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ABSTRACT

Information regarding mineralization and alteration was collected
from the literature on 28 locations of contact alteration in southeastern
Arizona.

The data indicate that permeable host rocks of any composition

can be mineralized around plutons, which range in age from TriassicJurassic through Middle Tertiary.

Many stratigraphic units currently re

garded as being non-reactive and unfavorable hosts for mineralization are
demonstrably mineralized in southeastern Arizona.
Two types of alteration, thermal and hydrothermal, can be identi
fied in most contact environments.

It is hypothesized that hydrothermal

fluids circulating through fractures conduct heat to impermeable blocks
which lie between the fractures.

The alteration mineralogy of the re

sulting recrystallized blocks is dependent upon the original composition
of the rocks and can be used to reconstruct the stratigraphy of the host
rocks.
A hypothesized process of fluid redistribution by convection in
permeable zones around plutons explains the variations in the styles of
alteration and mineralization which are reported in the literature.

A

discussion of various idealized paths of fluid circulation through plutons
and host rocks indicates that permeability and composition combine to pro
duce preferential mineralization of certain stratigraphic units around
individual plutons.

Any permeable host rock can be mineralized and re-

evaluation of strata considered "non-reactive" is recommended.

ix

INTRODUCTION

Objectives of the Study
The primary objectives of this study are to provide a compilation
of published data on contact alteration and associated mineralization in
southeastern Arizona, and to examine the assembled data in order to clar
ify concepts regarding alteration and mineralization processes at these
types of occurrences.

Various hypotheses exist regarding the relative

influence of hydrothermal and thermal alteration, and the extent to which
the permeability and composition of the host rocks control mineralization.
This thesis is an attempt to shed some light on these issues by collecting
data from 28 known locations of contact alteration in southeastern Arizona.

Selection, Location, and
Geology of the Study Area
Southeastern Arizona was chosen for the study because within this
area there are approximately 64 locations of potential contact alteration,
28 locations of known contact alteration, and at least 10 major base metal
ore deposits in contact alteration environments.

Probably no other area

in North America provides better exposures or contains more numerous
examples of contact alteration and related mineralization.
The intrusive contact map (Figure 1, in pocket) shows the loca
tion of the study area, which includes all of Cochise and Santa Cruz
Counties, and portions of Pima, Graham, Greenlee, Gila, and Pinal Counties
in southeastern Arizona.

The dimensions of the study area are
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approximately 150 miles in a north-south direction and 360 miles in an
east-west direction, and the area is approximately 54,000 square miles.
Geologically, southeastern Arizona is a system of most northwest
trending basins and ranges.

The basins are covered by gravel deposits

and generally drain northward into the Gila River.

All but a few loca

tions in the study area lie south of the Gila River.

The mountain ranges

in the study area consist of sedimentary, metamorphic, and igneous rocks
which range in age from Precambrian through Tertiary.

Thick sequences of

sedimentary and volcanic rocks, ranging widely in composition, have been
deposited more or less continuously in the study area since Precambrian
time.

Paleozoic sequences exceed 7,000 feet in thickness in the central

portion of the study area and Mesozoic strata exceed 12,000 feet in por
tions of the study area.

The Geologic Map of Arizona (1969) shows the

locations of four major periods of post-Precambrian pluton emplacement
into stratified host rocks in southeastern Arizona.

In sequence, these

intrusive periods are Triassic-Jurassic, Early Cretaceous, Late Cretaceous
Early Tertiary, and Middle Tertiary.

The geologic province described

above extends southeastward into Mexico and eastward into New Mexico.

Basis and Method of the Study
This study is based upon a fairly extensive literature search of
published information at the 64 locations of potential contact alteration
described in the Appendix.

In addition to the literature search, I spent

approximately one year in the field, as an employee of the Quintana Min
erals Company, studying the effects of contact alteration and minerali
zation in the Johnson Camp District in Cochise County, Arizona.

This
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work is a compilation of my own observations at Johnson Camp and data I
collected from the literature.

The data, which is assembled in the Ap

pendix, consists of descriptions of the lithology, thickness, composition,
strike and dip of the host rocks; the distance of each stratigraphic unit
from the nearest outcrop of intrusive rock; and details of alteration and
mineralization where they were reported.

It was surprising to discover

the limited, vague, and non-specific nature of the references to contact
alteration in the vast amount of geologic literature available on the
study area.

There are enormous gaps in the data, especially at many of

the operating mines, and I was unable to obtain useful information at most
of these locations, either in the literature or through personal, communi
cations.

Fortunately a few of the locations (Johnson Camp, Christmas)

have been studied in detail.

By adding the random observations from the

other locations to the detailed information from a few locations, I feel
that I have been able to build a reasonably solid data base from which
some general conclusions may be drawn.

DISCUSSION OF CONCEPTS

Alteration, Porosity, Permeability,
and Alteration Geometry
Metamorphism.of host rocks by intrusive igneous masses has been
recognized since Goldschmidt (1911) defined 10 classes of hornfels in
contact aureoles.

Since that time the term contact metamorphism has al

ternatively been used to identify a facies of metamorphism, a process of
metamorphism, and an environment of metamorphism (Hietanen, 1967; Titley,
1968; Turner, 1968).

In descriptive geologic literature there is a well

established tendency to use the term contact metamorphism to identify
thermal processes as distinct from hydrothermal processes (Cooper and Huff,
1951; Eastlick, 1967; Perry, 1968).

In order to clearly separate the dis

cussions of this thesis from the facies and thermal restrictions, which
are commonly associated with the term contact metamorphism, I have used
the term contact alteration to identify all the metamorphism that takes
place in host rocks which have been intruded by hot igneous masses.

Con

tact alteration, as used in this thesis, is a broad term which includes
both thermal and hydrothermal alteration, as discussed later in this thesis.
Host rocks subjected to contact alteration have variously been
called skarns, exoskarns, tactites, calc-silicates, hornfels, spotted
schists, and contact aureoles.

In the text of this thesis, these terms

are usually omitted in favor of the more general term "altered host rocks".
Thermal isochemical alteration is the process of altering rocks
by raising their temperature without introducing new chemical components.
4
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During thermal alteration, mineral phases react to rising temperature by
adjusting their grain boundaries or by combining to form new minerals in
a type of reaction called recrystallization.
Hydrothermal alteration is commonly recognized as a process by
which rocks are altered as the result of the circulation of hot aqueous
solutions through fractures.

The hydrothermal solutions deposit minerals

in veins and exchange chemical components with the wall rocks around the
veins to form alteration envelopes.

Hydrothermal alteration often adds

or removes chemical components to or from the wall rocks, and redistributes
chemical components within the hydrothermal system.
The fractures and openings in a rock through which the hydrothermal
fluids circulate may be described in terms of porosity and permeability.
The porosity of a rock is a measure of the relative volume within the rock
which is not occupied by mineral grains.

Norton and Knapp (in press) ex

press the porosity of rocks in pluton environments in the following dimen
sionless equation:

«t>T = 1 - fB
pr
where <1>T is the total porosity, pB is the bulk density, and pr is the
grain density of the rock.

Porosity may also be expressed as a summation

of the different types of openings within the rock in the following
equation:

where <{>F is the flow porosity, <{>D is the diffusion porosity, and (f>R is
the residual porosity.

The flow porosity represents the volume of the

rock through which the dominant mode of fluid and aqueous species
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transport is by fluid flow.

Examples of flow porosity modes include con

tinuous open fractures, partially closed fractures, cylindrical pores, and
bedding planes.

Diffusion porosity represents the volume of the rock

through which the dominant mode of transport is by diffusion of ions
through the aqueous phase.

Examples of diffusion porosity modes include

microfractures, fractures with relatively small openings, intergranular
pores, and dead-end pores.

The residual porosity represents the volumes

which are isolated from, or not connected to, flow or diffusion porosity
openings.

Examples of residual porosity include miarolitic cavities,

fluid inclusions, and discontinuous pores.

Residual porosity, which com

prises the bulk of total porosity, does not contribute to the original
permeability of the rock.
transmit a fluid.

The permeability of a rock is its capacity to

It is measured by the rate at which a fluid moves a

given distance in a given interval.

The permeability of a rock is a func

tion of the distribution, type, and extent of the flow porosity, and is a
rock property which determines the extent to which hydrothermal fluids
can circulate through the rock.
Hydrothermal alteration takes place along and within the flow and
diffusion openings described in the previous paragraph, but thermal al
teration takes place in the volumes of rock between the fractures and
openings.

For the sake of convenience, these volumes of rock are referred

to as matrix blocks in this thesis.

The concept of the matrix block is

essential to the discussion which follows.

A matrix block, which can be

any size or shape, is a volume of rock which is isolated in space by the
fractures or other permeability features which create it.

Matrix blocks
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may be very small with volumes of cubic centimeters in intensely fractured
rocks or very large with volumes of cubic meters in weakly fractured rocks.
Four zones can be described within a fracture-bounded matrix block
system which has been hydrothermally altered.

They are 1) veins, 2) dif

fusion envelopes, 3) recrystallized zones, and 4) unaltered matrix block
cores.

Vein minerals are deposited in fractures; alteration minerals are

formed in diffusion envelopes around the veins; recrystallized zones may
form by conduction of heat from fluids to impermeable zones around the
veins and diffusion envelopes; and the interior portions of matrix blocks
may remain unaltered.

Fracture density determines to what extent any of

these four zones is developed or preserved.

Where fracture density is

sufficiently close, diffusion envelopes may overlap to such an extent that
recrystallized zones fail to develop or previously existing recrystallized
zones are overprinted by hydro thermal alteration.

Widely spaced fractures

produce matrix blocks so large that their central cores may be unaffected
by hydrothermal alteration.

Processes
The concepts of hydrothermal fluids, and thermal and hydrothermal
alteration are generally well accepted by students of porphyry and contact
alteration types of copper deposits.

However, a lively debate continues

regarding the relative importance of both types of alteration and the
processes and mechanisms which produce them.

In writing this thesis I

found it advantageous to use a hypothetical process for the source and
circulation of hydrothermal fluids which is currently being tested with
computer modeling techniques by several investigators, including my
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thesis advisor, Denis Norton.

The process is attractive because of its

simplicity and because it seems to explain the variations in the style of
alteration and mineralization which are reported in the literature and
discussed later in this thesis.
The general concept is explained in a paper by Norton and Knight
(in press) which discusses transportation of hydrothermal fluids around
and through igneous plutons.

The creation and circulation of hydrothermal

fluids is a probable consequence of the emplacement of a pluton in per
meable fluid-bearing, host rocks.

The heat of the intrusive mass, which

is originally distributed by conduction, creates fluid density gradients
along horizontal planes in the host rock, which in turn cause fluids to
migrate toward the pluton.

Ideally, convection cells of hydrothermal

fluids will be created as the fluids move toward the pluton, rise, and
then move away.

If the pluton is sufficiently permeable, the fluids may

enter it and flow upward and out near the top.

If the pluton is suffi

ciently impermeable, the fluids may be diverted up along the contact be
tween the pluton and the host rocks, or up along other fracture systems.
In either event, fluid circulation effectively redistributes fluids in
the region around the pluton over the course of several hundred thousand
years.
Plutons, which are emplaced into the upper ten kilometers of the
crust, often intrude stratified rocks of variable composition and perme
ability.

The vertical variations in permeability of these stratified

rocks influence the style of fluid circulation.

Generally, stratified

rocks confine fluid circulation to the more permeable horizons.

Computer
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modeling (Norton and Knight, in press) suggests that the size and loca
tion of circulating cells of hydrothermal fluids are influenced by the
height and width of the pluton, by the location of permeable zones and
horizons in the pluton and the host rocks, and*by the conditions of pres
sure and temperature.

For example, plutons with large effective heights

can produce fluid circulation at a greater distance from their margins
than plutons with smaller heights.

Batholith size plutons can produce

secondary circulation cells around the sides of the plutons and retard
the development of fluid circulation over the top and sides of the plutons.
Convex or conical tops on batholiths can retard the development of these
secondary cells.

Well developed vertical fractures over the top of a

pluton can develop fluid circulation above the pluton at the expense of
circulation along the sides of the pluton, and impermeable horizons
around and above the pluton can act as barriers to fluid flow either col
lecting or deflecting the fluids.

Summary
The preceding discussion proposes that alteration of host rocks
in a contact environment can result from the circulation of hydrothermal
fluids through permeable zones and horizons, and the conduction of heat
into impermeable, or non-fluid bearing, zones and horizons.

The term

contact alteration is used in this thesis to identify all the types of
alteration which take place in contact environments, whether they be
thermal or hydrothermal, regardless of the composition of the host rocks.
From this viewpoint, it is therefore incorrect to distinguish between
contact alteration of calcareous host rocks and hydrothermal alteration
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of non-calcarecus host rocks in contact environments, if such a distinc
tion implies that different processes have taken place.

Guilbert and

>

Lowell (1974) recognized this in their discussion of the effects of wall
rock composition upon hydrothermal alteration mineralogy.
The following chapters on alteration and mineralization adequately
demonstrate that stratified host rocks of any composition are capable of
being altered and mineralized by hydrothermal solutions.

It only remains

for geologists to learn to recognize the variations of style and composi
tion in order to locate previously unrecognized and potentially mineral
ized hydrothermal systems in host rocks which may previously have been
thought "unfavorable" or "non-reactive".

the host rocks
Stratigraphy and Composition
The general stratigraphy and composition of the host rocks in
southeastern Arizona are shown in Table 1.

Details of the composition of

the host rocks, facies variations, and directions of thickening and thin
ning are available in the literature (Stoyanow, 1942; McKee, 1951; Gilluly,
Cooper, and Williams, 1954; McClymonds, 1959; Shride, 1967; Bryant, 1968;
Krieger, 1968; Butler, 1971; Drewes, 1971; Simons, 1972; Ross, 1973;
Hayes, 1975; Schumacher and others, 1976).

However, it is pointless to

assemble that detail in this thesis because the stratigraphy and composi
tion of the equivalent altered host rocks have not been described in cor
responding detail by the authors whose data is assembled in the Appendix
of this thesis.
Areal Distribution of the Host Rocks
The intrusive contact map (Figure 1) reveals a systematic distri
bution of the various types of host rocks within the study area.

Titley

(1976) discussed the structural control of the distribution of Paleozoic
and Mesozoic strata in southeastern Arizona in detail.

He described six

faults or linear discontinuities which border northwest-trending blocks
of some 30 to 40 kilometers width.

Each of the blocks had its own unique

depositional, tectonic, and erosional history.

Superimposed upon the

northwest block pattern is a basin of deposition of Lower Cretaceous
11
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Table 1.

Generalized Stratigraphy of Southeastern Arizona.

_________ Age
Mesozoic
Cretaceous
Upper

_____________ Name

Description

Locally named

Dominantly clastic. •Variable
thickness.

Bisbee

Dominantly clastic with lime
stone member in southern portion
of area. Variable thickness.

Locally named

Dominantly volcanic.
thickness.

Rain Valley

Thin-bedded dolomitic silty lime
stone with chert. Minor elastics.
Restricted deposition upon erosional surface. Up to 600* thick.

Concha

Thick-bedded massive cherty lime
stone. Up to 600* thick.

Scherrer

Clastic sections separated by a
middle carbonate section. Up to
700* thick.

Epitaph

Dolomite, limestone, mudstone,
gypsum, sandstone. Up to 1000’
thick.

Colina

Thick-bedded to massive lime
stone. Up to 600* thick.

PermianPennsylvanian

Earp

Thin-bedded limestone, sandstone,
siltstone, shale, and dolomite.
Up to 1000* thick.

Pennsylvanian

Horquilla

Cherty limestone with interbedded
shales. Up to 1600* thick.

Black Prince

Basal shale overlain by lime
stone with interbedded shales.
Up to 300* thick.

Paradise

Thin- to medium-bedded limestone
and shale. Up to 150* thick.

Lower

Triassic-Jurassic

Paleozoic
Permian

Mississippian

Variable
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Table 1,

Continued.
Age

Devonian

________Name__________________ Description__________
Escabrosa
Thick-bedded to massive lime
stone with low clastic content
and some chert. Up to 800* thick.
Percha

Shale, silty dolomite, and lime
stone. Up to 250* thick.

Martin

Medium-bedded dolomite, limestone,
sandstone, and shale. Up to 400*
thick.

Ordovician

Longfellow and
El Paso

Cambrian

Abrigo

Thin- to medium-bedded limestone,
dolomite, sandstone, siltstone,
and shale. Up to 800' thick.

BoIsa

Cross-bedded quartzite with basal
conglomerate. Up to 800' thick.

Restricted to eastern portions of
the study area. Similar in com
position to Abrigo.

Precambrian
Younger

Apache Group

Troy

Mescal

Dripping Springs

Pioneer

Quartzite with feldspathic and
silty members. Restricted to
northern part of the study area.
Up to 1000' thick.
Thin-bedded dolomitic, cherty,
limestone. Sometimes contains
basalt flows. Restricted to
northern portions of the study
area. Up to 250' thick.
Feldspathic quartzite. Includes
Barnes Conglomerate at base. Up
to 1000' thick.
Thin-bedded sandy shales, siltstones, and water laid tuffs.
Sometimes contains quartzite or
arkose. Includes Scanlan Con
glomerate at base. Up to 450'
thick.
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Table 1, Continued.
Age
Older

Name
Pinal

Description
Interbedded shales, siltstones,
conglomerates, and volcanics
regionally metamorphosed to
schists and slates. Thickness
may exceed 20,000*.
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strata.

The northern limit of deposition of the Lower Cretaceous strata

lies just north of the Tucson area.
The logical result of the depositional, tectonic, and erosional
history described by Titley (1976) was to produce distinctly differing
host rock environments for the emplacement of plutons in southeastern
Arizona.

The existence of such unique environments is demonstrated by

the listing of host rocks present at the 28 known locations of contact
alteration in the study area, as illustrated in the next chapter.

Each

environment can be defined by its apparent pre-intrusive stratigraphy.
Although there is not sufficient data in this thesis to precisely define
the boundaries of each environment, there is a general correspondence of
these environments to the blocks described by Titley (1976).
The host rocks in the northernmost environment, which marks the
northern foreland of Lower Cretaceous deposition, consist of a sequence
of Precambrian Pinal Schist, Precambrian Apache Group, and Paleozoic sedi
mentary rocks.

A second environment lies to the south along a narrow

zone of overlap between the northern margin of Lower Cretaceous deposi
tion, and the southern margin of Precambrian Apache Group outcrop.

In

this zone, which is exposed in the Vekol, Lakeshore, Santa Catalina, and
Little Dragoon Mountains, the host rocks consist of Precambrian Pinal
Schist, Precambrian Apache Group, Paleozoic, and Cretaceous strata.

An

environment consisting of a sequence of Precambrian Pinal Schist, Paleo
zoic, and Cretaceous strata is exposed in most of Cochise County.

An ap

parently northwest-trending environment consisting of a sequence of
Paleozoic and Cretaceous strata is exposed in the Empire, Tucson, and
Silver Bell Mountains.

Another northwest-trending zone containing
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Paleozoic, Triassic-Jurassic, and Cretaceous strata is exposed in the
Huachuca, Patagonia, Santa Rita, and Sierrita Mountains.

Further to the

southwest only Mesozoic host rocks are exposed in the Arivaca-Ruby area.
In the extreme west and northwest portions o£ the study area the pre
erosion stratigraphy is not so evident.

Precambrian, Paleozoic, Triassic-

Jurassic, and Cretaceous strata are present in isolated outcrops.
The foregoing discussion indicates that plutons have beem em
placed in a number of distinctive host rock environments within different
portions of the study area.

Plutons emplaced in each environment may

have created different styles of contact alteration and mineralization
based upon the differing compositions and permeabilities of the host
rocks they invaded.

Therefore care must be taken in comparing the ef

fects of contact alteration around a pluton emplaced in one stratigraphic
sequence with a pluton emplaced in another sequence.

HOST ROCK ALTERATION

General
A basic hypothesis of this thesis is that both thermal and hydrothermal alteration are important processes in contact alteration.

Thermal

alteration can take, place as heat is conducted directly from the pluton
to dry or impermeable host rocks, or as heat is conducted from hydrothermal
fluids circulating through fractures into the impermeable interior por
tions of matrix blocks.

Where thermally recrystallized zones can be

clearly identified, it is possible to recreate the original stratigraphy
of the host rocks by correlating the bulk chemical composition of the
thermally altered rocks with the composition of nearby unaltered rocks.
Cooper (1957) demonstrated this procedure at Johnson Camp.
Unfortunately, a large amount of the data assembled in the Appendix
was published prior to Cooper’s (1957) work, and many authors have not
attempted to separate the effects of thermal alteration from hydrothermal
alteration, or to recreate the original stratigraphy in detail.

More

recent authors have generally made some attempt to identify and correlate
specific stratigraphic units, but there are still a number of references
to "skarns and h o m f e l s in limestones" in the literature.

Because the

stratigraphy and composition of the unaltered host rocks are much better
described than their altered equivalents, it is extremely difficult to
discuss alteration of the host rocks on a unit-by-unit basis except at a
few locations such as Christmas and Johnson Camp.
17

Therefore, in order to
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examine the hypothesis that thermal and hydro thermal alteration occur
together in contact alteration environments and that their separate ef
fects can be distinguished, I have classified the host rocks broadly
into four groups, which reflect the original composition of the rocks
and the alteration products which form in them during thermal alteration.
For a more detailed description of the effects of thermal alteration upon
host rocks of varying composition, the reader is referred to Cooper (1957)
and to the data in the Appendix of this thesis.

Types of Host Rocks

Group I— Host Rocks Containing
One. Mineral Phase
Host rocks in this group contain a single major mineral phase
which is usually calcite, dolomite, or quartz.

Examples of such host

rocks are relatively pure limestones and dolomites, pure quartz sand
stones, and quartzites.

Host rocks in this group, which can be identified

with certainty in the data, include Permian Scherrer Quartzites, Mississippian Escabrosa Limestone, Cambrian Bolsa Quartzite, Precambrian Troy
Quartzite, and portions of the Precambrian Dripping Springs Quartzite.
When these rocks are altered thermally, without the introduction
of additional chemical components, their response to rising temperature
is recrystallization.

The data in the Appendix, which are summarized in

Table 2, adequately demonstrate

that these rocks do recrystallize iso-

chemically according to their original composition.
Quartzites and Escabrosa Limestone show this clearly.

The Troy-Bolsa
Sericite is re

ported in some of the quartzites but it is usually confined to silty
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Table 2»

Summary of Alteration in Southeastern Arizona. ______ •__ _____
Locations Grouped
p6
p6
p6
Map
by Host Rock.
Pinal
Pioneer
Mescal
p6
Key________ Assemblages______ Schist______ Shale
Limestone Diabase
Pinal, Apache, Paleozoic
Pi-7 "Magma Mine
{A,M,Q>
{A,C,M,Q> Dol,Cal
P{C,E,M,Q>
{A,C,M,Q}
?
Gi-3 Miami District
M,Q,Tour
G,M
{Andal,M,
Q,Sil>
Pi-6 Ray Mine
?
C,Cal,M{E}
F,M{Anh,
M{Anh,E,
F.Q}
E ’!iSl
Gi-2 Troy Area
Andal,
M,P
A,F,M
Corn,M,
Q.Tour
Gi-1 Banner District
?
A'.F
—
—
Pi-10 Peppersauce Area
?
9***
Pi-12 Marble Peak Area
E,F,M,Q
a ,e ,q
Pinal, Apache, Paleo, Cret
P-8
Bullock-Buehman Cyn.

C-10
C-9
P-22

Happy Valley Area
Johnson Camp Dist.
Lakeshore Mine

Pinal, Paleo, Cret
C-4
Hilltop-Jhus Cyn.
C-l
Swisshelm Mtns.
C-2
Bisbee District
C-7
Abril Mine
C-5
Courtland Dist.
C-6
Tombstone Dist.
G-l
Morenci
Paleozoic, Cretaceous
P-1
Empire Mountains
P-2
Helvetia-Ro semont
District
SC-5 Tumacacori Fthls.
P-5
Twin Buttes Dist.
P-4
Pima Mission Dist.
P-13 Silverbell Dist.
Paleo, Tri-Jur, Cret
C—3
Huachuca Mountains
SC-1 Washington Camp
SC-4 Glove Mine
Pinal, Paleozoic
P-7
Coyote Mountains

-

?
M,Q
?

Andal,
Chia,C,
E,M,Sill
?
M.Q
?

-

-

-

-

M,Q
?
?

-

—
—

—

—

?
M,Q
A,G,P

?

—
—
—
—
—
—

—
—
—
—
—
—

-

-

?

—

-

-

-

-

-

-

-

-

-

—

-

—

-

—

-

—

—

—

—

—

—

—

—

—

-

-

-

—

F,M

-

-

-

-
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Table 2. Continued. 'Summary
Locations Grouped
by Host Rock
Map
Key
Assemblages
Pinal,, Apache, Paleozoic
Pi-7 Magma Mine
Gi-3 Miami District
Pi-6 Ray Mine
Gi-2 Troy Area
Gi-1 Banner District
Pi-10 Peppersauce Area
Pi-12 Marble Peak Area

Pinal,, Apache, Paleo, Cret
P-8
Bullock-Buehman Cyn.
C-10 Happy Valley Area
C-9
Johnson Camp Dist.
P-22

Lakeshore Mine

Pinal , Paleo, Cret
C-4
Hilltop-Jhus Cyn.
C-l
Swisshelm Mtns.
C-2
Bisbee District
C-7
Abril Mine
C-5
Courtland Dist.
C-6
Tombstone Dist.
G-l
Morenci
Paleozoic, Cretaceous
P-1
Empire Mountains
P-2
Helvetia-Rosemont
District
SC-5 Tumacacori Fthls.
P-5
Twin Buttes Dist.
P-4
P-13

Pima-Mission Dist.
Silverbell Dist.

of Alteration-in Southeastern Arizona.
p6—6
Cambrian Abrigo
P6
Drip.Spgs.
Troy-Bolsa
Limestone and
Equivalents
Quartzite
Quartzite
{A,C,M,Q}
?
F
?
?
e ,g ,m ,q

{C,M,Q}
?
?
?
?
Recryst,
A,E,G,M,Q

?
A,Q,{Cal,M,Q}
Cal,M,Q
{A,E,F,G,P,Q}A,Cal,
E,G,M,P,Q

Cal,E,G,Q
?
Recryst.
M,Q
?

?
?
Recryst,
M,Q
?

A,E,G,M,P,Q
E
a ,e ,f ,g ,i ,m ,o ,p ,
Q,W
?

—
-

A,E,G,Q,W
—
E,M,Mar,Sil
G,M,P,Q
Cal,E,G,Q
?
?

-

A,Cal,E,G,I,P,W

M,Q

-

?
?
?
?
?

Recryst
-

E
-

?
Recryst

?
C,E,G,I,M,0,P,Q,Q
{A,Anh,E,F,G,M>
?
Mar,P,Q

Paleo , Tri-Jur, Cret
C-3
Huachuca Mountains
SC-1 Washington Camp
SC-4 Glove Mine

?
?
—

Sil

-

Pinal , Paleozoic
P-7
Coyote Mountains

-

-

A,E,F,G,I,M,P,Q,
Scap

—

?
—
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Table 2. Continued.
Summary of Alteration in Southeastern Arizona,
Mississippian
Devonian
Locations Grouped
Escabrosa
Map
Martin Limestone
by Host Rock
Key
Limestone
Assemblages
and Equivalents
Pinal,, Apache, Paleozoic
Pi-7 Magma Mine
Dol,Cal{C,G,M,Q}
Dol,Mar{C,M,Q}
Gi-3 Miami District
G
?
Pi-6 Ray Mine
?
?
—
Gi-2 Troy Area
Gi-1 Banner District
A,Cal,Dol,F,M,P,Q
A,Dol,G,Mar{A,C,
{A,Anh,B,Chon,E,F,
M,P}.
Gyp,M}
Pi-10 Peppersauce Area
?
{C,F,Q}
Pi-12 Marble Peak Area
A,B,E,G,M,P,Q,Mar,
Mar{A,B,C,E,F,G,M,
Dol{A,E,B,M,P}
P,Q}
Pinal,, Apache, Paleo, Cret
P-8
Bullo ck-Buehman Canyons
C-10 Happy Valley Area
C-9
Johnson Camp District
P-22 Lakeshore Mine
Pinal,, Paleo, Cret
Hilltop-Jhus Canyon
C-4
G-l
Swisshelm Mountains
C-2
Bisbee District
Abril Mine
C-7
Courtland District
C-5
C—6
Tombstone District
G-l
Morenci
Paleozoic, Cretaceous
P-1
Empire Mountains
P-2
Helvetia-Rosemont Dist.
SC-5 Tumacacori Foothills
P-5
Twin Buttes District
P-4
P-13

Pima-Mission District
Silverbell District

Paleo , Tri-Jur, Cret
C-3
Huachuca Mountains
SC-1 Washington Camp
SC-4 Glove Mine
Pinal , Paleozoic
P-7
Coyote Mountains

A )Cdl*K )Pj Q
A,E,P
A,E,F1,M,0,P,Q
?

G,Mar,W
A,Mar
Mar,W{Fl,M,0,P,G}
?

E,F,M,Q

Mar,E,F,M,Q,W

Mar
A,P,Q

Mar

?
?
A,C,E,Glauc,M,Q

A,E,G,W
A,Mar,W

—

A,Mar,W{G}
?
?
E,G,Mar

Mar
?
-

C,E,G,I,M,0,P,Q,
W{A,Anh,E,F,G,M>
?
Cal,G,P

Sil
?
-

A,E,F,M,Q,Scap

—

G,Mar{A,E,G,P,W}
?
Mar

?
?
—

-
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Locations Grouped
Map
by Host Rock
Key
Assemblages
Pinal, Apache, Paleozoic
Pi-7 Magma Mine
Gi-3 Miami District
Pi-6 Ray Mine
Gi-2 Troy Area
Gi-1 Banner District
Pi-10 Peppersauce Area
Pi-12 Marble Peak Area
Pinal,, Apache, Paleo, Cret
P-8
Bullock-Buehman Cyn.
C-10 Happy Valley Area
Johnson Camp Dist.
C-9
P-22 Lakeshore Mine
Pinal,, Paleo, Cret
Hilltop-Jhus Canyon
C-4
C-l
Swisshelm Mountains
C-2
C-7
C-5
C-6
G-l

Bisbee District
Abril Mine
Courtland District
Tombstone District
Morenci

P ermian-Pennsylvanian
Naco Limestone
and Equivalents

Cretaceous
Sediments
and Volcanics

C,E,G,A,M,Q,Mar,Tour
?
• -

-

Andal,C,E,F,G,I,M,P,
Q,W{A,C,G,M,P,Q>
G,P,Q

Pinal , Paleozoic.
P-7
Coyote Mountains
* ri _
**_

***,

C,E,M,Q,{Cal,E,
F,Q}
—

?
?

?
E,Mar,Q
?
?

A,Cal,E,F,G,M,P,Q,W
A,B,Chon,E,F,Fl,G,I,
M,0,P,Q,W
A,G,M,P{Cal,Q}
A,E,G,P
?
C,G,I,Mar,0,P,W
?

Paleozoic, Cretaceous
Empire Mountains
P-1
A,E,G,M,Mar,P,Q
P-2
Helvetia-Rosemont Dist. A,Cal,C,E,G,M,Mar,
P»Q{G}
Tumacacori
Foothills
A,C,E,G,M,Mar,0,P,Q
SC-5
Twin Buttes District
P-5
A,E,G,M,P,W{A,E,G,P,W}
Pima-Mission District
P-4
A,C,E,F,G,M,Mar,P,Q
{A,C,E,G,M,P,W>
P-13 Silverbell District
A,E,F,G,P,Q,W{Cal,
G,P,Q}
Paleo , Tri-Jur, Cret
C-3
Huachuca Mountains
SC-1 Washington Camp
SC-4 Glove Mine

-

-

A,C,Cal,G,M,P,Q{A,G}
Sil
Cal,E,G,M,Mar,Sil

A,F,M,P,Q

?
A,Cord,E,F,G,I,M,
P,Q,W
?
E,G,Sil
?
?
A,C,E,M,Q

?
M,Q
C,F,G,M,Q,Tour
E,F,G,M,Sil
{Cal,Fl,Gyp,M,Q}
a ,e ,f ,m ,q
?

A,E,G,P
A,G,Mar
?

-

stratigraphic unit is not present or not reported.
* stratigraphic unit is present but no alteration is reported.
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silty lenses or beds.

Wollastonite and tremolite are reported in the

Escabrosa but usually as reaction rims around chert nodules.

With not

able exceptions, the overall simplicity of the alteration of the pure
limestones and quartzites, in terms of the number of alteration products
reported, is apparent.
Once the presence of isochemical recrystallization is established
it remains to be demonstrated whether the recrystallization is an indi
cation of thermal alteration or of the non-reactivity of the host rocks
with respect to hydrothermal fluids.

The exceptions mentioned above

where alteration products other than isochemical recrystallization are
reported in these rocks— usually in veins or near contacts— indicates
that the rocks did react with hydrothermal fluids to produce a variety
of alteration minerals.

This is an important point because the presence

of these minerals, limited largely to veins, establishes that the iso
chemical recrystallization reported in these rocks is a response to
thermal alteration away from the fractures and is not an indication that
the rocks are non-reactive with respect to fluids circulating through
the fractures.

Group II— Host Rocks Containing
Two Mineral Phases
Host rocks in this group contain two major mineral phases which
are usually some combination of quartz, calcite, and dolomite.

Examples

of such host rocks are cherty limestones, sandy dolomites and limestones,
and calcareous quartzites.

These rocks are characterized by the low

content of Fe, K, Na, and A1 and by the abundance of Si, Mg, Ca, and
carbonate.

Examples of these kinds of host rocks are difficult to
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identify in Table 2 because the rocks are usually stratigraphic sub
units which rarely have any great thickness.

Cherty portions of the

Mississippian Escabrosa, and sandy dolomites of the Lower Martin and
Upper Abrigo are examples of such rocks.
Thermal alteration without the introduction of new chemical com
ponents produces recrystallization.

Common alteration products are

quartz, diopside, tremolite, serpentine, talc, brucite, and wollastonite.
Several typical reactions show how two mineral phases can combine to form
a new mineral phase.

CaC03 + Si02
(calcite)
CaMg(C03)2 +
(dolomite)

t

CaSiO 3
+ C02
(wollastonite)

2Si02

t

CaMg(Si03)2 + 2C02
(diopside)

Although alteration of these types of host rocks cannot be distinguished
in the data of Table 2, Weitz (1976) and Cooper (1957) have discussed
the alteration of these rocks at Johnson Camp, and Perry (1968) examined
these rocks at Christmas.

All three authors reported the alteration of

sandy dolomites to diopside and cherty limestones to wollastonite.

I

made similar observations at Johnson Camp.

Group. Ill— rCalcareous Host 'Rocks
Containing More than .Two Mineral Phases
Host rocks in this group are calcareous and contain at least
three major mineral phases.

Examples of such rocks are calcareous and

dolomitic siltstones and shales, marls, and silty dolomites and lime
stones.

These host rocks commonly contain the components Ca, Mg, Si, Na,

K, Fe, Mg, C02 , and H 20.

Major mineral phases are quartz, feldspars.
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clays, micas, calcite, dolomite, and gypsum.

Host rocks in the study

area, which belong to this group, are portions of the Precambrian Mescal
Limestone, Cambrian Abrigo Limestone, Devonian Martin Limestone, the
bulk of the Pennsylvanian-Permian strata, and minor portions of Creta
ceous strata.
Thermal alteration of these rocks produces a wide range of alter
ation minerals in the recrystallized zones because of the range in the
original composition of the rocks.

The calc-silicate minerals which form

in the recrystallized portions of matrix blocks are not an indication of
introduced chemical components but rather an indication of varied mineral
phases which were originally present in these rocks.

Common alteration

products shown in Table 2 are amphiboles, micas, pyroxenes, garnet, idocrase, olivine, quartz, feldspars, and wollastonite.

Table 2 also dem

onstrates the difficulty of distinguishing between the effects of thermal
and hydrothermal alteration in these types of rocks where the data are
not accompanied by field descriptions which specify whether the minerals
occur in veins, diffusion envelopes, or recrystallized zones.
A detailed analysis of these types of rocks by Cooper (1957) at
Johnson Camp indicated that all of the alteration products which formed
in thermally altered zones could be produced without introducing new
chemical components.

The variation of alteration products which form

in these host rocks, in comparison to Group I type host rocks, has led
to the use of the term "reactive host rocks" in describing siliceouscalcareous sediments.

However, it should be pointed out that in ther

mally recrystallized zones reactivity does not imply reaction between
hydrothermal fluids and host rock components.

The complexity and
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variety of alteration products in recrystallized zones in impure lime
stones is only an indication of the complexity of the original composi
tion of the host rock.

The process of recrystallization in these rocks

is the same as in pure limestones and quartzites even if the products
are quite different.

The alteration products which form in thermally

recrystallized zones are no measure of the reactivity of the host rocks
with a hydrothermal fluid for the reason that they were never in contact
with such a fluid.

Group IV— Non-Calcareous Host Rocks
Containing More than Two Mineral Phases
Host rocks in this group are non-calcareous and contain at least
three major mineral phases.

Examples of such rocks are arkoses, silt-

stones, shales, schists, and volcanic rocks.
are quartz, feldspars, micas, and clays.

Common major mineral phases

Host rocks in the study area

which belong to this group are Precambrian Pinal Schist, Pioneer Shale,
portions of the Cambrian Abrigo and Pennsylvanian-Permian strata, and
Mesozoic clastic sedimentary and volcanic strata.
Common alteration products in these rocks, shown in Table 2, are
quartz, feldspars, micas, epidote, and amphibole.

Diopside, tremolite,

actinolite, and garnet also appear, but in much less abundance, and are
probably related to calcareous strata which are not distinguished in
the data.

Summary
All of the alteration minerals reported within each stratigraphic
unit at 28 locations in the study area are listed in Table 2 and the
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Appendix.

When the 28 locations are grouped according to the strati

graphic units which are present at each location at least five or six
unique host rock environments become apparent within the study area.
Titley (1976) has previously described a similar distribution of host
rocks in southeastern Arizona.
Although the minerals compiled in Table 2 were collected from
such diverse geologic locations as veins, diffusion envelopes, and re
crystallized zones, it is clear that the effects of thermal alteration
can often be seen through the effects of hydrothermal alteration.

This

is particularly true in Groups I and II types of host rocks where alter
ation minerals, which would require the introduction of new chemical
components, are not generally reported except in veins and along contacts.
The Escabrosa Limestone and the Bolsa Quartzite are excellent examples
of this.

The argument that these rocks are non-reactive and incapable

of producing a variety of alteration products is dispelled by the limited
presence of new alteration minerals reported in fractures which cross
these strata.
The data can be interpreted to indicate that the alteration of
host rocks, away from the veins and contacts, is largely dependent upon
the original composition of the rocks.

The data also indicate that a

wide variety of alteration minerals do form in veins regardless of the
original composition of the host rocks.

The combination of these two

observations suggests that both thermal and hydro thermal alteration may
take place within the same environment.

The concept of hydrothermal

solutions circulating through a fracture-bounded matrix block system.
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adding and removing chemical components to and from veins and diffusion
envelopes, while at the same time recrystallizing the interior portions
of matrix blocks by conduction, is consistent with the data.

HOST ROCK MINERALIZATION

General
The primary purpose of this chapter Is to consider whether some
stratigraphic units or alteration mineral assemblages are incapable of
being mineralized.

The word mineralization, as used in this thesis, is

limited to occurrences of economic or near economic concentrations of
primary copper sulfides.

Because specific information regarding the

grade and tonnage of mineralization is rarely published, even where it
is known, this discussion must be restricted to those few locations
where active mining or exploration has taken place and where the results
have been made public.
A true statistical analysis of the favorability of certain
stratigraphic horizons for mineralization is presently impossible.

Such

a study would necessarily be based upon accurate measurements of the
surface area and volume of each type of host rock in contact with the
surface area of each intrusive stock.

Such information is not available.

The data which are available are strongly biased in favor of the socalled "reactive silty limestones" in the Paleozoic strata.

These units

have been explored to a great extent and they reflect the benefits of
this exploration by displaying many examples of mineralization.

Although

it is not possible, on the basis of existing information, to define the
statistical probability that one type of host rock is more or less likely
to be mineralized than another, it is possible to demonstrate that any
type of host rock can be mineralized.
29
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Reactive Versus Non-Reactive Host Rocks
The concept that certain host rocks are reactive and likely to
be mineralized while others are non-reactive and unlikely to be mineral
ized is not completely supported by field observations or theory.
During my work logging drill core at the 1-10 deposit in the Johnson Camp
district, I observed that every stratigraphic unit was significantly,
although not always economically, mineralized in at least one or two
drill holes.

There seemed to be very little consistency of mineraliza

tion based upon stratigraphy.

Weitz (1976) made similar observations.

Rocks as varied in original composition as Pinal Schist, Pioneer Shale,
Dripping Springs Quartzite, Bolsa Quartzite, Abrigo Limestone, and Martin
Limestone were all mineralized at one location or another.

I believed

that mineralization at the 1-10 deposit in the Johnson Camp district
could be better related to physical controls such as fractures, bedding
planes, or sills, than to the composition of the host rock.
Quartzites are frequently considered one of the most non-reactive
of host rocks and the least likely to be mineralized.

The reasoning

which usually follows is that because the quartzite matrix blocks are
simply recrystallized, and contain no alteration products requiring the
introduction of new chemical components, they are unreactive and will
not be mineralized.

The discussion of the alteration of the pure lime

stones and quartzites in the previous chapter indicates that this is
faulty reasoning.

Simple recrystallization of quartzite matrix blocks

is not necessarily an indication of the lack of reactivity of quartzites;
it can be merely an indication of thermal alteration in the impermeable
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portions of matrix blocks.

Conversely, the abundance of new alteration

products which form in the recrystallized matrix blocks of the calcareous
siltstones is not an indication of the introduction of new chemical com
ponents, but rather an indication of the wide range of the original
composition of these rocks.

The process of isochemical recrystallization

in response to rising temperature is exactly the same in both types of
rocks.

However, because the quartzites only contain one mineral phase,

the alteration process seems less complex than that which takes place in
calcareous siltstones.

The nature of the reaction of any host rock with

introduced hydrothermal fluids must be examined in veins and diffusion
envelopes which form along and around fractures, not in recrystallized
zones of the impermeable portions of matrix blocks.

Impermeable recrys

tallized zones are beyond the reach of hydrothermal fluids and therefore
provide no measure of the reactivity of the host rocks with respect to
a hydrothermal fluid.
It is not the purpose of this thesis to discuss the solubility
of chemical species in solution, but those familiar with such considera
tions will recognize that sulfide deposition is theoretically possible in
host rocks of any composition.

Theoretical considerations aside, there

are many examples of mineralization in quartzites and other host rocks
within southeastern Arizona which are generally classified as unfavorable
for mineralization.

Quartzites
Permian quartzites are mineralized at the Hilltop mine, at the
Pima-Mission mines, and in the Empire Mountains.

Troy-Bolsa quartzites
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are mineralized at Johnson Camp, the Magma mine, Bisbee, Christmas, and
Twin Buttes.

Dripping Springs quartzites are mineralized at Johnson

Camp, the Vekol district, the Lakeshore mine, the Magma mine, and at Ray.

Non-calcareous Clastic, Metamorphic,
and Volcanic Rocks
Tertiary elastics are mineralized in the Pima-Mission district.
Cretaceous elastics are mineralized at the Pima-Mission district. Twin
Buttes, and the Lakeshore mine.
ized at Christmas.

Cretaceous volcanic rocks are mineral

Pioneer Shale is mineralized at Johnson Camp, at

the Magma mine, and at Ray.

Pinal Schist is mineralized at the Magma

mine, at Ray, at Johnson Camp, and at Miami.

Pure Limestones
Mississippian Escabrosa Limestone is mineralized at the Magma
mine, Christmas, Bisbee, Marble Peak, and at Johnson Camp.

Significant copper mineralization, where I was able to verify
that it exists in southeastern Arizona, is listed by stratigraphic unit
in Table 3.
published.

Doubtless, many more examples are known but have not been
The data is conclusive, I believe, that any stratigraphic

unit or composition of host rock can be mineralized;

If this conclusion,

which seems to be supported by theory and observation, is correct, we
must find an explanation for the preferential mineralization of specific
rock types reported at individual mines and mining districts which is
not dependent upon composition alone.
discusses this problem.

The final chapter of this thesis
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Table 3.

Mineralized Stratigraphic Horizons by Location.

Stratigraphic Horizons
Mesozoic
Cretaceous

Triassic-Jurassic
Paleozoic
Naco undifferentiated

Locations Where Mineralized
Christmas, Lakeshore, Pima-Mission, Twin
Buttes, Huachuca Mountains
No information

Magma, Christmas, Bisbee, Abril, Empire
Mountains, Helvetia, Huachuca Mountains,
Glove, Twin Buttes

Permian
Rain Valley
Concha
Scherrer
Epitaph
Colina
Earp

No information
Helvetia, Abril
Hilltop, Empire Mountains, Pima-Mission
Twin Buttes
Twin Buttes, Glove, Johnson Camp
Johnson Camp

Pennsylvanian
Horquilla

Helvetia, Johnson Camp

Mississippian
Escabrosa

Devonian
Martin

Cambrian
Abrigo

Bolsa
Precambrian
Troy
Apache Group
Mescal
Diabase
Dripping Springs
Pioneer
Pinal

Magma, Christmas, Bisbee, Marble Peak,
Johnson Camp, Miami

Magma, Christmas, Bisbee, Marble Peak,
Miami, Twin Buttes, Johnson Camp, Huachuca
Mountains

Bisbee, Twin Buttes, Marble Peak, Johnson
Camp, Huachuca Mountains
Johnson Camp, Bisbee, Twin Buttes

Magma, Christmas

Magma,
Magma,
Magma,
Magma,
Magma,

Lakeshore, Chillito
Vekol, Lakeshore, Johnson Camp
Ray, Vekol, Lakeshore, Johnson Camp
Ray, Johnson Camp
Ray, Johnson Camp, Miami

DISCUSSION AND ECONOMIC'IMPLICATIONS

General
In this thesis I have tried to unite field data collected by
myself and others (Appendix) with theories and models emerging in the
literature (Cooper, 1957; Guilbert and Lowell, 1974; Titley, 1976; Norton
and Knapp, in press; Norton and Knight, in press; Norton and Villas, in
press).

Cooper's (1957) work showed that the original stratigraphy of

altered host rocks at Johnson Camp could be deduced by correlating the
mass composition of the thermally altered rocks with the composition of
the unaltered rocks.

This thesis shows that the data, which are available

at 27 other contact alteration environments within the study area, sup
port

Cooper's (1957) work at Johnson Camp.

The implication

of his

work is that significant masses of the host rocks are often subjected to
temperature increases without the introduction of new chemical components.
Other authors (Rasor, 1937; Weber, 1950; Perry, 1964, 1968; Gale, 1965;
Eastlick, 1967) have made similar speculations without subjecting them
to such a rigorous inspection.
The difficulty with the hypothesis that host rock alteration in
contact environments is a constant composition process is that it con
flicts directly with field data collected by many workers (Reber, 1916;
Rasor, 1937; Alberding, 1938; Weber, 1950; Perry, 1964, 1968; Gale, 1965;
Eastlick, 1967; Phillips, Cambell, and Fountain, 1974; Kelley, 1976, and
Weitz, 1976) which strongly suggests that fluids and chemical components
have been introduced to the host rocks along veins, faults, bedding
34
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planes, disconformities, and contacts.

These authors frequently describe

a time sequence of early thermal alteration followed by "late stage"
hydrothermal alteration.

This interpretation is based upon the observa

tion that the veins cross-cut the recrystallized rocks.

An alternative

interpretation is that the vein filling hydrothermal solutions provided
the heat.which caused the recrystallization of the ground mass.

In this

interpretation the hydrothermal activity actually preceded the recrystal
lization and it is the recrystallization which is "late stage".

In

either event, thermal and hydrothermal alteration are clearly not mutu
ally exclusive and a process which is capable of producing both types of
alteration is required by the data.

The fluid redistribution process

hypothesized in the chapter on Discussion of Concepts of this thesis
meets the requirements of the field data, although it certainly is not
the only process which might do so.
A high temperature pluton placed in stratified upper crustal
host rocks initially cools by dominantly conductive processes producing
thermal alteration around the margins of the pluton.

Gradually, if the

host rocks are fluid-bearing and permeable, fluid density gradients are
created in horizontal planes around the pluton.

These density gradients

cause fluid to migrate toward the pluton along the permeable and fluid
bearing horizons (Norton and Knight, in press).

Ideally, convecting

cells of hydrothermal fluids will be set in motion by this process.

The

mode of circulation of the fluids is along permeability features such as
fractures, bedding planes, and discontinuities.

The fluids, which are

redistributed within the system, carry heat and chemical components
with them.

They lose some of their heat by conductive processes to the
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impermeable interior portions of the fracture-bounded matrix blocks, and
deposit their constituents along fractures and in diffusion envelopes.
As a result of these processes, thermal isochemical alteration takes
place within the inner impermeable portions of matrix blocks, while hy
drothermal alteration takes place along fractures and in diffusion en
velopes adjacent to the fractures.

The hypothesized process should be

universal in permeable fluid-bearing contact environments, regardless
of the age of the pluton, and when fully understood should explain the
obvious differences between the effects of contact alteration at differ
ent locations.

Some of the differences and variations in style which

require explanation are discussed in the following sections.

Distribution of Alteration
Alteration often appears to be discontinuous, non-symmetrical,
and erratic around plutons as described in the literature (Appendix).
In particular many of the large batholith-size plutons (Santa Catalina,
Sierrita, Santa Teresa, and Santa Rita Mountains) do not appear to be
surrounded by symmetrical and continuous alteration zones.

If the er

ratic nature of the alteration is real, it is an indication that the re
distribution of hydrothermal fluids did not take place within the
framework of large idealized convection cells.

However, non-idealized

fluid circulation is not an indication that the process is invalid.

The

non-symmetrical distribution of thermal and hydrothermal alteration around
a pluton may be explained by the distribution of fluids within the sys
tem, which in turn may be explained by the distribution of permeability
within the system.

The permeability of the system can be a function of
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the initial flow porosity of the host rocks or later fracturing events
which may be superimposed upon the host rocks.

For example, the devel

opment of an extensive fracture system over the top of a pluton in a
zone of crustal weakness might allow fluids to circulate upward so that
alteration is most strongly developed over the tops of the plutons.
Subsequent erosion would then remove the evidence of these hydro thermal
systems.

Another cause of non-ideal circulation might be the shape of

the pluton itself.

The large horizontal dimensions of batholiths rela

tive to their vertical dimensions (Hamilton and Myers, 1967) has signifi
cant influence on the style of fluid circulation (Norton and Villas, in
press).

Hamilton and Meyers (1967) also argue that the gneisses which

commonly surround batholiths may be the products of contact alteration
rather than regional metamorphism;

If this is true, the extent of al

teration around batholiths may be greater than has been previously
recognized.
On the other hand, alteration systems often appear to be well
developed or more symmetrical around the exposed margins of small stocks
(Christmas, Helvetia-Rosemont, Silver Bell, Hilltop, Morenci) and around
sill-like bodies which appear to be offshoots of larger plutons (PimaMission, Twin Buttes, Johnson Camp).

More idealized and symmetrical

fluid circulation may take place around smaller stocks because of their
shapes, their relative heights, or because of the types of fracture
systems which are produced around them.

In addition, sill-like bodies

may act as barriers to fluids causing a regularity of alteration around
them.
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These speculations are based upon the assumption that alteration
zones are erratically distributed around plutons.

Further investigation

at many locations may reveal that such an apparent non-symmetrical dis
tribution of alteration is really a failure to recognize alteration
where it exists.

In any event, the nature and distribution of alteration

around plutons in the study area requires further definition and descrip
tion before the process of fluid redistribution hypothesized in this
thesis can be confirmed or invalidated.

Distribution of Mineralization
The data assembled in the Appendix leaves no doubt that certain
rock types, horizons, discontinuities, or spatial locations are prefer
entially mineralized around individual plutons within most mines and
mining districts.

This observation seems to conflict with the argument

advanced in the chapter titled Host Rock Alteration of this thesis that
any type of host rock is capable of being mineralized, as shown by
Table 3.

The question to be resolved here is why do mineralized hydro-

thermal solutions appear to react with one host rock and not with
another, within individual mining districts, even though they are capable
of reacting with host rocks of any composition?

For example at hypo

thetical location "A", the host rocks may consist of quartzite and
schist with the quartzite being preferentially mineralized.

At location

"B", the host rocks may consist of quartzite and limestone with the
limestone being preferentially mineralized.

At location "C'% the host

rocks may consist of schist, limestone, and quartzite with the schist
being preferentially mineralized.
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The variables influencing reaction paths between rocks and
fluids, which are not in equilibrium, are temperature, pressure, and
composition.

The variables influencing where the fluids will flow are

temperature, pressure; and permeability.

By holding temperature and

pressure constant, it is possible to discuss the interaction between the
composition and permeability variables in the following idealized cases.

Case I— The Influence of Composition
Consider two rock units with the same permeability but different
compositions.

Rock "A", a thin-bedded arkose, has a bulk chemical compo

sition and mineral phase content similar to the pluton.

Rock "B", a

thin-bedded calcareous siltstone, has a bulk chemical and mineral content
which is very different than that of the pluton.

Place both rock hori

zons high in the stratigraphic column near the top of the pluton and
imagine the path of circulating hydrothermal fluids in an idealized con
vection cell.

The fluids approach the pluton near its base through cal

careous host rocks.

The fluids equilibrate with the calcareous host

rocks and therefore are not in equilibrium with the permeable pluton
when they enter it.

As a consequence of this disequilibrium, the fluids

may precipitate calc-silicate minerals in the margins of the pluton pro
ducing the so-called endo-skarns.

The fluids may then continue to mi

grate upward through the pluton, establishing some degree of equilibrium
with it, until finally they flow out of the pluton near the top and enter
rock horizons "A" and "B", described above.

If rocks "A" and "B" are

equally permeable, the only variable involved in mineral deposition,
which is different between the two rocks, is composition.
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Pressure, temperature, and compositional gradients, especially
hydrogen ion concentration, can all play an important role in the control
of sulfide deposition and alteration•(Hemley and Jones, 1964; Helgeson,
1970).

In the case under discussion, fluids flowing from the pluton

into the arkose, are nearly in equilibrium with it because of the simi
larity in composition between the arkose and the pluton.

Therefore,

relatively minor shifts in the bulk fluid composition will take place as
the fluids circulate through the arkose.

As a result, the tendency to

precipitate trace components and metal sulfides in the arkose will be
mostly a response to thermal gradients, and sulfide deposition in the
arkose may be dragged out over relatively great distances.

On the other

hand, fluids flowing into rock "B", the calcareous siltstone, are not in
equilibrium with it and as a result major changes in the bulk fluid com
position will take place as the fluids respond to compositional as well
as thermal gradients.

Under these conditions sulfide deposition may be

concentrated at the compositional boundary and well developed within the
calcareous siltstones.

This idealized case provides a possible explana

tion for the most common type of preferential mineralization in contact
alteration environments.

The so-called reactive calcareous siltstone is

preferentially mineralized with regard to the less reactive arkose.
Two points need to be emphasized.

Equal concentrations of min

eralization in the two units might be achieved by increasing the perme
ability of the arkose relative to the permeability of the calcareous
siltstone.

The second point is that a host rock may be strongly reactive

with one fluid composition and weakly reactive with another.

For ex

ample, the results described above may be reversed by changing the path

41
of the fluid and as a result changing its composition.

By reducing the

permeability of the pluton, fluids can be diverted upward along the con
tact zone rather than through the pluton.

If the host rocks in this zone

are-calcareous, the fluids, upon entering the calcareous siltstone and .
arkose described above, will be closer to equilibrium with the calcareous
siltstone than with the arkose.

In this situation calc-silicate altera

tion minerals will form in the fractures of the arkose and the concentra
tion of sulfide deposition per unit volume may be higher in the arkose
than in the calcareous siltstone.

Although this type of occurrence is

less common than the previous one, there is field evidence indicating
that under the proper conditions it does occur.

Weber (1950) and Gale

(1965) described calc-silicate mineral assemblages in non-calcarecus
clastic rocks at the Huachuca Mountains and the Mission mine, respectively.
This discussion makes it clear that the reactivity of a host rock is a
function of the composition of the host rock in relation to the compo
sition of the fluids which circulate through it.

No host rock is in

herently non-reactive.

Case II— The Influence of Permeability
In order to isolate the effects of permeability we can hold com
position constant.

We can do this by discussing a situation similar to

Case I where rock "A" is now a massive thick-bedded arkose and rock "B"
is a thin-bedded, well fractured arkose.

In this case, the fluids coming

out of the pluton will encounter two host rocks with identical chemical
compositions but with very different permeabilities.

The result will be
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a few widely spaced sulfide veins in the massive arkose and many closely
spaced sulfide veins in the well fractured arkose.

The well fractured

arkose will appear to be mineralized while the massive arkose will not.
In reality both rocks are mineralized but the concentration of minerals
per unit volume is higher in the permeable arkose than in the imper
meable arkose.
The effects of permeability may also be isolated in situations
where major fractures and discontinuities allow fluids to react with a
wide variety of host rocks.

In these situations we can truly test the

hypothesis that any permeable host rock can be mineralized.

The Magma

fault is a good example of fracture control of permeability with all rock
types along the fault being mineralized regardless of composition (Ap
pendix) .

An example of a discontinuity control of permeability is de

scribed by Kinnison (1966) at the Mission mine where all units including
pure Paleozoic quartzites and Tertiary elastics, which abut the discon
tinuity between the overlying Tertiary rocks and the underlying Paleozoic
rocks, are mineralized.

Case III— Permeability and Composition Combined
In order to compare the effects of permeability and composition
we can imagine a case where rock "A" is a thinly bedded well fractured
arkose, and rock "B” is a massive, relatively impermeable limestone.

In

this case the fluids cannot enter the massive limestone, but they can
enter and mineralize the more permeable arkose.

Mineralization of the

Snyder Hill Quartzite (Permian Scherrer ?) at the Hilltop mine as de
scribed by Papke (1952) may be an example of this type of occurrence.
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The lower limestone member of the Snyder Hill is massive, thick-bedded,
unrecrystallized and unmineralized.

The middle quartzite member, which

is described as being brecciated, is mineralized. •

Summary
This discussion indicates that permeability of a host rock is a
primary requirement for mineralization by hydrothermal fluids.

Which per

meable host rock will be mineralized, and to what extent, is a function of
its composition, the composition and permeability of the rocks around it,
the fluid path lines, and the composition of the fluids, all other vari
ables being equal.

This discussion also indicates that host rocks which

are in near equilibrium with the hydrothermal fluids probably must be more
densely fractured, or receive more fluids than host rocks which are far
from equilibrium with the fluids, in order to receive equal concentrations
of mineralization.

It is clear that a host rock must not only be permeable

in order to be mineralized, but must also lie in the path of circulating
fluids.

Also, two identical units, in terms of permeability and composi

tion, might be located so that one served as a conduit for fluids approach
ing the pluton while the other served as a conduit for fluids leaving the
pluton.

Such a situation might produce different alteration products and

concentrations of mineralization in the two units.

Economic Implications
The concept of a universal process of fluid redistribution in
permeable fluid-bearing host rocks around hot igneous masses opens nu
merous exploration possibilities in the search for mineral deposits.
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From this point of view plutons which are themselves unaltered or unmin
eralized may still serve as heat sources to develop fluid circulation
and resulting hydrothermal alteration and mineralization in the host
rocks which surround the pluton. . Because permeability appears to be a
primary control in determining where alteration and mineralization will
take place, all of the permeable host rocks around each pluton become
potential hosts for mineralization regardless of their composition.

A

convecting fluid system around and within a pluton can produce any combi
nation of high grade replacement type mineralization in host rocks, low
grade disseminated mineralization in host rocks, and low grade dissemi
nated mineralization in the pluton.

All of these variations in the style

and concentration of alteration and mineralization can be explained
under one unifying process in terms of the fluid path lines.
High grade replacement type mineralization can be viewed as a
massive influx of fluids into large open fractures, contacts, discontinu
ities, or bedding planes; as a ponding of fluids against impermeable
horizons; or as a response to steep physical and compositional gradients.
Low grade, high tonnage, disseminated mineralization can be viewed as
an expression of a well developed hydrothermal system circulating through
extensively fractured rocks.

In theory, one type of mineralization does

not preclude the other, and readers who are familiar with the nature of
mineralization at Bisbee, Morenci, Johnson Camp, Pima-Mission, Christmas,
Twin Buttes, and Ray, will probably agree that combinations of replace
ment mineralization in host rocks with disseminated mineralization in
host rocks or plutons can be found at these locations.

The exploration

geologist, therefore, can expect to find a wide variety of mineral
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deposits in terms of grade, tonnage, and mode of occurrence, in contact
environments. All of the permeable host rocks around each pluton, regard
less of their composition, and all of the permeable portions of the
pluton itself, are potential exploration targets.

Predictions regarding

the grade and tonnage of the potential mineral deposit cannot be made
until the volumes of the permeable zones, the fluid path lines, and the
physical and chemical gradients have been defined.
Each pluton-host rock environment is unique and can be described
in terms of the geometry and size of the pluton, the composition and per
meability of the host rocks

and the pluton, the composition of the

fluids, the fluid path lines, and the conditions of temperature and pres
sure.

The initial work of the exploration geologist should be aimed

toward the collection of information which can be used to define some of
the variables listed above.

The data collected from early mapping and

drilling should consist of much more than merely recording the gross as
pects of alteration and mineralization.

Bulk chemical analysis of al

tered and unaltered rocks is required to fully measure the quantity of
constituents which have been introduced or removed, and thereby gain a
measure of the mass and composition of fluids which have circulated
through the rocks.

In the absence of chemical analysis, visual estimates

of mineral abundances can provide useful information.

However, mineral

abundances must be expressed in terms of their mode of occurrence (vein,
diffusion envelope, recrystallized zones, unaltered cores) in order to
be useful.

Careful logging of the spacing and orientation of fractures

and bedding planes can give an indication as to probable matrix block
size and the resulting permeability of each horizon or zone.

Where
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possible, the aperture an d •continuity of fracture openings should also
be recorded because permeability is a function of aperture size as well
as spacing.

Guilbert and Lowell (1974) urged that geologists report net

abundance of alteration minerals, mineral ratios, veinlet widths and se
quences, and veinlet spacings.
Ideally, the purpose of this data collection is 1) to identify
the most permeable horizons and zones in terms of original permeability
and later fracturing events, 2) to locate the most likely locations of
fluid flow based upon the permeability studies, 3) to determine the prob
able fluid composition based upon the direction and location of fluid
flow and the alteration products which formed in each stratigraphic hori
zon, 4) to predict where steep physical or compositional gradients may
occur along the path of fluid flow, and 5) to predict where fluid ponding
may take place against impermeable horizons.

Often it may be possible

to gain considerable insight into the style of alteration and mineraliza
tion most likely to occur around a pluton by collecting information from
nearby mining districts where plutons have been emplaced in similar
stratigraphic sequences.
In this thesis I have identified approximately 64 locations of
potential contact alteration and mineralization.

It is apparent that

the majority of these locations have not been studied or explored in
detail.

This lack of study is most likely the result of the absence of

surface exposures of alteration, mineralization, or "reactive" strati
graphic units.

If the hypotheses of this thesis, as supported by the

data, are correct, the potential for a mineralized hydrothermal system
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around each pluton cannot be dismissed by the absence of alteration or
mineralization at one particular exposure or location.

It is entirely

possible that the exposed portions of the pluton and the host rocks
can be unaltered and unmineralized, while more permeable horizons, which
may be concealed, are extensively altered and mineralized.

The discussions

in the chapter on Host Rock Alteration point out the apparent natural
erratic distribution of hydrothermal systems around plutons.
From an economic viewpoint perhaps the most important conclusions
of this thesis are:
1.

Any permeable host rock, regardless of its composition, can be
mineralized.

2.

Limiting predictions regarding grade and tonnage of mineralization
in contact environments cannot be made until the entire system
has been defined.

3.

Preferential mineralization of certain stratigraphic units fre
quently takes place in individual mines or mining districts,
but the units so mineralized vary from mine to mine and from
district to district.

4.

Surface exposures of impermeable host rocks can conceal under
lying hydrothermal systems in more permeable rocks.

5.

Unaltered impermeable plutons can produce hydrothermal systems
in the adjacent permeable host rocks.

APPENDIX

DESCRIPTIONS OF 64 LOCATIONS OF
POTENTIAL CONTACT ALTERATION
IN SOUTHEASTERN ARIZONA
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The following appendix contains descriptions of 64 sites of
potential contact alteration in southeastern Arizona.

The locations

are not of equal size and in many cases the contact zones around large
intrusive stocks have been arbitrarily separated into two or more loca
tions.

Where possible the locations have been chosen on the basis of

previously named mining districts or geographic areas.
The basic geology and the mineral assemblages, which are de
scribed in this appendix, were compiled from the literature which is
listed in the references.

The Geologic Map of Arizona (1969), published

by the Arizona Bureau of Mines and the United States Geologic Survey,
served as the base map for the study.

The geology shown on this map has

been revised by recent workers, although much of this work is not yet
published.

For the sake of consistency I have not incorporated these

revisions in this thesis unless they contribute new information on al
teration mineralogy and processes.
At 28 of the 64 locations of potential contact alteration I was
able to confirm the existence of alteration.

Information regarding

stratigraphy, alteration and mineralization at each of these 28 loca
tions is compiled in a table which follows the description of the loca
tion.
1.

Each table contains six columns which are described below.
Age and Name:

This column shows the geologic age and formation

name of each stratigraphic unit which has been identified and
mapped at the location.

Standard age and name abbreviations used

in the tables are listed below.
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Geologic Age and Name Abbreviations
Mz = Mesozoic
Tr-Jr
K
Ku
K1
Kp

=
=
“
=
=

Triassic-Jurassic
Cretaceous
Upper Cretaceous
Lower Cretaceous
Pinkard

Pal = Paleozoic
P
Pr
Pen
Psn
Ps
Pe
Pc
PP
PP-Pn
PP-Pe
PPh
PPb
M
Mp
Me
Mm
D
Do
Dm
Dmo
Dp
0
01
6
6a
Gau
Gam
Gal
6b

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
■
=

Permian
Rainvalley
Concha
Snyder Hill*
Scherrer
Epitaph
Colina
Pennsylvanian
Naco group
Earp
Horquilla
Black Prince
Mississippian
Paradise
Escabrosa
Modoc
Devonian
Ouray*
Martin
Morenci
Picacho de Calera*
Ordovician
Longfellow
Cambrian
Abrigo, Rincon*
Upper Abrigo, Peppersauce*
Middle Abrigo
Lower Abrigo, Southern Belle*, Cochise*
Bolsa

pC *» Precambrian
pGt
pGa
pGam
pGad

=
=
=
=

Troy
Apache Group
Mescal
Dripping Springs

* = older names not presently recognized, but used by the authors
in this appendix.
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pGab
pGap
pGas
pGd
pGp
2.

=
=
=
=
*

Barnes
Pioneer
Scanlan
Diabase
Pinal

Thickness: This column shows the thickness in feet of each
stratigraphic unit at the location.

A question mark alone

indicates that the unit is present but the thickness of the
unit was not measured or reported by the referenced authors.
A thickness figure followed by a question mark indicates that
the measured section may have been too thick or too thin as a
result of lack of exposure, erosion, or faulting.
3.

Attitude:

This column shows the strike and dip of the strati

graphic unit as well as the.approximate distance to the nearest
known intrusive contact.

The first three spaces under this

heading are used to describe the strike of the beds.
two spaces describe the dip of the beds.

The next

The last four spaces

describe the distance of the beds from the nearest outcrop of
intrusive rock.

Question marks indicate that no information

was reported by the referenced authors.

For example, NNW-NE-0

indicates that the beds strike north-northwest, dip northeast
and are in contact with the intrusive.

NE-SE-1000 indicates

that the sediments strike northeast, dip southeast and are ap
proximately 1000 feet from the nearest intrusive outcrop.

The

initials R.P. indicate that the rocks occur as roof pendants on
the intrusive stock.
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4.

Composition:

This column shows the original lithologic composi

tion of the stratified host rock.
the tables are listed below.

Rock abbreviations used in

A question mark indicates that

the composition of the rocks was not reported by the referenced
authors.

Rock Abbreviations
Gry
Ark
Qtz
Ss
Si
Sh
Dol
Cal
Ls
Ss-Ls
Si-Ls
Ls-Ss
Ls-Qtz
Ls-Si
Ss-Dol
Si-Dol
Dol-Ss
Dol-Si
Dol-Ls
Ls-Dol
Vol
Cong
Ch
Ch-Ls
Ch-Dol
Gyp
Hud
5.

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
*

Graywacke
Arkose
Quartzite
Sandstone
Siltstone
Shale
Dolomite
Calcite
Limestone
Arenaceous limestone
Argillaceous limestone
Calcareous sandstone
Calcareous quartzite
Calcareous siltstone
Arenaceous dolomite
Argillaceous dolomite
Dolomitic sandstone
Dolomitic siltstone
Dolomitic limestone
Calcareous dolomite
Volcanics
Conglomerate
Chert
Cherty limestone
Cherty dolomite
Gypsum
Mudstone

Alteration:

This column shows all the alteration minerals which

have been reported in each stratigraphic unit at the location.
Minerals which are enclosed in brackets { } were reported to
occur in veins, fractures, faults, or within a few feet of in
trusive contacts.

Bracketed minerals may be the products of
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hydrothermal alteration.

Minerals which are enclosed by paren

theses ( ) are those for which no special designation has been
made by the authors regarding mode of occurrence.

Mineral ab

breviations used in this column of the tables are listed below.
Superscript small letters outside of parentheses or brackets
refer to footnotes at the bottom of the table.

The footnotes

list the authors who reported alteration in each stratigraphic
unit.

Mineral Abbreviations
A
Aa
Ah
Andal
Anh
At
B
C
Chia
Chon
Ck
Corn
Cord
E
F
Fp
Fk
FI
G
Ga
Gg
Glauc
I
M
Mb
Me
Mm
Ms
Mt
0

=
=
=
=
=
=
=
=
=
=
■
=
=
=
=
=
=
=
=
*
=
=
=
=
=
=
=
=
=

Amphibole
Actinolite
Hornblende
Andalusite
Anhydrite
Tremolite
Brucite
Clay
Chiastolite
Chondrodite
Kaolin
Corundum
Cordierite
Epidote, zoisite
Feldspar
Plagioclase
Orthoclase
Fluorite
Garnet
Andradite
Grossularite
Glauconite
Idocrase
Mica
Biotite
Chlorite
Muscovite, sericite
Serpentine
Talc
Olivene
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Of =
P =
Pd =
Ph =
Q =
Scap *
Sil"■
Sill =
Tour =
W =

6.

Forsterite
Pyroxene
Diopside
Hedenbergite
Quartz
Scapolite
Silicatioh
Sillimanite
Tourmaline •
Wollastonite

Mineralization:

This column shows mineralization which has been

reported in each stratigraphic unit at the location.

A ques

tion mark indicates that the unit is present but the presence
or absence of mineralization was not reported by the referenced
authors.

Mineral abbreviations used in this column of the

tables are listed below.

Mineralization Abbreviations
Py = pyrite
Cpy = chalcopyrite
Sp ■ sphalerite
G1 = galena
W = tungsten
Ag = silver
Au = gold
Mo = molybdenite
The abbreviation "N.P." under any column heading indicates that
the stratigraphic unit is not present.
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COCHISE COUNTY. ARIZONA

The following tabulation identifies 14 locations where contact
relationships between post-Precambrian intrusive stocks and pre-intrusive
stratified host rocks exist in Cochise County, Arizona.

At three of

the locations (Bisbee, Courtland, Huachuca) the intrusive stocks are
shown to be Triassic to Jurassic in age on the Geologic Map of Arizona
(1969).

At the rest of the locations the intrusive rocks are shown to

be Cretaceous to Tertiary in age.

Code

Name

Township
and Range

Included in
this Study

C-l

Swisshelm Mountains

T. 20 S., R. 27 E.

Yes

C-2

Bisbee District

T. 22 S., R. 23 E.
T. 23 S., R. 23 E.
T. 23 S., R. 24 E.

Yes

C-3

Huachuca Mountains

T. 23 S., R. 20 E.
T. 24 S., R. 20 E.
T. 24 S., R. 21 E.

Yes

C-4

Hilltop-Jhus Canyon
District

T. 17 S., R. 30 E.

Yes

C-5

Courtland District

T. 19 S., R. 24 E.
T. 19 S., R. 25 E.
T. 20 S., R. 25 E.

Yes

C-6

Tombstone District

T. 20 S., R. 22 S.
T. 21 S., R. 22 E.

Yes

C-7

Abril District

T. 17
R. 23 E.
T. 18 S., R. 23 E.

Yes

C-8

Whetstone Mountains

T. 18 S., R. 19 E.
T. 19 S., R. 19 E.

No

C-9

Johnson Camp District

S.t

T.
T.
T.
T.

15
16
15
16

S.,
S.,
S.,
S.,

R.
R.
R.
R.

22
22
23
23

E.
E.
E.
E.

Yes
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Code

Township
and Range

Name

Included in
this Study

C-10

Happy Valley Area

T.
T.
T.
T.

C-ll

Lower Paige Canyon Area

T. 13 S., R. 19 E.
T. 14 S., R. 19 E.

No

C-12

Cochise Stronghold Area

T. 17 S., R. 23 E.
T. 17 S., R. 24 E.

No

C-13

Dos Cabezas Area

T.
T.
T.
T.

E.
E.
E.
E.

No

C-14

Dragoon Area

T. 16 S., R. 22 E.
T. 17 S., R. 23 E.

No

14
14
16
15

12
13
14
14

S.,
S.,
S.,
S.,

S.,
S.,
S.,
S.,

R.
R.
R.
R.

R.
R.
R.
R.

18
19
19
19

25
26
28
27

E.
E.
E.
E.

Yes

Descriptions of each of the locations listed above and tabula
tions of mineral assemblages, where they are available, are included on
the following pages.
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Swisshelm Mountains (C-l)

Location and Geology
The Geologic Map of Arizona (1969) shows a small intrusive stock
located on the western flank of the Swisshelm Mountains in the east
central portion of T. 20 S., R. 27 E. in Cochise County, Arizona.

The

eastern margin of the northern portion of the stock has approximately
one mile of contact with Cretaceous strata which strike northwest and
dip 30 to 40 degrees northeast.

The eastern margin of the southern por

tion of the stock has approximately one-quarter mile of contact with
Upper Paleozoic Naco Group strata which strike northwest and dip 20 to
30 degrees northeast.

Alteration
Diery (1964) collected samples at or near the intrusive contact.
He described the following types of alteration in Cretaceous sediments.
1.

Metaquartzite:

A fine- to medium-grained quartzite with

granoblastic texture.

Constituent minerals in order of

abundance are quartz, orthoclase, plagioclase, epidote
and clinozoisite.
2.

Homfels:

A fine to very fine grained granoblastic texture

with a variable mineral composition.

Quartz, diopside,

garnet, and epidote are the most abundant minerals.

Bio-

tite and tremolite are locally abundant.
3.

Granofels:

A fine- to medium-grained texture with local

porphyroblasts.
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A)

Hornblende-biotite granofels:

biotite, hornblende, quartz,

cordierite, orthoclase, and plagioclase.
B)

Diopsode hornfels:

quartz, plagioclase, orthoclase, diop-

side, and epidote.
C)

Hornblende granofels:

hornblende, biotite, quartz, ortho

clase, plagioclase.
D)

Idocrase-wollastonite granofels:

calcite, idocrase, epidote,

garnet, wollastonite, diopside, and quartz.
He described the following types of alteration in Naco Group
sediments.
1.

Marbelized dolomitic limestones:

calcite, forsterite, brucite,

chondrodite, pyroxene, with local quartz, fluorite, muscovite,
and biotite.
2.

Hornfels:

quartz, calcite, garnet, pyroxene, with epidote,

clinozoisite, orthoclase, biotite, and muscovite.
3.

Granofels:
A)

Garnet granofels — garnet, idocrase, calcite, quartz, epi
dote, pyroxene, plagioclase, amphibole, and fluorite.

B)

Idocrase granofels— idocrase, calcite, garnet, quartz,
epidote, pyroxene, and wollastonite.

C)

Wollastonite granofels — wollastonite, garnet, idocrase,
quartz, epidote, and diopside.

Table A.l.

Swisshelm Mountains (C-l)

Age and Name

Thickness

Attitude

Composition

Alteration

Mineralization

Hz
?

NW-NE-0

Qtz

(Q,F,E,)a

?

?

NW-NE-0

Ls, Sh

(Q,Pd,G,E,Mb,
At,Ah,F,
Cord,W,I)*

?

PP-Pn

?

NW-NE-0

Ls,Sh,Ch

(Q,Pd,G,E,Mb,
Mm,At,F,W,I,
Fl)a

?

PP-Pn

?

NW-NE-0

Dol-Ls

(Of ,Q,Mm,Mb,
B,Chon)a

?

N.P.

N.P.

N.P.

N.P.

N.P.

K1
K1

Pal

PP
aDiery (1964).
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Bisbee District (C-2)

Location and Geology
The Bisbee mining district is located at the southern end of the
Mule Mountains in T. 22 S., R. 23 E.; T. 23 S., R. 23 E.; and T. 23 S.,
R. 24 E. in Cochise County, Arizona.
plex.

The district is structurally com

Ransome (1904) divided the Bisbee area into seven fault blocks.

A principal structural feature is the Bisbee anticline.

The axis of

this anticline trends northwest and is the site of the longitudinal
Dividend fault which marks the crestal axis of the anticline.
stocks occur along the axis of the anticline.

Intrusive

These stocks are shown to

be Triassic to Jurassic in age on the Geologic Map of Arizona (1969).
The northern intrusive stock is in contact with post-intrusive Cretaceous
sedimentary rocks along its northeastern boundary and Pinal Schist along
the southwestern exposures, with the exception of the faulted southeast
ern lobe of the stock which has a contact relationship with Paleozoic
strata.

Alteration
In spite of the vast amount of literature which has been pub
lished on the district, specific references to contact alteration min
eralogy are limited and vague.

Ransome (1904) described zoning of

alteration around the Sacramento Stock for more than 1200 feet and al
teration of the Pinal Schist up to one-fourth mile away.

The only spe

cific mention of alteration minerals in sedimentary strata, which I was
able to find, are listed below.

\
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1.

Nye (1968):

Cambrian Abrlgo is recrystallized and contains

(Sil,Mc,E).

The Devonian Martin and Mississippian Escabrosa

are recrystallized.
2.

Ransome (1904):
contains (Q,Mm).

Precambrian Pinal Schist is recrystallized and
The Permian Naco is altered to {Q,Cal} at

contacts and contains (At,Pd,G,Cal,Mc) in the groundmass.

Table A.2.

Blsbee District (C-2).

Age and Name

Thickness

Attitude

Composition

Alteration

Mineralization

None

None

Mz
?

Ki

NW-NE-0

?

Pal
PP-Pn

+3,000

NW-SW-0

Ls,Dol.Sh

(At,Pd,G,
Me,Cal)°
{Q,Cal)b

Base metals3

Me

600-800

NW-SW-0

Ls

(Mar)3

Base metals3

Dm

340

NW-SW-0

Dol-Ls

(Mar)*

Base metals3

6a

770

NW-SW-0

Ls,Sh,Ss

(Mar,Me,E,
Sil)a

Base metals3

6b

430

NW-SW-0

Qtz

?

Base metals*

p6a

N.P.

N.P.

N.P.

p6p

?

p6

*Nye (1968).
bRansome (1904).

?-?-0

?

N.P.

N.P.

{Q.Mm}b

Py*
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Huachuca Mountains (C-3)

Location and Geology
The Huachuca Mountains are located in the extreme southwest cor
ner of Cochise County, Arizona.

The range trends to the northwest.

The elongated northeast flank of the range consists of an exposed core
of Precambrian granite.

The axis and crest of the range consists of

Cambrian through Mississippian strata striking northwest and dipping to
the southwest.

The southwestern flank of the range consists of predomi

nantly Cretaceous strata striking northwest and contains faulted blocks
of upper Paleozoic rocks near the crest of the range.

The Geologic Map

of Arizona (1969) shows a northwest-elongated stock of Triassic-Jurassic
age called the Granite Peak quartz monzonite.

The stock lies in T. 23

S., R. 20 E . ; T. 24 S., R. 20 E . ; T. 24 S., R. 21 E. in the southern
end of the range.

The stock is shown to be in contact with Mesozoic

volcanic rocks and upper Paleozoic sedimentary rocks to the northeast
and Cretaceous strata to the southwest.
Mapping by Weber (1950) indicates that different interpretations
regarding the identification of the units and the age of the intrusive
are possible.

He described strong contact-alteration effects in the

Cretaceous rocks around the intrusion.

If his interpretations are cor

rect, the Triassic-Jurassic age of the intrusive is placed in doubt.

Alteration
Weber (1950) described alteration as far as 1300 feet from the
northern portion Granite Peak stock.

He recognized interlayered marble
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and "tactite" which he felt was caused by the alteration of imbricate
thrust slices of Cretaceous elastics sandwiched between Permian lime
stone.

He attributed variations in the intensity of alteration to the

presence or absence of permeable channelways.

The alteration minerals

he reported are listed below.
The Cambrian Cochise formation and the Devonian Picacho Del
Calera are "silicified".

Permian limestones are altered to (Cal,Mt),

(Cal,At), (Cal,Pd), (Q,Ph,G,C,Pd), with veins of {G,Aa}.
elastics are altered to (G,Pd,At,Aa,Ph,Mag,E).

Cretaceous

Table A»3.

Huachuca Mountains (C-3)

Age and Name

Thickness______ Attitude______ Composition______ Alteration_____Mineralization

Mz
K1
K1

?

NW-SW-0

Si,Vol,Ss,Mud

?

NW-NE-0

Cong,Qtz

?

NW-NE-0

Ch-Ls

NW-NE-0
NW-NE-1000
NW-NE-1500

Ls-Sh
?
Ls,Ss-Dol,
Ch-Dol
Ls,Dol-Ls,
Ls-Ss
Ls,Sh,Dol,
Qtz
Dol-Ss,
Sh,X jS
Qtz

(G,Pd,At,Aa,
Ph,E,Mag)a
?

Sp,Gl,Cpy

(Cal,Q,Ph,Mt,
At,G,Pd,C)a
(G,Aa)a
?
?
? •

Sp,Gl,Cpy

?

Pal
P

PP
Me
Dm-Do

?
700-800
250-300
?

Dp
6a (Rincon)
Gal (Cochise)
6b

NW-NE-1500

400-500

NW-NE-2000

300

NW-NE-2500

465

NW-NE-3000

(sn )a

?
?
.?
Base metals
?

?
(Sil)a

Au,Ag

?

£6________________ N.P.___________ N»P.__________ N.P._____________ N»P. •____________ N.P.
aWeber (1950).

?
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Hilltop-Jhus Canyon District (C-4)

Location and Geology, Jhus Canyon
The Geologic Map of Arizona (1969) shows an intrusive stock in
T. 17 S., R. 30 E. in the Chiricahua Mountains of Cochise County,
Arizona.

The stock intrudes sedimentary rocks from Cambrian to Lower

Cretaceous age which strike northwest and dip steeply to the southwest.
The Jhus Canyon stock is an intrusive complex of granodiorite, dacite
porphyry, and latite porphyry.

The stock is elongated in a northeast

direction with the northwestern and southeastern lobes following the
strike of the sedimentary rocks.

Alteration, Jhus Canyon
Chakarun (1973) stated that skarns, homfels, and marbles formed
along most of the intrusive contacts, but that some occurrences of al
teration were as far as 1500 feet from the intrusive outcrops.

He re

ported the following alteration.
The Cambrian Abrigo is recrystallized to marble with some h o m 
fels.

Skarns occur near contacts and may contain (G,E,W,At).

Lower

Devonian Martin is altered to hornfels and upper Martin- is recrystal
lized to marble.

Mississippian Escabrosa is recrystallized to marble,

and Paradise is altered to hornfels.

Pennsylvanian-Permian Naco is al

tered to hornfels in the upper portions which consists of (Pd,Q,G).

Location and Geology, Hilltop Mine
The Hilltop Mine area is located in T. 17 S., R. 30 E . , approx
imately one mile to the northwest of the Jhus Canyon stock.

Papke
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(1952) described the eastern half of the mine area, and Brittain (1954)
described the western half of the mine area.

Over 6000 feet of sedi

mentary rocks are bounded by northeast- and northwest-trending faults
to form the "Hilltop block."

The block is bounded on the northeast by

exposed portions of a quartz monzonite stock, which is probably related
to the Jhus Canyon stock.

Strata within the block strike northwest and

dip steeply southwest with the exception of the lower Paleozoic units,
which are overturned and dip steeply to the northeast.

Alteration, Hilltop Mine
Both Papke (1952) and Brittain (1954) described contactalteration as being strong and extensive throughout the block.

Shaly

rocks in the Naco group, which are more than 2000 feet from exposed
quartz monzonite, are completely converted to "homfels."

Both authors

recognized two types of contact-alteration:
1.

recrystallization of sandstone and limestone to form quartzite
and marble;

2.

the formation of h o m f e l s from shaly rocks.

The alteration they reported is listed below.
1.

Brittain (1954):

Cambrian Abrigo is recrystallized to marble;

Devonian Martin is altered to "homfels"; Mississippian Escabrosa is recrystallized to marble; Paradise is altered to
"homfels"; Pennsylvanian-Permian Naco is recrystallized to
marble and altered to "homfels" (Q,E,F,Mb).
2.

Papke (1952):

Cambrian Abrigo is recrystallized to marble with

some "homfels" beds and {G,E,Q} at contacts; Devonian Martin
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is altered to "hornfels"; Mississippian Escabrosa is recrystal
lized to marble with minor "hornfels",

chert nodules have wol-

lastonite borders (Q,W,Cal); PennsyIvanian-Permian Naco is
altered to "hornfels" with "metacrysts" of (G,W,At,Aa); chert
nodules with wollastonite borders occur in the lower Naco;
Permian Snyder Hill quartzite is recrystallized with calcite
veins.

He described "hornfels" as a rock consisting of (Q,E,

F,Mm,Mb) .

Mineralization, Hilltop Mine
The Permian Snyder Hill formation (Scherrer-Concha?) consists
of two limestone members separated by a quartzite member.

The lower

limestone member is thick-bedded and shows little evidence of recrystal
lization.

The quartzite member is brecciated, contains calcite, and is

mineralized with galena, sphalerite, chalcopyrite, silver, and gold.

Age and Name

Thickness

Attitude

Composition

+5000

NW-SW-0
NW-SW-5000

Sh,Ls

NW-SW-4000
NW-SW-4000
NW-SW-4000
NW-SE-1000

La
Qtz
La
Ls,Sh,Ch,Mud

Alteration

Mineralization

Mz
K1

?

?

Pal

Hp
Me
Dm
6a

150-225
800-825
300-325
315-350

NW-SE-0
NW-SE-0
NW-SE-0
NW-SE-0

Ls,Sh,Mud
Ls,minor Sh
Ls.Sh
Ch-Ls,minor Sh

6b

400

NW-SE-0

Qtz

?
(Q,Cal)c
?
(Pd,Q,G)a
(Q,E,F.M,G,W
At,Aa)°,c
(Q,E,F,M);»C
(Q,W,Cal)C
(Q,E,F,M)b »c
(g ,e ,q ,w .
At)a,c
?

N.P.

N.P.

N.P.

Pan
Psn
Pan
PP-Pn

627
65
480
2000-4000

N.P.
P6
aChakarun (1973).
^Brittain (1954).
cPapke (1952).

?
Gl,Sp,Cpy,Ag,Au
?
?

?
?
?
?
?
N.P.
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Courbland District (C-5)

Location and Geology
The Courtland area is located in the southern Dragoon Mountains
in portions of T. 19 S., R. 24 E . ; T. 19 S., R. 25 E . ; and T. 20 S., R.
25 E. in Cochise County, Arizona.

This area contains a large block of

complexly faulted Precambrian and Paleozoic strata in mechanical and
intrusive contact with at least three stocks or three intrusive facies
of the same stock.

Gilluly (1956) stated that at least 90% of the con

tacts in the area are mechanical.

Alteration
Ransome (1913), Wilson (1927), and Gilluly (1956) have all de
scribed the area in general, and mention is frequently made of contactalteration.

However, descriptions of alteration have not been specific

or detailed enough to be of much use for this report.

Numerous explora

tion companies have been drilling and mapping in the area for years,
but no published details of their work were available to this author.
The area is included in this report because it is a location of signi
ficant contact-alteration and mineralization, even though data is not
published.

Wilson (1927) described two thin sections taken from the

Abrigo near the contacts with the quartz monzonite porphyry.
section showed garnet, epidote, quartz, and calcite.
epidote and quartz without garnet.

One thin

Another showed

It is unclear whether the sections

were taken from the upper, middle, or lower Abrigo.

Table A.5.

Courtland District (C-5)
Unaltered
Composition

Alteration

Mineralization

Thickness

Attitude

K1

+3000

NNW-7-0

Ark,Ss,Sh,
Mud,Cong

7

7

Pc

300

NNW-7-0

Ls

7

7

PP-Pe

400-500

NNW-7-0

Si,Sh,Lms

7

7

PPh

1500

NNW-7-0

Sh,Ls

7

7

Mb

150

NNW-7-0

Ls

7

7

Me

500-600

NNW-7-0

Ls

7

7

Dm

350

NNW-7-0

Ls-Ss,Sh,Dol

7

7

6a

500-600

NNW-7-0

Si—Ls,Sh

(G,E,Q,Cal)a

7

6b

300

NNW-7-0

Qtz

7

7

p6a

N.P.

N.P.

N.P.

N.P.

N.P.

pGp

?

Mm,Mc,Q

7

7

Age and Name
Hz

Pal

•

]
<

p6

aWilson (1927).
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Tombstone District (C-6)

Location and Geology
The Geologic Map of Arizona (1969) shows a large northeast
trending intrusive mass, along with smaller outcrops of intrusive rocks
in T. 20 S., R. 22 E. and T. 21 S., R. 22 E. in Cochise County, Arizona.
The sedimentary rocks in contact with the stocks range from Cambrian
to Cretaceous in age.

The strata appear to strike northward.

Alteration
References to contact alteration in the district are rare.

Rasor

(1937, p. 101-111) described an occurrence of contact alteration in sec
tion 1 of T. 20 S., R. 22 E . , in the Tombstone Hills of Cochise County,
Arizona.

Portions of his descriptions and interpretations are quoted

below:
. . . the intrusion of the granodiorite stock caused widespread
metamorphism . . . of parts of the upper Naco limestone that
consists of interbedded layers of sandy, clayey, and dolomitic
limestones. Field relations favor the idea that the silicates
have resulted largely from the recombination of impurities
present in the limestones instead of the introduction of silica
■ and alumina from igneous sources. Superimposed on the meta
morphism, in certain areas cut by fissures, are minerals of
hydrothermal origin that partly replace the earlier metamorphic
minerals . . . *
. . . if the materials (which formed the alteration minerals)
were introduced from igneous sources one would expect a more
uniform distribution rather than a segregation of certain
minerals in certain alternating beds. In all areas examined
the lime-silicate rocks retain the original bedding structures
of the limestone . . . the deposit furnishes an excellent il
lustration of the simple heat effect of an intruded body on
adjacent rock as contrasted with other deposits where addition
of material from the igneous source has been a large factor
in alteration.
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He reported that the Upper Naco was altered to beds of (G,I,0,
W,P,C,Mar).

Table A.6.

Tombstone District (C-6)

Age and Name

Attitude

Composition

Alteration

?

NNW-NE-0

?

?

PP-Pn

?

NNW-NE-0

Sh,Ss,Dol-Ls

Me

?

NNW-NE-0

?

?

?

Dm

?

NNW-NE-0

?

?

?

6a

?

NNW-NE-0

?

?

?

6b

?

NNW-NE-0

?

?

?

N.P.

N.P.

N.P.

N.P.

N.P.

Thickness

Mineralization

Mz
?

Pal

PG_______________
*Rasor (1937).

(Mar,G,Pd,1,0,
W,C)a

?
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Abril District (C-7)

Location and Geology
The Geologic Map of Arizona (1969) shows an intrusive stock
called the Stronghold Granite in portions of T. 17 S., R. 23 E. and T.
18 S., R. 23 E.

Trending northwest through the central portion of the

stock is a narrow elongated block of complexly faulted Precambrian and
Paleozoic strata which appear to be in a roof pendant relationship with
the stock.

The Abril mine is located on the western flank of the Paleo

zoic sedimentary rocks and consists of zinc mineralization in Cambrian
Abrigo host rocks.

Alteration
Perry (1964) recognized contact alteration in the Abril Mine
area which he attributed to "thermal effects".

He stated that the al

teration assemblages were primarily a function of the original composi
tion of the host rocks.

In addition, he described metasomatic

processes— later than the thermal effects— which produced specularitegarnet envelopes around lamprophyre dikes in Escabrosa host rocks.
Alteration reported in this district is listed below.
1.

Perry (1964):

Cambrian Lower Abrigo is altered to (Mb), Middle

Abrigo is altered to (G), Upper Abrigo is altered to (Q,Pd);
Devonian Martin is altered to (Q,Pd); Mississippian Escabrosa
is altered to (Mar,W) with scattered locations of {G}.

2.

Cederstrom (1946):

Devonian and Mississippian limestones con

tain (At); Permian Concha contains (G,Ph,At); Cretaceous strata
contain (G,E,Sil).
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3.

Arizona Bureau of Mines Bulletin Number 158, Part I (1950):
Permian strata contains (G,Ph,E).

Mineralization
Mineralization at the Abril Mine consists of galena, sphalerite,
and chalcopyrite as irregular replacement bodies in the Abrigo Lime
stone (Perry, 1964).

Mineralization at the San Juan (Gordon) Mine con

sists of galena, sphalerite, and silver in Permian impure limestones
(Arizona Bureau of Mines Bulletin Number 158, Part I, 1950).

Table A.7.
Age and Name

Abril District (C-7).
Thickness

Attitude

Composition

Alteration

Mineralization

Mz
?

NW-NE-?

PP-Pn

?

NW-NE-?

Qtz,Sh,Si-Ls

(G,Ph,At,E)b,c Sp,Gl,Cpy

Me

?

NW-NE-?

L s ,Ch-Ls

(Mar,W,At)a,b
{G}a

?

Dm

?

NW-NE-?

Dol,Ls,Sh,
Ss,Ch

(Pd,Q,At)a »b

?

6a

?

NW-NE-0

Dol,Ss,Ls,
Si-Ls,Sh

(Mb,G,Q,Pd)a

?

6b

?

NW-NE-?

Qtz

p6a

N.P.

N.P.

N.P.

Ki

?

(G,E,Sil)b

?

Pal

?

?

p6

?-?-0
p6p
?
?
aPerry (1964).
^Cederstrom (1946).
cArlzona Bureau of Mines Bulletin Number 158, Part I (1950).

N.P.

N.P.
?

?
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Whetstone Mountains (C-8)

Location and Geology
The Geologic Map of Arizona (1969) shows two intrusive stocks *
in T. 18 S., R. 19 E. and T. 19 S., R. 19 E.
like in outcrop.

The northern stock is sill

Burnette (1957) identified the stock as a dacite which

has intruded one of the minor tear faults in the Cambrian Cochise forma
tion.

The intrusion is conformable to the sediments which strike north-

northwest and dip gently to the southwest.
To the southwest the other intrusive stock, which is also elon
gated in the northwest direction, conformably intrudes northwest-striking
Cretaceous and upper Permian strata.

No references to this stock or its

possible contact metamorphic effects upon the surrounding sediments were
found in the literature.
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Johnson Camp District (C-9)

Location and Geology
The Geologic Map of Arizona (1969) shows an intrusive stock
centered in T. 16 S., R. 22 E . , in Cochise County, Arizona.

The intru

sive, which is called the Texas Canyon stock, has a diameter of about
six miles and appears to be slightly elongated in the northeast direc
tion.

The stock is in intrusive contact with Precambrian Pinal Schist

and Apache Group strata along the north and northwest border.

To the

east and northeast the stock is in contact with Precambrian and Paleozoic
strata which strike northwest and dip northeast.
Northeast of the stock in the vicinity of Johnson Camp the strata
are exposed in outcrop.

Along the eastern margin of the stock the strata

are buried beneath hundreds of feet of gravels.

The buried Paleozoic

sedimentary rocks have been drilled and studied by several mining com
panies.

Both this writer and Tom Weitz (1976) have been employed as

geologists in the area and have logged core and cut thin sections for
study.

In addition. Cooper (1957), Cooper and Silver (1964), and Cooper

and Huff (1951) have published extensive descriptions of the geology of
the Johnson Camp district and surrounding areas.

Alteration
Johnson Camp is probably one of the best exposed contact altera
tion sites in southeastern Arizona, and more detailed information re
garding alteration minerals has been published here than at any other
deposit.

Alteration appears to be regular and continuous around the
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stock in a zone more than several thousand feet wide.

The thermal as

pects of alteration at Johnson Camp have been emphasized by Cooper and
Silver (1964) and Cooper (1957).

They argue for the isochemical alter

ation of the sedimentary rocks by pointing out the following:

1) mono-

mineralic rocks like quartzite, pure limestone, and pure dolomite are
recrystallized without the formation of new minerals, 2) relatively
thin beds can be traced for long distances by their distinctive lith
ology, 3) the mineral assemblages predicted for any composition of host
rocks by means of a series of nonadditive reactions, generally occur
in beds of that composition.

Cooper (1957) tested hypotheses of iso

chemical alteration and volume losses during alteration in a classic
work which is highly recommended to anyone who is interested in learn
ing how to describe contact alteration and its products.
Although the previously mentioned authors recognized the pres
ence of hydrothermal alteration at Johnson Camp, none of them described
a connective process between it and thermal alteration.

Their work, as

I interpret it, lays the cause of thermal alteration to conduction of
heat directly from the stock, and perhaps later convection of heat in
carbon dioxide produced during decarbonization alteration reactions.
These observations of the isochemical nature of alteration at Johnson
Camp are certainly correct as far as they go, but they unnecessarily
de-emphasize the extent of hydrothermal alteration which is apparent in
the district.

Drill core from buried sedimentary rocks, several miles

south of the surface exposures described by Cooper (1957), shows a well
developed vein system in the rocks.

Vein density often exceeds one or
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two per foot, with many smaller interconnecting veinlets.

itV'is pos

sible that a great deal of the thermal alteration at Johnson Camp is a
product of heat conducted away from hydrothermal solutions in fractures
rather than heat conducted directly from the stock to dry host rocks.
The emphasis which has been placed on the non-additive nature of alter
ation at Johnson Camp is misleading, because a great deal of hydrothermal
alteration has taken place.
Cooper (1957) described zoning at Johnson Camp in terms of the
host rocks.

This is the only kind of zoning description which is use

ful, because alteration is a response to composition as well as pressure
and temperature gradients.

The impure dolomites show the best zoning.

They contain forsterite, tremolite, diopside, and calcite in the inner
zones; calcite and tremolite in the outer zones; and talc, chlorite,
and calcite in the fringe zones.
Cooper (1957) and Weitz (1976) described the alteration of
specific stratigraphic units in considerable detail.
with my own observations are compiled in Table A.8.

Their data along
Some of these

minerals undoubtedly occur in veins, but I was unable to make that dis
tinction in compiling this data.

Table A.8. Detailed Compilation of Alteration by Stratigraphic Unit at Johnson Camp.
Unit
Description
Alteration
Cooper
(1967)
Weitz (1976)
Thickness
(Cooper and Silver, 1964) Quick (this thesis)
DEVONIAN MARTIN FORMATION
20-35

shale with some silt beds

0-30

black silty dolomite

40-100

dolomite in 1-2' beds

25-40

silty dolomite with quartz
geodes

30-55

sandy and silty dolomite

15-40

sandstone patches in
dolomite

20

dolomite siltstone

20-45

dolomite

(At,F k ,F p ,P d ,Cal,
Ms,E,Q)(At,Fk,Fp,
Pd,Mc,E,Q)

(Cal.Dol)

(Cal.Dol)(Cal,At, (Pd,At,Aa,Cal)(Pd,
Of,Ms)
At, Cal) (Cal, Ms)

(Dol,Q,Mc,Ms)(At, (Pd)(Pd,Cal)(Pd,Aa)
Cal)(Pd,Q,Fk)(Dol,
At,Cal)(Of,Cal)
(Of,Cal.Dol)
(Pd,A,Me)

(At,Cal,Q) (Pd,Ph,. (Pd)
At,Mc,Fk)
(At,Fk,Q,E,Fp,Mc)
(At,Fk,Q,E,Fp,
Me,Pd)

(Dol,0f,Mc)

ABRIGO FORMATION (CAMBRIAN)
Upper

20

white quartzite

oo
to

Table A.8.

(Continued).

Unit
Thickness
26-46

Description
(Cooper and Silver, 1964)
cross-bedded dolomite sand
stone with quartz granules

37-51

sandy dolomite

2-7

quartzite to sandstone

23-39

cross-bedded dolomitic
sandstone with shale

(Pd,At,Fk,Q,Ms,
Cal)

(Aa)(Aa,Pd)

33-55

Trilobite coquina with
sandy and shaly beds

(M,Fk,Q,E)(G,Pd,
Cal,Q,Fk)

(G,Aa)(G,Cal,E)(G,Pd,
Cal)

23-53

calcareous sandstone

(G,E,A,Mc,Ms)

(Q,Fk,Pd,E)(W,I)
(G,Pd,Mc)(E,G)
(Q,F,Pd,Me,At,Cal)I

100-200

thin bedded limestone
with shaly and silty
partings

(E,Mc,Q,G)(Q,M,Mc,
F,E)(Q,F,Mc,M,C)

(M,F,Q,E)(G,Fk)
(G) (EHMar,E,At)

Quick.(this thesis)

Alteration
Cooper (1967)
(Cal,Of,Ms,At,Mc)

(Aa.Pd.Mc)(At,Pd,M)

Weitz (1976)

(Pd.Aa)(Pd,G)
(Pd,Mt,E)(Pd,Cal)

Middle

(E,G,Aa,Cal)(G,Pd,At,
Aa,Cal)

Lower
300

upper part - shale with
quartzite and limestone
lower part - sandy shale
with quartzite and
dolomite

(Q,Mb,Fk,E)(Q,Mb)
(Aa,E)

(E,G,Aa)(Q,E,Aa)

00

w

Table A.9.
Age and Name
Hz
K

Johnson Camp District (C-9),
Thickness

Attitude

Composition

N.P.

N.P.

N.P.

Pen
Ps
Pe
Pc
PP-Pe
PPh
Mb
Me

130
690
0-150
440
1100
1600
120-170
600-750

NW-NE-?
NW-NE-?
NW-NE-?
NW-NE—?
NW-NE-?
NW-NE-?
NW-NE-?
NW-NE-0

Ls
Qtz,Ls
Dol
Ls
Ls,Ss
Ls, minor Sh
Ls
Dol-Ls,Ch

Dm

210-270

NW-NE-0

Dol-Si,Sh

6

700-800

NW-NE-0

see below

Gau

?

NW-NE-0

Qtz,Dpl-Ss

Gam

?

NW-NE-0

Ls,Ls-Ss

Gal

?

NW-NE-0

Sh,Qtz,Ls,Dol

NW-NE-0

Qtz

Alteration

Mineralization

NP.

N.P.

Pal

Gb

20-480

?
?
?
?
?
?
?
(Mar,W)a,c
{Pd,0£,Me,Ms,
Fl}a{G}b
(Pd,Mc,0f,A.E*
Ms,Fl,Q,Ph)a,D,C
(A,G,Pd,M,E,W,
I,0f,Fk,Q)a,b,c
(A,Pd,Mc,Mt,E, ,
Of,G,Ms,Q,Fk)a,D*C
(G,Q,E,W,A,Mc.
I,Pd,Ms,Fk)a,D,C
(Aa,E,Mb,Q,G,
Fk)a »b
(Q,Mm}a

?
?
?
Cpy
Cpy
Cpy
?
Cpy

Cpy
Cpy
Cpy
Cpy
Cpy
Cpy

PGpGd
?
pGad
300
• pGap
150-300
pGp
+5000
aQuick (this thesis).

NW-NE-0
NW-NE-0
NW-NE-0
?-?-0
bWeitz (1976).

{Q,Mm}a
Fp.P.Mb,
Qtz,Ark
(Q,Mm}a
Sh.Si
{Q,Mm}a
Schist,Sh.Vol
{Q,Mm}a
^Cooper (1957).

Cpy
Cpy
Cpy
Cpy
oo
4>

Table A.9.
Age and Name
Hz
K

Johnson Camp District (C-9)
Thickness

Attitude

Composition

N.P.

N.P.

N.P.

Pen
Ps
Pe
Pc
PP-Pe
PPh
Mb
Me

130
690
0-150
440
1100
1600
120-170
600-750

NW-NE-?
NW-NE-?
NW-NE-?
NW-NE-?
NW-NE-?
NW-NE-?
NW-NE-?
NW-NE-0

Ls
Qtz,Ls
Dol
Ls
Ls,Ss
Ls, minor Sh
Ls
Dol—L s ,Ch

Dm

210-270

NW-NE-0

Dol-Si,Sh

6

700-800

NW-NE-0

see below

Gau

?

NW-NE-0

Qtz,Dol-Ss

Gam

?

NW-NE-0

Ls,Ls-Ss

Gal

?

NW-NE-0

Sh,Qtz,Ls,Dol

Alteration

Mineralization

NP.

N.P.

Pal

Gb

20-480

NW-NE-0

Qtz

pGd
pGad
• pGap
pGp

?
300
150-300
+5000

NW-NE-0
NW-NE-0
NW-NE-0
?-?-0

Fp,P,Mb,
Qtz,Ark
Sh,Si
Schist,Sh,Vol
Czi_____/in

?
?
?
?
?
?
?
(Mar,W)a ’c
{Pd,Of,Mc,Ms,
Fl}a{G}b
(Pd, Me, O f ,A, E^.
Ms,Fl,Q,Ph)a,D,C
(A,G,Pd,M,E,W,
I,0f,Fk,Q)a,b,c
(A,Pd,Mc,Mt,E. .
O f ,G ,M s ,Q ,Fk)a ’D *c
(G,Q,E,W,A,Mc,
I,Pd,Ms,Fk)a,D,c
(Aa,E,Mb,Q,G,
Fk)a »6
{Q,Mm}a

?
?
?
Cpy
Cpy
Cpy
?
Cpy

Cpy

(Q,Mm}a
(Q,Mm}a
{Q.ton}3
{Q,Mm}a

Cpy
Cpy
Cpy
Cpy

Cpy
Cpy
Cpy
Cpy
Cpy

P&
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Happy Valley Area (C-10)

Location and Geology
The Geologic Map of Arizona (1969) shows two intrusive stocks
of Tertiary age in contact with large blocks of Pinal Schist, lower
Paleozoic and upper Cretaceous strata along the southeastern margin of
the Rincon Mountains in T. 14 S., R. 18 E.; T. 14 S., R. 19 E . ; and
T. 16 S., R. 19 E.

Discrepancies between the state geologic map and

work by Miles (1965) and Plut (1968) indicate that there is no agree
ment upon the age of the intrusives, the identification of the strati
graphic units, and the nature of any alteration which may be present.

Alteration
Miles (1965) mapped around the northern portion of the south
western stock.

He identified Precambrian Pinal Schist, Precambrian dia

base, Devonian Martin and undifferentiated Cambrian Bolsa and Abrigo.
Paleozoic strata all strike generally to the northeast and dip 30 to 60
degrees to the southeast.

The northern lobe of the stock in this area

is elongated in a northeast-southwest direction.

He postulated a Ju

rassic age for the Happy Valley quartz, monzonite and took the position
that all of the metamorphism in the area was regional in nature and preHappy Valley quartz monzonite.

In spite of this interpretation, a num

ber of his descriptions of the regional alteration sound very similar
to descriptions of the same stratigraphic units subjected to contact
alteration at other locations.

For example he mentioned epidote banding

in the Abrigo, and diopside-hedenbergite banding along with epidote and
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tremolite in the Martin formation while observing that these minerals
generally signify a higher grade of metamorphism than observed in the
remainder of the area.

He also recorded the presence of isolated

rosettes of tremolite in the "Escabrosa Limestone equivalent" south of
Lecheguilla Peak.
Plut (1968) mapped the eastern, north-trending boundary of the
same Happy Valley quartz monzonite three miles further south.

Here he

identified north- to northwest-striking Precambrian and Paleozoic strata
dipping 25 to 50 degrees to the east and northeast.

He noted that the

Happy Valley quartz monzonite was very similar to the Precambrian Rincon
Valley granite and dated the intrusive as Precambrian based upon litho
logic relationships.

He mapped undifferentiated Paleozoic rocks north

of Bear Canyon where he recorded marbles, which he subdivided as follows:
1) pure meta-carbonates (marble); 2) marble composed of alternating
quartz and calcite layers 1 to 20 mm wide, the quartz containing 1 to
10% epidote; 3) marbles rich in calc-silicates, which are thinly lami
nated with alternating layers of calc-silicates (clinozoisite and epi
dote), and calcite; 4) skarns around Tertiary diabase dikes which are
10 to 20 feet wide and contain marble and tremolite with some vesuvianite and thulite.
Drewes (1974) reported that the Happy Valley quartz monzonite,
called Jurassic by Miles (1965) and Precambrian by Plut (1968) was in
deed the Rincon Valley granite with a K-Ar date of 1540 + 60 m.y.
Drewes (1974) also identified a small stock about one mile in diameter
just off the northeast tip of the Rincon Valley granite on which he

Table A. 10.

Happy Valley Area (C-10).
Thickness

Attitude

Composition

N.P.

N.P.

N.P.

N.P.

N.P.

PP-Pn

N.P.

N.P.

N.P.

N.P.

N.P.

PPh
Mb
Me

?
20
175 (?)

NW-NE-1000
?
?

Ch-Ls
Sh,Ls
Dol,Ls

Dm
6a
6b

160
700
50-400

NE-SE-0
NE-SE-1000
NE-SE-1000

"clastic" Dol
Dol,Si,Ss—Dol
Qtz

400
30-360
5-30
185
?

?
?
?
?
N-E-0

?
Qtz
Cong
Schist,Qtz
?

Age and Name
Mz
K

Alteration

Mineralization

Pal

(Mar,Q,E)a
?
(Mar)a
(Mar,At)"
(Pd,Ph,E,At)b
(E)6
?

?
?
?
?
?
?

P6
p6d
pGad
p6ab
p6ap
p6p
aPlut (1968).
hllles (1965).

?
?
?
?
?

?
?
?
?
?

00
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reported a date of 26 to 27 m.y.

He further identified Pint’s (1968)

undifferentiated Paleozoics as Pennsylvania Horquilla formation.

This

small Tertiary stock which Drewes (1974) called the Happy Valley quartz
monzonite is probably the cause of the alteration which both Miles (1965)
and Plut (1968) described around the northern portion of the stock but
were unable to attribute to contact alteration because of their inter
pretation of the age of the intrusive mass.

No descriptions of any

contact alteration which may exist around the stock in the northeast
corner of T. 14 S., R. 19 E. or in the Pinal Schist in T. 15 S., R. 19
E. and T. 16 S., R. 19 E. were found in the literature.
I was unable to collect any significant data regarding contact
alteration at four locations in Cochise County.

Those locations and the

rocks involved, as shown on the Geologic Map of Arizona (1969), are
briefly described below.

Lower Paige Canyon (C-ll)
A small northwest-trending stock lies in T. 13 S., R. 19 E. and
T. 14 S., R. 19 E.

The stock is in apparent intrusive contact with

Precambrian Pinal Schist to the north, and Cambrian and Cretaceous strata
to the south.

The stock is in fault contact with Devonian and Mississip-

pian strata to the west.

Cochise Stronghold Area (C-12)
Lower Paleozoic sedimentary rocks lie along the northern margin
of the Stronghold intrusive in T. 17 S., R. 23 E.

Precambrian Pinal
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Schist and Lower Paleozoic rocks lie. along the northeast margin of the
stock in T. 17 S., R. 24 E.

Dos Cabezas Mountains (C-13)
Two small intrusive outcrops are in contact with Precambrian
Pinal Schist in T. 13 S., R. 26 E.

Another intrusive stock is in con

tact with Precambrian Schist in T. 14 S., R. 28 E.

A small outcrop of

intrusive is in possible fault contact with Lower Cretaceous strata in
T. 14 S., R. 27 E.

A small stock is in contact with Precambrian Pinal

Schist in T. 12 S., R. 25 E.

Dragoon Area (C-14)
Undifferentiated Paleozoic and Lower Cretaceous strata lie along
the southeast margin of the Texas Canyon stock in T. 16 S., R. 22 E.
Small dikes and stocks are in contact relationship with Precambrian
Pinal Schist and Paleozoic and Cretaceous strata at the north end of
the Dragoon Mountains in T. 17 S., R. 23 E.

GRAHAM AND GREENLEE COUNTIES, ARIZONA

The following tabulation Identifies four locations where con
tact relationships between post-Precambrlan intrusive stocks and preintrusive stratified host rocks exist in Graham and Greenlee Counties,
Arizona.

All of the intrusive stocks at these locations are shown to

be Cretaceous to Tertiary in age on the

Code

Geologic Map of Arizona (1969).

Name

Included in
this Study

Location

G-l

Morenci District

T. 3 S., R. 29 E.
T. 4 S., R. 29 E.

Yes

G-2

Aravaipa Area

T. 5 S., R. 20 E.

No

G—3

Santa Teresa Mountains

T.
T.
T.
T.

E.
E.
E.
E.

No

G-4

Mt. Turnbull Area

T. 4 S., R. 21 E.
T. 5 S., R. 21 E.

No

6
6
7
7

S.,
S.,
S.,
S.,

R.
R.
R.
R.

20
21
20
21

Descriptions of each of the locations listed above and tabulations of mineral assemblages, where they are available, are included on
the following pages.
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Morenci District (G-l)

Location and Geology
The Morenci district is centered in T. 4 S., R. 29 E. in Greenlee
County, Arizona.

The Geologic Map of Arizona (1969) shows an intrusive

stock elongated in the northeast direction, which intrudes Precambrian
granite and blocks of lower Paleozoic and Cretaceous sedimentary rocks.

Alteration
Contact-alteration in the district has been described in some
detail although mineral abundances have not been reported.

Alteration

extends 2000 feet from the nearest intrusive contact in the northern
portion of the district (Moolick and Durek, 1966).
Alteration reported in individual strata within the district
is listed below.
1.

Reber (1916):

Cambrian Coronado Quartzite contains (Q,Mm);

Ordovician Longfellow Limestone is altered to (G,Q), (E,At,Ms,
Pd,Me); Devonian Morenci shales are altered to (E,Q,Mm,At);
Cretaceous shales are altered to (Q,E,At,Mm).
2.

Lindgren (1905):

Ordovician Longfellow Limestone is altered to

(G,E)(A)(Cal,P), (G,E,Pd), (Dol,Cal,Pd,E); Devonian Morenci
shales are altered to (E,A,Q,C:Glauc); Mississippian Modoc for
mation is altered to (Mar), (G,E,Cal); Cretaceous Pinkard forma
tion is altered to (E,Ah,Q,C,Mc).

Table A.11.

Morenci District (G-l).

Age and Name
Mz
K
P

Thickness

Attitude

Composition

Alteration

Mineralization

840

?

Sh,Ss,Ls-Ss,Ls

CQ»E> At>Ahj,
Mm,Mc,C)a,D

?

Mm

170

?

Dol-Ls,Ls,Qtz

(Mar,G,E)a

?

Dmo

100

?

Sh

?

Dmo

75

?

Ss—Ls

(E,Q,Mm,At.
C,Glauc)a »b
?

01

400

?

Ls,Sh

(G,Q,E,At,Ms,
Mc,Pd)a,b

?

6

150-250

?

Qtz

(Q,Mm)a

?

pGa

N.P.

N.P.

N.P.

N.P.

N.P.

pGp

regionally
present

N.P.

N.P.

Pal

?

pG

aReber (1916).
“Lindgren (1905).

EW-S-?

?
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I was unable to collect any useful Information regarding con
tact alteration at three locations in Graham County.

These locations

are briefly described below.

Aravaipa Area (G-2)
Precambrian Pinal Schist, and Paleozoic and Cretaceous strata
are in contact with portions of a large intrusive stock in T. 5 S.,
R. 20 E.

Some of the contacts are shown as faults on the Geologic Map

of Arizona (1969).

Santa Teresa Mountains (G-3)
Precambrian Pinal Schist is in contact with the same intrusive
stock described above in T. 6 S., R. 20 E.; T. 6 S., R. 21 E.; T. 7 S.,
R. 20 E . ; and T. 7 S., R. 21 E.

Some of the contacts are shown as

faults on the Geologic Map of Arizona (1969).

Mt. Turnbull Area (G-4)
Precambrian diabase, Troy Quartzite, and lower Paleozoic sedi
mentary rocks lie as roof pendants (?) on the same intrusive stock de
scribed above in T. 4 S., R. 21 E . , and T. 5 S., R. 21 E.
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GILA COUNTY, ARIZONA

The following tabulation Identifies three locations where con
tact relationships between post-Precambrian intrusive stocks and preintrusive stratified host rocks exist in Gila County, Arizona.

All of

the intrusive stocks at these locations are shown to be Cretaceous to
Tertiary in age on the Geologic Map of Arizona (1969)»

The Banner

Mining District includes three widely separated intrusive stocks.

Code

Name

Included in
this Study

Location

Gi-1

Banner District

T.
T.

4 S., R.
4 S., R.

15 E.
16 E.

Yes

Gi-2

Troy Area

T.

3 S., R.

14 E.

Yes

Gi-3

Miami District

T.
T.
T.
T.

I N . , R.
I N . , R.
1 S., R.
1 S., R.

14
15
14
15

Yes

Descriptions of each of

E.
E.
E.
E.

locations listed above and tabula

tions of mineral assemblages, where they are available, are included in
the following pages.
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Banner District (Gl-1)

Location and Geology
The Banner mining district is located about 70 miles northeast
of Tucson in the southern part of Gila County, Arizona.

The district

lies in the Dripping Springs mountain range, which is a southeastward
dipping anticlinal mountain block of Precambrian and Paleozoic sedi
mentary rocks overlain in places by late Mesozoic volcanic rocks and
intruded by an east-west trending belt of stocks, dikes, and sills.
The Banner Mining District may be subdivided into three structural
blocks which are called the Christmas Block, the Chillito Block, and the
Seventy-Nine Block.

The easternmost Christmas Block, which contains the

Christmas mine at its eastern margin and the Curtin mine at its western
margin, is bounded to the east by the north-northwest trending JokerChristmas fault system.

To the west the Christmas Block is separated

from the Chillito Block by the O'Carroll Fault.

The Chillito Block

contains the London-Arizona, the Chillito, and the Apex Mines.

Further

V

to the west the north-trending Keystone fault separates the Chillito
Block from the Seventy-Nine Block which contains the Seventy-Nine and
Reagan Camp mines.

The Seventy-Nine Block is terminated to the west by

the north-trending Reagan Camp fault.

Alteration and Mineralization
Christmas Mine.

The Christmas Mine is located in T. 4 S., R.

16 E. in Gila County, Arizona.

Contact alteration at Christmas has been

studied in considerable detail by several authors.

Eastlick (1967)
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observed that ore deposits at the Christmas mine occur in altered dolo
mites of the lower and middle units of the Martin Limestone, in the
massive Escabrosa Limestone, and in the thin-bedded limestones of the
lower Naco.
rocks.

Other deposits are associated with Cretaceous volcanic

Each stratigraphic sequence shows a characteristic mineral as

semblage and a well-defined pattern of zoning.

He recognized "bedded

replacement" deposits in the lower Naco where alteration minerals were
largely grossularite and andradite garnet with lesser amounts of quartz,
idocrase, epidote, and wollastonite.

Some clays, serpentine, and

chlorite, resulting from hydro thermal alteration were apparent near the
intrusive contacts.

Generally, in the outer zone, the calc-silicate

minerals decrease and marble becomes predominant.
In the massive Escabrosa Limestone, Eastlick (1967) observed
garnet, marble, clays, chlorite, diopside, and tremolite.

The clay

minerals, together with tremolite, diopside, and chlorite, predominate
near the intrusive contact, grading into garnet and tremolite in the
intermediate zone, and into garnet and marble in the outer extremities.
Where the ore bodies are completely surrounded by diorite, a central
core of weakly mineralized marble or garnet-marble will usually be pres
ent. ' Magnetite, pyrite, and chalcopyrite generally predominate adja
cent to the intrusive contacts with sphalerite, specularite, and galena
localized at the outer edges.
He observed that the Martin limestones and dolomites were ex
tensively replaced by anhydrite and antigorite.
ucts

These alteration prod

were interbedded with layers and lenses of other gangue minerals
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which include chondrodite, diopside, tremolite, actinolite, sericite,
and chlorite.

Zonal arrangements of the gangue minerals were not stud

ied in detail, but in general, he recognized three zones.

They are:

1) a near-contact zone of anhydrite, chondrodite, and antigorite; 2) a
central zone of anhydrite, antigorite, and tremolite-actinolite; and 3)
an outer zone of antigorite, sericite-chlorite, anhydrite, and gypsum.
Hydrothermal alteration in the Cretaceous andesites produced
large amounts of fine-grained secondary biotite together with quartz
veinlets near the central intrusive mass, and a peripheral zone char
acterized by irregular patches and veinlets of epidote extending for
nearly a mile from the ore body.

He felt that the alteration was pri

marily contact-metamorphic (thermal), with an overprint of hydrothermal
alteration near the intrusive contact which altered some of the original
constituents to clay, serpentine, and chlorite.

Regarding mineraliza

tion, he noted that ore minerals have selectively replaced the altered
dolomites of the lower Martin and the garnetized limestones of the Escabrosa and Naco formations, and that the thicker portions of the ore
bodies are adjacent to the intrusive contacts where the intensity of
metamorphism is greatest.
Perry (1968) recognized three types of "skarn" formed according
to host rock type:

1) magnesian skarn in dolomite with magnetite and

forsterite, 2) calcium skarn in limestone with andradite, and 3) endoskarn in porphyry with aluminum-bearing calc-silicates.

He felt that

tremolite, diopside, and wollastonite were not spatially zoned relative
to intrusive contacts.' He stated that calcium skarns were largely
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confined to the Naco Formation where they formed tabular bodies as the
result of confinement between beds of h o m f e l s or porphyry sills.

Both

calcium and magnesium s k a m s occurred in the Escabrosa Limestone.

Mag

nesian s k a m in the Lower Martin formation formed the largest known and
most thoroughly studied ore body.

He distinguished between the effects

of contact metamorphism (thermal) and hydrothermal alteration at
Christmas.
Perry (1968) grouped the contact metamorphic rocks at Christmas
into two systems which he felt fully described the chemistry of the
major rock-forming constituents.
I.

System CaO-MgO-SK^-Ct^-^O
A.

Siliceous Rocks:
1.

2.

B.

Dolomitic
a. Tremolite-quartz
b. Diopside-quartz
Cherty Limestone
a. Wollastonite-quartz
b. Quartz

Calcareous Rocks:
1.

2.

3.

Excess SiOg

Deficient SiQ^

Dolomite
a. Dolomite
b. Tremolite-calcite
c. Tremolite-dolomite-calcite
d. Tremolite-dolomite
e. Diopside
f. Diopside-calcite
g. Diopside-wollastonite-calcite
h. Brucite-calcite
Limestone
a . Calcite
b. Calcite-wollastonite
Limestone— FegOg.A^Og impurity
a.
b.

Wollastonite-garnet-calcite
Diopside-garaet-calcite
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C.

II.

Shales and Siltstones
1.

KgO absent

2.

a.
b.
c.
KgO

Diopside-quartz
Diopside-wollastonite-quartz
Diopslde-garnet
present

a.

Diopslde-phlogoplte-quartz

System K20-(Al203 ,Fe203)-(Fe0,Mg0)-S102-H20
A.

Muscovite-quartz

B.

Andalusite-muscovite-quartz-orthoclase

C.

Andalusite-biotite-quartz-orthoclase

D.

Biotite-quartz

E.

Phlogopite-quartz-orthoclase

Perry (1968) observed the following associations between altera
tion minerals and lithologic units.

Diopside forms a nonomineralic h o m -

fels in the upper part of the Beckers Butte member.

The assemblage

tremolite-dolomite occurs in the fetid dolomite unit.

The assemblage

tremolite-calcite was present in only one thin section near the top of
subunit 1 of the Martin Formation.

The assemblage diopside-calcite is

very common in the dolomite horizons of the upper unit of the Martin
Formation and the Escabrosa Limestone.

Diopside occurs in trace amounts

in some of the marbles of the Naco Formation and the assemblage diopsidewollastonite-calcite is restricted to the Naco Formation.

The assemblage

brucite-calcite is moderately common in parts of the aphanitic dolomite
unit of the Martin Formation.

Calcareous siliceous rocks have quartz

associated with one of the following decarbonation products:

tremolite,
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diopside, or wollastonite.

Wollastonite is restricted to the outer

boundaries of chert nodules in non-dolomitic carbonates, and is typical
of the Naco Formation.

The assemblage diopside-quartz was noted in one

thin section from the quartzite of subunit 1 of the Martin Formation.
Tremolite typically occurs in fibrous clusters within the matrix of
calcareous quartzites at Christmas.

This occurrence is characteristic

of the upper part of the Cambrian quartzite and the basal Beckers Butte
member.

Garnet is associated with diopside or wollastonite and calcite

in the Naco Formation.

Irregular thin brown bands of the assemblage

diopside-phlogopite-quartz are interbanded with light gray diopsidequartz bands in the hornfels developed near the top of subunit 3 of the
Martin Formation.

The shale of subunit 3 in the Martin Formation is

metamorphosed to hornfels of the phlogopite-quartz-orthoclase type.
Phlogopite hornfels also occurs in the Naco Formation where they are
much less abundant than the diopside hornfels.

Unit 2 of the dolomite

member of the Naco Formation and some of the siltstones and shales
stratigraphically higher in the formation have andalusite and muscovite
or biotite associated with detrital quartz and orthoclase.

Biotite,

where present, is not uniformly distributed throughout the rock; it
occurs in clusters commonly associated with andalusite.

Muscovite may

occur in the areas lacking biotite, but muscovite and biotite are gen
erally not in contact with each other.
McCurry (1971) in his thesis, which concentrated on the miner
alogy and paragenesis of the ore minerals at Christmas, described a
mineral assemblage which frequently occurred in the shale lenses of the
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O'Carroll bed in the Martin Formation.

In thin section, the lenses con

sisted of epidote, zoisite, gypsum, chlorite, anhydrite, and pyrite.

Seventy-Nine Mine.

The Seventy-Nine Mine area is located ap

proximately six to seven miles west of the Christmas Mine.

At the

Seventy-Nine Mine the outcrop of intrusive stock is largely covered by
alluvium, and its size can only be approximated.

Eastlick (1967) indi-

cated that the exposed northeast end of the stock is probably 3000 by
1000 feet with the long axis trending about N 65° E approximately con
formable with the strike of the Pennsylvanian Naco Formation, which is
exposed in the area.
Eastlick (1967) and Kiersch (1947, 1949) described two bedded
replacement ore bodies in the Naco strata.

The Discovery ore body,

which outcrops at the surface, and the Massive Pyrite ore body average
about 50 feet in thickness and generally extend only 200 to 300 feet
laterally along the strike of the bedding.

References to contact al

teration are vague but Kiersch (1947) mentioned the following:
1.

Contact metamorphism of the Precambrian Mescal Limestone
by diabase produced a 20 feet thick zone of orthoclasehornblende "hdrnfels" in the limestone.

2.

Quartz latite porphyry dikes cutting the Mescal Limestone
produced a similar "homfels" assemblage of orthoclasehomblende.

3.

Andesite porphyry dikes intruding Mississippian Escabrosa
Limestone produced a 10 foot wide zone of gam e t i t e with
specularite in the Escabrosa.

.
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4.

Basalt porphyry Intruded the Naco Formation, producing a 10
foot wide zone of gametite.

5.

Considerable garnetite and marble occur in the Naco in the
Seventy-Nine Mine area.
Eastlick (1967) reported gangue minerals of garnet, quartz, ar-

gillic material, and kaolin.

Chillito Mine.

The Chillito Mine is located approximately five

miles west of the Christmas Mine.

An intrusive stock trends north,

forming an oval-shaped outcrop approximately 4000 by 1000 feet.

At the

Chillito Mine, ore was mined from several beds in the Mescal Limestone,
the most important of which is just below the base of the Troy Quartzite
(Eastlick, 1967).

Alteration mineralogy at Chillito was not reported.

Table A.12.

Banner District (Gl-1)

Age and Name
Mz
K

Thickness
3,000(?)

Attitude
?

Pal
NW-SW-0
NE-SE-0

Mineralization

Composition

Alteration

Andesites

(Mb,C,Q,Mc,
Marginal grade
E,Ms)a,c
Cpy
{E,Q,Fk,Cal}a

i

Ch—L s Ls,Sh,
Dol-Si

PPn

1000-1500

Ls units
Dol units

±900
±100

Me

500-600

NW-SW-0
NE-SE-0

Ls,Ch-Ls

Dm

250-300

NW-SW-0
NE-SE-0

Dol—Ss,Sh,
Si-Dol,Dol

6

500

NW-SW-0
NE—SE—0

Qtz,Ss,Sh,
Minor Ls

pG+
pGam

900
250

?
?

Qtz,Ss
Ss-Dol,
Ch—Ls

pGad
pGap

400
200

?
?

Qtz
Sh,Si,Ss

•
Ch-Ls,Ls,Sh
Ch-Dol,Dol-Si

(Pd,W,G,Mm,Mb, Ore grade Cpy
Fk,Cal,Q ,Andal,
I,E)b>t{C,Ms,
Mc,G,Pd,Q,At}a
(Cal,W,G)6
(Pd,W,G,Cal, .
Andal,Mm,Fk,Q)
(Cal,Dol)b
Ore grade copy
(Mar,G,At)C{C,
At,Pd,Mc,Mm}a »c
(At,Aa,Q,Pd,
Ore grade copy
Mp,Cal.Dol,Fk,
Ms,ton)b,c{Ph,
F,B,E,Aa,At,Mc,
M s ,M m ,Chon,Anh,
Gyp)* h
(At,Q)D{Cal,
;Weak Cpy
M s ,Mb,Me, Q>a

pG

*d
(Fk,Ah)

II
II
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?
?

Weak Cpy
Not present in
Christmas Mine
area

Table A. 12.
Age and Name
p6as

Continued.
Thickness
5-10

Attitude
?

Composition
Cong

Alteration

Mineralization

?

Not present in
Christmas Mine
area
II

CL n

N.P.
?
N.P.
pGp
N.P.
aCook» D.S., geologist. Inspiration.Consolidated Copper Co. (written communication, April 9, 1976).
bperry (1968).
Eastlick (1967).
Kiersch (1947, 1949).
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Troy Area (Gi-2)
The Geologic Map of Arizona (1969) shows an intrusive stock in
the southeast portion of T. 3 S., R. 14 E . , along the boundary between
Gila and Final Counties, Arizona.
Ransome (1919) described alteration of the Precambrian Pioneer
shale to quartz, biotite, muscovite, andalusite, corundum, and tourma
line.

Diabase was altered to hornblende, biotite, and orthoclase.

Mescal Limestone was altered to diopside, white mica, and other
silicates.
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Miami District (Gi-3)

Location and Geology
A large intrusive stock intrudes Precambrian Pinal Schist in
T. I S . , R. 14 E.; T. 1 S., R. 15 E . ; T. I N . , R. 14 E . ; and T. I N . ,
R. 15 E.

Two small exposures of Mississippian-Devonian sedimentary

rocks are in contact with the northwest margin of an intrusive stock in
T. I N . , R. 14 E. and T. I N . , R. 15 E.

Alteration
Peterson (1962) described the general geology and commented on
some details of contact alteration in the district.

Pinal Schist is

altered to sillimanite, magnetite, and quartz at an intrusive contact
in the northeast part of the Pinal Ranch quadrangle.

Mescal Limestone

contains serpentine where it is intruded by diabase.

Garnet was found

in fractures in the Mescal Limestone on the east side of Granite Basin.
The Martin contains garnet, and magnetite on Jewel Hill just east of
Castle Dome.

He observed the minerals quartz, muscovite, chlorite,

biotite, and tourmaline in the Pinal Schist, and pointed out that the
Miami-Inspiration ore body lies within intrusive rocks and Pinal Schist.
He also described copper replacement ore bodies near Miami.

The copper

mineralization lies within units as varied as Pioneer Formation, Dripping
Springs Quartzite, Mescal Limestone, Troy Quartzite, and Paleozoic
limestone.
Ransome (1919) described quartz, muscovite, andalusite, and re
crystallization in Pinal Schist near intrusive contacts.

Table A. 13.

Miami District (Gi-3).

lU

Thickness

Attitude

Composition

Alteration

Mineralization

K

N.P.

N.P.

N.P.

N.P.

N.P.

PP

500

?

Sh,Si-Ls

?

He

365

?

Ls,Minor Sh

?

Dm

150-350

?

Dol-Ls,Qtz,Sh

pG+

Eroded

?

Ss 9SI—Ss

p6am

360

?

Ls,Dol,Ch-Ls

pGad

350-650

?

Qtz,Minor Sh

?

II

pGap

270

?

Ark-Qtz,Si

?

II

?

Q,Mm

and Name

Mz

Pal

{G,Mag}a

?
Ore grade re
placement Cpy
11

pG

pGp

?

?
{Ms,G}a

(Q,Mm,Mb,Me,
Tourm)a{Sill,
Mag,Q)a
.
{Q,Mm,Andal)D

II

II

Ore grade dis
seminated Cpy

aPeterson (1962).
“Ransome (1919).
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PIMA COUNTY, ARIZONA

The following tabulation identifies 23 locations where contact
relationships between post-Precambrian intrusive stocks and pre-intrusive
stratified host rocks exist in Pima County, Arizona.

All of the intru

sive outcrops at these locations are shown to be Cretaceous to Tertiary
in age on the Geologic Map of Arizona (1969), with the exception of out
crops of Mesozoic intrusives in the Sierrita Mountains (P-11), the
Organ Pipe area (P-15), and the Silverbell district (P-13).

One of the

locations (Lakeshore, P-22) lies in Pima County, Arizona but is described
in Pinal County, Arizona (Slate Mountain, Pi-4) because the main mass
of the Slate Mountains lies in Pinal County.

Code

Name

Included in
this Study

Location

P-1

Empire District

T. 17 S., R. 16 E.
T. 17 S., R. 17 E.
T. 18 S., R. 17 E.

Yes

P-2

Helvetia-Rosemont District

T. 18 S., R. 15 E.

Yes

P-3

Colossal Cave Area

T. 16 S., R. 16 E.
T. 16 S., R. 17 E.

No

P-4

Pima-Mission District

T.
T.
T.
T.

16
16
17
17

S.,
S.,
S.,
S.,

R.
R.
R.
R.

12
13
12
13

E.
E.
E.
E.

Yes

P-5

Twin Buttes District

T.
T.
T.
T.

17
17
18
18

S.,
S.,
S.,
S.,

R.
R.
R.
R.

12
13
12
13

E.
E.
E.
E.

Yes
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Code

Name

Included In
this Study

Location

P-6

Soza Canyon Area

T. 13 S., R. 18 E.

No

P-7

Coyote Mountains

T. 16 S., R. 8 E.

Yes

P-8

Bullock-Buehman Canyons Area

T. 12 S., R. 17 E.
T. 12 S., R. 18 E.
T. 13 S., R. 18 E.

Yes

P-9

Alder-Edgar Canyons Area

T. 11 S., R. 16 E.
T. 11 S., R. 17 E.
T. 12 S., R. 17 E.

No

P-10

Rillito Area

T. 11 S., R. 12 E.

No

P-11

Sierrita Mountains

T.
T.
T.
T.

No

P-12

Marble Peak District

T. 11 S., R. 16 E.

Yes

P-13

Silverbell District

T. 12 S., R. 8 E.
T. 12 S., R. 9 E.

Yes

P-14

Cimarron Mountains

T. 11 S., R. 2 E.

No

P-15

Organ Pipe Area

T. 14 S., R. 6 W.

No

P-16

Arivaca Area

T. 21 S., R. 9 E.
T. 22 S., R. 9 E.
T. 23 S., R. 9 E.

No

P-17

Tucson Mountains

T. 13 S., R. 11 E.
T. 13 S., R. 12 E.

No

P-18

Cerro Colorado Mountains

T. 20 S., R. 10 E.
T. 20 S., R. 11 E.

No

P-19

Los Guijas Mountains

T.
T.
T.
T.
T.

9 E.
10 E.
10 E.
9 E.
10 E.

No

P-20

Roskruge Mountains

T. 14 S., R. 10 E.

No

17
18
18
18

20
20
21
21
21

S.,
S.,
S.,
S.,

S.,
S.,
S.,
SI,
S.,

R.
R.
R.
R.

R.
R.
R.
R.
R.

10
10
11
12

E.
E.
E.
E.
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Name

Code

Location

Included In
this Study

P-21

South Camobabi Mountains

T. 16 S., R. 5 E;

No

P-22

Lakeshore Mine

T. 11 S., R. 5 E.

Yes

P-23

Tanque Verde Area

T. 15 S., R. 16 E.

No

Descriptions of each of the locations listed above and tabula
tions of mineral assemblages, where they are available, are included in
the following pages.
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Empire District (P-1)

Location and Geology
The Empire Mountains consist of a northeast-trending system of
ridges, which lie off the northeast end of the Santa Rita Mountains in
T. 17 S., R. 16 E.; T. 17 S., R. 17 E.; and T. 18 S., R. 17 E.

The core

of the Empire Mountains consists of an intrusive mass called the Syca
more stock, which is elongated in the northeast direction.

Immediately

surrounding the stock on all sides are fault blocks of Paleozoic strata
resting upon Cretaceous strata.

Butler (1969) felt that the Paleozoic

strata along the southeastern margin of the Sycamore stock had over
ridden the Cretaceous strata in a southeastern direction.

Most of the

Paleozoic strata strike to the east or northeast and dip south or
southeast, respectively, at 30 to 50 degrees.

Alteration
Contact alteration of the Paleozoic strata in a zone several
thousand feet wide around the circumference of the stock has been docu
mented by numerous authors, but detailed descriptions of mineral assem
blages are rare.

Of particular interest is Marvin's (1942) comment

that rocks beyond the stock margin are little metamorphosed where they
are not well fractured.

Alteration minerals reported by the individual

authors are summarized below.
1.

Butler (1969):

Permian Earp is altered to (E,Mar); Colina is

altered to marble; Epitaph is altered to (Pd,At,Mt,Mp,Mc,Mm).
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2.

Marvin (1942):

PennsyIvanian-Permian Naco is altered to

(E.Mb.Q).
3.

Mayuga (1940):

Cambrian Abrigo is altered to (G,E,I,Ah,P,W);

Devonian Martin is altered to (G,E,Ah,W); Mississippian Escabrosa is altered to (Mar); Pennsylvanian-Permian Naco is al
tered to (Mb,Mm,Q).
'

4.

Sopp (1940):

Cambrian Upper Abrigo is altered to (E,G,Cal).

5.

Sears (1939):

6.

Alberding (1938):

Mississippian Escabrosa is altered to (Mar).
Permian Earp and Colina are altered to

(Q,Cal,At,Ah,Mm,E,Pd,G).
7.

Gillingham (1936):

Mississippian Escabrosa is altered to (Mar);

Pennsylvanian-Permian Naco is altered to (Q,Mm).
8.

Feiss (1929):

Pennsylvanian-Permian Naco is altered to

(G,At,E,Mar).

Mineralization

Total Wreck Mine.

The Scherrer Formation contains base metal

mineralization as replacement along bedding planes above and below
quartzite.

Hilton or Lead Mountain Area.

The principal mines (Chief,

Prince, Gopher, and 49) are in the Scherrer Formation as pipe-like
bodies and irregular replacements.
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California Mine.

This is a contact deposit in the Escabrosa

Limestone, which contains chalcopyrite along with garnet, hematite,
wollastonite, and epidote.

Table A. 14.
Age and Name
Hz
Ku

Empire District ( P - D .
Thickness

Attitude

Mineralization

Composition

+5000

NE-SE-1000

?

PP-Pn

+2000

?

?

Pr
Pen
Ps
Pe

?
+500
+500
1000

NE-SE-1000
NE-SE-1000
NE-SE-1000
NE-SE-1000

Pc

350

NE-SE-300

?

?

Pal

PP-Pe
PPh
Me
Dm
6a
Gau

(G,At,E,Q,tfin,Mb,

?

NE—SE—0

?
200-600
100-300
?
?

NE-SE-0
NE-SE-0
NE-SE-0
NE-SE-0
NE-SE-0

?
Dol,Ls
Ls
?
Qtz,Dol,Qtz
?
Marl,Do T, Si,Gyp (Q,At,Ah,Mn,Mt,
Mc,Mp,E,Pd,G)a »f
(Q.At,Ah,tfin,Pd,
Si,Ss,Ls
G)f (Mar)*
Ls,Ss,Sh,Si,
(E,Mar)a
Ch-Ls
Ls,Minor Sh
?
(Mar)c »e »8
Ls
(G,E,Ah,W)c
.
Ss-Ls
(G,E,I,Ah,P,W)C,a
?
(E,Cal,G)d
?

N.P.

N.P.

N.P.
PG___
^Butler (1969).
bHarvin (1942).
^Mayuga (1940).
dSopp (1940).
®Sears (1939).
fAlberding (1938).
^Gillingham (1936).
"Feiss (1929).

?

M a r)b,c,g,h

N.P.

?
?
Base metals
?
?
?
?
Base metals
?
?
?
N.P.
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Helvetia-Rosemont District (P-2)

Location and Geology
The Helvetia-Rosemont district is located in T. 18 S., R. 15 E.
along the northwestern flank of the Santa Rita Mountains.

The district

is bounded on the south by Precambrian granite and oji the east by
Cretaceous strata.

Paleozoic strata from Cambrian to Permian age are

exposed within the district.
60 to 70 degrees to the east.

The sediments strike northward and dip
Two small stocks of quartz monzonite

porphyry several thousand feet in diameter are exposed along a westnorthwest trending zone which defines the areal extent of the mining
district.

Most of the Paleozoic strata in contact with these stocks

are Pennsylvanian to Permian in age.

Alteration
The presence of contact alteration is well documented.

Heyman

(1958) defined ten distinct alteration assemblages and abundances in
the Pennsylvanian-Permian Formations.
Garnet-Pyroxene Assemblages (dolomitic limestones)
1) Grossularite — 55%
Chlorite — 5%
Salite — 20%
Calcite, Quartz — 15%
Diopside, Pyrite, •
Chalcopyrite — 5%
2) Grossularite — 65%
Diopside — 10%
Epidote — 5%
Chlorite — 10%
Calcite, Quartz — 10%
Pyrite, Chalcopyrite,
Magnetite — 1%

3) Grossularite — 25%
Salite-Diopside — 50%
Quartz — 15%
Kaolin —— 5%
Pyrite, Chalco
pyrite — 1%

*4

116
Garnet Assemblages (shaly dolomitic limestones)
1) Garnet— 75%
Diopslde — 5%
Epidote, Hornblende — 5%
Calcite — 10%
Quartz — 5%
Pyrite, Chalcopyrite — 1%

2) Almandine — 85%
Quartz, Calcite — 15%
3) Grossularite — 70%
Calcite — 10%
Quartz — 15%
Chlorite, Diopslde
Hornblende — 5%

Siltstone Assemblages
1) Quartz — 50%
Tremolite — 40%
Chlorite — 5%
Pyrite, Chalcopyrite — 1%

2) Quartz — 45%
Tremolite — 25%
Diopslde — 20%
Calcite — 10%
Magnetite — 1%

3) Quartz— 55%
Diopslde— 20%
Garnet — 5%
Calcite — 15%
Tremolite, Magnetite — 5%
Marble
Minor actinolite in some beds and garnet along fractures.
Heyman (1958) interpreted the following conversions.

Shaly

dolomitic limestone was converted to one of the garnet assemblages.
Aluminum deficient purer dolomitic limestone was converted to one of
the garnet-diopside assemblages.

Calcareous deficient siltstone was

converted to one of the quartz, tremolite, calcite assemblages.
Other authors reported the following alteration.
1.

Popoff (1940):

Sandstones are recrystallized; limestone is

recrystallized with {W,G,E> in fissures; shales are silicified
with (E).
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2.

Johnson (1941):

Devonian Martin contains (Mar,W,At); Lower Naco

shales are garnetized; Middle Naco is recrystallized; Upper
Naco shales and limestones are altered to bands of (G,E,Pd);
Permian gypsum and marly limestone is altered to (Mar,G,E,Pd);
Cretaceous shales contain (Mb,Mm,Me,Q).
3.

Michel (1959):

Permian-Concha contains three zones.

The contact

zone contains (G), the middle zone contains (Pd), and the outer
zone contains marble

Table A. 15.

Helvetia-Roaemont District (P-2)»
Thickness

Attitude

Composition

+7000

N-E-2000

Ark,Vol

Pen
Ps

600
650

N-E-0
N-E-0

Pe-Pc

1200

N-E-0

PP-Pe

700

N-E-1000

Is
Qtz(lOO')
Dol-Ls(200')
Qtz(350')
Ls, Marl,Gyp,
Sh,Qtz
SI (?)

PPh

800

N-E-1000

Ls,Dol,Sh

Me
Dm
6 Rincon
6a
6b

700
200-400
?
800
600

N-E-1000
N-E-100
N—E—100
N-E-100
N-E-100

Ls
Ls,minor Sh
Ls,Qtz
Ls,Ch
Qtz

{G}a (Pd,Mar)a
?
?
?
(G,P,E,Mc,Q,Ck,
Cal)b »c
(Q,At,Me,Pd,G,
Cal)b
(G,Pd,Q,E,Ah,
Me,Cal)b
?
(Mar,W,At)c
?
?
d
Recrystallized

N.P.

N.P.

N.P.

N.P.

Age and Name
Mz
K

Alteration

Mineralization

Pyb

(Mb,Mm,Mc,Q)c

Pal

£6___
^Michel (1959).
“Heyman (1958).
‘'Johnson (1941).
dPopoff (1940).

Cpy,Py,Mo,Spa
?
?
?
?
b

Cpy,Py

u

cpy,Py

?
?
?
?
?
N.P.
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Colossal Cave Area (P-3)

Location and Geology
The Geologic Map of Arizona (1969) shows an intrusive stock in
contact with a block of Precambrian and Paleozoic strata along its south
east margin, in T. 16 S., R. 16 E. and T. 16 S., R. 17 E.

The strata

strike to the northwest and dip both northeast and southwest along the
blanks of northwest-trending southeast-plunging folds.

Although mapping

data is incomplete, the strata appear to become younger both to the north
east and to the southwest.

The oldest Precambrian and lower Paleozoic

rocks are exposed in the central portion of the block.

Alteration
Layton (1957), Weidner (1957), and Kerns (1958) have mapped fault
contacts between the intrusive and the exposed sedimentary strata.

None

of the authors reported any contact alteration and the abundance of fos
sils confirms the lack of alteration.

These faulted strata have appar

ently overridden the original host rocks and could conceivably conceal
contact alteration beneath them.
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Pima-Mission District (P-4)

Location and Geology
The Pima-Mission Mining district lies directly north of the
Twin Buttes Mining district in the northern half of T. 17 S., R. 12 E.
and 13 E., and the southern half of T. 16 S., R. 12 E. and 13 E.

The

district, as defined in this thesis, is bounded by the traces of the
San Xavier fault to the south and west.

The district contains the two

large open pit copper mines (Pima and Mission) as well as smaller mines
and prospects which include the Daisy, Mineral Hill, San Xavier, Olive
Camp, Paymaster, Helmet Peak, Vulcan, Gray Copper, Swastika, and Palo
Verde mines.
The Mission mine contains northwest striking Cretaceous and
Paleozoic strata which dip steeply to the northeast.
zoic strata are overturned.

The upper Paleo

Small dikes and sills of a quartz monzonite

porphyry have intruded and altered the Paleozoic and Cretaceous strata.
Himes (1972) reported Paleozoic and Mesozoic strata striking eastnortheast and dipping southeast in the Pima mine.

Alteration
The alteration at the Pima mine is confined to a tabular flat
lying zone which conforms to the attitude of low angle faults and a
major unconformity.

The zone is 400 to 500 feet thick and extends east

ward from an intrusion of quartz monzonite nearly one-half mile to a
fault contact with Cretaceous rocks.

The alteration at the Mission mine
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is notable for the presence of calc-silicate alteration products in
quartzites and other non-calcarecus clastic host rocks, although the
alteration minerals formed in most of the rocks generally reflect the
original composition of the rocks (Gale, 1965).

Alteration minerals

reported by the individual authors are reported below.
Mission Mine.
1.

Kinnison (1966):

Pennsylvanian-Permian Naco strata are altered

to (Mm,G,Pd,Cal,Aa,Mc,Q,F); Permian Scherrer dolomites are al
tered to (Pd); quartzites are recrystallized with minor (Mm);
Cretaceous strata are altered to (Mm,C) and {Mm,Q}; biotite
rhyolite is altered to (C,Mm).
2.

Gale (1965):

Pennsylvanian-Permian lower Naco limestones are

altered to (Mar) with {Mar,W,G> at the intrusive contacts.
Permian Scherrer quartzites are altered to (Pd,At); dolomites
are altered to (Pd,Ph); Cretaceous rocks are altered to {G} at
contact and (E,At,Aa,Mc,Q,F) further out.
consists of (Mb,Mm).

Fringe alteration

Late vein alteration consists of {Q,Cal,

FI,Gyp,Me}.

Pima Mine.
1.

Himes (1972):

Pennsylvanian-Permian Naco is altered to (G,P,E,

At,Aa,Mar); Mesozoic rocks are altered to (E,Mc,Q,Mm), (Q,Mm),
(Fk,Q,Mm).
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San Xavier Mine.
1.

Wilson (I960):- Permian-Concha is altered to {G,At,Ph,Hc,C,E,
Mm} along fractures.

Mineralization
Gale (1965) noted that at the Mission mine massive replacement
mineralization was localized in faults.

Kinnison (1966) felt that the

unconformable contact between the Papago Formation and the underlying
Paleozoic strata had served as a localizing feature of mineralization.
He reported that all the host rocks, including Permian quartzites, are
well mineralized where they abut this feature.

Table A.16.

Pima-Mission District (P-4).

Age and Name

Alteration

Thickness

Attitude

Composition

Mineralization

2250

NW-NE-0

Vol,Ark,Sh,Ls

{G,Q,Cal,Fl,Gyp,Hc}c
(E, At, Aa,Me,Mb,Min,
F ,Q)a,b,6

Cpy

PP-Pn

?

NW-NE-0

Qtz,Dol-Ls,
Ch—Ls,Si

{W,G)C (Mn,G,Pd,
Aa,Mc,Q,F,E,At,
Mar)3,6

Cpy

Pr
Pen
Ps
Pe
Pc
PP-Pe
PPh
Me
Dm
6a
6b

450-750
350
400
100
?
?
?
350-375
100-350
350
600

NW-NE-0
NW-NE-0
NW-SE-0
NW-NE-0
?
?
?
?
?
?
?

. ?
?
Qtz,Dol
?
?
?
?
Ch-Ls
?
Ls,Sh
Qtz

?
d
{G,At,Ph,Mc,C,E,tfin}u
(Pd,Ph,At,Mm)b »c
?
?
?
?
?
?
?
?

?
?
Cpy
?
?
?
?
?
?
?
?

N.P.

N.P.

N.P.

N.P.

Mz
Ku

Pal

P6

N.P.

aHlmes (1972).
bKlnnlson (1966).
?Gale (1965).
wilson (1960).
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Twin Buttes District (P-5)

Location and Geology
The Twin Buttes district is defined in this thesis as those
mines and prospects which lie south of the outcrop of the east-northeast
trending San Xavier fault.

The Twin Buttes district lies in the south

ern half of T. 18 S., R. 12 and 13 E . , and in the northern half of T.
18 S., R. 12 and 13 E.

The mines included in this area are the Twin

Buttes open pit mine, the Minnie, Butte, Copper King, Copper Queen,
Copper Glance, North Star, Contention, and Senator Morgan mines.
The major mineral deposit in the district is the Twin Buttes
mine.

Very little detailed geologic information has been published

about this deposit.

In the mine area dike-like masses of quartz monzo-

nite and diorite porphyry intrude one another or the Paleozoic and
Mesozoic strata, which strike northwest and dip steeply northeast.

Alteration
Kelley (1976) recognized two types of alteration processes in
the sedimentary rocks.

He described hydrothermal alteration superimposed

up "early contact metamorphism."

Alteration minerals reported by vari

ous authors are summarized below.
1.

Barter (1976):

Permian Colina contains (Pd,Mp,Ms); Epitaph

siltstones contain (Mb,At); dolomites contain (G,Pd); lime
stones contain (At,Ms); Scherrer dolomites contain (Pd); quartz
ites contain (Mb,Mm); Concha Limestone contains (G,Pd).

125

2.

Kelley (1976):

Cambrian Lower Abrigo contains (Mb); Upper

Abrigo and Devonian Martin limy argillites contain (G,Pd,W,Q,
Of,I,E,Mt,Mm,C) plus {Aa,At,Mp,Ms,Mb,Fk,Anh}; siltstones con
tain (Mb,Mp,Mm); Mesozoic argillites are altered to (G,Mb,Mia,
Sil); Upper Mesozoic strata contains (E,Mc,Fk,Mb,Ms).
3.

Weaver (1965):

Pennsylvanian-Permian Naco contains (G,Pd,W,

At,E); Mississippian Escabrosa is altered to (Mar).
4.

Houser (1949) and Whitcomb (1948):

Pennsylvanian-Permian Naco

contains {G,E,Aa,Ph,W}; Mississippian Escabrosa contains (Mar)
and {G,E,Aa,Ah,W}; Cambrian Abrigo contains {E,G}.

All minerals

reported are from veins and fractures (?) at the Morgan and
Contention mines.
5.

Webber (1929):

Mississippian contains {G,Pd,E} at the intrusive

contact.
6.

Brown (1926):

Pennsylvanian-Permian Naco contains (G); Pennsyl-

vanain Horquilla contains (G); Mississippian Escabrosa contains
(Mar,G); Cambrian Bolsa contains (E).

Mineralization
Kelley (1976) reported that the ore bodies are developed in the
Paleozoic and Mesozoic skams, and that their shapes and attitudes are
largely controlled by mineral-receptive beds, igneous rock contacts and
faults.

The ore bodies tend to be tabular, with greatest dimensions in

a steep plane and a northwesterly direction in plan.

Table A. 17.
Age and Name
Mz
?
?

Twin Buttes District (P-5).
Thickness

Attitude

Composition

Alteration

Mineralization

Ark,Qtz,Vol
Argillites

,
(E,Mc,Fk,Mb,Ms)u
(G,Mb,Mm,Sil)b

Cpy

?
?

?
?

PP-Pn

?

NW-NE-0

Pen
Ps
Pe
Pc
PP-Pe
PPh
Me

?
?
?
?
?
?
?

NW-NE-0
NW-NE-0
NW-NE-0
NW-NE-0
NW-NE-0
NW-NE-0
NW-NE-0

Ls
Qtz,Dol-Ls
Ls,Si,Qtz,Dol
Ls
Ls-Si
.?
Ls

Dm—Ca

?

NW-NE-0

Ls,Si-Ls,Si

Cb

?

NW-NE-0
N.P.

?

Pal

PG
N.P.
^Barter (1976).
bKelley (1976).
^Weaver (1965).
^Houser (1949, Whitcomb (1948).
^Webber (1929).
*Brown (1926).

?

(G,Pd,W,At,E)9
{G,E,Aa,Ph,W}
(G,Pd)a
•
(Pd,Mb,ton)
(Mb,At,G,Pd,Ms)a
(Pd,Mp,Ms)a

Cpy
Cpy
Cpy
Cpy
Cpy
Cpy
Cpy
Cpy

Qtz

- ?
(G)f
j r
(Mar)c *d *f{G,E,
Aa,Ah,W}d {G,Pd,E}e
(G)f
(G,Pd,W,Q,Of,I,E,b
Mt,ton,C,Mb,Mp,Ms)
(Aa,At,Mp,Ms,Mb,Fk,
Anhy}b (E,G}d
(E)f

Cpy

N.P.

N.P.

N.P.

Cpy
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Soza Canyon Area (P-6)
The Geologic Map of Arizona (1969) shows Lower Paleozoic sedi
ments in fault contact with the southeastern tip of the intrusive, which
forms the core of the Santa Catalina Mountains, in T. 13 S., R. 18 E.
No information regarding contact alteration at this location was found
in the literature.
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Coyote Mountains (P-7)

Location and Geology
The Coyote Mountains lie at the extreme northeastern limit of
the Baboquivari Mountains in Pima County, Arizona.

Carrigan (1971) re

ported a roof pendant of Precambrian and Paleozoic rocks in the southcentral part of T. 16 S., R. 8 E. resting on an intrusive quartz
monzonite stock.

The Precambrian and Paleozoic strata are not shown

on the Geologic Map of Arizona (1969).
The pendant, which Carrigan (1971) measured as 4600 feet along
strike within his thesis area, extends for approximately another threequarters of a mile further north, as reported by Kurtz (1955).

Through

out its length, the pendant strikes N 25° W and dips 45° southwest.
The thickness of the pendant, excluding what is believed to be Pinal
Schist, is 3338 feet.

The pendant occurs as discontinuous pods of strata

up to 600 feet in length and 300 feet in width, separated by forcefully
intruded quartz monzonite which dilated the sedimentary section.
Carrigan (1971) recognized the Precambrian Pinal Schist, the Cambrian
Abrigo, the Devonian Martin, and "undifferentiated Paleozoics" within
his thesis area.

The Cambrian Bolsa Quartzite is not present and is

reported to be faulted out.

Alteration
Carrigan (1971) reported that the original host rocks, prior to
metamorphism, were schists, quartzites, limestones, dolomites, .
argillaceous—dolomitic limestones and shales.

These rocks were altered

to gneisses, quartzites, marble, s k a m and hornfels, respectively.
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Carrigan’s table #1 (1971, p. 9), which shows the mineral
abundances in the altered sedimentary formations, is reproduced on
Table A.18.

These compositions are apparently averaged from sixty

thin sections he reported studying.

Table A.18. Mineral Abundances Reported by Carrigan (1971)._______________________________________
••Sedimentary.........*.... ...
Scapo™
Lithology
Q Fk Fal Fand Flab Mm Mb Ah Me Aa At Cal E Pd G I
llte
Auglte
Undiff Paleozoic
Pyroxenlte
5
3
3
5
82
tremolltlzed
limestone
15
55
2
3 25
blotite
15
30
25
gneiss (?)
10 20
Martin Formation
Marbelized
limestone
Marbelized
limestone
Hornblende
gneiss (?)
10
Upper Abrigo
Altered
quartzite
Lower & Middle
Abrigo
hornfels
banded
hornfels
hornblende
gneiss(?)
quartzite
marbelized
limestone

35

19

5

1

30

5

10

94

5

5

10

5

10

2035

5.

5
55
54 30
75

1

40

15

10 20

4

10

20

tr

5

30

15___________________ 44______ 20______________ tr

1
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Pinal Schist
chlorltic biotite gneiss

15

83

Table A.19.

Coyote Mountains (P-7).
Thickness

Attitude

Composition

Alteration

Mineralization

K

N.P.

N.P.

N.P.

N.P.

N.P.

PP-Pn

+450

NW-SW-R.P.

Dm

685

NW-SW-R.P.

Dol-Ls,Sh,Ls

(tfin,Mc,Ah,E,F,Q,
Scap)a

Gau

279

NW-SW-R.P.

Ls-Qtz

(Q,G,Pd,Fk)a

Gam—Gal

586

NW-SW-R.P.

Ls-Marl,Si,Qtz (Pd,Aa,I,E,Q,Scap,
Fp,tfin) (Mm,Fp)

Age and Name
Mz

Pal
?

(Hb,Mm,At,Pd,F,Q)a

?
copper oxides

?
?

Gb

N.P.

N.P.

N.P.

N.P.

N.P.

pGa

N.P.

N.P.

N.P.

N.P.

N.P.

PG

pGp
aCarrigan (1971).

?

?

?

(Hb.F.Mc)3

?
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Bullock Canyon-Buehman Canyon Area (P-8)

Location and Geology
The Geologic Map of Arizona (1969) shows lower Paleozoic and
Cretaceous strata in contact with the intrusive stock, which forms the
core of the Santa Catalina Mountains, in the east central portion of
T. 12 S., R. 17 E., the southwest portion of T. 12 S., R. 18 E . , and
the north-central portion of T. 13 S., R. 18 E.

The contact trends

northwest for approximately six miles along the western flank of the
Santa Catalina Mountains.

Mapping by RRahe (1959) and Broderick (1967)

along the southern portion of the contact shows Precambrian Apache
Group and lower Paleozoic strata in contact with the intrusive rocks.

Alteration
Alteration minerals reported in this area are summarized below.
1.

Wilson, ,J. (1976, personal communication): Cambrian Abrigo is al
tered to (E,G); undifferentiated Paleozoics are altered to
(Q,Pd,At,Mm,Mar); skarn, which consists of {G,E,Mb,Mag,Cpy}, was
formed at contacts and in the thrust fault.

2.

Broderick (1967):

Precambrian Pioneer Shale is altered to (Chia,

Sill,Andal,Mm); Precambrian Dripping Springs quartzite is altered
to (Gg,E,Cal); Cambrian Abrigo is altered to (Aa,E,Pd,Mc,Mp);
Devonian Martin is altered to (Pd,At,E); Mississippian Escabrosa
is altered to (Mar,W,G).
3.

Raabe.(1959):

Precambrian Scanlan is altered to (Q,Mm); Pre

cambrian Pioneer is altered to (Mb,Mm,Ck,E); Precambrian Barnes
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is altered to (Q,E,G); "Lower Paleozoics" are altered to 1)
"muscovite-phyllite" containing (Mm,Q,Mc,E), 2) "laminated meta
carbonate", 3) banded "silicated carbonate" which contains (Q,
E,A,Cal), and 4) "magnesium carbonate" which consists of dolomitic marble.

Table A.20.
Age and Name
Mz
K1

Bullock-Buehman Canyons Area (P-8).
Thickness

?

Attitude

Composition

?-?-0

Ss,Sh,Ls,Cong

Pal

y

Alteration

Mineralization

?

?

?

?
?

PPh
Mb
Me
Dm

765
261
779
289

NW-NE-?
NW-NE-?
NW-NE-?
NW-NE-0

6a

447

NW-NE-0

Ls Sh
Ch—L s ,Sh
Ch—LSjLs
Sh,Si,Ss,Ls,
Dol
"elastics"

6b

350

NW-NE-0

Qtz

?

?

p6ad
p6ab
p6ap

400
15
200

NW-NE-0
NW-NE-0
NW-NE-0

Qtz
Cong
Sh

?

1—6
N.P.

NW-NE-0
N.P.

Cong
N.P.

(G,E,Cal)
(Q,E,G)C
(Chias,Sill,Andal,
Mm)b (Mb,Mm,Ck,E)c
(Q,Mm)C
N.P.

\

(Mar,W,GV
(Pd,At,E)D(Q,E,A,
Cal)C
.
(Aa,E,Pd,Mc.Mp)D
(ton,Q,Mc,E)c (E,G)a

?
?
?

PG

p6as
p6p
aj. Wilson (1976).
^Broderick (1967).
cRaabe (1959).

?
?
N.P.
N.P.
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Alder-Edgar Canyons Area (P-9)
Precambrian Apache Group and Paleozoic strata are in contact
with the intrusive stock, which forms the core of the Santa Catalina
Mountains, in T. 11 S., R. 16 E . ; T. 11 S., R. 17 E . ; and T. 12 S.,
R. 17 E.

No information regarding contact alteration at this location

was found in the literature
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Rillito Area (P-10)
Outcrops of Precambrian Pinal Schist, Apache Group, and Paleo
zoic strata were mapped as roof pendants on Mesozoic Catalina granite
in T. 11 S., R. 12 E. by Budden (1975).

The outcrops lie in the south

west portion of the Tortolita Mountains.

Budden (1975) mapped quartz-

sericite schists, quartzites, amphibolite, schists, metaconglomerate,
marbles, epidote shams, gnarly phyllites, and thinly laminated argil
lites.

The Geologic Map of Arizona (1969), which served as the base

map of this thesis, shows the entire igneous complex of the Tortolita
Mountains to be Precambrian in age, and fails to show most of the strata
mapped by Budden (1975).
yet been reported.

Details of the alteration mineralogy have not
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Sierrlta Mountains (P-11)
Paleozoic and Mesozoic stratified rocks are in contact with
Mesozoic, and Cretaceous to Tertiary age intrusives at many locations
in T. 17 S., R. 10 E.; T. 18 S., R. 10 E.; T. 18 S., R. 11 E.; and T.
18 S., R. 12 E.

Most of the contact relationships are faults, as

shown on the Geologic Map of Arizona (1969), but some are not.

Cooper

(1971) observed alteration of Mesozoic strata in the vicinity of the
Esperanza mine in T. 18 S., R. 12 E.
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Marble Peak District (P-12)

Location and Geology
Marble Peak is located in T. 11 S., R. 16 E. of Pima County,
Arizona.

The Geologic Map of Arizona (1969) shows a block of Paleozoic

rocks in probable roof pendant relationship with an underlying intrusive
called the Leatherwood quartz diorite.

The intrusive and the Paleozoic

strata are in fault contact with Precambrian granite to the north.

The

quartz diorite stock has a diameter of approximately four miles in out
crop.

The stock is in apparent intrusive contact with Precambrian and

lower Paleozoic strata to the east and south.

To the west, the younger

• Catalina granite (Hanson, 1966) is in an apparent intrusive contact
with the Leatherwood quartz diorite.

Alteration
Wood (1963) reported on metamorphic effects of the quartz dio
rite at three locations along the eastern border and one location along
the western border of the stock.

His mineral assemblages were collected

mostly at the physical interface between the intrusive and the sediments
so it is possible that some of these assemblages reflect the exchange of
constituents between the intrusive and the sediments by means of hydrothermal fluids and diffusion.

Dolomitic Marble.

The unaltered rock (Martin ?) is composed of

75% dolomite and 24% calcite with minor chlorite and quartz.
1.

The rocks are 90 to 98% dolomite and calcite from 100 feet to
within five feet of the contact.
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2.

Within five feet of the contact the rocks contain 35% tremolite
with minor magnetite, epidote and chlorite.

3.

At the contact calcite, dolomite, tremolite, dominate with
localized assemblages of calcite, diopside and epidote in small
pod-like bodies.

Quartzite.

The unaltered rocks (Bolsa ?) contain 95% quartz,

3% tremolite, 1% epidote with minor muscovite, microcline, magnetite and
plagioclase.
1.

Five feet from the contact the rock consists of 95% quartz, 5%
epidote, 2% calcite with minor garnet, magnetite, microcline
and diopside.

Meta-Arkose.

Grain boundaries are more highly sutured.

The regional assemblage (Abrigo ?) is a mosaic of

25% potassium feldspar, 25% clinozoisite, 0-20% epidote, 10-20% actinolite, with minor biotite, quartz, and plagioclase.
1.

Twenty feet from the contact the rock consists of diopside, hedenbergite, potassium feldspar, epidote, clinozoisite, calcite
with minor plagioclase and quartz.

2.

Two feet from the contact the rock contains andesine.

Hornblende

becomes stable as microcline decreases.

Marble.

The regional assemblage (Escabrosa ?) consists of 95-

99% calcite, 0-2% dolomite, with minor quartz, muscovite and chlorite.
1.

Twelve feet from the contact the rock consists of 65% calcite
and 35% tremolite.
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2.

Nine feet from the contact the rock consists of calcite, diopside, hedenbergite, quartz, andradite, and epidote.

3.

One foot from the contact the rock consists of biotite (replacing
epidote), calcite, diopside, quartz, and garnet (andradite).

4.

At the contact the sediments are "hornfels" and consist of diop
side, actinolite, tremolite, calcite, epidote, and sanidine.
Other alteration reported in the area is summarized below.

1.

Continental Copper Company (1976, written communication):
Cambrian Lower Abrigo contains veins of {G,Mag}; Middle Abrigo
is altered to Pd with veins of {Q,E}; Upper Abrigo is altered
to (Ga,Pd,E,At,Ms); Devonian Martin is altered to (Ms,Pd,At,Aa,
Mc,Ga,Q,B,E); Mississippian Escabrosa is recrystallized to mar
ble with {Ga,Ms,E,Q,At,Mc,Aa,B} at contacts (?), or in veins
(?); Pennsylvanian Horquilla is "silicified" and contains (Q,
Pd,Ga).

2.

Braun (1969):

Cambrian Bolsa is recrystallized, Abrigo is al

tered to (Mb,Q,Cal,E) with {G,Pd,l} in veins; Devonian Martin
is altered to (Mar,At) with {G,Pd,E} at contacts; Mississippian
Escabrosa is recrystallized to marble.
3.

Waag (1968):

Precambrian Apache Group Scanlan Conglomerate is

altered to (Q,M,F), Pioneer is altered to (Q,Ms), Barnes Con
glomerate is altered to (Q,F,M,E), Dripping Springs Quartzite
contains (Q,Mb,Mm,G,Mc,E), Mescal Limestone is recrystallized
with (Q,At,E); Cambrian Bolsa contains (Q,M,E,A,G), Abrigo con
tains (Mb,Q,Mc,E,Aa,Pd,I,G,Ms).

Table A. 21.

Marble Peak District (P-12)

Age and Name
Mz
K
Pal

Attitude

Composition

N.P.

N.P.

N.P.

N.P.

100
+600
580

NNE-SE-R.P.
NNE-SE-R.P.
NNE-SE-R.P.

Qtz
Ls,Marl,Ss
Ls,Dol-Ls

240

NNE-SE-R.P.

Dol-Ls,
Ss-Dol

? _
(Q,Pd,G)a
(Mar)b,c{At,Pd,Aa,C.
c
E,Mb,Q,G,Mc,B,Ms,Fr'
(Mar,Dol)c (Q,E>Mc,
Pd,G,Ms,At,Aa,B)
{E,Mc,At,Pd,G}b,c

75-325

NNE-SE-R.P.

Dol-Ss
Ss-Dol

30-40
335
300

NNE-SE-R.P.
NNE-SE-R.P.
' NNE-SE-R.P.

PP-Pn
PPh
Me
Dm

6a
Peppersauce

Alteration

Thickness

Southern Belle
Three C
6b

,

Qtz
Ss,minor Sh
Qtz

{P,F,E,Q,Ah,F)c
(Mb,Q,Cal,E)b(G,Pd,
E,At,Ms)a
(Pd)a(Q.E}a
{G,Mag}a
(Recrys)b,c(Q,M,E,
A,G)d

Mineralization
N.P.
?
?
Cpy
Cpy

Cpy

Cpy
Cpy
?

p6
p6am
p6ad
p6ab
pGap
p6p
^Continental Copper
^Braun (1969).
JrWood (1963).
dWaag (1968).

?
NW-NE-0
Ls,Si,Qtz
NW-NE-0
Ss,Si
350
NW-NE-0
25-75
Cong
NW—NE—0
Ss.Mud
250
Schist
?
?
Company (written communication, 1976).

?(Q,At,E)d .
?(Q,M,G,E)
?(Q,F,M,E)d
?(Q,M,F)d
?

?
?
?
?
?
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Silver Bell District (P-13)

Location and Geology
The Silver Bell mining district is located in T. 12 S., R. 8 E.
and T. 12 S., R. 9 E. in Pima County, Arizona.

Within the vicinity of

the altered and mineralized zone, intrusive dikes and sills have been
emplaced along a northwest-trending zone which separates Paleozoic strata
to the northeast from Cretaceous strata to the southwest.

Paleozoic

strata generally strike to the northeast and dip to the southeast.

The

entire Paleozoic section is fairly well represented from the Cambrian
Bolsa Quartzite through the Pennsylvanian Horquilla with the units get
ting younger to the southeast.

Unlike so many other areas in southern

Arizona where the stocks are emplaced in structures generally concordant
to the strike of the sedimentary units, at Silver Bell the intrusive
stocks and sills seem to be emplaced in a structural zone which is at
right angles to the strike of the sedimentary units.

Although the trend

of the structure into which the intrusive rocks are emplaced is north
west, many of the individual intrusive dikes are emplaced in a northeast
direction parallel to the strike of the strata.

Alteration
Richard and Courtright (1966) reported that tactite composed es
sentially of garnet, diopside, other lime-silicate minerals, and quartz
is confined to a narrow belt along the southwest margin of the limestone
pendants, except near the Mammoth and Union mines where it has replaced
the full width of the sedimentary block.
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Alteration minerals reported in the district are summarized
below.
1.

Merz (1967):

Cambrian BoIsa is recrystallized, Abrigo is al

tered to (Q,P,Mar); Devonian Martin is altered to (Cal,Pd,Ph,G);
Mississippian Escabrosa is altered to marble plus hornstone;
Pennsylvanian Horquilla is altered to tactite.
2.

Agenbroad (1962):

Permian Scherrer is altered to (G,E,Ph,Cal,

W,Q).
3.

Kerr (1961):

Cambrian Abrigo is altered to alternating layers

of marble and hornstone; Mississippian Escabrosa is altered to
marble.
4.

Buseck (1959):

Permian Limestone is altered to {G,Q,Cal,Hem}

at contacts, {Pd} in veins, and (Mar,At) in outer zones.
I was unable to collect useful information regarding contact
alteration at any of the following locations, with the exception of the
Lakeshore mine (P-22), which is described under Pinal County (Slate
Mountains, Pi-4).

Cimarron Mountains (P-14)
Lower Paleozoic strata are in contact with the southern and
western margins of an intrusive outcrop in T. 11 S., R. 2 E.

Some of

the contacts are faults and others are intrusive as shown on the Geologic
Map of Arizona (1969).

Organ Pipe Area (P-15)
Lower Paleozoic strata are in apparent intrusive contact with
Mesozoic intrusive rocks in T, 14 S., R. 6 W.

Table A.22.

Silver Bell District (P-13)

Age and Name

Thickness

Attitude

Composition

Alteration

Mineralization

Hz
?

?

Red beds

?

Ku

+5000

PP-Pn

+1200

NE-SE-0

Ss,Si,Ls,Qtz

(G,E,P,A,Q,W,F)b ’d
{G,Q,Cal,Pd)d

?

PPh

220

NE-SE-0

Ls,upper Sh

(Tactite)3

?

' He

275

NE-SE-0

Ls

(Mar) c (Mar,
Hornstone)3

?

Dm

300

NE-SE-0

Sh—Ls

(Pd,Ph,G,Cal)a

?

6a

430

NE-SE-0

Lm,Sh

(Mar,Q,P,Hornstone) a,c

?

6b

200

NE-SE-0

Qtz

(Recrys)a

?

N.P.

N.P.

N.P.

N.P.

Pal

P G _______________

N.P.

®Merz (1967).
“Agenbroad (1962).
‘'Kerr (1961).
“Buseck (1959).
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Arlvaca Area (P-16)
Mesozoic strata are in apparent intrusive contact with outcrops
of intrusive rocks in T. 21 S., R. 9 E . ; T. 22 S., R. 9 E . ; and T. 23
S., R. 9 E.

Tucson Mountains (P-17)
Upper Cretaceous strata lie along the southeastern margin of an
intrusive stock in T. 13 S., R. 11 E. and T. 13 S., R. 12 E.

Cerro Colorado Mountains (P-18)
Upper Cretaceous strata are in contact with two small outcrops
of intrusive rocks in T. 20 S., R. 10 E. and T. 20 S., R. 11 E.

Los Guiias Mountains (P-19)
Upper Cretaceous strata lie along the northeast and southeast
margins of an outcrop of intrusive rocks in T. 20 S., R. 9 E . ; T. 20 S.,
R. 10 E . ; and T. 21 S., R. 10 E.

Mesozoic volcanic rocks are in contact

with the same intrusive contact in T. 21 S., R. 9 E. and T. 21 S., R.
10 E.

Roskruge Mountains (P-20)
Cretaceous sedimentary and volcanic rocks are in contact with
small outcrops of intrusive rocks in T. 14 S., R. 10 E.

South Camobabi Mountains (P-21)
Cretaceous sedimentary and volcanic rocks are in contact with
the northern tip of an intrusive outcrop in T. 16 S., R. 5 E.
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Lakeshore Mine (P-22)
For a description of this location see Pinal County, Arizona
(Slate Mountains, Pi-4).

Tanque Verde Area (P-23)
Upper Cretaceous strata are in apparent fault contact with the
north margin of an intrusive outcrop in T. 15 S., R. 16 E. as shown on
the Geologic Map of Arizona (1969).
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PINAL COUNTY, ARIZONA

The following tabulation identifies 11 locations where contact
relationships between post-Precambrian intrusive stocks and pre-intrusive
stratified host rocks exist in Pinal County, Arizona.

All of the in

trusive stocks at these locations are shown to be Cretaceous to Tertiary
in age on the Geologic Map of Arizona (1969).
Included in
this Study
No

Code
Pi-1

Name
Mescal Mountains

Location
T. 4 S., R. 16 E.
T. 4 S., R. 17 E.

Pi-2

Ash Creek Area

T. 5 S., R. 16 E.

No

Pi-3

Tortilla Mountains

T. 5 S., R. 14 E.
T. 5 S., R. 15 E.
T. 6 S., R. 13 E.

No

Pi-4

Slate Mountains

T. 11 S., R. 5 E.
T. 10 S., R. 4 E.
T. 10 S., R. 5 E.

Yes

Pi-5

Vekol Mountains

T. 9 S., R. 3 E.
T. 10 S., R. 3 E.

No

Pi-6

Ray District

T. 3 S., R. 13 E.

Yes

Pi-7

Magma Mine

T. 1 S., R. 12 E.

Yes

Pi-8

Tortolita Mountains

T. 10 S., R. 13 E.

No

Pi-9

Copper Creek District

T. 7 S., R. 18 E.
T. 8 S., R. 18 E.

No

Pi-10

Peppersauce Canyon Area

T. 10 S., R. 16 E.
T. 11 S., R. 16 E.

Yes

T. 10 S., R. 15 E.
T. 10 S., R. 16 E.

No

Pi-11

Canada del Oro Area
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Descriptions of each of the locations listed above and tabula
tions of mineral assemblages, where they are available, are included in
the following pages.
I was unable to collect useful data regarding contact altera
tion at the following three locations.

Mescal Mountains (Pi-1)
Devonian and Mississippian strata lie along the north margins
of an intrusive stock in T. 4 S., R. 16 E. and T. 4 S., R. 17 E.

Lower

Pennsylvanian and Permian strata surround the remainder of the stock
at the same location.

Ash Creek Area (Pi-2)
Devonian and Mississippian strata are in contact with the west
margin of an intrusive stock in T. 5 S., R. 16 E.

Tortilla Mountains (Pi-3)
Small outcrops of intrusive rocks are in contact with Precambrian
Apache Group and lower Paleozoic strata at two locations along the west
boundaries of T. 5 S., R. 14 E. and T. 5 S., R. 15 E . , and in the north
east corner of T. 6 S., R. 13 E.

The Geologic Map of Arizona (1969)

shows some of these contacts to be faults.
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Slate Mountains and Lakeshore Mine
(Pi-4, P-22)

Location and Geology
The Lakeshore mine is located in T. 11 S., R. 5 E. of Pima
County, Arizona.

The nearest major outcrop is the Precambrian Pinal

Schist which forms the core of the north-northwest trending Slate Moun
tains in T. 10 S., R. 4 E. and T. 10 S., R. 5 E. in Pinal County,
Arizona.

At the north end of the mountain range Precambrian Apache

Group and lower Paleozoic strata overlie the Pinal Schist.

Harper and

Reynolds (1969) reported a small stock of quartz diorite, which is not
shown on the Geologic Map of Arizona (1969), on the western slope of
the Slate Mountains in contact with the Pinal Schist.

A wide zone of

complex faulting, trending along the southern and western margins of the
stock obscures the relationship between the quartz diorite and the late
Precambrian and Paleozoic rocks.

The intrusion apparently has altered

the sediments which are identified as "meta-sediments" by Harper and
Reynolds (1969).

They also identified "tactite ore" in a small pit near

this outcrop which consists of "a concentration of copper and iron min
erals in a calc-silicate gangue in the upper calcareous portion of the
meta-sediments."

Alteration
South (1972), in his cross-section of the deeply buried Lakeshore
ore body south of the Slate Mountains, showed Cretaceous strata resting
upon Precambrian Apache Mescal Limestone.

A thick section of Precambrian

Dripping Springs Quartzite lies below the Mescal Limestone.

He
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identified alteration minerals in the "Mescal tactite" as diopside,
garnet, tremolite, with magnetite, and sulfides.
not present in the mine area itself.

Paleozoic strata are

Table A.23.

Slate Hountains-Lakeshore Mine (Pi-4, P-22).

Age and Name
Hz

Thickness

Attitude

K

?

?

PPh

?

?

Me

400

?

Dm

235

6a

Composition

Alteration

Mineralization

?

Cpy

?

?

Ls

?

?

?

51-001,81,Qtz

?

?

520

?

Sh,Qtz,Dol

?

?

Gb(?)

463

?

Qtz

?

?

p6am

200

?

Ls

(Pd,G,At,Mag)a

Cpy

?

?

?

?

Cpy

Vol

Pal
?

PG

pGd
pGad

1085

?

Qtz

?

Cpy

pGap

425

?

?

?

?

pGp
“South (1972).

?

?

?

?

?
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Vekol Mountains (Pi-5)
The Geologic Map of Arizona (1969) does not show an intrusive
stock in contact with sediments in the vicinity of the Vekol Mountains.
However, several geologists in private conversations have indicated
that contact alteration does exist in portions of T. 9 S., R. 3 E. or
T. 10 S., R. 3 E. in Pinal County, Arizona.
to occur in diabase in the area.

Mineralization is known
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Ray District (Pi-6)

Location and Geology
The Geologic Map of Arizona (1969) shows intrusive stocks and
dikes aligned in a northeast direction intrusive into Precambrian Pinal
Schist and Apache Group strata in T. 3 S., R. 13 E. of Pinal County,
Arizona.

The strike of the sediments and the trend of the foliation of

the schist is east to east-northeast with dips to the north and south
!

indicating a gentle arching in the vicinity of the intrusion.

Out

crops of lower Paleozoic strata are present in the southeastern portion
of the Ray area but do not appear to be involved in alteration or min
eralization due to their apparent distance of several miles from intru
sive activity.

Alteration and Mineralization
Metz and Rose (1966) recognized three types of alteration at
Ray— 1) biotite-orthoclase type with sericite, quartz, and sulfides;
2) quartz-sericite type with kaolinite, and sulfides; 3) propylitic type
characterized by epidote, chlorite, albite, carbonate montmorillonite,
and sericite.
Alteration products reported in host rocks at Ray are listed
below.
1.

Metz and Rose (1966):

Precambrian diabase is altered to (Mb,

Mc,Mm,C) and (Me,C,E,Mm,Mb); Precambrian Pinal Schist is al
tered to (Fk,Mb,Mm) and (Mc,Fp,E,Mm).

154

2.

Phillips, Gambell and Fountain (1974):

common alteration pro

ducts in quartzose Precambrian rocks are (Mb,Mm,Me) with {Q,Fk,
E,Cal,Anh} in veins; Precambrian diabase is altered to (Mb,C,
Me,Cal).

Table A.24.
Age and Name
Mesozoic
K

Ray District (Pi-6)«
Thickness

Attitude

Composition

Alteration

Mineralization

N.P.

N.P.

N.P.

Me

0-200

Regionally present but not present in mine

Dm

+370

II

6a—p6+

1150

II

pGam

+270

?

?

pGad

+550

?

?

pGab

30-40

?

pGap

325

?

pGas

10-20

?

Cong

pGd

?

?

(Fp,Ah,Q,Mb)b

(Mb,Mc,Mm,C,Cal)a »b
{E}a »b
^

Cpy

pGp

?

?

(Q,Mm,Fp,Mb,
Mc)b

(Mb,tfia,Mc,Fp)a *b
{Fk,E,Anh.Q}a,b

Cpy

N.P.

N.P.

Pal

P6

Cong
?

?

?

Cpy

(Fk)b
?

?

(Mb,Mm,Mc)a
{Q,Fk,Anh,E}a

Cpy

?

?

^Phillips, Cambell, and Fountain (1974).
Metz and Rose (1966).
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Magma Mine (Pi-7)

Location and Geology
The Magma mine is located in T. 1 S., R. 12 E. near the town of
Superior in Pinal County, Arizona.

The district geology consists of

north-trending Precambrian and lower Paleozoic strata dipping about 30
degrees to the east.

The sedimentary rocks lie in a structural block

bounded to the west by the north and northwest-trending concentrator
fault and on the east by the bluffs of Apache Leap, which also trends
northward.

Several intrusive stocks shown on the Geologic Map of

Arizona (1969) crop out several miles north of the Magma mine.

Alteration and Mineralization
The Magma mine is an example of vein and replacement deposits
in sedimentary rocks.

Mineralization lies within the east-west Magma

fault, and as replacement bodies off the fault to the north and south.
There are small dikes of quartz latite porphyry within the Magma fault
but no larger intrusive mass has been located within the mine area.

The

mine is not noted for its widespread contact alteration, and alteration
minerals within the sedimentary units have not been stressed in the
literature.

However, Ben Green (written communication, 1976), a geolo

gist at the Magma mine, has kindly furnished some information on the
gangue mineralogy which is reproduced below.

It is of particular in

terest that ore grade mineralization occurs as replacements of pure
quartzites and limestones as well as silicious carbonate rocks in the
Magma mine.

Table A. 25.

Magma Mine (Pi-7).
Alteration

Mineralization

Thickness

Attitude

Composition

N.P.

N.P.

N.P.

N.P.

N.P.

1050

N-E-0

Ch—L s ,Sh

Ore grade base
metals

Me

450

N-E-0

Ls,upper Sh

Dm

345

N-E-0

Ga
6b

N.P.
100

N.P.
N-E-0

Dol—Ls,Sh,
Ss,Ls
N.P.
Qtz

(Mc,Q,At,Aa)
{C,Mm,Mc,Q}a
{Mar,G,Tourm,E}D
(Dol,Cal)a{Q,Ck,
Mm,Mc}a
(Dol,Cal)a{Gg,Q ,
Ck,Mt,Mc)a
N.P.
{Q,Mc,Ck}a

pGam

100

N-E-0

Ch-Ls

pGad

400

N-E-0

Arkose

(Dol,Cal)“{Q,C,
Ms,Ck}a{At,Mc,Q}D
{Q,At,Aa,Mc,Ck}a

pGap

300

N-E-0

Sh,Qtz

{Q,At,Aa,Mc,Ck}a

(Q,Fk)fPa,Ah)
(O.Pa)b b
(Q,Mm)a,b

(Ph,Pd)a{Q,Ck,E,Mm,
Mc}a
{Q,At,Aa,Ah,Mm}

Age and Name
Mz
K
Pal
PP-Pn

Ore grade base
metals
Ore grade base
metals
N.P.
Ore grade base
metals

PG

pGd

3000

?

pGp

+900

?

Ore grade
metals
Ore grade
metals
Ore grade
metals
Ore grade
metals
Ore grade
metals

base
base
base
base
base

aGreen (written communication, 1976).
bArizona Bureau of Mines Bulletin No. 151 (1943).
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Precambrian Pinal Schist contains veins of {Q,At,Ag,Ah} and {Mm}
along contacts; diabase groundmass is altered to (Ph,Pd) with veins of
{Q,C,E,Mm,Mc} and {Mm} along contacts; Pioneer Shale has veins of {Q,At,
Aa,Mc} and {Ck}along contacts; Dripping Springs Quartzite has veins of
{Q,At,Aa,Mc} and {Ck} along contacts; Mescal Limestone has (Dol,Cal) in
groundmass with veins of {Q,C,Ms} and {Q,Ck} along contacts; Cambrian
Bolsa Quartzite has veins of {Q,Mc} with {Ck} along contacts; Devonian
Martin has (Dol,Cal) in groundmass with veins of {Gg,Q,C,Mc,Mt,Cal} and
{Ck} along contacts; Mississippian Escabrosa has (Dol,Cal) in groundmass
with veins of {Q,Ck,Mm,Mc} and {Cal,M,Ck} along contacts; Naco has (Me,
Q,At,Aa) in groundmass with veins of {Q,C,Mm,Mc} and {Cal} along contacts.
Arizona Bureau of Mines Bulletin No. 151 (1943):

Diabase has

altered Mescal Limestone to {At,Mc,Q} at contacts; quartz diorite has al
tered "carboniferous limestone" to {Mar,G,Tour} with {E} in shaly members
at contacts.
I was unable to collect useful information regarding contact
alteration at the following two locations.

Tortolita Mountains (Pi-8)
The Geologic Map of Arizona (1969) shows a small outcrop of
Paleozoic limestone in contact with Precambrian intrusive rocks in the
southern portion of T. 10 S., R. 13 E.

Budden (1975) mapped extensive

outcrops of altered Pinal Schist and Paleozoic strata in the same Town
ship and Range and dated the intrusive complex as Mesozoic in age rather
than Precambrian.
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Copper Creek District (Pi-9)
A small outcrop of Devonian to Mississippian strata lies at the
north end of an intrusive stock in T. 8 S., R. 18 E.

Precambrian Pinal

Schist is in contact with the northwest tip of an intrusive stock in T.
7 S., R. 18 E
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Peppersauce Canyon Area (Pi-10)

Location and Geology
The Geologic Map of Arizona (1969) shows an intrusive stock in
contact with Precambrian Apache Group and lower Paleozoic strata in the
vicinity of Peppersauce Canyon in T. 10 S., R. 16 E. and T. 11 S., R.
16 E. in Pinal and Pima Counties, Arizona.

Alteration
Ludden (1950) and Bromfield (1950) both mapped near the northern
boundary of the sedimentary block in the Camp Bonita area, which is ap
proximately two to three miles north of the intrusive-sediment contact.
As a result, neither author observed much alteration.

Creasey (1967)

mapped along the contact and recorded the presence of contact alteration
along the north-central margin of the stock.

Alteration minerals which

are reported in the area are listed below.
1.

Ludden (1950):• Mississippian Escabrosa contains a vein (?) of
{Q,F,C,Mag}.

2.

Creasey (1967):
Q,Cal).

Cambrian Abrigo Peppersauce is altered to (Me,

Table A. 26.

Peppersauce Canyon Area (Pi-10)

Age and Name_____Thickness______ Attitude______ Composition________ Alteration________ Mineralization
Mz
?

?

+2000

NNW-NE-0

Ls-Cong,Mud

Me

400

NNW-NE-0

Ch-Ls

Dm-Do

300

NNW-NE-0

Si-Dol,Ss

6a

740

NNW-NE-0

Sh,Ss,Si-Ls

6b(?)

400

NNW-NE-0

Qtz

?

?

p6ad

280

NNW-NE-0

Qtz

?

?

pGab

50

NNW-NE-0

Cong

?

?

500

NNW-NE-0

Ss,Sh,Qtz

?

?

K
Pal

(Q,F,C,Mag)a
?
(Mc,Q,Cal)b

W
?
W,Au,Ag

P6

pGap
“Ludden (1950).
ureasey (1967).
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Canada del Pro Area (Pi-11)
Precambrian Apache and Lower Paleozoic strata surround an intru
sive stock in the east half of T. 10 S., R. 15 E . , and in the west half
of T. 10 S., R. 16 E.

I was unable to collect any useful information

regarding contact alteration at this location.
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SANTA CRUZ COUNTY, ARIZONA

The following tabulation identifies nine locations where con
tact relationships between post-Precambrian intrusive stocks and preintrusive stratified host rocks exist in Santa Cruz County, Arizona.
All of the intrusive outcrops at these locations are shown to be Creta
ceous to Tertiary in age on the Geologic Map of Arizona (1969).

Code

Name

Included in
this Study

Location

SC-1

Washington Camp-Harshaw District

T. 23 S., R. 16 E.

Yes

SC-2

Patagonia Mountains

T.
T.
T.
T.

E.
E.
E.
E.

No

SC-3

Sonoita Creek Area

T. 22 S., R. 15 E.

No

SC-4

Glove Mine

T. 20 S., R. 14 E.

Yes

SC-5

North Tumacacori Foothills

T. 20 S., R. 12 E.

Yes

SC-6

Pajarito Mountains

T. 23 S., R. 12 E.

No

SC-7

Ruby District

T. 22 S., R. 10 E.
T. 22 S., R. 11 E.
T. 23 S., R. 11 E.

No

SC-8

Calabasas Area

T. 22 S., R. 13 E.
T. 22 S., R. 14 E.

No

SC-9

Santa Rita Mountains

T.
T.
T.
T.
T.

No

22
23
23
24

19
20
20
20
21

S.,
S.,
S.,
S.,

S.,
S.,
S.,
S.,
S.,

R.
R.
R.
R.

R.
R.
R.
R.
R.

15
15
16
16

14
13
14
15
14

E.
E.
E.
E.
E.
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Descriptions of each of the locations and tabulations of min
eral assemblages, where they are available, are included in the follow
ing pages.
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Washington Camp-Harshaw District (SC-1)

Location and Geology
The Washington Camp district is located along the southeastern
flank of the Patagonia Mountains near the town of Duquesne, Arizona in
T. 23 S., R. 16 E.

The district is composed of faulted blocks of upper

Paleozoic and Mesozoic rocks intruded by small masses of intrusive
rocks.

Prout (1907) described the geology of the Mowry mine.

He mapped

an anticlinal fold forming the crest of an east-west ridge with the
Mowry mine on the north slope of the ridge and the Duquesne and Washing
ton Camp district on the south slope of the ridge.

He recognized Cam

brian sandstones, Silurian limestones and Devonian strata striking east
and dipping approximately 45 degrees to the north.

Alteration
Contact alteration is mentioned by numerous authors, but details,
as listed below, are few.
1.

Moores (1972) :

Permian Scherrer and Concha are "silicified.1,1

2.

Kartchner (1944):

Cretaceous limestones are altered to (Mar,

G,At).
3.

Schrader (1912):

"Carboniferous Limestone" contains (G,P,W,A).

Patagonia Mountains (SC-2)
Upper Paleozoic strata, Mesozoic volcanic rocks, and Upper Cre
taceous strata lie along the eastern margin of the intrusive stock,
which forms the core and western flank of the Patagonia Mountains in

Table A.27.
Age and Name

Washington Camp-Harshaw District (SC—1)•
Composition

Alteration

Mineralization

Thickness

Attitude

K

?

?

Ls, ?

(Mar,G,At)k

?

PP-Pn

?

EW-N-S-?

Ls,Qtz

(Sil)a

?

Me

?

EW-N-S-?

?

?

?

Dm

?

EW-N-S-?

?

?

?

6a

?

NW-N-S-?

?

?

?

N.P.

N.P.

Hz

Pal

PG
^Moores (1972).
bKartxhner (1944).

N.P.

N.P.

N.P.
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T. 22 S., R. 15 E.; T. 23 S., R. 15 E.; T. 23 S., R. 16 E.; and T. 24
S., R. 16 E.

Simons (1972) reported the presence of contact alteration

in this area.

Sonoita Creek Area (SC-3)
Interstratified Cretaceous volcanic and sedimentary rocks lie
at three separate locations around the southern portion of the intru
sive stock, which forms the core of the Santa Rita Mountains in T. 22
S., R. 15 E.
in this area.

Drewes (1971) reported the presence of contact alteration

Glove Mine (SC-4)

Location and Geology
The Glove Mine is located in section 30 of T. 20 S., R. 14 E. in
Santa Cruz County, Arizona.

The mine lies on the southwestern extremity

of a block of Mesozoic and Paleozoic strata which form the southwestern
flank of the Santa Rita Mountains.

The Geologic Map of Arizona (1969)

shows a small Jurassic to Triassic age stock in contact with the Paleo
zoic strata in the vicinity of the mine area.

Other small stocks shown

to be the same age are in contact with Cretaceous strata east and south
east of the Glove mine.

Olson (1961) identified a small intrusive stock

of quartz monzonite in the vicinity of the Glove mine along with dacite
porphyry and latite porphyry sills.

Alteration
Olson (1961) reported that contact alteration effects are quite
limited in the vicinity of the Glove mine.

He reported that the Naco

limestones were recrystallized to marble and "silicified."

The Naco

siltstones were altered to epidote, chlorite, calcite, and garnet.
Chalcopyrite mineralization lies within brecciated pipe-like zones
within the Naco sedimentary rocks.

Table A.28.

Glove Mine (SC-4)»

Age and Name

Thickness

Attitude

Composition

Alteration

Mineralization

?

?

Mz
K

?

NW-SW-0

?

PP-Pn

?

NW-SW-0

Ls,Si

(Mar,Sil,E,Mc,
Cal,6)

N.P.

N.P.

N.P.

N.P.

Pal

PG
a01son (1961).

Cpy,Gl,Sp,Ag

N.P.
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North Tumacacori Foothills (SC-5)

Location and Geology
The Geologic Map of Arizona (1969) shows an intrusive stock in
contact with "undivided" Paleozoic sediments in the northwest quarter
of T. 20 S., R. 12 E.

These rocks lie approximately four miles west of

the town of Amado in the northwest corner of Santa Cruz County, Arizona.
Cunningham (1964) identified what appeared to be thin slabs of
steeply dipping Cretaceous elastics and undifferentiated Mississippian
and Cretaceous marbles lying as discontinuous roof pendant pods upon
underlying intrusive hornblende quartz diorite.

Andesite dikes trending

northwest and northeast cross cut the map area.

His cross sections seem

to indicate that the sediments are striking north to northwest along
possible north-

to northwest-trending fold axes.

Alteration
Cunningham (1964) commented that all of the upper Paleozoic (?)
to Cretaceous (?) strata exposed in the North Tumacacori Foothills have
been subjected to some degree of metamorphism which he defined as shown
below.
1.

Metaconglomerates:

a matrix of garnet (andradite 73%, spessu-

larite 15%, grossularite 12%) with scattered quartz and magnetite
grains and minor tourmaline.
2.

Metaquartzites:

a matrix of quartz grains with 50% sericite,

magnetite and lesser amounts of diopside, epidote, biotite,
and chlorite.

The rock is recrystallized and shows well defined

Table A.29.
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banding which is caused by concentrations of magnetite, epidote, chlorite, and diopside.
3.

Meta-arkose:

a matrix of quartz and feldspar in a recyrstallized

aplitic texture.

Orthoclase is partially altered to kaolin and

plagioclase is partially altered to sericite.

This is the only

unit in which no new metamorphic minerals are formed.
4.

Marble:

recrystallized limestone in which chert and serpentine

lenses and nodules are common.

Dark lenses show distinct band

ing which is caused by concentrations of magnetite, diopside,
forsterite, serpentine, chlorite, and clay.
5.

Hornfelsed Shales: •
a.

Actinolite — a dark green rock composed of actinolite or
diopside with late epidote.

b.

Garnet — a rock composed of 50% garnet (andradite 58%,
grossularite 38%), quartz, magnetite, with minor diopside,
actinolite and epidote.

I was unable to collect useful information regarding contact al
teration at any of the following three locations.

Pajarito Mountains (SC-6)
Upper Cretaceous strata are in contact with the northeast tip
of an intrusive stock in T. 23 S., R. 12 E.

Ruby District (SC-7)
Mesozoic volcanic and upper Cretaceous sedimentary rocks are in
contact with two small intrusive stocks in T. 22 S., R. 10 E . ; T. 22 S.,
R. 11 E.; and T. 23 S., R. 11 E.
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Calabasas Area (SC-8)
Interstratified Cretaceous volcanic and sedimentary rocks lie
along the north and south margins of an intrusive stock in T. 22 S.,
R. 13 E. and T. 22 S., R. 14 E.

\
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Santa Rita Mountains (SC-9)

Location and Geology
A block of Mesozoic volcanics and interstratified Cretaceous
volcanic and sedimentary rocks lie along the southwest margin of the
intrusive stock which forms the core of the Santa Rita Mountains in T.
19 S., R. 14 E.; T. 20 S., R. 14 E.; T. 20 S., R. 13 E.; T. 20 S., R.
14 E.; T. 20 S., R. 15 E . ; and T. 21 S., R. 14 E.

Another block of

Mesozoic strata which is not shown on the intrusive contact map (Figure
1, in pocket), lies along the northeast flank of the Santa Rita Mountains.
Within the southwestern block the sediments strike northwest
and dip to the southwest.

There is a normal stratigraphic sequence of

younger Cretaceous rocks to the southwest overlying progressively older
upper Paleozoic rocks to the northeast up to within about 1500 feet of
the northwest-trending contact with the Tertiary batholith.

The inter

vening distance is occupied by a northwest-striking block of Cretaceous
rocks which dip southwest.

Sulik (1957) has mapped a thrust contact be

tween the normal sequence of Paleozoic strata and the underlying younger
Cretaceous strata.

Alteration
The southwest block of Mesozoic and Paleozoic sedimentary rocks
seems a likely location for contact alteration.

The quartz monzonite

batholith, which forms the core of the Santa Rita Mountains, is in ap
parent intrusive contact with the Cretaceous strata along the northeast
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and east edges of the block for nearly 15 miles.

Sulik (1957) men

tioned that the first signs of alteration in the Cretaceous strata
appeared about 1000 feet from the intrusive contact in his map area.
Anthony (1951) mapped in the same general area and described epidote
and "bleaching" in the Cretaceous strata.

Drewes (1971) identified

sericite, epidote, chlorite, and clays in thin sections from the Upper
Cretaceous Salero

formation.

The northeast block of Mesozoic strata is also a likely loca
tion of contact alteration where the strata are clearly pre-intrusive.
Drewes (1971) recognized alteration at several locations in this block.
Many of the host rocks are volcanic and the ages of some of the volcanic
and intrusive rocks in the Santa Rita Mountains are quite similar
(Drewes, 1971).

Careful mapping of the presence of contact alteration

in these areas may provide supporting data on the relative ages of the
rocks in the Santa Rita Mountains.
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