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ABSTRACT

Tactite alteration in the southern half of the Rosemont mining 

district is more extensive in impure thinly-bedded limestone than in 

nearly pure, massive limestone. Tactite in the impure Horquilla Lime

stone consists, near the center of the district, of andradite with 

abundant late quartz and calcite, which grades to the south, to a mixture 

of garnet, diopside, wollastonite, and vesuvianite, and near the southern 

edge of alteration, consists mostly of K-feldspar, diopside or tremolite, 

and epidote. Tactite in nearly pure limestone occurs in irregular bodies 

or veins which are sometimes zoned from an andradite center to peripheral 

diopside, wollastonite, or forsterite.

Tactite formed in three general stages: an early stage of dis

seminated tremolite and diopside; the main tactite-forming stage, during 

which extensive garnet, diopside, wollastonite, and vesuvianite were 

formed; and a late stage during which the earlier formed tactite minerals 

were replaced by quartz, calcite, and a variety of other minerals. This 

replacement is abundant near the center of the district, but rapidly 

decreases in extent to the south. Metal sulfides were deposited during 

both the main tactite forming stage, associated predominantly with 

wollastonite, and the late replacement stage, often associated with the

tactite replacement. The sulfide deposition associated with late replace-
1ment appears to be in part due to the consumption of H and, to a lesser 

degree, to the release of iron, involved in the replacement reactions.

viii



INTRODUCTION

Tactite, formed by the alteration of calcareous sediments, 

has long been recognized as a favorable host for ore deposition 

(Lindgren, 1928). This favorability appears to be at least partially 

due to a greater reactivity, compared to surrounding rock types, of 

the tactite or original calcareous sediments to the ore-forming fluids. 

Many studies of tactite deposits (James, 1976; Atkinson and Einaudi, 

1978; Morgan, 1975) have indicated that a late replacement of earlier 

tactite minerals occurred, in part, contemporaneous with ore deposi

tion. A study was undertaken of the tactite alteration in the 

southern half of the Rosemont mining district, emphasizing this late 

stage replacement, in order to better understand its relationship 

to ore deposition.

The Rosemont mining district is located on the northeastern 

side of the Santa Rita Mountains, approximately 48 km southeast of 

Tucson, Arizona (Figure 1). A body of bulk low-grade copper mineralize 

tion, predominantly in tactite, has been delineated by the Anamax 

Mining Company in the southern half of the district. Announced 

reserves for this deposit are 337.3 million tons of ore with an 

average grade of 0.54 percent sulfide copper and 0.012 percent 
molybdenum. -

1
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Figure 1. Location map for the Rosemont mining district.
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The tactite alteration in the southern half of the Rosemont 

district occurs predominantly in a sequence of north-south striking, 

eastward dipping, Paleozoic sedimentary rocks. Although no major 

igneous intrusive body has been observed in association with this 

alteration, several nearly horizontal dikes of quartz latite porphyry 

and porphyritic quartz latite, apparently related to the alteration, 
occur near the center of the district. A thrust place composed chiefly 

of Cretaceous sedimentary and volcanic rocks overlies the altered 

Paleozoic strata in the northern and eastern portions of the southern 

half of the district. The rocks in this thrust plate have also been 

considerably altered, although the thrust faulting appears to have 

occurred after the alteration event.

Tactite alteration is most intense near the center of the 

district and gradually decreases to the south. This alteration was 

studied over a 2.1 km interval along the strike of the Paleozoic strata. 

The accompanying mineralization exhibits a zonal pattern from north 

to south consisting of:

1) low grade sulfides and iron oxides both disseminated and in 

veinlets;

2) higher grade copper sulfides and lesser pyrite, sphalerite and 

minor molybdenite, disseminated and in veinlets;

3) copper and zinc sulfides restricted to major faults or 

fractures;

4) zinc and lead sulfides in major faults or fractures near the 

edge of tactite alteration;
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5) galena, gold and silver in quartz veins along faults, 

extending for 2 km beyond the end of tactite alteration.

Surface mapping of the area covered by this study was carried 

out at a scale of 1:4800 (Figure 2, in pocket), emphasizing both 

structural and alteration features. More than 10,000 feet of drill 

core, made available by the Anamax Mining Company, from seven drill 

holes in the northern half of the study area, were logged and sampled 

in order to study the tactite alteration in the covered portion of 

the Paleozoic formations. Alteration features in both tactite and 

adjacent rocks were studied in approximately 265 thin sections and 

80 polished sections. The identity and composition of the alteration 

minerals were checked by microscope examination, electron microprobe 

analysis, and X-ray diffraction.



HISTORY AND PREVIOUS WORK

Mining claims were first located in the Rosemont mining 

district in the 1870’s. Mining began in 1884 and continued sporadic

ally up to 1961. Production has been rather limited, and has been 

mainly derived from the northern part of the district. Total 

production is approximately 102,000 tons of ore, containing approximate

ly 4,000 tons of copper, 250 tons of zinc, 59,000 ounces of silver, 

and minor amounts of molybdenum, lead, and gold (Keith, 1974). Drill 

hole exploration of bulk low grade copper mineralization started on 

or before 1955 (McCurry, 1979, pers. comm.), and has continued to the 

present.
A considerable amount of work has been done on the Rosemont 

and adjoining Helvetia mining districts by geologists from the United 

States Geological Survey, the University of Arizona, and private 

industry. Schrader (1915) completed a regional study of the Santa 

Rita and Patagonia Mountains, and described many of the mines and 

prospects of the district. Haury (1946) reported on a project of the 

United States Bureau of Mines on the "Mohawk Zinc Prospect" near the 

southern end of the district. Creasy and Quick (1955) described 

selected mines in the Helvetia district and in the northern half 

of the Rosemont district. Drewes (1972a) published a report on the 

structural geology of the Santa Rita Mountains, including a geologic 

map of the Rosemont and Helvetia districts at a scale of 1:1200.

5
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From 1931 to 1966, two Ph.D. dissertations and six Master's 

theses were completed on parts of the Rosemont and Helvetia districts 

by students at the University of Arizona. The studies in the Rosemont 

district include those of Thomas (1931), covering the northern end 

of the district; Popoff (1940), covering the whole district; and 

Heatwole (1966), covering the Box Canyon area at the southern edge

of the district.



GENERAL GEOLOGY

Stratigraphy

The stratigraphy of the Rosemont mining district (Figure 3) 

includes approximately 2,000 meters of Paleozoic strata and over 

850 meters of Cretaceous sedimentary and volcanic rocks.

Most of the Paleozoic formations recognized in southern 

Arizona are known or believed to occur in the district. The Paleozoic 

section consists chiefly of limestone, with lesser quartzite, dolomite, 

siltstone, and shale. Tactite alteration was studied mainly in the 

Escabrosa, Horquilla, and Colina Limestones. The Escabrosa Limestone 

consists of thick- to massive-bedded, nearly pure limestone.

Alteration of this limestone is quite limited compared to that of other 

formations. The Horquilla Limestone consists of thin- to thick- 

bedded limestone with many silty interbeds. Several shale-rich beds 

associated with chert and local sedimentary breccia occur near its 

base. Tactite alteration is quite extensive in the Horquilla Lime

stone and a large portion of the copper mineralization in the district 

occurs in this formation. The Colina Limestone consists mainly of 

thick- to massive-bedded limestone. Tactite alteration in this 

formation has a high magnesium content and a considerable amount of 

late anhydrite and gypsum veining and replacement, which appears to

7
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Figure 3. Stratigraphic column of the Rosemont district.



reflect the presence of original dolomite and gypsum beds either 

within this formation or in the overlying Epitaph Formation.

The Cretaceous rocks in the district include the Glance 

Conglomerate, consisting of either limestone or granodiorite 

cobble conglomerate with some massive limestone and the Willow 

Canyon Formation, consisting of arkose, andesite, and conglomerate.

Near the southern end of the study area, a highly altered vesicular 

basalt occurs within the Glance Conglomerate as either two irregular 

flows or as two intrusive plugs (as it has been described by 

earlier workers, Drewes, 1972b; Heatwole, 1966; Popoff, 1940).

In the northern half of the study area, the Willow Canyon 

Formation has undergone considerable alteration, resulting in abundant 

K-feldspar replacement together with clots and disseminated grains 

of epidote and garnet. Accompanying sulfides are nearly all oxidized, 

but appear to have included abundant disseminated pyrite. Limestone 

in the Glance Conglomerate has been altered to tactite along contacts 

with other units in this area. This tactite is locally associated 

with considerable chalcopyrite, sphalerite, and minor galena. 

Alteration of the vesicular basalt at the southern end of the study 

area consists of locally pervasive replacement by epidote, quartz, 

and calcite; widespread albitization of original plagioclase; and 

lesser occurrences of chlorite, muscovite, illite, and fluorite(?).

Igneous Rocks

An intrusive quartz latite porphyry occurs in the study 

area in several horizontal or slightly eastward dipping dikes and

9
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in one possible small stock. Similar quartz latite porphyry occurs 

in several, generally small, intrusive bodies throughout the northern 

Santa Rita Mountains. Drewes (1972a, 1972b) has termed these rocks 

the Greaterville Intrusions. Considerable wall rock alteration and 

sulfide mineralization occur adjacent to many of these intrusions.

K-Ar dating of biotite from several of these bodies has yielded 

ages ranging from 55.7 to 56.3 m.y. (Drewes, 1972b).

The quartz latite porphyry bodies in the study area occur 

mainly in the northern and central portions of the area. The 

largest surface exposure occurs in a triangular shaped area, 

approximately 400 meters wide, near the center of the study area 

(Figure 4). Drill hole information indicates that this body overlies 

altered Paleozoic rocks. A second smaller exposure, just east of 

this triangular outcrop, may have a stock-like form and is distinctive 

in containing abundant clasts of both wall rock and porphyry.

The quartz latite porphyry is typically a light gray to pink 

rock with approximately 40 percent phenocrysts up to 4 mm in size, 

in a fine-grained to aphanitic groundmass (grain size approximately 

0.05 mm, increasing with alteration). The modal composition of this 

rock is approximately:

Phenocrysts

Plagioclase 30% (predominantly oligoclase)

K-feldspar 2%

Quartz 6%
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Biotlte 2%

Groundmass 60% (predominantly quartz and 
K-feldspar)

Accessory minerals are magnetite, sphene, zircon, apatite and sparse 

allanite. Quartz phenocrysts are generally partially resorbed and 

have often been broken. Granophyric intergrowths of quartz and 

K-feldspar were observed in the matrix of one thin dike on the west

side of the study area.

A second intrusive type, tentatively referred to as 

porphyritic quartz latite, was observed in four intercepts in drill 

hole 1508 (located near the center of the study area). The identity 

of this rock is obscured by the high degree of alteration of all 

of the samples studied; however it appears to have significantly 

fewer phenocrysts than the quartz latite porphyry. A modal composi

tion for this rock, based in part on the interpretation of alteration 

textures, is:

Phenocrysts (Alteration Products)

Plagioclase (Qtz., K-feld., Muse.) 3.0%

K-feldspar 0.5%(?)

Quartz 0.1%
Biotite(?) (Muse., Phlog., Qtz., 

Sphene)
0.5%

Groundmass 95.9%

Alteration in both the quartz latite porphyry and the

porphyritic quartz latite is predominantly pervasive. The limited
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vein selvage alteration, associated with quartz or rare K-feldspar veins, 

consists mainly of thin zones of K-feldspar replacement. With the ex

ception of an early stage of tourmaline-K-feldspar-(?)epidote alteration, 

observed only in the porphyritic quartz latite, and local occurrences 

of late calcite-sericite-(?) clay alteration, generally only one 

stage of alteration can be distinguished in the intrusive bodies. The 

assemblages observed in this alteration can be described as: quartz-
muscovite+K-feldspai+chlorite+calcite and quartz-K-feldsparf 

phlogopite+chlorite. In general, muscovite is more abundant near 

the center of the study area and phlogopite is more abundant at the 

northern end.
Endoskam alteration is quite limited, but was observed in 

a few places near the center of the study area. It appears to be 

more abundant in the porphyritic quartz latite than in the quartz 

latite porphyry. Garnet is the predominant alteration mineral, 

vesuvianite is abundant locally, and epidote occurs in small amounts 

in endoskam at intrusive contacts. In some locations, intrusive 

contacts are marked by local zones of abundant chlorite alteration 

which occurs both in the porphyry and in the wallrock.

Chalcopyrite, bomite, pyrite, and molybdenite occur in 

quartz veins and, less often, disseminated in the intrusions.

Molybdenite also occurs in the intrusions as "paint" on fractures.

Except for molybdenite, sulfides are generally more abundant in the 

adjacent tactite than in the intrusions.



A medium- to coarse-grained granodiorite exposed in the

14

northwest corner of the study area (Figure 2, in pocket) was mapped 

by Drewes (1972a) as part of the Precambrian Continental Granodiorite 

but was observed during this study to have intruded the adjacent 

Bolsa Quartzite and to contain xenoliths of this quartzite. This 

rock was not studied in any detail, but is believed to be part of the 

Helvetia stocks of Drewes (1972a) (the closest of which he mapped 

0.5 km to the north). Drewes interpreted these stocks as being 

slightly older than the quartz latite porphyry intrusions. The 

Helvetia stocks do not appear to be related to the extensive altera

tion and mineralization observed in the Helvetia and Rosemont mining 

districts.

Structural Geology

Although the structural history of the Rosemont mining district 

is complicated, it has fortunately not obscured a relatively simple 

pattern of north-south-striking Paleozoic strata. Several north- 

south-trending faults and one or more low-angle thrust faults 

(Figure 4) offset the stratigraphic sequence, but not the continuity 

of the strata along strike.

The most important of the north-south-trending faults, the 

Santa Rita fault, occurs in the western portion of the study area.

This fault forms the western border of the presently-outlined copper 

ore body, and is also the major mineralized structure associated
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with the lead-zinc and gold-silver deposits at the southern end 

of the district (Haury, 1946, Heatwole, 1966). The Santa Rita fault 

is a fairly complex structure with numerous fault strands and evidence 

for more than one period of movement. Drill hole information 

indicates that this fault dips to the east approximately 40° near 

the southern end of the study area (Haury, 1946), but steepens to 

approximately 70° in the northern portion. The thrust plate over- 

lying the Paleozoic strata in the northern third of the study area 

is terminated by this fault along most of its western border.

The Prospect fault is located about 350 meters east of the 

Santa Rita fault and is parallel to it. This fault generally is 

observed to dip steeply to the east. Local concentrations of copper 

sulfide mineralization can be seen in several prospect workings along 

this fault.

The Deering Spring fault forms the eastern limit of the 

exposure of Paleozoic strata in the southern half of the study area. 

This fault dips steeply to the west. Unlike the Santa Rita and 

Prospect faults, this fault appears to postdate alteration and 

mineralization.

A largely unexposed low-angle eastward dipping thrust fault 

is known, from drill hole evidence, to overlie the Paleozoic strata 

in the northern and eastern portions of the study area, and is seen 

in two exposures near the southern end of the area (Figure 4). The 

upper plate of this fault is made up principally of Cretaceous rocks,
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with a relatively thin zone of carbonates and quartzite from the 

upper part of the Paleozoic section occurring locally at the base. 

Thrust faulting postdates, at least in part, the period of igneous 

intrusion and tactite alteration, although the rocks in the upper 

plate were also intruded and extensively altered. This relationship, 

along with the local occurrence of upper Paleozoic rocks at the base 

of the thrust plate, suggest that thrust displacement was no more 

than a few kilometers and was directed to the west. This is similar 

to the displacement suggested by Heyman (1958) for the thrust fault 

associated with the Helvetia klippe, four kilometers northwest of 

the study area, and except for differences in timing with respect 

to the intrusion of the quartz latite porphyry, is similar to the 

thrust faulting described by Drewes (1972a) as having occurred in 

this area during the later part of his Helvetian phase of deformation.



TACTITE ALTERATION

"Tactite" has been used throughout this report to include a 

somewhat broader group of rock types than that normally assigned to 

"skam." As used here, tactite includes any rock containing abundant 

silicate alteration minerals, which has been derived from the 

alteration of a calcareous rock, or any rock resulting from the later 

alteration of such a rock type. This usage includes rocks that are 

excluded from the term skam as defined by some workers because of 

(1) a lack of significant metasomatism, (2) a derivation from relative

ly impure carbonate rock, (3) a fine grain size, or (4) a predominance 

of minerals other than calc-silicates (Taylor and O'Neil, 1977; 

Williams, Turner and Gilbert, 1954; Morgan, 1975). This expanded 

definition was adopted in order to avoid making arbitrary and often 

difficult separations between rocks having similar mineralogies and 

origins, and which commonly occur intimately intermixed.

The tactite studied has resulted from the alteration of two 

general rock types; thin- to medium-bedded, impure limestone and 

medium- to massive-bedded, nearly pure limestone. The form, distri

bution, and, to a lesser degree, the mineralogy of the tactite altera

tion vary between these two host types. Tactite alteration in the 

impure limestone is much more extensive than that in the nearly pure 

limestone, but is generally associated with a somewhat lower degree 

of sulfide mineralization.

17
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Alteration of Impure Limestone

Alteration of impure limestone is most abundant in the 

Horquilla Limestone, but also occurs in the Abrigo and Earp Forma

tions. Alteration in the Horquilla Limestone was studies along 

two kilometers of strike length, starting at drill hole A-803 at 

the northern end of the study area. The alteration varies considerably 

from north to south, beginning with complete replacement of the 

formation at the northern end, grading to partial replacement with 

interbedded unreplaced limestone about 0.8 kilometers south of drill 

hole A-803, and finally grading to alteration restricted to silty 

limestone beds near the southern edge of alteration. A general 

decrease also occurs in the grain size of the alteration minerals 

from chiefly 0.2-1.0 mm in diameter in the northern half of the study 

area to chiefly 0.05-0.5 mm in diameter in the southern half.

Mineralogy

The average mineralogy of the tactite alteration of 

Horquilla Limestone along strike is illustrated in Figure 5. The 

mineralogy shown is the average of the abundances observed in thin 

sections from six or more samples of tactite taken at set intervals 

along each traverse of the formation. Interbedded unaltered limestone 

was not sampled. The averages are an approximation of the mineralogy 

of tactite in the formation as a whole along each traverse, whereas 

individual samples generally show a considerable diversity in
mineral abundances.
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As seen in Figure 5, garnet generally decreases in abundance 

to the south. The low garnet abundance near the center of the study 

area appears to be related to the occurrence of vesuvianite. 

Vesuvianite was observed to have locally replaced garnet, but may 

also have formed in part as a substitution for garnet in the initial 

alteration. Both vesuvianite and wollastonite are mostly confined 

to the center of the study area. Wollastonite, however, may have 

previously extended further to the north as is suggested by a 

possibly pseudomorphic, radiating form of some of the late quartz 

and calcite in this area. The combined abundances of diopside and 

tremolite, along with the abundances of K-feldspar and epidote, 

generally increase to the south, with tremolite largely confined 

to the southern half of the area. Secondary quartz and calcite are 

abundant at the northern end. However, these two minerals also 

become abundant to the south as a residual unreplaced fraction in 

the tactite. The increase in residual detrital quartz to the south 

is the result of both the increasing restriction of tactite altera

tion to silty beds in this direction, and a decrease in this 

direction in the extent of quartz replacement during alteration. 

Hematite, magnetite, and sulfides are mostly confined to the northern 

half of the study area, although small amounts of disseminated pyrite 

occur at the southern fringe of tactite alteration, and hematite 

occurs with epidote and K-feldspar in veins in siltstone just past 

the edge of tactite alteration. Plagioclase occurs in the tactite
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in the northern part of the study area, and scapolite occurs in the 

southern part; however, the average abundance of both of these minerals 

is too small to be shown on Figure 5. Apatite and sphene occur in 

trace amounts in the tactite throughout the study area, and zircon 

presumably of detrital origin is a conspicuous trace constituent 

of the tactite in" the southern half.

Composition of Alteration Minerals

Electron microprobe analysis indicates that a considerable 

variation occurs in the composition of garnet in the altered Horquilla 

Limestone. This is shown in Figure 6 in which numerous garnet 

analyses from one or more samples have been plotted for each section 

of the alteration zone in terms of the andradite-grossularite solid 

solution series. In addition to these two components, spessartine 

(MhgAlgSigO^g) is generally present in small amounts, and, in rare 

cases, makes up to 22 mole percent of garnet near crystal rims.

The data shown in Figure 6 indicate a general decrease in 

the iron content of garnet from north to south. This decrease 

occurs in a transitional area between a zone at the north where garnet 

has chiefly a high iron content (^gg-ioo^ * an<* a broad zone to the 
south where garnet has chiefly a low to moderate iron content 

(Adggg). This transitional area roughly coincides with both the zone 

through which the pervasive replacement of the Horquilla Limestone to 

the north grades into the partial replacement to the south, and the



Figure 6. Variation of garnet composition in tactite in the Horquilla 
Limestone.

Column

1. Six samples from drill hole A-803.
2. Four samples from drill hole A-878 and four samples from 

drill hole 1504.
3. Five samples from drill hole A-877.
4. Six samples from drill hole A-873.
5. Seven samples from drill hole 1508.
6. Sample A 13-2, taken 0.3 m from the quartz latite porphyry contact.
7. Sample RM 21-6, taken 25 m from the quartz latite porphyry contact.
8. Sample A 13-6, taken 50 m from the quartz latite porphyry contact.
9. Sample RM 21-19, taken 100 m from the quartz latite porphyry 

contact.
10. Three samples from traverse 2.
11. Five samples from traverse 3.
12. Sample J 3-11, from traverse 4.
13. Sample RM 14-12, from traverse 5.
14. Sample A 3-9, from traverse 6.
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area of highest grade copper mineralization. Garnet composition in 

this transitional area is highly variable among separate samples, 

within single samples, or in single garnet crystals.

Consistent compositional zoning in garnet crystals was not 

recognized in any of the samples studied. Compositions show oscil

latory variations, in many cases interrupted by abrupt increases 

or decreases in garnet iron contents. Similar oscillatory variations 

in garnet composition have been noted by Surles (1978) in samples 

from Washington Camp, Arizona and by Ashley (1980) in samples from 

the Ban Ban zinc deposit, Queensland, Australia. A late stage of low 

iron garnet is suggested by the compositions obtained for some of the 

late garnet veins studied. In three of the seven late garnet veins 

for which microprobe data is available, garnet occurring in the vein 

had a distinctly lower iron content than that in the adjacent wall 

rock. In the other four veins studied, garnet compositions were 

either similar to, or in one case slightly higher in iron content, 

than that in the adjacent wall rock.

An increase in the iron content of garnet to Adg3 _ig0  occurs 

adjacent to the larger exposure of quartz latite porphyry near the 

center of the study area. This increase is present in a sample taken 

0.3 meters from the porphyry contact (column 7 in Figure 6). No 

such increase was observed in two samples taken 0.5 and 1 meter from 

contacts with the porphyritic quartz latite in drill hole 1508.
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An increase in iron content is also present in garnet 

associated with sulfide mineralization next to the Prospect Fault 

in the southern half of the study area. This is shown in the group 

of higher iron values in column 11 of Figure 6.

The composition of diopside and vesuvianite was not studied 

in great detail. The data obtained, shown in Figure 7 for diopside 

and Figure 8 for vesuvianite, are too limited to definitively indicate 

compositional trends; however, an increase is suggested in the iron 

content of diopside to the south. The data also suggests that diopside 

has a greater range in composition in the northern half of the study 

area than in the southern half.

Alteration of Nearly Pure Limestone 

Tactite alteration of nearly pure limestone is less extensive 

than that of impure limestone and was studied in less detail. The 

tactite alteration generally occurs in irregular bodies or veins 

associated with fractures, faults, contacts with other rock types, 

and possibly bedding planes. Tactite minerals occurring in the 

alteration of nearly pure limestone are commonly somewhat coarser 

grained than those occurring in the alteration of impure limestone.

Tactite alteration of nearly pure limestone was studied 

principally in the Escabrosa Limestone. Tactite alteration in the 

Escabrosa Limestone is mainly confined to the northern half of the 

study area, although local tactite alteration occurs in this formation 

in the southern half of the study area adjacent to branches of the
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Figure 7. Diopside composition in tactite in the Horquilla Limestone

Figure 8. Vesuvianite composition in tactite in the Horquilla Limestone.



Santa Rita Fault. Tactite alteration of nearly pure limestone was 

also studied in the Colina Limestone from one drill hole near the 

nrothem end of the study area.

Mineralogy

Most of the minerals that occur in the alteration of impure 

limestone also occur in the alteration of nearly pure limestone. 

Forsterite, however, appears to be confined to the alteration of 

nearly pure limestone. A zonation of alteration minerals occurs 

in many veins and larger bodies of tactite, expressed by an inner 

garnet zone, passing outward to either forsterite or the assemblage 

diopside+wollastonite+yesuvianite. Disseminated tremolite, diopside, 

or forsterite may occur in the limestone adjacent to these tactite 

bodies. Serpentine, in many cases associated with chalcopyrite 

and magnetite, occurs in the outer portions of many of these tactite 

bodies as a replacement of other silicate minerals or the adjacent 

limestone. A mineral zonation similar to that described above is 

illustrated in Figure 9, which shows the mineralogy of samples from 

a traverse across a tactite body occurring at the contact between 

the Escabrosa Limestone and the quartz latite porphyry body exposed 

in a triangular outcrop near the center of the study area.

Most of the limestone which was not replaced by tactite is 

fine grained, although local zones with a coarser grain size are 

present. The calcite seen in thin sections from fifteen limestone 

samples, all of which contain some silicate alteration minerals,

26
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has an equant equigranular texture with an average general grain 

size of 0.3 mm and a maximum general grain size of 0.5 mm. Fossil 

debris is absent from the limestone throughout an area nearly 

equal in size to that of tactite alteration in impure limestone.

Silicification of limestone is quite minor in the study area.

It was observed in three generally small occurrences, all within 

the Escabrosa Limestone. Two of these occurrences were adjacent 

to fault strands of the Santa Rita Fault. The resultant rock 

consists dominantly of very fine grained (.02 mm, as seen in one 

thin section) quartz, but contains coarse grained quartz in vugs or 

veinlets. The third occurrence was a 15 cm wide zone of fine grained 

quartz seen in drill core at a contact between limestone and 

wollastonite-rich tactite.

Composition of Alteration Minerals

Garnet occurring in tactite in the Escabrosa Limestone generally 

has a high iron content (Ad^g . Little zonation in garnet 

composition was observed either on a district scale (Figure 10) or 

in association with the mineralogical zoning observed in the tactite 

body at the Escabrosa Limestone-porphyry contact (Figure 11). Garnet 

compositions with a lower iron content than Ad^g were observed in 

only two of sixteen samples studied. The limited data collected 

on the composition of diopside (26 analyses) and forsterite (8 

analyses) in the Escabrosa Limestone indicate that these minerals 

have chiefly a low iron content (Hd^_^, Fa^ ^), although two 

analyses were of more iron-rich diopside (Hdgg.gg)'
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ALTERATION PARAGENESIS

The paragenesis of tactite alteration was determined from 

textural relations observed in thin sections, drill core and 

outcrops. Alteration paragenesis is generally consistent throughout 

the study area, although some variation was observed along the two 

kilometers of alteration strike length and between different 

lithologies. The paragenesis has been separated into three stages 

based on differences in the style of alteration: an Early

Magnesium Stage, the Main Tactite Stage, and a Late Tactite 

Replacement Stage. The minerals formed during these stages are 

shown in Table 1, with contemporaneous minerals listed in order 

of decreasing abundance.

Early Magnesium Stage

The earliest stage of alteration inferred in about one-third 

of the samples studied consists of disseminated grains of either 

coarse grained euhedral tremolite or fine grained, chiefly anhedral 

diopside. Tremolite or diopside interpreted to have formed during 

this stage usually makes up less than 10 percent by volume of the 

rock and was never observed to make up more than 45 percent.

Tremolite attributed to this stage, or pseudomorphs after this 

tremolite, occurs disseminated in either limestone or tactite (or 

in rare cases occurs in calcite-tremolite veins crosscutting lime

stone) . The similar form and abundance of the tremolite disseminated

30
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Table 1. Paragenesis of tactite formation. —  Minerals shown in paren- 
____ theses occur in either trace amounts or in rare occurrences.

EARLY------- LATE
Early Mg Tactite Repl. Stage
Stage Main Tactite Stage Early Middle Late

North End of Study Area

Diopside Garnet Garnet Veins K-feld. Quartz Calcite
Tremolite Diopside (Chalcopyrite) Flag. Calcite Quartz

Forsterite (Sphalerite) Epidote Chlor. Saponite
(Molybdenite) ? Pyrite K-feld. Chlorite
(Apatite) (Quartz) Cpy. Phlogo. K-feld.

Sphene Actin. Hematite
Serpen. Apophyl.
Pyrite Serp.
Cpy. Prehnite
Sph. Phlogo.
Magnet. Talc
Moly.
Epidote ?
Saponite Valerite
Apatite
Anhydr.

Center of Study Area

Diopside Garnet Epidote Quartz Calcite
Tremolite Diopside K-feld. Calcite Quartz

Forsterite Pyrite K-feld. Saponite
Wollastonite Cpy. Muscov. Hematite
K-feldspar Sphene Chlor. Chalced.
Bornite Phlogo. K-feld.
Chalcopyrite Amphib. Serpen.
Sphalerite Cpy. Apophyl.

Vesuvianite Pyrite Datolite
Garnet Bornite Phlogo.
Bornite Sphal. Cristob.
Chalcopy. Talc.
Sphalerite Hematite ?
Scheelite Magnet. Stilbite
Serpentine Anhydr. Nat. Cu
Quartz Prehn. Kinoite

Datol.
In Limey Shales Apatite

Scheel. -

Epidote Fluorite
Garnet Apophyl.

Diopside (Garnet)? /
(Diop.)
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Table 1 —  Continued

EARLY--- — ► LATE
Early Mg Tactite Repl. Stage
Stage Main Tactite Stage Early Middle Late

Southern End of Alteration

Diopside Garnet Epidote K-feld. Calcite
Tremolite Epidote Clinoz. Chlor. K-feld.
K-feld. K-feld. K-feld. 

Pyrite 
Quartz 
Anatase 
(Hemat.)

Phloog.
Muscov.
Scapol.
Quartz
Prehnite
Fluorite
Pyrite
Actinol.
Apatite

Saponite
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in tactite to that disseminated in limestone, along with the fact that 

the tremolite in tactite occurs as euhedral crystals surrounded by 

the other alteration minerals, suggests that this tremolite formed 

prior to the surrounding alteration minerals as crystals disseminated 

in limestone.

The assignment of disseminated diopside to this stage of 

alteration is less certain. Fine grained, generally anhedral diop

side occurs as inclusions in. other alteration minerals in about 

one quarter of the samples studied. This diopside may be interpreted 

as having formed either prior to or contemporaneous with the 

surrounding minerals. A prior origin is suggested, however, by 

the local occurrence of such diopside in diffuse bands which pass 

through the surrounding alteration minerals.

Evidence for Early Magnesium Stage alteration is most abundant 

near the center of the study area. At the northern end of the study 

area, evidence for this stage of alteration is scarce except for 

occurrences of disseminated tremolite in the Escabrosa Limestone. 

However, the scarcity of indications of Early Magnesium Stage 

alteration in the tactite in this area may be due to the destruction 

of Early Magnesium Stage tremolite or diopside during the following 

two stages of alteration. Early tremolite can be distinguished 

locally near the southern end of tactite alteration; however, the 

fine grain size and frequent abundance of tremolite and diopside 

in the tactite in this area make it difficult to distinguish an 

early stage of alteration in most samples.
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Main Tactite Stage

The Main Tactite Stage was responsible for the major 

alteration of calcareous rocks to tactite. Garnet was the most 

abundant alteration mineral formed during this stage, followed 

in abundance by diopside, wollastonite, K-feldspar, tremolite, 

vesuvianite, and forsterite.

In the northern half of the study area, alteration during 

the Main Tactite Stage occurred as a pervasive replacement largely 

controlled by wall rock permeability. This replacement generally 

involved considerable addition of silicon, iron, and magnesium. 

Approximately ten percent intercrystal open space is interpreted 

to have existed in most rocks formed dominantly of garnet (this 

was generally filled during the following Tactite Replacement 

Stage), whereas little observable open space occurred in rocks 

formed with other alteration minerals.

Alteration in the southern half of the study area was less 

pervasive, generally being restricted to beds of silty limestone, 

and often resulting in a partial rather than complete replacement 

of the original rock. Delicate bedding is preserved in parts of 

the altered limestone in this area. A spotted texture occurs locally 

in the tactite, due to concentrations, generally less than 10 mm 

wide, of diopside, wollastonite, or epidote. These spots may have 

resulted from the growth of alteration minerals around isolated

nucleation sites.



The original alumina and silica content of the limestone 

becomes increasingly important in determining the nature of tactite 

alteration as the southern limit of the tactite alteration zone 

is approached. In K-feldspar rich tactite the importance of alumina 

is expressed locally by the occurrence of zones approximately 0.4 mm 

wide devoid of K-feldspar surrounding epidote grains. These zones 

appear to have resulted from the depletion of alumina in the small 

volume or rock surrounding the growing epidote grains. The original 

silica content appears to have exerted an effect in parts of the 

tactite on whether diopside or tremolite formed as an alteration 

mineral. Tactite containing detrital quartz and having diopside 

as an alteration mineral occurs locally intercalated on a fine 

scale with tactite devoid of detrital quartz and having tremolite 

as an alteration mineral. This relationship can be expressed by 

the reaction:

Ca2Mg5Si8022(0H)2 + 3 CaCO^ + 2 Si02 = .5 CaMgSi^ + HgO + 3 COg 

tremolite calcite quartz diopside

The pervasive metasomatic alteration to the north, represented 

dominantly by andradite, and the more isochemical partial replacement 

to the south, represented by fine grained tactite with a variety 

of minerals, appear to have formed as part of a single alteration 

event. A gradational boundary occurs between these two types of 

alteration, with a continuous transition in mineralogy, texture, 

and garnet composition.
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A large volume of sulfide minerals was deposited locally 

during the Main Tactite Stage. This appears to have generally 

occurred near the fringes of pervasive limestone replacement, 

associated with contemporaneous wollastonite and smaller amounts 

of garnet and. diopside. Bomite is usually the predominant sulfide 

mineral in this type of occurrence, and is generally associated 

with lesser amounts of sphalerite and often either chalcopyrite 

or chalcocite. These sulfides occur as disseminated fine grains, 

both interstitial to and as subhedral inclusions in the silicate 

minerals. Variations in sulfide abundance produce a contorted 

fine banding in this type of wollastonite-sulfide rock near some 

contacts with limestone.

Other occurrences of sulfides deposited during the Main 

Tactite Stage include small amounts of bornite, chalcopyrite, 

and sphalerite, formed with late garnet veins, together with trace 

amounts of molybdenite and bornite observed as small euhedral 

inclusions in diopside or less often in garnet and vesuvianite.

Replacement of earlier-formed alteration minerals was generally 

minor during the Main Tactite Stage. Replacement of garnet by 

vesuvianite may have been locally abundant, and diopside was 

locally partially replaced by garnet. In the northern half of the 

study area, tremolite formed during the Early Magnesium Stage was 

generally replaced during the Main Tactite Stage by either diopside

36

or less often forsterite.
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Tactite Replacement Stage

The Tactite Replacement Stage was the final period of hypogene 

alteration, and was the main period of sulfide deposition throughout 

much of the tactite. A large amount of replacement of earlier- 

formed tactite minerals by quartz, calcite, and sl variety of other 

minerals, occurred during this period. This replacement is described 

in more detail in the following chapter. In addition to replacement 

of earlier alteration minerals, a large amount of open space 

filling (filling both open fractures and the inferred open space 

between garnet crystals) and some replacement of limestone also 

occurred during this stage.

The paragenesis of the Tactite Replacement Stage has been 

separated for convenience into early, middle, and late periods.

The mineralogies of these periods overlap to some degree. However, 

there are distinct differences between them in the nature of altera

tion and sulfide mineralization.

The Early Period of the Tactite Replacement Stage
The early period of the Tactite Replacement Stage can be 

distinguished in only about twenty percent of the samples studied. 

This early period is in part transitional with the Main Tactite 

Stage. Plagioclase occurring in the tactite alteration has been 

assigned to this period, but may be locally contemporaneous with 

late garnet of the Main Tactite Stage. In the southern part of the



study area, K-feldspar and epidote were formed during both the 

Main Tactite Stage and the early period of the Tactite Replacement 

Stage.

Replacement of earlier alteration minerals was relatively 

minor during this period. Garnet replacement by epidote is largely 

confined to the southern half of the study area, although both 

iron-rich and iron-poor garnet appears to be replaced. Minor 
replacement of garnet and vesuvianite by K-feldspar.and plagioclase 

occurred in the northern half of. the study area. Sulfide deposition 

during this period was generally minor, and in many instances was 
followed by partial replacement by epidote.

The Middle Period of the 
Tactite Replacement Stage

The middle period of the Tactite Replacement Stage was 

responsible for a major portion of the sulfide deposition in the 

study area. This occurred within abundant quartz and calcite 

veins and their selvages, as well as disseminated through the 

tactite. Replacement of earlier alteration minerals was also 

abundant during this period and often was closely associated with 

sulfide deposition.

The minerals formed during this period show considerable 

diversity. Frequently, the paragenesis observed within a thin 

section increases from one or two minerals formed during most 

periods to four to six contemporaneous minerals during this period.
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In addition to abundant quartz and calcite, phyllosilicates such as 

chlorite, serpentine, muscovite, or phlogopite were characteristically 

formed to some degree during this period. Tremolite or actinolite 

was also formed locally. The sulfides deposited during this period 

consist predominantly of chalcopyrite and pyrite. Sphalerite generally 

accompanies these minerals in small amounts, and bornite and molyb

denite occur locally.

Small amounts of garnet and possibly diopside were formed 

locally during this period. Garnet was observed in trace amounts 

in several quartz sulfide veins, locally as thin overgrowths on 

sulfide grains. In the one sample studied, garnet occurring in a 

late vein as sulfide overgrowths has a composition (Adgg.g^) similar 

to the composition of garnet in the adjacent wall rock (Adg^g^), 

although this wall rock garnet has been replaced by actinolite in a 

selvage surrounding the vein. Textures observed in one sample of 

tactite from the Colina Limestone suggest that diopside adjoining 

a calcite-sulfide vein was replaced by tremolite and this was later 

partially converted back to diopside, possibly contemporaneous with 

anhydrite formation.

The Late Period of the 
Tactite Replacement Stage

Replacement of tactite during the late period of the Tactite 

Replacement Stage was more widespread and often more extensive than 

in the earlier two periods. Calcite is by far the most abundant 

mineral formed during this period. It is often accompanied by quartz

39
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and small amounts of hematite. Montmorillonite was formed abundantly 

in the northern part of the study area, and locally occurs as a 

pervasive tactile replacement.

Sulfide deposition during this period was quite limited.

Late veinlets of valerite in the Colina Limestone may have formed 

during this period. In the northern end of the study area, some 

sulfide deposition may have occurred during this period. However, 

the difficulty in distinguishing between the middle and late periods 

of the Tactile Replacement Stage in this area makes this unclear.

Local sulfide replacement during this period is suggested by thin zones 

of montmorillonite or calcite surrounding sulfide grains.

It is sometimes difficult to distinguish' between supergene 

effects and the effects of the late period of the Tactile Replacement 

Stage. Both periods have similar mineralogies which are dominated 

by calcite. Supergene clear calcite veins are common in the northern 

half of the study area. However, the extent to which silicate minerals 

were replaced during the supergene period is not clear. Some late 

mineral occurrences have features suggestive of both a hypogene and 

a supergene origin. Anthony and Laughon (1970) described an occurrence 

in the Rosemont district of contemporaneous apophyllite, native copper, 

and kinoite (Cu2 Ca2 Sig0 ^Q'2 H2 0 ) observed in part in veins crossing a 

fault zone in tactile. A somewhat similar occurrence of stilbite veins 

crossing a fault zone was seen during this study.



LATE TACTITE REPLACEMENT

The mineralogy and paragenesis of the Late Tactite Replacement 

Stage has been described in the previous section. This chapter will 

discuss the types of replacement inferred to have occurred during 

this stage, the forms in which this replacement occurred, and the 

distribution of this replacement throughout the study area.

Types of Replacement

Table 2 lists the mineral associations observed in late 

tactite replacement during this study. It can be seen that a wide 

variety of replacement associations occurs, frequently with little 

similarity in composition between the replaced and the replacing 

minerals. Replacement by a single mineral is often observed on a 

local scale, although other inferably contemporaneous minerals may 

be observed in the same thin section. The common contemporaneousl
mineral assemblages formed during the Tactite Replacement Stage, 

based on textural relations observed within single thin sections, are 

summarized in Table 3. These assemblages may, or may not represent 

equilibrium assemblages (Rose and Burt, 1979). With the exception of 

the replacement of wollastonite by quartz and calcite, consistent 

pairs or groups of replacement minerals occurring in approximately 

constant proportions are rare. Where more than one mineral occurs
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Table 2. Mineral associations observed in late tactite replacement. —  
_________ Multiple minerals are contemporaneous assemblages.____________

Garnet—* Calcite+Hematite
Garnet— * Calcite-Quartz+Hematite+Sulfide Minerals
Garnet—* Calcite-Chlorite+Hematite+Sulfide Minerals
Garnet—* Chlorite+Hemat^te
Garnet— * Chlorite-Phlogopite+Hematite
Garnet —* Calcite-MontmorilloniterfHematite
Garnet—♦ Mon tmorillonite+Hematite
Garnet— * Calcite-K-feldspai+Hematite
Garnet— * K-feldspar
Garnet— * K-feldspar-Montmorillonite
Garnet—* Calcite-Muscovite+Hematite
Garnet — * Calcite-Muscovite-Chlorite+Hematite
Garnet — * Quartz+Hematite+Sulfide Minerals
Garnet— * Quartz-Chlorite+Hematite+Sulfide Minerals
Garnet—* Quartz-Chlorite-Muscovite+Hematite
Garnet— * Quartz-Montmorillonite
Garnet—* Quartz-Actinolite+Sulfide Minerals
Garnet— * Actinolite+Sulfide Minerals
Garnet— * Quartz-Epidote
Garnet— * Epidote
Garnet— * Serpentine
Garnet—* Sulfide Minerals
Garnet— * Plagioclase
Garnet—* Prehnite
Diopside—* Calcite
Diopside— * Calcite-Quartz
Diopside—* Calcite-Chloritei+Hematite
Diopside— * Chlorite+Hematite+Sulfide Minerals
Diopside—* Calcite-Montmorillonite
Diopside-* Calcite-Talc
Diopside—* Talc
Diopside— * Talc-Phlogopite+Sulfide Minerals 
Diopside— * Phlogopite+Sulfide Minerals 
Diopside-* Quartz
Diopside—* Tremolite+Sulfide Minerals 
Diopside— * Tremolite-Chlorite 
Diopside— * Serpentine 
Diopside— * Montmorillonite 
Diopside— * Sulfide Minerals 
Vesuvianite— * Calcite
Vesuvianite —* Calcite-Chlorite-K-feldspar 
Vesuvianite—* K-feldspar
Vesuvianite— * Calcite-Quartz-Montmorillonite 
Vesuvianite-* Epidote 
Wollastonite—* Calcite
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Table 2 —  Continued

Wollaston!te— *" Calcite-Quartz 
Wollastonite—* Montmorillonite 
Forsterite—• Serpentine 
Tremolite-* Calcite+Hematite 
Tremolite-* Calcite-Serpentine 
Tremolite— *■ Serpentine 
Tremolite-* Calcite-Montmorillonite 
Tremolite— * Talc
Tremolite—* Phlogopite+Sulfide Minerals
Tremolite—* Diopside
Epidote—* Calcite
Epidote— * Quartz
Epidote—* K-feldspar
Epidote—* Montmorillonite
Epidote—* Chlorite
Chlorite— * Calcite+Hematite
Phlogopite—* Serpentine
K-feldspar —* Prehnite
Chalcopyrite— * Epidote
Chalcopyrite— * Hematite
Chalcopyrite—* Calcite
Chalcopyrite—* Montmorillonite
Magnetite— * Hematite
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Table 3. Common contemporaneous mineral assemblages formed during 
the Tactite Replacement Stage.

Listed in order of decreasing frequency of observance:

Calcite+Hematite+Sulfide Minerals
Quartz+Sulfide Minerals+HematiterfMagnetite
Quartz-Calcite+Hematite+Sulfide Minerals
Calcite-Montmorillonite+Hematite+Sulfide Minerals
Quartz-Calcite-Chlorite and/or Phlogopite and/or Muscovite and/or 
Talc+Sulfide Minerals+Hematite
Quartz-Chlorite and/or Phlogopite and/or Muscovite and/or Talc+
Sulfide Minerals+Hematite
Calcite-Chlorite and/or Talc and/or Serpentine+Hematite+Sulfide Minerals 
SerpentinefMagnetiter+Sulfide Minerals 
Actinolite+Anhydrite+Sulfide Minerals+Magnetite 
Montmorillonite+Hematite
Chlorite and/or Phlogopite and/or Muscovite and/or Talc+Sulfide 
Minerals+Hematite
K-feldspar+Sulfide Minerals
Quartz-Actinolite+Anhydrite+Sulfide Minerals+Magnetite 
Calcite-Actinolite
Quartz-Calcite-Montmorillonite+Hematite 
K-feldspar-Chlorite and/or Muscovite+Sulfide Minerals 
Epidote-Actinolite+Sulfide Minerals 
Serpentine-Chlorite 
Calcite-Apophyllite
.Calcite-Actinolite-Chlorite and/or Phlogopite+Sulfide Minerals+Hematite 
Actinolite-Phlogopite and/or Chlorite+Sulfide Minerals
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as a replacement product, widely different proportions of these minerals 

are commonly observed in different parts of a single thin section.

This appears to be particularly true of replacement occurring during 

the earlier parts of the Tactite Replacement Stage, with a tendency 

existing toward more homogenous replacement groups in the later parts 

of this stage.

On a local scale, it is often apparent that a considerable 

change in rock composition occurred during late replacement. Local 

additions of Mg, K, COg, S, Cu, or Zn are commonly clearly indicated. 

The extent of compositional change for the tactite as a whole is not 

known, but it does appear that K, Na, CO^, and B were added during 

this period.

Forms of Late Tactite Replacement 

Late tactite replacement occurred in three general forms.

In order of decreasing abundance, these are: disseminated partial

replacement, replacement in vein selvages, and pervasive replacement.

Disseminated Partial Replacement

The majority of late replacement occurred in disseminated 

patches of partial replacement of earlier minerals. Different 

minerals were generally replaced to differing degrees; however, it 

is rare for an early tactite mineral to be completely unreplaced in 

a rock containing more than a few percent total replacement. In 

garnet crystals, a selective replacement of certain crystal zones by
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later alteration minerals, particularly quartz, calcite, or K-feldspar, 

is locally present. This selective replacement appears to be due to 

compositional variations in the garent, although the composition 

of the zones more susceptible to replacement is not clear. The 

limited evidence collected concerning this question suggests that 

both iron rich and iron poor garnet may have been more susceptible 

to replacement at different times during the Tactite Replacement Stage.

The association between sulfide deposition and disseminated 

partial replacement is much less apparent than with the other two 

forms of replacement. Although sulfide minerals commonly occur in 

tactite with disseminated replacement, they generally do not occur 

closely associated with the replacement.

Replacement in Vein Selvages

Replacement selvages occur along many, although not all, of 

the veins formed during the Tactite Replacement Stage. Selvage 

widths are quite variable, but usually are less than five milli

meters. Except in very thin veinlets, selvage widths generally show 

little correlation with vein width. Alteration within a selvage is 

nearly complete in monomineralic tactite. In selvages developed in 

tactite of mixed mineralogy, however, one or more minerals may be 

less altered. A sharp contact generally occurs between the selvage 

and both the vein and the surrounding wall rock.

Amphibole and chlorite are the predominant minerals occur

ring in vein selvages. Quartz and calcite may occur in subordinate
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amounts, and in some selvages are the predominant minerals. Sulfide 

minerals, particularly chalcopyrite, occur disseminated in many 

selvage zones. The replacement of garnet by actinolite is nearly 

confined to occurrences in vein selvages, whereas other minerals, 

such as muscovite and phlogopite, were rarely, if ever, observed 

in vein selvages, although they are common in other types of replace

ment .

Pervasive Replacement

Irregular bodies of pervasive replacement of earlier tactite 

were observed with widths ranging from several millimeters to several 

tens of meters. As in vein selvages, the contact between pervasive 

replacement and little altered tactite is generally quite sharp.

Many of the observed occurrences of pervasive replacement were along 

faults or igneous contacts, but other had no recognizable localizing 

structure.

Pervasive replacement occurred predominantly during the 

middle and late periods of the Tactite Replacement Stage. The main 

replacement types are diopside replacement by tremolite, and garnet , 

replacement by a mixture of calcite and either chlorite, phlogopite, 

muscovite, or saponite. Major amounts of sulfide minerals occur 

associated with many of the cases of pervasive replacement. These 

sulfides generally occur evenly disseminated throughout the replacement 

product, and appear to have formed contemporaneous with it.
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Distribution

The volume of late tactite replacement in the Horquilla 

Limestone, as shown in Figure 12, is greatest at the northern end of 

the study area and decreases abruptly to the south. At the southern 

end of tactite alteration, the volume of replacement is difficult 

to determine, but appears to be minor.

The extent of replacement appears to have been affected more 

by tactite permeability and perhaps the chemistry of the altering 

fluids than by tactite mineralogy. Figure 12 shows a close correla

tion between the amount of open space filling and the amount of tactite 

replacement. This open space occurred in both fracture openings and 

in a somewhat indefinite amount of open space between garnet crystals. 

Tactite mineralogy, in contrast, generally shows a poor correlation 

with the extent of replacement. In general, garnet, diopside, 

and wollastonite were nearly equally susceptible to late replacement, 

although any one mineral may be replaced to a greater extent at a 

given locality. Garnet composition also shows a poor correlation 

with the extent of replacement, as shown in Figure 13 for garnet 

samples from near the center of the study area.
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CHEMISTRY OF LATE STAGE REPLACEMENT

Although the chemistry of late stage tactite replacement 

is presently not well understood, some general concepts can be 

stated. This chapter will discuss both the possible causes of 

replacement and the possible effects of replacement on sulfide 

deposition.

Causes of Replacement

Late stage replacement in tactite deposits has often been 

described as a retrograde alteration (Morgan, 1975; James, 1976; 

Atkinson and Einaudi, 1978), and several studies have indicated a 

temperature decrease during at least part of this period (Theodore 

and Black, 1978; Kwak, 1978, 1979; Huang, 1976). In general, however, 

either a decrease in temperature or a change in fluid chemistry could 

bring about the observed replacement. The partial overlap in the 

temperatures reported by Huang (1976) and Rushing (1978) for the 

homogenization of fluid inclusions in both early tactite minerals and 

minerals formed during the period of late stage replacement suggests 

that the late replacement is not due to temperature decrease alone.

Hydrogen isotope data reported by Taylor and O ’Neil (1977) 

from tactite deposits in the Osgood Mountains, Nevada, suggests that 

late stage replacement in these deposits was associated with a shift 

from early magnatic to later meteoric fluids. A similar late influx

51



of meteoric fluids is suggested by isotopic data from many porphyry 

copper deposits (Sheppard, Nielsen and Taylor, 1969, 1971; Sheppard 

and Taylor, 1974; Sheppard and Gustafson, 1976). The considerable 

change in fluid composition, along with the decreasing temperature, 

most likely associated with such an influx of meteoric fluids, may 

be an important cause of the late stage replacement observed in 

tactite deposits.

Replacement and Sulfide Deposition 

An association has often been recognized between late tactite 

replacement and sulfide mineralization (James, 1976; Morgan, 1975; 

Atkinson and Einaudi, 1978; Nielson, 1970; Ashley, 1980). The possible 

chemical cause of this association has not received much attention, 

however. Zharikov (1968) stated that the acid neutralizing nature of 

late replacement is an important cause of sulfide deposition in 

his class of "imposed ores" in tactite, Atkinson (1976) referred to 

the release of iron during the late replacement of andradite as possibly 

leading to the deposition of iron bearing sulfide minerals, and Burt 

(1972) suggested that the reducing effect associated with the replace

ment of hedenbergite may lead to sulfide deposition.

Acid neutralization appears to have been the predominant 

manner in which late replacement aided sulfide deposition throughout 

the study area. As shown in Table 4, the replacement reactions that 

appear to have occurred during the Tactite Replacement Stage nearly
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Table 4. Constant Volume equations for some of the common replace

ment reactions, computed for 100 ml. —  Aqueous species 
used are those dominant at 300 C, neutral pH, and f0_ 

__________ on the Hematite-Magnetite buffer._________________ ______ _

Garnet Ad, K-feldspar
5.45 H+ + .92 K+ + .14 A1(0H)" + 

.92KAlSi30g + 2.33Ca2* +
.42HASi04 + .78Ca3FeAlSi3012 = 
,78Fe2+ + 3.86 H20 + .19 02

Garnet
2.60H+

Ad^g— * Epidote
+ .64A1(0H)~ + .78Ca3FeAlSi3012 = .71Ca2Al2FeSi3012(OH) +
•91Ca2+ + .07Fe2+ + .20H,Si0, + .020- + 1.83H-04 4 l 2

Andradite—* Quartz
7.60 H+ + 2.13H,SiO, + .76Ca_Fe_Si_0__ = 4.41Si0o + 2.28Ca2+ + 1.52Fe 4 4 3 2 3 12 2

+ 8.06H20 + .3802 

Grossularite— » Quartz
3.19H+ + 2.01H4Si04 + .80Ca3Al2Si30^2 = 4.41Si02 + 2.39Ca2+ + 1.59A1(0H)™ 

+ 2.45H20

Garnet Ad^g— *• Actinolite Ft3Q 
2.30H+ + 1.13Mg2+ + .03A1(0H)“

•3 7 Ca2M83 .lFe1.6A1 .7Si 
+ 1.82H20

(Composition from sample 877-53)

+ •49H4S104 + •76Ch Fe1.7A1.3S13012 - 
7.6°22(OH)2 + •71Fe'? + •3202 + 1-56Ca

Andradite-* Serpentine
2.08H+ + 2.76Mg2+ + 1.68H20 + .76Ca3Fe2Si3012 = .92Mg3Si205(OH)4 + 2.28 

Ca2+ + 1.52Fe2+ + .44H4S104 + .3802

Garnet Ad80 Chlorite (Compositions from sample 1508-104) 
2+3.37H + .52H20 + l.OBMg + .82A1(0H)4 + .77Ca3Fe^ gAl . S i ^ g  = 

Fe2 3Mg2 3A12 4Si2 g0^(0H)g + 2.30Ca2+ + .05Fe2^ + .310, 
+ .98H4Si04

.47

Garnet Ad^g— * Muscovite
6.90H+ + .73K+ + 1.40A13* + . 78Ca3FeAlSi3012 = .73KAl3Si30^(0H)2 +

2.33Ca2+ + .78Fe2+ + .16H:Si0, + .190. + 5.21H.04 4 2 2
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Table 4» Continued.
Garnet — • Calcite
,02H+ + 3.50H20 + 2.71H2C03 + .38Ca2+ + . TSCa^FeAlSi^g = 2.71CaC03 +

.78A1(0H)~ + .78Fe2+ + 2.33^510^ + .19 02
Forsterite— ► Serpentine _.
3.63H + .92H-0 + 2.29Hg9SiO. = .92Mg_Si 0 (OH), + 1.82Mg +

.45HASi04

Wollastonite —* Quartz and Calcite „ ,
1.63H + 1.68H2C03 + 2.50CaSi03 = 1.68Si02 + 1.68CaC03 + .82Ca

+ ,82H4Si0A + .86H20
Diopside—* Tremolite
.80H + .36Mg + .03H20 + l.SOCaMgSi^ = .37Ca2Mg5Sig022(OH)2

+ .OSH^SiO^ + .76Ca2+
Diopside—* Quartz 2
6.00H + 1,41 H.SiO, + 1.50CaHgSi90- = 4.41 Si0_ + 1.50 Ca + 1.50 

MgZ + 5.82*H20 Z b 1

Diopside—* Calcite ?
.58 H + 2.71 H_C0 + 1.21 Ca + 1.50 CaMgSi.O, = 2.71 CaCO. = 1.50 ,, / 3 / b 5

Mg + 3.00 H20 
Diopside-* Serpentine
.48 H + 1.26 MgZ + 3.92 HgO + 1.50 CaMg S i ^  = .92 M g ^ i ^ ( O H ) 4

+ 1.50 Ca2"*" + 1.16 H.SiO,4 4
Diopside— * Chalcopyrite , -
3.71 H + 1.86 HgO + 2.29 Cu + 2.29 FeZ+ + 4.58 HSO~ + 1.50 CaMgSigO^ =

2.29 CuFeSg + 1.50 Ca2"*" + 1.50 Mg2"*" + 3.00 H4Si04 + 8.58 Og 
Garnet Ad^y-* Chalcopyrite

3.16 H+ + 2.29 Cu"*" +1.51 Fe2+ + 2.36 H20 + 4.58 HSO" + .78 Ca3AlFeSi30^2

2.29 CuFeS2 + 2.33 Ca2"*" + .78AKOH)” + 2.33 H4Si04 + 8.77 02



all involve hydrogen ion consumption. When written for constant 

volume, these reactions have the general form:

H+ + (Mg++, H2C03, etc.) + Early Silicate =

Replacement Minerals + (Ca'++, Fe1 1 *, H^SiO^, etc.)

In a solution saturated with one or more sulfide minerals, the 

consumption of H+ in these reactions would lead to sulfide deposition 

through the general reaction:

HSO^- + Metal Ion44- = Metal Sulfide + H+ + 20^

or in solutions with a low oxygen fugacity:
++’ +HgS + Metal Ion = Metal Sulfide + 2H

Iron released by late tactite replacement could aid in the 

deposition of iron-bearing sulfide minerals through its incorporation 

in these minerals. However, the reduction of ferric iron (released 

by the replacement of andradite or epidote) to ferrous iron (occur

ring in either replacement minerals or in solution) would retard 

sulfide deposition through the release of both H+ and 0^ in the 
reduction reaction:

Fe444- + %H20 = Fe44 + H+ + ^
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SUMMARY AND CONCLUSIONS

Tactite alteration in the southern half of the Rosemont 

mining district shows a zonal variation over a 2.1 km interval from 

the center of the district to the south. Igneous intrusive rocks 

believed to be related to this alteration consist of quartz latite 

porphyry and porphyritic (?)quartz latite occurring in several 

dike-like bodies in the northern half of this interval. The relatively 

small volume of these dike-like bodies compared to the extent of 

tactite alteration, along with the poor correlation between their 

location and the district-wide alteration zoning, suggests that they 

may represent the upward extension of a larger body of igneous rock 

at depth which was more directly responsible for the alteration.

Near the center of the district, alteration of the impure, 

generally thin-bedded Horquilla Limestone consists of pervasive 

replacement by andradite and minor diopside, which was later veined 

and partially replaced by quartz and calcite. Nearly pure limestone 

of the Escabrosa and Colina Limestones is partially replaced in this 

area by andradite, diopside, and forsterite, associated with locally 

abundant late replacement by serpentine. Sulfide mineralization is 

generally not abundant in this section of the studied alteration 

interval, and is usually associated with a greater volume of hematite 

and magnetite.
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To the south of the center of the district, a transition 

zone occurs in the Horquilla Limestone between the pervasive replace

ment near the center and selective replacement further to the south. 

Diopside, wollastonite, and vesuvianite increase in abundance to 

the south in this transition zone whereas garnet, quartz, and calcite 

decrease in abundance in this direction. Garnet has a wide range 

in composition in this transition zone, but in general becomes more 

aluminum-rich to the south. Abundant copper sulfide mineralization 

in this transition zone results from the overlap of an early period 

of sulfide deposition (associated predominantly with contemporaneous 

wollastonite) and a later period of sulfide deposition (associated 

with quartz-calcite veins and replacement of earlier tactite minerals).

To the south of this transition zone (starting at approximately 

the center of the study area) tactite alteration in the Horquilla 

Limestone becomes largely restricted to silty limestone beds.

Diopside, tremolite, K-feldspar, and epidote increase in abundance 

to the south in the tactite in the southern half of the study area; 

whereas, garnet, vesuvianite and wollastonite decrease in abundance 

in this direction. The amount of residual unreplaced calcite and 

detrital quartz in the tactite also increases to the south. Alteration 

of the nearly pure Escabrosa Limestone in the southern half of the 

study area is largely limited to the destruction of fossil debris, 

although small amounts of tactite alteration occur along branches of
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the Santa Rita Fault. Sulfide mineralization in the southern half 

of the study area is minor and is largely restricted to major faults 

or fractures. Sphalerite and galena become the dominant sulfide 

minerals near the southern limit of tactite alteration, and quartz 

veins with galena, gold, and silver continue for an additional two 

kilometers to the south past the limit of tactite alteration.

Alteration formed during three stages. An early stage of 

disseminated diopside and tremolite alteration appears to have been 

a largely isochemical metamorphism. The following Main Tactite 

Stage was responsible for the major alteration of calcareous rock 

to tactite, and the deposition of locally abundant sulfide minerals. 

Alteration during this stage involved considerable metasomatism in 

the northern half ot he study area, but graded to increasingly 

isochemical alteration to the south. The final Tactite Replacement 

Stage was responsible for widespread sulfide deposition and a large 

amount of replacement of earlier formed tactite by quartz, calcite, 

and a variety of other minerals (Table 2). A close association exists 

between sulfide deposition and part of the tactite replacement occurring 

during this period, suggesting that the sulfide deposition was in part 

a response to the acid neutralization, and possibly the release of 

iron, associated with the replacement.



APPENDIX 1

MICROPROBE ANALYSES

Electron microprobe analyses for this study were performed 

on the University of Arizona ARL Scanning Electron Microprobe 

Quantometer, equipped with a Tracor-Northem automation system for 

data reduction using the Bence-Albee correction program. Analyses 

were made with a 15 kV accelerating potential and a 25 nA probe 

current, as measured in a Faraday cup on the sample block. A 10- 

second counting interval was used for all elements. The analytical 

standards used in calibration are:

Elements Standard
Ca, A1 anorthite
Mg, Si diopside-glass
Fe chromite
Mn rhodonite
Ti sphene-glass
Na albite
K mi crocline

Samples were analyzed in single or multiple specimen polished 

thin sections which were prepared using silicon carbide abrasives 

and alumina polish.

The accuracy of the analyses obtained was checked by the 

weight percent total of the elemental oxides and the appropriateness 

of the indicated stoichiometry. In addition, with garnet and a few
59
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other minerals, the abundance of the oxides substituting in the solid 

solution series was compared with a graph of the ideal variation of 

oxide weight percent across the solid solution series. This gives 

an estimate of the solid solution composition from each of the two 

principal substituting oxides. Garent analyses were considered 

acceptable if these two estimates agreed within three mole percent 

and the weight percent total was within the range 100 + 2.



APPENDIX 2

MINERALOGY

Garnet

Both isotropic and anisotropic garnet occur in the tactite 

in the study area. Isotropism generally occurs in more iron rich 

garnet; however, isotropic garnet with an iron content as low as 

Adgg, and anisotropic garnet with an iron content as high as Ad^g, 

were observed during this study. Anisotropic garnet is generally 

optically positive with a 2V in the range 50-70°. Sector twinning 

and zonal variations in birefringence are present in most anisotropic 

garnets. District rims can be seen on some garnet crystals. These 

rims generally have a higher birefringence than the rest of the garnet 

crystal, although rims with a lower birefringence were also observed.

In hand sample, garnet varies in color from light green to 

dark brown, with a brownish color the most common. It is generally 

colorless in thin section, but may have a light tan to brown color, 

particularly in late garnet occurrences. Garnet crystals are 

generally .3 to 1 mm in diameter, but may be considerably coarser 

in the alteration of nearly pure limestone.
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Representative Microprobe Analyses

Analy
sis 1. 2. 3. 4. 5. 6. 7.
CaO 31.68 31.49 35.48 34.83 . 36.99 36.58 28.35
MnO 1.01 1.30 0.57 0.84 0.14 0.33 9.97
A1203 0.39 0.37 11.98 12.68 19.21 18.83 20.53

Fe2°3 30.91 31.21 13.94 13.75 4.39 5.26 2.72
Si02 35.56 35.68 38.81 38.40 38.75 39.45 39.00
Total 99.54 100.06 100.95 100.57 99.61 100.44 100.61

% ad 98.08 98.16 42.61 40.90 12.72 15.14 7.81

1.

Number of Atoms on

2. 3.

the Basis

4.

of 12

5.

Oxygens

6. 7.

Ca 2.8788 2.8490 2.9760 2.9294 3.0416 2.9850 2.3330
Mn .0728 .0930 .0377 .0556 .0090 .0210 .6484
A1 .0386 .0372 1.1057 1.1732 1.7374 1.1906 1.8585
Fe 1.9724 1.9836 .8208 .8120 .2533 .3016 .1574
Si 3.0159 3.0131 3.0380 3.0142 2.9740 2.9975 2.9953

1. Garnet center, sample 803-149, north end of study area, Ph*.
2. Rim of same.
3. Near garnet rim, sample 873-43, center of ore body, Ph.
4. Center of same.
5. Garnet rim, sample A-5, traverse 3, Ph.
6. Center of same.
7. High Mn garnet rim, sample 1508-32, south end of ore body, Ph.

Diopside-Salite

In hand sample diopside has a white, yellow or green color, 

and is frequently difficult to identify. In thin section, it is 

usually colorless but may have a pale green color. It generally 

occurs in small subhedral to anhedral equant grains, but may have a 

radiating prismatic form.

*Ph - Horquilla Limestone
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Representative Microprobe Analyses

Analy
sis 1. 2. 3. 4. 5. 6. 7.

CaO 26.02 26.15 25.12 25.52 25.43 23.53 25.73
MgO 17.35 17.66 16.12 16.11 14.80 11.00 18.03
FeO 1.75 1.64 2.22 3.90 4.16 11.58 0.27
MnO 0.89 0.74 1.25 0.06 0.23 1.29 0.00
A12°3 0.19 0.32 0.43 1.34 0.43 0.38 0.89
Si02 53.90 54.25 54.81 53.69 55.04 52.56 55.90

Total 100.12 100.76 99.95 101.01 100.08 100.34 100.98

% hd 5.35 4.94 7.16 11.94 13.60 37.12 0.83

Number of Atoms on the Basis of 12 Oxygens

1. 2. 3. 4. 5. 6. 7.

Ca 2.9373 2.0327 1.9662 1.9914 1.9958 1.9124 1.9687
Mg 1.8930 1.9098 1.7564 1.7492 1.6162 1.2438 1.9194
Fe .1070 .0992 .1355 .1186 .2545 .7344 .0161
Mn .0552 .0456 .0773 .0020 .0141 .1652 .0000
A1 .0159 .0275 .0367 .0574 .0364 .0687 .0752
Si 3.9410 3.9356 4.0045 3.9104 4.0322 3.9876 3.9914

1. Sample 877-72, northern half of ore body. Ph
2. Sample 1508-32, southern end of ore body, Ph
3. Sample AC-9, Escabrosa-porphyry contact body
4. Sample RM-23-26, traverse 3, Ph
5. Sample M-14-23, southern end of tactite, PPe*
6. Salite, Sample 873-34, center of ore body, Ph
7. Low iron diopside in tremolite marble sample 878-105, Me**

Vesuvianite

Vesuvianite generally occurs as a massive, tannish yellow 

to greenish yellow mineral in veins, interstitial to garnet, or as 

the dominant component of a tactite sample. Euhedral prismatic

*PPe - Earp Formation
**Me - Escabrosa Limestone



crystals occur in veins with garnet quite locally. Vesiivianite is 

difficult to distinguish from garnet in hand sample. In thin 

section it often has a somewhat distinctive olive-brown abnormal
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interference color which commonly has zonal variations. Microprobe 

analyses fit the alternate formula (Deer, Howie, and Zussman, 1966) 

Ca^g(Mg, Fe, Al, Ti, Mn)^gSi^g(0, OH, F)yg better than the one 

normally given for this mineral, Ca^Q(Mg, Fe^Al^SigOg^OH)^.

Representative Microprobe Analyses

Analy
sis

1 . 2. 3. 4. 5. 6. 7.

CaO 35.05 36.11 35.71 35.59 33.47 33.25 35.22
MgO 3.20 3.01 2.39 1.83 2.11 0.34 3.70
FeO* 1.68 2.85 2.46 4.08 4.88 17.35 4.58
MnO 0.17 0.20 0.29 0.18 0.00 .80 0.20
M 2°3 15.28 16.65 16.30 16.02 17.53 8.67 14.79
Ti02 2.17 0.94 2.09 —— — 1.28 —
Si02 38.85 36.86 36.79 36.97 36.64 36.07 37.78
Total 96.40 96.62 96.04 94.68 94.69 97.76 96.26

Number of Atoms on the Basis of 36 Oxygen Equivalents

i. 2. 3. 4. 5. 6. 7.

Ca 8.8942 9.2663 9.2020 9.3564 8.9472 9.1145 9.1205
Mg 1.1258 1.0756 .8577 .6702 .7690 .1314 1.3315
Fe .3335 .5706 .4941 .8377 .9972 3.7112 .9249
Ml .0349 .0403 .0586 .0370 .0000 .1725 .0415
Al 4.2561 4.6998 4.6217 4.6345 5.0554 2.6139 4.2134
Ti .3873 .1691 .3783 —— — .2465 — —

Si 9.2073 8.8295 8.8490 9.0732 8.9472 9.2257 9.1305

1. Sample 877-51, north half of ore body, Ph
2. Sample 873-53, south half of ore body, Ph

*FeO = FeO + FegO^



65

3. Sample 1508-32, south end of ore body, Ph.
4. Sample A 13-6, traverse 1, Ph.
5. Sample A 2, traverse 3, Ph.
6. Sample 877-51, "north half of ore body, Ph.
7. Sample AC 10, fringe Escabrosa-porphyry contact body

Wollastonite

Little variation was observed in either the composition or 

properties of wollastonite in the study area. A small 2V (30-40°) 

near the lower end of the range described for this mineral was observed 

in all of the wollastonite studied.

Representative Microprobe Analyses

Analy
sis 1. 2. 3.
CaO 47.64 47.19 47.12
MnO 0.64 0.21 1.01
MgO 0.09 0.06 0.06
FeO 0.19 0.13 0.08
Si02 51.17 51.43 51.33

Total 99.77 99.04 99.59

Number of Atoms on the Basis of 6 Oxygens

1. 2. 3.

Ca 1.9846 1.9715 1.9644
Mn .0211 .0069 .0333
Mg .0054 .0036 .0034
Fe .0062 .0042 .0022
Si 1.9897 2.0054 1.9972

1. Sample 873-34, south half of ore body, Ph.
2. Sample 1508-84 , south end of ore body, Ph.
3. Sample AC 8, Escabrosa-porphyry contact body.
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Forsterite

Forsterite is not abundant in the tactite studied. It appears 

to be confined to alteration in the nearly pure limestone units where 

it generally occurs as small anhedral grains similar in appearance 

to diopside. Microprobe analyses are available from only one location.

Microprobe Analyses
Analy-
sis 1. 2. 3.

MgO 57.79 54.27 56.06
FeO 1.56 3.67 2.89
MnO 0.42 0.14 0.03
CaO 0.24 0.11 0.10
Si02 38.93 41.75 41.67
Ti02 x0.05 0.25 0.15

Total 99.00 100.19 100.93

% fa 1.49 3.66 2.80

Number of Atoms on the Basis of 8 Oxygens

1. 2. 3.

Mg 4.1465 3.8493 3.9375
Fe .0627 .1460 .1136
Mn .0172 .0056 .0013
Ca .0123 .0056 .0052
Si 1.8739 1.9861 1.9641
Ti .0018 .0098 .0054

1. Sample AC 12, forsterite disseminated in limestone, fringe 
Escabrosa-porphyry contact body.

2, 3. Sample AC 13, forsterite replacing tremolite, fringe
Escabrosa-porphyry contact body, 16 ft south of AC 12.



Amphibole

The limited data available suggests that amphibole formed
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during the Early Magnesium Stage is generally a low iron tremolite 

in composition, whereas amphibole formed during the following Main 

Tactite Stage has a higher iron content. Amphibole formed during the 

Tactite Replacement Stage varies in composition from tremolite to 

hornblende, depending on the mineral it replaces.

Representative Microprobe Analyses

Analy
sis 1. 2. 3. 4. 5.

Na20 0.00 0.11 0.30 0.23 0.52
k 2o 0.06 0.04 0.06 0.18 0.74
CaO 13.74 13.88 13.15 13.38 11.73
MgO 25.23 22.09 20.05 22.83 12.21
FeO 0.45 3.12 5.80 2.69 13.66
MnO 0.00 0.09 0.00 0.33 1.03
M 2°3 0.77 1.61 3.26 0.38 6.31
Si02 58.36 56.68 53.50 58.29 50.92

Total 98.72 97.63 96.29 98.31 97.18

% ft 0.98 7.34 13.95 6.20 38.53

Number of Atoms on the Basis of 23 Oxygen Equivalents

1. 2. 3. 4. 5.

Na .0000 .0286 .0833 .0574 .1468
K .0111 .0063 .0101 .0316 .1378
Ca 1.9800 2.0500 1.9986 1.9573 1.8402
Mg 5.0590 4.5410 4.2383 4.6462 2.6639
Fe .0503 .3597 .6873 .3073 1.6717
Mn .0000 .0110 .0000 .0380 .1277
A1 .1223 .2614 .5482 .0609 1.0878
Si 7.8496 7.8141 7.5872 7.9575 7.4538
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1. Tremolite marble, sample 878-105, Me, Early Mg Stage.
2. Tremolite marble, sample AC 12, fringe Escabrosa-Porphyry 

contact body, Early Mg Stage.
3. Tremolite calcite lens in diopside siltstone, sample 23-26,

Ph, Main Tactite Stage.
4. Tremolite in vein selvage replacing diopside, sample 1508-111, 

Me, Tactite Replacement Stage.
5. Hornblende vein selvage replacing garnet Ad--, sample 877-53, 

Ph, Tactite Replacement Stage.

Epidote-Clinozoisite (Allanite)

In the southern half of the study area, many epidote grains 

appear to be zoned with clinozoisite (optically +) centers and epidote 

(optically -) rims. No microprobe data were obtained concerning this 

relationship, however. Epidote with a light pink color presumably 

due to a high manganese content (but differentiated from piedmontite 

by its negative sign) occurs locally in the northern half of the 

study area. Allanite was observed in trace amounts in the central 

part of the study area and at the southern fringe of tactite alteration. 

Allanite commonly appears to have formed slightly earlier than the 

epidote associated with it.

Representative Microprobe Analyses
Analy
sis 1. 2. 3. 4. 5.

CaO 23.02 23.23 23.00 23.94 23.80
MnO 0.61 0.24 0.10 0.13 0.47
MgO 0.07 0.06 0.00 0.03 0.07
M O 21.67 26.44 21.86 27.91 24.94

*2°3 13.64 9.57 16.23 8.02 10.76
Si02 36.52 37.66 36.74 37.20 37.88

Total 95.72 97.19 97.96 97.25 97.91
% Fe in 
3+ site

28.67 18.77 32.71 15.50 21.59
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Number of Atoms on the Basis of 12.5 Oxygen Equivalents

1. 2. 3. 4. 5.

2.0248 1.9681 1.9839 2.0039 2.0176
.0424 .0158 .0069 .0084 .0312
.0091 .0071 .0000 .0038 .0082

2.0970 2.4658 2.0265 2.5698 2.3254
.8429 .5694 .9851 .4712 .6404

2.9987 2.9784 2.9572 2.9062 2.9971

1. Epidote in quartz chalcopyrite vein, sample 1504-77 north 
end of ore body.

2. Early epidote vein, sample 1504-72, north end of ore body.
3. Epidote in quartz chalcopyrite vein, sample 877-53.
4. Epidote in barren tactite, sample RM 23-11, traverse 2.
5. Epidote replacing garnet Ad.,, sample A 3-9, south end of 

tactite alteration near Santa Rita Fault.

Feldspar

The range in composition observed in feldspar occurring in 

the tactite in the study area is shown in Figure 14. Although some 

of the analyses showing a composition intermediate between K-feldspar 

and plagioclase may represent the microprobe analysis of a spot where 

these two minerals overlap, most appear to represent the composition 

of a distinct anorthoclase phase. This anorthoclase was not distinguish

able in thin section, however.

The optical and x-ray diffraction data determined for most of

the K-feldspar occurring in the tactite indicate a structural state 

intermediate between microcline and sanidine. The gridiron twinning 

and large 2V characteristic of microcline were observed in only a 

few of the samples studied. Most of the K-feldspar has a 2V that is
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KAISuO.

CoALSi-O,NoAISuO,

Figure 14. Compositional triangle illustrating the variation observed 
in feldspar composition in the tactite alteration.



small or zero. Plagioclase occurring in the tactite is generally 

untwinned, although faint twinning was seen locally.
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Representative Microprobe Analyses

Analy
sis 1. 2. 3. 4. 5. 6.

k2o 16.33 14.73 0.13 0.07 0.38 8.30
Na20 0.17 1.16 7.15 2.92 7.60 4.64
CaO 0.03 0.08 7.79 15.29 5.18 1.90
MgO 0.00 0.00 0.00 0.00 0.94 0.00
FeO 0.04 0.00 0.00 0.06 0.00 0.02
A12°3 18.18 18.71 25.97 31.97 23.62 20.65
sio2 64.63 65.71 58.43 49.81 61.13 64.75

Total 99.38 99.94 99.52 100.12 99.95 100.27

Number of Atoms on the Basis of 8 Oxygens

1. 2. 3. 4. 5. 6.

K .9683 .8626 .0076 .0038 .0213 .4044
Na .0156 .1033 .6226 .2581 .6557 .4764
Ca .0014 .0037 .3749 .7467 .2467 .0915
Mg .0000 .0000 .0000 .0000 .0626 .0000
Fe .0015 .0000 .0000 .0024 .0371 .0006
A1 .9961 1.0126 1.3740 1.7177 1.2383 1.0946
Si 3.0053 2.9971 2.6231 2.2709 2.7194 2.9124

1. K-feldspar in vein, sample 803-69, north end of study area, Ph.
2. K-feldspar, sample 1508-41, south end of ore body.
3. Andesine, sample 877-51, northern half of ore body.
4. Bytownite, sample 877-51, northern half of ore body.
5. Andesine, sample 1504-72, northern half of ore body.
6. Anorthoclase, sample RM-23-11, center of study area.

Prehnite, Datolite, Anhydrite

These three minerals appear somewhat similar in thin section, 

but can be distinguished by careful determination of their optical



properties. Prehnite and datolite often occur together. In many 

samples anhydrite was observed only as small inclusions in sulfide 

grains.
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- Representative Microprobe Analyses
Analy
sis 1. 2. 3.
CaO 26.81 26.60 33.56
MgO 0.01 0.10 0.00
MnO 0.08 0.02 1.02
ti203 23.42 23.68 0.02

F*2°3 1.74 0.64 0.02
Si02 43.10 44.15 36.08

Total 95.16 95.19 70.70

Number of Atoms on the Basis of 11 Oxygen Equivalents for 
Prehnite and 6 Oxygen Equivalents for Datolite

1. 2. 3.

Ca 1.9951 1.9649 1.9787
Mg .0007 .0106 .0000
Mn .0046 .0011 .0475
A1 1.9174 1.9238 .0010
Fe .0906 .0330 .0009
Si 2.9936 2.0438 1.9856

1. Prehnite, sample 1508-41, south end of ore deposit.
2. Prehnite, sample 877-51, northern half of ore deposit.
3. Datolite, sample 1508-41, south end of ore deposit.

Phlogopite, Muscovite, Talc

X-ray diffraction data are generally necessary to distinguish

between these minerals, although phlogopite can sometimes be
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distinguished in thin section by its uniaxial character and slight 

pleochroism. In hand sample, coarse-grained muscovite and phlogopite 

occurring in tactite are indistinguishable, both having a light green 

color.

Available Microprobe Analyses
Analy-
sis 1. 2. 3.

k2o 9.96 8.01 10.31
Na20 0.03 0.06 0.11
CaO 0.14 1.07 0.02
MgO 20.94 20.47 21.69
FeO* 9.37 10.03 8.75
MnO 0.74 0.55 0.40
A1203 12.69 14.06 12.72
Si02 41.04 38.91 41.50
Ti02

Total

1.02 1.29 —

95.92 94.43 95.51

% an 20.05 21.58 18.45

Number of Atoms on th<
1. 2. 3.

K .9176 .7483 .9509
Na .0045 .0081 .0157
Ca .0109 .0840 .0012
Mg 2.2559 2.2316 2.3369
Fe .5657 .6141 .5288
Mn .0450 .0343 .0243
A1 1.0801 1.2126 1.0836
Si 2.9650 2.8481 2.9998
Ti .0555 .0710 ——

1, 2, 3. Phlogopite, sample 803-69, north end of study area.

*FeO = FeO + Fe^O^
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Chlorite, Serpentine

Chlorite occurring in the tactite alteration in the study 

area has a considerable variation in both composition and properties.

It may be either optically positive or negative, and have either normal 

or strikingly abnormal interference colors. Two types of chlorite 

can be distinguished in some samples: a fine grained, tan to olive

green chlorite, which usually has a normal interference color, and a 

coarser grained, pale to dark green chlorite that often has an 

abnormal interference color. The compositional difference between 

these two types was not determined, however.

The serpentine observed in tactite alteration commonly occurs 

in two distinct phases, inferred to be antigorite and chrysotile, with 

different refractive indexes and appearances. Serpentine replacing 

garnet generally appears to be chrysotile whereas serpentine replacing 

forsterite or diopside, or occurring in late veinlets, generally 

appears to be antigorite.

Representative Microprobe Analyses
Analy
sis 1. 2. 3. 4. 5. 6.
CaO 0.07 0.10 0.03 0.25 0.19 0.20
MgO 3.86 12.39 19.97 32.96 38.94 39.68
FeO* 37.45 27.89 18.89 2.07 1.24 2.16MnO 3.91 2.92 1.51 0.03 0.06 0.06
A12°3 20.71 18.88 19.85 18.79 0.72 0.25
sio2 23.42 25.52 28.01 31.23 43.89 41.74
Total 89.41 87.70 88.26 85.33 85.05 84.10
% Fe 59.33 42.24 26.87 2.78 1.75 2.96

*FeO = FeO + FegO^
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Number of Atoms on the Basis of 14 Oxygen Equivalents

1. 2. 3. 4. 5. 6.

Mg 0.6495 2.0072 3.0188 4.6856 5.4773 5.7060
Fe 3.5382 2.5355 1.6018 0.1650 0.0979 0.1740
Mn 0.3736 0.2685 0.1293 0.0024 0.0047 0.0053
Ca 0.0087 0.0119 0.0034 0.0250 0.0320 0.0208
A1 2.7581 2.4189 2.3720 2.1109 0.0797 0.0279
Si 2.6461 2.7742 2.8402 2.9777 4.1485 4.0259

1. Daphnite, sample RM 21-19, gametite, center of study 
area, Ph.

2. Prochlorite, sample 1508-105, gametite, south end of ore 
body, Me.

3. Pynochlorite, sample AC 2, gametite, Escabrosa-porphyry 
contact body, next to porphyry.

4. Clinochlore, sample AC 12, fringe Escabrosa-porphyry contact 
body.

5. Serpentine, sample 878-105, tremolite marble, north end of 
ore body.

6. Serpentine, sample AC 13, fringe Escabrosa-porphyry contact 
body.

Clay Minerals

Montmorillonite, either white, tan, or, more often, green 

in color, is a widespread and abundant alteration mineral in the 

northern third of the area. It was not possible to form a polish 

on this material for microprobe analysis, but semiquantitative analyses 

obtained from rough surfaces on one sample indicate a predominantly 

saponitic composition, similar to that reported by James (1976) for 

montmorillonite occurring in the skams near Ely, Nevada.

Kaolinite was observed during this study in thin selvages to 

gypsum veins, possibly of supergene origin.
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Average of Two Semiquantitative Microprobe 
Analyses of Montmorillonite

CaO 10.27
MgO 12.23
FeO 5.44
MnO 0.18
A12°3 4.45
Si02 29.97

Total 62.54

Montmorillonite clay, sample 1504-77, north end of ore deposit.

Carbonate Minerals

Calcite is the only alteration carbonate mineral recognized 

during this study. Alteration calcite locally has a dark brown to 

black color due to finely disseminated opaque material, presumably 

consisting of iron and manganese oxides. Dolomite was rarely observed 

in the rocks studied.

Representative Microprobe Analyses*

Analy
sis 1. 2. 3. 4.

CaO 55.08 53.85 56.82 56.84
MgO 0.18 1.48 0.00 0.07
FeO 0.28 0.00 0.25 0.10
MnO 0.99 0.08 2.08 0.04
A12°3 0.00 0.05 0.00 0.02
Si02 0.01 0.05 0.00 0.08

56.53 55.51 59.15 57.14

^Analyses not corrected for matrix effect of CO^.
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Number of Atoms on the Basis of 2(00^)

1. 2. 3. 4.

Ca 1.9528 1.9183 1.9372 1.9871
Mg 0.0089 0.0734 0.0000 0.0033
Fe 0.0078 0.0000 0.0068 0.0027
Mn 0.0278 0.0023 0.0560 0.0011
A1 0.0000 0.0019 0.0000 0.0006
Si 0.0002 0.0016 0.0000 0.0025

1. Calcite, sample 803-62, north end of study area.
2. Calcite replacing tremolite in tremolite marble, sample 

878-105, north end of ore body.
3. Calcite, sample 1508-105, south end of ore body.
4. Residual calcite, sample RM 23-26, tremolite-calcite lens 

in tactite.
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Thrust Fault, showing dip, dashed where approximately located, short 
dashed where inferred or poorly exposed, dotted where concealed. 
Sawteeth on side of upper plate

Approximate limits of tactite alteration bodies in the Escabrosa Limestone 
and southern limit of partial tactite alteration in the Horquilla Limestone 
and Abrigo Formation. Widely spaced dashes where the southern limit is 
extended through relatively pure, little altered limestone or poorly 
exposed

^  Strike and dip of bedding

^  Strike and dip of vertical bedding

x Strike and dip of bedding uncertain

^  Strike and dip of overturned bedding 
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0  Location and title of drill holes from which core was studied
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