate to moderately
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dense, and lithic content is variable, up to 15 percent at most. The 

more densely welded upper member is generally restricted to ridge tops 

and steeper slopes, exposed as steep, jagged cliffs. Hand specimens 

are gray to purplish gray with light-gray or pinkish-orange streaks. 

The upper member contains sparse lithics up to a few percent at most. 

Beneath Rattlesnake Peak, the Rhyolite Canyon welded tuffs are about 

2,650 feet (808 m) thick (Marjaniemi, 1970).

Eutaxitic texture is prominent in both members. In  the lower 

member the compressed pumice fragments are 0.5 to 1.5 cm long and 

locally up to 5 cm with length-to-width ratios up to 8 to 1. Pinkish- 

white sanidine and colorless quartz phenocrysts, averaging 1 to 2 mm in 

diameter make up 10 to 30 percent of the rock. Pale-brown to lig h t- 

gray, sub angular to angular, tuffaceous lithic fragments 1.0 to 1.5 mm 

in diameter make up to 10 to 20 percent of the rock.

In  thin section, the glass shards are extremely compacted and 

exhibit moderate to strong axiolitic textures. The original pumice tex

ture is obliterated by devitrification. Lithics of strongly welded 

crystal-rich tuffs are strongly devitrified. Quartz is rounded and em

bayed. Magnetite, the predominant opaque, which generally makes up a 

few percent, at most, of the tu ff, occurs as disseminations throughout 

the matrix, as inclusions in sanidine and quartz, and with quartz and 

sanidine fragments in pumice fragments. Fracturing is irregular and 

generally oblique to the plane of compressed pumice. The Rhyolite 

Canyon welded tuffs dip to the northeast and steepen down dip toward 

the monzonite porphyry surrounding Ida Peak.
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Two small monzonite porphyry plugs intrude the Rhyolite Can

yon welded tuffs at the east end of Pine Canyon south of Ida Peak. 

Marjaniemi (1970) noted that crystallization of the matrix with corre

sponding obliteration of the shard texture becomes stronger closer to 

the monzonite porphyry contact on the south-southwest slope of Ida 

Peak. Although the contact of the monzonite porphyry above the Rhyo

lite Canyon Formation is at low angle, the presence of intrusive plugs 

and recrystallization of the adjacent tuffs suggest that the contact is 

intrusive.

Rhyolite Tu ff Breccias and Sediments. A rhyolite tu ff breccia 

with fine intercalated volcanic sediments was briefly described by Mar

janiemi (1970) from a stratigraphic section on the south side of Ida 

Peak. The intercalated tu ff breccia and sediments almost completely 

encircle Ida Peak between the prominent cliffs of monzonite porphyry  

below and the Ida Peak andesite above (fig . 11). Outcrops are sparse 

because the unit weathers readily and is buried under a thick cover of 

its own talus and float from higher units. Where exposed, outcrops are 

well rounded, rarely over 1.5 feet (0.5 m) above the ground, and 

maroon to violet brown, weathering to a dark brown or red brown.

Because the unit is nonconformable above the monzonite por

phyry, the thickness beneath Ida Peak can only be estimated. From 

the cross sections, a maximum thickness of 600 feet (180 m) is a rea

sonable figure.

The rhyolite tu ff breccia in hand specimen is clast supported 

with poorly sorted, poorly aligned, angular, lithic fragments up to 2 cm
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F ig u re  11. V ie w  o f  Id a  P eak fro m  R a ttle s n a k e  P e a k . —  T h e  
r h y o l i t e  t u f f  b re c c ia s  a re  p o o r ly  e x p o se d  b e tw e e n  th e  tw o  p ro m in e n t 
c l i f f s  th a t  c o n s is t  o f  Id a  Peak a n d e s ite  (u p p e r  c l i f f )  a nd  m o n zon ite  
p o r p h y r y  ( lo w e r  c l i f f ) .
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in diameter, varying in color from maroon to brown or gray, brownish 

ragged pumice, and white angular sanidine fragments, all in a locally 

silicified, incipiently welded tu ff matrix (fig . 12, le ft) .

In  thin section, textures of both incipiently welded glass shards 

and pumice are almost obliterated by devitrification. Angular fragments 

up to 2 mm in diameter of sanidine, plagioclase, embayed quartz, 

magnetite, and biotite constitute 29.9 percent of the tu ff. Lithics, 

where discernible, include fragments of basaltic andesite and welded 

tuffs of the Rhyolite Canyon Formation and lower rhyolites and consti

tute 31.7 percent of the tu ff.

A hand specimen of the intercalated volcanic sediments exhibits 

repetitive sequences of fining-upward fine sand to silt-size angular par

ticles alternating with zones of very fine silt in uneven bands 0.5 to 2 

cm thick (fig . 12, r ig h t). In  thin section, only in the coarsest bands 

can individual grains be identified. The volcanic sediment contains 31 

percent lithic fragments and 19 percent crystal fragments similar to 

those of the tu ff breccia. Sorting of the lithics and crystals is gen

erally poor. The fragments are matrix supported, but individual matrix 

grains are unidentifiable in thin section and are probably particles of 

volcanic ash. The base of each band is marked by poorly imbricated 

magnetite crystals. Welded tu ff fragments make up the lithics.

Both the tu ff breccia and intercalated sediments, lack monzonite 

porphyry fragments among the lithics. Although the monzonite porphy

ry  occurs stratigraphically beneath the intercalated tu ff breccias and 

sediments, it is probable that the monzonite porphyry intruded the 

volcanics and sediments and erosion produced the current apparent
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F ig u re  12. H a n d  spec im ens  o f th e  r h y o l i t e  t u f f  b re c c ia  a nd  
s e d im e n t. —  L e f t ,  p o o r ly  s o r te d  r h y o l i t e  t u f f  b re c c ia ;  r i g h t ,  b a n d e d  
v o lc a n ic  s e d im e n t.
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stratigraphic configuration. The question of relative age of the mon- 

zonite porphyry will be considered further in the description of the 

monzonite porphyry.

Ida Peak Andesite. The Ida Peak andesite was named by Mar- 

janiemi (1970) for the prominent peak that the andesite surrounds. 

Forming distinctive cliffs 100 to 120 feet (30 to 35 m) high (fig . 11), 

the Ida Peak andesite rests conformably upon the intercalated tu ff 

breccias and sediments. Angular outcrops of this andesite are purplish 

gray to purple, weathering to a dark gray. Exposed surfaces are often 

pitted where phenocrysts have weathered out. Joints are generally 

near parallel but occasionally orthogonal, spaced between 0.25 to 2 feet 

(0.1 and 0.6 m) apart. In  places, closely spaced, oblique hairline 

fractures exhibit bright purplish envelopes up to 1.3 cm wide.

Hand specimens exhibit colorless sanidine and plagioclase pheno

crysts, dark-green augite, and black magnetite scattered throughout an 

aphanitic, holocrystalline groundmass. Phenocrysts are locally moder

ately aligned. In  thin section, the modal composition is estimated as:

Groundmass 78.23%

Sanidine 9.33 0.20-1.40 mm

Plagioclase (A n ^ ) 6.22 0.35-1.95

Magnetite 2.51 0.05-0.85

Augite (?) 3.31 0.20-3.40

Limonite .20 ———

Alteration clays .20 — — —

100. 00%
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The groundmass is almost cryptocrystalline with few identifiable 

grains. Anhedral phenocrysts of sanidine exhibit irregular inclusions 

and in places sanidine rims euhedral andesine phenocrysts. Both also 

have inclusions of augite, magnetite, and clays. Rounded and embayed 

augite(?) is distinguished by a 2V of 45° and twinning. Over 40 per

cent of the augite is replaced by chlorite, whereas calcite rims and fills 

individual crystals. Apatite occurs in trace amounts.

Rhyolite Tuffs and Tu ff Breccias. Slightly welded rhyolite tu ff 

breccias and rhyolite tuffs exhibiting varying lithic contents occur 

beneath the rhyolite flows that dominate the Ida Peak, Downings Pass, 

and Pine Canyon areas. These lithologies were described briefly by 

Marjaniemi (1970) but were not mapped separately from the flows. In  

my study, the tu ff breccias and tuffs are mapped as one unit.

Lithic-rich tu ff breccias around Ida Peak (fig . 13, le ft) are 

about 80 feet (25 m) thick and lie conformably above the Ida Peak an

desite cliffs. Outcrops are rounded, seldom exceeding 10 feet (3 m) in 

height. The tu ff is salmon pink, weathering to a pale brown. Inclu

sions of angular, purplish-gray Ida Peak andesite up to 5 cm in diam

eter are roughly imbricated and on weathered surfaces stand in high 

relief. Pumice fragments are pale purplish to pale pinkish in hand 

specimen.

In the Pine Canyon area, a similar tu ff breccia containing frag

ments of rhyolite welded tu ff instead of andesite unconformably overlies 

the Rhyolite Canyon Formation. Lithic and phenocryst content and size 

are observed to decrease with a corresponding increase in pumice
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F ig u re  13. H and  sp ec im en s  o f  l i t h ic - r i c h  a nd  l i t h ic - p o o r  r h y o 
l i t e  t u f f s .  —  L e f t ,  l i t h ic - r i c h  r h y o l i t e  t u f f  b re c c ia  fro m  Id a  P eak w ith  
a n g u la r  fra g m e n ts  o f Id a  Peak a n d e s ite ; r i g h t ,  l i t h ic - p o o r  r h y o l i t e  t u f f  
fro m  D o w n in g s  P ass .
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content toward Dowings Pass where a pale-pinkish, lithic-poor tu ff pre

dominates (fig . 13, r ig h t) .

Modal composition of a lith ic-rich tu ff breccia from Ida Peak and 

a lithic-poor tu ff from Downings Pass are compared in table 3. In  both 

specimens, the original, slightly welded shard texture and pumice 

structures are nearly obliterated by devitrification. Magnetite, rimmed 

locally by hematite, is scattered throughout the matrix and occurs as 

inclusions in quartz and sanidine phenocrysts. The tu ff breccia ex

hibits greater proportions and sizes of phenocrysts and lithics with a 

corresponding decrease in pumice than the lithic-poor tu ff. Despite the 

differences between the tu ff breccia and tu ff, the common minerals and 

similar degree of welding suggest that the two types are genetically 

elated. The differences in the amount and type of lithics probably re 

flect the degree of scouring and bedrock type in the particular loca

tion.

Latite Porphyry Flows. Several latite porphyry flows occur in 

the Pine and Rattlesnake Canyon areas, apparently thinning to the 

north. Black, vitreous, porphyritic, massive outcrops weathering to a 

dark gray or greenish gray with brown streaks distinguish the latite 

porphyry from the rhyolite welded tu ffs , tu ff breccias, and tuffs it  

overlies. In hand specimen, the latite porphyry exhibits yellow-gray 

sanidine and colorless plagioclase phenocrysts scattered throughout a 

hypocrystalline, black groundmass with reddish-brown streaks of hema

tite (fig . 14, le ft) .
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Table 3. Comparison of modal composition and modal size of a lithic-rich  
tu ff from the Ida Peak area and a lithic-poor tu ff from the 
Downings Pass area

Modal Composition (%) Modal Size (mm)

Lithic-rich Lithic-poor Lithic-rich Lithic-poor

Sample No. CHR-81-32 CHR-82-515 CHR-81-32 CHR-82-515

Matrix 25.13 78.73 — —

Pumice 13.37 15.31 0.50-13.60 1.85-7.20

Lithics 32.16 3.88 0.25- 5.65 0.35-1.40

Sanidine 21.71 0.99 0.07- 3.00 0.20—0.60

Quartz 6.33 0.70 0.07- 0.45 0.10-0.20

Magnetite 1.21 0.40 0.07- 0.60 0.02-0.17

Biotite 0.10 — 0.09- 0.50 —

100.01 100.01
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F ig u re  14. H and  spec im ens  o f la t i te  p o r p h y r y  ( le f t )  a n d  h y p o -  
c r y s ta l l in e  p o r t io n  o f m o n zo n ite  p o r p h y r y  ( r ig h t )
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The modal composition estimated from thin section (fig . 15) is 

presented in table 4. In  thin section, the glassy groundmass exhibits 

scattered euhedral microcrysts of sanidine, plagioclase, quartz (? ), and 

perlitic textures and is only slightly devitrified. Subhedral pheno- 

crysts of sanidine and andesine both exhibit mafic and magnetite inclu

sions. In  addition, sanidine phenocrysts exhibit irregular inclusions. 

Subhedral orthopyroxene is tentatively identified as Fe-hyperthene by 

its birefrigence (E n ^ -E n ^ ) optical sign ( - )  and moderate green to 

pink pleochroism, whereas subhedral clinopyroxene is tentatively iden

tified as aegirine-augite by a high 2V, weak pleochroism, twinning, and 

varying optic sign.

The latite porphyry exhibits a texture and mineralogy strikingly  

similar to that of the quick-cooled rim of the monzonite porphyry. This 

comparison is discussed further in the description of the monzonite por

phyry and in the section on lithologic composition and correlations in 

Chapter 6.

Flow-banded Rhyolite. Lamellar rhyolite flows and associated 

intercalated tuffs form high-relief exposures capping Ida Peak and the 

Pine Canyon area. Pinkish-gray to pinkish-brown cavernous cliffs and 

jagged spires are prominent forms. Highly contorted lamellar, fine- 

banded textures heightened by weathering distinguish the flow-banded 

rhyolite from the underlying Rhyolite Canyon welded tu ffs , poorly 

welded rhyolite tu ff breccias and tu ff, and latite porphyry flows. 

Beneath Ida Peak, the flows are about 650 feet (198 m) thick, whereas
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F ig u re  15. P h o to m ic ro g ra p h  o f la t i t e  p o r p h y r y .  —  T h e  te x tu r e  
is  s im ila r  to  th a t  o f  th e  h y p o c ry s ta l l in e  r im  o f m o n zo n ite  p o r p h y r y . 
C ro s s e d  n ic o ls , 35X.
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Table 4. Estimated modal composition, in thin section, of the similar
appearing latite porphyry flows and monzonite porphyry rim 
and of the holocrystalline monzonite porphyry

Modal
Composition

(%)
Modal Size 

(mm)

Latite porphyry flows, Pine Canyon Area
Sample No. CHR-81-290
Groundmass 43.50
Microcrysts 29.20 0.02-0.09
Sanidine 20.10 0.08-6.00
Plagioclase A n ^ 0.90 0.20-1.20
Fe-hyperthene (?) 1.40 0.05-0.65
Aegerine-augite (?) 3.10 0.60-0.50
Magnetite 1.80 0.01-0.30

100.00
Monzonite porphyry rim, northwest of Rustler Peak
Sample No. CHR-81-40
Groundmass 46.70
Microcrysts 16.40 0.02-0.07
Sanidine 26.20 0.07-3.90
Plagioclase (A n ^ ) 2.70 0.20-2.30
Fe-hyperthene (?) 1.30 0.05-0.50
Aegerine-augite (?) 3.40 0.04-1.00
Magnetite 1.80 0.01-0.50
Spherulites 1.10 —

Limonite 0.30
100.00

Holocrystalline monzonite porphyry, Buena Vista Peak area
Sample No. CHR-81-3
Groundmass 57.12 0.03-0.10
Sanidine 19.94 0.30-1.70
Plagioclase (A n ..) 12.82 0.50-1.50
Biotite 3.11 0.05-0.70
Hornblende 0.10 0.05-0.25
Diopside(?) 3.11 , 0.10-0.50
Magnetite 2.91 0.10-0.40
Apatite 0.10 0.25
Hematite 0.30 — — —

Chlorite 0.50
100.01
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in Pine Canyon they are considerably thicker, estimated at 1,200 feet 

(366 m) by Marjaniemi (1970).

In  hand specimen, the pinkish-white, hypocrystalline ground- 

mass exhibits highly contorted lamellae of nonuniform thickness between 

0.2 and 0.5 mm, with discernible quartz and sanidine eyes and minor 

opaque fragments.

In  thin section, the modal composition is estimated as follows:

Groundmass 69.10%
Quartz 12.83 0.15-0.35 mm
Sanidine 16.12 0.15-0.35
Biotite 1.14 0.02-0.10
Magnetite 0.68 0.01-0.07

Hematite 0.10
100.00%

The groundmass glass is almost completely devitrified. Short 

subhedral laths of sanidine and anhedral sanidine and quartz form 

patches and mosaics in lenses and bands between glass bands. Biotite 

and magnetite occur as microinclusions in the quartz and sanidine 

bands. Biotite can also exhibit inclusions of hematite and magnetite.

Intrusive Units

Biotite Rhyolite Porphyry Dikes. Biotite-bearing rhyolite por

phyry dikes trending northwest, north-northwest, or east-northeast 

intrude the basaltic andesite flows, hornfels, and intercalated sedi

ments. The dikes range in width from 5 to 20 feet (1.5 to 6 m) and
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may be traced for hundreds of meters, especially in the east portion of 

the study area.

Angular outcrops protrude only a few feet above the talus- 

covered host rock. Weathered surfaces vary in color from yellow brown 

to brown. Near-orthogonal joint surfaces are commonly stained with 

limonite. Fresh surfaces exhibit a yellow-ochre, very fine grained, 

holocrystalline groundmass, greenish if  highly chloritized, speckled with 

green, euhedral biotite books, white, subhedral orthoclase and subhed- 

ral plagioclase phenocrysts, and colorless quartz eyes.

In  thin section, the modal composition is estimated as follows:

Groundmass 46.49% <0.02 mm

Orthoclase 17.13 0.20-1.60 mm

Plagioclase (A n ^ ) 11.03 0.20-4.70

Quartz 4.76 0.10-1.10

Biotite 7.25 0.20-0.90

Magnetite 0.84 0.04-0.30

Apatite 0.09 0,05-0.18

Hematite 0.85 -

Alteration clays 3.54 -

99.98

The groundmass consists of interlocking orthoclase plagioclase 

and quartz (fig . 16). Orthoclase and an desine phenocrysts exhibit 

ragged inclusions, whereas quartz is often embayed. Biotite recognized' 

by its bird's eye extinction and strong pleochroism is about 40 percent 

chloritized. Magnetite is locally altered to hematite or limonite. 

Hematite, limonite, and clays fill inclusions in phenocrysts and are 

scattered throughout the groundmass.
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F ig u re  16. P h o to m ic ro g ra p h  o f b io t i te  r h y o l i t e  p o r p h y r y  d ik e .  
—  P h e n o c ry s ts  a re  s a n id in e ,  tw in n e d  a n d e s in e , em bayed  q u a r t z , a nd  
b io t i te .  B io t i te  is  s t r o n g ly  c h lo r i t iz e d .  C ro s s e d  n ic o ls ,  35X.
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At the El Tigre mine, the biotite-bearing rhyolite porphyry is 

cut almost orthogonally by the quartz-silica vein. To the east-north

east from the El T igre, the dike is cut off by Pinery Canyon rhyolite 

porphyry dikes on the north side of Pinery Canyon. Thus, the biotite- 

bearing rhyolite porphyry dikes predate the mineralization event. The 

relationship between the caldera volcanic units and the stratigraphic 

position of the biotite-bearing rhyolite porphyry dikes remains 

uncertain.

Monzonite Porphyry. Marjaniemi (1970) named the arc of mon- 

zonite porphyry that defines the caldera margin the moat monzonite to 

distinguish it  from the coarser grained dome monzonite of the West T u r

key Creek area, the center of the caldera. In the Pinery Canyon area, 

the moat monzonite porphyry is exposed as 300- to 500-feet (90- to 

150-m), steep cliffs south of the canyon on the west side of Buena 

Vista Peak and on the south side of Barfoot Park. In  the steeper can

yons of East Turkey Creek, this monzonite porphyry is exposed to a 

height of 1,000 feet (300 m) or more.

Marjaniemi's (1970) petrographic descriptions of the monzonite 

porphyry concentrate on the dome rocks rather than on the moat rocks. 

In addition, because the latter occurs in the study area, a detailed 

description of the moat monzonite is in order.

Angular outcrops of moat monzonite porphyry, hereafter re 

ferred to as monzonite porphyry, are dark greenish to gray black, less 

commonly dark bluish gray, weathering to a pale to medium gray or 

brown. The monzonite porphyry weathers readily along near-orthogonal
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joints spaced a few centimeters to meters apart and outcrops are often 

surrounded by piles of blocky talus. Steep talus piles up to 400 feet 

(120 m) high can form against steeper cliffs.

In  hand specimen, the monzonite porphyry exhibits colorless to 

pale-brownish subhedral sanidine and plagioclase phenocrysts and cubes 

of magnetite rimmed with hematite scattered throughout a holocrystal- 

line, very fine grained groundmass. In places, these phenocrysts are 

roughly aligned with flow directions. Chlorite and hematite stain the 

groundmass with green and red patches and streaks. Locally, the top 

portion of the monzonite porphyry is chilled to a black porphyritic 

glassy rock (fig . 14, r ig h t) .

The modal composition of the monzonite porphyry is estimated in 

table 4. In  thin section, the groundmass comprises subhedral to an- 

hedral, short laths of sanidine and plagioclase with interstitial quartz. 

Both sanidine and andesine phenocrysts exhibit mafic inclusions and 

clay-filled fractures. Hornblende and biotite are ragged and rimmed 

with magnetite and are highly chloritized in some sections. Short, sub

hedral clinopyroxene laths containing inclusions of magnetite and hema

tite are probably diopside. This conclusion is based on the optic sign 

(+ ), twinning, and a 2V between 45 and 60 degrees.

The black, glassy monzonite porphyry in thin section (fig . 17) 

exhibits a mineralogy slightly different from the holocrystalline phase 

(table 4 ). The black, glassy rim contains an orthopyroxene but no 

hornblende or biotite, and aegirine-augite is the clinopyroxene instead 

of diopside. I t  should be remembered that diopside and hedenbergite 

cannot always be distinguished from augite or aegirine-augite because
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F ig u re  17. P h o to m ic ro g ra p h  o f h y p o c ry s ta l l in e  p o r t io n  o f m on- 
z o n ite  p o r p h y r y . —  T h e  te x tu r e  is  s im ila r  to  th a t  o f  th e  la t i te  p o r 
p h y r y ,  f ig u r e  15. C ro s s e d  n ic o ls , 35X.
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they have similar 2V ranges and refractive indices (Deer, Howie, and 

Zussman, 1977, p. 117). Thus, it is possible that "aegirine-augite” in 

the glassy rim may be "di op side."

By contrast, the black, glassy monzonite porphyry exhibits a 

mineralogy and texture similar to that of the latite porphyry flows. 

Both rocks contain a relatively undevitrifled glassy groundmass exhibit

ing perlitic structures scattered with euhedral microcrysts of plagio- 

clase, sanidine, and quartz. The component minerals of the two rocks 

are similar in size and appearance but differ in proportions (table 4 ). 

The monzonite porphyry rim contains a higher percentage of pheno- 

crysts but a lower percentage of microcrysts and exhibits spherulites 

and limonite not found in the latite porphyry. The andesine of the 

monzonite porphyry is more calcic than that of the latite porphyry. 

The mineralogy, composition, and texture of the two rocks are similar 

enough to suggest a genetic association. I f  this assumption is correct, 

the emplacement of the monzonite porphyry occurred after the eruption 

of the rhyolite tu ff breccias and tuffs but before eruption of the flow- 

banded rhyolite.

A steep contact between the monzonite porphyry and the El 

Tigre conglomerate is exposed in a road cut just over 1 mile (1.6 km) 

from Onion Saddle toward Rustler Park, about 450 feet (140 m) west of 

the hairpin turn in the road. Textures of both units are almost totally 

obliterated by extreme weathering. The contact is discerned by distin

guishing between remnant angular blocks of g ritty  monzonite porphyry  

and rounded clasts of conglomerate (fig . 18). A steep contact and 

deep exposures mark the monzonite porphyry as unequivocally
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F ig u re  18. I n t r u s iv e  c o n ta c t b e tw e e n  m o n zo n ite  p o r p h y r y  ( le f t )  
a n d  th e  E l T ig r e  co n g lo m e ra te  ( r ig h t )
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intrusive, whereas the very fine grained groundmass and chilled rims 

suggest shallow depth.

The paucity of unaltered biotite or other suitable minerals pre

cludes obtaining a K /A r date for the monzonite porphyry. Dates of 

24.8 ± 0.7 m .y. B .P . (Marjaniemi, 1970) and 25.4 ± 0.7 m .y. B .P . 

(Shafiqullah and others, 1978) are from a black, glassy biotite rhyolite 

dike intruding the moat monzonite porphyry. Compared to K /A r dates 

of 25.0 ± 0.8 to 24.9 ± 0.7 m .y. B .P . (Marjaniemi, 1970) for the ash 

flows of the Rhyolite Canyon Formation, the monzonite porphyry ap

pears very close in age to the welded rhyolite ash-flow tuffs it  

intrudes.

Rhyolite Stocks. Shallow stocks of very fine grained porphy- 

ritic  rhyolite form steep ridges and knolls up to 500 feet (150 m) high 

northeast and southeast of Ida Peak (fig . 19). The rhyolite stocks are 

distinguished from the flow-banded rhyolite they intrude by light-gray, 

bluish- or purplish-white to bright-white surfaces weathering to buff or 

gray, vertical joints spaced 2 to 3 feet (0.5 to 1 m) apart, prominent, 

slightly rounded outcrops, and weathering cavities no larger than 1.5 

feet (0.5 m) in diameter. Hand specimens exhibit white, euhedral sani- 

dine phenocrysts, colorless quartz eyes, and irregular vesicles less 

than 1 mm in diameter scattered throughout a very fine grained to apha 

nitic groundmass.
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In thin section, the modal composition is estimated as follows:

Groundmass 65.66% 0.03-0.10 mm

Sanidine 27.35 0.30-2.90

Quartz 6.05 0.35-1.00

Magnetite 0.52 0.10-0.75

Biotite 0.42 0.25-0.55

100.00%

The groundmass is composed of microcrysts of subhedral san- 

idine and angular fragments of magnetite in a mosaic of anhedral quartz 

and sanidine. Both sanidine and quartz phenocrysts exhibit inclusions 

of magnetite and biotite. Magnetite both rims and occurs as inclusions 

in biotite. The rhyolite stocks are highly vesicular with vesicles ac

counting for up to 6.40 percent of the groundmass.

Pinery Canyon Rhyolite Porphyry Dikes. These dikes were 

originally designated as rhyolite porphyry dikes by Chakarun (1973), 

and are referred to in my study as the Pinery Canyon rhyolite por

phyry dikes to distinguish them from the similarly named biotite rhyolite 

porphyry dikes.

The Pinery Canyon rhyolite porphyry forms northwest- through 

northeast-trending dikes that intrude the monzonite porphyry and 

basaltic andesites along both sides of Pinery Canyon. More resistant to 

weathering than the host rock, the angular dikes crop out tens of feet 

above ridge tops and steeper slopes (fig . 20). The dikes range in 

length from a few tens of feet to hundreds of feet and range in width
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from 15 to 40 feet (4 to 12 m ). West of the El Tigre mine, the Pinery 

Canyon rhyolite porphyry is exposed as a series of steep knobs up to 

300 feet (90 m) wide and up to 80 to 90 feet (25 to 30 m) high.

Outcrops are buff with limonite-stained fracture surfaces. 

Hand specimens exhibit white, subhedral sanidine phenocrysts and 

colorless quartz eyes scattered in a yellow-ochre, or greenish if  highly 

chloritized, very fine grained, holocrystalline groundmass.

In  thin section, the modal composition is estimated as follows:

Groundmass 72.28% <0.05 mm

Sanidine 16.24 0.20—3.20

Quartz 7.13 0.20-1.60

Magnetite 0.69 0.10-0.20

Hematite 0.10

Limonite 3.56

100.00%

The groundmass consists of limonite and days scattered in a 

mosaic of anhedral quartz and sanidine (fig . 21). Sanidine phenocrysts 

exhibit inclusions of biotite and quartz, and quartz phenocrysts are 

often embayed. Magnetite is only incipiently rimmed with hematite.

A dike exposed in the bottom of Pinery Canyon exhibits a 

15-cm-thick zone of massive quartz-silica cutting the end of the dike. 

The contact between the massive quartz and rhyolite porphyry is steep 

and irregular with a 15-cm zone of stringers extending into the dike. 

Although no K /A r date exists for the Pinery Canyon rhyolite porphyry,
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F ig u re  21 . P h o to m ic ro g ra p h  o f  P in e ry  C a n y o n  r h y o l i t e  p o r 
p h y r y  d ik e .  —  P h e n o c ry s ts  a re  em bayed  q u a r tz  a n d  s u b h e d ra l s a n id in e  
w ith  ra g g e d  v e s ic le s . C ro s s e d  n ic o ls ,  35X .
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this unit is younger than the monzonite porphyry it  intrudes, and its 

age is definitely premineralization.

Tertiary Alluvium

North of the old millsite, a reddish-brown alluvium consisting of 

poorly rounded gravel and sandy silt erosion-cut mounds is capped by 

more resistant rhyolite tuffs and flows. South of the old millsite, 

alluvium forms gentle slopes, but exposures are poor except in road 

cuts. The alluvium dips gently to the northwest, lying unconformably 

over the El Tigre conglomerate and basaltic andesite and intercalated 

sediments. Thickness estimated from cross sections is about 450 feet 

(140 m) but may be greater.

The Tertiary alluvium consists of red-brown-stained, angular to 

subangular clasts of Bisbee Group sedimentary rocks, basaltic andesite 

flows, hornfels, and associated sediments. Rhyolite Canyon welded 

tu ffs, monzonite porphyry, and Ida Peak andesite (? ). Clasts are poor

ly sorted, ranging in size from pebble to large cobble, exhibit rough 

alignment, and are near-parallel to very fine bedding in the matrix of 

medium sand and silt. South of the millsite, alluvium, where exposed 

in road cuts, exhibits fewer and finer clasts. Sparse, poorly sorted, 

subangular, small to large pebbles are scattered throughout red-brown 

or gray, massive sandy silt and clay.

Flow-banded rhyolite and rhyolite tuffs capping the mounds of 

alluvium correlate with those in the Dowings Pass and Pine Canyon 

areas based upon textures and composition, suggesting that the allu

vium is of middle- to la te-Tertiary  rather than Quaternary age.
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Structural Geology

Gathering of structural (fata in the study area was hampered by 

extensive areas of cover, weathered or poor exposures, and apparently 

structureless, massive outcrops exhibiting only vague evidence of flow 

direction or bedding. Although structural data may be far from com

plete, the general structural trends can be delineated.

Dips of the pre- and m id-Tertiary, intermediate to basic vol

canic flows and sedimentary strata range from 20 to 35 degrees, pre

dominantly to the southwest. The ash-flow tuffs of the Rhyolite 

Canyon formation in the Rattlesnake Peak area dip and steepen to the 

northeast toward the intruding monzonite porphyry. In  Pine Canyon, 

the Rhyolite Canyon Formation and overlying volcanics dip northwest to 

northeast. Evidence of flow directions in the monzonite porphyry is 

generally vague, but flow directions in the cliffs south of Pinery Can

yon are roughly southwest.

Steeply dipping faults through middle to la te-Tertiary  units 

trend north-northwest to north-northeast. Individual faults may branch 

and join up again or be connected to an adjacent fault by shorter ob

liquely trending faults. The middle- to la te -Tertiary  volcanics exposed 

around Ida Peak are especially disrupted by such faulting with the 

blocks tilted downward radially toward Ida Peak. Apparent vertical and 

horizontal components of displacement range from tens to a few thou

sands of feet. Vertical displacement is especially evident in the steep 

cliff faces and talus slopes of the Bar foot and Buena Vista Peaks. In  

contrast, prominent faults in the pre-m iddle-Tertiary strata possibly
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associated with the Apache Pass fault complex trend northwest or east- 

west.

As mentioned previously, the middle- to la te -Tertiary  geology of 

the north-central Chiricahua Mountains is dominated by the Turkey  

Creek caldera, and the structural interpretation of the study area is 

best understood in such light. The Rhyolite Canyon Formation forming 

the domed central block (Marjaniemi, 1970) dips radially toward and 

steepens toward the monzonite porphyry-intruded caldera rim. The 

steeply dipping faults observed in the study area are continuous with 

the long faults across the central dome. The northwest- to northeast

trending Pinery Canyon rhyolite porphyry dikes are oriented radial to 

the caldera structure. In  contrast, the silver-bearing silica vein

trends roughly northwest, tangent to the caldera outline. The north- 

west- and northeast-trending biotite-bearing rhyolite porphyry dikes do 

not appear either concentric or radial to the caldera and may not be 

related to caldera formation.

Evidence for vertical movement along the vein-fault zone is ob

served at the El Tigre mine. A series of apparent drag folds exposed 

in the basaltic andesites and intercalated black shale on the footwall 

side of adits 2 and 3 indicate normal (?) displacement (fig . 22). The 

extent of horizontal movement is uncertain, because attempts to trace

the fault zone above the adits are hampered by extensive soil and vege-

tation cover. Field evidence is lacking to attribute opening of this

fault solely to any particular caldera event or combination of events.

The vein-fault zones is nearly parallel to the west-northwest-trending  

Apache Pass fault complex and may have been initially related to it .
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CHAPTER 4

GEOLOGIC HISTORY

The precaldera history of the Pinery Canyon area began with 

deposition of marine and subaerial sediments of the Early Cretaceous 

Bisbee Group upon Paleozoic strata in a nearshore or deltaic environ

ment. Following periodic erosion throughout middle to Late Cretaceous, 

clastic sedimentation resumed in the Late Cretaceous. Episodic in ter

mediate to basic volcanism and clastic sedimentation into the mid- 

Oligocene, about 32 m .y. B .P . produced a series of intercalated flows, 

flow breccias, hornfels and silts, and sandstones.

In  the mid-Oligocene, after 32 m .y. B .P . , older strata were 

eroded and reworked and the El Tigre conglomerate was deposited. 

Sometime in the mid-Oligocene, biotite-bearing rhyolite porphyry dikes 

intruded the Bisbee Group and overlying volcanic and sedimentary 

rocks. About 29.5 to 27.5 m .y. B .P . , still in the mid-Oligocene, the 

voluminous lower rhyolite tuffs and welded tu ffs , including the Faraway 

Ranch Formation, erupted from a unknown source.

The history of development of the late-Oligocene Turkey Creek 

caldera was synthesized from stratigraphic and geochemical correlations 

made by Marjaniemi (1970), Latta (1983), and me. The emplacement se

quence of successive volcanics and shallow intrusions associated with 

the Turkey Creek caldera is best understood in the context of Smith
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and Bailey's (1968) sequential model of caldera emplacement and resur

gence (fig . 23).

Caldera formation began about 25 m .y. B .P . with regional tu 

mescence presumably in response to increasing volatile content and 

magma-chamber pressure (fig . 23a). Radial and concentric fractures 

disrupted the lower rhyolites and older strata throughout the north- 

central Chiricahua Mountains. Tumescence terminated with eruption and 

degassing of the upper portion of the magma chamber. Rapid, repeti

tive silicic eruptions from the fracture system buried the lower rhyolites 

and their source under the voluminous ash-flow tuffs of the Rhyolite 

Canyon Formation (fig . 23b). Upon removal of large volumes of magma 

from the chamber, the domed and fractured central block collapsed 

along ring fractures (fig . 23c).

As the magma chamber regained equilibrium, volcanic eruptions 

resumed on a lesser scale than previously (fig . 23d). Successive ash- 

flow eruptions that scoured the top of the underlying Rhyolite Canyon 

Formation and erosion of the caldera walls produced intercalated rhyolite 

tu ff breccias and volcanic sediments. The Ida Peak andesite flows 

presumably resulted from an eruption that tapped deeper into the 

magma chamber.

After an interval of relative quiescence, increasing volatile 

content in the magma resulted in uplift and doming of the central block. 

The nonwelded rhyolite tuffs and tu ff breccias may have resulted from 

eruption of the silicic top portion of the chamber at this time. The 

latite porphyry tapped from deeper portions of the chamber flowed over 

the nonwelded rhyolite tuffs and tu ff breccias. The monzonite
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A. Regional tumescence and fracturing

C. Collapse of the central block

D. Preresurgent volcanism and erosion of the caldera wall

E. Resurgent doming and emplacement of monzonite porphyry

F. Flow volcanism and ring-dike emplacement

G. Erosion to present topography

CALDERA-
West Turkey 

Creek

Ida
Peak

Pinery
Canyon

NE
r  12,000 ft. 

8,000 
4,000 

■Seo Level

Rhyolite dikes  

Upper rhyolites  
Monzonite porphyry 

Volconics and sediments 

Rhyolite Canyon Formation 

Lower rhyolite  
P re -m id -T e rtia ry  rocks

O 2 3 4 5 miles

0 2 4 - 6 8  kilometers

Figure 23. Emplacement and resurgence of the Turkey Creek caldera. — Modified from Smith and Bailey (1968) .
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porphyry, also tapped from deeper portions of the chamber, filled the 

central dome and intruded around the periphery of the uplifted central 

block (fig . 23e). The shape of the monzonite porphyry intrusion at 

depth is still hypothetical. Citing absence of any pre-Rhyolite Canyon 

Formation strata within the caldera and apparent low temperature of 

emplacement of the monzonite porphyry, Marjaniemi (1970) favored a 

laccolith to dome the ash-flow tu ffs . In  contrast, Smith and Bailey 

(1968), from studies of seven well-documented resurgent calderas, 

favored magma pressure to dome resurgent calderas followed by  

emplacement of a central stock beneath the uplifted dome rather than 

laccolith injection to dome, up lift, and fill the central block (fig . 2 3 f).

Ring fracturing and moat eruptions followed doming and uplift 

of the central block (fig . 23f). Eruption of rhyolite flows was followed 

by emplacement of rhyolite stocks. Both rhyolite flows and the pre

viously erupted rhyolite tuffs and tu ff breccias breached the caldera 

rim, for north of the junction of Pine and Pinery Canyons they overlie 

loosely consolidated alluvial sand and conglomerate deposited sometime 

prior to resurgence. A possibly postcaldera magma batch emplaced the 

Pinery Canyon rhyolite porphyry dikes.

Fumarolic and hot-spring activity was initiated sometime after 

termination of moat and ring-fracture eruptions, although deep-level 

hydrothermal circulation may have been initiated before the wane of 

volcanic activity.

From the late Oligocene to the mid-Miocene the area was rela

tively quiescent until the advent of Basin and Range faulting. Faulting 

and erosion reduced the terrain to its present configuration (fig . 23g).



The Pinery Canyon area may have been buried under rhyolite ash-flow 

tu ffs , but erosion removed any evidence of such.
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CHAPTER 5

ECONOMIC GEOLOGY 

General Vein Geology

The main zone of massive quartz—silica and calcite mineraliza

tion, including the El Tigre mine, is situated just south of Pinery Can

yon. Similar, but less distinctive, massive silica veins are situated 

north of East Turkey Creek and northwest of Rustler Park. Because 

there are fewer outcrops and virtually no workings into these veins, 

most of the descriptions will focus on the veins south of Pinery 

Canyon.

Veins in the Pinery Canyon area fill a steep fault zone dipping 

between N. 68° E. and N. 76° E. and trending roughly N . 50° W. In 

spection of both the hanging-wall and footwall zones at the El Tigre  

mine reveals abundant wall-rock breccia fragments incorporated into the 

massive quartz—silica and calcite. Vertical cuts across the vein reveal 

fracturing of the silica from wall to wall with individual fracture planes 

oriented nearly parallel to the wall-rock contacts.

The quartz—silica vein can be traced intermittently over 16,500 

feet (5 km) from south of Horsefall Canyon to south of Turkey Park 

(fig . 3, in pocket) by following outcrops on ridge tops and steeper 

slopes and in canyon cuts. Numerous gaps occur where only scattered 

cover marks the vein's presence or where no trace of silica is found. 

The vein is not cut or overlain by any other geologic units.
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The thickness of the massive stock work portion of the vein 

ranges between 5 and 25 feet (1.5 and 7.5 km) but is generally about 

10 to 15 feet (3 to 4.5 m ). Within the underground workings, the vein 

is reported to narrow with depth (Pursely, 1982, personal commun.) .  

The actual depth of the vein is not known because the vein is not ob

served to pinch out above or below ground. The maximum difference in 

elevations of vein exposures is approximately 1,040 feet (320 m). The 

actual depth of the vein probably exceeds this figure, but it is unlikely 

that it exceeds the 3,000-foot (900-m) limit for epithermal mineralization 

observed by Schmitt (1950a).

El Tigre Mine

The orebody at the El Tigre mine consists of a main stockwork 

zone enveloped by sheeted zones locally up to 20 feet (6 m) wide in 

places. The stockwork quartz—silica exhibits repeated fracturing and 

silica filling. The fractures are partially filled and oriented nearly 

parallel to the walls of the vein. Massive white calcite occurs through

out the vein but in places is localized on either wall or in the center of 

the vein.

Several types of veins comprised of various combinations of 

quartz, black-banded quartz, adularia, black calcite, and white calcite 

fill the stockwork and sheeted zones. Black-brown iron and magnesium 

oxides and hydroxides and massive kaolinite coat fracture surfaces. 

The El Tigre vein exhibits the epithermal textures typical of such de

posits as described by Schmitt (1950b) and Buchanan (1981).
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Investigation of the zoning and paragenetic sequences was ham

pered by the inaccessibility of the inner workings at the El Tigre mine. 

From accessible workings, road-cut exposures, and dump samples, at 

least general relationships can be observed in the stockwork zone (fig . 

24). The oldest quartz is brecciated, cemented by massive silica, and 

cut by black cal cite veins. The massive silica that cements the quartz 

breccia fills the stockwork zone, grades into banded quartz and adu- 

laria, and black-banded quartz. I t  is also repeatedly fractured and 

filled with more silica, quartz, and adularia. Massive white cal cite fills 

fractures in the latest massive silica. The youngest mineralization 

event produced quartz veins that cut the stockwork veins and filled the 

sheeted zone. These observations are not exhaustive, and other para

genetic relationships may be locally present.

Gangue Minerals

The gangue minerals observed are black calcite, adularia, 

quartz—silica, white calcite, and oxides and clays. Barite and fluorite, 

common in epithermal deposits, were not observed in the El Tigre  

deposit.

Black Calcite

The th in, rhombic-bladed calcite occurring in veins cutting the 

silicified quartz breccia is termed "black calcite" to differentiate it  from 

the younger massive, white to colorless calcite that cuts the massive 

silica and banded quartz and adularia (fig . 25). The black calcite is 

nonuniformly colored dark brown to black. I t  resembles siderite but 

effervesces readily in cold dilute hydrochloric acid.
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In thin section, the calcite blades are clouded by dark-brown  

microcrystalline to cryptocrystalline particles. The interstices between 

the blades are filled with mosaic quartz crystals up to 0.5 mm in 

diameter. Both calcite blades and interstitial quartz are cut by quartz- 

filled hairline veinlets. Minor, very fine grained subhedral opaques, 

locally rimmed with goethite and disseminated throughout the interstitial 

quartz and calcite blades, are probably magnetite or p y rite . Magnetite

bearing black calcite is common in epithermal environments, but X -ray  

analysis reveals that goethite blackens the calcite at the El Tigre mine.

Assays of the black calcite run 0.02 oz/ton (0.69 g /t)  gold and 

3.00 oz/ton (102.86 g /t )  silver.

Adularia

Unlike most epithermal deposits, the El Tigre mine contains 

sparse adularia. Microcrystalline to cryptocrystalline adularia, dis 

tinguished from silica and quartz by sodium cobaltinitrite staining, is 

banded with quartz or disseminated throughout the massive silica that 

cements the quartz breccia. The paucity of adularia and other 

potassium-bearing minerals makes direct K -A r dating of the El Tigre  

vein infeasible.

Quartz—Silica

Quartz of various habits, textures, and colors is the predom

inant mineral in the main stockwork zone. Individual textures of brec- 

ciation, silicification, cross vetoing, and repetitive fracturing and filling  

overlap in time and space. Emplacement of quartz and silica appears to 

have been continuous throughout emplacement of the vein.
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Silicified quartz breccia, one of the youngest rock types ob

served, consists of angular, poorly sorted, milky-white to grayish 

clasts up to 1 cm in diameter of massive silica and quartz, cemented by 

more silica that is milky white to pale brown. The silicified quartz 

breccia with decreasing amounts of quartz and silica fragments grades 

into the massive, repeatedly fractured and filled, adularia (?) -bearing  

quartz—silica.

Both the silicified quartz breccia and massive quartz-silica are 

cut by black-calcite veins. In  places the quartz—silica exhibits a hackly 

texture that suggests a period of calcite leaching. Surfaces of the 

hackly quartz—silica may also be coated with very fine drusy quartz.

Numerous banded textures are common in the massive quartz- 

silica . Microcrystalline to cryptocrystalline quartz and adularia form 

pale-brown to yellowish-brown crenulated bands alternating with white 

massive quartz—silica. Individual bands range in thickness from 1 mm 

to about 1.5 cm. The massive quartz-silica with decreasing amounts of 

adularia and increasing thickness of quartz—silica bands grades into a 

vuggy, massive quartz-silica with individual vugs lined with very fine 

drusy quartz. Sparse bands of amethyst, up to a few centimeters 

thick, color massive quartz—silica a pale lavender in places.

The most distinctive quartz-silica texture is the black-banded 

quartz. The black quartz bands are highly crenulated and a few milli

meters thick at most and range from dark brownish black to dark gray 

(figs. 26 and 27). X -ray  analysis reveals that goethite and pyrolusite 

particles disseminated throughout the quartz imparts the color. More 

importantly, the black-banded quartz is the mineral associated with
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F ig u re  26. S lab spec im en  o f b la c k -b a n d e d  q u a r tz  w ith  a ro s a s ite -  
f i l le d  ( r o )  v u g

F ig .  27. P h o to m ic ro g ra p h  o f  a c a n th ite  (a c ) a n d  c u b a n ite  (c b )  
a sso c ia te d  w ith  b la c k -b a n d e d  q u a r tz .  —  P la in  l i g h t ,  BOX.
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metal sulfides and carbonates. In  polished section, flecks of silver sul

fides and sulfosalts, native gold(?), and cubanite occur adjacent to or 

in contact with the black crenulated bands (fig . 27). In contrast, 

other quartz textures exhibit sparse mineralization. In  this study, a 

black banded quartz sample assayed at 0.08 oz/ton (2.74 g /t)  gold and 

52.22 oz/ton (1,790.36 g /t)  silver.

The youngest quartz, colorless to amethystine, forms fine

grained drusy crystals in vugs and prominent cockscomb structures in 

veins up to a few centimeters wide enveloped by very fine grained 

milky quartz. These veins fill the sheeted zone and cut previously 

emplaced units in the stockwork zone.

Five quartz—silica samples taken at roughly 50-foot (15-m) 

intervals along a 230-foot (70-m) slope exposure south of Turkey Park 

and an additional sample from the El Tigre mine were prepared for 

fluid-inclusion analysis. The silica proved too murky to observe any 

inclusions, whereas quartz, where clear enough, exhibits only 

microinclusions less than 5 microns in diameter and lacking visible vapor 

bubbles.

White Cal cite

A second stage of calcite emplacement is distinguishable from 

the older black-calcite veins. Massive, white to colorless, coarse

grained white calcite fills fractures up to tens of centimeters wide that 

cut the massive quartz-silica. In  tu rn , the white calcite is cut by 

hairline to 1-mm-thick veinlets of massive, white quartz. Silver miner

alization is sparse in the white calcite; only one speck of proustite was
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observed in polished section. In  this study, the white calcite assayed 

at 0.005 oz/ton (0.17 g /t)  gold and 0.06 oz/ton (2.06 g /t)  silver. Few 

suitable fluid inclusions were observed in the colorless portion of this 

calcite, with most inclusions being too small, necked down, or otherwise 

unsuitable for analysis.

Oxides and Clay

The youngest fractures cutting the stockwork-zone quartz-silica 

and calcite are coated with manganese and iron oxides and kaolinite. 

Manganese occurs both as black-brown gouge and as dendrites. From 

X -ray  analysis, the gouge appears to be a complicated hydromanganese 

oxide rather than a mixture of pyrolusite and goethite as observed in 

the black-banded quartz. Early miners referred to this gouge as 

"brown clay" and noted that it  decreased with depth. Assay values of 

this "clay" obtained for this study were 0.04 oz/ton (1.37 g /t)  silver 

and trace gold, whereas values up to 3.5 oz/ton (120 g /t)  silver have 

been reported in the past (Pursely, 1982, personal commun.) .

Both hematite and limonite are common in fractures, but the 

presence of pyrite is uncertain because only skeletal cubic impressions 

were observed in the massive quartz-silica. Trivoska (1941) reported 

small crystals of pyrite disseminated in the quartz—silica. I t  is highly 

probable that most of the pyrite has been obliterated by extensive oxi

dation .

X -ray  analysis showed the white to off-white gouge observed on 

dump samples to be kaolinite.
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Precious and Base Metals

The El Tigre mine exhibits a relatively simple ore-mineral as

semblage compared to many precious-metal epithermal districts, especial

ly  Lake, C ity , Colorado (Slack and Lipman 1979), Goldfield, Nevada 

(Ashley, 1974), and Ton op ah, Nevada (Bonham and Garside, 1974). 

Silver sulfides and sulfosalts with lesser amounts of gold, zinc, and 

copper minerals occur as disseminated microblebs. Various combinations 

of these minerals are observed in almost all the quartz—silica and calcite 

units except in the late-stage quartz veins.

Silver sulfide, the predominant ore mineral, exhibits numerous 

textures, habits, and types of alteration in polished section. Irregular  

blebs are most common and in places are rimmed with a black silver 

oxide. Bladed aggregates are least common and may exhibit blebs of 

native silver (fig . 28). X -ray  analysis revealed that the silver sulfide 

is the mono clinic acanthi te , rather than the isometric argentite. I t  is 

uncertain if  the acanthite is exclusively primary, secondary, or both, 

because acanthite, stable below 100°C, occurs in both the hypogene and 

supergene environments (Roy, Majumdar, and Hulbe, 1959). The ques

tion is further complicated by the fact that hypogene and supergene 

textures in epithermal deposits are often indistinguishable (Park and 

MacDiarmid, 1975, p . 486).

A ruby silver occurs as microgranular blebs in polished section 

(fig . 29). There was not sufficient amount to X -ra y , but from its 

strong scarlet internal reflection and positive arsenic and negative 

antimony microchemical results, the ruby silver appears to be proustite. 

Although the color of the internal reflection is not necessarily a
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F ig u re  28. P h o to m ic ro g ra p h  o f b la d e d  a c a n th ite  (a c ) a nd  b le b s  
o f p r o u s t i te  ( p r ) . —  P la in  l i g h t ,  160X .

F ig u re  29. P h o to m ic ro g ra p h  o f  same sam ple  as in  f ig u r e  28, 
w ith  c ro s s e d  n ic o ls ,  160X . —  P ro u s t ite  e x h ib i t s  s t r o n g  in te r n a l
r e f le c t io n .
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definitive criterion, the antimony-rich pyrargyrite generally exhibits a 

strong, dark crimson internal reflection. I t  is not absolutely certain 

that the proustite is exclusively primary because, although the ruby  

silvers are most likely primary, they are not unknown as secondary 

minerals (Park and MacDiarmid, 1975, p . 486).

Although presence of native gold was not confirmed in polished 

section, it is known to exist at the El Tigre mine, because values up to

0.22 oz/ton (7.54 g /t)  gold have been reported from channel samples by 

Tognoni (1974). Anhedral blebs associated with silver sulfides (fig . 

27) and tentatively identified as native gold by microchemical and ore 

microscopy techniques were found by X -ray  analysis to be cubanite 

(Waegli, 1983, personal commun. ) .

Rosasite, identified by X -ray  analysis, fills small vugs adjacent 

to the black—quartz bands (fig . 26). I t  forms bright-green soft scales 

and effervesces moderately with cold hydrochloric acid.

Although some vein samples had lead assays of tens to over 100 

ppm, no lead minerals were observed in El Tigre ores.

Polished sections of the black-banded quartz usually exhibit 

disseminated flecks of two or more ore minerals in the same section. 

The presence of both base and precious metals in the same section sug

gests overlap, or "telescoping," of the individual metal zones common in 

epithermal systems (Schmitt, 1950b).

Alteration

Among epithermal deposits in basalts and andesite, propylitiza- 

tion is observed to predominate over other types of wall-rock alteration
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(Schmitt, 1950a; Buchanan, 1981). The El Tigre deposit is no excep

tion , although the propylitic alteration zone extends only tens to a few 

hundred feet from the vein instead of being "district wide" (Schmitt, 

1950b). The degree of alteration is highly variable over tens of feet, 

even adjacent to the vein.

In  adits, road cuts, stream cuts, and sparse outcrops, the pro- 

pylitized basaltic andesite is generally a dull greenish with irregular 

crimson patches of hematite in places. Hand specimens of the propylit- 

ized basaltic andesite exhibit euhedral pyrite , generally less than 1.0 

mm in diameter, constituting 1-3 percent of the rock. Pyrite weathers 

readily on exposed surfaces and stains almost the entire surface with 

yellow to brown limonite. Locally, both the hanging wall and footwall 

are bleached bright white with montmorillonite.

In thin section, the mafic minerals are almost totally obliterated 

by chloritization. Microcrysts of chlorite and montmorillonite or seri- 

cite(?) dust the remnant groundmass. Very fine grains of montmoril

lonite or sericite(?) also rim ragged plagioclase phenocrysts. In  less 

altered sections, pyrite is rimmed with hematite. Minor amounts of cal- 

cite and limonite occur in irregular patches.

Dump samples from the decline (adit 6) exhibit kaolinite-filled  

fractures, and vein fractures along the hanging wall in the decline ex

hibit bright-red to red-brown hematite and orange to yellow limonite 

(fig . 7, in pocket). Very fine metallic grains, possibly pyrite , occur 

in adit 5 but not in the decline above. The presence of iron oxides 

and kaolinite, with a scarcity of pyrite in the uppermost workings, 

suggests a near-surface zone of acid leaching, a common late-stage



80

process in epithermal deposits (Schmitt, 1950b). Alunite, sericite, and 

illite, additional low-pH assemblages, were not observed in the adits. 

The absence of kaolinite and massive iron oxides within the wall rocks 

restricts the leaching halo to a thin selvage around the uppermost por

tion of the vein.



CHAPTER 6

GEOCHEMISTRY

Geochemical analysis of the caldera and precaldera igneous units 

form the basis for discussion of several pertinent problems related to 

the Turkey Creek caldera system:

1. The geochemical character of the Turkey Creek caldera system.

2. The igneous history and eruptive sequence.

3. Lithologic comparisons and correlations.

4. Precious- and base-metal behavior in the caldera system.

Each problem will be discussed in a separate section.

The results of major- and trace-element whole-rock analyses 

from 13 selected samples are tabulated in Appendix A along with norm 

calculations, differentiation indices, and modal abundances. In  the 

tables the samples are listed in chronologic order with the youngest 

unit on the upper le ft. Note that the major-element oxide analyses are 

reported in weight percent of "dry" samples after volatile loss on ig

nition.

Geochemical Character of the Caldera System 

The m id-Tertiary samples, mostly rhyolitic, are highly silicic 

(64% to 89% "dry" SiO^) and alkali rich. Samples of the latite porphyry 

and the Pinery Canyon rhyolite porphyry were excluded from the data 

base because these samples are anomalously enriched in SiOg an^

81
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depleted in mafic oxides and mafic trace elements, which suggests sili- 

cification. In  addition, the Pinery Canyon rhyolite porphyry sample 

exhibits anomalous enrichment in K^O and depletion of NagO, which 

suggests adularization of this sample as well. On a Barker KgO/SiOg 

variation diagram (fig . 30), the m id-Tertiary units exhibit a rough 

trend with a g index of 4.23, corresponding to an alkali-calcic suite 

(Peacock, 1931). With an alkali-calcic composition, the mineralized 

Turkey Creek caldera is geochemically dissimilar to the mineralized cal

deras of Nevada (McKee, 1979) and Colorado (Lipman and others, 1976; 

Slack and Lipman, 1979), which are predominantly calc-alkalic. How

ever, the Turkey Creek caldera with high-silica, alkali-calcic composi

tions and dating between 25 and 26 m .y . B .P . is similar to calderas 

associated with precious-metal veins and lithophile-metal (Be, Mo, Sn, 

and W) deposits in southwestern New Mexico. These mineralized cen

ters are characterized by high-silica, alkali rhyolitic compositions and 

date between 32 and 21 m .y. B .P .; The precious-metal veins generally 

postdate the last caldera event by a few million years (Elston, Rhodes, 

and Erb, 1976).

Variations in the whole-rock major-element oxide and trace- 

element abundances as a function of the differentiation index of Thorn

ton and Tuttle (1960) of the m id-Tertiary units are shown in figures 31 

and 32. The m id-Tertiary suite exhibits a high degree of differentia

tion with differentiation indices ranging from 75 to 96 percent. The 

samples define continuous trends with a wide range of correlation coef

ficients on the individual major-element oxide abundance plots (fig . 31). 

Plots of AlgOg, total FegOg, and KgO exhibit more scatter than the



4.23

ALKALI

ALKALI
CALCIC

CALC
ALKALIC

CALCIC

SiOo (wt. %)

Figure 30. Barker K^O/SiC^ variation diagram for the Turkey Creek caldera samples
00
u >



84

i
1

DIFFERENTIATION INDEX

Figure 31. Variation of whole-rock "dry" major-element oxide 
abundance with degree of differentiation as represented by the differ
entiation index of Thornton and Tuttle (I960 ). — The precaldera biotite 
rhyolite porphyry sample is indicated by a square and the silicified 
samples by open circles.
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Figure 32. Variation of whole-rock trace-element abundances 
with degree of differentiation as represented by the differentiation 
index of Thornton and Tuttle (1960). — The precaldera biotite rhyolite 
porphyry sample is indicated by a square and the silcified samples by 
open circles.
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other major-element oxides, but the expected trends of differentiation 

can still be observed. Some of the scatter in the diagrams may be at

tributed to post-emplacement alteration because even the least altered 

specimens exhibit chloritization of mafics, hematite rims on magnetite, or 

other secondary features. Plots of the trace elements (fig . 32) exhibit 

more scatter and rougher trends than plots of the major-element oxides. 

Some of the scatter, especially in yttrium , zirconium, and niobium 

plots, can be attributed to the analytical error as described in more 

detail in Appendix A. Overall, the relatively smooth curves obtained 

for most of the elements suggest that the m id-Tertiary rocks represent 

a predominantly co-magmatic suite.

Compared to rocks of a similar degree of differentiation, the 

biotite-bearing rhyolite porphyry dikes exhibit a slight deficiency of 

yttrium , zinc, and niobium, an enrichment of alumina, strontium, and 

nickel, and a strong enrichment in copper of 45 ppm (figs. 31 and 32). 

Rhyolites worldwide generally contain less than 10 ppm copper, whereas 

andesites generally contain only 10 to 20 ppm copper (Wedepohl, 

1978a). Enrichment in copper is not surprising due to the high modal 

abundance of biotite (7.25%) in the dikes and the fact that biotite can 

contain up to 400 to 500 ppm copper (Wedepohl, 1978a). But the anom

alous abundances of the trace elements as a whole suggests that the 

biotite-bearing rhyolite porphyry dikes are not oogenetic with the other 

m id-Tertiary units and given the field relationships discussed in Chap

ter 3 are most likely precaldera in age.
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Magma Histories and the Eruptive Sequence

In  a caldera complex the evolution of magma in the subjacent 

chamber(s) is reflected in variations of composition, element abundance, 

and phenocryst content in the eruption sequence. Element enrichment 

and depletion trends in successively erupted units of the Bishop Tu ff 

in California were interpreted by Hildreth (1979) as resulting from 

venting of successively deeper levels of a zoned magma chamber. Smith 

(1979) noted that some systems appear to undergo complex cyclic his

tories of magmatic differentiation from mafic to silicic and back to mafic 

compositions.

In  figures 33 and 34 the elemental abundances are replotted 

against the eruptive sequence of m id-Tertiary units (fig . 3, in pocket). 

The actual timespan between successive events is estimated from Smith 

and Bailey's (1968) caldera formation and resurgence studies to range 

up to hundreds of thousands of years. Successive units do not exhibit 

a systematic variation in element abundances or phenocryst content with 

stratigraphic position. In  figure 35 the magma differentiated from a 

presumed mafic composition to point A with 76% SiOg at which time rhy 

olite ash-flow tuffs erupted. Further eruptions, points B and C, may 

have tapped deeper, more crystallized, and less silicic levels of the 

zoned magma chamber. Unlike the more silicic compositions, the ande

site phase (point C) erupted as a flow. Basaltic compositions were 

cited by Smith (1979) as having viscosities generally too low to form 

ridged ash and pumice particles or particles of the right consistency for 

particulate flows. Magma chamber conditions, deficiency of volatiles, 

and the chemical composition of the andesite phase may contribute to a
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Figure 33. Whole-rock "dry" major-element oxide variations 
with relative age of eruption. — Compositions do not approximate liquid  
compositions.
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Figure 35. Variation of "dry" whole-rock degree of differen
tiation as represented by the differentiation index of Thornton and 
Tuttle (1960) with relative age of eruption
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viscosity below the minimum viscosity level, or "barrier" (Smith, 1979), 

necessary to form an ash flow. From point C to point D, the system 

regenerated a high-silica composition with 77% SiOg, and erupted ash- 

flow tu ffs . Monzonite magma (point E) was again presumed to have 

been tapped from deeper levels of the chamber. Like the previously 

extruded andesite flows (point C ) , the monzonite had a viscosity below 

the minimum viscosity barrier but was emplaced as a shallow intrusion. 

No m id-Tertiary basaltic flows have been encountered in the Chiricahua 

Mountains, although these are commonly associated with caldera com

plexes in other areas (Smith, 1979). Marjaniemi (1970) believed that 

the monzonite represents the "basic" phase of the zoned magma cham

ber. I t  is also possible that a phase less silicic than the monzonite did 

exist, but it did not break through to the surface and erosion has not 

yet exposed it .  Between points E and F differentiation produced a 

slightly higher silica composition of 77.5 percent. Emplacement of rhyo

lite flows (point F) followed by rhyolite stocks (point G) resulted in 

part from volatile content and temperature too low to allow formation of 

ash flows. Phenocryst content increased tenfold at point G over point 

F to approximately 33 percent, a value lower than the 40 to 50 percent 

figure cited by Smith (1979) to inhibit the formation of pumice and ash 

particles.

Trends of element abundances observed in early versus late 

phases (figs. 33 and 34) between periods of magma differentiation ex

hibit trends similar to those observed by Hildreth (1979). To determine 

i f  multiple magma batches possibly influenced the observed magma his

tory , the abundances of several incompatible elements are plotted



92

against the relative eruptive sequence (fig . 36). The incompatible 

elements (low solid/liquid partition coefficient) tend to be excluded from 

the crystalline portion of the magma and should be enriched in the re 

sidual liquid portion with time. Even after the whole-rock data have 

been corrected for phenocryst content to approximate the liquid compo

sitions, several reversals are observed in the data. These reversals, 

corresponding to points of magma injection, suggest that the Turkey  

Creek caldera suite could not be derived from a single batch of magma. 

At least four magma batches are necessary to explain the incompatible 

element trends observed in figure 36.

Lithologic Comparisons and Correlations

Geologic units of similar petrographic and physical character

istics may be correlated geochemically by comparing element abundances 

and ratios. The geochemical data from this study were compared with 

the results of Latta (1983) and used to test correlations inferred in 

Chapter 3.

Major- and trace-element abundances in samples of the welded 

rhyolite tuffs of the Rhyolite Canyon Formation and monzonite porphyry 

intrusive rocks in the Pine Canyon area were determined by Latta 

(1983) as part of a geochemical study to correlate the members of the 

Rhyolite Canyon Formation within the caldera with those described by 

Enlows (1955) in the Chiricahua National Monument. The element abun

dances and ratios in samples of the monzonite porphyry and the densely 

welded lower member of the Rhyolite Canyon Formation determined in my 

study are similar to those of Latta (1983) (table 5 ). Discrepancies in
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Table 5. Comparison between Latta's (1983) whole-rock geochemical 
analyses of the Rhyolite Canyon Formation and monzonite 
porphyry and those obtained in this study

Rhyolite Canyon Formation
Densely Welded Lower Member Monzonite Porphyry

Latta (1983)a This Studyb Latta (1983)c This Study^

Si02 76.66% 76.00% NA e 64.60%
T i0 2 0.28 0.31 NA 1.03

A12°3 12.06 14.35 NA 14.91
Total Fe20 3 2.21 2.42 5.48 4.35

MnO 0.05 — (NA) 0.08

MgO NA 0.09 NA 2.42

CaO 0.22 0.12 NA 2.98

Na2° 3.16 3.68 4.08 4.23
k 2° 5.05 5.33 4.78 4.70

P2°5 NA 0.06 NA 0.26

Totals^ 99.73% 100.30% — 100.12%

Rb 266.8 ppm 270.6 ppm 170.9 ppm 177.4 ppm

Sr 27.1 23.9 223.0 213.0

Y 89.3 59.8 45.9 65.3

Zr 390.5 487.3 479.2 522.6

Nb 90.0 52.6 18.1 30.7
Zn 64.0 71.2 91.0 61.9
Ba 97.0 18.0 488.0 768.0

Rb/Sr 9.8 11.3 0.8 0.8
R b/K g 63.6 61.2 43.1 45.4
S r/C ag 172.4 279.6 — 100.0
Sr/Ba 0.3 1.3 0.5 0.3
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Table 5—Continued

a. Major-element oxides: average of two analyses; analyses by
X-ray flourescence (X R F ), except total Fe20 3, KzO, and Na2Q by 
instrument neutron activation analysis (IN A A ). Trace elements: 
average of four analyses, except Zn and Ba, one analysis; analyses by 
XRF, except Ba and Zn by INAA. All analyses from Latta (1983).

b. Sample CHR-81-53; analyses by XRF, except Na2Q and MgO by 
atomic absorption.

c. Major-element oxides: one analysis; analytical methods as in
a. Trace elements; average of two analyses, except Zn and Bac, one 
analysis; analytical methods as in a.

d. Sample CHR-81-3 (holocrystalline); analytical methods as in a.

e. NA = not analyzed.

f . Major-element oxides in weight percent of "dry" samples after 
loss of volatiles on ignition.

4
g. Ratio x 10 .
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the abundances of barium and to a lesser extent of zinc may be due, in 

part, to differences in analytical technique or to the degree of alter

ation in the sample.

Specimens of the a ir-fa ll rhyolite tuffs from Pine Canyon and 

Ida Peak areas contain radically different amounts of breccia fragments, 

but otherwise similar mineralogy, lithic composition, degree of pumice 

and shard welding, and stratigraphic position. Comparison of whole- 

rock geochemical data of samples from both areas exhibits striking simi

larities ( table 6 ). The tu ff breccia from the Ida Peak area contains 

less total FegOg, NagO, zirconium, and zinc and more barium

than do tuffs of the Pine Canyon area. The differences are probably 

due to failure to remove all of the lithics, which can be as fine as 0.25 

mm in diameter, from the samples.

In  both hand specimen and thin section, the latite porphyry 

flows in Pine Canyon appear strikingly similar to the monzonite por

phyry cooling rim north of Rustler Park. I f  indeed the latite porphyry  

is stratigraphically equivalent to the intrusive monzonite porphyry, then 

from the stratigraphic sequence observed in Pine Canyon the monzonite 

porphyry postdates the rhyolite tuffs and tu ff breccias and predates 

the rhyolite flows. The similarity of the whole-rock element abundances 

(table 6) suggests that the black vitreous "rim" is unequivocally part of 

the holocrystalline, phaneritic monzonite porphyry. The latite porphyry 

sample exhibits an anomalous enrichment in SiOg and depletion of the 

mafic oxides and mafic trace elements as a result of extensive silicifi- 

cation. Despite the similarity in mineralogy and texture, correlation of



Table 6. Whole-rock geochemical analyses of lithic-poor tu ff of the Downings Pass area, the lith ic- 
rich tu ff of the Ida Peak area, and latite porphyry flows in the Pine Canyon area, the 
cooling rim of the monzonite porphyry northwest of Rustler Park, and the holocrystalline 
monzonite porphyry of the Buena Vista Peak area.

Poorly Welded Rhyolite T u ff Monzonite Porphyry
Latite Porphyry 

FlowsLithic-poor Lithic-rich
Holocrys

talline Cooling Rim

Sample No. CHR-82-515 CHR-81-32 CHR-81-3 CHR-81-40 CHR-82-290

S i02 77.25% 76.77% 64.60% 64.84% 71.82%

T i0 2 0.22 0.19 1.03 0.92 0.38

A12°3 13.01 11.01 14.91 15.70 13.93
Total FegOg 3.17 1.16 4.35 3.86 1.64
MnO 0.06 0.04 0.08 0.09 0.05
MgOa 0.51 0.29 2.42 2.38 0.43
CaO 0.88 1.13 2.98 3.06 1.52

Na2Oa 2.79 1.64 4.23 3.81 3.47

Ko0 4.92 4.69 4.70 4.19 4.902
P2°5

_b 0.26 0.24 0.03

Totals6 102.81% 96.92% 100.12% 99.09% 97.97%



Table 6—Continued

Poorly Welded Rhyolite T u ff Monzonite Porphyry

Latite Porphyry 
FlowsLithic-poor Lithic-rich

Holocrys-
talline Cooling Rim

Sample No. CHR-82-515 CHR-81-32 CHR-81-3 CHR-81-40 CHR-82-290

Rb 380.5 ppm 366.4 ppm 177.9 ppm 275.6 ppm 301.9 ppm
Sr 32.4 37.1 213.0 247.1 198.2
Y 47.2 43.2 65.3 64.5 80.0
Zr 247.8 196.9 522.6 520.0 211.9
Nb 68.1 99.6 30.7 28.0 2.9
Ba 24.0 128.0 768.0 740.0 725.0
Ni 8.53 7.70 16.51 15.78 0.47
Cu — 0.94 7.24 16.68 —

Zn 66.56 43.72 61.88 60.38 34.86

R b/Sr 11.7 9.9 0.8 1.1 1.5
R b/K d 93.1 94.1 45.4 71.0 48.5

S r/C ad 51.5 45.9 100.0 112.4 315.1

Sr/Ba 1.4 0.3 0.3 0.3 0.3

a. Analysis by X -ray  fluorescence, except NagO and MgO by atomic absorption.
b. Concentration below detection limit.
c. Major-element oxides in weight percent of "dry" samples after loss of volatiles on ignition.

4d. Ratios x 10 . vO
00



99

the latite porphyry flows as the extrusive equivalent of the cooling rim 

of the monzonite porphyry intrusive rock cannot be confirmed.

Precious- and Base-metal Geochemistry

In addition to the copper and zinc analyses discussed previous

ly , 10 samples, one from each igneous unit except the latite porphyry  

flows, were analyzed for gold and silver content (Appendix A ).

Precious-metal abundances in unaltered rocks worldwide are on 

the order of a few tenths to a few parts per billion. Gold concentra

tions generally range from 0.1 to 4 ppb with a median of 2.3 ppb for 

silicic rocks and 3.2 ppb for mafic and ultramafic rocks (Gottfried, 

Rowe, and Tilling, 1972; Crocket, 1978). Silver concentrations exhibit 

a wider range from 0.005 to 1.0 ppm, with averages of 0.032 ppm for 

silicic rocks, 0.100 ppm for mafic rocks, and 0.600 ppm for ultramafic 

rocks (Boyle, 1968; Vincent, 1978). In comparison to precious-metal 

concentration ranges in rocks worldwide, the samples of the Turkey  

Creek caldera complex are deficient in silver and, with a few excep

tions, in gold (fig . 37). For the base metals, the samples are deficient 

in copper in comparison to the concentration range of 5 to 105 ppm and 

median of 12 ppm for most rocks (Wedepohl, 1978a) but exhibit zinc 

abundances within the concentration range of 20 to 70 ppm found in 

most rocks (Wedepohl, 1978b).

Copper exhibits enrichment in phases of intermediate composi

tion (fig . 37). Zinc exhibits no preferential enrichment in either 

intermediate or silicic phases (fig . 37). These observed enrichment 

trends are compatible with those of Hildreth (1979) and Smith (1979),
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who observed that zinc is generally not enriched in any particular 

phase and that gold, silver, and copper are enriched downward in the 

chamber into less silicic phases as a result of compositional zoning of 

the magma. The samples of intermediate composition (monzonite por

phyry and Ida Peak andesite) representing the deeper phases should be 

slightly more enriched in gold and silver than are the silicic samples 

representing shallower phases. In  this study, silver and gold are en

riched in units representing the highly differentiated, shallow-level 

phases rather than in the less differentiated, deeper level phases (Fig. 

37).

With the lack of anomalous precious-metal values in caldera 

samples, in the absence of isotopic age and hydrothermal fluid source 

determinations, and in view of the occurrence of the El Tigre veins in 

precaldera rock and lack of geologic relationship with later units, little  

can be said concerning the source of the metals in the vein. The pre

caldera basaltic andesite is relatively metal rich and constitutes a 

potential source reservoir.



CHAPTER 7

ECONOMIC POTENTIAL

Past evaluations of the economic potential of the El Tigre mine 

and vein are few and far from complete. Previously, only a few chan

nel samples were taken across the vein and spot samples were restricted  

to the mine workings. The reported values of a few tens of ounces per 

ton (hundred g /t) silver and a few tenths of ounces per ton (g /t )  gold 

are not representative of the entire vein (Tognoni, 1974).

In  my study, 27 rock-chip samples were taken across vein at 

suitable trench cuts, road cuts, adits, and outcrops and in a few 

places across zones of quartz-silica cover. Locations of these cross

vein samples and four other spot samples, covering the length of the 

vein from Horsefall Canyon to south of Turkey Park are in table B - l ,  

Appendix B .

Metal Content

Base- and precious-metal assay results are listed in table B -2, 

Appendix B. Gold and silver concentrations determined by fire assay 

rarely rise above 0.01 oz/ton (0.34 g /t)  Au and no higher than 1.5 

oz/ton (51.43 g /t)  Ag in samples taken across trenches, road cuts, and 

adits. In samples from surface outcrops and scattered cover, precious- 

metal values are significantly lower. The lowest values occur in 

samples from scattered cover and from small pockets and stringer veins 

in wall-rock outcrops of monzonite porphyry or precaldera rocks, where

102
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gold and silver concentrations are barely detectable. Silver-to-gold  

ratios in samples where both metals are detected range from a low of 

14:1 up to 291:1 (table B -2, Appendix B ). Cross-vein samples with 

base-metal values detectable by X -ray  spectrofluorescence method con

tained copper and zinc values on the order of tens of parts per million. 

Molybdenum was detected in only a few samples by emission spectros

copy. Samples chosen for lead analyses by atomic absorption contained 

concentrations, rarely higher than 0.01 percent, even in high-grade 

dump samples.

Major-element Oxide Content

From 1973 to 1974 El Tigre ores were mined primarily for silica 

flux. To be acceptable, a grade of 85 percent silica with a maximum of 

4.5 percent alumina was stipulated by the contractor for shipment to 

the Phelps Dodge Reduction Works in Douglas, Arizona (Tognoni, 1974). 

All but four of the samples analyzed in this study (table B -3, Appendix 

B) contained greater than 85 percent silica and none had less than 81 

percent silica. Only two samples contained more than 3.0 percent alum

ina. The presence of alumina is an indicator of feldspar, mica, and 

clay. The higher alumina values in these two samples (CHR-81-24 and 

CHR-81-157) may be due in part to incorporation of wall rock into the 

silica.

Values of calcium oxide, an indicator of calcite, ranged from 

less than 0.01 to 5.00 percent. Values of manganese oxide and total 

iron oxide, indicators of the content of hydro-manganese-iron oxide 

"brown clay" and other iron and manganese oxides in the vein, also
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exhibited wide ranges of less than 0.01 to 0.20 percent and 0.24 to 

2.72 percent, respectively. No consistent relationship was observed 

between the concentration trends of these major-elements oxides.

The silver-bearing silica, both within and outside the immediate 

El Tigre mine area, generally exceeds the required silica grade with a 

minimal alumina content for smelter flux but exhibits sporadic and wide 

range of values for other major-element oxides.

Tonnage Estimations

Estimating the total silica available in the El Tigre vein is 

hampered by lack of information on the shape of the vein at depth. 

Although the vein is reported to narrow at depth (Pursely, 1982, per

sonal commun. ) ,  bottoming out of the vein was not observed within the 

accessible portions of the adits or above ground in canyons or stream 

cuts. The problem is further complicated by the tendency of epithermal 

mineralization to seldom fill the entire host structure (Buchanan, 1981).

I f  the continuously outcropping veins at the El Tigre mine and 

south of the Turkey Park area are assumed to be of uniform width and 

composition and can be approximated in profile by a right triangle, 

tonnage estimates accurate to within a factor of ten can be made. Re

sults of tonnage estimates are given in Appendix C.

At the El Tigre mine from the bottom of adit 1 to the top of the 

continuous outcrops above adit 6 (fig . 3, in pocket), a maximum vein 

width of 22 feet (6.7 m) yields about 156,000 tons (141,000 t) and a 

minimum vein width of 6 feet (1.8 m) yields a figure of about 41,000 

tons (37,000 t ) . Both figures have been corrected by 2,250 tons
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(2,100 t ) , the amount mined since 1941. Much higher figures are ob

tained if  the lowest level of the vein is assumed to be at the bottom of 

Pinery Canyon where only sporadic vein outcrops are found. South of 

Turkey Park from the bottom of the canyon to the top of the continuous 

outcrops on each side (fig . 5, in pocket) a maximum vein width of 26 

feet (7.9 m) yields about 571,000 tons (518,500 t) and a minimum width 

of 12 feet (3.7 m) yields about 270,000 tons (245,000 t ) .

Estimating the potential precious-metal content of the El Tigre 

vein was hampered by highly erratic precious-metal values over the 

length of the vein (table B -2, Appendix B) and by lack of information 

on the extent of precious-metal mineralization at depth. The problem is 

further complicated by the tendency of precious-metal epithermal veins 

to decrease rapidly in grade with depth into barren gangue, with or 

without a corresponding increase in base-metal grade.

Samson reportedly mined high-grade silver ore from adits 2 and 

3 in 1941 (Pursely, 1982, personal commun.) at a depth of 150 to 200 

feet (45 to 60 m) below the surface (fig . 6, in pocket). Buchanan 

(1981) noted in his comparative study of over 60 epithermal deposits of 

the southwestern United States and northern Mexico that the precious- 

metal zone can extend up to 1,000 m below the uneroded surface but 

that in most deposits the precious-metal zone extends on the average to 

about 1,150 (350 m) in depth.

Field evidence is lacking to estimate the extent of erosion of the 

El Tigre vein, but if  the precious-metal zone at the El Tigre mine is 

assumed to extend the full height 270 feet (76.2 m) of the vein, a 

rough estimate of the precious-metal content can be made. I f  the same
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assumptions for estimating the total available silica are used, minimum 

assay values of 0.005 oz/ton (0.017 g /t) Au and 0.52 oz/ton (17.83 g /t)  

Ag yield 204 to 778 oz (6.3 to 24.2 kg) Au and 19,724 to 79,420 oz (615 

to 2,470 kg) Ag at the El Tigre mine; both figures are corrected by 

11 oz (0.34 kg) Au and 2,662 oz (82.8 kg) Ag, the amount mined since 

1941. Minimum assay values of 0.005 oz/ton (0.017 g /t)  Au and 0.18 

oz/ton (6.17 g /t)  Ag yield 1,351 to 2,857 oz (42.0 to 88.9 kg) Au and 

48,619 to 102,862 oz (1,512 to 3,199 kg) Ag at Turkey Park.

Discussion

Results of geochemical analyses and surveys of the extent and 

dimensions of the vein are encouraging, and the El Tigre mine warrants 

reevaluation not as a precious-metal mine but as a source of silver

bearing silica flux. Previously, Trivoska (1941) listed both favorable 

and unfavorable factors for developing the El Tigre mine 

The favorable factors include:

1. The vein crops out continuously over 90 m in elevation and may 

extend to considerable depth.

2. Mineralization is observed almost everywhere the vein is broken 

open.

3. Assays from predominantly spot samples resulted in values up 

to 71.4 oz/ton (2,448 g /t)  Ag and 0.23 oz/ton (7.89 g /t)  Au.

4. The steep terrain will allow an adit to reach deeper portions of 

the vein.

The unfavorable factors include:
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1. No large-tonnage mines, with exception of the Hilltop mines, 

have been found in the Chiricahua Mountains.

2. Mineralization is generally shallow and scattered and rarely of 

high grade in these deposits.

3. The ore may occur in shoots and lenses that are too small or 

too few to mine profitably.

4. The mineralization may be supergene and may form only a nar

row, shallow band.

From my study, additional favorable factors for developing the 

El Tigre mine and vein as a source of silica flux include:

1. Assays of samples throughout the length of the vein exhibit 

high silica grades with low alumina contents.

2. Only a small portion of the potential silica has been mined out.

3. High-grade precious-metal-bearing ores occur in distinctive 

black-banded quartz—silica at the El Tigre mine, a characteristic which 

may be applicable in delineating high-grade ore horizons elsewhere.

The unfavorable factors are:

1. Much of the high-grade ore of the El Tigre mine has been re

moved.

2. Overall values of both precious and base metals are low and 

highly variable due to scattered occurrence of high-grade ore pockets.

3. Concentrations of calcium oxide, manganese oxide, and total 

iron oxide vary widely from place to place due to the scattered occur

rence of calcite, hydro-manganese-iron oxide "brown clay," hematite,
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and limonite, which may present difficulties in quality control of the 

flux.

4. Although the vein extends over 16,500 (5 km ), it  lies in rugged 

terrain and crops out only sporadically.

For further research and development of the El Tigre mine, at 

least three drill holes extending at least 100 feet (30 m) below adit 1 

were recommended by Tognoni (1974). Drilling can provide much 

needed information on the depth and continuity of the vein and extent 

of mineralization.

Another site for consideration for further research and develop

ment is south of Turkey Park where the vein has not been extensively 

excavated. Only two road cuts and a small exploratory trench have cut 

into the vein. Mineralization is observed in these cuts, and acceptable 

silica assay results suggest another potential site for silver-bearing

silica.



CHAPTER 8

SUMMARY OF CONCLUSIONS

The following conclusions are based on this study and previous 

works on the El Tigre mine and the Turkey Creek caldera, California 

mining district, Cochise County, Arizona. The low-grade El Tigre 

silver-bearing silica deposit, like many bonanza-type epithermal 

precious-metal deposits of m id-Tertiary age in the Basin and Range 

province, occurs adjacent to a m id-Tertiary resurgent caldera. The 

25-26-m .y.-old resurgent Turkey Creek caldera produced a complicated 

series of rhyolite tu ffs , welded tu ffs , and tu ff breccias, rhyolite, 

andesite, and latite flows, and shallow rhyolite and monzonite intrusive 

bodies. Mapping in the Pinery Canyon area for this study produced 

several results:

1. A nearly complete stratigraphic section from which the eruption 

sequence can be deduced encircles Ida Peak.

2. Mineralization postdates the Pinery Canyon rhyolite porphyry 

dikes, the youngest and possibly postcaldera(?) unit in the Pinery Can

yon area.

3. The El Tigre vein fills a steeply dipping fault trending roughly 

northwest that appears tangent rather than concentric to the caldera 

outline.

The geologic history of the Turkey Creek caldera is compatible with 

Smith and Bailey's (1968) model of caldera formation and resurgence.
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El Tigre ores exhibit textures, structures, and ore and gangue 

minerals typical of epithermal deposits. The basaltic andesite wall rocks 

exhibit varying degrees of propylitic alteration. Silver, the predom

inant metal in the veins, occurs primarily as acanthite and less com

monly as proustite and native silver. Other ore minerals present in 

lesser amounts include rosasite, cubanite, and native gold. The assoc

iation of the ore minerals with the distinctive black-banded quartz led 

to spot mining of high-grade pockets in the past.

The alkali-calcic Turkey Creek caldera, like the 32-21 m. y . -old  

resurgent calderas associated with precious-metal veins in southwestern 

New Mexico, is a center of high-silica, alkali-rich rhyolite volcanism. 

Low precious- and base-metal concentrations in both volcanic and plu- 

tonic caldera units preclude either leaching of the volcanic pile or 

emplacement of resurgent stocks as the main source of ore components. 

Higher concentrations in the mid-Oligocene, precaldera basaltic andesite 

flows that also host the El Tigre vein suggests leaching of the precal

dera strata as the best source of ore components. The Turkey Creek 

caldera, the dominant structural feature of the Chiricahua Mountains, 

although not the main ore-component source, offers potential for struc

tural preparation of the country rock and as a heat source to drive 

hydrothermal convection. Geochemical analysis of seven successive 

Turkey Creek caldera units suggests that compositions tend to be cyclic 

from silicic to intermediate and back to silicic and could result from a 

compositionally zoned magma chamber subject to input of at least four 

batches of fresh magma. However, magma differentiation failed to
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concentrate the precious metals to a significant degree into the deeper 

level intermediate compositions.

The precious-metal veins of southwestern New Mexico generally 

postdate the last caldera event by a few million years; a similar age 

relationship to the Turkey Creek caldera is reasonable for the El Tigre  

vein.

Cross-vein samples generally contain low precious- and base- 

metal values. Both metal values and major-element oxide values are 

inconsistent from place to place because ore minerals, calcite, adularia, 

oxides, and clays tend to occur in scattered pockets. Silica grades are 

high, generally greater than 85 percent, whereas alumina concentrations 

are seldom above 3.5 percent. The El Tigre mine and vein should be 

reevaluated not necessarily as a source of silver but primarily as a 

source of silica flux.



APPENDIX A

WHOLE-ROCK GEOCHEMICAL ANALYSES

Because the study area is not covered by officially established 

land lines, sample locations are listed in terms of latitude and longitude 

to the nearest second. Whole-rock major-element oxide and trace- 

element contents and norm calculations are tabulated in this appendix.

In itial Sample Preparation

About 4.5 to 5.5 kg of rock chips were collected at each sample 

site to ensure sufficient sample for both whole-rock and possible 

mineral-separation analysis. However, thin-section analysis showed that 

mineral separation would be infeasible due to the low mafic content in 

the silicic samples and extensive chloritization of mafics in even the less 

altered samples.

Hand-picked chips without weathering rinds were crushed to 

less than 1 cm in diameter. Xenoliths were removed to reduce the 

effects of strontium contamination, especially in low-calcium samples. 

To minimize iron contamination, the chips were pulverized in a tungsten 

carbide Pica ball mill.

X -ray  Fluorescence Preparation and Analysis

X -ray  spectrofluorescence (XRF) analysis requires different 

sample preparation procedures for major-element oxide analysis and 

trace-element analysis. For trace-element analysis, about 5 to 7 g of
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the pulverized rock sample were mixed with 10 to 15 drops of a satu

rated polyvinyl alcohol solution as a binder. The moist rock-powder 

mixture was pressed into a 2 .5-cm-diameter pellet at least 0.6 cm thick 

from a polished-steel mold under 15 tons for 1 minute. For major- 

element oxide analysis, to minimize element—element interference effects, 

the rock powder was diluted with a mixture of lithium metaborate, 

lanthanum oxide, and sodium nitrate, fused in a platinum crucible and 

pressed into a glass disk after the techniques of Norrish and Chappel 

(1967) and Norrish and Hutton (1969).

Analyses were performed on a Siemens XRF spectrophotometer 

with molybdenum, chromium, and tungsten radiation tubes; ^^220* 

KAP, and Eddt analyzing crystals; and U .S . Geological Survey and 

international rock standards. For each sample, the Compton scattered 

M o K q  radiation was measured to correct for secondary absorption and to 

derive the mass-absorption constant. The Y K^, Zr K^, and Nb 

radiation intensities were corrected for Rb K^, Sr Kg, and Y Kg in ter

ference.

Reduction of the major-element oxide data was performed with a 

standard linear-regression program, and element-element interference 

effects were corrected with data of Norrish and Hutton (1969). 

Trace-element data were reduced with a Fortran IV  program written by

S. Rooke and modified by S. Meijer, both of the University of Arizona, 

Department of Geosciences.
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Atomic Absorption Preparation and Analysis

Atomic absorption analysis was the choice for analyzing the 

elements for which XRF analysis was unsuitable. Sample preparation 

involved fusing the rock powder with lithium metaborate and dissolving 

the resulting glass in dilute nitric acid, a technique of Medin, Suhr, 

and Bodkin (1969) and Shapiro (1983) and modified by D. Lynch. 

Analyses were performed with a Perkin-Elmer 403 atomic absorption 

spectrophotometer using single- and multi-element helium-filled lamps 

and U .S . Geological Survey and international rock standards. The data 

were reduced with a standard linear-regression program.

Gold and silver concentrations were determed by Rock 

Analyses, Inc. of Golden, Colorado, from samples prepared by organic 

extraction and were analyzed by atomic absorption spectrophotometry 

with a heated graphite atomization furnace.

Loss of Volatiles Analysis

The amount of volatile loss on ignition was determined by  

combustion of about 0.02 g of rock powder in an argon-filled 

molybdenum-strip furnace devised by A. Meijer of the University of 

Arizona, Department of Geosciences. All samples prepared in this 

study were weighed out to compensate for the loss of volatiles on 

ignition, and the analytical results reflect "dry" samples.
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Table A - l . Sample locations

Sample
Number Unit Latitude Longitude

CHR-81-145 Pinery Canyon rhyolite 
porphyry dike

N.31°56,22n W.109°17'27n

CHR-81-125 rhyolite stocks N.31°55,38n W.109o17,26n

CHR-81-89 rhyolite flows N.31°55l22n W.109o17'47n

CHR-81-290 latite porphyry N.31°56'03" W. 109o19'17n

CHR-81-40 monzonite porphyry, 
vitreous rim

N.31054'35n W.109°16I39"

CHR-81-3 holocrystalline monzonite 
porphyry

N.31°54,56n W.109°16,22"

CHR-81-515 rhyolite tu ff and tu ff
breccia, lithic-poor member

N.31°56l32n W. 109°18,48n

CHR-81-32 rhyolite tu ff and tu ff
breccia, lith ic-rich member

N.31°55'12" W.109°17'36n

CHR-81-141 Ida Peak andesite N.31°55n38n W. 109o18,18M

CHR-82-629 rhyolite tuffaceous and 
volcanic sediments 
(tu ff breccia member)

N .31n55'42n W.109°17'41"

CHR-81-53 Rhyolite Canyon Formation 
lower member

N.31°54,22n W.109o17'18"

CHR-81-160 biotite rhyolite porphyry  
dike

N.31056'12n W.109°17l06n

CHR-81-160 basaltic andesite flow N.31°55l34n W.109o15'18n



Table A -2 . Whole-rock major-element oxide analyses. —  In weight percent of "dry" samples after 
loss of volatiles on ignition. Total iron oxide as Fe20 3.

Oxide CHR-81-145 CHR-81-125 CHR-81-89 CHR-82-290 CHR-81-40 CHR-81-3 CHR-82-515

S i02 78.95% 77.62% 77.70% 71.82% 64.84% 64.60% 77.25%

T i°2 0.01 0.14 0.20 0.38 0.92 1.03 0.22

A12°3 10.47 11.77 12.31 13.93 15.70 14.91 13.01

Fe2°3 1.95 2.28 2.46 1.64 3.86 4.35 3.17

MnO 0.04 0.04 — 0.05 0.09 0.08 0.06

MgO 0.09 0.04 0.04 0.43 2.38 2.42 0.51

CaO 0.11 0.51 0.09 1.52 3.06 2.98 0.88

Na2 ° 0.17 3.90 3.65 3.47 3.81 4.23 2.79

k 2° 8.41 4.47 4.90 4.71 4.19 4.70 4.92

P2°3 0.05 0.02 0.02 0.03 0.24 0.26 — — —

100.25% 100.79% 101.37% 97.98% 99.09% 100.12% 102.81%

Volatile
Loss 2.56% 1.01% 1.16% 4.77% 2.66% 1.09% 3.15%
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Table A-2. Whole-rock major-element oxide analyses—Continued

Oxide CHR-81-32 CHR-81-141 CHR-81-629 CHR-82-53 CHR-81-170 CHR-81-160 Max.a

Si02 76.77% 66.68% 71.10% 76.00% 73.77% 51.97% 0.58

T i°2 0.19 0.96 0.63 0.31 0.25 2.11 0.09

AI2°3 11.01 14.67 13.25 14.35 15.03 18.43 0.68

Fe2°3 1.16 4.00 4.23 2.42 2.42 7.79 0.73

MnO 0.04 0.08 0.05 — 0.01 0.16 0.03

M g O 0.29 1.41 1.09 0.09 0.57 5.16 0.16

CaO 1.13 2.17 1.08 0.12 0.29 8.64 0.07

Na2 ° 1.64 4.05 2.50 3.68 3.70 3.59 0.04

K2 ° 4.69 4.66 4.24 5.33 5.99 2.05 0.13

P2°3
—  — — 0.24 0.10 0.06 0.07 1.15 0.01

96.92% 98.92% 98.27% 102.36% 102.10% 101.05%

Volatile
Loss 5.61% 1.68% 3.65% 3.42% 3.89% 2.99%
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Table A -3 . Whole-rock trace-element analyses

Element CHR-81-145 CHR-81-125a CHR-81-89

Rb 671.8 641.8 416.2

Sr 133.8 10.4 6.6

Y 90.6 110.0 39.8

Zr 182.4 228.8 201.8

Nb 100.0 123.1 75.2

Ba 316 — —

Ni 7.39 10.74 8.65

Cu 4.11 — ---—

Zn 37.50 48.86 47.46

Ag 0.026 0.058 0.016

Au 0.016 <0.001 0.001

In ppm

CHR-82-290 CHR-81-40

301.9 275.6

198.2 247.1

80.0 64.5

211.9 520.0

2.9 28.0

725 740

0.47 15.78

— 16.68

34.86 60.38

NAa NAa

NAa NAa

CHR-81-3 CHR-82-515

177.9 380.5

213.0 32.44

65.3 47.2

522.6 247.8

30.7 68.1

768 24

16.51 8.53

7.24 —

61.88 66.56

0.012 0.072

0.001 <0.004



Table A-3. Whole-rock trace-element analyses—Continued

Element CHR-81-32a CHR-81-141 CHR-81-629 CHR-82-53 CHR-81-170 CHR-81-160 Max. o

Rb 366.4 203.3 180.4 270.6 222.7 15.7 8.4

Sr 37.1 242.7 248.8 23.9 356.8 931.3 16.1

Y 43.2 62.0 19.7 59.8 16.5 32.7 5.5

Zr 196.9 396.8 171.3 487.3 151.4 206.3 10.2

Nb 99.6 29.4 10.4 52.6 15.5 53.3 5.7

Ba 128 906 516 18 1128 988 38

Ni 7.70 11.78 11.07 13.89 17.23 44.33 5.36

Cu 0.94 2.26 1.49 — 48.26 30.30 2.22

Zn 43.72 64.43 47.42 71.15 16.72 65.54 7.68

Ag NAa 0.018 0.015 0.066 0.142 0.022 NRb

Au NAa <0.001 <0.001 <0.001 0.001 0.015 NRb

a. NA = not analyzed.

b. NR = not reported
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Table A -4 . Whole-rock geochemistry. — Norm calculation results. Differentiation index of Thornton and Tuttle  (1960). D . I .  = 
[(Q  + O r + Ab + C )/To ta l) ] x 100.

Sample . Differentiation
Number Q Or Ab An C Ap I I  Mt Hy Di Fa Fo Index

CHR-81-145 43.03 51.50 1.60 — 1.23 0.17

CHR-81-125 33.77 26.60 32.25 1.30 — 0.08

CHR-81-89 34.01 29.00 32.85 0.20 1.02 0.08

CHR-82-290 28.03 28.65 32.10 7.40 0.54 0.11

CHR-81-40 15.60 25.00 34.55 12.75 0.30 0.83

CHR-81-3 12.06 27.85 38.10 7.85 — 0.88

CHR-81-515 35.26 28.90 24.90 4.35 1.63 —

CHR-81-32 45.32 29.45 15.65 5.95 1.37 —---

CHR-81-141 17.51 27.95 36.95 8.22 — 0.83

CHR-81-629 34.30 26.10 23.40 4.50 3.38 0.35

CHR-81-53 30.38 31.10 32.65 0.10 2.72 0.16

CHR-81-170 24.99 34.85 32.75 0.65 2.39 0.24

CHR-81-160 12.25 32.25 27.50 2.38

0.02 0.67 1.78 — — 96.13

0.20 0.78 0.80 0.82 — — 95.62

0.28 0.70 1.87 — — — 95.86

0.54 0.51 2.10 — — r— — 88.78

1.30 1.23 8.44 — — 75.15

1.44 1.34 7.09 3.40 — * 7 " 78.01

0.30 0.93 3.74 —  — — — ~ — — 89.06

0.28 0.38 1.60 --- — — — — 90.42

1.36 1.24 5.76 0.12 — — -------— 82.41

0.92 1.39 5.66 — — — 83.80

0.42 0.67 1.80 — — —— 94.23

0.34 0.78 3.02 — — —— — 92.59

2.90 2.84 13.04 6.28 0.08 0.46 44.50

«



APPENDIX B

GEOCHEMICAL ANALYSES OF VEIN SAMPLES

Detailed descriptions and locations of the El Tigre vein samples 

are tabulated in table B - l .  Locations are listed in latitude and long

itude to the nearest second because the area has not been surveyed. 

The detailed descriptions are compiled from my previous unpublished 

field report (Tsuji, 1982). Samples were taken across the width of 

vein, except where noted, and these samples can be considered repre

sentative for geochemical sampling.

The major-element oxides were analyzed by atomic-absorption 

spectrophotometry rather than X -ray  spectrofluorescence (XRF) because 

glass disks of very high silica content tend to shatter more readily than 

those of lesser silica content. The preparation and analytical procedure 

for analyses of the silica-vein samples was similar to that for whole-rock 

samples.

Zinc and copper were analyzed from the polyvinyl alcohol- 

powder pellets by XRF. Molybdenum, arsenic, and antimony were ana

lyzed by emission spectroscopy by the Phelps Dodge Corporation 

analytical laboratory, Douglas, Arizona. The arsenic and antimony 

content of the El Tigre vein samples proved to be below the detection 

limits of 75 and 100 ppm, respectively. Gold and silver values reported 

in table B-2 were determined by fire assay by the Phelps Dodge 

Corporation analytical laboratory, Morenci, Arizona. Gold and silver
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values reported in table B-4 were determined by fire  assay by Skyline 

Labs In c ., Tucson, Arizona. Lead in selected samples was determined 

by atomic absorption spectrophotometry by Skyline Labs In c . , Tucson, 

Arizona.

/
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Table B - l . El Tigre vein sample locations and description. — Compiled from Tsuji (1981). hw = hanging wall; fw = footwall f
i

Sample
Number Latitude Longitude Exposure Type Trend

Fracture 
Strike and Dip

Width
(feet)

Height
(feet)

!
i

Wall Rocks and Contacts Comments

CHR-81-157 N.31056'51n W.109o17'47n cross vein, silicified zone —— — — — — silicified, altered homfels

CHR-81-107 N.31°56,31n W.109°17,30n low outcrops ~N.60°E. — ~5-10 — Zones of criss-crossing veins 1-3" thick in silicified hornfels Crimson to red-brown hematite

CHR-81-109 N.31°56'20" W.109°17'12" cross vein, road cut. Pinery 
Canyon road

N.35°W. — 12 ~10 hw: 21* zone of stringers up to 2" thick in basaltic andesite and hornfels 
fw: 18" zone of stringers up to 5* thick in basaltic andesite and hornfels

Abundant vugs and cavities 
lined with drussy quartz

CHR-81-92 N.31°56'14" W.109°17,14" cross vein, road cut, El 
Tigre mine road

N. 15°W. N .17°W ., 70°W. 23 hw: 1"-thick criss-crossed stringers in montmorillonite-altered shale 
fw: cut away

Irregu lar vugs stained with 
"brown clay"

CHR-81-93 N.31056'12" W.109°17'12n south wall of 20-foot- 
diameter slump

— N .85°E ., 75°S. 4 -vlO hw: 8-10' zone of stringers with propylitized basaltic andesite 
fw: basaltic andesite and hornfels

Minor manganese oxide and 
gossan

CHR-81-96 N.31°56,12n W.T09°17,10n dumps from adit 2 — — — — | . ■ High-grade samples

CHR-81-97 N.31°56,12" W.109o17'10" cross vein, roof and walls 
of adit 3

N.48°W. N.49°W ., 71°SW. 13 14 hw: 4-5' zone of 3-6"-thick stringers cementing basaltic andesite breccia 
fw: 3' zone of sparse stringers in montmorillonite-rich shale and hornfels

White calcite on fw; hackly 
and massive quartz; gossan

CHR-81-98 N.31°56,08n W.109o17'08n cross vein, road cut above 
trench

N.35°W. N .44°W ., 72°SW. - 22 8 hw: sharp but irregular contact with basaltic andesite and hornfels 
fw: 6-7' zone of stringers up to 6" thick in hornfels

Hackly quartz with gossan; 
massive quartz with sparse vugs

CHR-81-632 N.31°56'07" W.109o17*07" footwall face, adit 6 N.30°W.

"

6 5 fw: black siltstone, green basaltic andesite, and hornfels fragments in
quartz—silica

Shattered massive and hackly 
quartz; red to yellow gossan; 
"brown clay"

CHR-81-633 N.31°56'07n W.109o17'07n hanging-wall face, adit 5 N.35°W. — "vS ~6 hw: sharp contact with El Tigre conglomerate White calcite, very fine grained 
pyrite(?) and gossan

CHR-81-99 N.31o56'04n W.109o17'04n cross veins, low outcrops 
above adit 6

N.30°W — ^5—6 — gray silicified hornfels cover 100' to the east
1

Massive, vuggy, and hackly 
quartz, gossan

CHR-81-100 N.31°56'00" W.109ol6'57n scattered cover N.55°W. — 'vlB — Sparse cover of El Tigre conglomerate

CHR-81-101 N.31°55'58" W. 109°16,52n cross vein, stream cut N.66°W. — 16 25 hw: irregular contact with basaltic andesite and hornfels
fw: irregular contact with sparse 1-2" stringers in El Tigre conglomerate

Massive quartz with sparse 
vugs; gossan and "brown clay"

CHR-81-103 N.31°55'51" W.109°16,46" cross vein, southeast end 
outcrop

N.40°W. N.42°W ., 86°NE. ~7 -vl6 stringers up to i"  thick with El Tigre conglomerate Massive quartz with elongate 
vugs and crimson hematite

CHR-81-104 N.31055,46" W.109°16,35n cross vein, ridge-top outcrops N.24°W. — 7 1-2 El Tigre conglomerate pebbles and cobbles cemented by quartz Massive quartz with vugs and 
cavities and hematite

CHR-81-105 N.31°55'22" W.109°15,24" cross vein, nearly parallel 
trench cut

N.62°W. N.86°W ., 76°N. 6 5 hw: stringers up to 3" thick into El Tigre conglomerate 
fw: El Tigre conglomerate

Massive and hackly quartz; 
hematite and "brown clay"



Table B - l .  El Tigre vein sample locations and description—Continued

Sample
Number Latitude Longitude Exposure Type Trend

Fracture 
Strike and Dip

Width
(feet)

CHR-81-106 N.31°55'19" W.109°15,46" scattered cover and low 
outcrops

~N.48°W. — 6

CHR-81-110 N.31°55,16" W.109°15,44" cross vein, nearly parallel 
trend

N.40°W. N .32°W ., 62°SW 4

CHR-81-4 N.31°55,14" W.109°15'42" cross vein, multiple veins 
road cut. Rustler Park road

N.14°W. N. 15°W., 82°W. ~26

CHR-82-200 N.31°55'12" W.109°15,40" cross vein, oblique trench N.30°W. N .35°W ., 86°SW. 17

CHR-81-111 N.31°55'09" W.109°15,39" cross vein, road cut N.35°W. N .44°W ., 76°SW. 19

CHR-82-203 N.31°55'08" W.109°15'38" cross vein, top of outcrop N.15°W, — v20

CHR-82-202 N.31°55'05" W.109°15'37" cross vein, canyon cut N.11°W. N .14°W ., 75°SW. ~26

CHR-81-112 N.31o55'03" W.109°15,36" scattered outcrops N.25°W. — 25

CHR-81-153 N.31°54‘51" W.109°15'17" cover — —

CHR-81-154 N.31o55'00" W.109°15'28" cross vein, top edge of cliff 
face

N.56°E. N .54 °E ., 90° ~5-10

CHR-81-22 N.31°54,58" W.109o15'43" cross vein, silicified zone — — ~5-10

CHR-81-24 N.31°54'51" W.109°15'54" scattered fragments among 
roots of fallen tree

— — —

CHR-81-91 N.31054'54" W.109°l6,05n cross vein, multiple veins, 
and low outcrops

N.20°W. — 19

CHR-81-158 N.31°54'31" W.109o16'43" cross vein, low outcrops, 
and cover

~N.37°W.

CHR-81-46 N.31°54,32" W.109o16'53" cross vein, low outcrops, 
and cover

N.62°W. ----- • ~5

Height . 
(feet) Wall Rocks and Contacts Comments

El Tigre conglomerate float Massive quartz; crimson hematite

6 hw: 1' zone of montmorillonite(?) in basaltic andesite 
fw: fractured hornfels

and hornfels Zones up to 6" thick of intensive 
gossan development

~10 hornfels gg' zone of multiple, criss-crossed veins 
fw: basaltic andesite r

Massive, vuggy, and skeletal 
quartz, white calcite, hematite

5 scattered basaltic andesite outcrops Massive quartz

10 hw: covered
fw: basaltic andesite

White calcite adjacent to fw, cut 
by 2"-wide quartz veins

<v6 sparse cover, basaltic andesite and hornfels Vuggy quartz adjacent to fw: 
"brown clay"

~7 scattered basaltic andesite and hornfels outcrops Massive quartz, hairline fractures

1-2 scattered cover and outcrops of basaltic andesite and hornfels Massive quartz

low outcrops of siltstone and sandstone Massive, vuggy quartz, minor
white calcite; gossan

criss-crossed stringers up to 2" thick into basaltic andesite and hornfels Minor gossan

20 &"-2"-thick irregular stringers in weathered monzonite

----  highly weathered monzonite porphyry

----  quartz cover zone ~30' wide, monzonite porphyry

----  low outcrops and cover of monzonite porphyry

----  low outcrops and cover of monzonite porphyry

porphyry Massive, vuggy, and hackly
quartz, minor hematite

Massive quartz fragments

Massive quartz

Massive, vuggy, and hackly 
quartz, "brown clay," chalcedony

Massive quartz, black-banded 
quartz, jasper (?)



Table B -2. Precious- and base-metal assays of vein samples. NA = not analyzed

Sample Au Ag Cu Zn Mo Pb
Number oz/ton oz/ton ppm ppm ppm ppm Ag/Au

CHR-81-157 —  —  — <0.10 — — — 8.60 7 NA —  —  —

CHR-81-107 <0.005 0.14 — 5.52 — NA >28
CHR-81-109 <0.005 0.53 31.02 98.08 — 125 >106
CHR-81-92 0.005 0.43 — —--- — 5 86
CHR-81-93 <0.005 0.45 15.89 73.47 — NA >90
CHR-81-96 0.016 3.65 29.09 254.47 — 170 227
CHR-81-97 0.005 0.52 16.70 92.75 — 40 104
CHR-81-98 0.007 0.62 3.60 15.89 — 40 89
CHR-81-632 0.023 0.69 21.32 39.22 — 95 291
CHR-81-633 0.010 2.62 44.03 153.92 — 95 262
CHR-81-99 0.005 1.15 — 2.31 — — 230
CHR-81-100 0.012 0.17 — 1.80 — —  — NA 14
CHR-81-101 <0.005 0.34 —  — — 13.23 11 NA >68
CHR-81-103 — <0.10 — ------- ------- — — NA —

CHR-81-104 — <0.10 ------- — 7.54 10 NA —

CHR-81-105 <0.005 0.37 1.93 21.01 — NA >76
CHR-81-106 <0.005 0.28 1.59 7.76 — ------- NA >56
CHR-81-110

1
CHR-81-4

<0.005 0.18 1.83 16.02 — NA >36
0.010 1.50 ---— — — — 150

CHR-82-200 0.012 0.95 — — — — — — — — — NA 79 C\JU1



Table B -2. Precious- and base-metal assays of vein samples. — Continued

Sample
Number

Au
oz/ton

Ag
oz/ ton

Cu
ppm

Zn
ppm

Mo
ppm

Pb
ppm Ag/Au

CHR-81-111 0.008 0.96 — —  — 0.44 — —  — — —  — 120
CHR-82-203 <0.005 0.52 — — — NA >104
CHR-82-202 0.007 1.23 — 7.06 — NA 176
CHR-81-112 <0.005 1.17 — — — NA >234
CHR-81-153 — <0.10 2.81 8.51 — NA —

CHR-81-154 — <0.10 — — — NA —

CHR-81-22 — <0.10 — — — NA —

CHR-81-24 — <0.10 — 22.86 9 NA —

CHR-81-91 — -------- <0.10 — — — — — NA —

CHR-81-158 ------- — <0.10 — — — NA —

CHR-81-46 —  —  — <0.10 — — — —  — — — — — NA —  —  —
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Table B-3. Major-element oxide analyses of vein samples. — In  weight 
percent for "dry" samples after loss of volatiles on 
ignition. Total iron as Fe^Og.

Sample
Number sio2 Al2°3 CaO Fe2°3 MnO

CHR-81-157 83.52 7.48 0.02 0.65 0.06
CHR-81-107 90.32 1.93 1.07 1.24 0.03
CHR-81-109 96.55 1.10 0.03 0.53 0.03
CHR-81-92 97.66 0.63 0.02 0.13 0.03
CHR-81-93 86.31 2.95 0.15 1.41 0.09
CHR-81-96 86.53 1.44 9.42 0.50 0.24
CHR-81-97 83.97 2.06 5.66 0.90 0.18
CHR-81-98 95.44 0.84 0.17 0.51 0.09
CHR-81-632 97.44 1.50 0.06 0.29 0.07
CHR-81-633 95.54 3.80 4.92 0.17 0.22
CHR-81-99 96.33 0.64 0.04 0.30 0.01
CHR-81-100 95.33 1.36 0.02 0.56 0.01
CHR-81-101 97.55 0.56 0.10 0.29 0.03
CHR-81-103 98.55 1.63 <0.01 0.26 <0.01
CHR-81-104 96.55 1.80 1.52 0.78 0.02
CHR-81-105 95.32 1.70 0.02 0.53 0.01
CHR-81-106 90.54 2.66 0.05 1.36 0.03
CHR-81-110 95.10 3.10 0.10 1.19 0.08
CHR-81-4 93.66 1.29 1.62 0.39 0.08
CHR-82-200 97.56 0.61 2.19 0.40 0.11
CHR-81-111 92.54 0.73 2.66 1.10 0.10
CHR-82-203 97.89 0.60 0.04 0.31 0.02
CHR-82-202 97.55 0.98 0.03 0.33 0.04
CHR-81-112 92.32 1.29 <0.01 0.40 0.01
CHR-81-153 88.42 2.52 0.05 0.68 0.01
CHR-81-154 95.21 0.72 0.02 0.11 0.05
CHR-81-22 93.21 0.88 0.02 0.35 0.01
CHR-81-24 81.74 8.34 0.03 2.72 0.01
CHR-81-71 97.33 0.71 0.02 0.25 0.01
CHR-81-158 94.88 0.28 0.02 0.24 0.28
CHR-81-46 85.86 0.20 1.20 0.50 0.15
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Table B -4. Gold and silver assays of selected samples from the El
Tigre mine

Sample
Number Description

Au
oz / ton

Ag
oz/ ton

CHR-81-K "brown clay" <0.005 0.04

CHR-81-BQ black-banded quartz 0.080 52.22

CHR-81-BC black calcite 0.020 3.00

CHR-81-WC white calcite 0.005 0.06



APPENDIX C

TONNAGE CALCULATIONS

The tonnage of vein quartz—silica is the product of:

1. Cross-sectional area of vein.

2. Average width of vein.

3. Conversion factor of volume to weight of quartz—silica.

Several assumptions about the shape of the vein at depth are 

necessary to estimate the size of the deposit:

1. The continuous outcropping veins running up canyon slopes are 

continuous at depth rather than filling sporatic pockets and are of 

uniform thickness.

2. The cross-sectional area of the vein can be approximated by a 

right triangle.

3. Quartz—silica is the predominant mineral of the vein and other 

minerals represent negligible quantities by comparison.

The volume-to-weight conversion factor for SiOg is approxi

mately 0.082 tons per cubic foot (McKinstry, 1948, p . 65). Because 

the vein exhibits widely varying minimum and maximum widths at the 

surface, the tonnage calculation is made for both figures. The true 

values of quartz—silica tonnage falls somewhere between the two values 

(table C - l ) .
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Table C - l .  Tonnage calculations of quartz-silica at the El Tigre mine and south of Turkey Park

Minimum

Horizontal
Distance

Location of Vein (feet)

Elevation
Difference

(feet)
Width
(feet)

Volume
( f t3)

Tonnage
(short
tons)

Au
(oz/
ton)

Ag
(oz/
ton)

Au
(oz)

Ag
(oz)

El Tigre mine 
top of contin
uous outcrops 
to level of 
adit 1

700 250 m ax .22 
min. 6

1,925,000
525,000

157,850
43,050

0.005
0.005

0.52
0.52

789a
215a

82,082?
22,386°

South of Turkey  
Park

north-northwest
sector

1,250 420 max. 26 
min. 12

6.825.000
3.150.000

559,650
258,300

0.005
0.005

0.18
0.18

2.798
1,292

100,737
46,494

south-southwest
sector

300 160 ave. 6 144,000 11,808 0.005 0.18 59 2,125

a. Includes 11 ounces gold recovered since 1941.

b. Includes 2,662 ounces silver recovered since 1941



APPENDIX D

MINERAL IDENTIFICATION

Techniques utilized in the identification of minerals include 

X -ray  diffraction, ore microscopy, and mineral staining.

X -ray diffraction techniques were utilized in identifying the 

gangue minerals, especially clays, and where enough sample was avail

able, some ore minerals. In most cases, the powder camera method was 

adequate. The sample was pulverized in an agate mortar and rolled 

into a glue spindle. I f  less sample was available, the pulverized sample 

was mounted on a glass spindle. The sample was loaded in a 

114.592-mm-diameter Debeye-Scherrer camera and irradiated for 4 to 6 

hours by copper radiation through a nickel filter on a Norelco X -ray  

generator. The X -ray diffractometer was preferred for identification of 

clays because the d spacing of the layers is readily apparent from the 

resultant peaks recorded on the chart. The pulverized sample was 

mixed with distilled water and acetone to form a slurry in the glass 

sample-holder plate. More sample was added and the whole pressed flat 

and allowed to dry overnight. The sample was analyzed on a Siemens 

X-ray diffractometer utilizing copper radiation and a nickel filte r.

Polished sections were utilized in identifying ore minerals too 

small to be extracted for X -ray  diffraction analysis. Rock slabs were 

ground and polished with successively finer grits down to 0.3 microns
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and observed under reflected light with an Epilex Pole microscope. 

Some minerals were further identified by wet microchemical techniques.

To distinguish potassium feldspar from quartz, sodium colbalti-

nitrite stain was utilized. Rock slabs polished down to 1,000 grit 

generally gave better results than thin sections. In  thin section, the 

alteration clays, possibly sericite(?), stain more readily than the 

potassium-feldspar phenocrysts. Alizarian red stain was utilized to 

distinguish massive calcite from massive quartz in rock slabs with 

generally satisfactory results.
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EXPLANATION

Sedimentary Units Extrusive Units Intrusive Units

Qal Alluvium

QTt Talus

Tpr Pinery Canyon rhyolite porphyry dikes 
possibly postcaldera(?).

Trs Rhyolite stocks

Tal Alluvium —  gravel, sandy silt, and clay

Tfr

Tip

Flow-banded rhyolite

Latite porphyry flows —  possibly extrusive 
equivalent of monzonite porphyry(?).

Tmp Monzonite porphyry — holocrystalline
b — black, glassy monzonite porphyry

Trt Rhyolite tuffs and tuff breccias — poorly welded.

Tia Ida Peak andesite

Trts Rhyolite tuff breccias and sediments— inter
calated tuff breccia and banded sand and 
silt.

Trc Rhyolite Canyon Formation— moderately welded 
ash-flow tuffs.

Tec El Tigre conglomerate— gravel-cobble con
glomerate.

Intercalated sediments— siltstones, calcareous 
siltstones, and arkosic sandstone.

Basaltic andesite —  flows, flow breccias, and 
hornfels. 
v — vesicles 
a — amygdules 
fb — flow breccias 
h — hornfels

Kb Bisbee Group— siltstones, mudstones, shales, 
and arkosic sandstones.

Tbrd Biotite rhyolite porphyry dikes —  exact strati
graphic position uncertain.

Contact— showing dip. Dashed where approximate.

Fault— dot and bar on downthrown side. Dashed where approximate. Dotted where concealed.

Strike and dip of bedding > Adit

Strike and dip of flow > < Trench

Strike and dip of fractures X Prospect pit

Quartz-silica vein

A. Geology by K. S. Tsuji
B. Modified from Lotto (1983)
C. Modified from Chakarun (1973)
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FIGURE 3

GEOLOGIC MAP OF THE PINERY CANYON AND IDA PEAK AREAS

KARL SEI TSUJI, M S. THESIS, DEPARTMENT OF GEOSCIENCES, UNIVERSITY OF ARIZONA, 1984
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GEOLOGIC UNITS

Biotite rhyolite porphyry dike

El Tigre conglomerate

Basaltic andesite, flow breccia, 
and hornfels

LEGEND

Contact

Strike and dip of flow

Strike and dip of bedding

Strike and dip of fracture

Adit

Trench

Decline

Intermittent spring 

Ore bin and rails

Dirt road, dashed where impassable or 
under construction

0 @ #  Vein outcrops
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Geology by K. S. Tsujl 
Topography modified and enlarged from 

USGS Rustler Park, Arizona 
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FIGURE 5

SURFACE GEOLOGIC MAP OF THE

EL TIGRE MINE
COCHISE COUNTY, ARIZONA

X.

KARL SEI TSUJI, M. S. THESIS
DEPARTMENT OF GEOSCIENCES, UNIVERSITY OF ARIZONA, 1984
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EXPLANATION
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-r izm zz  Inferred location of underground workings
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'  edge of adit 2

winze
to adit 2 ^ «

Approximate location of the 
biotite rhyolite porphyry dike

FW: c
HW= bs, ba, h

winze
fi^r-to adit 2

(blocked)

HW: c ^

ADIT 2
Length: 125 feet, S. 39® E 
Width: 13 feet maximum 
Height: 14 feet

ADIT I
Length: 30  feet, S. 15® E. 
Width: 8  feet maximum 
Height: 4  to 5 feet

(blocked)

ADIT 5
Length: 75 feet, N. 87® E. and S. 35® E. 

. 38®E. Width: 6  to 7 feet
Height: 5 to 7 feet

FW: c, py

FW

m  FW: bs, ba, hHW >

ADIT' 4
Length: I20(?) feet, N. 58® E. and S. 40® E.

Height: 6  to 7 feet

access road

ADIT 6 (inclined 25°) 
Length: 4 5  feet, S. 30® E. 
Width: 6  to 8  feet 
Height: 5 feet

ADIT 7  
Length: 
Width: 
Height:

py, Fe ox

18 feet, N. 60® W. 
5 to 6  feet 
4 to 5 feet

ADIT 8
Length: 3 0  feet, S 
Width: 3 to 4  feet 
Height: 4  to 5 feet

EXPLANATION

1111Quartz-silica
c-calcite
Mn ox—manganese oxide-hydroxide ("brown clay")
Fe ox—limonite and hematite
py-pyrite

Biotite rhyolite porphyry dike

El Tigre conglomerate

Geology and adit dimmensions except 
adit lengths by K. S. Tsuji.

Adit lengths from Waegli (per. comm., 1982)

SCALE: |: 240

4 0  60  80 100 feet

30  meters

N

12 1/2"

Basaltic andesite, hornfels, and black shale 
ba-basaltic andesite 
h-hornfels 
bs—black shale

FW Footwall

HW Hanging wall

72
Strike and dip of fractures

FIGURE 7: UNDERGROUND MAPS OF THE EL TIGRE MINE

KARL SEI TSUJI, M.S. THESIS
DEPARTMENT OF GEOSCIENCES, UNIVERSITY OF ARIZONA, 1984




