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ABSTRACT

The Esperanza deposit is a part of the complex Sierrita-Esperanza 

porphyry copper system. Host rocks at Esperanza include rhyolite, bio- 

tite quartz diorite, rhyodacite porphyry, leuco-quartz diorite porphyry, 

and quartz monzonite porphyry. Pervasive alteration includes early 

biotitization in the biotite quartz diorite, sericite-chlorite alter

ation in the leucocratic rocks, and local intense orthoclase flooding. 

Five veinlet types are, in chronological order, orthoclase-quartz, 
albite, quartz-molybdenite, quartz-sericite-pyrite, and gypsum veinlets. 

Mineralization is directly correlatable with potassic veinlets. Host 

rock control on potassic alteration is evidenced by relative abundances 

of Mg- and Fe-bearing phases. The potassic assemblage includes ortho

clase, quartz, chlorite, chalcopyrite, pyrite, sericite, epidote, 

molybdenite, and albite. Potassic alteration is centered on the two 

quartz monzonite bodies in the northern portion of the pit. Phyllic 

alteration is restricted to narrow quartz-sericite haloes around widely 

spaced quartz-pyrite veinlets present in relative abundance across the 
southern portion of the pit.

Chemical data show general trends of decreasing Ca, Na, Mg, and 

Fe and increasing K and K/Rb with increasing potassic alteration. Mi

croprobe data on sericites show S i ^  contents compatible with previously 

reported temperature and pressure data of 350°C at 1.5 kb.

xi



CHAPTER i

INTRODUCTION

The general nature of rock alteration assemblages associated 

with porphyry copper mineralization is well known (Meyer and Hemley, 

1967; Lowell and Guilbert, 1970; and Rose, 1970). Also several inves

tigators, including Helgeson (1970), Norton (1972), and Beane (1974), 

have studied the physical and chemical processes and environments which 

generated the alteration results we see. With these previous and on

going studies at hand, I decided to undertake this study to add to the 

general knowledge and my personal understanding of the alteration geol

ogy of a porphyry copper deposit not previously studied in detail and 

with the ultimate goal of achieving a better understanding of the proc

esses controlling rock alteration and ore deposition.

The Esperanza deposit was selected for study.. The deposit had 

not been studied in detail with respect to alteration, and the complex

ity of rock types involved offered an opportunity to view the effects 

of differing lithologies on the alteration assemblages. The majority 

of detailed alteration studies involve granodiorite and quartz monzo- 

nite host rocks whereas at Esperanza rhyolitic volcanics and dioritic 

intrusive units are involved along with typical quartz monzonite.

Methods

In an effort to minimize supergene weathering effects, the 

study was essentially limited to the five lowest levels of the

1
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Esperanza pit. Field work, conducted in the summer of 1972, included 

approximately four weeks of mapping, conducted on a 1 t2400 "bench map 

provided "by the Duval Corporation geology staff, and sample collecting.

Samples were collected at irregular intervals along "bench faces 

(Fig. 3)• Density of sampling was approximately correlated to complex

ity of lithology and alteration. Samples were slabbed and studied with 

emphasis on veinlet varieties and intersections. Eighty thin sections 

were prepared for petrographic study. X-ray diffraction techniques were 

employed to ascertain structural state and polytypic information on 

feldspars and micas and as a back-up for mineral identification. Major 

element chemical analyses were done by X-ray fluorescence on thirty 

selected samples. Six samples were prepared for electron microprobe 

analysis of the chemically variable alteration feldspars and micas.

Location and Setting

The Esperanza mine is located on the southeast flank of the 

Sierrita Mountains in Pima County, Arizona, approximately thirty miles 

south-southwest of Tucson (Fig. 1). The Esperanza pit constitutes the 

southeastern portion of the Esperanza-Sierrita orebody. The Esperanza 

mine and the adjacent Sierrita pit are owned and operated by the Duval 

Corporation. The mine is located in relatively rugged mountain terrain 

at an elevation of 1.3 km roughly 400-500 m above the nearby basin floor. 

The Esperanza-Sierrita orebody is the southernmost deposit in the large 

Pima mining district which consists of six major open pit mines and 

numerous small underground workings along the east flank of the Sierrita 

Mountains. The mine is reached from Tucson via Interstate 19 south to
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Figure 1. Index map showing location of Esperanza and Sierrita
Mines.
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the Duval Mine Road, thence west approximately eight miles to the.mine 

and mine offices.

History

lynch (1966) gives a detailed account of the mining history of 

the Esperanza area. Sporadic mining activity occurred in the general 

area around the turn of the century and numerous old shafts are present 

in the area. The only recorded production was from the New Year's Eve 

Mine which produced some copper in 1912-1916 (Anderson and Kupfer,

1944). The New Year's Eve shaft is located in the eastern end of the 

present pit, and occasional old timbers can be seen in the pit faces. 

Duval Corporation obtained the claims in 1955 and production began from 

Esperanza in 1959* The adjacent Sierrita pit began production in 1970.

Previous Work

Although there are numerous references to the geology of the 

mine and general area (Anderson and Kupfer, 1944; Tainter, 1947; Lacy, 

1959; Schmitt et al., 1959; Lootens, 1966; Cooper, i960 and 1971? Lacy 

and Titley, 1962; lynch, 1966; Lovering et al., 1970; and Lowell and 

Guilbert, 1970), little is in print concerning the alteration geology of 

the mine. Only a brief discussion by lynch (1966) and bits and pieces 

in the other publications were found. Mauger (1966) presents a petro

graphic study of samples of the Esperanza quartz monzonite porphyry, 

Oakley (1972) presents a general description of the alteration at Sier

rita based on a study in progress. lies (1973) discusses the geology 

and ore controls of the Esperanza-Sierrita deposit. Rehrig and Heidrick



5
(1972) present structural data for the Sierrita pit, and Drewes (1973) 

discusses the structural geology of the Sierrita Mountains.

General Geologic Setting

The Esperanza deposit is located in an area of complex intru

sive and extrusive geologic relationships. The deposit is in the 

southern extremity of a Laramide granodiorite pluton which forms the 

core of the Sierrita Mountains. Paleozoic sediments, although not found 

in the immediate vicinity of the mine, axe encountered as numerous 

thrust sheets along the east flank of the Sierrita Mountains (Lacy and 

Titley, 1962) and are found on the west side of the range (Cooper, 1971)• 

An extensive series of silicic Triassic volcanic rocks called the Ox 

Frame Volcanics hy Cooper (1971) and consisting generally of rhyolite 

tuffs and "breccias with interhedded sediments and minor andesites is 

encountered across the southern flank of the range. This series of vol

canic rocks is intruded by the Harris Ranch quartz monzonite which has 

been dated at 140 m.y. (Damon, 1966). Various clastic sedimentary and 

volcanic units were deposited in the Sierrita Mountain area through 

Lower Cretaceous time (Cooper, 1971)• In Upper Cretaceous time, the 

dominantly andesitic Demetrie Volcanics (Cooper, 1971) were deposited 

around the range. This sequence, called the Silverbell Volcanics by 

earlier workers, was followed by the Red Boy Rhyolite over much of the 

range. laramide intrusive rocks include diorite and andesite in the 

southern portion of the range, and intrusion culminated with the em

placement of the Ruby Star Granodiorite during the interval from 56 to 

63 m.y. ago (Creasey and Mistier, 1962; Damon and Mauger, 1966).



Younger Tertiary volcanic rocks and sedimentary rocks occur around the 

margins of the range.

Most of the precceding lithologies are exposed within the imme

diate vicinity of the Esperanza pit. The Ox Frame Volcanics are found 

in the pit (Fig. 2) and form an east-northeast striking "band south of 

the pit. The Harris Ranch Quartz Monzonite is found in the southwestern 

portions of the Sierrita pit less than a half mile west of the Esperanza 

pit. The Demetrie Volcanics form an east-west band within a mile south 

of the pit. The laramide diorites and andesites Eire found within the 

pit and the quartz monzonite porphyry border phase of the Ruby Star 

Granodiorite forms projections into the pit from the north (Fig. 2). 

Tertiary volcanic rocks and sedimenteiry rocks lie within two miles of 

the south edge of the pit.

6

Structural Setting

The Sierrita Mountains Eire a structurally complex range. Titley 

(1973) points out that the range lies on the projection of the Sawmill 

Canyon fault zone, a major structural discontinuity striking N55°W•

This fault zone forms the southwestern boundary of a graben structure 

which shows evidence of activity from Triassic through Tertiary time 

(Titley, 1972 and 1973)• Drewes (1973) gives a succinct summary of the 

structural development of the area. According to Drewes (1973), most 

pre-laramide structural evidence has been obscured by intense Laramide 

deformation. Regional thrust faulting occurred in the period 72 to 75 

m.y. ago. Abundant high angle fracturing and faulting accompanied this 

period of thrust faulting and the intrusion of the Ruby Star Granodiorite
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pluton and satellite intrusive units 55 to 59 m.y. ago. Post-Laramide 

structures include local"high angle faulting and the low angle San 

Xavier fault which is interpreted by Cooper (i960) as a large gravity 
glide fault.

In the immediate vicinity of the Esperanza orebody, several in

vestigators (lacy and Titley, 1962; Lootens, 1966; and Lynch, 1966) note 

the strong ENE trend of the faults and fractures in the area. Rehrig 

and Heidrick (1972) report in a detailed fracture study of the Sierrita 

pit the presence of a strong orthogonal system of mineralized fractures. 

This orthogonal system is composed of a strong N50-85°E set and a weaker 

N5-25°W set.



CHAPTER 2

PETROGRAPHY

A detailed petrographic study of eighty thin sections was 

undertaken to establish petrologic lithologies and the mineralogic 

effects of alteration upon the various rock types > To facilitate 

recognition of potash feldspars, the sections were stained with sodium 

cohaltinitrite (Bailey and Stevens, i960). Point counting was done on 

forty of the sections to obtain refined volume percentages of major 

phases. During counting, 1000 or more counts were accumulated in order 

to obtain an accuracy of 20 = 3/6 (Van der Plas and Tobi, 1965) for the 

major mineral phases. Very fine grained volcanic rocks and heteroge

nous altered rocks were not point counted and compositions given for 

them should be considered as estimates only. These rocks are desig

nated in the descriptions and Tables 1-6.

An effort was made to correct for alteration effects in the 

initial point counting and estimation in an attempt to establish orig

inal rock compositions. This technique obviously involves uncertainty 

concerning what phases are of alteration origin and what is primary; 

this uncertainty is noted in the descriptions. In many instances this 

attempt at recreating the original rock was impossible as noted.

Rock nomenclature follows Travis (1955) with two modifications 1 

the term 'rhyodacite1 is included as the fine grained equivalent of 

granodiorite and the term 'porphyry' is reserved for rocks with an

8



aphanitic groundmass (StrIngham, 1966; and Jackson, 1970). Phaneritic 

rocks with a porphyritic texture are referred to as porphyritic granite, 

and so forth. Travis' classification scheme was chosen because of its 

relative simplicity and common local usage. Chlorite nomenclature 

follows Albee (1962).

9

Ox Frame Volcanics

The Ox Frame Volcanics in the Esperanza pit (Fig. 2) are com

posed of a variable sequence of silicic volcanic rocks with some inter- 

bedded sediments. Included are rhyolite through dacite crystal tuffs 

and flow units, rhyolite welded tuff and tuff breccia, and volcanic 

breccias. The series is essentially massive with virtually no indica

tion of bedding. Orientation of eutaxitic texture elements and elon

gate breccia fragments indicate a steep southwest dip in agreement with 

the 63°SW dip given by Cooper (1971, Fig. 6).

The sequence as recognized along the south wall of the pit is, 

from east to west, quartzite, volcanic breccia, rhyolite tuff breccia, 

welded rhyolite tuff, rhyolite tuff breccia, quartz latite crystal tuff, 

and dacite tuffs and flows. The volcanics were not intensely studied; 

only seven thin sections were prepared. Table 1 gives modal estimates 

of the Ox Frame Volcanics.

Volcanic Breccia

Volcanic breccia is medium to light grey in color with angular 

fragments up to 10 cm in size in an aphanitic matrix. The fragments 

are composed of aphanitic volcanic rocks and tuffs. No thin sections 
were prepared of this rock type.
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Quartzite
A hard medium grey very fine grained rock thought to be volcan

ic on preliminary observation was revealed in thin section to be a 

feldspathic sandstone with interstitial albite and orthoclase. Petro- 

graphically, 3795-1 (see Fig. 3 for sample locations) consists of 60- 

7($ rounded, elongate quartz grains with sutured boundaries where they 

are in mutual contact. Very fine granular, 0.1 mm albite and orthoclase 

interstitial to the quartz comprise about 25-30% of the rock. Magnesium 

rich chlorite comprises about 5% of the rock with i% or less of pyrite, 

rutile, calcite, and trace zircon.

Rhyolite Tuff Breccia

Rhyolite tuff breccia is interlayered with welded and crystal 

tuffs. The rock is light to medium grey and the fragmental texture is 

vague in hand specimen. A rough estimate of modal composition of the 

tuff breccia is given as sample number 3725-10 (Table 1 and Fig. 4).

In thin section, angular fragments of tuff 0.5-15 mm in size are set in 

a matrix of similar composition and slightly larger grain size. In 

sample 3760-3, fragments of very fine grained orthoclase and quartz are 

set in a matrix of coarser, 0.05 mm albite and quartz. Irregular 

stringers and pods of quartz occur in the matrix. The fragments are 

composed of orthoclase, quartz, and albite generally less than 0.01 mm 

in size which form a granular mosaic with scattered clots and stringers 

of quartz and albite. Minor pyrite and chlorite occur with the quartz- 

albite clots. Scattered, highly altered 0.05 to 0.2 mm fragments of 

plagioclase crystals occur in the tuff fragments. The crystal fragments



Table 1. Estimated Modes of Ox Frame Volcanics

Rhyolite
Tuff

Breccia

Rhyolite
Welded
Tuff

Rhyolite
Tuff

Quartz
Latite
Tuff

Quartz
Latite
Tuff

Leucodacite

Sample No. 3725-10 3725-14 3725-13 3725-6 3725-4 3725-2

Orthoclase 55 40 40 30 30 55
Quartz 25 30 40 40 30 40

Plagioclase 20 (Albite) 30 (Albite) 15 30 40 4

Pyrite <1 <1 <1 <1 <1 <1

Rutile <1 Trace Trace Trace Trace Trace

Calcite Trace - 1 1 Trace 2

Chlorite Trace - - - - -

Zircon Trace Trace Trace Trace Trace

Apatite Trace Trace
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25-13 / 25-6

2510 / 25-14 25-4

__Quartz Latile\___ Rhyodacite sDocite1
\

__________ Latite\Trachyte /

Figure 4. Modal Qz-Or-Pl for Ox Frame Volcanics.



and microeutaxitic structure of many of the "breccia fragments attest to 

their welded tuff origin.

Rhyolite Welded Tuff
Rhyolite welded tuff is present as scattered layers in the Ox 

Frame Volcanics. The welded nature is exemplified "by planar eutaxitic 

structure which is visible on close inspection of hand specimens. The 

color in hand specimen is light grey to creamy white on fresh exposures. 

A rough estimation of the modal content of rhyolite welded tuff is given 

as sample number 3725-1^ in Table 1. Sample 3725-1^ is also plotted on 

Figure 4. In thin section, the eutaxitic structure is present as alter

nating segregated bands of quartz-albite and quartz-orthoclase of var

ying 0.005 to 0.1 mm grain size with an average of approximately 0.02 mm 

(Fig. 5)• Scattered crystal fragments of orthoclase, plagioclase, and 

quartz comprise approximately two percent of the rock.

Rhyolite and Quartz Latite Crystal Tuff

Approximately 70-80% of the volcanic rocks exposed in the pit 

are composed of rhyolitic to quartz latitic crystal tuff. The rock 

varies from light grey to creamy white and consists of 10-25% crystal 

fragments set in a dense flinty matrix. The rock is massive in occur

rence with no discernible indication of attitude. Sample number 3725-13 

in Table 1 gives the estimated modal composition of a rhyolite crystal 

tuff while numbers 3725-6 and 3725-4 are of quartz latite tuffs. These 

samples are also plotted on Figure 4. A faint suggestion of eutaxitic 

structure is present in thin section, with crystal fragments varying up 

to 2 mm in size, with most less than 0.5 nm (Fig. 6). The crystal

15



Figure 5. Texture of rhyolite welded tuff.

Elongate shardlike clots of sericite and scattered fragments of quartz 
in a fine felty mosaic of quartz and feldspar. 3725-14; crossed 
polarized light.

Figure 6. Texture of rhyolite crystal tuff.

large feldspar phenocrysts (p) replaced hy orthoclase, albite, and seri
cite in a matrix of quartz and feldspar; quartz-orthoclase veinlet (v) 
in upper right corner. 3725-4; crossed polarized light.



Figure 5* Texture of rhyolite welded tuff.

Figure 6. Texture of rhyolite crystal tuff.

__
__
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fragments are individual "broken crystals of quartz, plagioclase, and 

minor orthoclase, respectively 50, 40, and 10% in the rhyolite tuffs to 

90, 10, and 0% in the latite tuffs. Most of the plagioclase fragments 

are highly altered to orthoclase, sericite, and albite; a composition 

of oligoclase (An 12-15) was obtained using the Michel-Levy technique on 

one thin section. Clots of quartz with sericite, calcite, rutile, sul

fides, and minor apatite and zircon are thought to represent former 

biotite or amphibole sites. The matrix is composed of an interlocking 

mosaic of anhedral quartz, orthoclase, and albite 0.01 mm and less in 

size. The groundmass is segregated into orthoclase-rich and albite-rich 

areas several millimeters in size. In one sample this segregation was 

in bands at an angle to the eutaxitic structure and flow banding of the 

crystal fragments.

leucodacite

Sample number 3725-2 (Table 1 and Fig. 4) represents a rock 

which may be a dacite flow unit. The rock is creamy white to light grey 

on freshly broken surfaces with white crystals or phenocrysts set in a 

flinty matrix. In thin section, the rock proves to be composed of about 

2Q% phenocrysts of oligoclase (An 12-15) and quartz at a ratio of 4 to 1. 

The phenocrysts exhibit indistinct flow banding and are from 0.3 to 4 mm 

in size. No mafic minerals were observed. The groundmass is an allo- 

triomorphic granular aggregate of quartz and plagioclase. At 0.02 to 

0.15 ®m» the matrix is significantly coarser than the matrix of the vol

canic units. Minor calcite and sulfides and traces of apatite, rutile, 

and zircon are present. Although megascopically similar to the volcanic
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rocks described above, the leucodacite could be an intrusive body; field 

and petrographic criteria are not conclusive as to origin. The only 

contact observed was a fault contact with biotite diorite.

Biotite Quartz Diorite Porphyry

Rocks included under the general term biotite quartz diorite 

porphyry vary texturally from porphyritic dacite through dacite porphyry 

to quartz diorite porphyry. A general trend of increasing phenocryst 

to groundmass ratio was observed in the field and in thin section from 

north to south in the pit. This trend is general, and in detail pockets 

of quartz diorite porphyry occur in dacite and vice versa. No contacts 

were observed and the textural varieties are considered gradational. 

Biotite quartz diorite porphyry (Fig. 2) is intrusive into the Ox Frame 

Volcanics and is in turn intruded by rhyodacite porphyry. Biotite 

quartz diorite porphyry is present throughout the northern and central 

portions of the pit. In hand specimen, the quartz diorite porphyry is 

an aphanitic dark grey to black rock with 1 to 2 mm white plagioclase 

and black biotite clusters pseudomorphic after hornblende phenocrysts.

Modal analyses of the biotite quartz diorite-dacite porphyry are 

presented in Table 2. These modes are plotted on the quartz-plagioclase- 

orthoclase ternary diagram of Figure ?• In thin section, the quartz 

diorite porphyry is seen to contain as much as 75% phenocrysts of euhe- 

dral to subhedral laths of andesine (An 38-44) 0.3 to 2 mm in size and 

pseudomorphic clots of biotite with minor rutile, chlorite, magnetite, 

and apatite after hornblende 0.5 to 4 mm in size. Many of the clots 

still retain the shape of the hornblende (Fig. 8) and in specimens



Table 2. Modal Analyses of Biotite Quartz Diorite and Hornblende Andesite.

Biotite Quartz Diorite

Sample No. 3655-1* 3655-3 3655-4* 3655-10* 3690-2* 3725-1* 3725-F*

Plagioclase 45 48.6 65 65 60 70 65
Biotite 20 30.2 15 20 25 15 15
Quartz 25 19.5 15 10 15 15 15
Hornblende - - - - - - -

Magnetite ' 3 1.0 3 Trace 2 0.5 1
Apatite Trace Trace Trace - Trace Trace Trace

Zircon - Trace - - Trace Trace Trace
Sulfide - 0.5 - - <1 1 -

Pyrite — — — 2 - - 1

H-
VO



Table 2. (Continued)

Blotite Quartz Diorite Hornblende Andesite

Sample No. 3760-2* 3760-10* 3760-15 3760-21a* 3795-3 3725'

Plagioclase 70 65 53-3 65 37.0 30
Blotite 18 20 21.4 15 23.3 50

Quartz 5 15 19-4 15 36.1 -

Hornblende 2 - Trace - - 15
Magnetite 2 1 2.0 3 2.0 5
Apatite Trace • Trace 0.2 - Trace -

Zircon Trace - Trace - Trace -

Sulfide - - - - - -

Pyrite - - 0.5 - 0.5 -

^Estimated modes
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Figure ?• Modal Qz-Or-Pl for "biotite quartz diorite.



Figure 8. Biotite cluster with relict hornblende in biotite 
quartz diorite.

A. Biotite (yellow-brown) and magnetite (opaque) pseudomorphic after 
hornblende with relatively fresh twinned plagioclase phenocrysts. 
3760-2$ crossed polarized light.

B. Biotite (tan-brown) and magnetite (opaque) replacing hornblende
(green). 37&0-2; plane polarized light.



22

Figure 8. 
quartz diorite. Biotite cluster with relict hornblende in biotite
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3?60-2 and 3725-16, ragged remnants of the original hornblende remain in 

the centers of many clots. The relict hornblende shows green to blue- 

green to yellow-brown pleochroism. No hornblende remains in the most 

altered specimens, and the biotite pseudomorphs become more diffuse and 

indistinct in those rocks.
The groundmass is a hypidiomorphic granular mosaic which varies 

from 0.005 to 0.1 mm in grain size. Minute laths and irregular grains 

of plagioclase occur with interstitial quartz and flakes of biotite.

Minor magnetite and trace apatite and zircon are present. The quartz 

content is quite variable, but averages 10 to 15%. Much of the quartz 

in the quartz-rich specimens may be of alteration origin as there 

appears to be a correlation of quartz content and degree of alteration. 

Flow banding is present in many specimens.

Biotite-Hornblende Andesite

A 2.5 m wide dike of andesite cuts the Ox Frame Volcanics on the 

southwest wall of the pit (Fig. 2). The rock in hand sample is dark grey 

to black with a faint greenish tint. On close examination, the rock is 

seen to be porphyritic with 5-10% vague grey plagioclase phenocrysts set 

in an aphanitic matrix.

A modal analysis of the biotite-hornblende andesite is given as 

sample 3725-5 in Table 2. In thin section, scattered 0.5-1 mm equant 

phenocrysts of labradorite (An 50) are observed with rare 0.2-1 mm horn

blende phenocrysts (Fig. 9)• These subhedral phenocrysts are set in 

felty matrix of biotite flakes, hornblende laths, and plagioclase laths 

with a peppering of magnetite and trace rutile. The matrix grain size
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Figure 9* Texture of hornblende andesite.

Ghostlike phenocrysts of plagioclase in biotite rich matrix. 3725-5; 
crossed polarized light.
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is generally less than 0.05 nun. Vaguely defined biotite-rich and horn

blende-rich areas are seen in thin section. The biotite-rich areas 

appear to be unrelated to veinlets or fractures. The equant and more 

calcic nature of the plagioclase phenocrysts, the absence of quartz, 

and the general textural and compositional characteristics of the rock 

clearly distinguish it from the biotite quartz diorite porphyry.

Rhyodacite Porphyry

Rhyodacite porphyry occurs as small scattered plugs and dikes 

in the central and northeastern portion of the pit (Fig. 2). It is in

trusive into the Ox Frame Volcanics and biotite quartz diorite-porphyry. 

No definitive contacts were observed between the rhyodacite porphyry and 

the Esperanza quartz monzonite porphyry. The only unfaulted contact 

observed appeared to be a gradational change from rhyodacite intrusion 

breccia into granodiorite-quartz monzonite porphyry intrusion breccia. 

The fragments in this intrusion breccia are biotite quartz diorite por

phyry. lynch (1966) considers the rhyodacite porphyry, his dacite 

porphyry, to be post quartz monzonite porphyry in age.

The fresh rhyodacite porphyry varies in color from medium grey 

to greenish grey to an unusual violet grey. In hand specimen, the rock 

consists of white plagioclase laths which weather out on exposed pit 

faces leaving a pitted surface, scattered black biotite plates, and 

rounded clear quartz "eyes" evenly distributed in an aphanitic matrix. 

One of the more striking features of this rock is the presence of widely 

scattered ubiquitous megacrysts of rapakivi orthoclase up to 6 cm in 

size (Fig. 10). These pink megacrysts characteristically show a white
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Figure 10. Rapakivi feldspar megacryst in rhyodacite porphyry.

Pink orthoclase core rimmed by white oligoclase myrmekite rind. Thin 
orthoclase veinlet (ov) cuts oligoclase rim on the upper right corner 
of the crystal. 3760-21; incident light.
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mantle of plagioclase of variable thickness. Rare white megacrysts of 

plagioclase are also present.

Modal analyses of the rhyodacite porphyry are given in Table 3* 

A modal quartz-oirbhoclase-plagioclase plot is presented as Figure 11. 

This diagram illustrates a considerable range in composition, but with 

the majority of points in the rhyodacite field. The possible inadver

tent inclusion of secondary orthoclase in the modes could account for 

much of the range in modal composition.
In thin section (Fig. 12), the rhyodacite is hypidiomorphic- 

granular porphyritic with a phenocryst to groundmass ratio of 0.2-0.25• 

Plagioclase phenocrysts (An 20-38) are euhedral to subhedral laths 0.5 

to 8 mm in length. Plagioclase phenocrysts comprise 80-90% of the 

phenocryst population of the rock. Scattered 1-2 mm biotite books and 

flakes and 0.5-4 mm rounded and embayed quartz "eyes" with rare ortho

clase megacrysts constitute the remainder of the phenocryst population.

The groundmass is a hypidiomorphic granular mosaic of plagio

clase, quartz, biotite, and orthoclase with minor magnetite and traces 

of apatite and zircon. Plagioclase occurs as subhedral to euhedral 

laths 0.05 to 0.2 mm in size commonly showing flow banding. Biotite 

flakes 0.02 to 0.1 mm across are present in variable amounts. Anhedral 

0.01 to 0.1 mm quartz and orthoclase occur interstitially between 

plagioclase grains. The groundmass orthoclase is quite variable in 

abundance, varying from essentially zero to about 20% of the rock. How 

much of this orthoclase is primary is uncertain.

As mentioned previously, one of the more striking features of 

this rock is the ubiquitous occurrence of scattered mantled orthoclase



Table 3* Modal Analyses of Rhyodacite Porphyry.
VR = Whole Rock; Ph = Phenocrysts; and GM = Groundmass.

Rhyodacite Porphyry
Sample No. 3725-12* 3725-12a 3725-15* 3760-1la* 3760-nc 3760-16 3760-18 3760-21

WR Ph WR Ph WR Ph WR Ph WR Ph WR Ph WR Ph WR Ph

Plagloclase 60 85 58.1 97 55 80 55 75 56.2 65 54.7 85 52.8 95 54.8 89

Orthoclase 10 - 9.9 - 15 - 20 - 12.6 - 14.5 - 12.8 — 10.9 -
Quartz 25 12 20 e  0 — 25 16 15 10 19.7 20 24.3 10 28.1 - 23.7 3.6
Biotite** 5 3 7.6 3 8 4 10 15 9.8 15 5-1 5 5-1 5 9.0 7.4

Pyrite 2 - 2.9 - 3 - 2 - 1.0 1-7 - 1.4 — —

Zircon Trace - Trace - Trace - - - - - Trace - Trace - — —

Apatite - - 0.5 - - - - - Trace - 0.2 - 0.3 - 0.2 -
Magnetite - - — — - - Trace - Trace - - - - - 1.8 -

PhtGM 1*5 1:4 1*4 1:7 1:5 1*5 1:6 1*3

♦Estimated modes
**Biotite and psendomorphs of chlorite after biotite
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Figure 11. Modal Qz-Or-Pl for rhyodacite porphyry.



Figure 12. Texture of rhyodacite porphyry.

Plagioclase phenocrysts (p) dusted with sericite in a quartz-feldspar 
matrix. 3760-18; crossed polarized light.

Figure 13• Detail of rapakivi feldspar in rhyodacite porphyry.

Orthoclase core (or) rimmed by oligoclase (ol-qz) which is riddled by 
white quartz. Plagioclase grains (p) are included within the core and 
rim. Rock matrix (rm) is on extreme right. 3760-21; crossed polarized
light.
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Figure 12. Texture of rhyodacite porphyry.

or • ol - qz ; rm

Figure 13. Detail of rapakivi feldspar in rhyodacite porphyry.



megacrysts. In thin section (Fig. 13), the megacrysts are seen to con

sist of orthoclase microperthite enclosed within a mantle of oligoclase 

myrmekite. The megacrysts have a somewhat rounded outline and the con

tact "between the orthoclase and its enclosing mantle appears smooth in 

hand specimen "but is seen with the microscope to he irregular. The 

megacrysts poikilitically enclose plagioclase and biotite grains. The 

included plagioclase is andesine (An 30-32) In sample 3760-21• The 

mantling plagioclase in the same specimen is oligoclase (An 18-22), 

essentially the same as the surrounding phenocrysts. Also of note is 
the presence of rare rounded greyish white plagioclase megacrysts 1 to 

2 cm across which are seen in thin section to be a myrmekitic inter

growth of quartz and oligoclase essentially identical to the mantling 

material on the rapakivi orthoclase megacrysts.

Leuco-Quartz Diorite Porphyry

In the northwest corner of the pit a wedge-shaped body of rather 

anomalous quartz diorite porphyry projects into the pit from the north 

(Fig. 2). The rock is intrusive into the biotite quartz diorite porphy

ry and andesite, and has an unknown but perhaps gradational contact with 
the “western” quartz monzonite described below.

During field work and early petrographic work, extensive ortho

clase flooding suggested that this rock was quartz monzonite porphyry.

On fresh surfaces, the rock is seen to consist of about 50% phenocrysts 

of white to greenish white plagioclase crystals, glassy grey quartz 

"eyes", black to greenish black biotite books, and scattered pink ortho

clase crystals. The matrix is aphanitic and varies from pink to light

31
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grey to greenish grey. The plagioclase phenocrysts are sericitized to 

varying degrees and commonly weather out of an exposed face giving a 

honeycomb appearance to the rock.

Modal data for the rock is presented as samples 3655-6 and 

369O-I in Table 4. Modal quartz-orthoclase-plagioclase are plotted on 

Figure 14. In thin section (Fig. 15), the rock is seen to consist of 

0.5-6 mm subhedral to euhedral phenocrysts of oligoclase (An 25-30), 

0.5-4 mm rounded and embayed quartz "eyes”, 0.5-3 mm biotite books and 

chlorite pseudomorphs, and 0.5-20 mm orthoclase microperthite pheno

crysts. Plagioclase comprises from 60 to 7Q&, quartz 10-20%, biotite 

5-10%, and orthoclase 10-20% of the phenocrysts. Semi-quantitative 

microprobe analysis of plagioclase phenocrysts in sample 3690-4 gave a 

composition of oligoclase (An 20) with no zoning detectable. This 

agrees well with the composition reported above which was determined 

by the Michel-Levy technique. The groundmass is composed of a 0.01 to 

0.1 mm aplitic mosaic of quartz and plagioclase with minor biotite and 

trace apatite and zircon (Fig. 16). Adjacent to orthoclase veins and 

throughout the entire thin section where veins are closely spaced, the 

groundmass is an identically textured mosaic of orthoclase and quartz 

(Fig. 17).

Dacite Porphyry

A body of dacite porphyry 15 m wide is exposed on the west end 

of the 3690 bench (Fig. 2). The body of dacite porphyry is in fault 

contact with biotite quartz diorite porphyry and its age relations are 

unknown. The rock is light to medium grey with scattered white



Table 4 Modes of Leuco-Quartz Diorite Porphyry and Dacite Porphyry 

WR = Whole Rock; Ph = Phenocrysts; and GM = Groundmass.

Leuco-Quartz Diorite Porphyry Dacite Porphyry

Sample No. 3655-6* 3690-1 3690-4b* 3690-7

WR Ph WR Ph WR Ph WR Ph

Plagioclase 60 75 65.O 84.6 55 65 52.5 76.1

Orthoclase — - - - O1 5.0

Quartz 30 15 29.1 6.8 35 15 33-7 14.9
Biotite 8 10 5.7

NOCO 5 5 8.14 9.0

Sulfide Trace 0.2 - — — 0.8

Apatite Trace Trace - Trace Trace

Zircon Trace Trace - Trace Trace

PhjGM 111 111 111 li4

♦Estimated modes
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kDioriteSyenite, Monzonite\

Figure 14. Modal Qz-Or-Pl for leuco-quartz diorite porphyry•
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Figure 15. Texture of leuco-quartz diorite porphyry.
Plagioclase phenocrysts (p) dusted with sericite, a triangular quartz 
grain (q), and a green chlorite (c) pseudomorph in aplitic mosaic of 
quartz and oligoclase. 3655-7; crossed polarized light.



Figure l6. Matrix of leuco-quartz diorite porphyry.

Plagioclase phenocryst (p) dusted with sericite and calcite clots (cal) 
in an aplitic mosaic of quartz and oligoclase with sericite. 369O-I; 
crossed polarized light.

Figure: 1?.:: Matrix of leuco-quartz diorite porphyry within 
orthoclase veinlet envelope.

Sericitized plagioclase phenocrysts (p) in an aplitic mosaic of quartz 
and orthoclase. 369O-I; crossed polarized light.
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Figure l6. Matrix of leuco-quartz diorite porphyry.

Figure 1?. Matrix of leuco-quartz diorite porphyry within 
orthoclase veinlet envelope.
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plagioclase phenocrysts, "black "biotite "books, and anhedral rounded 

quartz "eyes". The rock "becomes darker near the contact with the bio

tite dacite porphyry due to an increase in biotite content.

Sample 3^90-7 on Table 4 gives a modal analysis of the dacite 

porphyry. Modal quartz-orthoclase-plagioclase is plotted on Figure 14. 

The microscope shows the rock to consist of approximately 20% pheno

crysts. The phenocrysts are andesine (An 30-32) as subhedral to 

euhedral 1-3 mm crystals, 15% anhedral embayed quartz phenocrysts 0.5- 

2 mm across, and 9% biotite books 0.5-2 mm in size. Scattered clusters 
3-4 mm in size are composed of grains of quartz and rare grains of 

apatite. The groundmass is composed of poikilitic quartz (Fig. 18) 

enclosing 0.02-0.2 mm plagioclase laths with scattered biotite flakes, 

minor anhedral orthoclase, and trace apatite and zircon.

Quartz Monzonite Porphyry

Quartz monzonite porphyry forms fingerlike projections into the 

pit area from the north (Fig. 2). North of the pit the quartz monzonite 

porphyry changes gradationally into the Ruby Star Granodiorite (lynch, 
1966). This rock type is considered to be a border facies of the Ruby 

Star batholith. Two bodies of quartz monzonite were encountered in 

this study, one in the east and one in the west part of the pit. The 

"eastern" quartz monzonite porphyry has a linear exposure trending 

north-northwest (Fig. 2). The rock is distinctly porphyritic in appear

ance and shows a textural change from aplitic groundmass in the north 

to a coarser, almost phaneritic matrix in the southeastern portion of 
the pit.
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Figure 18. Dacite porphyry matrix.

Irregular quartz (q) grains surround and enclose minute sericitized 
plagioclase laths (p). 3690-7; crossed polarized light.
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The contact relations of the "eastern" porphyry are in many 

cases not definitive. The quartz monzonite porphyry is in fault contact 

with the volcanics along its southwestern exposure. Along its northern 

contact, where it is not faulted against quartz diorite porphyry, the 

quartz monzonite porphyry forms the more granodioritic matrix of an 

intrusion breccia. Xenoliths of quartz diorite porphyry float in a 

matrix of quartz monzonite porphyry which in some areas contains abun

dant megacrysts of orthoclase up to 10 cm in size. This quartz mon

zonite intrusion breccia changes, with no distinct contact observed, 

into a rhyodacite intrusion breccia. No contacts were observed between 

the quartz monzonite porphyry at sample 3760-13 and the rhyolite por

phyry of sample 3760-14.

Mauger .(1966) reports a detailed study of the "eastern" quartz 

monzonite porphyry from samples collected southeast of and higher than 

the area studied. The quartz monzonite porphyry is considered younger 

and intrusive into all rock types except possibly the rhyodacite porphy
ry.

The western exposure of quartz monzonite varies from granitoid 

through porphyritic-phaneritic in texture and forms the southeastern 

border of the leuco-quartz diorite porphyry (Fig. 2). The "western" 

quartz monzonite forms sharp clearly intrusive contacts with the biotite 

quartz diorite porphyry with thin stringers and dikelets extending out 

into the biotite quartz diorite porphyry. The contact of the quartz 

monzonite porphyry with biotite quartz diorite porphyry appears in hand 

specimen to be a pink aphanitic chill zone of monzonite. This apparent 

"chill zone" is discussed under the microscopic description following.
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No contact was observed between the "western" quartz monzonite and the 

leuco-quartz diorite porphyry during the field work. The quartz mon

zonite is here considered younger than the leuco-quartz diorite porphy

ry, primarily on alteration evidence.

Table 5 gives the modal data for the quartz monzonite porphyry. 

In thin section the "western" quartz monzonite is seen to vary in tex

ture from granitoid to phaneritic porphyritic as the contact with bio- 

tite quartz diorite porphyry is approached. In the granitoid portion,

1-5 mm subhedral plagioclase occurs with 0.5-3 mm anhedral orthoclase 

ani quartz and minor 0.5-2 mm pseudomorphs of sericite, calcite, chalco- 

pyrite, and rutile after biotite. Accessory apatite and zircon are 

present. In the porphyritic phase, 2-4 mm phenocrysts of euhedral to 

subhedral oligoclase (An 26-28), rounded quartz, and biotite books are 

accompanied by megacrysts of orthoclase up to 3 cm in size. These ortho

clase megacrysts are microperthitic and contain oriented inclusions of 

plagioclase and quartz. Scattered mantled megacrysts occur with round

ed microperthitic cores of orthoclase rimmed by a graphic intergrowth 

of oligoclase and quartz. The matrix of the rock is composed of 0.2- 

0.5 mm subhedral plagioclase and anhedral quartz and orthoclase (Fig. 

19).
At the contact of the "western" quartz monzonite with biotite 

quartz diorite is a two inch band of plumose granophyre (Fig. 20).

This granophyre consists of equal amounts of orthoclase and quartz in- 

tergrown in the form of radiating plumes 2-12 mm long which radiate from 

the sharp biotite diorite contact out into the quartz monzonite. This 

granophyre is found at sample 3690-8 on the north wall ani at 3655-5 in



Table 5* Modal Analyses of Quartz Monzonite Porphyry 

WR = Whole Rock and Ph = Phenocrysts.

"Eastern" Quartz Monzonite Porphyry

Sample No. 3760-4 3760-4a* 376o-4f 3760-6* 3760-7

WR Ph WR Ph WR Ph WR Ph WR Ph

Plagioclase 38.6 77 40 70 41.4 76.8 45 75 35-8 75.8
Orthoclase 25.7 11 30 15 28.2 10.8 23 5 28.9 7.2
Quartz 31.4 9 26 15 25.0 10.4 27 15 27.8 8.8

Biotite 2.7 4 4 - 4.4 2.3 5 5 3.4 7*4
Pyrite 3-9 - 1 - 1.1 - - - 2.8 -

Apatite - - - - Trace - Trace - - -

Zircon Trace Trace

Magnetite



Table 5* (Continued)

"Eastern” Quartz Monzonite Porphyry

Sample No. 3760-9 3760-11* 3760-12* 3760-13 3760-13
WR Ph WR Ph WR Ph WR Ph WR Ph

Plagioclase 41.2 62.8 50 60 45 75 41.? 55-6 44.6 65.9

Orthoclase 28.0 12.8 20 - 30 6 29.5 34.9 20.9 7-5
Quartz 26.2 20.2 20 30 20 8 25.9 6.5 25-7 18.1

Biotite 3.4 4.3 10 10 5 10 2.9 3-2 7.2 8.5

Pyrite 1.2 - - - - - 0.3 - 0.5 -

Apatite Trace - - - - - 0.5 - Trace -

Zircon Trace _ _ Trace _ Trace —

Magnetite 1



Table 5* (Continued)

"Eastern”
Sample No. 376O-Q 3620-4*

WR Ph WR Ph

Plagioclase 34.3 79.1 35 -

Orthoclase 32.4 12.0 25 -

Quartz 28.0 8.0 30 -

Biotite 4.7 0.9 5 -

Pyrite - - - -

Apatite - - Trace -

Zircon - - Trace -

Magnetite — — — —

"Western” Quartz Monzonite Porphyry

3655-5* 3690-8a 3690-8b

WR Ph WR Ph WR Ph

30 100 36.8 45.3 31-6 85
30 - 36.5 47.8 35-1 8

30 - 22.5 2.4 30.2 5

3 - 1-3 4.5 2.9 2

Trace - Trace - 0.3 -

- - Trace - - -

- - Trace - - -

Trace

*Estimated modes



Figure 19. Texture of "western” quartz monzonite porphyry.

large orthoclase twin (or) with overgrowth and plagioclase phenocryst ; 
(p) in matrix of plagioclase (dusted with sericite), orthoclase, and 
quartz. 3690-8a; crossed polarized light.

Figure 20. Plumose granophyre.

Radiating plumes of orthoclase and quartz. Sericitized plagioclase 
grain (p) at left is in biotite quartz diorite at the contact. 3655-5; 
crossed polarized light.



44

Figure 19. Texture of "western" quartz monzonite porphyry.

Figure 20. Plumose granophyre.
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the lower west part of the pit. At sample 3655-5 the quartz monzonite 

is a very fine grained variety at 0.05 to 0.1 mm with essentially the 

same composition as that described above (Table 5)•

The "eastern" quartz monzonite is a true porphyry with distinct 

phenocrysts averaging 50% of the rock in an aphanitic to aplitic matrix 

(Fig.21). There is some variation in texture, including a distinct 

coarsening of grain size to the southeast. Andesine (An 36-42) in sub- 

hedral to euhedral crystals 0.5-6 mm in size forms the bulk of the 

phenocrysts. A tendency for clustering is noted. The remainder of the 

phenocrysts are 0.5-4 mm anhedzal embayed quartz grains, euhedral to 

subhedral microperthitic orthoclase in grains 0.5 mm to 2 cm in size, 

and 0.5-2 mm books of biotite and pseudomorphs of chlorite, sericite, 

epidote, rutile, sulfides, and calcite after biotite. These phenocrysts 

are set in the southeast in an allotriomorphic granular to hypidiomorphic 

granular matrix of varying proportions of plagioclase, orthoclase, and 

quartz with markedly subordinate plagioclase. The grain size of the 
matrix varies from 0.02 to 0.1 mm in the north to 0.1 to 0.5 mm in the 
southwest. Table 5 gives the modes for the samples beginning with 

3760-13 in the north and continuing through 3760-4 in the south. Scat

tered rapakivi feldspars are present. These mantled orthoclase pheno
crysts (Fig. 22) are smaller and somewhat different in character than 

the rapakivi of the rhyodacite porphyry. The rims in the quartz mon

zonite porphyry consist of discrete grains of andesine arranged with 

long dimensions parallel to the orthoclase boundary and completely en

closing the orthoclase. Another feature in the quartz monzonite por

phyry is the occurrence of overgrowths on most of the orthoclase



Figure 21. Texture of "eastern" quartz monzonite porphyry.

A. Sericitized plagioclase phenocrysts (p) and chlorite pseudomorph (ch) 
in an aplitic matrix of quartz and feldspar. 3760-13; crossed polarized 
light.

B. Chlorite pseudomorph (ch) in coarser textured matrix of quartz and 
feldspar. 37&0-6; crossed polarized light.
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Figure 21. Texture of "eastern" quartz monzonite porphyry.



4?

Figure 22. Detail of rapakivi feldspar in quartz monzonite 
porphyry.

Orthoclase core (blue-grey) with rim of aligned andesine grains 
(twinned and sericitized) in quartz-feldspar matrix. 3760-4; crossed
polarized light.



phenocrysts and many of the plagioclase and quartz phenocrysts. These 

overgrowths are in optical continuity with the host and enclose grains 

and clots of matrix material.

Figure 23 is a ternary diagram illustrating modal quartz, ortho- 

clase, and plagioclase normalized to 10($. As can be seen from this 

diagram the quartz monzonite porphyry plots near the quartz monzonite- 

granodiorite boundary. The three modal analyses of the "western" quartz 

monzonite are also plotted. The average modal analysis given by Mauger 

(1966) is also plotted on Figure 23 for comparison, his analysis being 

more orthoclase-rich than those reported here. This enrichment in 

orthoclase could reflect a difference in rock composition, Mauger1s 

samples having been collected several hundred feet to the southwest and 

two hundred feet higher, or they could represent differences in tech

nique since Mauger included veinlet orthoclase whereas in this study 

veinlets were avoided. Modal data from samples collected 0.5 to 0.7 

miles north of the Esperanza pit given by Lovering et al. (1970) are 

also plotted for comparison. Also plotted is the average modal analysis 

of the quartz monzonite porphyry at Sierrita as given by Hillman (1972)•

Miscellaneous Rock Types

48

Alaskite

There is an exposure of alaskite in a small faulted block in 

the volcanics on the south side of the 3725 bench (Fig. 2). The alas

kite, with a small wedge of biotite quartz diorite, occupies a narrow 

seven meter block bounded on all exposed sides by faults. Age relations 

along the intrusive contact between the alaskite and biotite quartz



EXPLANATION

o = average of 10 modes,this work, x= average mode, Mouger (1966) 

GM = groundmassi WR = whole rock* PH - phenocrysts

A = Sierrlta Quartz Monzonite Porphyry, Hillman (1972) 

a = Quartz Monzonite Porphyry, Lovering et al (1970)

|  = Ruby Star Gronodlorite, Lovering et al (1970)

Figure 23. Modal Qz-Or-Pl for quartz monzonite porphyry•
VO



diorite are inconclusive. The alaskite is in hand specimen a phaneritic 

rock composed of light grey quartz and pale pink to yellow-white feld

spars. In thin section, the rock is seen to be an anhedral mosaic of 

3($ quartz and 70% perthite 2-8 mm in grain size with very minor pyrite 

and trace rutile. The strong perthite development and the absence of 

discrete plagioclase grains places this rock in the hypersolvus granite 

composition (Tuttle and Bowen, 1958)•

Rhyolite Porphyry
A rhyolite porphyry is exposed along the north central side of 

the 3760 bench (Fig. 2). The rock was initially considered to be a 

highly altered volcanic unit but detailed thin section work cast con

siderable doubt on this early interpretation. Unfortunately, no dis

tinct contacts were observed between the rhyolite porphyry and either 

the rhyolite tuff to the west or the quartz monzonite porphyry to the 

east. The rock varies from a greenish grey to buff color on fresh sur

faces. The greenish cast was revealed in thin section to be due to the 

chlorite content of the rock.

In thin section, the rock is seen to consist of 25-30% ragged 

anhedral to subhedral phenocrysts of perthite which vary from 0.5 to 

3 mm in size. In some samples, 0.5 to 2 mm clots of albite (An 6-10) 

are present with rare 2-3 mm quartz “eyes." The perthite phenocrysts 

vary in albite content and appearance from clean string perthites with 

about 5% albite to ragged irregular “intergrowths" of orthoclase and 

albite in approximately equal amounts. The matrix is a 0.02 to 0.25 mm 

anhedral granular mosaic of quartz, albite, and variable amounts of
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orthoclase with minor chlorite and accessory epidote, calcite, rutile, 

pyrite, ani apatite. The chlorite shows anomalous birefringence colors, 

the blue and violet of Fe-Mg chlorite with lesser brown Mg-Fe chlorite.

The chlorite occurs in clots with epidote, calcite, rutile, and 

sulfides and in chlorite-rich samples as scattered flakes and shreds.

The clots of chlorite, epidote, rutile, and sulfides presumably repre

sent former mafic minerals although neither remnant grains nor pseudo- 

morphic structures remain as clues to the nature of these mafic phases. 

The orthoclase content of the groundmass is quite variable even within 

a single thin section with ill-defined orthoclase-rich areas and albite- 

rich areas. This variation in groundmass orthoclase content is seen 

on a larger scale as indicated by modes given in Table 6. Sample 

3760-14 has an orthoclase-rich matrix whereas sample 3760-23 has a 

matrix of albite-quartz with only minor orthoclase. Both samples have 

perthite phenocrysts.

Aplite

In the southeast corner of the 3760 bench several thin 5-20 cm 

wide aplite stringers are present in the quartz monzonite porphyry. In 

hand specimen, the aplites are light pink in color and sugary to aphanit 

ic in texture. The contacts with the quartz monzonite porphyry are 

sharp.

Sample 37&0-5 on Table 6 gives the mode of the aplite and this 

sample is plotted on Figure 23• In thin section, the aplite is an an- 

hedral mosaic of quartz, orthoclase, and plagioclase with scattered 

flakes of muscovite. The plagioclase is albite-oligoclase (An 8-12).



Table 6. Modal Analyses of Miscellaneous Rocks.

Sample No.

Aplite Rhyolite Porphyry Alaskite

3760-5* 3760-14* 3760-23 3725-8*

Plagloclase 20 25 (Albite) 43.7 (Albite) -

Qrthoclase 40 40 27.5 75
Quartz 35 25 25.7 25
Chlorite - 5 1-7 -

Calc it e - 1 — -

Epidote - 1 0.3 -
Rutile - 0.5 0.5 Trace

Pyrite - 1 0.6 0.5

Apatite - Trace Trace -

Zircon _ Trace

♦Estimated mode



The grain size is 0.05-0.2 mm with a slight decrease immediately adja' 
cent to the contact.



CHAPTER 3

ALTERATION PETROGRAPHY

The alteration effects observed in each major rock type are here 

described. Pervasive effects, that alteration which is not obviously 

veinlet controlled, is described first. Then each veinlet type is de

scribed in recognized chronological order with the oldest first. Figure 

24 illustrates the diagrammatic age relations between the veinlet types. 

Figure 25 is a generalized paragenetic sequence of the veinlet and alter

ation phases. Figures 34 and 35 illustrate the generalized spatial 

distribution of the alteration and veinlet types.

Pervasive Alteration

Ox Frame,Volcanics

The pervasive alteration in the rhyolitic and latitic rocks of 

the Ox Frame Volcanics is in general uniform, but in detail quite vari

able. Sericite, orthoclase, albite, and calcite are the common alter

ation minerals with pyrite, rutile, and traces of chlorite as minor 

phases. Plagioclase crystals and fragments are replaced by orthoclase 

and albite or by sericite and calcite. The alteration is extremely var

iable in both type and extensiveness; a grain replaced by orthoclase 

with albite immediately adjacent to a grain lightly dusted with sericite 

and calcite is common. Although nearly all grains are altered, the ex

tensiveness varies from approximately %  to 100%. Scattered grains of 

rutile and pyrite with rare clots of chlorite suggest the presence of
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EXPLANATION

lo  Choi copyrile-Orthoclose 
stringers

lb  Quortz-Orthoclose veinlets with 
Orthoclose-Chlorite haloes

H  Albite veinlets

m  Quartz-Molybdenite veinlets

IST Quartz-Pyrite-Sericite veinlets 

with Sericite haloes

3ZT Gypsum veinlets

//'IboV y 
I hi

Figure 24. Diagrammatic veinlet relations



Quartz-Pyrite-Sericite
Veinlets

Gypsum
Veinlets

Albite Quartz 
Veinlets Molybdenite 

Veinlets

Orthoclose
Veinlets

Biotitization

Magnetite

Biotite

Orthoclose

Chlorite

Chalcopyrite

Epidote

Pyrite

Sericite

Albite

Molybdenite

Quartz

Calcite

Anhydrite

Gypsum

Tim e

Figure 25• Schematic paragenesis of alteration and veinlet minerals.
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former mafic minerals. These grains and clots of pyrite, rutile, and 

chlorite make up less than one percent of the rock.

The fine grained matrix of these rocks is comprised of an an- 

hedral mosaic of quartz, orthoclase, and alhite. The albite is common

ly flecked with minute shreds of sericite. The frequent segregation of 

feldspars into albite-rich and orthoclase-rich areas on a thin section 

scale (see Chapter 2) may he of alteration origin, hut this is impossi

ble to verify.

Biotite Quartz Diorite Porphyry

Biotitization is the most striking alteration effect in the 

biotite quartz diorite porphyry. The biotite pseudomorphically replaces 

hornblende phenocrysts and occurs pervasively as flakes in the ground- 

mass. The hornblende phenocrysts apparent in hand specimen are revealed 

in thin section to be aggregates of randomly oriented biotite flakes 

0.05 to 0.15 mm in size with minor quartz and magnetite and accessory 

apatite and rutile which form distinct to vague pseudomorphs after horn

blende. The biotite is black in hand specimen and shows strong pleoch- 

roism from red-brown to tan to nearly colorless in thin section. The 

biotite in the groundmass, although smaller in grain size at 0.005 to 

0.05 mm, is essentially identical to the biotite of the pseudomorphs.

There is a gradual change in microscopic character of the pseu

domorphs from the sharp, distinct outlines and included hornblende 

relicts of samples 3760-2, 3760-15« and 3725-16 in the central portion 

of the pit to the somewhat diffuse irregular clots with no hornblende 

encountered in the northern portions of the pit; compare Figures 8 and



26. This loss of amphihole content and shape appears directly correlat- 

ahle with proximity to later intrusives and intensity of veinlet alter

ation. Also, more quartz, pyrite, and gypsum are associated with the 

pseudomorphs in samples nearer the later intrusions.

Plagioclase in the biotite quartz diorite porphyry is variably 

altered. In most specimens the plagioclase is lightly dusted at 10 to 

23^ with a very fine, weakly birefringent sericite. This fine sericite, 

although of exceedingly small grain size (l to 3 microns) and taking 

essentially no polish, gives a strong potassium peak when impinged upon 

by the electron beam of the electron microprobe. Although quantitative 

analysis was impossible due to the small grain size and poor polish, 

the strong potassium peak, which was nearly as strong as the peak ob

tained from muscovite, serves to identify this weakly birefringent 

material as muscovite. Occasional grains of plagioclase are heavily 

altered to very fine biotite and magnetite grains. In areas adjacent 

to later intrusive units, pervasive albitization and silicification have 

occurred producing in severe cases albitized plagioclase grains riddled 

with myrmekitic quartz blebs or poikilitically enclosed in a quartz 
network.

Rhyodacite Porphyry

Pervasive alteration in the rhyodacite porphyry is quite var

iable in intensity. Plagioclase grains are altered by variable amounts 

of fine sericite with minor calc it e . Groundmass plagioclase is more 

heavily altered than phenocrysts. Minor amounts of montmorillonite 

occur within unsericitized cores of plagioclase phenocrysts in the
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Figure 26. Irregular "biotite clots in biotite quartz diorite.

Vague biotite (red-brown) pseudomorphs with magnetite (opaque) in fine 
feldspar-quartz matrix. 3690-2; crossed polarized light.
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rhyodacite porphyry bodies in the central portion of the pit. Minor 

epidote occurs with sericite in place of calcite in some samples in the 

northeast portion of the pit. Alteration of biotite is also quite var

iable from near complete replacement by chlorite with epidote, rutile, 

pyrite, and calcite in the dike in the south central part of the pit to 

only minor chloritization except near orthoclase veinlets in the north

east portion of the pit.

Leuco-Quartz Diorite Porphyry
The pervasive alteration in the leuco-quartz diorite porphyry 

is essentially the same as in the quartz monzonite porphyry described 
below. Plagioclase grains are dusted with sericite and calcite and 

biotite is altered to chlorite with epidote, pyrite, rutile, and calcite. 

Biotite alteration is less extensive than in the quartz monzonite por

phyry and correlation with orthoclase veinlets more distinct.

Quartz Monzonite Porphyry

Pervasive alteration throughout the quartz monzonite porphyry 

consists of sericitization of plagioclase and pseudomorphic chlorite 

replacement of biotite. Plagioclase grains are pervasively "dusted" 

with variable amounts of sericite and calcite. This alteration affects 

all plagioclase grains and can vary in a single thin section from light 

(i($ or less) to heavy (90% or more). However the majority of the 

grains are moderately extensively altered: 25 to 50% of a given grain

is now sericite and calcite. The sericite-calcite ratio varies from 

3:1 to 10:1. Individual sericite flakes are normally 1-10 microns in 

size with scattered flakes up to 50 microns. The calcite occurs as



6l

Irregular patches 10-150 microns in size. Individual plagioclase grains 

commonly are uniformly altered. However, scattered phenocrysts in most 

of the sections observed are altered to sericite-calcite only around 

their margins with the interior of the grain remaining fresh. Bare 

clots and stringers of montmorillonite are observed within the otherwise 
fresh cores of scattered plagioclase phenocrysts. There is no apparent 

correlation of sericite-calcite alteration with veinlets.

Biotite in the quartz monzonite porphyry has also undergone 

essentially pervasive alteration. From 80-100% of the biotite has un

dergone alteration to pseudomorphic clots of chlorite with epidote, 

rutile, sulfides, and calcite (Fig. 27). Chlorite is the major alter

ation product composing 80-95% of an individual pseudomorph. The chlo

rite is predominantly Mg-chlorite with normal grey interference colors, 

usually masked by the green color of the mineral, and negative optic 

sign consistent with an electron microprobe analysis of a typical 

Mg-chlorite pseudomorph (sample 376)0-6, Table 8). Minor amounts of Mg- 

Fe and Fe-Mg chlorites are present, commonly intergrown with Mg-chlorite 

and intimately associated with sulfide grains. In two thin sections 

(3760-4f and 3760-12) these more iron-rich chlorites are the rule rather 

than the exception.

Variable but minor amounts of rutile, epidote, sulfides, and 

calcite occur generally as clots within the chlorite psendomorphs.

Rutile occurs as irregular anhedral grains which are dark brown and very 

nearly opaque. No leucoxene was observed. Epidote also occurs as ir

regular anhedral grains and is slightly pleochroic in green in plane 

light and very highly birefringent under crossed nicols. Calcite is



Figure 2?. Chlorite pseudomorph after biotite in quartz mon- 
zonite porphyry.

A. Pseudomorph of chlorite (oh), epidote (ep), rutile (brown to black, 
r), and apatite (white, ap) after biotite in quartz (qz)-orthoclase (or) 
matrix. 37^0-9; plane polarized light.

B. Same in crossed polarized light.
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B

Figure 2?. Chlorite pseudomorph after hiotite in quartz 
monzonite porphyry.



present as anhedral grains and as elongate wedges parallel to the "basal 

cleavage of the original "biotite. Pyrite is the predominant sulfide 

and is present as anhedral to euhedral grains. In some pseudomorphs 

chalcopyrite is also present as anhedral clots. Rare apatite crystals 

are also associated with these pseudomorphs. In 3760-12, magnetite is 

present to the exclusion of sulfides in the pseudomorphs except adjacent 

to veinlets.
In fresh-appearing "biotite, the first alteration effect ob

served takes the form of the separation of a sagenitic web of rutile 

needles or of clots of rutile in otherwise fresh biotite. Analyses of 

3?60-6a and 3?60-6b (Table 8) represent respectively a biotite with no 

visible rutile segregations and one with clots of rutile. Other than 

this rutile segregation, the alteration of biotite to chlorite appears 

quite abrupt with only a faint bleaching of the biotite near masses of 

chlorite. The high magnesium to iron ratio of these fresh biotites 

deserves comment; they are chemically phlogopite (Deer, Howie, and Zuss- 

man, 1962). Although the alteration of biotite is essentially perva

sive, there is a distinct correlation between extent of alteration and 

proximity to orthoclase veinlets. The biotite adjacent to veinlets is 

variably extensively altered, whereas the fresh biotite books are nor

mally farthest from the veinlets.

Orthoclase Metasomatite

On the east wall of the 3?60 level 140 meters due south of the 

old New Year's Eve shaft, a hemi-dome shaped body of orthoclase-quartz 

rock was observed (Fig. 34). The body measured approximately 13 m across
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at the toe of the pit face and extended roughly 6.5 m up the face (see 

sketch, Fig. 28). A 3 m wide quartz vein which strikes east and dips 
about 40° forms its southern flank. On the north flank the orthoclase 

rock is in sharp contact with quartz monzonite porphyry which contains 

more orthoclase than normal (sample 3760-Q, Table 5) •
The rock consists of orange-pink orthoclase which is massive 

granular to coarsely crystalline in texture with clots and stringers of 

white quartz, pale green muscovite, and molybdenite. The quartz occurs 

in anhedral clots up to 5 cm in size. The muscovite and molybdenite 

commonly occur together in irregular clusters and rosettes with individ

ual flakes 1-2 cm in size common. Scattered clots of pyrite and chalco- 

pyrite are also present. Although it is quite variable in composition, 

approximately 80% of the rock is orthoclase with about 15% quartz and 

5% muscovite and molybdenite in roughly equal amounts. The large quartz 

vein which borders the orthoclase rock also contains molybdenite and 

chalcopyrite in minor amounts.

It is on viewing a slabbed section of the rock that its probable 

origin is discernible. On such a surface (Fig. 29), clear rounded 

quartz "eyes" and pale red violet orthoclase crystals are seen to be set 

in a very fine pale orange pink orthoclase matrix. These orthoclase and 

quartz crystals are essentially identical in size, shape, and general 
distribution to the orthoclase and quartz phenocrysts of the adjacent 

quartz monzonite porphyry.

In the two thin sections studied, orthoclase is 70-80% of the 

rock and is present in two different modes. One is as matrix orthoclase 

in an interlocking anhedral 0.05-0.5 mm mosaic virtually devoid of other
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Scale
\  Quartz 
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Quartz Monzonite Porphyry
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Figure 28. Sketch of orthoclase metasomatite in the wall of 
the 3760 Level.



Figure 29* Texture of orthoclase metasomatite and adjacent 
quartz monzonite porphyry.

A. Slabbed surface of orthoclase metasomatite showing dark quartz "eyes"
(qz) and orthoclase phenocrysts (or) in orange-pink orthoclase matrix 
with vague white plagioclase (?) relicts (p?). 376O-P; incident light.

B. Slabbed surface of adjacent quartz monzonite porphyry showing quartz 
"eyes" (qz) and white plagioclase phenocrysts (p) in pinkish quartz- 
feldspar matrix. 3760-Q; incident light.
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A

B

Figure 29. Texture of orthoclase metasomatite and adjacent 
quartz monzonite porphyry.



mineral phases; the other is as large 1-12 mm subhedral phenocrysts and 

irregular shaped crystals (Fig. 30). The orthoclase is a microperthite 

with fine perthite strings. Quartz occurs as rounded phenocrysts and 

as irregular anhedral clots 0.1-5 rom in size. Orthoclase surrounding 

these clots is euhedral against the quartz with rhombic to diamond 

shaped crystals of orthoclase projecting into the quartz. Quartz is 

approximately 10% of the thin sections studied.

Muscovite occurs as individual euhedral 0.1-2 mm blades and as 

clusters and radiating rosettes up to 5 mm in size. Muscovite also 

occurs as mats which are thought to be pseudomorphic after plagioclase 

phenocrysts. Molybdenite comprises roughly 5% of one section and is 

usually intimately associated with muscovite. Molybdenite occurs as 

euhedral blades 0.1-1 mm in length. Scattered grains of chalcopyrite 

and 0.5-1 mm clots of rutile grains occur. Trace amounts of Fe-Mg chlo

rite, epidote, and albite are associated with chalcopyrite grains.

The nature of this rock in thin section is virtually identical 

to the intense orthoclase flooded envelopes surrounding quartz veinlets 

in quartz monzonite porphyry samples to the north (sample 3760-11).

The orthoclase metasomatite is cut by several veinlets (sample 

3760-8). This sample was collected from float; no veining was observed 

in situ in the rock. The earliest veinlet observed is a quartz-molyb

denite veinlet approximately 1 mm in width. Granular 0.2-0.5 mm quartz 

and very fine 0.01-0.05 mm molybdenite flakes along the veinlet margins 
are the only minerals present. Minor sericite and very rare epidote 

occur on the flanks of the veinlet.
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Figure 30. Textural relations in the orthoclase metasomatite.

A. Typical texture of orthoclase metasomatite showing orthoclase 
phenocryst (lower left, or) and clots of quartz (qz) with a fan of 
muscovite in a granular orthoclase matrix. 3?60-P; crossed polarized 
light.

B. Muscovite-molybdenite clot in orthoclase metasomatite. Radiating 
fans of muscovite and "blades of molybdenite (opaque) with orthoclase 
grain (or) at left. 3?60-P; crossed polarized light.
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Figure 30. Textural relations in the orthoclase metasomatite.
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A 1 mm veinlet of finely granular 0.05-0.1 mm quartz cuts the 

quartz-molybdenite ve inlet and is in turn cut "by a 2 mm quart z-pyrite 

veinlet. The quartz-pyrite veinlet has an envelope of sericite which 

varies from 0.5 to 2 mm on each side of the veinlet. Minor amounts of 

chalcopyrite and coarse 0.5 mm sericite occur within the veinlet. With

in the envelope the orthoclase is altered to a fine mat of sericite and 

quartz.

Veinlets and Veinlet Controlled Alteration

At Esperanza essentially all of the ore mineralization is vein- 

let controlled; therefore the veinlets and their alteration envelopes 

are of prime importance. In general, five types of veinlets are rec

ognized (Figs. 24, 25, and 35). These five types are, in recognized 

chronological sequence: orthoclase veinlets (Type I, Fig. 24), alhite

veinlets (Type II, Fig. 24), quartz-molybdenite veinlets (Type III, Fig. 

24),, quartz-pyrite-sericite veinlets (Type IV, Fig. 24), and gypsum 

veinlets (Type V, Fig. 24). Figure 25 illustrates the temporal se

quence and generalized abundance of the veinlet and alteration minerals. 

Figure 35 shows the generalized distribution of the veinlet types.

Orthoclase Veinlets

Orthoclase veinlets are those veinlets with essential ortho

clase. These veinlets are highly variable in mineralogy, but consist 

primarily of quartz and orthoclase either as a gangue mineral or an 

alteration mineral adjacent to the veinlet. The minor minerals present 

are chalcopyrite, pyrite, molybdenite, chlorite, epidote, albite, ser

icite, calcite, gypsum, and rare anhydrite. These phases are present



in highly variable proportions and commonly compose 10-15$ of the vein- 

let volume. Chlorite, epidote, and albite commonly occur as clots with 

the sulfide minerals. This veinlet type includes thin linear stringers 

of orthoclase, 1-2 cm quartz veinlets with 4-5 cm orthoclase flooded 

haloes, and all varieties between.
Orthoclase Veinlets in Biotite Quartz Diorite Porphyry. The 

oldest veinlets observed are thin chalcopyrite-orthoclase stringers 

(la, Fig. 24), 0.1-0.2 mm wide trails of chalcopyrite and orthoclase in 

variable amounts with intermittent occurrences of quartz, chlorite, 

pyrite, albite, and epidote. Where abundant, these veinlets contribute 

significantly to the copper content of the rock; although small, they 

commonly contain greater than 50 volume percent chalcopyrite. The vein- 

lets are composed chiefly of orthoclase with chalcopyrite occurring at 

the intersections of these veinlets with biotite flakes and pseudo— 

morphs. Closely accompanying the chalcopyrite are minor quantities of 

chlorite and occasional grains of epidote and albite. The chlorite 

occurs as irregular shreds and occasional radiating fans and commonly 

shows the deep blue and violet interference colors indicating high iron 

to magnesium ratio. Low-sulfide stringers consisting, of variable 

amounts of orthoclase and quartz with minor calcite and albite are also 

common. Fine biotite flakes with optical properties essentially iden

tical to the groundmass biotite occur in scattered areas in these micro- 

veinlets. The orthoclase of these microveinlets is commonly seen to be 

microperthitic. These microveinlets typically develop no significant 
alteration effects in the adjacent wallrock.
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Veinlets of quartz and orthoclase with distinctive envelopes of 

orthoclase flooding (ih, Fig. 24) cut each other and the microveinlets 

described above. These veinlets vary in size from 0.1-4 mm. They vary 

in composition from predominantly orthoclase, common in the smaller 

veinlets, to essentially 100% quartz with marginal grains of orthoclase 

in the larger veinlets. Highly variable amounts of chalcopyrite, chlo

rite, pyrite, molybdenite, epidote, calcite, albite, and sericite are 

present, commonly as clots. Grain size of the veinlet constituents 

also varies considerably, generally in the range from 0.2-1 mm. The 

smaller veinlets are essentially one grain wide; the larger veinlets 

are composed of an anhedral mosaic of quartz and orthoclase with clots 

of sulfides, chlorite, epidote, and albite. The orthoclase is micro- 

pert hitic .
These veinlets are enclosed within alteration envelopes 0.1 mm 

to 1 cm in width on each side of the veinlet. Envelope width and vein- 

let width are in most cases directly corredatable, although large vein- 

lets with narrow alteration envelopes are not common. The veinlet 

envelopes are zones of orthoclase flooding. These envelopes can be 

broken down into three zones (Fig. 31) which reflect decreasing inten

sity of alteration away from the veinlet. Zone 1, immediately adjacent 

to the veinlet, consists almost entirely of granular orthoclase and 

quartz with variable amounts of chalcopyrite, pyrite, and rutile. Zone 

2 consists of orthoclase and minor sericite after plagioclase; chlorite, 

rutile, sulfides, and epidote after biotite; and sulfides, generally 

pyrite, after magnetite. Zone 3 the most remote zone, consists of 

orthoclase after groundmass plagioclase with sericitization of plagioclase



Figure 31. Orthoclase veinlet envelope in biotite quartz diorite.

A. Zone 1 (l) is almost entirely orthoclase (yellow) with minor quartz 
(qz), apatite (ap), and chlorite (ch). Zone 2 (ll) consists of ortho
clase (or), chlorite (ch), rutile (r), and remnant plagioclase (p) and 
biotite (b). Zone 3 (ill) is poorly developed. Wallrock consists of 
biotite (b) and apatite rods (ap) in fine plagioclase-quartz matrix. 
369O-F; plane polarized light.

B. Same in crossed polarized light.
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diorite.
Figure 31. Orthoclase veinlet envelope in biotite quartz



remnants, incipient chloritization of Motite, and incipient sulfidation 

of magnetite. These alteration zones are gradational. Zone 1 is com

monly absent or present only as a very narrow fringe immediately adja

cent to the veinlet, but may be ^ mm wide. Zone 2 may also be severely 

restricted, but usually constitutes 50-90% of the envelope. Texturally, 

orthoclase and quartz form an anhedral mosaic of slightly larger grain 

size than the original rock matrix with scattered ragged pseudomorphs 

of orthoclase, sericite, and minor albite after plagioclase phenocrysts. 

Scattered flakes of chlorite and irregular grains of sulfide with 

aggregate clots of chlorite, rutile, sulfide, epidote, and albite com

prise 20-30gS of Zone 2. The sulfide content of the envelopes may be as 

much as 8-100 with a variable chalcopyrite to pyrite ratio that averages 

near 1:1.
The chlorite of the envelopes is most commonly Mg-Fe chlorite; 

although the composition ranges from Mg chlorite to Fe-Mg chlorite.

Where chlorite is in direct contact with sulfides it is commonly more 

iron-rich than the surrounding chlorites. There also appears to be a 

poorly defined trend of increasing amounts of iron-rich chlorite toward 

the veinlets.

These veinlets are quite variable in appearance in hand specimen. 

If there is abundant orthoclase in the veinlet and the veinlet is greater 

than about 0.5 mm in size, or if Zone 1 of the alteration envelope is 

well developed, a distinct pink tone is visible. However, smaller vein- 

lets with less well developed alteration envelopes are less distinctive. 

The envelopes may appear slightly bleached or of lighter shades of grey 

on fresh surfaces or as darker more resistant bands on weathered
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surfaces. On weathered surfaces these darker hands are easily confused 

with the similar appearing quartz-sericite veinlets described below.
Orthoclase Veinlets in Quartz Monzonite Porphyry. Orthoclase- 

quartz veinlets vary from microveinlets less than 0.1 mm in size to 

1-2 mm quartz veins with 3~5 mm haloes of orthoclase flooding. The 

microveinlets are visible as linear and sometimes discontinuous string

ers of orthoclase with minor quartz and occasional chalcopyrite, pyrite, 
and chlorite. The veinlets are predominantly granular 0.1-1 mm ortho

clase with variable amounts of granular quartz. Orthoclase pseudomorphs 

after plagioclase phenocrysts are present along the veinlet. Variable 

but usually minor amounts of chalcopyrite, molybdenite, pyrite, chlorite, 

sericite, epidote, and albite are present, usually as scattered clots 

in the veinlet. The quartz content of these veinlets varies consider

ably up to essentially quartz veinlets with orthoclase and the other 

phases distributed along the margins. Alteration along these quartz- 

orthoclase veinlets is limited to very thin selvages of orthoclase re

placement of plagioclase.

Another distinct type of quartz-orthoclase veinlet is represent

ed by quartz veinlets 1 mm - 1 cm in size with envelopes of intense 

orthoclase flooding which varies from 3-5 mm up to 3-5 cm wide. The 

quartz of the veinlet contains scattered grains of molybdenite and chal

copyrite with rare clots and grains of epidote, gypsum, and fluorite.

The surrounding alteration envelope consists almost entirely of gran

ular orthoclase with minor chalcopyrite and molybdenite, remnant rutile, 

chlorite, and calcite presumably after biotite, and occasional clots of 

gypsum. Within the outer margin, the envelope contains quartz and
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remnant sericitized plagioclase. The outer "boundary is sharp "but ir

regular in that the replacement extends farther into matrix material 

than in the phenocrysts. The orthoclase envelopes are in texture, 

mineralogy, and general appearance both in hand specimen and in thin 

section essentially identical to the orthoclase metasomatite.

Orthoclase Veinlets in Other Rock Types. The orthoclase vein- 

lets are present in all rock types and are essentially identical to 

those in the quartz monzonite porphyry. In the Ox Frame rhyolitic and 

latitic rocks, orthoclase veinlets occur as thin stringers of quartz 

and orthoclase with thin discontinuous envelopes of orthoclase. Grains 

of pyrite, chalcopyrite, molybdenite, and albite constitute generally 

one percent or less of the veinlet by volume. Chlorite and epidote are 

absent.

Orthoclase veinlets in the leuco-quartz diorite porphyry, the 

rhyodacite porphyry, and the rhyolite porphyry are virtually identical 

to those in the quartz monzonite porphyry.

Albite Veinlets

Albite veinlets (II, Fig. 24) are those veinlets in which albite 

is the dominant gangue or alteration feldspar. The mineralogy of these 

veinlets is quite variable as discussed below. Albite veinlets are 

observed as widely scattered veinlets in quartz monzonite porphyry, bio- 

tite quartz diorite, and leuco-quartz diorite porphyry, but are most 

abundant in the southeast portion of the pit as indicated on Figure 35*

Albite Veinlets in Biotite Quartz Diorite Porphyry. An unusual 

veinlet relationship was observed in sample 3795-3 in which alteration
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envelopes of orthoclase flooding and chloritization of biotite typical 
of the quartz-orthoclase veinlets described above enclose white veinlets 

of albite. The veinlets are 0.5-1 *5 mm wide with a 1.5-2 mm envelope. 

The albite composes 85-9Q& of one veinlet and shows distinctive chess

board twinning in anhedral 0.2-0.5 mm grains. The remainder of the 
veinlet is composed of approximately 10% quartz with minor pyrite, chlo

rite, marginal orthoclase, calcite, and epidote. A second veinlet has a 

0.5 mm core of quartz with albite and minor orthoclase along the margins 

and an identical envelope. The albite grains appear broken against the 

quartz core and the first veinlet is offset by the quartz centerline of 
the second veinlet. Similar-appearing thin white veinlets were observed 

in the west end of the pit near sample 369O-3 although no thin section 

was made.
Albite Veinlets in Quartz Monzonite Porphyry. There are three 

varieties of veinlets in which albite is an important phase. These 

veinlets have a variable albitetorthoclase ratio and those veinlets 

with a high ratio cut those with a low ratio. The major minerals are 

quartz, albite, and orthoclase with the feldspars as scattered grains 

within the veinlet and as replacements of adjacent rock feldspar. The 

minor phases pyrite, chalcopyrite, molybdenite, Mg-chlorite, epidote, 

and rare calcite and rutile are consistently less than 5% of the vein- 

let. Quartz-albite-orthoclase veinlets with a thin selvage of ortho

clase and albite are cut by quartz-albite veinlets with minor orthoclase 

and with a 5-10 cm sericite halo. A third type is composed of approx

imately 95$ albite with minor epidote, pyrite, chalcopyrite, and molyb

denite. All of these veinlets are typically 1-5 mm wide. The albite



shows the chessboard twinning typical of hydrothermal aTbite (Fig. 32) •

In hand specimen, these veinlets are discernible as indistinct 
white trails or as grey quartz veinlets with white clots scattered along 

the margins. Those with sericite haloes show up as watery grey bands 

with grey quartz centerlines which have scattered white grains along 

them.
Leuco-Quartz Diorite. A quart z-albite veinlet observed in 

sample 3655-6 is 1 mm in width and has a 4-5 mm envelope of aTbite 

flooding. The veinlet is composed of quartz with minor albite, chalco- 

pyrite, and calcite. Within the envelope the plagioclase of the rock, 

both matrix and phenocryst, is replaced by albite (approximately An 1-3) 

with chessboard twinning (Fig. 30) • The quaxtz-albite veinlet cuts an 

orthoclase veinlet and the orthoclase is replaced by albite at the inter

section of the two veinlets.

Quartz-Molybdenite Veinlets
Quartz-molybdenite veinlets (III, Fig. 24) 0.5-5 mm wide are 

widely scattered throughout the deposit. These veinlets are uniform 

regardless of rock type involved and consist of granular quartz 0 .01- 

0.1 mm in size with very fine flakes <0.01 mm of molybdenite commonly 

scattered along the margins of the veinlet. Thin discontinuous <0.5 mm 

selvages of orthoclase are commonly present.

Quartz-Pyrite-Sericite Veinlets

Quartz—pyrite veinlets 1—2 mm wide, with 1—5 mm wide envelopes 

of quartz-sericite on each side (IV, Fig. 24), cut orthoclase-quartz 

and the quartz-molybdenite veinlets. These veinlets and their typical
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Figure 32. Chessboard albite along quartz-albite veinlet.

Albite (ab) showing patchy chessboard twinning flecked with sericite 
lies on margin of quartz-albite veinlet (qv). 3655-6; crossed
polarized light.
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quartz-sericite assemblage are scattered throughout the deposit and are 

much less abundant than the orthoclase bearing veinlets. In hand spec
imen, these veinlets are seen as pyrite stringers enclosed in a watery 

grey alteration envelope which pinches and swells in an irregular man

ner. In thin section, the veinlets (Fig. 33) are seen to consist of 

from 60-QO/o pyrite in anhedral to subhedral grains 0.1-0.5 mm in size.

The remainder is fine granular 0.05-0.2 mm anhedral quartz and minor 

sericite flakes. Minor semi-parallel flanking stringers of pyrite are 

commonly interwoven with the main veinlet and usually are contained with

in one alteration envelope.
The alteration envelope is 1-5 mm wide on each side of the vein- 

let and is composed entirely of sericite, quartz, and pyrite with sparse 

clots of rutile. The grain size of both the granular quartz and seri

cite flakes in the envelope is very fine, varying from 5-20 microns. 

Sericite commonly pseudomorphically replaces biotite flakes and forms a 

fine vague pseudomorphic mat after plagioclase and veinlet orthoclase. 

Scattered grains of pyrite within the envelope are apparently replace

ments of magnetite and chalcopyrite. Scattered anhedral rutile clots 

are present.

These quartz-pyrite-sericite veinlets are mineralogically iden

tical in all rock types with only the texture of the pseudomorphic mats 

of sericite in the alteration envelope as a clue to the original rock- 
type.

Sericite-Chlorite-Sulfide Veinlets. Irregular veinlets 1-2 mm 

in size with an irregular 2-5 mm wide alteration envelope occur in 

scattered areas. A given veinlet is composed of 60-70% sulfides with



Figure 33* Quartz-pyrite-sericite veinlets in Ox Frame rhyolite 
welded tuff.

A. Pyrite (opaque) with minor quartz and coarse sericite in a veinlet
surrounded by a halo of fine sericite with original quartz grains 
remaining. 3725-13; crossed polarized light.

B. Outer margin of the same sericite alteration halo showing the con-", 
tact with relatively unaltered rock. 3725-13; crossed polarized light.
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B

Figure 33* Quartz-pyrite-sericite veinlets in Ox Frame 
rhyolite welded tuff.
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quartz, iron-rich chlorite, epidote, and minor aTbite and calcite. The 

chalcopyrite to pyrite ratio is roughly 2:1. The alteration envelope is 

composed of quartz and sericite. The sericite is present "both as fine 

grained mats and as coarse flakes up to 1 mm, commonly in radiating 

clusters. These veinlets were observed in widely scattered areas in 

quartz monzonite porphyry and leuco-quartz diorite porphyry. No cross

cutting relationships "between these veinlets and the more common quartz- 

sericite-pyrite veinlets were observed.

Gypsum Veinlets

Gypsum (V, Fig. 24) occurs as a pervasive late fracture coating 

and vein filling throughout the northern half of the Esperanza pit (Fig. 

3 5 )• This gypsum veining varies from thin 1-2 mm fracture coatings of 

white gypsum to 5-10 cm veins and pods of pink sugary gypsum. These 

gypsum veinlets are abundant in the biotite quartz diorite, the leuco- 

quartz diorite, the rhyodacite, and the quartz monzonite porphyries, but 

they are not observed in the Ox Frame rhyolite welded tuff or the rhyo

lite porphyry in the north central portion of the pit (Figs. 2 and 35)• 

In thin section, these veinlets are composed entirely of bladed gypsum 

commonly oriented perpendicular to the veinlet walls. No alteration 

effects were observed in thin section although in hand specimen a narrow 

slightly bleached zone commonly lies adjacent to the veinlet. In thin 

section, under high magnification, minute highly birefringent specks,

1-2 microns in size, of anhydrite are observed within the gypsum crys

tals. X-ray film of pink gypsum from a 5 cm wide vein also contained 
weak anhydrite lines.
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Supergene Effects

lynch (1966) records significant chalcocite and covellite in the 

upper levels of the mine "but does not discuss the supergene alteration 

effects which undoubtedly accompanied the chalcocite and covellite.

The present study was purposefully limited to the lower levels of the 

pit to minimize any supergene effects. The only positive supergene 

effects noted were very minor chalcocite coatings on pyrite and traces 

of kaolinite at the top of and above the orthoclase metasomatite at the 

eastern end of the 37^0 and 3795 levels. Because of these noted super

gene effects the sampling was limited to below the 3795 level. There

fore supergene effects are considered as minimal for the sampled area.

Fluid Inclusions

Although no rigorous study of fluid inclusions was attempted, 

the nature of the inclusions observed was included in routine petro

graphic study. As the search for inclusions was more casual than rigor

ous the following observations may be in part misleading as the less 

spectacular inclusions would be less likely to be observed.

The inclusions observed were mostly in quartz and the most com

mon host by far was the quartz of the various quartz-orthoclase vein- 

lets. The quartz of the orthoclase-bearing veinlets almost invariably 

contains multi-phase inclusions in abundance. These fluid inclusions 

are normally in the size range of 1-10 microns and exceptionally up to 

30 microns across. The inclusions, frequently in negative bi-pyramidal 

crystal form, contain one or more daughter minerals in addition to the 

liquid and vapor phases. The daughter mineral invariably present is a
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cube of halite. A thin reddish flake of hematite is also usually pre

sent. Other transparent phases, sylvite (?), anhydrite (?), and others, 

as well as opaque phases, sulfides (?), are rarely present. The vapor 

bubble is commonly 15-25% of the observed inclusion area or approx

imately 5-12% of the volume (Roedder, 196?)• In many of the rocks, the 

quartz phenocrysts also contained multi-phase fluid inclusions very 

similar to those in veinlet quartz. The quartz of albite veinlets also 

contains similar inclusions with perhaps a slightly larger vapor phase. 

The quartz of quartz-sericite-pyrite veinlets, however, contains very 

rare small one or two phase inclusions. In most observations, no inclu

sions were noted with this association.

Denis (197*0 reports temperatures in the 350*0 range from multi

phase inclusions in quartz-orthoclase veinlets at Sierrita. He also 

reports 380°C temperatures from simple two phase inclusions which showed 

evidence of boiling in quartz-chalcopyrite-molybdenite veins. Thus the 

"main stage" alteration mineralization at Sierrita developed at 350- 

400°C. The similarities of the described inclusions suggest that simi

lar temperatures were present at Esperanza. Similar temperatures are 

reported for the Copper Canyon deposit in Nevada (Nash and Theodore, 

1971) and for a large part of the alteration at San Manuel (Davis, 1974) 

and Bingham (Roedder, 1971) although the maximum temperatures at San 
Manuel and Bingham were in the 600°C range.

Summary of Alteration

Rock alteration of Esperanza is broken down into pervasive and 

veinlet controlled alteration. Three types of pervasive alteration are
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recognized (Fig. 3*0 • The first, hiotitization, is restricted to the 

"biotite quartz diorite porphyry and consists of "biotite-magnetite pseu- 

domorphs after hornblende and disseminated in the rock matrix. The 

second type of pervasive alteration is the sericitization of plagioclase 

and chloritization of biotite in the felsic rocks. Calcite commonly 

accompanies sericite, and pyrite and epidote accompany the chlorite in 

this widespread alteration. The third type of pervasive alteration is 

intense orthoclase flooding. This orthoclase flooding is restricted, 

at the 3760 level, to a 14 m wide east-west striking zone in the quartz 

monzonite porphyry. Mining activity after these observations were made 

has shown that this zone of orthoclase flooding widens considerably with 

depth.

Veinlet alteration is perhaps the most important alteration 

effect at Esperanza because the ore minerals are virtually all veinlet 

controlled. Five general types of veinlets are recognized (Fig. 24). 

These are, in recognized chronological orders orthoclase veinlets, 

albite veinlets, quartz-molybdenite veinlets, quartz-pyrite-sericite 

veinlets, and gypsum veinlets. By far the most important of these in 

terms of abundance and associated mineralization are the orthoclase 

veinlets. The assemblage quartz-orthoclase with minor chalcopyrite, 

pyrite, molybdenite, chlorite, epidote, and albite constitute these 

veinlets and their alteration haloes. The albite veinlets with a 

quartz-albite, minor pyrite, molybdenite, chalcopyrite, chlorite, epi

dote, and orthoclase assemblage are present only as scattered veinlets. 

The quartz-molybdenite veinlets are also present only as scattered
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veinletSt The quartz-pyrite-sericite veinlets and. the monomineralic 

gypsum veinlets are post-ore.

Veinlet Distribution
Figure 35 depicts generalized relations of the relative abun

dances of veinlet alteration types. The boundaries between the "zones" 

are not meant to irtiicate an abrupt change but rather represent a rough 

estimate of the location of the gradational change from orthoclase 

greater than sericite alteration to sericite greater than orthoclase.

It should be emphasized again that sericite veinlets are superimposed 

upon and cut orthoclase veinlets. Also the sericite veinlet alteration 

includes not only the "typical” quartz-pyrite-sericite veinlets but 

also quartz-albite and chlorite-sulfide veinlets which have strong seri

cite envelopes. These latter two types are especially common in the 

quartz monzonite porphyry in the southeastern section of the pit.

The double lobed shape of the low sericite area conforms close

ly to the general shape of the quartz monzonite porphyry and leuco- 

quartz diorite porphyry bodies which project into the pit from the 

north. In the southeastern portion of the pit an apparent orthoclase 

rich zone extends to the southeast roughly paralleling the Buzzard's 

Roost fault zone and an important ore zone.

Also included on Figure 35 is a line indicating the southern 

extent of abundant gypsum. This, too, is a line which approximates an 

irregular and gradational change. To the north of this line gypsum is 

abundant and occurs as a thin film on most fracture surfaces and fills 

"late" veins and pods which are up to 10 cm in size. To the south of
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this line gypsum is much less abundant. The double lobed shape again 

appears to reflect the position of the quartz monzonite porphyry bodies.

An area which contains abundant albite veinlets is also indi

cated on Figure 35 in the southeast portion of the pit. It should be 

pointed out that as the albite veinlets are inconspicuous in hand spec

imen and were not recognized during the early field work their distri

bution as depicted here is subject to change. Albite veinlets are 

widely distributed throughout the pit, but abundant in the southeast 

corner.

Correlation of Alteration and Mineralization

In general, comparison of the copper and molybdenum assay maps 

(Figs. 36 and 37) with the veinlet distribution map (Fig. 35) shows a 

distinct correlation of high assay values of both copper and molybdenum 

with areas of orthoclase (orthoclase>sericite) veining. In detail, 

however, more interesting observations have been made. In thin section 

and hand specimen, the orthoclase veinlets nearly always contain chalco- 

pyrite and molybdenite; however, the ore minerals occur as scattered 

grains and in reality compose only a minor part of the veinlet mineral

ogy . Therefore a high density of the orthoclase veinlets is required 

for higher grade ore. The orthoclase veinlets in the dioritic rocks 

typically contain greater amounts of chalcopyrite than in the leuco- 

cratic rocks. Also minute stringers of chalcopyrite without accompa

nying alteration phases occur in the dioritic rocks. Molybdenite is 

essentially restricted to orthoclase veinlets and quartz-molybdenite 

veinlets and is absent from the quartz-sericite-pyrite association.
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Figure 36. Generalized copper distribution,
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Figure 37* Generalized molybdenum 
distribution, Esperanza.
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Scattered veinlets of chalcopyrite-pyrite-chlorite-quaxt z with 

orthoclase-destructive alteration envelopes of sericite-quartz have "been 

observed. These veinlets, if abundant, would dramatically increase the 

grade. However they are apparently quite rare. The more typical assem

blage is the quartz-pyrite-sericite veinlets which occur superimposed 

on the other veinlet types and which contain no ore minerals.

Thus the mineralization is largely directly corrdatable with 

orthoclase alteration. However, if the chalcopyrite-chlorite-quartz- 

sericite veinlets are encountered in abundance they would quickly out

weigh the orthoclase veinlets in importance.

Correlation of Mineralization aid. Rock Type

Comparison of the rock type map (Fig. 2) with the copper and 

molybdenum assay maps (Figs. 36 and 37) shows a strong correlation of 

copper assays with the biotite quartz diorite porphyry in the western 

half of the pit and a strong correlation of molybdenum assays with 

quartz monzonite and leuco-quartz diorite porphyry in the same area.

In the eastern half of the pit both copper and molybdenum assays show 

a strong correlation with quartz monzonite porphyry and with the trend 

of the orthoclase metasomatite. Also of note is the correlation of low 

copper and molybdenum assays with the distribution of the Ox Frame Vol- 
canics in the pit.



CHAPTER 4

CHEMICAL DATA

Whole rock chemical analyses were run on selected samples in an 

\ effort better to define the rock types involved and to detect the chem

ical changes accompanying rock alteration. The abundance and diversity 

of veinlet-controlled alteration at Esperanza make sampling very diffi

cult . Because of the multiple stages of veining and diversity of vein- 

let intensity and alterations, a truly representative chemical sample 

becomes prohibitively large. In this study 200-300 gram samples were 

selected based on visual uniformity and absence of large veinlets. 

Thirty samples were analyzed for Si, Al, Pe, Mg, Ca, Na, K, Ti, Mn, Sr, 

and Rb by X-ray fluorescence (see Appendix B for analytical details). 

The results of these analyses with computed normative mineralogies are 

tabulated in Appendix A.

Major Element Variation

Figure 38 is a graphic display of the chemical data tabulated in 

Appendix A. The samples of Ox Frame Volcanics represent a sequence from 

latitic to dacitic crystal tuffs through rhyolitic tuff breccia and 

welded tuff. The chemical variation shown on Figure 38 is no doubt a 

result of original rock variation as well as alteration imprint.

The samples of biotite quartz diorite also probably represent 

some original rock variation. However, one group of these samples rep

resents a sequence of increasing proximity to quartz monzonite porphyry
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in the order 3760-2, 3725-16, 3^55-^ to 3690-80 (see Fig. 3)« This se

quence with the possible exception of 5690-80 also corresponds to in

creasing alteration intensity. Study of Figure 58 shows apparently 

random variation of the various elements for this sequence with the 

exception of a progressive decrease in Fe, Mg, and Mn for the samples 

3760-2 through 3725-16 to 3655-4.

The leuco-quartz diorite porphyry does show chemical trends 

which can be correlated with intensity of orthoclase veinlet alteration. 

This sequence of increasing alteration is from least altered, 3655-6 

and 369O-I, through 3655-7 to most altered, 3655-8 and 3655-9 (see Fig.

3 for locations). Also 3655-8 contains significant sericite-pyrite 

veinlets which could account for the high Alg03 value in that sample. 

There is a significant decrease in Ca and Na and an increase in K which 

correlates directly with increasing alteration.

There are few distinct.trends apparent on Figure 38 that can be 

correlated with alteration variation within the quartz monzonite porphy

ry, although comparison of the quartz monzonite porphyry chemical data 

with that of the orthoclase metasomatite shows some expected chemical 

changes. Fe, Mg, Mn, Ca, and Na show sharp decreases while Si and Ti 

show slight decreases. A1 shows a significant increase and K, of course, 
shows a large increase.

The other rock analyses of the rhyodacite porphyry, dacite por

phyry, and rhyolite porphyry are too few to show trends within these 
rocks.

93



94

Sample
Number Si02 a i2o3 Ti 0 2

0/25*2

OXF
3725*4
■XTOR.mOfcv IV
3725-14
3655-2
3655*4

BQD
3690-8c
3725-16
3760-2
%"7cn. inOfou IU
•a-TQii. "aO f iJD- O
3725-12

RD 37601k
3760*21
3655-6

LDP
OvUU f
3655-8
oooo y 
■acon.looyu-i

n d 3690*7Ur
ot>yu *oo 

3760-40
3760-4f
3760-50

QMP

3760-7
3760-9
3760-14
3760-23

RP

OM 3760-P

I 1.5 2 0 1 2  3 4 5 0 I 2 3

g/cm® 10"1 g/cm^ IOr^g/cm^

OXF=Ox Frome Volcanlc$i BQD= Blotite Quartz Diorlte$ RD * Rhyodoclte Porphyryi 

LDP= Leuco-Quortz Diorlte Porphyry; DP8 Daclte Porphyry* QMP -  Quartz 

Monzontte Porphyry, RP= Rhyolite Porphyry* OM = Orthoclase Metoeomotlte

Figure 38. Chemical data for selected samples from Esperanza.
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Sample
Number F e a ° 3 MgO MnO

OXF

3725-2

3725-4
3725-10

372514

• —

BQD

3655-2
3655-4
36908c
3725-16

3760-2
3760-10

3795-3

RD
3725-12 

3760-1 Ic 
3760-21

LDP

3655-6
3655-7
3655-8
3655-9
3690-1

—

DP 3690-7
—

QMP

3690-80
3760-40
3760-4f
3760-5a
3760-7
3760-9

—
:

RP
3760-14
3760-23 — ■

wmmOM 3760-P —

0 1 2 3 0 0.5 1 0  I 2 3
I O'1 g/crn'* iO*1 g/crrv* IO"^g/cm^

OXF= Ox Frame Volcanic;* BQD= Biotile Quartz Dlorlle, RD = Rhyodaeltei 

LDP = Leuco Quartz DIorlte Porphyryj DP=Dacite Porphyry; QMP= Quartz 

Monzonlte Porphyry t RP * Rhyolite Porphyryt OM = Orthoclaie Metaeomatite

Figure 38. (Continued)
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Sample
Number CaO No20 K20

OXF

3725-2
3725-4
3725-10
3725-14

—

BQD

3655-2
3655-4
3690-8c
3725-16
3760-2
3760-10
3795-3

—

RD
3725-12 

3760-11 c 
3760-21

LDP

3655* 6 

3655-7  
3655-8  

3655-9  

3690-1

—

— —DP 3690-7

QMP

3690-8o
3760*4o
3760-4f
3760*5a
3760-7
3760-9

RP 3760-14
3760-23

——-

,QM 3 7 6 0 -P 1- —

0 i 0 1 0 1 2  3

x I0*18/cm3 10**8/cm3 I0*1 8/cm3

OXF = Ox Frame Volcanic*; BQD = Blotlle Quartz Diorltei RD= Rhyodacite Porphyry, 

LDP = Leuco-Quortz Dlorile Porphyry) DP=Dacl1e Porphyry; QMP= Quartz 

Monzonlte Porphyry; R P= Rhyolite Porphyry; OM = Orthodase Metasomatite

Figure 38. (Continued)
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Ca-K-Na Plots

The ternary K 20-Na20-Ca0 plot (Fig. 39) of the quartz monzonite 

porphyry samples shows a distinct linear trend toward the K s0 apex 

which correlates with increasing orthoclase alteration in these samples. 

Lying directly on the continuation of this trend in the K s0 corner is 

the orthoclase metasomatite (3?60-P). The plot for the leuco-quartz 

diorite porphyry (Fig. 40) shows an identical trend although with more 

scatter. Again, the linear trend corresponds to increased intensity of 

orthoclase veinlet alteration observed in thin section. This trend of 

strong K 20 enrichment with decreasing Na30 and CaO at an essentially 

constant Na20:Ca0 ratio is identical to that observed by Theodore, 

Silberman, and Blake (1973» Fig. ?) in the Battle Mountain District of 

Nevada.

Figure 4l depicts the K20-Na20-Ca0 plot for the other rock 

types. The only strong suggestion of a trend is in the Ox Frame Volcan- 

ics; due to the variablity of this volcanic sequence, it would be diffi

cult to attribute this solely to an alteration origin.

The aplite analysis (3?60-5) is also plotted with the quartz 

monzonite porphyry on Figure 39« It is of note that the aplite, which 

is contained within quartz monzonite porphyry, lies distinctly off the 

trend of orthoclase metasomatism.

ACF-AKF Plots

Figure 42 is a combined ACF-AKF diagram (Creasey, 1959) for the 

quartz monzonite porphyry. On each side of this diagram, the quartz 

monzonite porphyry samples form a tight elongate cluster. It is
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1 60.4a 
f.«60-5a I 60-9  

/. 60-7 
1* 60 4f 
90-8

Arrow Indicates trend of potasslc alteration

Figure 39* K20-Na20-Ca0 plot for
quartz monzonite porphyry —  orthoclase meta- 
somatite.

• 55-9

Arrow Indicates trend of potasslc alteration

Figure 40. K 20-Na20-Ca0 plot for leuco-
quartz diorite porphyry.
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Figure 4i• K 20-Na20-Ca0 plot for other rock types



100
significant that a line drawn through the long dimension of these clus

ters falls on or near the plot of the orthoclase metasomatite. This 

line connecting the long dimension of the quartz monzonite porphyry 

cluster with the orthoclase metasomatite is here referred to as the 

trend of orthoclase metasomatism. The location of individual quartz 

monzonite porphyry samples within the cluster roughly correlates with 

the degree of orthoclase alteration in that sample. The trend in the 

AKF diagram is toward the A-K sideline at nearly constant A. Thus 

orthoclase metasomatism here involves essentially decreasing FeO and MgO 

with increasing K20 and essentially constant AlgOg. On the ACF plot, 

the trend is toward the A apex indicating relatively increasing A1203 

and decreasing GaO, MgO, and FeO.

However, the ACF-AKF plot for the leuco-quartz diorite porphyry 

(Fig. 43) does not show the same parallelism observed in the K20-Na20- 

CaO plots. On the AKF plot the leuco-quartz diorite porphyry samples 

show considerable scatter. A trend can be projected from the petro- 

graphically least altered samples (3655-6 and 3690-1) to the sample with 

the most orthoclase alteration (3655-9) which implies an increase of K 20 

at the expense of A1203 with essentially constant FeO+MgO. The other 

samples lie between these extremes. Sample 3655-8 which contains numer

ous quartz-sericite veinlets is slightly displaced toward the muscovite 

area of the diagram. The trend on the ACF plot from samples 3655-6 and 

369O-I to 3655-7 and 3655-9 is in precisely the opposite direction, as 

was the trend in the quartz monzonite porphyry ACF plot toward the F
apex.



K aolii A =A LO ,- ( K-0 + No-0+CaO)

Sericite,

60-5
Aplife

60-4 aGOP
60-4a

1 , # 60-5a
60-9«  ̂ • 60-4f

90-8c* 60-7

60-9
60-4f
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Blotite V* \
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x = plot of analyzed individual Esperanza minerals (Tables 7 and 8)

C= CaO

Figure 42. Combined AKF-AGF diagram for quartz monzonite porphyry, aplite, and orthoclase
metasomatite samples from Esperanza.
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A*ALO -(ICO + No 0  + CoO)Kaolfi

Sericlte

Zoislte

irthoclase
Calcite%C= CaO

Chlorite
Blolite  i * ' ,

F= FeO+MgO
Magnetite
Pyrite

x = plot of analyzed Individual Esperanza minerals (Tables 7 and 8)

Figure 43• Combined AKF-ACF diagram for leuco-quartz diorite porphyry samples from Esperanza.
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A- A^O^—(I^O+NOgO*!'CqO)Kaolin

Sericlte

Zoisite
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i Chlorite
Blotite 1*'

^ F =  FeO-f MgO
Magnetite
Pyrite

x = plot of analyzed Individual Esperanza minerals (Tables 7 and 8)

Figure 44. Combined AKF-ACF diagram for blotite quartz diorite samples from Esperanza.
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0  60-llc
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Blotitei

Magnetite
Pyrite

x = plot of analyzed individual Esperanza minerals (Tables 7 and 8) 

©= Ox Frame Volcanics D-Rhyodocite Porphyry

A = Rhyolite Porphyry »= Dacite Porphyry

Figure 45. Combined. AKF-ACF diagram for miscellaneous rock samples from Esperanza



105
Figures 44 and 45 depict the ACF-AKF diagram for ihe "biotite 

quartz diorite and other rock types. Only in the biotite quartz diorite 

is there sufficient data for trend recognition. On the ACF plot the 

samples form a rough linear trend which correlates with increasing 

orthoclase alteration and proximity to later intrusives. This trend, 

from 0-2 through 3725-16 and 3655-4 to 3690-80, is directed away from 

the F apex at essentially constant A and C . This trend closely paral

lels that observed in the quartz monzonite porphyry.

Tie lines connecting the observed mineral phases, orthoclase- 

chlorite-muscovite, on the AKF diagrams (Figs. 42-45) would delineate 

the compatibility field for that assemblage (Creasey, 1966). All of the 

analyses for the various rocks at Esperanza fall within this region, and 

thus the rock compositions are compatible with an orthoclase-sericite- 

chlorite assemblage. The only analyses that fall outside of this field 

are some of the biotite quartz diorite samples in Figure 44. In the 

biotite quartz diorite, the dominant assemblage is biotite-magnetite- 

sericite and the orthoclase-chlorite assemblage is restricted to narrow 

veinlet envelopes. Tie lines connecting biotite-muscovite and magnetite 

on Figure 44 would outline a field which contains most of the biotite 

quartz diorite samples.

Normative Qz-Or-Pl Plots

Figure 46 is a plot of normative Q, Ab+An, and Or of the quartz 

monzonite porphyry. Also plotted on Figure 46 are the modal averages 

for the quartz monzonite porphyry and the normative and modal data for 

the orthoclase metasomatite. The average norm value is distinctly
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As Quortz Monzonite Porphyry 
norms

• = Metasomotite

Os Average norm 

+  : Average mode

60-5 1
Aplite '
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Figure 46. Normative Qz-Or-Pl for quartz monzonite porphyry 
and. orthoclase metasomatite.

= Leoco-Quartz Dlorite 
Porphyry norms

+  = Average mode LQDP

*  = Rhyodacite Porphyry 
norms

A= Average mode RDP

55-7 
% 155-6

60-21 q© o ty 
25-12 \

©60-11 c

\Ab+An

Figure 47» Normative Qz-Or-Pl for leuco-quartz dlorite 
porphyry and rhyodacite porphyry.
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shifted toward the orthoclase apex from the modal average. This shift 

is the result of the intentional exclusion of alteration and veinlet 

minerals from the modal analyses and their inclusion in the whole rock 

analyses. Thus the shift from average mode to average norm can "be seen 

as an alteration effect. The location of the orthoclase metasomatite 

represents the result of total orthoclase alteration at Esperanza. The 

difference "between the mode and norm of the orthoclase metasomatite is 

largely due to the presence of albite as perthite stringers which were 

not counted in the mode. This same orthoclase alteration trend is ob

served in the normative Q, AbtAn, and Or plot of the leuco-quartz dio- 

rite porphyry (Fig. 47). Here there is a large shift from the modal 

average to the normative values and within the normative values the 

amount of displacement from the average mode correlates directly with 

the observed orthoclase alteration in the rock. The values for the 

rhyodacite porphyry are also plotted on Figure 47 and show a parallel 

trend from the average mode.

Minor Elements

Figure 48 is a plot of K/Rb versus Ca/Sr for the quartz monzo- 

nite porphyry and leuco-quartz diorite porphyry samples. The quartz 

monzonite porphyry samples show rather constant K/Rb ratio of 200 and 

Ca/Sr ratio of 40. The orthoclase metasomatite also has a X/Rb ratio 

of 200 but a Ca/Sr ratio of 8. Thus orthoclase metasomatism here in

volves a constant X/Rb ratio and a drastically decreased.Ca/Sr. In 

the leuco-quartz diorite porphyry, orthoclase alteration appears to be 

accompanied by a sharp increase in X/Rb and a decrease in Ca/Sr.
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The hiotite quartz diorite plot of K/Rb versus Ca/Sr (Fig. 49) 

also shows an increase in K/Rb with orthoclase alteration, but it also 

shows an increase in Ca/Sr. Thus the K/Rb ratio either remains essen

tially constant or increases with orthoclase metasomatism.

Broecker and Oversby (1971) discuss the distribution coefficient 

for RbCl in KClt

RbCl _ (RbOl/KCl) crystal . 
yKGl (RbCl/KCl) solution

The distribution coefficient between KOI and aqueous solution is 0.10 

at 40°C and is 0.65 between KOI and KOI melt at 775°C• The increased 

solubility of Rb in KOI at high temperature is due to increased vibra

tional amplitude and assymetry and easier substitution of the larger Rb 

ion. Therefore Rb should be more soluble in magmatic orthoclase at 

about 600°C than in hydrothermal orthoclase at 300-400°C, resulting in 

an increasing K/Rb ratio with hydrothermal orthoclase development, al

though this is perhaps an oversimplification because of the difference 

between orthoclase-magma and orthoclase-aqueous brine systematics. Also, 

the conclusions reached in the above discussion seem to be refuted by 

the data of Ellis and Wilson (i960) who found that for the Wairakei 

hydrothermal system Rb is fixed in secondary minerals more readily than 

K at 100-200°C. Here again the difference might be the solutions in

volved, specifically the dilute hot water at Wairakei versus the brines 

at Esperanza, but a more important difference is that of the alteration 

minerals involved. At Wairakei the potash-bearing phase is a mixed 

layer illite-montmorillonite whereas at Esperanza the potash phase is 
orthoclase. The interlayer cation site in a mica is larger than the 

potash site in orthoclase, and the "preference" of Rb for the mica
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structure over the orthoclase structure is illustrated "by the low K/ffb 

ratios in 3?60-5a and 3655-8 which contain more sericite than other 
samples of quartz monzonite porphyry and rhyodacite porphyry respective

ly. Davis (1974) also notes the preference of Kb for sericite over 

orthoclase and reports a high K/Rb ratio in the orthoclase enriched zone 

at San Manuel.

The Ca/Sr data are more difficult to explain for although both 

elements are depleted with alteration, Ca is removed more rapidly in the 

leucocratic rocks whereas Sr is more rapidly depleted in the biotite 

quartz diorite. Whether the Sr is preferentially incorporated in the 

calcite that occurs with sericite after plagioclase in the leucocratic 

rocks or is incorporated in the abundant secondary feldspars as sug

gested by Davis (1974) is unknown.

Microprobe Data

A very limited number of microprobe analyses were done in an 

attempt to define the compositionally variable alteration phases. A 

total of six sericites, two biotites, and two chlorites were analyzed.

In addition, an attempt was made to analyze several orthoclase samples, 

but the orthoclase is a cryptoperthite with Na-rich domains on the order 

of 5-20 microns and the analyses were unreliable.

Tables 7 and 8 give the chemical compositions and structural 

formulas for the sericites, biotites, and chlorites. The EMPADR VII 

computer program (Rucklidge, 1969) was used to reduce the probe data to 

oxide weight percent and the structural formulas were computed by the 

computer program described by Jackson, Stevens, and Bowen (1967).



112
Table 7* Micropro'be Analyses of Esperanza Serlcites.

Serlcites (samples 3760-6 and 37&0-P)
1 and 2t Sericlie from chlorite-serlcite veInlet.
3 and 4: Sericite replacing plagioclase.
5: Sericite stringer in orthoclase phenocryst.
6s Muscovite from orthoclase metasomatite (3?60-P).

Sericite (Wt. %)

1 2 3 4 5 6

SiOg 47.83 47.53 49.48 49.50 48.64 49.83

AlgOg 30.86 31.69 33.44 33.17 33.15 33.75
Ti02 0.38 0.29 0.13 0.13 0.32 0.42

MgO 2.88 ' 2.38 1.53 1.68 1.68 1.01
FeO 2.18 1.50 0.82 1.14 1.49 1.29
Na20 0.41 0.48 0.41 0.35 0.42 0.13
k 2o 10.73 11.03 10.37 10.55

Structural Formulas
[x2 y 4 z 8 o 20 (o h)4]

10.35 9.62

Si 6.41 6.38 6.47 6.47 6.40 6.49
Aliv

* Z
1.58 1.62 1.53 1.53 1.59 1.51

Alvl 3.29 3.40 3.62 3-58 3.55 3.68
Ti

" Y
0.04 0.03 0.01 0.01 0.03 0.04

Mg 0.58 0.48 0.30 0.33 0.33 0.20
Fe 0.24 0.17 0.09 0.12 0.16 0.14
Na

• X
0.11 0.13 0.10 0.09 0.11 0.03

K 1.83 1.89 1.73 1.76 1.74 1.60
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Table 8. Microprobe Analyses of Esperanza Biotites and Chlorites.

Biotites (sample 3760-6), Quartz Monzonite Porphyry 
1: Biotite containing clots and needles of rutile.
2: "Fresh" biotite.

Chlorites (sample 3760-6), Quartz Monzonite Porphyry 
it Chlorite pseudomorph after biotite.
2: Chlorite from chlorite-sericite veinlet.

Biotite (Wt. %) Chlorite (Wt. %)

1 2 1 2

Si02 38.91 40.40 28.80 28.65
A1203 16.64 16.92 20.09 20.13
Ti02 1.85 2.11

MgO 20.25 19.51 23.94 20.24

FeO 5.70 6.19 14.34 18.13

Na20 0.24 0.27
K20 9.86 10.19

Structural Formulas
[x2 Y4 Zg 0 So (o h)4]

Si l 5.65 5.74 5-73 5.80

AliVr 2.35 2.26 2.27 2.20
Alvi 0.50 0.57 2.44 2.61
Ti

y Y
0.20 0.23

Mg 4.38 4.13 7.10 6.11
Fe 0.69 0.?4 2.39 3.07
Na

- X
0.07 0.07

K 1.83 i .85
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The sericite compositions tabulated in Table 7 all contain 

significantly more silica and combined Mg and Fe than typical muscovites 

as listed by Deer, Howie, and Zussman (1962) or Ernst (1963) but they 

also contain less silica and combined Mg and Fe than the typical meta- 

morphic phengites tabulated by Ernst (1963)• The Esperanza sericites 

are intermediate between muscovite Q(2 Al4 Si6 Al2 020 (0H)4] and 

phengite [K2(Mg, Fe) Al3 Si? A1 020 (0H)4] and are more properly re

ferred to as phengitic muscovites.

The higher Mg and Fe contents of sericites 1 and 2 (Table 7) 

which are from a sericite-chlorite veinlet suggest a dependence of the 

phengite component on the availability of Mg and Fe in the environment 

of formation. The higher Mg and Fe contents of these two samples was 

originally ascribed to contamination by intergrown chlorite, but the 

slightly higher alkali analyses dispute this. Comparison of sericites 

3 and 4, which are sericites replacing plagioclase, with number 5i 

which is from a stringer in orthoclase, shows no compositional variation 

of significance. Also the muscovite (sericite 6 in Table 7) from the 

orthoclase metasomatite shows only lower Mg and anomalously low alkalies 

compared to the three precceding samples.

Experimental and theoretical work on natural and synthetic 

phengites by Velde (1965 and 1967) has shown that the Si*^ content of a 

phengite is independent of other elements in the structure and environ

ment and varies in response to thermal and barometric changes. Thus the 

Si*4 content of phengites is useful for geothermometry and geobarometry. 

If the temperature, 350°C, and pressure, 1.5 kb, determined by Denis 

(1974) from fluid inclusion data for Sierrita are plotted on Figure 50
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(Velde, 1967) the predicted S i ^  content for phengites is Si^ g" This 

is essentially identical to the average, Si^ 22* ^or Esperanza 
sericites (Table 7)• This "perfect" fit, unless completely fortuitous, 

lends verification both to Denis' (197*0 fluid inclusion data and to 

Velde's (19&7) phengite geothermometer-geobarometer.

The combined Mg++ and Fe*1̂" content of sericites 1 and 2 (Table 

7) is, however, too high for the micas to be stable at a temperature 

of 350°C (Velde, 1965). These two sericites are from a late sericite- 

chlorite veinlet and could have formed in a lower temperature-pressure 

regime along the Si„ „ line of Figure 50.

The two biotite analyses (Table 8) were selected to check the 

incipient titanium separation which appears in thin section as the first 

recognized alteration effect. Biotite i contains small clots and nee

dles of segregated rutile and as expected contains less Ti than biotite 

2 which was petrographically unaltered. Also of note is the increase in 

Mg and decrease in Fe in the rutilated biotite over the "fresh" biotite. 

The two "biotites" from Esperanza plot in the phlogopite field in 

Foster's (i960) classification (Fig. 51)•

The two chlorite analyses in Table 8 are from a sericite-chlo- 

rite veinlet (chlorite l) and a pseudomorph of chlorite after biotite 

(chlorite 2). Both of these chlorites are Mg-chlorites by their optical 

characteristics as defined by Albee (1962) and the analyses on Table 8 

confirm this with MgjFe ratios of 2:1 or greater. The veinlet chlorite 

lies in the clinochlore field of Key's (195*0 classification with an 

FetFe+Mg ratio of 0.25, and the chlorite pseudomorph lies just across 

the boundary in the pycnochlorite field with a Fe:Fe+Mg ratio of O.33.
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The veinlet chlorite has a significantly greater Mg:Fe ratio than the 

pseudomorph chlorite.

Si3.6 s i3.4 Si32  5 ‘3.0

Figure 50. Stability curves for sericites.

From Velde (196?). Point A gives the Si*1̂  content of Esperanza seri
cites and the temperature and pressure data of Denis (197*0 • The six 
analyzed Esperanza sericites (Table 7) have an average Si*** content of 
3*22 and a range of 3*19 to 3*25*
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ilogopite'

• 2

iMg biotite

[Fe+< biotite

iiderophyllite
and

Lepidomelone

Figure 51• Biotite classification from Foster (i960)• 

Samples 1 and 2 as on Table 8.



CHATTER 5

X-RAY DATA

X-ray diffractometer and Guinier camera techniques were employed 

to determine the structural state of the sericites and potash feldspars 

and to estimate the compositions of the potash feldspars at Esperanza.

Muscovite Polymorphs

Samples of muscovite from the orthoclase metasomatite and of 

sericite from pervasive plagioclase alteration and from sericite haloes 

around quartz-alhite-orthoclase, sulfide-chlorite-sericite, and the 

typical quartz-pyrite-sericite veinlets were run on the X-ray diffrac

tometer or Guinier camera. All of the patterns obtained were of the 

2Mi polymorph (Smith and Yoder, 1956)•

Structural State of Potassium Feldspars

Two X-ray diffraction techniques are used for the determination 

of the structural state of potassium feldspar. The first, proposed by 

Goldsmith and Laves (195*0» is a measure of the "triclinicity” of the 

feldspar or the separation of the 131 and 131 peaks of microcline and 

is defined as A = 12.5[&(l3l) - d(l3l)]* The triclinicity values range 

from 1.00 for "maximum microcline" to 0.00 for monoclinic orthoclase.

Of the Esperanza samples, the orthoclase of the orthoclase metasomatite 

and from an orthoclase phenocryst from quartz monzonite porphyry gave 

single sharp 131 peaks showing no separation and corresponding to a

118
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triclinicity of zero. However, orthoclase from a veinlet halo In quartz 

monzonite porphyry (3760-11) repeatedly gave a low complex peak which 

appeared to he composed of three indistinct peaks, the 131 peak of 

orthoclase and the 131 and 131 peaks of microcline. As the triclinicity 

was not applicable in this case and appeared to indicate a mixture of 

orthoclase and microcline symmetry, the "three peak method" of Wright 

(1968) was employed.

The "three peak method" as quantified by Ragland (1970) consists 

of two parameters, 6 for the maximum microcline-orthoclase series and 

6' for the orthoclase-sanidine series. Values for 6 vary from 0.0 for 

orthoclase to 1.0 for microcline with 6 defined as:

. 9.063 + 20(060) - 26(204).
6 = 0I350

Values for 6* vary from 0.0 for orthoclase to -1.0 for sanidine and are ( 

defined as:

9.063 + 20(060) - 20(204).
0 = 0.205

The method is applicable over a much broader range than the triclinicity 

method since when the triclinicity approaches zero the 6 value is 0.50 

to 0.60. The samples were scanned in the 20 range of interest at 20 

per minute and the results are an average of five scans. The 111, 200, 

and 112 peaks of quartz were used as internal standards. Table 9 gives 

the results of three samples. The values show a significant increase in 

structural order (6) from primary orthoclase phenocrysts through metaso- 

matic orthoclase flooding to veinlet orthoclase. Thus the orthoclase of 

the veinlet halo has a significant microcline component as was indicated 

by the triclinicity measurements. However, no suggestion of the typical
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microcline grid twinning was observed petrographically. This data al

though admittedly severely limited is supported by the observation by 

Denis (197*0 that the veinlet feldspar at Sierrita is microcline whereas 

the primary potassium feldspar is orthoclase.

Table 6-values for Potash Feldspars from Esperanza.

11-0 = orthoclase phenocryst from quartz monzonite porphyry 
(3760-11).

ii-V = orthoclase veinlet halo from quartz monzonite porphyry 
(3760-11).

P-1 = fine grained orthoclase from orthoclase metasomatite.

Sample No. 11-0 P-1 11-V

6 0.141 0.332 0.626

Composition of Potassium Feldspars 

Bulk compositions of potash feldspars from Esperanza were deter

mined by the X-ray technique of Bowen and Tuttle (1950) as modified by 

Orville (1963)• Samples of potash feldspar were ground to -200 mesh and 

homogenized at 1050°C for 24 hours. These homogenized powders were then 

mixed with KBr03 as an internal standard and run on the X-ray diffracto

meter. The A value, the 20 separation between the (201) peak of potash 

feldspar and the (101) peak of KBr03 for CuKa radiation, is plotted on 

the determination curve given by Orville (1963) and the composition read 

from the curve. Orville (1963) estimates an accuracy of ±2 mole percent 
for his curve.

Table 10 gives the compositions of four orthoclase samples from 

various occurrences at Esperanza. The orthoclase phenocryst and the



121
coarse orthoclase from the orthoclase metasomatite contain significantly 

more albite than either the fine grained orthoclase from the orthoclase 

metasomatite or from the veinlet halo. Manger (1966) obtained a value 

of Or^£ for orthoclase phenocrysts at Esperanza by flame photometry. 

Although the data are few, comparison of Tables 9 and 10 show a direct 

correlation of increasing Or content with increasing structural order.

Table 10. Esperanza Orthoclase Compositions.

P-1 = Fine grained orthoclase from orthoclase metasomatite
(3760-P).

P-2 = Coarse orthoclase from orthoclase metasomatite (3?60-P)
ii-P = Orthoclase phenocryst from quartz monzonite porohyry 

(3760-11).
11-V = Orthoclase from veinlet halo in quartz monzonite por

phyry (3760-11).

Sample No.

P-1 P-2 li-P 11-V

A .85 .91 .90 .80

Mol % Or 88 80 82 93



CHAPTER 6

INTERPRETATIONS OF THE ALTERATION- 
MINERALIZATION SYSTEM AT ESPERANZA

The interaction of hydrothermal fluids and the rocks through 

which they move produces alteration minerals and assemblages as the 

system equilibrates. Although true equilibrium conditions are seldom 

achieved the alteration minerals produced remain as clues to the chemi

cal and physical environment of formation. Through careful scrutiny of 

the relationships among the alteration minerals and consideration of 

physical and chemical controls the alteration-mineralization history 

of a system can be deduced.

Backgrounds The Proposed Models 

There has been considerable debate over the origin of the ore 

fluid and the ore and gangue constituents of porphyry ore deposits. On 

the one hand are those who would attribute the hydrothermal fluid and 

the metals to a direct magmatic origin evolved as volatile phases direct

ly from the magma. This is referred to as the ortho-magmatic hypothesis. 

On the other hand are those who would derive both the hydrothermal fluid 

and its constituents from the surrounding host rock with the intrusive 

acting primarily as a heat engine providing the energy to drive a large 

circulating meteoric hydrothermal system. ,
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The Ortho-Magmatic Model

The ortho-magmatic model as outlined "by Burnham (196?), Lowell 

ani Guilbert (1970), Fournier (1972), Holland (1972), and Davis (1974) 

involves intrusion of a silicate melt which "becomes saturated with 

volatiles at a shallow depth of 2 to 3 km (Fournier, 1972)• These vol

atiles separate, sometimes violently, during retrograde "boiling and 

escape through the surrounding fractured rocks as hydrothermal solu

tions. Breccia pipe formation is at times attendant on this abrupt 

separation (Norton and Cathles, 1973)• Experimental and theoretical 

work "by Burnham (1967)i Holland (1972), and Kilinc and Burnham (1972) 

has shown that chlorine, alkalis, and metals would "be strongly parti

tioned into the volatile phase from the silicate melt during separation. 

This fluid, a dense salt-charged "brine, would alter the rocks it passed 

through and in response to thermal, pressure, and chemical changes 

would deposit the ore and gangue minerals.

The C irc u la tin g  M eteoric F lu id  Model

The c irc u la t in g  m eteoric f lu id  model (Norton, 1972; Helgeson, 

1970; W hite, 1968; and W hite, M u ff le r , and T ru e s d e ll, 1971) consists o f  

a c irc u la t in g  m eteoric w ater system which "begins convection as a r e 

sponse to  in tru s io n  o f a hot igneous m e lt. W hite, M u f f le r , and Trues

d e l l  (1971) env ision  the fo rm ation  o f porphyry copper systems in  the  

upper middle p o rtio n  o f a la rg e  convecting system "below a vapor domi

nated therm al system where "brines are concentrated "by "boiling o f the  

f lu id s . T h e o re tic a l considerations "by Helgeson (1970) and Norton (1972) 

support th is  model and experim ental work "by E l l i s  and Mahon (1967),
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Ellis (1968), and Althaus and Johannes (19&9) has shown that heated

meteoric "brines are capable of leaching the necessary constituents from

the wall rocks. Upon leaving the heart of the convecting system, the 
/

ore fluids would be subject to essentially the same depositional con

trols as in the ortho-magmatic case.

Combination of Models

There is strong isotopic evidence (Sheppard, Nielsen, and Tay

lor, 1971; Taylor, 1974; and others) that a combination of meteoric and 

magmatic waters were involved in porphyry copper deposit formation.

From this evidence it appears that magmatic waters are dominant in the 

central potassic zone and meteoric waters are dominant in the sericitic 

and outer zones.

Interpretation of Alteration Assemblages 

The alteration assemblages in the various rock types at Esperan- 

za are interrelated in that the orthoclase-chlorite veinlet assemblage 

in the quartz monzonite porphyry is equivalent to the orthocase-chlorite 

veinlet assemblage in the biotite quartz diorite and the leucocratic 

rocks.

Biotitization and Orthoclase-Chlorite Alteration in the 
Biotite Quartz Diorite

The relationships between the alteration phases in the biotite 

quartz diorite are discussed first. The rock as described has undergone 

extensive pervasive biotitization and contains abundant quartz-ortho- 

clase-sulfide veinlets with an orthoclase-chlorite-sulfide enveloping 

assemblage which replaces the biotite-magnetite-plagioclase assemblage
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of the rock. There are several interpretations that can he drawn from 

these observed relations.
First, the biotitization and orthoclase-chlorite veining could 

be viewed as separate, not directly related events. This separation 

is perhaps equivalent to assigning the biotitization to a contact meta- 

morphic origin with the intruding quartz monzonite porphyry acting as a 

heat source. The biotitized quartz diorite and the quartz monzonite 

porphyry subsequently were fractured and mineralized. Potassium must 

be added to convert hornblende to biotite plus magnetite and quartz.

This additional potassium must be added from solution either introduced 

from without or present in the rock before metamorphism. It is doubt

ful whether an interstitial solution in equilibrium with a dioritic 

rock could contain sufficient potassium for the reaction. Also Orville 

(1963) and Ellis (196?) have presented experimental evidence which in

dicates that with increasing temperature the potassium ion becomes 

increasingly stable in the fluid phase and therefore should remain in 

solution. Another possible source for the potassium within the rock 

could be that it was held in solution in the plagioclase. Examination 

of the andesine and hornblende analyses presented by Deer, Howie, and 

Zussman (1962) suggests there might be sufficient potassium present if 

it could be freed during metamorphism. However, it would seem more 

likely that the bulk of the potassium was added from an outside source, 

most likely from the crystallizing quartz monzonite porphyry magma.

The thin band of plumose granophyre present at the contact of the "west

ern" quartz monzonite porphyry indicates that potassium was concentrated 

at the contact either during or following crystallization. If this



126

granophyre formed during crystallization, it indicates the presence of a 

volatile rich phase (Barker, 1970). Leakage of such a potassium rich 

volatile phase into the walls would he expected and reactions with 

hornblende to produce biotite would occur. However, it seems improb

able in the absence of a widespread fracture system that such broad 

effects could be produced. Furthermore, there is evidence that the in

tensity of biotitization is related to proximity to orthoclase veinlets. 

If such a widespread fluid conduit system were open during biotitization 

then this first hypothesis merges with the following.

The second hypothesis is that the biotitization and orthoclase 

chlorite veining are sequential manifestations of one hydrothermal 

event. This places the biotitization as an early process in the alter

ation system. The apparent confinement of hornblende relicts to areas 

farthest from orthoclase veinlets supports this theory. The pervasive

ness of the biotitization suggests that the rock approached equilibrium 

with a fluid containing a relatively high potassium ion activity and 

high pH. The reaction of this fluid with hornblende would produce 

locally high magnesium and iron activities, and biotite and magnetite 

would form. The presence of magnetite indicates a low concentration of 

sulfur species in the solution. The presence of orthoclase and sulfides 

adjacent to veinlets indicates a lower magnesium ion concentration and 

higher sulfur activity. The presence of orthoclase and biotite in the 

outer fringes (Zone 3) of the veinlet envelopes suggests that the pair 

was stable there. The presence of chlorite instead of biotite in asso

ciation with orthoclase adjacent to and within the veinlets indicates 

either a decrease in temperature or in the aff+/au+ ratio of the fluid



as depicted qualitatively on Figure 52 (MacNamara, 1966). The observed 

relationship between the biotite, orthoclase, and chlorite can be illus

trated on an activity-activity diagram as in Figure 53* The path A - B 

on Figure 53 illustrates the result of decreasing pH by •§■ unit with all 

other parameters constant. Point C on Figure 53 at 400°C and at 300°C 

illustrates the effect of reducing temperature with all other parameters 

constant. These two examples are illustrative only, and the magnitude 

of change required to produce the observed mineralogical effects could 

well be less. Hoschek (1973) has shown experimentally that the assem
blage orthoclase-chlorite breaks down to form the assemblage blotite- 

muscovite at 425°G for iron chlorite and 475°C for magnesian chlorite. 

Hemley and Montoya (1971) also give the upper stability limit for the 

orthoclase-chlorite assemblage as approximately 500°G. However, from 

the diagram (Fig. 52) and data presented by MacNamara (1966), it is 

inferred that at higher a^+/a^+ values the temperature at which the 

orthoclase-chlorite assemblage breaks down decreases. The 350-380°G 

temperatures reported by Denis (l9?4) from fluid inclusion data at 

Sierrita are within the stability field for the orthoclase-chlorite 

assemblage as illustrated by Figures 52 and 53*

A third hypothesis would be the simultaneous formation of the 

veinlet orthoclase-chlorite assemblage and the rock biotite-magnetite 

assemblage in response to differing chemical conditions in the fracture 

versus diffusion environments. This would require, referring to Figure 

53• either, higher temperature or higher pH in the rock or diffusion en

vironment. A significantly higher temperature in the rock versus the 

veinlet seems improbable, but a higher pH is quite likely. Textural
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Orthoclose

Muscovite

Biotite B i o t i t e

Muscovite

Chlorite

Orthoclose

Chlorite

0.4/0

Figure 52. Schematic diagram of the system hiotite-orthoclase- 
musc ovit e-chlorite-K-H20 .

Modified from MacNamara (1966). Conditions 1 constant pressure and 
excess quartz.

Point A corresponds to the upper limit of stability of the orthoclase- 
chlorite assemblage at approximately 450-500°C (Hemley and Montoya,
19711 and Hoschek, 1973)•



Figure 53 • Log a^g++/a^+ versus log a^+/a^+ diagram for 300 and 400°G.
Chlorite-phlogopite-orthoclase triple point from preliminary experimental data "by J . J . Hemley 
(N. F. Davis, research geologist with Anaconda, personal communication, 1973) •

Orthoclase-muscovite and museovite-kaolinite "boundaries are from the data of Helgeson (1969)•

Note the data for the chlorite-phlogopite-orthoclase triple point are not in agreement with the 
theoretical data presented "by Beane (1974). The data of Beane does not allow a stable orthoclase- 
chlorite assemblage.

The path  A-B i l lu s t r a t e s  the r e s u lt  o f  decreasing pH by ■§• u n it  w ith  a l l  o th e r parameters constant. 

P o in t C i l lu s t r a te s  the r e s u lt  o f changing tem perature w ith  a l l  o th e r parameters held constant.



PhlogopiteMg-Chlorite

Phlogopite

Mg-Chlorite

MuscoviteKooliniteOrthocloseMuscovite

3 0 0 °C

Figure 53 • log a^g-H-/a3^+ versus log a ^ r/a ^ r diagrams for 300 and 400°Ce
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relations of chlorite replacing biotite argue against the simultaneous 

development and therefore a sequential process is favored.

A fourth hypothesis is the essentially simultaneous development 

of the orthoclase and sulfides of the veinlets and the biotite and 

magnetite of the wall rocks with the later "propylitic" formation of 

chlorite along the older veinlets. This hypothesis was proposed by 

laine (1972) for similar veinlet relations at Sierrita and adopted by 

Oakley (1972) and Denis (1974). It would also apply to the widespread 

chlorite and epidote alteration of biotite in the more leucocratic 

rocks. An objection to this hypothesis is that it needlessly compli

cates things. Chlorite is not present along the cross-cutting quartz- 

sericite-pyrite veinlets, but is restricted to the orthoclase and albite 

veinlets. It seems illogical to call for a "weak" propylitic event to 

ensue between the "potassic" and "phyllic" events. It seems much more 

likely that the chlorite and epidote are integral parts of the "main 

stage potassic" alteration. The chlorite and epidote are in intimate 

and apparently stable contact with the orthoclase. The appearance of 

chlorite simply reflects changing conditions with time as discussed 

above and is not a separate "late stage propylitic" product. The pres

ence of epidote reflects a relatively high a^-H- and low C02 pressure 
in the fluids.

In light of the above discussion, the orthoclase-chlorite assem

blage is here considered to be an integral part of the "main stage" 

alteration-mineralization system at Esperanza. This assemblage formed 

perhaps in part simultaneously, but mainly sequentially after the bio- 

titization of the biotite quartz diorite. The presence of an
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orthoclase-chlorite assemblage rather than the "more typical" ortho- 

clase-biotite assemblage so common In porphyry copper deposits is a 

result of slightly differing chemical and thermal conditions as dis

cussed above and indicated on Figures 52 and 53* It should be pointed 

out that the presence of the assemblage orthoclase-chlorite places 

stricter controls on the thermo-chemical parameters involved as indi

cated by Figures 52 and 53•

Orthoclase-Chlorite Alteration in the Leucocratic Rocks
The orthoclase stable potassic alteration in the leucocratic 

rocks, specifically the Ox Frame Volcanics, the rhyodacite, leuco-quartz 

diorite, and quartz monzonite porphyries, is similar throughout and 

their alteration response will be discussed as a group. Mafic minerals 

in these rocks are few and therefore pervasive biotitization was not 

developed. However, the biotite present, at least in the quartz monzo

nite porphyry, is chemically a phlogopite (see Table 8) and is not 

typical of an igneous biotite from a quartz monzonite. This phlogopit- 

ic character is, however, typical of biotites from porphyry copper in- 

trusives (Fournier, 196?; Nielsen, 1968; Moore and Czamanske, 1973; and 

Theodore, Silberman, and Blake, 1973)• This phlogopitic biotite is 

either original unaltered igneous biotite, in which case it may repre

sent high fs2 and low fo3 in the melt (Fournier, 19&7)« or is the prod

uct of re-equilibration of normal igneous biotite with a hydrothermal 

fluid and subsequent sulfidation of the original iron in the biotite.

If the present biotite composition is the result of the hydrothermal 

re-equilibration, then this could correlate approximately with the



pervasive biotitization in the biotite quartz diorite. Initial develop

ment of orthoclase veinlets probably occurred at this time also.

A change in thermo-chemical controls such as a drop in tempera

ture or in pH as outlined above could bring the system into the ortho

clase -chlorite stability field whereupon biotite would become unstable. 

Development of the orthoclase-chlorite veinlets with alteration of bio

tite to chlorite, epidote, and sulfides adjacent to the veinlets accom

pany this phase of the alteration. The pervasive sericite-calcite 

dusting and marginal albitization of plagioclase grains under relatively 

static and impermeable conditions away from the veinlets would be ex

pected from the studies by Browne and Ellis (1970) and is observed.

The orthoclase metasomatite body is also interpreted as having 

developed during this stage of alteration. Browne and Ellis (1970) 

state that boiling of fluids along a fissure would result in massive 

replacement of the fissure walls. The orthoclase metasomatite is con

sidered to have developed by replacement of the wall of a large fissure, 

the quartz vein bordering the orthoclase body. The orthoclase of the 

metasomatite contains a higher albite content than the veinlet ortho

clase (see X-ray Data, Table 8) and therefore probably formed at a 

higher temperature and earlier than the veinlet orthoclase.

Albite and Albite Veining

Albite occurs as a minor but ubiquitous phase in the orthoclase- 

quartz veinlets. Albite commonly occurs associated with clots of sul

fides, chlorite, and epidote. It is not known what causes the 

precipitation of albite in these clots. Perhaps the precipitation of
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epidote causes the Ca/Na ratio of the fluid to drop "below its equilib

rium value to favor albite deposition. There is evidence that a con

tinuous sequence from orthoclase veinlets with minor albite through 

pure albite veinlets exists with the albite-rich veinlets postdating 

the orthoclase veinlets. This shift from orthoclase to albite stabil

ities implies either a significant shift in fluid composition toward 

higher Na activities or an increase in temperature of the system 

(Orville, 1963; and Browne and Ellis, 1970).

Final Stages of the Alteration System

Renewed fracturing with developement of the quartz-molybdenite 

veinlets followed albite development. Following this, the system was 

broken again and the quartz-pyrite-sericite assemblage formed in these 

new fractures. This assemblage implies a distinct shift to lower tem

perature, pH, or a^+ in the fluids (see Fig. j&) • This shift could be 

explained as either a shrinking of the system with concommittant cooling 

or changing composition of the same fluids that produced the feldspar 

stable alteration or as encroachment on the system of a circulating 

meteoric fluid as suggested for other deposits by Sheppard, Nielsen, 

and Taylor (1971)•

The last recognized event in the hypogene development of Esperan- 

za involved the late gypsum veinlets and fracture coatings. Mauger 

(1966) estimates a time difference of 15 m.y. between sericite veining 

and gypsum formation based on strontium isotope measurements. Whether 

this gypsum was formed by hydration of anhydrite with subsequent 

fracturing and redistribution due to volume increase or deposition from
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Orthoclose

Muscovite
Pyrophyllite

Kooliniteo 300

15,000 psi total pressure at quartz saturation

. Figure 5^« Equilibrium relations in the system KS0-A1203- SiOg-HgO.
Modified from Hemley and Jones (1964)•



sulfate charged groundwater during heating over the still warm center of 

the Esperanza-Sierrita system is not known.

Rock Type Control on Alteration-Mineralization

The initial impression obtained from a quick survey is that rock 

type is an important control of rock alteration, and, indeed, it is 

important. However, the major effect of varying rock type in the Esper- 

anza alteration system is one of relative abundance of alteration phases 

rather than the production of distinctly different assemblages. The 

major factor in this relationship appears to be the abundance of mag

nesium and iron in the original rock. The Mg"1"*" ion is relatively in

soluble in the fluid phase at the 300-400° temperatures involved in 

"potassic" alteration (Althaus and Johannes, 1969; Ellis, 1971; and 

Hemley and Montoya, 1971)• Therefore, the abundance of magnesium

bearing alteration phases is directly correlatable with the original 

magnesium-bearing reactant phases in the rock. This then accounts for 

the abundance of phlogopitic biotite and magnesian chlorite in the bio- 

tite quartz diorite, the minor but ubiquitous chlorite in the quartz 

monzonite porphyry, and the paucity of magnesium-bearing alteration 

phases in the Ox Frame silicic volcanic rocks. This same type of corre

lation holds to a lesser extent for the iron-bearing phases in the var

ious rock types. Similar rock type control is noted at the Ray deposit 

(Phillips, Cambell, and Fountain, 197*0 •

The preservation of abundant biotite in the biotite quartz dio

rite while the biotite of the quartz monzonite porphyry and other more 

leucocratic rocks has undergone extensive chloritization might also be
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explained in terms of host rock composition. The abundance of magne

sium-bearing phases in the biotite quartz diorite could increase the 

a^g++/a2jj+ ratio of the fluid into the phlogopite field (Fig. 53) as 
the solutions diffused out from the orthoclase-chlorite veinlets where

as in the more leucocratic rocks the a^-H-/a2̂ + ratio would remain in 

the chlorite field much farther out as the solutions diffused into the 

rock.

The presence of ubiquitous, but minor, epidote in the system was 

initially thought to be controlled by the calcium content of the reck. 

However, the most abundant epidote occurs in orthoclase veinlets in the 

rhyodacite porphyry which is not exceptionally high in calcium. There

fore the host rock calcium content does not appear to be the primary 

control for epidote formation at Esperanza. The availability of ferric 

iron might be a control for epidote formation, and, indeed, epidote does 

occur with chlorite pseudomorphic after biotite and could have derived 

a supply of ferric iron from the biotite destruction. The presence of 

minute hematite flakes in the fluid inclusions of veinlet quartz might 

suggest that a supply of ferric iron was available in the fluids. But 

Helgeson (1969) depicts diagrammatically that the stability of ferric 

iron in solution at 300°C requires much more oxidizing conditions (on 

the order of 30 log fo2 units) than in a solution at 25°G". Therefore 

the ferrous iron in a fluid inclusion trapped at 300°G could readily be 

oxidized during the cooling process. Veinlet epidote commonly occurs 

in clots intimately associated with sulfides and chlorite. The iron 

in chalcopyrite is also in the ferric state, and the source of ferric 

iron for the epidote is presumably the same as for the chalcopyrite.
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This last observation introduces the more detailed aspect of 

wall rock control on veinlet mineral distribution. Within the ortho- 

clase veinlet haloes in the biotite quartz diorite, sulfide distribution 

is directly controlled by the magnetite of the original rock. This 

sulfidation of magnetite would also provide a source of ferric iron.

Also within the orthoclase veinlets the sulfide-chlorite-epidote clots 

are at least partly controlled by intersections of the veinlet with 

biotite phenocrysts in the rock. Thus the destruction of biotite grains 

along veinlet courses could provide Mg*1"1*, Fe*1"1", and Fe111 for the chlo

rite , pyrite, chalcopyrite, and epidote observed in the clots.

One can extrapolate from this observed localization of sulfide 

clots by rock biotite to formulate an explanation for the observed 

correlation of mineralization and rock type (see p. 91)• The correla

tion of high copper assays with biotite quartz diorite in the western 

end of the pit versus high molybdenum assays with the more leucocratic 

rocks is explained as follows. The only copper mineral observed is 

chalcopyrite which contains iron, whereas molybdenite contains no iron. 

Therefore, in a relatively iron-poor environment molybdenite would be 

favored whereas in an iron-rich environment iron and copper could 

compete more effectively for the available sulfur. Thus the availabil

ity of iron to the solutions at Esperanza was critical and host rock 

composition assumed considerable importance. If, however, iron were 

present in excess, sulfur could be tied up in the formation of pyrite 

to the exclusion of ore minerals, a relationship dramatically presented 

in the theoretical reaction progress diagrams by Helgeson (19?0).
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Contrary to the relations "between host rock and "potassic" 

alteration discussed above, the late cross-cutting quartz-pyrite-seri- 

cite veinlets and their alteration envelopes show virtually no effect 

of host rock variation. These quartz-pyrite-sericite veinlets are 

essentially mineralogically identical whether in diorite, rhyodacite, 

quartz monzonite porphyry, or rhyolite host rocks. The important fac

tors of host rock composition in magnesium and iron in the "potassic” 

system do not affect the quartz-sericite-pyrite system. The virtual 

absence of magnesium-bearing phases is undoubtedly due to the higher 

solubility of the Mg ion under the conditions of formation of the 

quartz-sericite-pyrite assemblage. The conditions required for the 

formation of muscovite rather than orthoclase have been well documented 

by Hemley and Jones (19&J-) and involve either lower temperatures or

lower pH or both (Fig. 5*0 • Either or both of the above conditions
-| |

would serve to increase the solubility of the Mg ion in solution 

(Ellis, 1971 $ and Hemley and Montoya, 1971) and Mg*"*" could be essen

tially flushed out of the quartz-sericite-pyrite veinlet system. But 

consideration of sericite microprobe data (Table 7) indicates that a 

limited amount of magnesium could be retained in the muscovite struc

ture. Also, consideration of Figure 53 indicates that as pH is changed, 

the ajjg++/a2jj+ ratio changes at twice the rate of the a^+/a^+ ratio 

because a^-H- varies inversely with a2̂ +. Thus a decrease of one pH 

unit could cause a one unit decrease in log a^.+/a^+ but a two unit de

crease in log a^g-H-/a2̂ +. Thus a sharp shift out of the chlorite field 

would ensue from decreasing pH.
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To summarize, it is apparent that host rock chemistry does play 

a role in the mineralogic expression of the "potassic" alteration assem

blage in the form of the relative abundances of magnesium- and iron

bearing phases, although it appears to be an insignificant factor in 

the quartz-sericite-pyrite assemblage.

Zoning of Alteration
The patterns of alteration typical of porphyry copper deposits 

have received extensive study because of importance to exploration.

The work of Lowell and Guilbert (1970), Rose (1970), James (1971), 

Sillitoe (1973)» and Guilbert and Lowell (197*0 have led to the general 

acceptance of a coaxially distributed zoning pattern with a central core 

of potassium silicate alteration surrounded by consecutive zones or 

rings of sericitic, argillic, and propylitic alteration. This general 

model applies with exceptions and modifications in detail to nearly all 

the porphyry deposits. Denis (197*0 recognizes a semi-annular pattern 

for the Esperanza-Sierrita deposit. The present study is too limited in 

areal extent to allow overall testing of this zoning pattern, although 

some comments are applicable. The recognition of the veinlet abundance 

distribution (Fig. 35) of sericite veinlets greater than orthoclase 

veinlets across the southern portion of the pit conforms in general to 

the phyllic zone shown by Denis (197*0 • However, this zone is one of 

scattered sericite veinlets superimposed on earlier orthoclase alter

ation and not the pervasive and extensive sericitization typical of many 

deposits. The restricted and spotty nature of the sericite zone at Es- 

peranza may be the result of relative impermeability of the surrounding
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silicic Ox Frame Volcanics which weakened the development of a convect- 

ing meteoric system. The restricted nature of the sericitic alteration 

zone as observed here and by Denis (1974) and Oakley (1972) and the 

importance of the orthoclase-chlorite assemblage when considered in 

terms of the vertical zoning models presented by Lowell and Guilbert 

(1970), Sillitoe (1973), and Guilbert and Lowell (1974) suggest that the 

Esperanza-Sierrita system has been eroded to a relatively deep level in 

the model system.

Summary of the Alteration System 

The Esperanza alteration-mineralization system was initiated 

with intense fracturing which occurred during or following emplacement 

and crystallization of the quartz monzonite porphyry bodies. The ex

plosive development of the nearby Sierrita breccia pipe was probably 

a triggering event. The initial hydrothermal solution, perhaps esca

ping fluid from the breccia forming vapor "bubble" (Norton and Gathies, 

1973), was a chlorine-rich brine saturated with the volatiles, alkalies, 

and metals partitioned into it from the crystallizing magma (Burnham, 

1967; Kilinc and Burnham, 1972; and Holland, 1972)• The initial alter

ation involved biotitization of the dioritic rocks and possible biotite 

re-equilibration and orthoclase flooding in the leucocratic rocks. 

Following either a decrease in temperature or a change in fluid compo

sition, possibly due to mixing with meteoric and connate brines, biotite 

was no longer in quilibrium with the fluid and the orthoclase-chlorite 

alteration assemblage was developed. Chalcopyrite, pyrite, and molyb

denite deposition occurred through this fluid transition period. Minor
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altote and quartz molybdenite veinlets document further changes in the 

fluids. Superimposition upon the system of quartz-pyrite-sericite vein- 

lets is thought to represent an influx of heated meteoric waters. And 

finally, late gypsum veinlets developed from either hydration and re

distribution of anhydrite or heating of sulfate-charged groundwater over 

the dying Esperanza mineralization system. Thus the Esperanza system 

is interpreted as having developed from a combination of the ortho-mag

matic and circulating meteoric porphyry models.

The following points summarize pertinent features of the Esper

anza alteration system.

1. Chlorite and epidote are integral members of the "main 

stage" potassic alteration at Esperanza.

2. The potassic assemblage at Esperanza includes orthoclase, 

quartz, chlorite, chalcopyrite, pyrite, molybdenite, epidote, and albite 

as veinlet and veinlet halo phases with pervasive sericite, orthoclase, 

and calcite after plagioclase and chlorite, pyrite, and epidote after 

mafic minerals.

3* Biotite occurs as an early pervasive alteration phase in the 

biotite quartz diorite but is unstable with respect to the "main stage" 
potassic assemblage.

4. Host rock chemistry is an important control in the minera- 

logic expression of the potassic alteration assemblage in the form of 

the relative abundances of magnesium- and iron-bearing phases, but it is 

of negligible importance to the quartz-sericite-pyrite assemblage.

5* Mineralization is directly correlatable with potassic alter
ation.
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6. The double lotted shape of alteration patterns (Fig. 35) 

suggest that the two quartz monzonlte porphyry bodies acted as "centers" 

of alteration-mineralization.
7. Within the limited area studied potassic alteration is pre

dominant with phyllic alteration present only as scattered quartz-seri-

cite-pyrite veinlets superimposed on the potassic alteration.
!

8. Although poorly developed, the zone of relatively abundant 

sericite veinlets (Fig. 35) roughly corresponds to the narrow phyllic 

zone as depicted by Denis (1974). The argillic zone depicted by Denis 

(1974) was not recognized in this study. Although outside the area 

studied, propylitic alteration is present around the Esperanza-Sierrita 

deposit.

9- Potassic alteration involves enrichment in K and depletion 

in Na, Ga, Mg, and Fe.

10. Whole rock K/Rb ratios remain essentially constant or in

crease with potassic alteration and appear to decrease with sericitic 

alteration.

11. The Si*^ content of Esperanza sericites (Fig. 50) are com

patible with 350°G temperature and 1.5 kb pressure data obtained by 
Denis (1974).

Suggestions for Further Work

The present study represents only a modest beginning at unravel

ing the history of the complex Esperanza-Sierrita porphyry copper system. 

The petrologic relationships of the area are very complex and little 

understood. A detailed petrologic study of the extrusive and intrusive



events proceeding and accompanying the mineralization for the immediate 

mine area and surrounding vicinity is needed. The detailed alteration- 

mineralization study begun here should be expanded areally over the 

entire system and vertically as far as data is available.

The orthoclase-chlorite assemblage observed at Esperanza and 

reported from other deposits (Sillitoe, 19735 and Guilbert and Lowell, 

19?4) and the experimental results obtained by Hemley and Montoya (1971) 

are at odds with the theoretical thermo-chemical data of Helgeson (19&9) 

and Beane (1974) which do not allow a stable orthoclase-chlorite assem

blage . This conflict points out the need for further work on the prob

lem in terms of additional careful observational and experimental work 

as well as the theoretical thermo-chemistry of the chlorites. Study of 

compositional variation in naturally occurring chlorites in the porphyry 

copper environment is essentially an untouched field.

Sericites are present in virtually all of the recognized zones 

in porphyry copper alteration and their chemical-structural variation 

is little known. Limited data presented here suggests that Velde's 

(1967) phengite geothermometer-geobarometer is applicable to the 

ubiquitous and abundant sericites of the porphyry copper environment. 

This promising tool should be rigorously investigated with a much 

larger data base than was available here.
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APPENDIX A

RESULTS OF CHEMICAL ANALYSES

This appendix contains the tabulated whole rock chemical 

analyses (Table 11) for thirty samples from Esperanza. In addition 

Table 12 lists the computed CIFW norms for the analyses. The analytical 

technique employed in the analysis is summarized in Appendix B.



Table 11. Chemical Data.

Si03

Ox Frame 
Volcanics

3725-2 65.88

3725-4 70.77
3725-10 75.85

3725-14 77.43
Biotite Quartz 
Diorite

3655-2 59.80

3655-4 62.22

3690-80 56.37
3725-16 58.72

3760-2 57.91
3760-10 56.30

3795-3 66.31

AI2O3 FeO MgO CaO

18.08 1.29 0.27 0.97
15.30 1.33 0.17 0.80

12.54 0.69 0.06 0.38

12.08 0.90 ND O .65

14.43 6.69 2.54 2.86

14.46 4.34 2.03 1.96

17.67 4.91 3.75 3-85
14.63 5-57 3.15 3.98

15.27 7.30 3.42 3.18

16.32 6.56 4.38 3.08

13.93 4.49 2.16 2.25

Na20 k 2o Ti0s MnO Total Sr Kb S.G. 
(ppm)(ppm) (g/cc)

3.38 7.57 .262 .034 97.49 165 304 2.66

3.10 6.90 .240 .021 98.63 104 271 2.63

1.73 8.25 .172 .021 99.69 104 269 2.66

2.99 6.24 .280 .029 100.60 118 222 2.65

3.53 3.02 .892 .130 93*89 316 212 2.80

3.80 4.86 .776 .082 94.53 198 239 2.72
4.03 3.82 .9^0 .112 95.45 328 150 2.72

3.27 3.30 • 785 .095 93.50 674 192 2.76

3.18 3.93 .950 .123 95.26 780 232 2.78

3.76 2.96 .980 .127 94.47 625 146 2.70

3.65 3.86 •778 .099 97.53 210 214 2.74

£



Table 11. (Continued).

Si02

Rhyodacite

3725-12 60.86

3760-llc 64.13
3760-21 63.19
Leuco-Quartz 
Diorite Porphyry

3655-6 65.70

3655-7 68.14

3655-8 67.07

3655-9 67.70

3690-1 66.56

Dacite Porphyry

3690-7 70.89

AI2O3 FeO MgO CaO NasO

17.37 3.69 2.66 1.92 3.02

15.17 3.23 1.75 1.57 4.17

15.72 3.46 2.55 2.56 3.10

15.89 1.39 0.55 2.69 3.20

14.99 2.03 0.82 1.59 3.30

17.94 1.49 0.46 1.58 2.56
14.40 1.31 0.94 1.55 2.48

16.52 0.93 0.98 2.68 4.25

13.63 1.52 1.85 2.00 4.70

K20 Ti02 MnO Total Sr Rb S.G. 
(ppm)(ppm) (g/cc'

4.37 .695 .120 94.71 288 174 2.71
5.60 .524 .069 96.21 369 272 2.68

3.98 .530 .062 95-15 462 151 2.72

3-53 .284 .046 93.28 243 196 2.70

4.20 .280 .032 95-38 283 124 2.65

5.90 .255 .036 97.29 188 280 2.68

6.65 .270 .020 94.47 372 210 2.62

3.44 .330 .048 95.74 256 180 2.65

2.30 .362 .034 97.46 335 122 2.65



Table 11. (Continued).

SiOg

Quartz Monzonite 
Porphyry

3690-8a 69.08

3760-4a 64.49
3760-4f 64.93

3760-5* 65.14

3760-7 67.91
3760-9 67.96
Rhyolite Porphyry

3760-14 66.29

3760-23 70.23
Aplite

3760-5 78.82
Orthoclase
Metasomatite

3760-P 63.26

AlgO FeO MgO CaO

13.83 1.75 0.92 1.98

17.25 1.19 1.90 1.47
15.88 2.19 1.38 2.01

16.19 2.24 1.13 1.56

15.16 2.16 1.31 1.76

15.15 2.06 0.77 1.66

14.45 3.53 1.59 I .06

15.44 2.21 0.44 0.53

12.54 0.84 0.22 0.40

19-53 0.80 0.15 0.22

Na20 KsO TiOs MnO Total Sr Rb 
(ppm)(ppm)

S.G.
(e/cc)

3.65 4.42 .341 .034 96.01 360 192 2.66

2.92 6.18 •350 .044 95-79 262 214 2.66

3.41 4.40 .366 .068 94.63 372 183 2.69

2.56 5.24 8 .040 94.46 284 262 2.64

3.27 4.76 •359 .039 96.73 327 196 2.66

2.70 5.48 .268 .026 96.07 350 225 2.64

2.62 5.13 .473 .114 95.26 120 255 2.66

4.90 4.18 .504 .036 98.47 86 121 2.67

2.62 5.92 .116 .004 101.48 121 255 -

0.74 10.96 .318 .011 95-99 193 454 : 2.65
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Table 12. CIFW Norms.

Q C or ab an wo en fs
Ox Frame 
Volcanics

3725-2 13.08 2.85 45.50 30.88 4.90 - 0.76 1.66 0.37
3725-4 22.10 1.42 41.51 28.35 4.04 - 0.48 1.76 0.34
3725-10 31-08 0.08 49.78 15.87 1.93 - 0.17 0.85 0.24
3725-14 32.38 - 37.17 27.07 1.13 0.85 - 1.01 0.39
Biotite Quartz 
Dlorite

3655-2 12.79 0.18 19.15 34.01 15.23 - 7.52 9-79 1.33
3655-4 11.36 - 30.34 36.06 8.51 0.71 5.92 5.96 1.15
3690-80 1.0? - 23.34 37.42 19.50 0.10 10.70 6.51 1.35
3725-16 10.62 - 20.90 31.47 16.62 1.82 9.32 8.07 1.18
3760-10 5.09 1.53 18.39 35.51 16.07 - 12.72 9.25 1.44

3795-3 18.43 - 23.52 33.80 10.55 0.38 6.15 6.05 1.12
Rhyodacite

3725-12 15.55 4.82 27.22 28.59 10.05 - 7.74 5.00 1.03
3760-ilc 10.05 - 34.14 38.64 6.34 0.68 4.99 4.42 0.75
3760-21 17.67 1.91 24.73 29.28 13.36 - 7.40 4.86 0.78
Leuco-Quartz 
Dlorite Porphyry

3655-6 25-98 2.26 22.47 30.96 14.38 - 1.64 1.90 0.42
3655-7 26.12 2.45 26.16 31.24 8.32 - 2.39 2.90 0.41
3655-8 23.41 5.04 36.00 23.74 8.10 — 1.31 2.01 0.37
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Table 12. (Continued).

Q C or
Leuco-Quaxtz 
Diorite Porphyry

3655-9 21.70 0.35 41.45

3690-1 20.13 1.06 21.09

Dacite Porphyry

3690-7 25.45 - 13.91
Quartz
Monzonite
Porphyry

3690-8a 23.65 - 27.29

3?60-4a 16.47 3.50 37.89
3760-4f 19.90 2.14 27-46

3?60-5a 23.24 4.04 32.97

3760-7 22.49 1.62 29.16

3760-9 24.35 2.02 33-97
Rhyolite
Porphyry

3760-14 23.76 3.08 32.16

3760-23 21.05 2.09 24.99
Aplite

3760-5 36.30 1.20 35-04

Orthoclase
Metasomatite

at an HO en fs il

23.50 8.12 2.74 1.74 0.40

39.61 13.80 - 2.81 1.02 0.48

43.21 9 .53 0.25 5.23 1.90 0.51

34.25 8.68 0.63 2.65 2.34 0.50

27.21 7.57 - 5.44 1.41 0.51

32.35 10.54 - 4.02 3.04 0.54

24.48 8.24 - 3.32 3.16 0.53
30.45 9.06 - 3-75 2.95 0.52

25.44 8.64 — 2.23 2.95 0.39

24.96 5.58 - 4.66 5.11 0.69
44.52 2.66 1.23 2.76 0.70

23.57 1.99 - 0.6l 1.14 0.17

1.14 - 0.43 0.83 0.4?3?6o-P 15.41 6.92 67.83 6.96



APPENDIX B

X-RAY FLUORESCENCE ANALYTICAL AND DATA REDUCTION TECHNIQUES

Whole rock chemical analyses were obtained on a Siemen's X-ray 

fluorescence unit at The University of Arizona. Rock samples were 

crushed to pea size and then pulverized in a shatterbox for 10-15 min

utes to obtain a powder with sufficient cohesiveness to form a pellet 

under pressure. Each powder was then compressed into a disk with a 

methylcellulose and boric acid backing under 20,000 psi in a hydraulic 

press. Considerable difficulty was encountered with cracking of disks 

of high silica rocks on release of pressure. Slow pressure release and 

great care were required in the handling of these rock disks.

X-ray counts were collected for four 0.4 minute periods for each 

sample for each element. Instrumental parameters utilized for each 

element are tabulated in Table 13. Standard rocks were analyzed every 

third run to check on instrumental drift. The U.S.G.S. silicate rock 

standards G-i (Fleischer, 1969) and G-2, GSP-1, AGV-1, and BCR-1 

(Flanagan, 1969) were utilized. Raw X-ray count data were reduced to 

weight percentages following and extending the Reynolds' (1963 and 196?) 

Compton scattering technique. The elements Fe, Mn, Ti, Ca, K, Si, Al, 

Mg, and Na were reduced by this technique. Rb and Sr data were reduced 

by the standard technique employed at The University of Arizona Rb-Sr 
laboratory.
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Table 13* Instrumental Parameters for X-ray Fluorescence Analyses,

Element Tube KV/mA Crystal Counter Voltage Atten. Base Line Window

MoG Mo 55A6 UF220 Scint 1200 5 8.5 23.6
Sr •1 II II II II ll 6.6 20.8
Rb II II II II II II 5.85 19.8
Fe •1 45/22 Gyp020 FPC 1600 20 5 10
Mn II II II II II II 11 II

Ti Gr 25/12 Gyp020/vac II 1650 II 6 12

Ga ii II II II II II ll II

K ii II #1 II II II ll II

SI ii II II #1 1750 II 9 10

A1 H II II II II II ll II

Mg ti 40/40 " KAP100/vac II ' 1775 II 6 13
Na ii II II II ll II ll H

Vi



Reynolds (1963) proposed a technique for estimation of the mass
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absorption coefficient by use of the Mo Compton (MoC) peak. This 

technique has been successfully used at the University of Arizona X-ray 

fluorescence laboratory. One severe limitation is the inapplicability 

of the technique to wavelengths longer than the Fe absorption edge 

(Fe^). Reynolds (196?) proposed a method for overcoming this problem 

and extending his technique below the Fe^.

The technique is based on the fact that for silicates tiunjcnown/ 

^standard’ where (i is the mass absorption coefficient, is constant for 
all wavelengths (X) shorter than Fe^. This ratio holds because iron is 

the heaviest major element in most silicate rocks. For X longer than 

the F e ^  but shorter than the Ca^, the next major element, a different

ratio, Unknown/Standard' holds‘ Reynolds (196?) derived the following 
equation which can be solved for p, at X greater than Fe^.

______  '̂h).9*'̂ 1.94 •IFe___________ (1)1̂.94

^ . ^ • V ) -  CCFeS-IFeU-(^./e ^ ^ 0 . 9 ^ 3
where s is the standard, u is the unknown, Cpe is the concentration of

Feiron, Ipe is the X-ray intensity of iron, ^  is the mass absorption 

coefficient of iron at X = 1 *94, Pq ^ is the mass absorption coeffi

cient of iron at X = 0.9, and b is the ratio p^ ^ / P q Reynolds 

calculated a b-value of 7.60 for silicates. However, in my test of the 

technique I used U0.75 dns^ead Pg 9 because I had p values available 
for the standards at p^y^, which required recalculation of the b-value 

since b now equaled This recalculation was done by using

two known standards in Equation 1 and solving for b. The b-value thus
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obtained is 15*04 for both felsic and mafic rocks. In these and fol

lowing calculations I used the mass absorption values given by Birks 

(1971)* A test of the technique across the Fe absorption edge was 

successful using several standards so the method was extended to the 

Ga absorption edge by replacing Fe by Ca, |1̂  ̂  by and ^ ^
^  in Equation 1 and calculating a new b-value, b^, for this step. 

Further extension of the technique was accomplished by suitable replace

ments and calculations for the K, Si, Al, Mg, and Na absorption edges.

Using the p. values obtained the concentration of an element in 

a sample is obtained by the following equation.

^  = S  ^  1 CX5 ( «

where is the concentration of the element, is the X-ray count rate 

of the element, p^ is the mass absorption coefficient for the proper 

absorption edge, and u and s are respectively the unknown and the stan

dard.

Analytical precision and accuracy of the technique are summa

rized in Table 14. The data for Table 14 were obtained using AGV-1 as 

an unknown with the other U.S.G.S. rocks G-l, G-2, GSP-1, and BCR-1, 

as standards. As the data were collected utilizing several different 

standards against one rock as an unknown the precision data represents 

more than simple instrumental and operator variance. The accuracy of 

the p data and with the exception of the Mg-value the weight percent 

data (Table 14) is good. The Mg and Na data could have been improved by 

replacing the mylar counter window with a thinner film which would be 

less absorbent to the soft Mg and Na X-rays.



Table 14. Test for Analytical Precision and Accuracy for U.S.G.S. Standard AGV-1.

Mass Absorption Coefficients Element Weight Percentages

Element n Mean a3 a %(o) p. from
Birks (1971)

Mean 0s a %(o) Wt. $6 X from 
Flanagan (1969)

Fe 6 81.1 0.09 0.3 0.37 80.9 4.74 0.002 0.044 0.93 4.75
Ca 6 344 4.4 2.1 0.6l 335 3.53 0.006 0.077 2.19 3.56
K 6 417 10.4- 3.2 0.77 413 2.35 0.0014 0.037 1.57 2.40

Si 5 1206 64.8 8.1 0.6? 1196 28.37 0.103 0.32 1.13 27.61

A1 6 1402 226 15.1 1.0? 1409 9.23 0.009 0.093 1.01 9.00

Mg 5 2226 42.8 6.5 0.29 2227 0.71 0.003 0.055 7.68 0.898

Na 4 3354 46 6.8 0.20 3344 3.24 0.005 0.073 2.25 3-21

%
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