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ABSTRACT

The Tyndall mining district, located in the Santa
Rita Mountains, Santa Cruz County, Arizona, has produced
500,000 ounces of silver. Mineralized quartz veins includ-
ing the Alto Group, the Salero, and the Jefferson veins
are hosted by the Jurassic Squaw Gulch Granite, Cretaceous
Salero Formation, and Cretaceous Josephine Canyon Diorite.
Alteration is limited to regional propylitization. These
veins are vertical with a northwest orientation and are
composed of quartz, pyrite, tetrahedrite, galena, sphale-
rite, and chalcopyrite. Three phases of quartz were identi-
fied: early barren quartz, ore stage quartz, and late
barren quartz. Filling temperatures of 300°C and 240°C
for the first and second quartz phases, respectively, were
determined by homogenizing fluid inclusions. Geochemical
sampling of mine dumps show high silver values, a molybde-
num anomaly, and high gold values in the Alto Group veins.
Microprobe analyses indicate that silver proxies for copper
in tetrahedrite rather than occurring in discrete silver

minerals.



INTRODUCTION

Statement of Problem

Within the past few years, silver and base metal
prices have fluctuated dramatically. Consequently, once-
abandoned silver mining districts are being re-evaluated
for their economic potential, both as silver producers and
as indicators of porphyry copper or molybdenum mineraliza-
tion. Commonly, porphyry base metal deposits have periph-
eral silver-lead vein-type deposits. One silver district
with such potential is the Tyndall mining district, located
in the southern portion of the Santa Rita Mountains in Santa
Cruz County, Arizona. This system of mineralized quartz
veins, occurring within a suite of Mesozoic plutonic, sedi-
mentary, and volcanic rocks, has been mined sporadically
since the late 1600's. Because little work has been done
on the veins in the area, it seemed ideal for a comprehen-
sive study of the geology, mineralization, and attendant

alteration associated with these veins.

Geography
The Tyndall mining district is located 60 miles
south of Tucson, Arizona, on the western flank of the Santa
Rita Mountains. Access is gained by the Salero Road which
exits northward three miles south of Patagonia on Highway 82

1



(fig. 1). The overall district extends south from Mount
Wrightson to Sonoita Creek and westward from the crestline
of the Santa Rita Mountain range. The study area comprises
a major portion of the district, the topography of which is
rugged. The eastern boundary of the study area is demar-
cated by the crest of the Santa Rita Mountains which trend
north-south. The elevation of the eastern margin of the
study area attains a maximum of 6,400 ft. The southwestern
margin of the study area lies in the narrow valley between
the Santa Rita Mountains and the Grosvenor Hills to the west.
The elevation of the western boundary is approximately 4,400
ft. Several ancillary east-west ridges constitute the north-
ern portion of the study area, while the north-south trend-

ing Salero Mountain comprises the southern portion.

History

Mining commenced shortly after the arrival of the
Jesuit fathers in the 1680's. The Jesuits discovered and,
using impressed Indian labor, mined enriched outcrops in
the Salero and Alto areas. At the time of the Gadsden Pur-
chase in 1853, these mines had long been abandoned due to
Apache raids. Anerican prospectors began working in the
area again in the 1850's under military protection of the
United States. When these troops were withdrawn during the
Civil wWar, the Apaches again drove out the miners. 1In the

1870's, mining was renewed and continued sporadically until
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the 1940's. The Baca Float #3 Mineral Segregation portion
of the Luis Maria Baca Land Grant, extending from the Salero
mine north to the Alto Group, comprises a major portion of
the study area. Presently it is private property, while

the rest of the study area lies in the Coronado National
Forest. Production figures for the Alto Group are 3,500
tons of ore with average metal values of 12 percent lead,

14 ounces per ton silver, and 3 percent copper (Keith, 1975).
The most productive years of the district were 1913-1914,
1923-1928, and 1942 when the Jefferson Mine was in produc-
tion. Total estimated production for the district is 56,000
tons of ore yielding 9,400 tons of lead, 2,800 tons of zinc,
480,000 ounces of silver, 1,260 ounces of gold, and 500 tons
of copper. At 1981 prices, the total value of production is
approximately $18 million. The major veins in the area
include the Alto Group, the Bland vein, and the Salero mine.
A generalized sketch of the study area and major veins and

mines is included (fig. 2).

Method of Treatment

Previous work on the mineral deposits of the Santa
Rita Mountains is limited. The classic reference 1is
Schrader's treatise entitled "The Geology and Mineral Depos-
its of the Santa Rita and Patagonia Mountains" published in
1915. He described important mining districts in the region

and compiled a reconnaissance geologic map of the two mountain
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6
ranges. More recently, Harald Drewes has mapped the geology
of the Santa Rita Mountains and published the Mount Wrightson
(1971a) and Sahuarita (1971b) 15-min quadrangles. As a
corollary, Drewes has published numerous papers concerning
the Cenozoic rocks (1971a), structural geology (1972b), and
plutonic rocks (1976) of the Santa Rita Mountains.

This project was undertaken as a detailed study of
the geology, alteration, ore paragenesis, geochemical zoning,
and hydrothermal geochemistry of the mineralized vein system
in the Tyndall mining district. Although Drewes' work has
provided an excellent geologic and tectonic framework for
this project, the mineral deposits were given only passing
mention. The vein system in the study area is hosted by a
suite of Mesozoic sedimentary, plutonic, and volcanic rocks
which have responded differently to alteration and minerali-
zation. The study was divided into four parts, each of
which will be dealt with in a separate chapter:

1. A description of the geology and alteration within
the study area.

2. A summary of ore and gangue mineral paragenesis and
mineral zoning.

3. Recognition of regional metal zoning patterns.

4. Determination of hydrothermal geochemistry.
To accomplish these objectives, various techniques were
employed and will be described according to the preceding

outline.



1. An area of approximately 5 sqg mi was mapped at a
scale of 1" = 500' (1:6000). Attendant geologic cross-
sections were constructed to facilitate the understanding of
geologic relationships. Petrography was used to describe
rock types and various alteration assemblages.

2. Polished sections of ore samples were examined micro-
scopically to determine the paragenesis of ore and gangue
minerals. In addition, the occurrences of all ore and gangue
minerals noted during the course of fieldwork were compiled.

3. Thirty-five dump samples were analyzed for their
base- and precious-metal content. These assays were then
plotted in various ways to determine regional metal zoning
patterns.

4. The hydrothermal geochemistry of the mineralizing
fluid was characterized by studying fluid inclusions within

the vein material.



GEOLOGY

The composite geology of the study area is one of
Jurassic granitic basement covered with a thin veneer of Upper
Cretaceous sedimentary and volcanic rocks and intruded by an
Upper Cretaceous diorite pluton (figs. 3 and 4, in pocket).
The oldest unit in the study area is the Jurassic Squaw Gulch
Granite (Js). Characterized as a coarse-grained normative
granite, this unit forms the basement from which Upper Creta-
ceous Salero Formation was derived and upon which it was depos-
ited. The Salero Formation is divided into two facies: a mas-
sive sedimentary breccia of limited disribution (Kssb), occur-
ring both as a basal unit and as lenses within the overlying
arkose, and as a widely distributed arkose (Ksa). The Salero
Formation dips gently tc the southwest. Intruding both the
Upper Cretaceous Josephine Canyon Diorite. Two phases of the
diorite have been identified: an older quartz diorite (Kj) and
and a younger quartz monzonite (Kjgq). Unconformably overly-
ing the Salero Formation is the Upper Cretaceous quartz latite
porphyry (Klp). Volumetrically minor, the quartz latite por-
phyry is the youngest unit in the study area. Mineralized
quartz veins of suspected Oligocene age crosscut all lithol-
ogies in the study area. Major veins include the Alto Group
veins, the Bland vein, and the Salero vein.

8



Squaw Gulch Granite

The oldest unit in the study area is the Squaw Gulch
Granite. Three specimens have been radiometrically dated by
Drewes (1976). Zircons have yielded dates of 160 + 20 m.y.
and 161 + 20 m.y. by the lead-alpha method. An age of 145
+ 4 m.y. was obtained on biotite by the potassium-argon
(K=Ar) method. The discrepancy of the younger date may be
due in part to chlorite contamination of the biotite. Both
radiometric dates and field relationships indicate that the
Squaw Gulch Granite is of Middle Jurassic age (Drewes, 1976).
The granite, although it is not well exposed at the surface,
forms the basement of the western portion of the study area
(fig. 3, in pocket).

The Squaw Gulch Granite, a normal coarse-grained
granite, includes small lamprophyre dikes as a minor phase.
The pink color, lack of mafic minerals, and coarse-grained,
equigranular texture are diagnostic of the granite. Highly
resistant to weathering, the granite forms knobs and ridges
with characteristic steep slopes and blocky outcrops where
exposed. Petrographically, the coarse-grained nature of the
Squaw Gulch Granite is readily apparent. The average grain
size of the quartz and feldspar crystals is 1-2 cm. Major
mineral constituents of the granite include orthoclase,
quartz, and plagioclase; minor constituents of the granite
include muscovite and biotite. Point counts (Drewes, 1976)

show the average modal composition as orthoclase, 45.8
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percent; quartz 26.9 percent; plagioclase, 24.5 percent;

biotite, 1.5 percent; with trace amounts of magnetite.

Salero Formation

The Upper Cretaceous Salero Formation is the most
widely distributed lithology in the study area. Two facies
of this unit have been identified: a sedimentary breccia of
limited distribution and a much more abundant arkose unit.
Both lithologies are moderately susceptible to weathering
and form the low sloping hills in the western portion of the
study area. A K~-Ar date of 71 ¢+ 2 m.y. of the Salero Forma-

tion was obtained by Drewes (1971a).

Sedimentary Breccia

Occurring as a massive basal unit and as isolated
lenses within the overlying arkose, the sedimentary breccia
consists of angular to subangular clasts of Squaw Gulch
Granite, minor lamprophyre, and rare porphyritic, vesicular
andesite supported by an unsorted matrix of detritus derived
from the granite (fig. 5). Clasts of all lithologies range
in size from that of pebbles to that of boulders. The
matrix is composed of smaller granitic rock fragments or
individual orthoclase, quartz, or plagioclase grains. Char-
acteristically pink with a pink or greenish groundmass, the
sedimentary breccia is a distinctive unit easily recognized
in the field. The massive, unsorted nature of this unit

gives no clue to bedding orientation.






12
Arkose

Several lithologies, including arkose, arkosic con-
glomerate , and volumetrically minor siltstone, have been
identified within the arkosic facies of the Salero Formation
In general, the arkosic facies is coarse grained and conglom
eratic near the contact with the basal sedimentary breccia,
gradually becoming finer grained higher in the sequence.
This Ffining-up sequence is periodically interrupted by the
continued influx of coarse-grained material, including sedi-
mentary breccia and arkosic conglomerate. The arkosic con-
glomerate , green in color, is composed of sand-sized rock
fragments, quartz and feldspar grains, and diagnostic peb-
bles and cobbles of the Squaw Gulch Granite. Composition-
ally the arkose is 1identical to the arkosic conglomerate,
with the exception of the granitic pebbles and cobbles.
Contacts with the sedimentary breccia are invariably sharp.
Cobbles of granite are abundant in the arkose adjacent to
the sedimentary breccia but decrease upward within several
meters to isolated occurrences.

The massive nature of this fTacies of the Salero
Formation results in characteristic rounded outcrops. The
presence of rock fragments of granitic composition serves
to indicate both its sedimentary affiliation and the source
rock. Both facies of the Salero Formation are derived from

erosion of the Squaw Gulch Granite. Bedding, recognized in



13
isolated siltstone beds within the arkose, indicates a

slight dip to the southwest.

Summary

The composition, proximity, and immature nature of
the Salero Formation indicate that the unit was derived from
and deposited upon the Jurassic age Squaw Gulch Granite.
Paleotopography was steep during deposition, as evidenced
by the immaturity of the sediments and the knobs of older
granite protruding through the Salero Formation. Drewes
(1972) stated that the Salero Formation has a maximum thick-
ness of 175 m. These observations result in the depiction
of the Salero Formation as a thin veneer overlying the Squaw
Gulch Granite (fig- 4, in pocket). The origin of the sedi-
mentary breccia is problematical; 1 speculate that the unit
may represent debris flows or alluvial fans. The cyclic
nature of deposition of the sedimentary breccia may reflect

pulses in early Laramide tectonism.

Josephine Canyon Diorite
The Upper Cretaceous Josephine Canyon Diorite occurs

as an elongate north-south trending pluton forming the core

of the Santa Rita Mountains. Two phases of the diorite have
been recognized: an older quartz diorite and a younger
quartz monzonite. Several dates of both phases were deter-

mined by Drewes (1976). A K-Ar date of 67 = 7.0 m.y. was

obtained on the quartz diorite and three lead-alpha dates
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of the quartz monzonite yielded ages of 62 + 10, 61 + 10,
and 63 = 10 m.y. Field observations within the Tyndall min-
ing district show that the quartz diorite is incestuously
intruded by the later quartz monzonite phase. Figure 6

shows a quartz monzonite dike intruding the quartz diorite.

Quartz Diorite

Highly susceptible to weathering, the quartz diorite
typically forms smooth rounded slopes of rubble-crop charac-
terized by cobbles 15-20 cm in length. These slopes appear
deceptively easy to traverse, while climbing such a slope is
laborious. The quartz diorite comprises the bulk of Salero
Mountain and occurs as small apophyses in the northeastern
portion of the study area. Characteristically gray-green in
color, the quartz diorite has a fine-grained, equigranular
texture. Petrographically, jackstraw plagioclase, ortho-
clase, pyroxene, quartz, and magnetite compose the unit.
Point counts by Drewes (1976) give the following average
modal composition: plagioclase, 56.1 percent; orthoclase,
14.0 percent; quartz, 8.5 percent; hornblende, 6.6 percent;

pyroxene, 5.3 percent; and maghetite, 3.0 percent.

Quartz Monzonite

In contrast to the slope-forming quartz diorite,
the quartz monzonite is a highly resistant unit which forms
steep ridges and blocky outcrops. This unit occurs as a

small apophysis on the top of Salero Mountain and as a large
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Figure 6. Resistant quartz monzonite dike intrud-
ing the quartz diorite 500 m southwest of the Jefferson
Mine along the south jeep trail. -- Both units are phases
of the Josephine Canyon Diorite. Scale is 10 cm in length.
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mass along the eastern boundary of the study area. Charac-
teristically pink, the quartz monzonite has a fine- to
medium-grained equigranular texture. Petrographically, the
major constituents include approximately equal amounts of
orthoclase and plagioclase with a lesser amount of quartz.
Minor constituents include biotite, hornblende, and magne-
tite. Point counts (Drewes, 1976) indicate the following
modal composition of the quartz monzonite: orthoclase, 38
percent; plagioclase, 33 percent; quartz, 19 percent; bio-
tite, 4 percent; pyroxene, 2 percent; hornblende, 2 percent;

and magnetite, 2 percent.

Quartz Latite Porphyry

The youngest lithology in the study area is an
Upper Cretaceous quartz latite porphyry. No isotopic age
determinations of this unit are available. Volumetrically
insignificant, the quartz latite porphyry caps a small hill
northwest of the Salero Mine. The origin of this unit Iis
obscure due to limited exposure in the study area. I
believe the quartz latite porphyry to be an erosional rem-
nant of a lava flow. Three other outcrops of this unit,
all less than a square kilometer iIn area, are located within
15 km of the study area (Drewes, 1971a). Petrographically,
the quartz latite porphyry is composed of two phenocryst
populations and an aphanitic groundmass. Large 0.5- to 1-cm

euhedral orthoclase phenocrysts comprise one phenocryst
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population; the second population is composed of small 1-mm
phenocrysts of plagioclase, orthoclase, and quartz. Rock
fragments are present as a minor constituent, and are usually
0.5 to 1 cm iIn size. The porphyritic nature of this unit

may indicate a hypabyssal origin.

Quartz Veins

The emplacement of mineralized quartz veins post-
dates the sedimentary and igneous rocks in the study area
(fig- 3, 1In pocket). Drewes (1972b) has dated the quartz
veins as Oligocene by field relationships not exposed in the
Tyndall district. No radiometric dates of the veins are
available. The predominant orientation of the quartz veins
is east-west with steep to vertical dips. Although most of
the veins are discontinuous, several veins have a strike
length of 2 km or more. The Alto Group veins, the Bland
vein, and the Salero vein (fig. 2, in pocket; Tfig. 3, 1in
pocket) are the major veins in the study area iIn terms of

both persistence and production.

Description

At the surface, the quartz veins consist of hematite-
and manganese-stained quartz. Relict boxworks indicate the
original presence of sulfide minerals. Although some veins
consist of a single quartz-filled planar vein, more commonly
the vein represents a complex zone of smaller veins (fig. 7;

fig. 8, in pocket). Figure 8 is a detailed (1:100) outcrop
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Figure 7. Two surface exposures of veins in the
study area. -- The upper photograph shows a single silici-
fied zone in the quartz diorite located in the vein system
1 km west of the Sunshine prospect. The bottom photograph
shows a complex zone of small veins in the arkose facies of
the Salero Formation 200 m east of the Wandering Jew camp
(same location as figure 8, in pocket).
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map of the surface exposure of a complex vein. The average
width of the veins is 1 m, but 3- to 5-m-wide zones are not
rare. Not surprisingly, the wider zones were better miner-
alized and for the most part have been stoped out. Several
veins, notably the Alto and Bland veins, are remarkably
continuous and extend for 2 km through the entire study area
and beyond. All of the veins pinch and swell and in many
cases the pinched zones are characterized by manganese
staining and weak silicification. Many of the guartz veins,
particularly in the northern portion of the study area,
bifurcate and commonly horsetail. Vein quartz is commonly
euhedral and forms cockscomb textures. The mineralogy and
paragenesis of the veins will be treated in the subsequent
chapter.

Three populations of veins were recognized during
the course of fieldwork. The first group, those veins north
of the Alto Group, are fairly continuous and contain moder-
ate amounts of pyrite and tetrahedrite. The second group
includes the Alto Group veins and the Bland vein. These
veins are extremely continuous and contain abundant pyrite
and tetrahedrite. The final group of quartz veins includes
the veins south of the Bland vein. Described as thin and
discontinuous, these veins, with the exception of the Salero
and Jefferson veins, are poorly mineralized. All of these

veins contain almost no pyrite and only minor tetrahedrite.
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It 1s worth noting that within the Salero Formation the
veins are extremely wide, long, continuous, and well min-
eralized; 1in contrast, the veins are poorly developed or

pinch out completely in the plutonic rocks.

Alteration

Regional alteration within the study area can gener-
ally be characterized as propylitization, but with manifestly
different mineral assemblages and intensity of alteration
within the various units (table® 1). The alteration minerals
recognized include epidote, chlorite, quartz, and orthoclase.
Alteration assemblages are veinlet or fracture controlled by
the host rock type, such that alteration, although poorly
developed in the plutonic rocks in the study area, 1is strik-

ing In the sedimentary rocks of the Salero Formation.

Plutonic Rocks

Various alteration assemblages have been recognized
in the three plutonic host rocks. Highly resistant to the
quartz veins and attendant alteration, both the Squaw Gulch

Granite and the quartz monzonite phase of the Josephine

Canyon Diorite show only discontinuous, poorly developed
quartz veins and veinlets with no alteration selvages. No
alteration minerals other than quartz were identified in
either of these units. In contrast, the quartz diorite

phase was more susceptible to alteration, Epidote, ubiquitous
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throughout this unit, occurs both as fracture coatings and
as rare veinlets with quartz or orthoclase. Figure 9 shows
two examples of such veinlets. These veinlets average 0.5-

to 1-cm wide and are continuous at outcrop scale.

Salero Formation

The most extensive alteration associated with the
veins iIn the Tyndall mining district is recognized within
the Salero Formation. The sedimentary breccia displays
abundant orthoclase + epidote = quartz veins (fig. 10).
These veinlets are usually 1- to 2-cm wide, continuous on an
outcrop scale, and are most intense within 100 to 200 m of
large veins such as the Alto Group veins and the Bland vein.
In addition, mafic minerals in the sedimentary breccia dis-
play intense chloritization within 100 to 200 m of the large
veins. Several outcrops of the sedimentary breccia display
orthoclase-enhanced margins set in a chloritized groundmass
(fig. 10). In contrast, alteration within the arkose 1is
limited primarily to chloritization. Chlorite occurs both
pervasively and as coatings on fracture surfaces. Isolated
occurrences of disseminated epidote are also present within
the arkose. There does not appear to be any lateral zoning
of alteration within the study area; the alteration implies

only minor hydrolysis and alkali-alkali earth leaching.
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Figure 9. Two examples of veinlet-controlled
alteration in the quartz diorite phase of the Josephine
Canyon Diorite. -- Top, a photomicrograph of a quartz (trans-
parent) and epidote (translucent) veinlet. Bottom, a K-
feldspar vein with an epidote centerline. Both veinlets are
located in the diorite apophysis cut by the Alto Group
veins.



Figure 10.
within the sedimentary breccia facies of the Salero Formation.

lets with K-feldspar selvages and chloritized mafic minerals. Right,

enhanced clast margins in a pervasively chloritized groundmass.
in the clasts are also chloritized.

hill within meters of the Alto Group veins.

Examples of both veinlet-controlled and pervasive alteration

-- Left, epidote vein-
K-feldspar

Mafic minerals with-
Both photographs were taken on the top of the

e
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Structural Setting

In general, the central portion of the Santa Rita
Mountains, composed of the Squaw Gulch Granite, Josephine
Canyon Diorite, and other plutonic rocks, 1is unaffected by
faulting. In contrast, the Paleozoic and Mesozoic sedimen-
tary rocks that comprise the outer flanks of the range are
dissected by intense faulting (Drewes, 1971a). No struc-
tures, with the exception of the Oligocene age quartz veins,
were identified in the study area during the course of TfTield
work. Drewes has attributed this lack of faulting in the
Salero area to the massive, resistant nature of the plutonic
rocks forming the bulk of the area.

The lack of offset of geologic contacts across the
quartz veins (fig. 3, 1In pocket) has led to the suggestion
that the quartz veins were emplaced in brittlely fractured
country rock. Drewes (1972b) suggested that these east-west
quartz veins are tension fractures related to large faults
north and south of the study area. These faults are the
west-northwest-trending Salero fault to the southwest and
the northwest-trending Santa Rita fault scar to the north-
east of the study area.

No evidence of folding within the sedimentary units
was recoghized, but the vast majority of outcrops are
massive and display no measurable bedding orientations.

Rare siltstone lenses within the arkose facies of the

Salero Formation have measurable bedding orientations which



generally strike west-northwest and dip shallowly to the
southwest. No systematic shifts in strike or dip indica-

tive of folding were noted.
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PARAGENESIS

Understanding the paragenetic sequence of minerali-
zation must, along with thermal information, provide the
necessary Tframework upon which regional metal zoning pat-
terns and hydrothermal geochemistry can be constructed. A
clear grasp of mineral occurrences and their paragenesis
aids in i1dentifying geochemical trends and metal zoning.
Finally, determination of the paragenesis of gangue minerals
is necessary before the evolution of the hydrothermal fluids
responsible for mineralization can be documented.

A total of 75 vein samples were slabbed and 25
polished sections were prepared to determine the paragenesis
of ore and gangue minerals. Figure 11 summarizes the para-
genetic sequence of mineralization. The sulfide minerals
identified include pyrite, tetrahedrite, galena, sphalerite,
chalcopyrite, and minor pyrargyrite, bornite, and chalcocite.
Quartz, calcite, siderite, and barite comprise the gangue
minerals identified during the study. To facilitate this
discussion, the paragenetic sequence has been divided into
three sections corresponding to the three generations of
quartz outlined in figure 11. Mineralization commenced
with deposition of a coarsely crystalline barren quartz and
pyrite phase identified as White Quartz 1. Ore deposition
occurred almost exclusively with an intermediate clear gray

27
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calcite
sicerite

barite

Figure 11. Mineral
the Tyndall mining district

paragenesis
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in quartz veins of
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quartz phase, Clear Quartz 1. Finally, a minor late phase of
drusy quartz, labeled White Quartz 11, was deposited upon
the older phases of quartz. The remaining gangue minerals
were deposited last. Detailed mineralogic differences
between the individual veins are discussed at length in the
mineral zoning chapter, but generally the White Quartz 1
phase is found in the Bland, the Alto Group, the Wandering
Jew, and the Salero veins, Clear Quartz in all the veins,
and the White Quartz 11 locally in the Alto Group and the
Bland veins. Barite, siderite, and calcite occur only

sporadically in those veins near the Sunshine prospect.

White Quartz 1

The earliest phase of mineralization consists of
coarsely crystalline milky quartz with minor pyrite and rare
pyrargyrite. The quartz is euhedral and commonly forms a
cockscomb texture 1indicative of open space Filling. Figure
12 depicts the White Quartz 1 phase at the margin of the
vein with second generation Clear Quartz in the center.
Pyrite deposition began soon after quartz deposition was
initiated. Pyrite, the only major sulfide associated with
this episode of quartz deposition, occurs as small dissemi-
nated euhedral cubes and pyritohedrons. Pyrargyrite, a ruby
silver (Ag”"SbS”), was identified in several polished sec-

tions but not recognized in the field. The pyrargyrite, a



Figure 12. Typical ore sample showing both the
White Quartz I and Clear Quartz phases. =-- The coarsely
crystalline White Quartz I phase constitutes the margins
of the vein while the Clear Quartz phase, with associated
ore minerals, fills the centerline of the vein. This sam-
ple was collected along the Alto Group vein system.

30
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rare mineral species, was deposited as tiny blades intersti-

tial to quartz.

Clear Quartz

Strikingly different from the White Quartz 1 phase,
this episode of quartz deposition is characterized by clear,
gray, microcrystalline quartz containing significant amounts
of sulfide minerals. Ore mineral deposition occurred almost
exclusively during this second generation of quartz. Two
associations of sulfide minerals were recognized: pyrite-
tetrahedrite and galena-sphalerite-chalcopyrite.

In contrast to the coarsely crystalline quartz
described in the previous section, the silica of this Clear
Quartz generation is gray, microcrystalline, and massive.
Again, the style of mineralization is open space Tilling.
Sulfides are deposited within quartz vugs with little evi-
dence of replacement. The sulfide content within this
assemblage varies, but is much higher than the sulfide con-
tent of the Tfirst generation White Quartz 1. Figures 12 and
13 illustrate the continuum iIn total sulfide content. Vein
material in figure 12 is composed of quartz with minor sul-
fide; figure 13 shows both a vein with approximately equiva-
lent amounts of sulfide and an example of almost massive
sulfide. In the final example, massive pyrite is cut by a

tetrahedrite-quartz vein.
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Figure 13. Typical ore sample polished sections.
-- Top, early massive pyrite cut by a tetrahedrite-quartz
vein. Bottom, a drusy coating of quartz and sphalerite of
the White Quartz I1 phase over the Clear Quartz ore phase.
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Pyrite and tetrahedrite are intimately associated.
Deposition of pyrite took place both prior to and coeval
with tetrahedrite deposition. Although pyrite was deposited
throughout the paragenetic sequence, pyrite associated with
the tetrahedrite 1is distinctive. This pyrite occurs as
abundant large, striated pyritohedrons. The tetrahedrite
occurs as massive centerline fillings ranging from 2 mm to
2 cm in width. Microcrystalline hexagonal hematite plates
occur 1in narrow zones 1-to 2-mm wide within the quartz and
pyrite. Examples of this episode of mineralization are
included in figures 13 and 14. Figure 13 shows massive
pyrite cut by a later tetrahedrite veinlet. Microscopically,
tetrahedrite is also disseminated throughout the pyrite
along with minor amounts of quartz. Figure 14, two photo-
micrographs, shows a vug in the earlier quartz and pyrite
assemblage filled with tetrahedrite.

A second common sulfide association recognized 1in
the Clear Quartz phase is that of galena, chalcopyrite, and
to a lesser extent, sphalerite. Although galena and chal-
copyrite invariably occur together, the vein system is
enriched in galena with respect to chalcopyrite. Generally,
chalcopyrite 1is identified as small isolated exsolved blebs
within large masses of galena, although these relative
abundances vary locally. Two generations of spahlerite have
been identified in the veins of the Tyndall mining district:

an earlier phase associated with the galena and chalcopyrite



Figure 14. The two sulfide assemblages in the
Clear Quartz ore phase are pictured in the photomicrographs
of the polished sections. -- Top, a vug in the dull gray
quartz and coeval brassy yellow pyrite filled with bright
gray tetrahedrite. Bottom, a vug in dull gray quartz filled
with bright gray coeval galena, bright yellow chalcopyrite,
and dark gray sphalerite. Both samples are from the Alto
Group veins.
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and a later phase associated with the third generation White
Quartz I1l. The galena, sphalerite, and chalcopyrite were
deposited in quartz vugs and display an open space fTilling
texture. With limited exceptions, no replacement textures
were recognized during the mineragraphic study. Polished
sections show only minor replacement of chalcopyrite by
bornite and chalcocite. Grain boundaries between and cracks
within chalcopyrite grains acted as loci for bornite and
chalcocite replacement. Because this phenomenon is rare
and probably of supergene origin, bornite and chalcocite are

not included iIn the hypogene paragenetic sequence.

White Quartz 11

The third and final phase of quartz deposition
recognized within the veins of the Tyndall mining district
is a drusy surface coating of quartz and sphalerite identi-
fied as White Quartz 11I. Insignificant volumetrically, this
assemblage was noted sporadically within the Bland, Alto
Group and Wandering Jew veins. The quartz and sphalerite
crystals are approximately 5 mm in diameter. A typical
example of this assemblage is shown in figure 13. Massive
second generation quartz + pyrite + tetrahedrite 1is coated
with a veneer of sphalerite and quartz of the White Quartz

Il episode.



Calcite, Siderite, and Barite

Other gangue minerals recognized during this study
include calcite, siderite, and barite. Distributions of
these minerals within the study area are depicted in figure
20 (p- 46). Two episodes of calcite deposition were recog-
nized: light brown massive calcite associated with the
second generation Clear Quartz and coarsely crystalline
white calcite deposited late iIn the paragenetic sequence,
after White Quartz Il. Siderite has been recognized as tiny
brown rhombs coating earlier quartz and calcite. Barite,
recognized as white bladed masses associated with pyrolusite
and psilomelane, was identified at a few isolated localities.
The relative paragenetic relationships between these miner-
als are largely inscrutable because of their limited distri-
butions. All three, with the exception of the early calcite

generation, are paragenetically late.

Microprobe Analyses

Electron microprobe techniques were used to solve
two mineralogic problems; namely, to determine the silver
content of both tetrahedrite and galena and the copper-
arsenic-antimony composition of tetrahedrite. Polished sec-
tions of tetrahedrite and galena located in figure 15 were
analyzed using a 5y beam and a 200-nA current. Two differ-
ent microprobe techniques were used in solving the composi-

tion problems. First, field-of-view scans for particular
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Figure 15. Location of microprobe samples. — See

figure 2 for mine and vein names.
samples. Sample 2- galena sample.

Sample 1- tetrahedrite
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elements were used to determine the qualitative presence and
distribution of those elements. Second, stationary beam
techniques were used quantitatively to determine weight per-
cents of a selected suite of elements.

Despite high silver geochemical assays reported in
the next chapter, only isolated occurrences of pyrargyrite
were found. Therefore, it was suspected that other minerals,
in particular tetrahedrite and galena, carried substantial
silver values. Determination of the silver content of tetra-
hedrite and galena required both scanning and stationary
beam techniques. When using scanning microprobe techniques,
fields of view containing multiple mineral phases were
chosen to faciliate qualitative estimates of various ele-
ments. Successive scans for iron, silica, and silver iIn a
sample of pyrite, tetrahedrite, and quartz are shown in
figure 16. Clearly, silver is enriched in the tetrahedrite.
A similar analysis of a galena and quartz sample entailing
successive scans of lead, silica, and silver (figure 17)
shows a similar enrichment of silver in the galena. Quali-
tatively, a lesser enrichment of silver in the galena, rela-
tive to the tetrahedrite, 1is obvious when the silver radia-
tion photographs of the two samples are compared. A
stationary beam was used on both samples to determine the
qualitative silver content. Silver within the tetrahedrite
averages 0.66 percent (table 2). Data on silver within

argentiferous galena is unreliable due to interference of
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Tetra-

. t
hedrite arts

Iron Scan
Quartz Pyrite

Silica Scan

Silver Scan

Figure 16. Series of Polaroid photographs showing
successive microprobe scans of iron, silica, and silver in
tetrahedrite. -- Sample la. Tetrahedrite lies in the upper
left-hand corner and pyrite occurs as the pentagonal-shaped
grain in the center of the photographs and in the lower
right-hand corner. Quartz surrounds both the pyrite and
the tetrahedrite.
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Galena

Lead Scan
Quartz
Galena

Silica Scan
Quartz
Galena

Silver Scan
Quartz

Figure 17. Series of Polaroid photographs showing
successive microprobe scans of lead, silica, and silver. --
Galena lies in the upper left-hand corner and center of the
photographs. Quartz occurs around the bottom and right-hand
margin of the photographs. This is sample 2 of the micro-
probe samples and was collected in an Alto Group vein.
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Composition of tetrahedrite determined by

microprobe analysis and normalized. -- Samples were taken
from an Alto Group vein.

Element Sample la Sample 1b
Cu 41.76 43.06
Fe 3.36 2.02
Ag 0.64 0.68
sb 21.62 26.30
As 7.60 2.92
s 25.02 25.02

100.00% 100.00%

Formula
1a CYy6.91781.00%90.105P2.95%51.03%13
1o Cu11.2570.60%90.10%3.58R%0.40%13
Ideal CulZSb4S13
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the silver peak by the lead peak, but preliminary results
suggest less than 0.5 percent silver within the galena.
Thus, substantial silver is carried in tetrahedrite, as
argentiferous tetrahedrite or freibergite. Galena carries
a lesser amount of silver as argentiferous galena.

Attempts to determine the degree of solid solution
between the end members of the tennantite-tetrahedrite ser-
ies identified in the study area met with repeated failure
until the electron microprobe was used. Tetrahedrite and
tennantite are impossible to differentiate in hand sample
but should be distinguishable in polished section by a
subtle color difference in greenish gray; I was unable to
discern it. X-ray diffraction patterns for the two endmem-
bers display almost identical peaks, but slightly different
cell size. The diffraction pattern of the unknown showed
peaks intermediate to the two standards, indicating the
Alto vein material to be a solid solution, not a pure end-
member. Microchemical techniques performed on polished sec-
tions yielded both arsenic and antimony. Microprobe analy-
ses using a stationary beam yielded copper, iron, arsenic,
antimony, and silver values in weight percent. A zinc peak
was recognized but not quantified. The lack of zinc data
necessitated recalculation to achieve stoichiometry (table
2). The two samples yielded arsenic:antimony ratios of
26:74 and 10:90. Although there is appreciable arsenic,

antimony is much more abundant, and the proper name for the
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mineral identified in the study area is tetrahedrite rather

than tennantite.

Mineral Zoning

Mineralized vein material obtained from mine dumps
during detailed mapping was examined both in the field and
microscopically. Minerals thus identified were divided into
three groups: sulfide-~sulfosalt, oxide-carbonate, and
gangue minerals. The distributions of these mineral groups
throughout the study area are summarized in figures 18, 19,

and 20, respectively.

Sulfide-sulfosalt Mineralogy

The eight sulfide-sulfosalt minerals identified
during the course of the study were pyrite, tetrahedrite,
chalcopyrite, galena, sphalerite, bornite, chalcocite, and
pyrargyrite. A definite pattern of pyrite distribution was
recognized. A higher total pyrite content was found in the
central portion of the study area along the Alto Group and
Bland veins with diminishing pyrite content to the north
and rare to absent pyrite to the south. Tetrahedrite,
although common throughout the study area, is abundant only
in the Alto Group and Bland veins. Sphalerite, galena, and
chalcopyrite occur together throughout the study area.
Bornite, chalcocite, and pyrargyrite were all identified

microscopically and are not evident in hand sample. All
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Figure 18. Distribution of sulfide-sulfosalt min-

erals on a schematic diagram of the veins in the study
area
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Figure 19. Distribution of oxide minerals in the
study area
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GANGUE MINERALS™

| Calcite
2~ 2 Siderite
3 Barite

\ *Quartz Ubiquitous

Figure 20. Distribution of gangue minerals in
the study area
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three minerals are rare and are present only as isolated

occurrences rather than important ore phases.

Oxide-carbonate Mineralogy

Jarosite, azurite, malachite, earthy hematite,
specularite, pyrolusite, and psilomelane comprise the oxide
minerals identified within the study area. Minerals in this
group, with the exception of pyrolusite, some earthy hema-
tite, specularite, and psilomelane, are not hypogene miner-
als but rather are weathering products of sulfides; they were
used as indicators of sulfide mineralogy. The distribution
of jarosite, a weathering product of pyrite, mimics the dis-
tribution of pyrite described in the previous paragraph:
abundant on dumps along the Alto Group and Bland veins, less
common on dumps to the north, and rare to the south. Azurite
and malachite, weathering products of chalcopyrite but not
tetrahedrite, are ubiquitous throughout the study area.
Red earthy hematite occurs both as tiny hexagonal hypogene
plates within veins and as minor weathering stains on the
mine dumps. Pyrolusite occurs as a stain along vein margins
and commonly traces zones where veins have pinched out.
Pyrolusite is extremely common throughout the study area
excepting the Alto Group and Bland veins, where it is rare
to absent. Finally, specularite and psilomelane were recog-
nized as minor hypogene minerals in a few isolated occur-

rences.
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Gangue Minerals
Gangue minerals identified within the study area

include quartz, calcite, siderite, and barite. Quartz is
ubiquitous throughout the study area and is by far most the
abundant gangue mineral. Calcite, common but not abundant,
is distributed in an annular pattern around the Alto Group
and Bland veins, where it is absent. Siderite and barite
are extremely rare and of limited distribution, generally

in the southern portion of the study area.

Summary

1. Three generations of quartz were identified: White
Quartz I, Clear Quartz, and White Quartz II. Ore deposition
occurred almost exclusively with the second generation of
quartz, the Clear Quartz stage.

2. Two sulfide-sulfosalt mineral associations were not-
ed: pyrite-tetrahedrite and galena-sphalerite-chalcopyrite.
Both assemblages were deposited with the Clear Quartz phase.

3. Microprobe analyses of limited samples indicate that
antimony is much more abundant than arsenic in the tennantite-
tetrahedrite phase, such that the appropriate mineral name
is tetrahedrite rather than tennantite.

4., Microprobe analyses indicate that the tetrahedrite
contains an average of 0.66 percent silver and is actually
argentiferous tetrahedrite or freibergite. Data for the

galena is less reliable, due to probe spectra interference,
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but the galena carries some silver values as argentiferous
galena.

5. Pyrite and tetrahedrite are abundant in the Alto
Group and Bland veins, less common in veins to the north,
and rare in the veins to the south. Galena, sphalerite,
and chalcopyrite are ubiquitous throughout the study area
but less abundant in the Bland and Alto Group veins.

6. Jarosite mimics pyrite distribution. Azurite and
malachite mimic chalcopyrite and not tetrahedrite distribu-
tion. Pyrolusite is common except along the Bland and Alto

Group veins, marking both vein margins and pinched out veins.



FLUID INCLUSIONS

The study of fluid inclusions is rapidly becoming
a prime tool in the study of the geochemistry of ore depo-
sition. Inclusions containing mineralizing hydrothermal
fluids can be identified in many transparent or translucent
minerals, such as quartz, fluorite, calcite, and sphalerite.
The average size of usable inclusions is 5-50 p. Most inclu-
sions are composed of two fluids, a liquid and gas bubble,
with associated solid phase daughter minerals. The filling
temperature of the hydrothermal fluid is ascertained by heat-
ing the sample on a specially designed stage and noting the
temperature at which the two fluids homogenize. Pressure
corrections based on reconstructed topography can be com-
bined with such homogenization temperatures to yield actual
filling temperatures during deposition (Roedder and Bodnar,
1980). The salinity of the solution is determined by first
freezing the sample and noting the melting point of the
resultant ice as the sample is then heated. Using the freez-
ing point depression, it is possible to calculate the salin-
ity of the hydrothermal fluid (Potter, Clynne, and Brown,
1978). Clues to additional ions carried by the hydrothermal
fluid are supplied by the presence of daughter mineral prod-

ucts within the inclusions.

50
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Introduction

Doubly polished thin sections from all three quartz
generations were prepared for analysis. Large, abundant in-
clusions were identified in the earliest generation of quartz,
denoted White Quartz I in the paragenetic sequence but
referred to also as barren quartz % pyrite in this chapter.
Several samples of the ore phase quartz, identified as Clear
Quartz in the paragenetic sequence, were examined, but only
rare, small inclusions were identified. The third generation
of quartz, identified as White Quartz II in the paragenetic
sequence, contained no inclusions whatsoever. Sample loca-
tions for the various samples are shown in figure 21. No

minerals other than quartz were examined for fluid inclusions.

Homogenization Temperatures

Figure 22 summarizes the homogenization temperatures
obtained for inclusions in the barren quartz * pyrite and the
ore phase Clear Quartz. Primary inclusions are denoted by
black squares, secondary inclusions by open squares. Subjec-
tive criteria for distinguishing primary versus secondary
inclusions was obtained from Roedder (1976). Generally,
inclusions which display a negative crystal form and lie at
least five inclusion diameters away from the nearest inclu-
sion were assumed to be primary. Many of the inclusions
labeled secondary may indeed be primary due to the lack of

refracturing. The 61 inclusions homogenized in the barren
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guartz * pyrite episode yielded a distinct peak of 290°C to
320°C. Homogenization of 24 inclusions in the ore phase
quartz yielded two distinct peaks. The 290°C to 310°C peak
of the quartz + pyrite phase is observed along with a major
230°C to 260°C peak. Due to the limited numbers of observa-
tions in the ore phase, it is impossible to say with certainty
if there is a continuum between the two peaks. Nonetheless,
there was a distinct temperature shift between the early
quartz * pyrite stage and the ore phase. The higher temper-
ature 290°C-320°C peak in the ore phase may well represent
earlier quartz deposition. Vapor-rich inclusions indicating

boiling were not identified in either quartz phase.

Salinity Data

Table 3 summarizes the measured points and calculated
salinities in both molal and weight percent for 17 primary
fluid inclusions within the early barren quartz + pyrite
stage. The average freezing point depression measured was
0.91°C with a calculated salinity of 0.27 + 0.007 molal, or
1.56 ¢+ 0.028 weight percent NaCl equivalent (Potter et al.,
1978). The extremely small size of inclusions within the
ore phase quartz precluded salinity determinations for hydro-
thermal fluids associated directly with ore deposition. No
daughter products were identified within either phase, so
the inclusions are generally of low salinity and low dis-

solved metals.
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Table 3. Determination of salinity of Tyndall
district fluid inclusions by measuring the freezing point
depression and calculating salinity in molal and weight

percent NaCl equivalent. -- Data from Potter (1978).
Freezing Point Molal NaCl Wt.% NaCl
(T°C) Indicated Indicated
-1.0 0.31 1.73
-0.5 0.15 0.87
-0.6 0.18 1.05
-1.5 0.45 2.56
-1.1 0.33 1.90
-1.4 0.42 2.41
-1.0 0.30 1.73
-0.1 0.03 0.18
-0.6 0.18 1.05
-0.8 0.24 1.39
-0.7 0.21 1.22
-0.6 0.18 1.05
-1.3 0.39 2.23
-1.8 0.54 3.05
-1.5 0.45 2.56
-0.7 0.21 1.22
-0.3 0.09 0.53
Average

-0.91 0.27 £+ 0.007 1.56 =+ 0.028
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Summary

1. Homogenization temperatures of 61 inclusions within
the early barren quartz + pyrite episode formed a peak at
290°C to 320°C with a maximum of 21 values at 300°C to
310°cC.

2. Two peaks were identified within the ore quartz
phase: a 290°C-310°C peak mimicking the early quartz t
pyrite peak and a major 230°C-260°C peak marking ore deposi-
tion.

3. No inclusions were identified within the third gen-
eration of quartz, White Quartz II.

4. The salinity of the fluids which deposited the White
Quartz 1 (barren quartz * pyrite) was low; the average value
is 1.56 + 0.028 weight percent NaCl equivalent.

5. No salinity measurements were possible on inclusions
within the ore phase due to the extremely small size of in-
clusions.

6. No daughter minerals were identified in inclusions

of any phase.



GEOCHEMICAL ZONING

Introduction

Geochemical methods are indispensable when examin-
ing a property for its economic potential. Assay values of
recoverable metals are used to determine not only the ore
grade but also to detect regional zoning patterns as a guide
to ore. Fire assays have been the traditional method of
quantifying precious metal content but in recent years the
atomic absorption method has been widely adopted due to its
versatility and accuracy in determining low metal values.

Sophisticated geochemical models have been developed
for many types of ore deposits. Those deposits pertinent to
this discussion include porphyry copper, stockwork molybde-
num, and low-grade bulk-tonnage silver deposits. The geo-
chemical signature of a typical porphyry copper deposit
includes a central zone of approximately 1 km2 enriched in
copper and molybdenum enclosed by annular shells enriched
successively outward in zinc, lead and silver, and manga-
nese. Generally speaking, copper and molybdenum are posi-
tively correlated, as are lead, zinc, and silver, Minerali-
zation is disseminated in the central base metal rich por-
tion of the deposit and vein controlled within the surround-
ing lead=-zinc-silver deposits. This relationship of marginal
lead, zinc, and silver vein deposits with porphyry copper
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deposits is well documented; examples include Bisbee, Butte,
Silverbell, and Mission. Exploitation of these vein-type
deposits predated and often led to the discovery of economic
porphyry copper deposits. Less well documented is the geo-
chemical signature of stockwork molybdenum deposits. The
association of copper and molybdenum is less striking in
these deposits compared to the porphyry copper deposits.
Trace elements are heavily relied upon in stockwork molybde-
num exploration but were not included in this study. Many
stockwork molybdenum deposits have peripheral veins rich in
lead, zinc, silver, and fluorine. The most striking differ-
ence between the geochemistry of porphyry copper and stock-
work molybdenum deposits is the abundance of tin, tungsten,
and fluorine in the latter. Finally, low-grade bulk-tonnage
silver deposits are characterized by widespread disseminated
mineralization within permeable host rocks such as sand-
stones or siltstones. The silver rarely occurs as discrete
silver minerals but is commonly disseminated within manga-
nese minerals.

Thirty-five samples were systematically collected
from mineralized mine dumps in the study area. The loca-
tions of these samples are shown in figure 23, a schematic
diagram of the quartz veins within the study area. The
Salero mine dump material has been extensively milled, so
no sample was collected there. A dozen or more chips,

chosen for their sulfide content and totalling about 1 kg,
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were collected at each site. These samples were then anal-
yzed by Rocky Mountain Geochem Laboratories for their copper,
molybdenum, lead, zinc, silver, and gold content using atom-
ic absorption techniques. Fire assays were performed on
five samples with particularly high silver values. The
resulting geochemical data will be presented in the follow-
ing sequences:

1. Plots of raw values of each metal.

2. Distributional plots of raw values for molybdenum,
silver, and gold.

3. Log ppm (parts per million) vs. log ppm diagrams of
various metal pairs and correlation coefficients of all metal
pairs.

4. Distributional overlays of these log-log ratios to
determine regional zoning patterns (Newell, 1981).

Each set of figures will be the topic of an individual sec-

tion.

Summary of Raw Data

Care must be exercised when dealing with dump samples
due to a potential bias resulting from both the sampler's
inherent tendency to "high-grade" and to a lack of control
as to where the dump sample originally came from. Most of
the pits and shafts in the study area are shallow, but some
of the workings, particularly those along the Alto Group

veins, are quite extensive. One way to minimize this bias
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is to convert the raw metal values to logarithmic values and
deal with pairs of metals as ratios. Prior to such manipula-
tion, each group of data must be determined to have a log
normal distribution; that is, individual plots of each metal
converted to log values must have a Gaussian or bell curve
distribution. This determination was accomplished by the
use of a programmable calculator with two programs: the
first program determined the log mean and log standard devia-
tion, and the second program measured the kurtosis and skew
of the resulting distribution and determined whether these
parameters fall within acceptable limits. All six metals
were thus determined to have log normal distributions.
Figures 24 and 25 summarize the raw assay values of all six
metals.

The average grade of all dump samples from the study
area 1is 1.72 percent zinc, 4.06 percent lead, 1.36 percent
copper, 1 ppm gold, 316 ppm silver, and 21 ppm molybdenum.
Using a conversion factor of 34.3 ppm = 1 troy ounce silver
per ton, the average silver grade is 9.2 ounces of silver
per ton. The highest assay of 1,600 ppm equals almost 47

ounces of silver per ton of ore.

Zoning of Raw Values

Using a schematic diagram of the vein system in the
study area, the distribution of assay values in ppm of sil-

ver, gold, and molybdenum were plotted (figs. 26, 27, and 28,
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Figure 28. Distribution of molybdenum assay
values in ppm on a schematic diagram of the quartz veins
in the Tyndall mining district study area
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respectively). The silver values, which are not equivalently
distributed throughout the study area due to the vagaries of
dump sampling, are nonetheless consistently high. Although
gold values are generally low, the average of 1 ppm (or 1,000
ppb) gold in the study area is significant. Gold values are
consistently high along the Alto Group and Bland veins. A
striking molybdenum anomaly is evident in the northern por-
tion of the study area.

Correlation Coefficients and Log-log
Plots of Metal Parts

In an attempt to discern correlative relationships
between pairs of metals, correlation coefficients for all pos-
sible metal pairs were calculated (table 4). A value of -1
indicates a perfectly negative or inverse correlation, +1
means a perfect positive correlation, and 0 shows a random
distribution with no correlation between the two metals.

The data in table 4 indicate a high positive correlation
between lead and zinc, a moderately high correlation between
copper and silver, lead and silver, copper and gold, and a
low positive correlation between copper and zinc, and gold
and silver. A moderately high negative correlation exists
between lead and gold, and a low negative correlation between
zinc and gold, molybdenum and silver, and molybdenum and
gold. The other metal pairs show no correlation.

As a further step in identifying relationships

between metal pairs, log-log plots of selected metal pairs
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Table 4. Correlation coefficients calculated
between all possible metal pairs for which data are avail-
able. -- -1 indicates a perfect negative or inverse corre-
lation; 0 indicates a random distribution with no correla-
tion, and +1 indicates a perfect positive correlation.

cu Pb Zn Mo Au  Ag
Cu -- 0.09 0.22 -0.03 0.40 0.37
Pb -- - 0.59 0.09 -0.27 0.30
Zn -- - - 0.15 -0.17 -0.02
Mo - -- - - -0.18 =-0.21
Au - -- -- - - 0.21
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were constructed. The raw values in ppm of all six metals
were converted to logs and then plotted directly on graph
paper. The 35 samples were segregated into four populations
by geography: those collected north of the Alto Group veins,
Alto Group samples, Bland vein samples, and those samples
collected south of the Bland vein. Each population has been
denoted by its own symbol. The resulting data are summa-
rized in figures 29, 30, 31, and 32. These diagrams, in con-
junction with the correlation coefficients presented in table
4, were used to test several hypotheses: (1) silver varies
as a function of copper and lead, and not as a function of
zinc, (2) copper and molybdenum, copper and zinc, and lead
and zinc may be positively correlated, and (3) silver and
gold are positively correlated.

The study of polished sections revealed no silver
minerals with the exception of trace amounts of pyrargyrite.
Schrader (1915) maintained that the majority of silver val-
ues are carried in the tetrahedrite, as argentiferous tetra-
hedrite or freibergite, with minor silver associated with
galena. To test this assertion, log-log plots of copper vs.
silver, lead vs. silver, and zinc vs. silver were constructed
(figs. 29 and 30). The results are striking. Silver varies
as a function of copper and lead, but not of zinc. The
slope of the best fit line in the copper vs. silver diagram
is shallower than the slope of the line through the lead vs.

silver diagram, indicating that higher silver values are
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associated with copper than with lead. Schrader appears to
have been correct. No regional zoning patterns, as evidenced
by clustering of sample location populations, were discerned
in any of these log-log plots, several of which are "scatter-
grams”" and have no best fit line plotted. The correlation
coefficients for these metal pairs show similar relationships;
the correlation coefficients of copper vs. silver, lead vs.
silver, and zinc vs. silver are 0.37, 0.30, and -0.02,
respectively.

As mentioned earlier, the characteristic geochemical
signature of porphyry copper systems include sympathetic
(positively correlated) copper vs. molybdenum, unsympathetic
(negatively correlated) copper vs. zinc, and sympathetic
lead vs. zinc relationships. Log-log plots of these three
metal pairs were constructed (figs. 30, 31, and 32), in
addition to calculation of their correlation coefficients
(table 4). No sympathetic relationship was discerned between
copper and molybdenum in either the log-log plot or the cor-
relation coefficient (-0.03). The striking molybdenum anom-
aly in the northern portion of the study area noted in the
previous section is also evident in the log-log plot. As
shown by the random pattern in figure 32 and by the fairly
low positive correlation coefficient of 0.22, no strong cor-
relation exists between copper and zinc. Finally, a strik-
ing positive correlation between lead and zinc is evidenced

both by the log-log plot in figure 32 and by the high
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positive correlation coefficient of 0.59. Upon examining
the various populations of sample locations, a subtle clus-
tering of the Alto Group samples on the zinc rich side of
the best fit line is evident. The other three populations
are randomly distributed on either side of the best fit
line.

Since gold and silver form the solid-solution
series electrum, gold may be present as a minor constituent
within silver minerals. However, a diagram of the log-log
silver vs. gold ratios (fig. 33) shows a buckshot distri-
bution of values which implies no positive correlation
between the precious metals. A correlation coefficient of
0.21 for gold and silver indicates a weak positive correla-
tion between the two metals. The high gold values of the
Bland and Alto Group veins noted in a previous section are
shown here by the cluster of Bland and Alto Group samples
in the high gold portion of the graph. So gold does not
proxy in freibergite, nor do gold and silver appear to occur

as electrum.

zoning Patterns of Log-log Ratios

Values of log-log ratios for positively correlated
metal pairs were plctted on schematic vein system diagrams.
These pairs include copper vs. silver, lead vs. silver, and
lead vs. zinc as shown in figures 33, 34, and 35, respectively.

It is important to realize that larger ratios imply a smaller
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silver or zinc content. No regional zoning pattern was dis-
cerned in the log copper vs. silver plot. Upon examination
of the lead vs. silver plot it is evident that the Alto
Group and Bland veins are enriched in silver with respect to
lead. As evidenced by the uniformity of ratios in figure 35,

there is no apparent zoning of the lead vs. zinc ratios.

summary

1. Copper, molybdenum, lead, zinc, silver, and gold all
show a log normal distribution of raw assay values.

2. Consistently high silver values are distributed
over the entire study area.

3. A distinct molybdenum anomaly in the northern por-
tion of the study area has been recognized.

4. Consistently high gold values are distributed along
the Alto Group and Bland veins.

5. There is a sympathetic relationship between copper
and silver, and between lead and silver. The relative slopes
of the best fit lines and the correlation coefficients both
indicate that silver has a higher degree of correlation with
copper than with lead.

6. No sympathetic relationship between copper and
molybdenum was recognized.

7. Lead and zinc exhibit a strong sympathetic relation-

ship. Although lead is generally more abundant than zinc in
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the vein system by a factor of 2.3:1, the Alto Group samples
show a slight enrichment in zinc.

8. No regional zoning of copper vs. silver ratios was
noted.
9. The Alto Group and Bland veins are enriched in sil-

ver with respect to lead.



DISCUSSION

Two themes will be addressed in this final section:
the epithermal vs. mesothermal nature of the mineralized
quartz veins in the study area and the economic potential
of the Tyndall mining district. The quartz veins display
some of the classic epithermal features such as horsetailing
but lack other attributes. More importantly, the potential
for various ore deposit types within the Tyndall mining dis-
trict will be explored. These deposit types include por-
phyry copper, stockwork molybdenum, low-grade bulk tonnage

silver, and vein controlled silver deposits.

Vein Classification

Epithermal vein characteristics observed in the
study area include horsetailing of the vein structures, pinch-
ing and swelling of veins, and an open space filling style
of mineralization. Horsetailing is especially striking in
the northern portion of the study area. The pinch and swell
nature of the veins is denoted by dashed lines in figure 3
(in pocket). The style of ore deposition is predominantly
that of open space filling with only rare replacement tex-
tures. However, several epithermal vein characteristics
are conspicuously lacking; especially low pyrite content,
low base metal content, discrete silver mineral species,
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and a low temperature of formation. The most abundant sul-
fide by far in these veins 1is pyrite and the base metal
content is high. Silver proxies for copper in tetrahedrite
rather than forming abundant distinct silver mineral spe-
cies. Finally, the temperature of deposition was 280°C to
320°C as measured by homogenizing fluid inclusions. There-
fore, I suggest the mineralized quartz veins in the Tyndall
mining district are mesothermal rather than epithermal, or
perhaps represent the bottom portion of a true epithermal

vein system.

Economic Potential

Porphyry copper deposits commonly have peripheral
vein-controlled lead-zinc-silver deposits. However, the
porphyry copper deposits of the southwest United States
are of Laramide age (Upper Cretaceous to Paleocene). The
quartz veins in the study area are of suspected Oligocene
age and are more likely related to Basin and Range tectonism
than to the Upper Cretaceous Josephine Canyon Diorite. Al-
though both phases of this unit are of intermediate compo-
sition, as are most stocks associated with porphyry copper
mineralization, neither phase has a porphyritic texture.

In addition, no extensive alteration was recognized within
the Josephine Canyon Diorite.

Molybdenum stockwork deposits are generally associ-

ated with high silica rhyolites of Miocene age. The quartz
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veins in the study area are coeval with rhyolite flows and
tuffs of the Grosvenor Hills volcanics to the immediate
southwest of the study area. Rhyolite porphyry dike swarms
and plutons are scattered to the southwest and northeast of
the study area (Drewes, 1971a). Tin, tungsten, and fluo-
rine anomalies comprise part of the geochemical signature
of these deposits; unfortunately, these elements were not
gquantified in this study but no evidence of their anomalous
presence was perceived. A molybdenum anomaly in the northern
portion of the study area was recognized. Clearly, the poten-
tial for stockwork molybdenum mineralization exists, although
the tectonic setting is inappropriate.

Low-grade bulk tonnage silver deposits, although
gaining recognition, are little understood as of yet. Com-
monly, mineralization consists of silver admixed with manga-
nese minerals and disseminated throughout permeable host
rocks such as sandstones and siltstones. Due to the limited
scope of this project, only mineralized vein material was
assayed. Previous work by private parties (Lehman, pers.
comm., 1980) indicates that metal contents of the veins
diminish essentially to zero at the vein-country rock con-
tacts in the Tyndall area. Nonetheless, the permeable nature
of the Salero Formation warrants a few sampling traverses
across the veins.

The potential for further exploitation of the veins

is limited but present. Silver assays of mineralized



material are consistently high throughout the study area,
averaging a remarkable 9.2 ounces of silver per ton. The
only veins in the study area which have been extensively
mined are the Alto Group and Salero veins. The Bland vein
displays mineralization similar to that in the Alto Group
but has not been extensively prospected, thus providing a
suitable target. It must be borne in mind that the Salero
Formation, the locus of mineralization within the study
area, probably does not exceed 175 m in thickness (Drewes,

1976), thus limiting the vertical potential extent of min-

eralization.
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SUMMARY

Mineralized quartz veins in the Tyndall mining dis-
trict are hosted by a Mesozoic suite of plutonic and sedi-
mentary rocks. The Jurassic age Squaw Gulch Granite forms
the basement from which the Upper Cretaceous Salero Forma-
tion was derived and upon which it was deposited. The
Salero Formation consists of two facies; a basal granitic
rock fragment sedimentary breccia of limited distribution
and a widespread arkosic facies. The Josephine Canyon Dio-
rite, also of Upper Cretaceous age, intrudes both the gran-
ite and arkose. Two comagmatic phases of the diorite are
recognized; an older quartz diorite which is intruded by a
younger quartz monzonite. Alteration of these host rocks is
limited to regional propylitization within 100-150 m of
major veins and consists of K-feldspar # quartz t epidote
veinlets, pervasive chloritization, and coatings of epidote
on fracture surfaces.

Three populations of quartz veins within the study
area were identified: the Alto Group and Bland veins, the
veins to the north such as the Wandering Jew vein, and the
veins to the south, the Salero and Jefferson veins. The
Alto Group and Bland veins are characterized as wide, per-
sistent veins with high pyrite, tetrahedrite, and little
manganese. The veins to the north horsetail, are less
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persistent than the Alto Group veins, and have moderate
amounts of pyrite, tetrahedrite, and manganese. In contrast,
the veins to the south of the Bland vein are notable for
their small size, lack of persistence, high manganese and
chalcopyrite content, and almost nonexistent pyrite and
tetrahedrite. All of the veins in the study appear to be
cogenetic.

The paragenetic sequence of mineralization includes
three generations of quartz (early barren quartz + pyrite,
ore phase quartz, and late barren quartz) and paragenetically
late calcite, siderite, and barite. Polished section work
indicated essentially coeval deposition of pyrite, tetrahe-
drite, galena, sphalerite, and chalcopyrite associated solely
with deposition of ore phase quartz. Fluid inclusions
homogenization temperatures of 300°C for the early quartz +
pyrite stage and 240°C for the ore phase quartz were deter-
mined. Microprobe analyses indicate that silver proxies for
copper in tetrahedrite rather than occurring as discrete
silver minerals.

Mineralized dump samples were analyzed for copper,
molybdenum, lead, zinc, silver, and gold. The average sam-
ple contains 1.36 percent copper, 21 ppm molybdenum, 4.06
percent lead, 1.72 percent zinc, 316 ppm silver (9.2 ounces
per ton), and 1,000 ppb gold (0.03 ounces per ton). Several
interesting patterns emerge when the data, both raw and log

metal pairs, are plotted on the map of the district. Silver
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values are high over the entire study area while gold is
high, up to 6,700 ppb, in the Alto and Bland veins. Finally
there is a molybdenum anomaly in the northern portion of the
study area.

In summary, the mineralized quartz veins in the

Tyndall mining district are better described as mesothermal
rather than epithermal in nature. Evidence for this conclu-
sion includes the anomalous base metal content of the veins,
continuity of structures controlling the veins, and the lack
of discrete silver minerals. Additionally, the fissures
controlling vein deposition are not related to emplacement
of the Laramide Josephine Canyon Diorite but rather to the
large northeast-trending Basin and Range faults east and

west of the study area.
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