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ABSTRACT

The Copper. Flat porphyry copper' deposit is located in the 

Hillsboro mining district 48 kilometers from Truth or Consequences,

New Mexico. Geologically, the district consists of a circular out

crop of Late Cretaceous andesite in fault contact with Paleozoic 

sediments, a central quartz monzonite with a breccia pipe, and a 

series of latite dikes which cut and radiate outward from the quartz 

monzonite. The breccia pipe is an oval body in plan and is generally 

characterized by gradational contacts with the quartz monzonite.
Quartz monzonite fragments in the breccia are angular to subangular 

and the matrix is composed of biotite, orthoclase, quartz, apatite, 

chalcopyrite, pyrite, and molybdenite. Fluid inclusion data indicate 

that temperatures, between 320° and 360° C prevailed during alteration 

and mineralization at a pressure between 100 and 200 bars and a depth 
of 1 to 2 kilometers. Brecciation was the result of retrograde boiling 

of a HgO—rich volatile phase which exsolved from the magma.

xi



CHAPTER I 

INTRODUCTION

The Copper Flat porphyry copper deposit is located in Sierra 

County, New Mexico, approximately 48 kilometers from Truth or Conse

quences , New Mexico, and approximately 6 kilometers from Hillsboro,
New Mexico (Fig. 1). Activity in the Hillsboro or Las Animas mining 

district dates back to 1877 when gold was discovered in a piece of 

float by two prospectors. Further exploration that same year led to 

the discovery of the Rattlesnake Mine and of placer gold in the Snake 

and. Wicks gulches. Both, lode and placer mining have continued inter

mittently in the district since that time. Harley (1934) states that 

production from 1877 to 1931 totalled $6,900,000 with $4,700,000 from 

lode mining and $2,200,000 from placer mining, a total of 5100 kilograms 
of gold. He recognized four types of ore deposits in the district - 

fissure veins in andesite, disseminated deposits in monzonite porphyry, 

replacement deposits in limestone, and placer gold deposits. Although 

all four types of ore deposits are important and interrelated, the 

thrust of this thesis will be to focus upon the process of brecciation, 

alteration, and mineralization in the quartz monzonite porphyry.

This thesis involves the determination of the sequence of geo

logic events in the Hillsboro mining district, the interrelationship 

between the various rock units, the cause and process of breccia for— - 
mation in the quartz monzonite and its relationship to mineralization

1
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Fig. 1. Location map of the Copper Flat porphyry copper deposit.
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and alteration3 and the temperature5 pressure and composition of the 
mineralizing fluidsc The overall scope shifts in focus from the general 

perspective to finer and finer detail with a;;summary and conclusion at 

each point along the way. Considered are field, drill core, thin sec
tion, microprobe, fluid inclusion, and wholerrock. analytical evidence.



CHAPTER 2

FIELD STUDIES.

The field studies section of this thesis provides an overall 

look at the regional geology, district-wide mineralization, and struc

tural setting in order to place the brecciation process in its immedi

ate context. The breccia pipe is not being discussed in detail as a 

field phenomenon because its discovery and description were the results 

of drilling and it is not well exposed at the surface. Field studies 

involved four trips to Hillsboro, New Mexico, to collect samples: of 

the rock types, to evaluate the exposed features of the deposit, and . 

to gain an understanding of the district geology. The regional geol

ogy had been mapped by Hedlund (1977), and Dunn and Kim (1975, revised 

198Q) had mapped the geology immediately surrounding the quartz mon- 

zonite. My work did not involve any additional detailed mapping of 

the deposit. The Copper Flat deposit is currently being put into pro

duction by Quintana Minerals Corporation who provided the funding and 

technical assistance for this thesis. Fig. 2 shows a picture of the 

mine area as of September, 1981. The white water tank shows the ap

proximate center of the ore body.

4
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Fig. 2. The mine area, September, 1981, looking north
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Regional Geology

Geologically, the Hillsboro mining, district consists of a cir

cular outcrop block of Late Cretaceous andesite surrounded by Paleozoic 

sedimentary rocks and alluvial fan deposits, a central quartz monzonite 
stock with a breccia pipe, and a series of latite dikes which cut and 

radiate outward from the quartz: monzonite. Fig. 3’. shows the regional 

geology as mapped by Hedlund (1977) the more detailed map of Dunn and 

Kim (mapped in 1975, revised 1980) is Fig. 4.

The andesite forms a nearly circular outcrop pattern 6 kilometers 
in diameter bounded on the southwest, south,and north by fault contacts 

with Paleozoic sedimentary rocks. On the east it is bounded by alluvial 

fan deposits and sediments associated with the Rio Grande Rift, A cross 

section by Hedlund (1977) (Fig. 5) indicates that the andesite has been 
down-dropped relative to the Paleozoic units. Drill core information 

indicates that the andesite is at least 830 meters thick north of Animas 

Peak (IDC-20,31).

The quartz monzonite stock measures approximately 1 by 2 kilo

meters and is elongated in a northeast direction. Its contact with the 

andesite is nearly vertical (Fig. 5). Harley (1934) states that the 

intrusion of the quartz monzonite caused a doming of the andesite with 

the flanks of the dome dipping gently away from the center. He also 

says the stock was intruded along a zone of northeast shearing. The 

quartz monzonite has been dated at 73.4 ± 2.5 million years (Hedlund, 

1974) by K-Ar methods on biotite taken from several drill holes which



EXPLANATION
l» * 1 Andesite —  Fault

□ Quartz Monzonite —  Contact

Paleozoic Sediments

/

Looking West

A A'
% i %

t ^  + +

Fig. 5. Cross section A-A1 showing regional geologic relationships. A-A* is located on the 
plan map of Fig. 3.
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possibly contained secondary biotite; the date may indicate the age of 

mineralization. . x

The breccia pipe central to the quartz monzonite - the principal 

subject of this thesis - was recognized in drill core, although a few 
outcrops occur on the surface and are probably what Harley (1934) de

scribed when he said that "biotite is locally present with coarse 

feldspar crystals in small veinlets of pegmatitic appearance" (Fig. 6). 
The quartz monzonite near the breccia pipe is highly fractured (Fig. 7), 

Cutting across the andesite and the quartz monzonite is a series 

of latitic dikes which are shown in Figs. 3 and 4. The dikes are 

younger as they clearly cut both the andesite and the quartz monzonite. 

They are associated with plug-like latite bodies which may be complex 

dike swarms. The dikes are associated with fractured and brecciated 

andesite and fault gouge, and are commonly related to mineralized veins

in: the andesite, indicating that they were emplaced along fracture and
.

fault zones. Fractures within both a dike and the adjacent andesite 

parallel the dike contacts in an area southwest of the quartz monzonite 

stock. The dikes are linear to sinuous and generally range in thickness 
from 1 to 12 meters near the quartz monzonite to 1 to 2 meters farther 
away in the andesite. Hedlund (1977) states that the maximum thickness 

is about 40 meters and that 34 dikes have been mapped radially from 

the quartz monzonite. - - .. ' »

Lithology

The late Cretaceous andesite host rock to the quartz monzonite 

and breccia is dark gray to greenish gray in color and weathers to tan
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Fig. 6. An outcrop of breccia showing the pegmatitic nature of the
breccia matrix; note the pen in the upper right of the photo 
for scale.
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Fig. 7 Highly fractured quartz monzonite near the contact with the 
breccia.
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to medium brown. There are two varieties. The principal one is aphan-

i.tic to porphyritic in. texture .and composed principally, of plagioelase,. 

pyroxene, and hornblende. The porphyritic variety contains plagioclase, 

pyroxene,and hornblende phenocrysts up to. 3 millimeters in size and has 
a dark gray aphanitic groundmass (Fig. 8). Both varieties contain 

epidote nodules and are propylitized near the quartz monzonite and hear 

mineralized fractures in the andesite. The andesite consists of flows, 

flow breccias, and local autobreccias; parts of it may actually be 

shallowly intrusive, particularly where it is coarser grained south of 

the quartz, monzonite stock. The andesite contains irregular lenses of 

sediment composed of andesite fragments and thin bedded sandstone.

The quartz monzonite is a light gray to pinkish gray holocrys- 

talline hypidiomorphic-granular to porphyritic rock. It contains 

euhedral potassium feldspar laths up to 5 centimeters long which com

monly are Carlsbad twinned, euhedral to subhedral plagioclase up to 1 

centimeter, quartz, biotite, and hornblende (Fig. g).

The dikes range in color from gray to salmon to tan to white 

according to the amount of staining, alteration, bleaching or mineral- 

ogical variation. They weather an orange-yellow to tan and stand out 

well against the darker andesite. In general they are porphyritic with 

potassium feldspar and plagioclase phenocrysts in an aphanitic ground- 

mass of potassium feldspar, plagioclase, and quartz (Fig. 10).. They may 

also contain prisms of hornblende and biotite. Three types of latitic 

dikes were mapped on the basis of the presence or absence of quartz 

phenocrysts, the familiar rounded quartz "eyes," and large orthoclase
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Fig. 8. Porphyritic andesite with white plagiocla.se phenocrysts and
black hornblende and biotite phenocrysts in a limonite-stained 
groundmass.

The bottom width of the specimen is 9.5 centimeters.
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Fig. 9. Quartz monzonite veined with biotite, potassium feldspar, quartz, 
and magnetite veins.
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Fig. 10. Latite with plagioclase, orthoclase, hornblende, and biotite 
phenocrysts in a limonite-stained fine-grained groundmass.

The specimen is 5 centimeters across.
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phenocrysts. They are, therefore, distinguished as quartz latite with 

quartz "eyes," latite porphyry with large orthoclase phenocrysts up to 

1 centimeter long (Fig, .1-1),, and latite. From cross cutting relation

ships, the sequence of dike formation from oldest to youngest is quartz 

latite, latite, and then latite porphyry. As shown in Fig. 4, a quartz 

latite dike in the quartz monzonite south of the breccia pipe is cut by 

a later latite dike. A latite is cut by a later latite porphyry dike 

in the andesite northwest of the breccia pipe,

District-Wide Mineralization

The porphyry copper deposit in the Copper Flat quartz monzonite 

and its associated breccia pipe are related to mineralization on a dis

trict-wide scale. Fractures and faults which radiate across the quartz 

monzonite into the andesite are mineralized. They are described in the 

literature as fissure veins or lode deposits and contributed the major 

production of the district to date. The limestones south of the andes

ite contain lead, vanadium, and molybdenum mineralization as replacement 

deposits along bedding planes. The erosion of Copper Flat and the fis

sure veins led to the development of placer gold deposits in the sur

rounding drainage systems.

The disseminated deposit in the quartz monzonite is characterized 
by low grade copper and molybdenum mineralization. The mineralization is 

hypogene; sulfides are chalcopyrite, pyrite, and molybdenite with minor 

bomite, sphalerite, and galena. Supergene enrichment and oxidation are 

limited, with small amounts of chalcocite, chrysocolla, malachite,and 

azurite visible on surface exposures. The hypogene mineralization occurs
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Fig. 11. A latite porphyry dike which cuts through andesite.

The photograph shows the approximate thickness of the dike. 
Note the pinkish tan potassium feldspar phenocrysts.
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both in veins and in mafic mineral sites in the.quartz monzonite. Early 

veins containing a combination of quartz, orthoclase, biotite, magnetite, 

chalcopyrite, pyrite,and molybdenite are cut by veins of quartz» seri- 

cite, and pyrite. In some cases the biotite is altered to chlorite. In 

general, the central part of the quartz monzonite is characterized by 

potassic alteration with an abundance of potassium feldspar and biotite. 

The surrounding quartz monzonite is characterized by phyllic alteration 

with the alteration of plagioclase and biotite to sericite. The sur

rounding andesite is locally propylitically altered as indicated by 

epidote, chlorite, and calcite.

Fissure veins in andesite occur within brecciated andesite, 

along dike contacts, or in fault gouge, or a combination of any of them 

(Fig. 12). They radiate outward from the quartz monzonite (Fig. 3)' .

and consist of chalcopyrite, pyrite, minor bornite, gold,and silver in 

quartz with minor calcite. They may also contain sphalerite and galena. 

The gold occurs as free gold or along with silver is carried in the sul

fides, especially in pyrite and chalcopyrite. Upper portions are oxi

dized to chalcocite, argentite, and limonite with quartz, calcite, and 

free gold.

In the southern part of the Hillsboro district, small replacement 

deposits of lead, vanadium, and molybdenum ore occur in the Middle 

Silurian Fusselman Limestone. The ore is found along bedding planes and 

is now oxidized to anglesite, cerussite, vanadinite,and wulfenite, al

though remnants of primary galena persist. The relationship of this 

type of deposit to the mineralization at Copper Flat is uncertain
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because they are several kilometers from the andesite-Paleozoic sediment 
contact and may be related , to a younger event.

The district zoning pattern can be schematically shown, with a 
clear temporal association of the vein deposits with the porphyry copper 

deposit and a questionable association with the replacement ores in 

limestone. The vein deposits developed in fractures and faults in the 

andesite which served as emplacement guides for latitic dikes. Copper- 

gold-and silver-bearing solutions from the central mineralization event 

in quartz monzonite spread out along permeable zones producing the vein 

deposits. The district zoning is:

8 Cu, Au, Ag : Pb

minor Zn, Pb,: Au,, Ag minor Zn, Pb minor V, Mo

center outward

PORPHYRY COPPER DEPOSIT VEIN DEPOSIT REPLACEMENT DEPOSITS

Structural Setting

The role of the regional stress field was important to the course 
of events at Copper Flat. Geometrically similar orientation of fractures, 

faults, and dikes indicate that the stresses remained relatively constant

ly oriented throughout the sequence of events related to mineralization. 

The same regional stress field was present during the fracturing of the 

andesite, the emplacement of the quartz monzonite and the latitic dikes, 

the fracturing and mineralization of quartz monzonite and veins in ande

site, and post-mineralization faulting. The emplacement of the Copper 

Flat stock was localized along north-striking faults (Hedlund, 1977).
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Its contacts with the andesite parallel the principal district joint di
rections described by Kuellmer (1955) at N 30° - 65°E and N 40° - 65°W. 

Dunn (1982) measured 162 mineralized fractures in the quartz monzonite 
and found three principal directions ~ fN 34°E, N 64°W, and N 67°E - with 

all fractures nearly vertical. The orientations of mineralized veins in 

the andesite which parallel faults and dikes are similar to those in the 

quartz monzonite (Table 1 ). The formation and orientation of the breccia 

pipe was also controlled by the same stress field as indicated by the 

fact, that the long dimension of the pipe.is N 55°W and the short dimen

sion is N 35°E. The same structural directions are reflected in post- 

mineralization faulting, in the orientation of the Hunter Fault at. N 35°W, 

dip 80°SW, the Fatten and Greer Faults at N 65°WS dip 80°S to 9°, and 

the Olympia, and Lewellyn Faults at N 75°E, dip 80°S to. 90°(Fig. 4). It 

is likely that these faults had pre-mineral movement.

Summary of Field Evidence

The structural setting and the following sequence of events 

within the Hillsboro district, including the hypogene mineralization, 

can be determined from field observations:

1. Emplacement of. the andesite flows.

2. Development of a fracture system in andesite.

3. Emplacement of the quartz monzonite stock

4. Fracturing, of the quartz monzonite stock.

5. Emplacement of the quartz latite, latite, and latite porphyry 

'dikes.

Mineralization of the quartz monzonite, of veins in the6.



Table 1. Orientations of mineralized veins in andesite.*
■ .

Vein Orientation

Richmond N 47°E .

Bonanza : N 37°E, 80° - 90°NW
Snake N 22 °E

Opportunity N 10°E, nearly vertical

Ready Pay N 20°E
Chance N 55°W, vertical

Fullerton, Little 
Jewess

N 75°E, N 60°E, 50°NW

Republic^ Wisconsin N 78°E, 65°NW

Sweetwater N 75°E, 65°NW

*Data from Lindgren (1910) and Harley (1934)



andesite in close association with latite dikes, and re

placement along bedding planes in limestone (?)

7. Major faulting in the quartz monzonite, although fault dis
placement must have occurred over a period of several of 

these events as indicated by a latite dike offset,by a 

latite porphyry dike west of the quartz monzonite.

8. Minor development of oxidation in, and supergene enrichment 

of, all of the deposits.

Due to lack of exposure, the timing of the formation of the 

breccia pipe cannot be determined from field evidence alone.



CHAPTER 3

WHOLE ROCK ANALYTICAL DATA

Whole rock chemical analyses were done on eight samples from 

Copper Flat to determine the overall chemistry of the different rock 

types and to determine the interrelationships which might exist among 

the rock types. The analyses included two of the andesite, one of each 

of the three latite types, and three of the quartz monzonite, the loca

tion of each of which is described in Appendix A. Surface samples and 

samples taken from cuts made for a diversion channel and crusher were 

collected with as great a care as possible to insure a fresh sample.

In addition, samples were sawed to remove any surface effects or weather

ing effects along fractures. The chemical analyses were done by X-Ray 

Assay Laboratories in Toronto, Canada, and the results are given in 
Table 2.

A series of diagrams was developed from the data to analyze the 

results. The first diagram, an alkali - lime ternary plot (Fig. 13), 

compares the analyses of Copper Flat materials with other porphyry 

deposit rocks worldwide. The data for comparison are from Titley and 

Beane (1981) and the diagram shows a close correspondence of the Copper 

Flat rocks with those from SW North America and the Canadian Cordillera. 

The quartz monzonite and latites are high in I^O and low in CaO but the 

data are compatible. An AFM plot was constructed to compare the samples 

with the calc-alkaline versus the Thingmuli tholeiitic differentiation
23



Table 2 Whole Rock analytical data

Weight Per Cent Parts Per Million

Sample Si02 A12°3 CaO MgO Na20 k 2o Fe2°3 MnO tio2 P2°5 LOI SUM Cr2°3 Zr Sr Rb

ANDC1 58.5 15.9 5.53 2.47 3.17 3.02 7.59 0.09 0.81 0.41 1.85 99.4 70 200 800 110

ANDD2 49.9 16.4 7.62 3.98 3.00 2.95 11.50 0.19 1.14 0.62 1.62 99.0 60 130 640 160

LATP3 62.2 17.5 1.15 0.81 5.05 5.55 4.85 0.05 0,46 0.18 1.47 99.3 50 300 480 180
LATQ2 69.3 16.7 0.71 0.41 3.83 3,58 1,57 0,01 0.25 0.07 2,23 98,7 80 130 480 170

LATS1 61,9 18.0 1.28 0.63 4.08 7.66 3.66 0,03 0.39 0.12 1.77 99.5 60 250 710 310

QMD11 63,3 17,4 1.36 1.07 3.58 5,57 5,35 0.02 0.50 0,19 1.47 99,8 110 270 680 270

QMD12 60.1 17.5 2.45 1.14 3.46 6.16 6.36 0.06 0.54 0.21 1.39 99.4 100 240 880 270

QMN3 65.4 16.2 1.85 0.60 3.94 5.96 3.58 0,13 0.36 0.11 0.77 99.0 80 340 530 290
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trends - With the limited number of samples , the andesites shown enrich

ment of Fe^O^ but either differentiation trend would provide a possible 

interpretation of the data (Fig. 14). To compare the rocks at Copper 

Flat further with those from various tectonic settings, an alkali- 

silica Variation diagram (Fig. 15) which includes suites from island- 

arcs, cratonic or "transitional" environments at continental edges, and 

the alkaline rocks of Galore Creek, Canada, was constructed with data 

from Titley and Beane (1981), The Copper Flat suite would be expected 

to correlate with the cratonic or "transitional" suites at continental 

edges and the comparison is close. The Copper Flat rocks, however, are 

higher in alkalies and might be said to have some affinities with the 

alkaline rocks at Galore Creek. Two Barker variation diagrams, which 

plot each of the weight per cent oxides versus weight per cent SiO^, 

were prepared for the major and minor elements (Figs. 16 and 17). The 

oxides MgO, FeO, CaO, and to a lesser extent and TiC^ show a linear

trend suggestive of a co-rnagmatic origin for the samples.

Rubidium and Strontium were analyzed to see if they showed trends 

in differentiation or alteration similar to those discovered by Olade 

and Fletcher (1975) around porphyry copper deposits in British Columbia. 

They found that abundances of Rb and Sr follow K and Ca, respectively, 

due tp similarities in ionic properties. During differentiation of a 

magma, Rb is enriched relative to K, and Sr is depleted relative to Ca. 

With alteration, Rb values and Rb to Sr ratios are enriched in the cen

tral parts of the porphyry where potassic and phyllic alteration are 

well developed. Sr values are increased on the periphery where.
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propylitic and argillic alteration are developed. A plot of K versus Kb 
and Ca versus Sr was made to test the Copper Flat rocks in terms of . 

these relationships (Fig. 18). The:plot of K versus Kb shows a linear 

relationship, but not in a sequence that is temporally related to the 

processes at Copper Flat. The quartz monzonite, which is older than the 

dikes, plots in the middle of the dike samples, indicating that although 

Kb increases when K increases, in this case it is not an indication of 

differentiation. The plot of Ca versus Sr shows no definable relation

ship between Ca and Sr. The points are widely scattered. Therefore, 

in the case of Copper Flat rocks the rubidium and strontium analyses in 

relationship to potassium and calcium do not provide valuable evidence. 

No isotopic determinations of initial 87gr to 86^^ ratios,were made in 

this study.

Chappel and White (1974) characterized granites in terms of I- 

type versus S-type and gave criteria for the two types. The copper 

Flat rocks were evaluated in terms of these criteria and those defined 

by Sillitoe (1981). . With one exception the rocks correspond to I-type 

granites in that:

1. They have relatively high sodium with Na^O greater than 

3.2 per cent in felsic varieties and Na^O greater than 2.2 

weight per cent in more mafic types.

2. The rocks represent a broad spectrum of compositions from 

andesite to quartz monzonite.

The rocks have a wide range in SiO^ values from 49.9 to 

69.3 (Sillitoe, 1981).

3.



Fig. 18. A plot of Rb versus K and Sr versus Ca for the Copper 
Flat rocks.
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4. 'They contain hornblende and magnetite, while cordierite, musco

vite, and garnet are absent (Sillitoe, 1981).

In Mol + -̂ 2̂  + the values for the latites and
quartz monzonite are greater than 1.1, which is characteristic of S- 

type granites. The values for the andesite are less than 1.1 with 

values of 0.874 and 1.06.

Coney and Reynolds (1977) related the ages of late Mesozoic to 

early Cenozoic igneous rocks in southwestern North America to the sweep 

of a magmatic arc northeastward and then back to where it originated. 

They proposed that the arc type magmatism was due to changes in the 

Benioff zone geometry through time, specifically due to a flattening 

of the Benioff zone from 130-110 million years to 55-40 million years 

followed by a rapid steepening of dip from 40 million years to 15 mil

lion years. The inward extent of the magmatic arc was 1000 kilometers. 

The Copper Flat quartz monzonite has been dated at 73.4 ± 2.5 million 

years (Hedlund, 1974), which may reflect the age of the quartz monzonite 

or the age of mineralization. Based on a plot of distribution of radio- 

metric ages versus time in Coney and; Reynolds (1977), Fig.. 2a, the in

trusion at Copper Flat would have been approximately 800 kilometers 

from the trench. The Copper Flat rocks; represent a time of flattening 

of the Benioff zone close to the greatest inward sweep of the arc.

Keith (1978) took the data of Coney arid Reynolds (1977) a step further 

and tied it and additional data of his own into the geochemistry of the 

magmas. In comparing the Copper Flat rocks with the classification and 

index factors outlined by Keith (1978), the alkali-calcic category is
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the best fit of the data (Appendix D). The alkali-calcic suite type 

corresponds closely to what would be predicted by the Keith model (1978) 

and indicates a 260 - 390 kilometer depth to the inclined seismic zone 

(Benioff zone). The relatively high Ag and Au content with copper and 

molybdenum mineralization also support Keith (1978) and W'estra and 

Keith (1981): ideas that relate metallogenesis to plate tectonics«
- - ...... -V-- - '--- - "

■
Summary of the Whole Rock Analytical Data 

Based on eight analyses. Copper Flat rocks correspond well with 

rocks for other porphyry copper deposits within the. Western Cordilleran. 

They are high in K^O and low in CaO in relation to most calc-alkaline 

porphyries and have some characteristics of more alkaline rocks. They 

contain magnetite and have the overall characteristics of I-type 

granites.

The comagmatic nature of the andesite, the quartz monzonite, 

and the latites cannot be proven categorically because more analyses 

would need to be done, including some on rare earth elements. The pres

ent evidence, however, shows a close correspondence between the quartz 

monzonites and the latites and trends including the andesite are con

sistent with a comagmatic origin for the rocks at Copper Flat.

■ ) . - .



CHAPTER 4

DRILL CORE STUDIES

Megascopic drill core studies were undertaken to understand 
interrelationships between rock types, to determine textural variations 

in the quartz monzonite, to determine the characteristics of the breccia 

pipe, to study alteration and mineralization, and to determine temporal 

relationship between the emplacement of the dikes and brecciation. The 

deposit has been drilled by Bear Creek Mining Company, Inspiration Con

solidated Copper Company, and Quintana Minerals Corporation. Drill 

logs, assay data, and a few thin sections were available from all three 

Sets of drill holes. In addition, skeletal drill core was available 

for study from 150 Quintana drill holes which were spaced, at 30 meter 

intervals in the breccia pipe. An average piece of skeletal core was 

approximately 7 to 15 centimeters in length and was a representative 

sample of about 3 meters of core.

The general procedure for the study of the drill core involved 

laying out cross sections along the long axis of the breccia pipe at

approximately N 55°W and along the short axis at approximately N 35°E.
\Cross sections parallel to these lines were spaced to give a represen

tative view of the breccia pipe and the surrounding quartz monzonite. 

Drill holes within 15 meters were routinely projected to the section 

and drill holes were projected farther if thin sections had been pre

viously cut. Eighty-one drill holes were included in the study. Rock 

types and variations in breccia mineralogy were plotted on the cross
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sections from the Quintana drill logs; alteration assemblages were plot
ted from the thin sections. Drill logs were reviewed to locate any 

fragments which were not quartz monzonite; this information was included 

to determine the relationships between dikes and brecciation. Appendix 

C shows the source of data for the cross sections. Fig. 19 shows the 

locations of the sections in relation to the drill holes and geology. 
Figs; 20 to 25 show the cross sections.

General Characteristics of the Breccia Pipe

General characteristics of the breccia pipe in the Copper Flat 

porphyry can be outlined with drill core information. The breccia pipe 

is an oval-shaped body in plan 400 meters by 200 meters and is elongated 

in a direction N 55 °W.. Its outline below alluvium is shown on Figs.. 4 

and 19 as mapped by Dunn and Kim (1975). Their map corresponds well 

with the breccia boundaries determined on the set of cross sections com

piled for this thesis. The pipe is nearly vertical but Steeply plunging 

to the southwest, which can be seen on cross sections E-G (Figs. 23 to 

25). The pipe extends to at least 500 meters depth in drill hole 75-98, 

the deepest hole,to remain in breccia.

The host rock to the pipe is quartz monzonite, cut by younger 

latitic dikes and containing xenoliths of older andesite. Approach of 

the contact from quartz monzonite into breccia could be recognized in 

core by increased fracturing and stockwork veining in the former. No 

sheeted fracturing was recognized. Contacts at the sides and top of the 

pipe are gradual though relatively sharp, and at the bottom they are 

gradational. It is probable that unbrecciated quartz monzonite remained
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across the top of the pipe at the time of its formation as indicated by 

the large blocks of quartz monzonite at the top shown on sections C and 

E, and the doming inward of the quartz monzonite toward the center 

shown on sections B, E, and- E and by the progression southward from D to 

E. Exposure by erosion prevents full knowledge of its upper reaches.

The bottom characteristics of the pipe have not been determined because 

most holes drilled in breccia bottomed in breccia. Results of drilling 

indicate one continuous pipe although contacts are irregular and large 

blocks of unbrecciated quartz monzonite remain within it.

Fragments include rock types which are exposed at the surface — 

quartz monzonite, quartz latite, latite, and latite porphyry, although 

textural variations, xenoliths, and a few exotic fragments have been 

described in drill core. Those that differ from typical quartz monzo

nite are shown on Figs. 20 to 25. The data on the sections were compiled 

from drill logs and in many cases the skeletal nature of the core did 

not provide first-hand observation of the fragments. Quartz monzonite 

makes up over 90 per cent of the fragments; they are subangular to angu

lar, although some are tabular. Although tabular fragments are found in 

certain areas in some breccia pipes (Sillitoe and Sawkins, 1971), there 

appears to be no distinct distribution in this one. . Overall fragment 

clast size may range up to 15 meters and down to rock flour, although 

the average size variation in drill core is 2 to 8 centimeters. Angu

larity and the apparent lack of evident displacement of fragments in 

certain areas indicate that the amount of transport was minimal.



The matrix of the breccia pipe is made up of abundant coarse

grained biotite, potassium feldspar, and quartz with lesser chalcopyrite, 
pyrite, molybdenite, apatite, and magnetite and minor sphalerite, galena, 

bomite, calcite, and fluorite. It is characterized by open space fill

ing with minor replacement along fragment selvages. The breccia has 

been subdivided into three types - the biotite, feldspar, and quartz 

breccias - according to the dominant mineral in the matrix. All three 

types can be readily recognized although contacts are generally grada

tional and although any one breccia can contain short intervals of an

other. On the maps with geology (Figs. 4 and 19), quartz and feldspar 

breccia are undifferentiated and shown as one unit.

The volume per cent fragments.is everywhere greater than the 

volume per cent matrix; matrix rarely exceeds 25 per cent and averages 

5 to 15 per cent of the total volume. Open space is rare and few vugs 

are present. Rare vugs contain purple fluorite crystals, and one vug 

contains purple fluorite cubes covered with white apophyllite crystals. 

In some areas in the breccia pipe the genuine rotation of fragments is 

lacking and it takes the appearance of irregular pods and veins filled 

with pegmatitic quartz, biotite, potassium feldspar, and the accompany

ing sulfides.

In general the same type of alteration - mineralization is found 

in the matrix and the adjacent fragments. From paragenetic and cross 

cutting vein relationships the sequence of alteration is biotite-potas- 

sium feldspar-quartz, chlorite-potassium feldspar-quartz, and sericite- 

quartz. Calcite with fluorite often completes the. sequence. Pyrite,

38
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chalcopyrite,'magnetite, and molybdenite were deposited with the biotite 

and chlorite assemblages, and pyrite with the sericite assemblage.

Table 3 summarizes the characteristics of the breccia pipe as 

determined from drill core information.

Descriptions of the Breccia Types 
Based on Matrix Mineralogy

Biotite breccia is characterized by matrix fillings of biotite, 

orthoclase, and. quartz. Biotite flakes up to 5 centimeters grow from 

the edges of fragments toward the centers of the matrix cavities and 

form an interesting pattern. Orthoclase up to 5 centimeters across 

may also line the fragment: edges, with some K-feldspar flooding. Space 

between individual biotite and orthoclase crystals is filled with quartz; 

the bulk, of precipitation is by open space filling (Fig. 26). Closely 

associated with the biotite are apatite, magnetite, pyrite, chalcopyrite, 

and molybdenite. Magnetite forms intergrowths with biotite; pyrite and 

chalcopyrite surround or occur dispersed within biotite flakes. The 

biotite is locally altered to either chlorite or sericite.

Where brecciation is less well developed, biotite breccia may 

take the form of irregular veins or pods in the quartz monzonite (Fig. 

27), biotite. flooding where the rock is filled with minute biotite 

flakes, or 1 millimeter to 1 centimeter fragments of quartz monzonite 

surrounded by biotite which is a result of a combination of biotite 

replacement of rock flour and biotite deposition in open space (Fig. 28). 

Fig. 29 shows a core sample of breccia with two fragmental rock types, 

quartz latite and quartz monzonite.



Table 3. Breccia characteristics.
40

Characteristic

Geometry Oval shaped in plan 
400m x 200m; long dimension N55°W 

short dimension N35°E
Vertical dimension: 500m, near vertical with 
steep plunge to the southwest, open at depth.

Contact Relationships Within a quartz monzonite stock, gradual to 
sharp on top and sides, gradational at depth, 
characterized by increased fracturing in the 
quartz monzonite near the breccia contact.

Fragment Composition Quartz monzonite, quartz latite, latite, 
latite porphyry.

\ .
Fragment Size and 

Distribution
Variable, up to 15m, average size 2-7cm, no 
vertical or horizontal distribution.

Fragment Shape and 
Roundness

Subangular to angular, some tabular.

Matrix Coarse-grained biotite, quartz, potassium 
feldspar with chalcopyrite, pyrite, molyb
denite, and. magnetite.

Characterized by open space filling texture 
and minor replacement along fragment selvages; 
minor rock flour.

Porosity-Permeability Little open space and few vugs, 5-15%. matrix, 
95-75% fragments.

Alteration and 
Mineralization

Potassium feldspar-biotite-quartz (pyrite, 
chalcopyrite, magnetite, molybdenite) 
Potassium feldspar-chlorite-quartz (pyrite, 
chalcopyrite, magnetite, molybdenite) 
Quartz-sericite-pyrite 
Calcite - fluorite.

Structural Well’r-developed Fracture System
Localization . . . . .........
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Fig. 26. Biotite breccia with distinct breccia textures and fragment 
rotation - 75-10-635.

The pinkish-white mineral at the base is potassium feldspar, 
the whitish-gray mineral is quartz, the black mineral is 
biotite, and the fragments are quartz monzonite. The core 
sample is 9.5 centimeters long.

The notation 75-10-635 indicates the drill core series (75), 
the drill hole number (10), and the depth (635). The same 
notation for samples is used consistently throughout the text.
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Fig. 27. Biotite breccia with less well-defined, partially marginally 
replaced fragments - 75-5-694.

The core is 5 centimeters across.
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Fig. 28. Biotite breccia with replacement of fragments - 75-46-342.

Note the chalcopyrite in the matrix with biotite. The core 
sample is 5.5 centimeters long.



Fig. 29. Biotite breccia with two rock types: quartz latite and quartz 
monzonite - 75-42-463.

Quartz latite is in the upper portion of the core. The core 
sample is 5 centimeters across.
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Feldspar breccia is characterized by a matrix of orthoclase and 

quartz. Euhedral orthoclase crystals up to 8 centimeters across in the 

drill core are accompanied by euhedral to anhedral quartz, the order of 

deposition being interchangeable (Fig. 30). The fragments may be flood

ed with potassium feldspar either only along their edges or throughout, 

such that replaced quartz monzonite can only be distinguished from open- 

space orthoclase by the presence of relict plagioclase phenocrysts.

Although molybdenite occurs commonly along the edges of ortho

clase grains, visible chalcopyrite is not common. Euhedral pyrite, a 

fine-to-coarse-grained 0.01 to 1 centimeter greenish sericite alteration 

product in orthoclase, and anhedral pink calcite are typical of this . 

type of breccia. The pink calcite,. which may be accompanied" by fluorite, 

appears to be the last mineral deposited in the remaining open space 

(Fig. 31). •

Quartz breccia is characterized by an obvious open space filling 

texture with quartz crystals growing toward intra-clast centers. Inter
stitial pyrite, molybdenite,and chalcopyrite are abundant. It also 

occurs as a texture wherein quartz is veinlike, podlike, or fills voids 

around small fragments of quartz monzonite less than a centimeter in 

size. It may contain minor amounts of potassium feldspar, biotite, cal

cite, and sericite. Fig. 32 shows quartz breccia with pyrite, chalcopy— 

rite, sericite, and calcite in the matrix. Again the three types of 

breccia are simple variations in local biotite, K-feldspar, and quartz 

precipitation ratios, appearing otherwise to be all of the same timing 

and paragenesis.
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Fig. 30. Feldspar breccia - 75-98-1151.

The specimen contains irregular fragments of quartz monzonite 
surrounded by a matrix of gray euhedral to subhedral quartz 
crystals and pink potassium feldspar. The core sample is 5 
centimeters across.
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Fig. 31. Feldspar breccia with greenish sericite and calcite - 75-98- 
1431.

The sericite occurs along the edges of the pink orthoclase 
crystals and appears brown in this photograph. Note that 
anhedral calcite fills in the open space between euhedral 
quartz crystals. The specimen is 4 centimeters long.
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Fig. 32. Quartz breccia - 75-98-272.

The core sample consists of quartz monzonite fragments in a 
matrix composed principally of quartz with pyrite, chalco- 
pyrite, sericite,and calcite. The quartz monzonite fragments 
are sericitized, especially the two small fragments in the 
center of the photograph. Small sericite grains can be seen 
at the bottom of the fragment which is farther to the right. 
The core sample is 5 centimeters across.
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Textural Variations in the Quartz Monzonite

In general, the quartz monzonite is porphyritic with a crowded 

porphyry texture in which phenocrysts are packed-close' together , The 

rock may range in grain size from coarse to medium to fine-grained even 

in one drill hole. From drill core information there, do not appear to 

be mappable differences in the quartz monzonite (Figs. 20 to 25). The 

data for Figs. 20 to 25 were compiled from drill core log descriptions.

A definite porphyritic phase which may be equivalent to the latite por

phyry mapped on the surface and which has a finer-grained groundmass 

and more scattered phenocrysts occurs in the breccia pipe. One example 
is shown in Fig. 33,, which, is a section of core from drill hole 75-9,

In this biotite breccia interval the dark .color in...some of the pieces 

of core is due to biotite flooding in the groundmass. Several drill, 

holes contain this rock type which has been designated as porphyritic 

quartz monzonite or latite porphyry on Figs. 20 to 25,

Mineralization at Copper Flat

The hypogene copper and molybdenum mineralization at Copper Flat 

is concentrated in the breccia pipe and the immediately surrounding 

quartz monzonite. The andesite is essentially unmineralized except 

along fissure veins, dikes, and fault zones. The highest grade miner

alization is in biotite breccia, especially at the northwest end of the 

breccia pipe; it is also relatively high in quartz breccia.

Mineralization at the southeast end of the pipe, where feldspar 

predominates, is low. Based on limited skeletal core, in 75-45, the
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Fig. 33. Porphyritic quartz monzonite in an interval of biotite 
breccia - 75-9.

Each piece of core is 5 centimeters in cross section. From 
this section of skeletal core the following features can be 
noted: Potassium feldspar and biotite in the matrix with
the inward growth of biotite toward the center of the matrix, 
angular fragments of quartz monzonite, a dark groundmass due 
to the inclusion of fine-grained biotite and magnetite, and 
the characteristic appearance of the porphyritic quartz mon
zonite with widely scattered elongate phenocrysts and a fine
grained groundmass.
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deepest drill hole, the abundance of K-feldspar flooded quartz-molybdefe

nine veins; increases in intensity with depth.,
The mineable reserve of the ore body is 54 million tons with an 

overall grade of 0.42 per cent copper and 0.012 per cent molybdenum with 

recoverable gold and silver in the concentrate (Dunn, 1981). In the 

breccia pipe copper values may range up to 1 to 2 per cent Qu and 0.05 

to 0.08 per cent Md. Gold and silver values, which were determined by 

the analysis of copper concentrates from drill hole composites, do not 

correlate with copper values or with each other. The overall content 

of gold and silver in ore is 0.1 to 0.2 grams Au per ton and 2.5 to 3.0 

grams: Ag per ton.

Summary of Drill Core Observations

Temporal Relationships

With the addition of drill core evidence to field data described 

earlier, brecciation can be placed in. the temporal sequence as an event 

following the emplacement of the quartz latite, latite, and latite por

phyry dikes because fragments of them are found in the breccia. With 

brecciation, silicate and sulfide minerals were deposited in the matrix 

with similar alteration and mineralization impregnation and replacement 

of fragments and of the surrounding quartz monzonite.

Relationships Between Breccia Types

In determining the relationships between the three mineralogic 

subtypes of breccia, the following facts are established:
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1. Breccia types are gradational from one type to another. For

example, the change from biotite breccia to feldspar breccia is 

characterized by a gradual decrease in matrix biotite and an 

increase in feldspar until biotite becomes rare and potassium 

feldspar abundant. v

2. One breccia type may include intervals of another. Feldspar 

breccia commonly contains short intervals of biotite breccia.

3. Breccia types are distinctive in their characteristics and 

alteration even though gradational. A piece of biotite can be 

readily distinguished from feldspar and from quartz breccia.

4. The alteration: of the fragment reflects the matrix mineralogy. 

For example, biotite flooding is a phenomenon of" biotite breccia, 

not of feldspar or quartz breccia. In feldspar breccia, the 

fragments are flooded with potassium feldspar, and biotite when 

present is igneous accessory in character or minor in amount. 

Quartz breccia is characterized by the minor development of K- 

feldspar and biotite, and sericite alteration is most common. 

Table 4 summarizes the relationship between breccia types and 

alteration of fragments.

5. Quartz-sericite alteration alters minerals in matrix and frag

ments, is deposited in the matrix as greenish, sericite, and is 

younger: than the matrix where veins of quartz and sericite cut 

both the matrix and fragments. Quartz-sericite alteration fol-

■ lowed the deposition -of biotite and feldspar in biotite and 

feldspar breccia and continued until after the matrix was



Table 4. Breccia types related to alteration of the fragment.

Breccia Type
Matrix

Mineralogy
Fragment

Alteration

Superimposed
Matrix

Alteration
Superimposed
Fragment

Alteration

Biotite Breccia Biotite-potassium
feldspar-quartz

Biotite-potassium
feldspar-quartz

Chlorite
Quartz-sericite

Potassium feldspar-
chlorite-quartz
Quartz-sericite

Feldspar Breccia Potassium feldspar- 
quartz

Potassium feldspar- 
quartz
Minor biotite

Quartz-sericite Chlorite
Quartz-sericite

Quartz Breccia Quartz Quartz-sericite 
Minor K-feldspar 
and biotite

Quartz-sericite Quartz-sericite
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completely filled. In quartz breccia either the quartz was pre

cipitated at the same time that biotite, quartz, and feldspar • 

were forming in other parts of the breccia pipe, or the quartz 

is part of the quartz-sericite assemblage and therefore of lat

er development..

The interpretation which I favor for the development of the 

three types of breccia is that all developed concurrently in different 

parts of the breccia pipe. The gradational contacts, the presence of 

one breccia type within and adjacent to another, the lack of evidence 

that one type of breccia cross cuts another, and the development of the 

same, matrix and fragment mineralogy and alteration indicate that the . 

variation in breccia matrix is due to local variations in the hydro- 

thermal fluid, or episodic changes over a short period of time.



THIN SECTION STUDIES

Approximately 150 thin sections from surface and drill core 

samples were studied in order to gain an understanding of mineralogy, 

petrology, alteration, and mineralization in the deposit. The location 

of each thin section is shown as a dotted line at the appropriate depth 

on each drill hole in Figs. 20 to 25. The first step involved, making 

a black and white print of each thin section to show interrelationships 

between minerals and the overall texture of the rock. The. second step 

involved a petrologic study and description, and the third involved a: 

study of alteration assemblages and mineralization in veins and micro- 

veinlets. Each thin , section was classified as to alteration type or 

types and was plotted on the cross Sections shown in Figs. 20 to 25.

Petrologic Descriptions of the Rock Types

CHAPTER 5

Andesite

In thin section the andesite is composed of Carlsbad-' and 

Albite-twinned andesine plagioclase phenocrysts up to 6 millimeters in 

size, orthoclase phenocrysts up to 4 millimeters in size, bluish-green 

hornblende up to 4 millimeters, and minor apatite, epidote, magnetite, 

biotite, and chlorite. In some cases the biotite is hexagonal with 

abundant rutile inclusions, and in some cases clinopyroxene is present. 

The fine-grained groundmass is composed principally of potassium
55
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feldspar arid quartz with finer-grained hornblende and plagioclase. The 

plagioclase may be altered to sericite, the hornblende to biotite and 

chlorite, and the magnetite to hematite.

Quartz Monzonite

In thin section, the quartz monzonite is found to be composed 

of euhedral Carlsbad—twinned orthoclase up to 5 centimeters in size, 

subhedral to euhedral plagioclase (Ab^^_^^) up to 1 centimeter, which 

may be zoned and twinned, green hornblende, brown to green biotite, 

quartz, and minor apatite, zircon, rutile, sphene, and magnetite. The 

groundmass is composed of orthoclase, quartz,and plagioclase. Ortho

clase commonly contains oriented laths of. plagioclase feldspar.: Moor-

house (1959) states that zonally arranged plagioclase within orthoclase 

may indicate that later stages of crystallization of the feldspar have 

been intermittent or interrupted.

Latitic Dikes

The dikes in thin section are seen to be composed of plagioclase 

(Abyg yg) which is zoned and twinned, orthoclase, hornblende, and biotite 

phenocrysts in a fine-grained groundmass of orthoclase and quartz. Com

mon accessory minerals are apatite, sphene, chlorite, and magnetite.

The quartz latite and latite are petrographically similar except that 

the quartz latite contains lobate monocrystalline quartz phenocrysts 

which are partially resorbed, and plagioclase is more lathlike than 

cruciform in the latite.
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Alteration Assemblages

In this section the three alteration assemblages biotite - ortho- 
clase - quartz, chlorite - orthoclase - quartz s and sericite - quartz 

will be described with reference to the quartz monzonite and dikes, the 

breccia matrix, breccia fragments, and mineralization. The alteration 

sequence followed the order listed above.

In quartz monzonite, the biotite assemblage is characterized by 

the deposition of secondary, biotite and potassium feldspar as biotite 

and K-feldspar "flooding" where plagioclase is rimmed and replaced by 

orthoclase (Fig. 34) and biotite has been disseminated throughout the 

rock, with deposition of the same minerals with quartz in veins which 

cut the quartz monzonite. The chlorite assemblage resulted in the de

position of green chlorite with gray to greenish — interference colors 

and some anomalous penninite purples. Disseminated biotite is altered 

to chlorite pervasively and along microveinlets with potassium feldspar, 

and quartz. Veins of chlorite, potassium feldspar, potassium feldspar, 

and quartz also cut the quartz monzonite. The latest assemblage to de

velop, the sericite assemblage, is characterized by the.alteration of 

biotite to sericite, the alteration of orthoclase to sericite along 

narrow stringers, quartz - sericite veins, and calcite - sericite veins. 

The alteration may be veinlet-controlled or pervasive.

In the latitic dikes, the biotite alteration assemblage can be 

seen by potassium feldspar veins and finely disseminated magnetite and 

biotite in the groundmass which give the rock a brown to gray color. 

Because of the abundance of hornblende in the dikes, the chlorite
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Fig. 34. Photomicrograph of potassium feldspar rimming plagioclase in 
quartz monzonite - 74-2-200 - crossed nicols.
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assemblage is characterized by the alteration of hornblende to chlorite. 

Sericite alteration is the same as it is in the quartz monzonite except 

that in the dikes the quartz - orthoclase groundmass is pervasively al

tered to sericite.

In the breccia pipe, the three alteration assemblages, have the 

following characteristics. In the matrix, the first minerals to be de

posited were coarse-grained biotite, potassium feldspar, and quartz and 

they developed by an open space filling texture. When the chlorite as

semblage was superimposed, the biotite was altered to green chlorite 

which has gray to greenish gray interference colors (Fig. 35). With 

later sericite alteration, in biotite breccia, biotite altered: to seri

cite, calcite, rutile, leucoxene,- and magnetite,~ah example of which is 
shown in Fig. 36. In feldspar breccia the orthoclase altered to green

ish sericite (Fig. 37). In quartz breccia, sericite was deposited with 

the quartz of the matrix. In all three the matrix is cut by veins of 

quartz and sericite. In fragments, alteration for all the assemblages 

is the same as is seen in the quartz monzonite except that the intensity 

of the alteration is greater along matrix — fragment boundaries where 

minor replacement occurs. Fig. 38 shows biotite "flooding" in a quartz 

monzonite fragment.

Each assemblage has a definite relationship to mineralization. 

The biotite assemblage is associated with pyrite, chalcopyrite, molyb

denite, and magnetite, and although biotite may in some cases be slight

ly earlier than the sulfides, biotite is stable with them. Fig. 39 

shows a reflected light photograph of biotite, pyrite,and chalcopyrite
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Fig. 35. Photomicrograph of biotite breccia matrix in which biotite 
has been altered to chlorite - 75-12-229 - crossed nicols.

The white mineral is quartz. The opaque mineral is chal- 
copyrite. Biotite has yellow to orange to pink interference 
colors. Chlorite has medium to dark gray interference colors 
and can be seen in the left central part of the photograph.



Fig. 36. Photomicrograph of biotite breccia matrix in which biotite 
has been altered to sericite and calcite with magnetite - 
75-44-588 - crossed nicols.



62

Fig. 37. Photomicrograph of potassium feldspar altered to sericite in 
feldspar breccia - 75-98-1431 - crossed nicols.

The gray mineral to the right is quartz. The potassium feld
spar is to the left and has been stained for K-feldspar.
Veins of sericite cut both the potassium feldspar and the 
quartz.
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Fig. 38. Photomicrograph of biotite "flooding" in a quartz monzonite 
fragment - 75-8-219 - crossed nicols.
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Fig. 39. Reflected light photomicrograph of biotite (dark brown),
pyrite, and chalcopyrite with sphalerite exsolution stars - 
75-12-210.
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with exsolution blebs of sphalerite> The dikes and dike fragments are 

less mineralized with copper mineralization than the quartz monzonite and 

its fragments. Chlorite is associated with chalcopyrite, pyrite, molyb

denite, and magnetite where it occurs as an alteration product of dissem

inated biotite and matrix biotite. It commonly occurs surrounding or 

within indented, areas in sulfides within veins. Pyrite occurs as an 
accessory mineral in quartz — sericite veins and as euhedral cubes with 

greenish sericite in feldspar breccia.

Supergene Effects

Compared to many porphyry copper deposits, the effects of super

gene enrichment and oxidation at Copper Flat are minimal. Oxidation ef

fects include the alteration of magnetite to hematite and the develop

ment of minor limonite, malachiteazurite,and chrysocolla. Oxidation 

generally only extends about 15 meters deep. Chalcocite occurs in veins 

with quartz and disseminated as coatings on chalcopyrite in quartz mon

zonite to about the same depth. Supergene effects in the quartz monzon

ite and breccia fragments can be recognized in thin section by the 

development of pervasive alteration of plagioclase to sericite, kaolin- 

ite, and montmorillonite and the alteration of biotite to sericite. 

Supergene alteration can be noted to a depth of 60 meters but in general 

occurs within the first 15 meters.

Mineral Paragenesis .

Fig. 40 shows the paragenesis of minerals at Copper Flat. The 

first minerals to be deposited in breccia matrix were quartz, biotite.



MINERAL PARAGENETIC SEQUENCE

EARLY LATE

QUARTZ

BIOTITE

ORTHOCLASE

PYRITE

CHALCOPYRITE

MAGNETITE

MOLYBDENITE

CHLORITE

SERICITE

CALCITE

FLUORITE

SPHALERITE

GALENA

Fig. 40. Mineral paragenetic sequence at Copper Flat.
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orthoclase, pyrite, chalcopyrite, magnetite,and molybdenite. This occur
red at the same time that fractures and microfractures were being filled 

in breccia fragments and in the surrounding quartz monzonite, and alter

ation intensity ranged from veinlet-controlled to pervasive. When 

chlorite stability was reached relative to biotite, biotite was altered 

to chlorite with accompanying calcite, and chlorite replaced biotite as 

the vein mineral accompanying the deposition of quartz, orthoclase, py- 

rite, chalcopyrite, magnetite, and molybdenite. With the onset of seri- 
cite stability, sericite, quartz, and pyrite were deposited in breccia 

matrix and in fractures in quartz monzonite, and biotite was altered to 

sericite with accompanying calcite and magnetite. Chlorite remained as 

a stable mineral into part of the sericite alteration sequence. As the 

hydrothermal process drew to a close, calcite and fluorite filled the 

remaining open space in breccia matrix and in fractures cutting frag

ments and. the quartz monzonite host rock. The sulfides deposited late 

in the sequence were sphalerite and galena, and they were not abundant.

In summary, the same temporal paragenetic relationships characterized 

the breccia and the surrounding quartz monzonite at Copper Flat.

Summary of Thin Section Data

In Figs. 20 to 25 the alteration data from 97 thin sections 

have been plotted on cross sections. It allows correlation of altera

tion type and sequence with rock and breccia.type and location. The 

cross sections show strong potassic alteration in the breccia pipe arid 

surrounding quartz monzonite. The potassic alteration developed both



horizontally and vertically away from the pipe. The vertical relation 

ship is shown by the deep hole 75-45 on Fig. 23. Most thin sections 

show that where orthoclase - biotite alteration formed, the chlorite 

assemblage formed. The phyllic assemblage quartz - sericite - pyrite 

shows a spatial distribution similar to the other two; it also occurs 

deep in the system. Supergene effects can be observed by the preva

lence of kaolinite, montmorillonite, and sericite in thin sections near 

the top of the deposit.



CHAPTER 6

ELECTRON MICROPROBE DATA

The electron microprobe in the Lunar and Planetary Sciences 

Department at The University of Arizona was used to determine mineral 

compositions and the variance of composition with rock and breccia type. 

Minerals microprobed include biotite, chlorite,, potassium feldspar, 

plagioclase, and sericite. A Bence — Albee matrix correction was used 

to convert the data from percentages of the oxides to ratios based on 
the number of oxygens and to determine the feldspar compositions in 

terms of anorthite, albite,and orthoclase. The data were then recal

culated in terms of mineral formulas and plotted on appropriate dia

grams . Microprobe data- for the analyses used in the thesis are given 

in Appendix B.

Plagioclase Feldspar Compositions 

Plagioclase feldspar compositions for three different rock types 

are plotted on the orthoclase - albite - anorthite ternary diagram in 

Fig. 41. Quartz monzonite sample 75-18-200 and quartz latite sample 

75-42-379 are from outside the breccia pipe. Sample 75-41-263 is a 

fragment of a gray porphyritie quartz monzonite in biotite breccia, de

scribed as a brecciated quartz monzonite dike in the drill log, and 

probably a later phase of the quartz monzonite equivalent to the latite 

porphyry.
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The vast majority of the measurements fall between , on

the dividing line between oligoclase (Ab^Q^^) and andesine (Ab^g^^g). 

Compositions in the quartz monzonite are andesine (Ab_n ,>c)« In the 

quartz latite they are more variable with most between Ab-C and a 

few between Abgg__g^f in the albite range. Compositions of plagioclase 

in the porphyritic quartz monzonite are Ab^^_g^, with andesine values 

(Ab^Q_g[_) predominant. Analyses for all three show similarity in the

Or content in addition to the Ab content with values of Or. _.4-3
At least two of the albite-rich values, Ab^^ and Ab̂ .̂ , are asso

ciated with potassium feldspar veins which cut the plagioclase pheno- 

crysts. Analyses of plagioclase grains in the veins give definite 

potassium feldspar compositions while farther away from the vein in the 

same phenocryst the composition is oligoclase. Values in another albite- 

rich phenocryst cannot be related to alteration implying that the quartz 

latite may have two populations of phenocrysts. The Ab-An-Or analysis 

in the center of the diagram represents an orthoclase rim on plagioclase 

in quartz monzonite.

Potassium Feldspar Compositions

The potassium feldspar compositions are plotted on an Or-Ab-An 

diagram in Fig. 42. The compositions are similar for matrix, vein, and 

phenocryst potassium feldspars. In fact, no clear cut distinctions can 

be made either on the basis of where the feldspar occurs or according to 

rock type. One phenocryst in porphyritic quartz monzonite gave widely 

variable results in Ab-Or content. It is marked by a triangular symbol 

on the diagram. It reinforces the statement by Kuellmer (1955) that
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potassium feldspar is a cryptoperthite, a feldspar in which homogeneity 

is apparent and in which the individual potassic and sodic elements can

not be separated optically. His composition for the feldspar is 

Or̂ j-Ab̂ ,. ± 5 mol per cent, which he based on X-ray determination of the 
201 spacing. His value is slightly less than that determined by micro
probe analyses.

Biotite Compositions

The compositions of the biotites are shown diagramatically in a 

plot of octahedral site compositions in Fig. 43. Matrix biotites tend 

to be phlogopites according to the definition set in Deere, Howie, and 

Zussman (1977), where phlogopites have a Mg:Fe ratio of greater than 

2:1 and biotites have a Mg:Fe ratio of less than 2:1.. Samples 75-12-210, 

75-12-450, and 75-12-229 are all from biotite breccia, but they range in 

exact characteristics. In 75-12-210, the matrix biotite is unaltered and 

occurs with chaleopyrite and pyrite (Fig. 39). Microprobe results show 

that no change occurs in the composition near pyrite and chaleopyrite, 

that it is actually phlogopite, and that it is the most magnesian measur

ed. In 75-12-450, biotite is intergrown with magnetite and is also a 

phlogopite. In 75-12-229, the biotite has been altered to chlorite and 

occurs with chaleopyrite and pyrite (Fig. 35). The compositions are 

slightly lower and more variable in the Mg:Fe ratio than they are in the 

two previous samples, but they are still predominantly phlogopitic.
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Biotites in the quartz monzonite are similar to those in the ma

trix but tend to be higher in Fe and in M+Ti+Mn+Cr. The biotites in 

quartz latite and porphyritic quartz monzonite show the same higher 

values,.

Chlorite Compositions

The analyses of alteration chlorites show two interesting trends 

in Figs. 44 and 45, although based on Hey (1954) the chlorites all fall 

in the ripidolite classification. Alteration of the matrix phlogopites 

is characterized by a large increase in Fe and Al+Ti+Mn+Cr and a large 

decrease in Mg. In the quartz monzonite the alteration of biotite to 

chlorite is characterized by a small decrease in Mg and Fe and a large 

icnrease in Al+Ti+Mn+Cr. Although the initial biotites before altera- v 

tion are similar, the final chlorite compositions are different in the 

ratio of Mg:Fe but identical in the Al+Ti+Mn+Cr component.

Serlcite Compositions
Microprobe analyses of greenish sericites are given in Tables 

5 and 6. The sericite is a high Mg and Fe sericite classified as a 

phengite. An average mineral formula is (K, Na, Ca)^ g^(Al,, Ti, Fe2+, 

Mn, Cr, Mg)4e01(Al, Si)8022(0H, F)^.

Summary of Microprobe Data

In studying the microprobe data, the following conclusions can 

be reached:
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Table 5. Serlcite Microprobe Analyses— Sample 75-19-770— Numbers 1 through 7;

Analysis
1 2 3 4 5 .6 7

Na?Q( 0.16 0.20 0.18 0.16 0.18 0.13 0.24
k2o 10.23 A, 10.30 10.27 10.49 10.53 10.61 10.56CaO 0.09" 0.06 0.12 0.04 0.04 0.06 0.06
Al2% 28.07 27.88 27.66 29.23 28.28 29.51 29.87
S n & f 50.70 50.89 50.64 49.83 50.31 49.78 48.74MgO 2.91 2.73 2.80 2.54 2.75 2.49 3.04MnO 0.00 0.00 0.03 0.00 0.04 0.01 0.02Cr203 0.03 0.00 0.03 0.01 0.00 0.00 0.00FeO 1.24 1.22 1.34 1.53 1.50 1.47 1.90Ti020

0.11 0.04 0.06 0.15 0.09 0.15 0.15
Total 93,54 93,31 93,14 • .93,98 93.71 94.21 94,58
Si 6.82691bo 6.8678 1bo 6.8560 1|oo 6.7046 100 6.7874 1loo 6.6834 1|oo 6,5510 LAl 1.17311 1.1322 1 1.1440 1 1.2954 1 1.2126 1[00 1.3166 1r 1.4490 1r
A1 3.2600 "3.3009 3.2701 3.3387 3.2847 3.3525 3.2829 r-r-Ti 0.0109 00 0.0038 0.0063 0.0147 tn 0.0880 H 0.0151 cn 0.0147Fe+2 0.1400 00 0.1376 H

CD 0.1521 d 0.1717 in 0.1686 o
CN 0.1651 • 0,2132 dMn 0.0005 CT) 0.0000 cn 0.0039 O 0.0000 o 0.0051 O 0.0011 o 0.0028 9'vf-Cr 0.0032 K) 0.0000 ro 0.0028 0.0009 0.0000 ■sj- 0.0004 0.0000Mg 0.5842 0.5487 sf 0.5661 in 0.5093 in 0.5529 CT) 0.4978 CD 0.6088 mNaCa

0.04260.0125 3
0.05150.0086

CN
K>00

0.0460 1 0.0171 B 0.04240.0062 i 0.04290.0050
OCD00 0.03390.0086

cnin
CO

0.06300.06183
H0000K %,7569 'Based cH 1.7723 H 1.7744 1w 1.7999 H 1.8130 H 1.8171 H 1.8111 HF,OH Dn 22 oxygens



Table 6, Sericite Microprobe Analyses— Sample 75-19-770— Numbers 8 through 13.

Analysis8 10 11 12 13
Na2Q 0.21 0.18 0.15 0.20 0.18 0.20 .
k 2 o 10.11 10.33 10.09 10.23 10.50 9.55CaO 0.11 0.08 0.11 0.10 0.07 3.56AI2O3 31.06 30.55 28.93 30.45 28.48 29.49
Si02 49.20 49.28 48.55, 49.16 50.10 46.37MgO 2.57 2.67 2.78 2.58 2.61 2.38MnO 0.01 0.00 0.01 0.03 0,00 0.03
Cr203 '0.01 0.00 0.03 0.00 0.00 0.01FeO 1.02 1.24 1.44 . 1.11 1.40 1.18Ti02 0.20 0.20 2.37 0.11 0,09 0.05 •Total 94.51 94.55 94,46 93.97 93.43 92.82
Si 6.5562 6.5806 II 6.5171 II 6.5967 I1 6.7748 I1 6.3914 ILA1 1.4438 00 1.4194 IP 1.4829 1r. 1.4033 1r 1.2252 1\c° 1.6086 1rA1 3.4341 3.3885 3.0930 3.4129 3.3129 3,1812
Ti 9 0.0196 H 0.0205 §3 0.2394 K>

LD 0 . 0109 LO
00 0.0089 K>

LD 0.0051 1— 
X)Fe+2 0.1136§ 0.1379 O 0.1613 LO

O 0.1247 LO
O 0.1582 O

O 0.1363 —1

Mn 0.0011 0.0000 0.0016
•sf*

0.0033
,sf“

0.0000 9
’vi*

0,0034Cr 0.0013 0.0000 0.0028 0.0000 0.0000 0.0009Mg 0.5114 0.5324 0.5572 0.5168 0.5263 0.4898
Na 0.0551 m

GD - 0.0473 s 0.0378 K)
H 0.0516 M

LO 0.0483 S 0.0526 X)
XCa 0.0159 00

r - 0.0109 H00 0.0154 DO
x'*' 0.0142 H00 0.0104 r -

CO 0.5249 X)

K 1.7189 rH 1.8184 H 1.7281 H 1.7505 H 1.8117 H 1.6791 &FjOH Based c)n 22 oxygens
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1. Compositions of plagioclase feldspars in quartz monzonite and 

quartz monzonite and quartz latite do not vary significantly. 

They fall at the boundary between andesine and oligoclase with 

a minor orthoclase component.

2. Potassium feldspar compositions are consistent for phenocrysts 

in quartz monzonite and quartz latite, for matrix feldspar, and 

for veins, indicating that they are closely kindred in origin 
or experienced some recrystallization.

3. Biotites in quartz monzonite and quartz latite tend to be higher 

in Fe:Mg than those of the matrix, which are phlogopites in com

position. Mg/(Mg + Fe) content varies from 0.80 - 0.65 for ma

trix samples and from 0.70 — 0.50 for phenocrysts, so the fluids 

associated with the alteration event, which formed the breccia 

matrix,.were more magnesian than those related to magmatic 

processes.

4. Chlorites resulting from the alteration of biotite in matrix and 

in quartz monzonite are different in composition in their Mg:Fe 

ratio, although the starting biotites are essentially the same. 

The fluids associated with the formation of matrix chlorites had 

increased significantly in Fe2+ relative to Mg2"1" by the time 

chlorite became stable relative to biotite.

5. Greenish sericites in feldspar breccia matrix are phengites in 

composition, with Mg and Fe in their structures. By the time 

the system reached sericite stability, abundant Mg and Fe was 

available to be incorporated in the sericite structure.



Potassic alteration associated with veinlets which cut through 

plagioclase phenocrysts resulted in the albitization of the 

phenocrysts close to the veinlet. The quartz latite probably 

has a small proportion of albite-rich phenocrysts related to 

igneous processes as well as those related to alteration.



CHAPTER 7

FLUID INCLUSION DATA

Fluid inclusions in matrix quartz were studied to determine the 

temperature and pressure associated with the brecciation, to determine 
the characteristics of the hydrothermal fluid in terms of salinity and 
composition as indicated by the daughter minerals present, to search 
out evidence for boiling of the fluid, and to evaluate the data in terms 
of different theories of brecciation.

Fluid inclusions are classed as one of three types according 

to the descriptive aspects and origin. Primary fluid inclusions are- 

formed when hydrothermal fluid is trapped in structural defects during 
crystal growth. Those classed as pseudo-secondary develop when a crys
tal is fractured, filled with fluid, and rehealed during the time when 
the crystal is continuing to grow. The line of inclusions can be ob

served to terminate at growth zones within the crystal. Secondary in

clusions are formed when the crystal is fractured after crystal growth 
has ended. The fracture is rehealed and traps the fluid associated 
with the fracturing event.

Fluid inclusions have been further subdivided by Nash (1976) 
into three types based on the relationship between liquid, vapor, and 
daughter minerals present at room temperature. Type I inclusions are 

liquid rich, low to moderate salinity inclusions. They contain a liquid 

which makes up greater than 50 per cent of the volume and a small vapor
82
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bubble, and homogenize to a liquid by the disappearance of the vapor 
phase with increasing temperature; Type II is vapor rich and contains 

a vapor bubble which makes up greater than 50 per cent of the volume 
and a liquid phase.. They homogenize to a vapor phase with increasing 
temperature. Type III contains a liquid phase and a vapor phase and 

halite, although other daughter minerals may be present. Daughter

minerals are those precipitated from included fluids during cooling. In
' /Type III inclusions the homogenization temperature is determined by which 

occurs at a higher temperature ^ the disappearance of the vapor bubble 
(the homogenization of the vapor phase to a liquid), or the disappearance 
of the halite (halite dissolutidn). Drawings off the three types off in
clusions are shown in Fig.. 46. At Copper Flat every effort was made to 
measure primary fluid inclusions and; all three types of inclusions in 
Nash’s (1976) classification are present.

Procedure

The procedure involved the preparation of 33 doubly polished 
5 micron thick sections, the study of the sections under the microscope 
to locate inclusions, and freezing and heating tests on inclusions in 
small chips of the sections. The fluid inclusion stage in the Economic 
Geology Laboratory at the University of Arizona was used for the study.

Homogenization temperatures for Types I and 111 were determined 
by observing and recording the temperature at which the vapor bubble 
disappeared or the temperature at which halite dissolved, depending on 
which occurred at a higher temperature. For Type II inclusions the 
homogenization temperature was the temperature at which the liquid dis-
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TYPE I I I  : WITH HAUTE

Fig. 46. Fluid inclusion types - based on Nash (1976).
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appeared. Salinities in terms of weight per cent NaCl equivalent could 
be determined for inclusions without daughter minerals by freezing the 
inclusions to determine the freezing point depression. Based on exper
imental data for the freezing point depression of NaCl solutions, Potter, 
Clynne, and Brown (1978) developed equations to calculate the salinity.

Weight per cent NaCl = 1.76958 6 - 4.2384 x 10~292 + 5.2778 x 10-4e3
± 0.028.

Molality NaCl = 0.30604 6 - 2.8598 x 1O~302 + 4.8690 x lO-603 ± 0.07.
0 = the freezing point depression in degrees centigrade.

9 corresponds to the temperature at which the last melting oc
curs as the inclusion thaws after freezing. The greatest value for the 
freezing point depression (9) for a solution that contains only NaCl is 
20.81° C because that temperature corresponds to the eutectic point at 
23.225 per cent NaCl; at higher concentrations NaCl occurs as a daughter 
mineral. Inclusions with a higher value must contain other dissolved 
compounds.

For fluid inclusions which contain halite or sylvite as daughter 
minerals, salinity can be determined based on the temperature at which 

the salts dissolve. Potter, Babcock,and Brown (1977) developed equations 
to calculate the weight per cent NaCl and weight per cent KC1 from ex
perimental data.

Weight per cent NaCl = 26.218 + 0.0Q72t + 0.000106t2 ± 0,05 weight
per cent NaCl.

- .

Weight per cent KC1 = 27.839 + 0.0794 + 0.000027t2 ± 0.10 weight
per cent KC1.

t = temperature in degrees centigrade.
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Fluid Inclusions at Copper Flat

As mentioned previously. Types I, II, and III inclusions are 
found at Copper Flat. In addition, several different daughter minerals 
are found in Type 111. They are described in Table 7. Fig..47 is a 
photomicrograph of several inclusions with daughter minerals. Fluid 
inclusions in four samples from the breccia pipe were subjected to freez

ing and heating tests to determine temperatures and salinities. The 

limited number of samples is due to the fact that samples have abundant 
planes of secondary inclusions which cross quartz crystals, making pri
mary inclusions difficult to find, and that vugs with euhedral quartz 
are rare. In addition, the. superimposition of alteration types makes 
it difficult to find samples with only one type of alteration.

Sample 75-35-75 was altered biotite breccia with early potassic 

alteration and later phyllic alteration with abundant greenish sericite. 
Biotite altered to sericite was accompanied by magnetite, rutile, and 
leucoxene. The sample contained pink calcite and fluorite and most of 

the measurements came from the quartz which was closest to the fragment 
selvages and was surrounded by potassium feldspar and sericite. Results 
of fluid inclusion studies show that the quartz contains both Type I and 
III inclusions, with both variations of Type III. The measurements 

which were made are shown in a histogram of frequency versus temperature 

in Fig. 48. Inclusions which filled in the temperature range of 300° to 
400° C, the majority of the inclusions, are characterized by high salin
ity inclusions which homogenize by halite dissolution and those of lower



87

Table 7. Fluid inclusion, ■/̂ aught.er'- minerals from sample 75-44-470.

Daughter Mineral

Colorless, cubic

Colorless, cubic with rounded edges

Opaque, long tabular to elongate and rounded, 
does not respond to a magnet

Unknown Opaque #2 Opaque, circular

ChalcopyriteCCuFeS^) Opaque, triangular in section
Unknown #3 Colorless ,, circular,. yellow-orange

birefringence

Unknown #4 {apatite(?)} Colorless, low birefringence, hexagonal, seen
in one inclusion

Halite (NaCl) 

Sylvite (KCl) 

Unknown Opaque #1
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Fig. 47. Photomicrograph of a Type III fluid inclusion with daughter 
minerals - 75-44-470 under crossed nicols.
Note the dark vapor bubble, the colorless halite cube, and 
elongate opaque in the inclusion under the cross hairs; the 
out of focus inclusion in the lower right shows the daughter 
mineral with yellow-orange birefringence.



O
N

E
 

M
E

A
S

U
R

E
M

E
N

T
 

= 
O

N
E

 
B

O
X

T T

7 5 - 3 5 - 7 5  

N 5 52

i r

E  TYPE I 

0  TYPE II

□  TYPE III-VAPOR C
0  TYPE I I I  "HALITE 

[MSS.

-----------1----------- 1-----------1-----------1-----------1----------- 1-----
100 200 3 0 0  400  500 600

TEMPERATURE ( ° C )

Fig. 48. A plot of homogenization temperature versus frequency for sample 75-35-75.

Vapor D = Vapor Disappearance
Halite Diss = Halite Dissolution



•90
salinity without halite. Inclusions above 400° C may contain halite, 
but they homogenize by vapor disappearance.

Sample 75-45—851 was biotite breccia with biotite, quartz, chal" 
copyrite, and pyrite in the matrix. Minor alteration of biotite to seri- 
cite and calcite had occurred. Measurements were done on the quartz of 

the matrix and the temperature distribution was similar to that of 
75-35-75. The inclusions which were measured were Type .1,; with one ex
ception, and of low salinity (Fig. 49).

The third set of measurements was- made on 75-19-770 which is 
feldspar breccia in an interval of biotite breccia. It contains potas
sium feldspar, quartz, greenish sericite, pyrite,and pink calcite in the. 
matrix, and fragments show evidence of early potassium feldspar and 

later quartz-sericite alteration with the alteration of biotite to seri
cite and minor chlorite. The quartz contains Types I, II, and III inclu

sions with both variations of Type III and one Type II measured at 365°

C (Fig. 50).
Biotite breccia sample 75-12-545 contained two Type I inclusions 

which were measured at 234° C and 345° C, and two Type III inclusions
with a measured homogenization temperature at 197° C at vapor disappear-

, ' ' . ■ • ■ - ' -  : . ' , .

ance and halite dissolution at 153° C, and 316° C at halite dissolution
and 270° C with vapor disappearance. y

A comparison of the samples (Fig. 51) shows a 300° to 400° C 

filling temperature for the majority of the inclusions in all the 
samples regardless of breccia type or later alteration. In addition, a
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set of inclusions which range in filling temperature from 100° C to 
150 ° C occurs in all samples.

Salinity data for Copper Flat samples are more.difficult to 
analyze. A graph of salinity versus temperature (Fig. 52) shows that 
inclusions that fill between 100° C to 150° C are of low salinity at 
approximately 10 weight per cent NaCl. Those between 200° and 300° C 
are distributed between three groups - one at 10 weight per cent NaCl, 
one at 20 weight per cent NaCl, and one between 30 and 40 weight per cent 
NaCl. Between 300° and 400° Cinclusions are linear for those in which 
the homogenization temperature is taken as the dissolution temperature of 
halite because they plot along the NaCl - Ĥ O- saturation curve. Inclu
sions characterized by vapor disappearance and which contain halite have 

salinities greater than 30 weight per cent but less than those with 
homogenization by halite dissolution. Inclusions in the same tempera
ture range and of low salinity are not represented, but they are prob

ably in the: same 10 weight per cent NaCl range as the inclusions between 

250°.and 300° C.

For Type III inclusions which contain halite, most homogenize 
by halite dissolution. Fig. 53 shows the distribution in terms of tem
perature of vapor disappearance versus temperature of halite disappear

ance. Most inclusions have values within a 100° C difference.

Both vapor rich and liquid rich trains of secondary inclusions 

are abundant in the breccia pipe. Sample 75-44-470 of biotite breccia 
with biotite altered to chlorite with minor sericite contains abundant 

high-salinity, liquid-rich inclusions with up to seven different
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daughter minerals (Fig. 47) and vapor rich inclusions in the same area. 

Both are found in secondary clusters. This sample shows evidence of 

boiling with high salinity secondary inclusions.

If both liquid-rich and vapor-rich fluid inclusions occur in a 

single generation of inclusions, the fluid must have been on the liquid- 

vapor boundary, and boiling must have been taking place. If the salin

ity of the fluid can be determined, then phase relations in the system 

NaCl - H^O can be used to find the pressure at the time of the trapping 

of the boiling fluid. Sourirajan and Kennedy (1962) studied the system 

NaCl - Ho0 at elevated temperatures and pressures and have determined 

the temperatures and pressures of the gas - solid - liquid curve.

A pressure of 166 bars can be determine for the Copper Flat sys

tem from Souriraj an and Kennedy (1962) based on the measurement of one 

vapor-rich inclusion which filled at 365° C and which occurs with Type I 

liquid-rich inclusions in the same microscopic field of view. Although 

no direct salinity measurements were made on the liquid-rich inclusions, 

a salinity of 10 weight per cent NaCl was used in the calculations be

cause a group of Type I inclusions occurs at 300° C with that salinity.

In other samples, vapor-rich inclusions occur with high salinity halite 

bearing inclusions and homogenize in the same 360° C temperature range. 

In this case, a pressure ‘estimate would be lower at 127 bars. The 

values for pressure give a minimum pressure for fluid inclusions which 

do not show evidence of boiling because liquid-rich inclusions must lie 

above the liquid - vapor boundary and at a higher pressure on a temper

ature - pressure diagram for the system H^O - NaCl.
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The minimum depth that corresponds to the pressure determined 

by fluid inclusions can be found in Haas (1971)* In his calculations 

Haas assumes that a column of water is connected to the surface with 

boiling occurring throughout the entire column and that the fluid is at 

a constant composition« By extrapolating his figures to 350° C, which 
Haas says can be done without loss of precision, a depth of 1.8 kilo

meters can be determined for low salinity 10 weight per cent NaCl 

inclusionso For higher salinity 25 weight per cent NaCl inclusions, the 

depth decreases to 1.3 kilometers.

Another set of calculations can be made using an expression from 

elementary physics (Walker, 1979; Beane, personal communication) where 

Pbars ~ KpZ with P = pressure in bars, K = 9.12 x 10~4cm2g relating 

pressure in bars to density and pressure, p = density in g/cm3, and Z = 

depth. Assuming hydrostatic pressure and a constant density of the 

fluid, an estimate of 1.2 g/cm3 can be made for high salinity inclusions 

and 0.80 g/cm3 for low salinity inclusions, based on data from Nash 

(1976). With a pressure estimate of 166 bars for low salinity inclu

sions, the minimum depth would be 2.2 kilometers. Using 127 bars for 

those of high salinity, the minimum depth would be 1.2 kilometers. Be

cause of assumptions made as to the salinity of the fluid, the density 

of the fluid, and hydrostatic pressure, the depth values are only rough 

estimates of a minimum depth.

Summary of F lu id  Inc lus io n  Data

The study of f lu id  inclusions in  the breccia pipe a t Copper F la t  

y ie ld s  the fo llow ing  in form ation:



1. Temperatures obtained from fluid inclusions are between 320° 
and 360° C for the majority of the inclusions in the breccia 

pipe.
2. Salinities range from 10 weight per cent to 30 to 45 weight 

per cent NaCl.
3. A generation of low salinity, low temperature, 100° to 150° 

secondary inclusions occurs in all the samples.
4. Based on evidence for boiling, minimum pressure estimates; vary 

between 127 and 166 bars for the system at depths of 1 to 2 

kilometers. The depth estimates assume hydrostatic pressure.
The fluid inclusion data imply the following as to the nature of

the breccia pipe at Copper Flat:

Fluid inclusions from quartz of both biotite and feldspar breccia 
show that the temperature was consistent at 300° to 400° 0 during the 

deposition of the matrix minerals. If the three breccia variations de
veloped concurrently in different parts of the pipe, as was postulated 
earlier, then the same temperatures would be expected. The fluid in
clusion evidence confirms that conclusion.

Later alteration assemblages were deposited by fluids of the 
same temperature as those which produced the early potassic assemblage 

of quartz, biotite, and potassium feldspar, although the salinities were 
probably different. The temperatures do not change appreciably from one 

sample to another although the specific superimposed alteration varies. 
Measurements show that later quartz - sericite alteration formed in the

99
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same 300° to 400° C temperature range as the early biotite - K-feldspar - 

quartz assemblage.
Salinity data indicate that at least three fluids were present 

in the breccia pipe - a moderate to high temperature (300° to 400° C), 
high salinity (30 to 40 weight per. cent NaCl equivalent.) fluid, a mod
erate to high temperature (300° to 400° C), low salinity (10 weight per 

cent NaCl eq.) fluid, and a low temperature (100° to 150° C), low salin
ity (10 weight per cent NaCl eq.) fluid. The high salinity, halite bear

ing fluid can actually be further subdivided into a fluid characterized 
by halite dissolution at a higher temperature than vapor disappearance, 

and one with homogenization by vapor disappearance with halite dissolv
ing at a lower temperature. The fluids show evidence of periodic boil

ing. ' v
The fluid inclusion data at Copper Flat compare favorably with 

those of other copper porphyries and breccia pipes both in temperature 
and in the nature of the fluids. Walker (1979) studied the breccia pipes 
at Copper Creek, Arizona, and found three fluids - an early hypersaline 

fluid with evidence for boiling at temperature of greater than 800° C, 
a hypersaline metal-Bbearing fluid with 300° to 500° C homogenization 

temperatures, and a late, low salinity moderate, temperature 300° to 

500° C fluid which is associated with copper sulfide mineralization.
Preece (1979) studied the Sierrita porphyry copper deposit and 

found that early veining was characterized by a temperature range of 
300° to 430° C and two chemically distinct fluids, a hypersaline fluid 

(approximately 63.wt. % NaCl eq.) and a lower salinity (10 wt. %. NaCl
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eq.) boiling fluid. Mineralization was associated with the low salinity 

fluid at temperatures of 320° to 370° C, although sulfide deposition 

continued to temperatures as low as 190° C in the center of late phyllic 

veins. Using a 425° C, 10 wt.% NaCl boiling solution, Ereece (1979) 

estimated a pressure of 330 bars and a depth of 4.4 kilometers. Reynolds 

(1980) studied the porphyry copper deposit at Santa Rita, New Mexico.

He outlined three fluids - an early high temperature (greater than 775°

C), hypersalihe (84 to 178 wt.% NaCl eq.) fluid associated with barren 

quartz, K-feldspar, biotite, and apatite veins which remained stable 

to as low as 260° C, a 260° to 500° C, high salinity (52 to 104 wt.%

NaCl eq.) fluid associated with quartz, K-feldspar, and biotite which 

evolved to the 240° to 400° C high salinity (42 to 84 wt.% NaCl eq.) 

fluid associated with the deposition of quartz and. orthoclase in the 

Whim Hill breccia pipe> and a lower temperature (260° to 360° C), low 

salinity (less than 16 wt.% NaCl eq.) fluid associated with quartz - 

sericite - pyrite alteration and the chlorite - K-feldspar - sulfide - 

and clay assemblage. Walker (1979), Ereece (1979), and Reynolds (1980) 

also described daughter minerals in the high salinity inclusions which 

are similar.to those at Copper Flat. Although the high temperature 

(greater than 700° C) fluids were not found at Copper Flat, tempera

tures as high as 500° C were recorded in some of the inclusions. The 

temperatures and salinities compare favorably in the moderate to high 

temperature range.



CHAPTER 8

THEORIES OF BRECCIATION

The characteristics of the breccia pipe and its environment 
have been compiled from field, drill core, thin section,, electron micro

probe, fluid inclusion, and whole rock analytical evidence. The final 

step involved evaluation of different theories of brecciation in light 

of the evidence toward interpretation of the genesis of the Copper Flat 

breccia pipe. Theories of breccia formation mechanisms include:

Cl) tectonic brecciation,

(2) explosion,

(3) fluidization,

(4) pulsation or subsidence of magma,

(5) mineralization stopirig- associated with replacement ,, solu

tion, and collapse,

(6) igneous intrusion,

C7) chemical brecciation,

(8) hydraulic ramming,

(9) retrograde boiling and . ...

(10) development of an exsolved vapor bubble.

Tectonic breccias develop at the intersection of faults or shear 

zones or where a fault changes in orientation. The breccia may be pipe

like or irregular in shape, and contains variable sized fragments of the

102
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wall rocks which are faulted and they may be rounded due to abrasion.

The matrix contains rock flour (Kuhn, 1941).
' . ■ ■ \ ' - -

Explosion breccias may be defined in one of two ways which dif

fer in descriptive characteristics and origin. An explosive breccia 

may develop due to the explosive activity of confined volatiles when 
the pressure of the fluids becomes greater than the confining pressure. 

Richard, and Courtland (1958) describe the pipe at Toquepala, Peru, as 

characterized by angular fragments, a core of heterogeneous rock frag-• 

ments representing a conduit, a shattered periphery and a gradual tran

sition to undisturbed rock. They say it is an explosive breccia 

unrelated to faulting which is formed by a process that was episodic 

in nature. An explosion breccia, can also be explained by shallow inter

action of magma with meteoric water. . The interaction of meteoric water 

with a magmatic intrusion at shallow depths results in explosive activ

ity due to the flashing of water to steam and the expansion of the steam. 

Wolfe (1980) describes the mechanism as due to the explosive release of 

gases which vent to the surface. He characterizes the pipe as fracture- 

controlled, with a round to elliptical horizontal cross section. Frag

ments are rounded to subrounded, range in size from microns to meters, 

and are heterogeneous in.rock type.

Fluidization is a process in which solid particles are suspended 

and transported in an upward moving fluid so that the frictional force 

between the fluid and particles is minor and the mass behaves as a 

fluid (Reynolds, 1954; Bryant, 1968; Eyrich, 1971; Wolfe, 1980). Bryant 

(1968) attributes, the intrusive breccias at Bisbee, Arizona, to _



fluidization. The breccias are in the form of dikes, sills, and irregu

lar masses. Fragments are sub-angular to rounded to spherical and range 

in size from microscopic to blocks up to 30 meters. The matrix is com

posed of finely pulverized rock flour. Fragment transport may be mini
mal or up to 900 meters.

Subsidence of a magma or pulsating magmatic intrusions" may- 

produce breccia pipes which are characterized by circular to oval shapes 

in a horizontal direction with steeply dipping chimney-like columns in 

a vertical direction, angular to Sub-angular fragments, and a roof of un- 

brecciated rock (Perry, 1961).

Breccia pipes associated With mineralization stoping and with 
replacement , solution, and' collapse were first described by Locke (1926) 

as formed by the "removal of rock along trunk channels by rising solu

tions during an_ early stage in their activity , collapse and brecciation 

of the rock thus left unsupported, and deposition of ore and gangue 

minerals in the brecciated mass." "A similar process was described by 

Kuhn (1941) for Copper Creek, Arizona, breccia pipes and Sillitoe and 

Sawkins (1971) for copper-bearing tourmaline breccia pipes in Chile,

The breccia pipes of Chile, which the authors above describe, are circu

lar to elliptical in plan and steeply dipping to vertical, contain

angular to subrounded to tabular fragments, are bounded by vertical
% - -

sheeting along their margins, and are characterized by early replace

ment and later open space filling.

Breccia pipes associated with igneous intrusions are called 

intrusion or contact breccias and are formed either by the force of an
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intrusion as it pushes its way into country rocks or as the intrusion 
produces drag along the margins. The matrix of the breccia is igneous 

in character and fragments may be composed of wall rocks or of fragments 

of the chilled margins of the intrusion..

Chemical brecciation is a mechanism proposed by Sawkins (1969) 

for breccias with breccia matrix or fragments composed of fine-grained 

silica or dolomite. A reaction similar to alkali reactivity which 

produces fracturing in concrete is advanced for this theory of breccia- 
tion.

Hydraulic ramming brecciation is a mechanism advanced by Kents 

(1964) for breccias developed due to the hydraulic, ramming of hydro- 
thermal solutions into overlying rocks after the separation from a cool—  

ing magma during an ebbing phase of a magmatic pulsation.

The theory of retrograde boiling explains the process of brecci

ation as the result of retrograde boiling of the liquid exsolved from a 

water-poor magma which is at a late, stage of crystallization. Retro

grade boiling would produce rapid and extensive brecciation and fractur

ing due to expansion of the vapor. Breccia pipes produced by. retrograde 

boiling would tend to have angular fragments showing downward movement 

unless the pipe vented, in which case rounded and mixed fragments would 

be expected (Phillips, 1973). The breccia pipe would be associated with 

peripheral fracturing.

Breccias produced by the development of an exsolved hydrous bub

ble are postulated by Norton and Cathles (1973) in the following way.

As a pluton rises to shallow depths and lower pressures, a hydrous bubble
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formed by exsolving magmatic water is trapped beneath the cooled rind at 
the top of the pluton. The vapor bubble is trapped for a period of time 
until tensional fractures develop in the rind due to further cooling and 
contraction of the rind, friction between the rind and wall rock if the 
magma is still rising, regional tectonic stresses, or a combination of 
the three. Fracturing and vapor escape are accompanied by a drop in 
water pressure in the bubble which results in the development of collapse 
by sheet fracturing and stope caving. The process continues until the 
void is filled with breccia.

Brecciation at the Copper Flat Deposit 
The- theory of brecciation proposed at the Copper Flat deposit

involves the following statements:
■ ■ . . •

1. The brecciation was propagated upward as indicated by the 
large blocks of unbrecciated quartz monzonite at the top of 
the breccia pipe and the apparent roofing of the quartz mon
zonite over the breccia pipe (Figs. 20 to 25).

2. The process produced angular to sub-angular fragments and 
involved some intense fracturing and abrasion of fragments 

to produce fragments down to rock flour size.

3. The boundaries of the breccia involve a gradual decrease in 
fracturing away from the pipe and are not sheet fractured, 
although some fracturing parallel to the walls which is 
filled with quartz has been observed in drill core and on.

the surface.



107
4. The fragments within the breccia pipe are of local derivation 

and only those rock types in the immediate area of brecciation 
are incorporated in the breccia pipe.

5. Although some replacement of fragments occurs along selvages, 

the breccia pipe exhibits no vertical change with respect to 

replacement and the fluid was in general chemical equilibrium 
with the rock fragments.

6. The principal mechanism for the development of the matrix is 

open space filling and a relatively coarse-grained matrix was 
allowed to develop with few vugs or open space remaining at 

the end of the process..

7«, The process of brecciation and matrix infilling was concur

rent with, the process of mineralization and alteration of the 

breccia pipe. The matrix mineralogy includes metal sulfides 

indicating that the fluid contained metals, probably in the 

form of chloride complexes as indicated by fluid inclusion 

salinities,
8, The role of the.regional stress field must be considered in 

the development of the breccia pipe. The same stresses were 

operative Before, during, and after brecciation and the long 

and short dimensions of the breccia pipe in plan view re

flect the regional stress patterns,

9, Because the breccia is contained within the center of the 

quartz monzonite and presumably did not extend into overlying
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host rocks as in other breccia pipes, the quartz monzonite must 

have been crystallized to a depth within the stock of at least 

500 meters, the minimum vertical dimension of the breccia pipe 

revealed by drilling. The brecciated quartz monzonite must 

have been the cooled rind of a pluton with an unsolidified 

magma or magma core at depth, the apical region of a pluton, 

or an older, crystallized stock with a younger magma at depth. 

The emplacement of latite dikes, dike swarms, and plugs along 

the quartz monzonite - andesite contact and within fractures 

in the quartz monzonite indicates that there was a magma at 

depth after the crystallization of a part or; all of the quartz, 

monzonite* although dikes are older than the brecciation.

10. Variation in the three types of latite dikes could be a func

tion of minor differentiation through time of a body at depth, 

variation in temperature, cooling history and geochemical con

straints, or multiple intrusive, events which involved dif- 
t -■ferent intrusives. Variations in the.quartz monzonite are 

present, although unmappable from drill core evidence. The 

latest dike rock - the latite porphyry “ greatly resembles a 

distinctly porphyritic quartz monzonite in drill core and 
could be equivalent to the quartz monzonite. Brecciation 

makes it difficult to determine if multiple intrusive events 

have, occurred. .• / . -L' - - -

1.1, Fluid inclusion data show that the breccia pipe formed at

temperatures as high as 500° C with deposition of the greatest
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proportion of breccia matrix at 300° C to 400° C, at pressures 

of 100 to 200 bars, and at a depth of 1 to 2 kilometers. The 

data further suggest-that several fluids of different salinity, 

were involved in the alteration and mineralization process, 
and that the fluids boiled periodically. The data correspond 

. to measurements made on other mesothermal breccia pipes and 

porphyry copper deposits.

12. Two drill holes, 77-3 and 77-4, to the northwest and west of 

the breccia pipe in quartz monzonite indicate that breccia 

textures may have developed locally in the quartz monzonite.

Both contain incipient brecciation for intervals of several 
meters.

The interpretation for brecciation which is most constrained by 

the evidence at the. Copper Flat Porphyry is brecciation due to resur

gent boiling of an aqueous — volatile phase which exsolved from a magma 

during the final stages of crystallization. Resurgent or retrograde 

boiling is related to pressure changes which occur during the ascent of 

a magma to shallow depths and during crystallization of the stock and 

occurs when the vapor pressure becomes greater than the confining pres

sure (Phillips, 1973). A relative decrease in confining pressure can oc

cur in several ways. The rise of a magma to shallow depths results in a 

decrease in pressure on it and can lead to the separation of a volatile 

phase from the magma itself if the vapor pressure is greater than the 

confining pressure. As crystallization of a magma occurs, a fluid rich 

in volatiles is exsolved from the magma and as crystallization proceeds,
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the fluid can become more enriched in volatiles, increasing the vapor 

pressure. For retrograde boiling to occur in a partly consolidated rock, 

the vapor pressure must increase to the point that it is greater than the 

lithostatic pressure, the tensile strength of the rock, and kinetic re

straints governed by the surface tension which prevent nucleation of gas 

bubbles ;(Phillips, 1973). If this occurs, the release of a volatile 

phase will result in expansion and fracturing or brecciation. Retro— . 

grade boiling can also be related to a change from lithostatic pressure 
to hydrostatic pressure during crystallization which results in a de

crease in pressure arid can lead to sudden, explosive loss of volatiles 

from the magma, boiling, and ultimate brecciation (Cunningham, 1978).

The emplacement of a magma results in the development of a cooled rind 

around the stock with a magma under lithostatic pressure and the. adja

cent host rocks under hydrostatic pressure with circulation of meteoric 

water. A pressure gradient develops adjacent to the stock (Cunningham, 

1978). In the case of Copper Flat, the quartz monzonite was emplaced in 

an area where regional stresses and accompanying fracturing or faulting 

could easily have led to the change from lithostatic to hydrostatic, pres

sure and resulted in boiling. The processes involved were interrelated 

and episodic as evidenced by fracturing of the quartz monzonite and em

placement of the latite dikes within fractures and faults, and later 

brecciation. One possible explanation would be that early fracturing 

was related to a pressure change resulting in boiling of a system under 

hydrostatic pressure. The emplacement of the latitic dikes, dike swarms, 

and plugs could have plugged the system resulting in a build up of
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pressure. The later: release of that pressure could have produced the 

brecciation of the quartz monzonite and the dikes. The boiling probably 

resulted in a partitioning of H^S«, HCl, and possibly CO^, although no 

CO2 was observed in the fluid inclusions, into the vapor phase., pro
ducing a change in pH, composition, ionic strength, and solubility 

product of the metal complexes in the fluid and resulting in the-_ 

precipitation of silicate and sulfide minerals within the matrix of 

the breccia pipe (Cunningham, 1978). Local variations in the liquid 

versus vapor phase could have resulted in the precipitation of differ

ent mineralogies within the breccia pipe matrix.

In summary, the interplay of magmatic, hydrothermaland possib

ly tectonic processes resulted in the formation of the breccia pipe at 

Copper Flat due to the episodic development of resurgent boiling within 

the hydrothermal fluid.

In proposing a theory of brecciation related to retrograde boil

ing, certain assumptions were made. The assumptions are outlined in 

Burnham and Ohmoto (1980):

1, The magma must have contained less than 5 wt % 1^0 in order to 

have the thermal energy to reach a sub-volcanic environment.

2. The original magma evolved a separate, I^O-rich volatile phase. 

The. magma must have contained at least 2 to 4 wt % water to 

result in retrograde boiling over a depth of 2 to 6 km below 

the roof of the magma body before 75% crystallization of the 

magma. Lower water contents of magmas which develop retro

grade boiling do not have enough mechanical energy to produce
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extensive fracturing and brecciation.

3o Second boiling released mechanical energy (PAV^) at a pressure 

• of less than 2 kbars. to result in fracturing and brecciation. 

The assumptions are consistent with the data obtained from the 

study of the geochemistry of the rock units and the depth determined by 

inclusions. The theory of brecciation based on retrograde boiling is a 

valid theory for the processes at the Copper Flat Porphyry Copper De

posit. '

Summary and Conclusions

In conclusion, the breccia pipe developed in the central part of 

the quartz monzonite due to retrograde boiling of the magmatic fluid.

The development of the breccia pipe and accompanying fracturing provided 

permeable rocks through which hydrothermal fluid could flow and resulted 

in the deposition of silicate and sulfide minerals by open space filling 

and selvage replacement in the breccia pipe and in veins in the fractur

ed peripheral quartz monzonite. The matrix was filled with biotite, 

potassium feldspar, quartz, chalcopyrite, pyrite,and molybdenite, and 

was later altered by chlorite and sericite alteration. The breccia ma

trix formed at a temperature between 320° and 360° C, at a pressure 

between 100 and 200 bars, and at a depth of 1 to 2 kilometers.



APPENDIX A

LOCATIONS OE WHOLE ROCK ANALYSIS SAMPLES

ANDC1 andesite east of the breccia pipe, close to the section corner 
on Fig. 4 and. near the Lewellyn Fault 

ANDD2 andesite southwest of the quartz monzonite 

LATP3 latite porphyry dike east of the breccia pipe in andesite 

LATQ2 quartz latite dike in quartz monzonite south of the breccia pipe; 

it is cut by a latite dike

LATS1 latite from the plug-like latite body southwest of the breccia 

pipe

QMD11 quartz monzonite south of the breccia pipe; dike or extension.

into the andesite 

QMD12 same as QMDll

QMN3 quartz monzonite north of the breccia pipe near the latite body
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ELECTRON MICROPROBE ANALYSES
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Table B.l. Plagioclase Microprobe Analyses.

Sample #75-41-263 Analysis
1 2 3 4 5 6 7 8 9 10

Na20 7 . 4 5 8.48 8.12 7,49 7.75 : 7.71 7 . 7 9 7.78 7,58 7.75
K20 0,68 0,31 0.55 0.42 0.30 0.35 0.64 0.51 0.53 0.58 :• i-..
CaO 5.98' 4 . 9 3 5.27 6,20 6 . 2 1 6.20 5,45 5.89 6.39 6.17
AI2 O3 25.55 23.87 2 3 . 9 4 25,32. 25.08 25.21 25.30 24.71 24.90 24.57
Si02 58.60 . 61.73 60.64 58,87 59.64 59.32 60.36 62.23 59,78 62.51
MgO 0.00 0.02 0.00 0 , 0 0 0.00 0 . 0 0 0.02 . 0.03 0.00 0.01
Oxygen 0.00 0.00 0.00 0 . 0 0 0.00 0.00 0.00 0.00 0.00 ' 0..'00
Total 98.27% 98.33%. 98.53% 98.32% 98,98% 98.79% 98.56% 101,16% 99.20% 1 0 1 .5 9 %

Na 2.6205 2.9321 2.8388 2.6283 2.7013 2.6935 2.7220 2.6477 2.6403 2.6275
K - 0.1568 . 0.0696 0.1257 0.0975 0.0693 0.0798 0.1479 0.1136 0.1220 0.1293
Ca 1.1627 0.9423 1.0185 1.2019 1.1956 1.1977 1.0523 1.1063 1.2301 1.1562
A1 5.4612 5.0184 5.0874 5.4039 5.3141 5.3545 5.1628 5.1097 5.2724 5.0643
Si 10.6283 11.0122 10.9340 10.6645 10.7239 10.6918 10.8819 10,9196 10.7399 10.9336
0 32.0000 32.0000 32.0000 32.0000 32.0000 32,0000 32.0000 32.0000 32.0000 32.0000
Mg 0.0000 ■ O'. 0045 0.0000 0.0000 0.0000 0.0000 0,0046 0.0089 0. 0000 0.0014

AB 66.51 74-34 71.27 66.91 68.10 67.82 69.39 68.45 66.13 67.14 1

OR . 3.98 1.76 3.15 2.48 1.74 2.01 3.77 2,93 3.05 3.30 !

AN 29.50 23.89 25.57 30.59 30.14 30,16 26.82 . 28.60 30.81 29.54
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Table B •1,— Continued

Sample #75-18-200 Analysis1 2 r 3 4 5 6 7
Na20 7.37- 7,47 7.08 .7.37 ; 4.70 7.48 7.88
k 2o 0.58 0.61 0,63 0.74 6,26 0.42 0.45
CaO 5.99 6.12 6.38 5,72 3.44 6.16 5.65
a i2o3 24.98 25.21 25.48 24.72 22.01 25.08 24.80
Si02 60.93 60; 84 60.55 61.31 63.39 60.77 60.11
MgO 0.02 0.03 0.02 0,02 0.03 0.04 0,00
Oxygen 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.87% 100.28% 100.13% 99.86% 99.83% 99.95% 98.89% .
Na 2.5397 2.5682 2 o4359 2.5384 1.6383 2.5773 2.7459
K 0.1322 0.1378 0.1429 ' 0.1670 1.4359 0.0946 0.1022
Ca 1.1412 1.1620 1.2129 T. 0883 0.6623 1.1732 . 1.0887
A1 5.2337 5.2671 5.3303 5.1769 4.6643 5.2535 5.2522
Si 10.8340 10.7878 10.7488 10.8947 11.3981 10.8001 10.8040
0 32.0000 32.0000 32.0000 32.0000 32.0000 32.0000 32,0000
Mg 0.0040 . 0.0085 0.0045 0.0040 0.0075 0.0100 .0.0000

AB 66.60 66.39 64.24 66.91 43,84 67.02 69.74
OR 3.46 3.56 3.76 4.40 38.42 2.46 2.59
AN- 29.92 30.04 31.98 28.68 17.72 30.51 27.65
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Table B«1.— Continued

Sample #75-42-379 Analysis
1 ......2 3 4 5 6 7 8 9 10"

Na20 8.28 8.30 8.48 7,97 7,71 8.26 10.39 8.74 11.14 11.40
■ K20 0.60 0.45 0.50 0.48 0.62 0.56 0.71 0.48 0,07 0.06
. CaO 4.80 5.15 4.94 5.15 5.75 4.78 . 0.49 4.37 0.20 '0.32

ai2o3 23.44 23.73 23.31 • 23.55 23.79 23.09 20.41 22.48 19.25 19.12
Si02 62.20 62.42 61.80 62.10 60.71 61.68 66.79 63.26 67.36 67.67
MgO 0.01 . 0.00 0.00 0.02 0.02 . 0.00 0.03 0.02 0.02 0.02 ■ ••

Oxygen
Total

0.00
99.32%

0.00
100.06%

0.00
98.03%

0.00
99.27%

0.00
98.60%

0.00
98.38%

0.00 
98.81%

0.00
99.34%

0.00
98.03%

0.00
98.60%

1 Na 2.8628 2.8507 2.9450 2.7561 2.6926 2.8842 3.5657 3.0166 3.8419 3.9176
K 0.1362. •• 0.1027" . 0.1131 :0.1084 0.1428 0,1295 0.1605 0.1079 0.0164 0, 0144
Ca 0.9170 0.9771 0.9476 0/9844 1.1099 0.9215 0.0924 . 0.8328 0.0378 0.0609
A1 4.9267 • 4.9543 4.9217 4.9504 5.0535 4.9015 4.2581 4.7170 4.0366 3.9918
Si 11.0950 11.0520 11.0703 11.0757 10.9426 11.1096 11.8250 11.2623 11.9866 11.9899
0 32.0000 32.0000 32.0000 32.0000 32.0000 32.0000 32.0000 32.0000 32.0000 ‘32.0000
Mg 0.0030 0.0000 0.0000 0.0060 0.0066 0.0000 0.0071 0.0045 0.0046 0,0051

AB 73.10 72.52 73.51 71.60 68.24 73.29 93.37 76.22 98.60 98.11
OR 3.47 2.61 2.82 2.81 3,62 3.29 4,20 2.72 0.42 0.36

! M  .. 23.41 24.86 23.65 25.57 28.13 23.41 2.42 21.04 0.97 1.52 : •
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Table B.2. Potassium Feldspar Microprobe Analyses

Sample #75-98-474 (Matrix)
1 2 3 4 5 6 7 8 9 10 11

NagO ■ 0.76 1.66 0.75 0.96 0,82 1,59 1.03 1.81 1.38 ■ 1.23 1.36
k 2o 15.95 14.84 16.01 15.75 16.03 15.05 15.73 14.74 15.24 15,59 15.02
CaO 0.02 0.02 0.02 0.01 0.03 0.03 0.00 0.03 0,02 0.00 0.00

a 12°3 18.24 18,76 18.96 18.86 18.79 19.23 18.81 18.64 18.44 18.78 18.04
Si02 64.70 64.88 64.61 65.59 65.22 65.80 65.07 65,38 64,88 65.33 64.14
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo ■ 0.00 0.00
Oxygen
Total

0.00
99.67%

0.00 0.00 
100.15% 100.34%

0.00
101.28%

0.00
100.88%

0.00
101.69%

0.00
100.63%

0.00
100.60%

0.00
99.95%

0.00
100.94%

0.00 . 
98.56%

Na 0.06838 0.14785 0.06658 0.0851 0.0726 0.1393 , 0.09135 0.1602 0.1235 0,1090 0; 1229
K 0.9432 0.870425 0.9408 0.9145 0.9365 0.8688 . 0.9202 0.8601 0.8925 • 0.9093 0.8961
Ca 0.0010 0.0003 0.0009 0.0006 0.00122 0.0013 0,0001 0.0013 0.0008 0.0000 0.0000
A1 0.9966 1.1063 1.0289 1.0120 0.01392 1,0250 1.0166 1.0048 1.0024 1.0118 0.9942
SI 2.9991 2.982775 2.9760 2.9908 2.9866. 2,9781 2.9846 2.9906 2.9927 2.9865 2,9996
0 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000
Mg 0.0000 0.0000 , 0.0000 0.0000 Q.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AB 6.75 14.50 6.60 8.50 7.19 13.80 9.03 15; 68 12.09 10.70 12.06
OR 93.14 85.41 . 93.30 91.43 92.68 86.06 90.95 84.18 87.82 89.29 87.93
An . >

.i,4
0.10 0.08 0.09 0.06 0.12 0.13 0. 01 0.13 0.08 0.00 0.00
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Table B.2.— Continued

Sample #75-45-2199— Vgin (1-4); Phenocryst (7-10); Vein or Phenocryst (5-6)
1 2 3 4 : 5 6 7 8 9 10

NagO 0.96 2.16 1.10 1.74 1.60 0,72 ' 1.46 1.28 1.92 1.13
k 2o 15.82 14.16 15.51 14,40 14.72 16.15 15.10 15.19 14.26 . 15.46
CaO 0.07 0.02 0.25 0.06 0.04 0.00 0.02 0.04 0.06 0.01
AlgQj 18.11 18.53 17.92 18.26 18.21 18.18 18.48 18.89 18,63 . 17.98
Si02 64.79 64.68 63.71 63.52 63.88 63.78 64.23 62.90 63.91 63.90
MgO 0.00 0.00 0.00 0.00 0.00 0.02 0,01 0.00 0.02 0.00
Oxygen
Total

0.00
99.75%

0.00
99.56%

0.00
98.50%

0.00
97.99%

0.00
98.45%

0.00
98.84%

0.00
99.31%

0.00 
.98.29%

0.00
98.81%

0.00
,98.49%

Na 0.0864 0.1932 0.1004 0.1588 0.1452 0.0650 0.1319 0.1163 0.1732 0.1030
K 0.9346 0.8337 0.9290 ' 0.8630 .0.8788 0.9654 0.8947 0.9112 0.8469 0.9249
Ca 0.0036 .0.0009 0.0127 0;0032 0.0018 0,0000 0.0009 0.0019 0.0029 0.0006
A1 0.9889 1.0083 0.9921 1.0112 1.0045 1.0039 1.0118 1.0466 1.0225 0.9941
Si 3.0012 2.9861 2.9921 2.9844 2.9897 2.9889 2.9836 2.9572 2.9759 2.9971
0 8.0000 8.0000 8.0000 8.0000 8,0000 . 8.0000 8.0000 8.0000 8.0000 8.0000

AB 8.42 18.79 9.63 15.49- 14,15 6.30 •12.83 11.30 16.93 10.01
OR 91.21 81.11 89.14 84.18 85.66 93.69 87.07 88.51 82.78 89.92
AN 0.35 0.09 1.22 0.31 0.17 0.00 0.09 0.18 0.28 0.06
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Table B«2 * -— Continued

Sample #75-41-263 Sample #75-18-200 .

1 2 . 3  4 5 1 2
Na20 5.29 3.68 . 1,91 8.01 1.89 1.60 1.78
k 2o 7.88 10.99 13.36 11.78. 13.42 14.22 13.71
CaO 0.47 0.21 0.08 . 0,16 0.03 0.02 0.07
Alg 19.42 19.35 19.07 19.20 18.65 18.68 18.59
Si02 65.94 66.01 65.03 65.48 65.34 65.87 64.69
MgO 0.39 0.00 0.00 0.00 0.01 0.00 0.00
Oxygen 0.00 0.00 0.00 0. 00 0.00 0.00 0.00
Total 99.38% 100.25% 99.45% 99.63% 99.33% . 100.39% 98.83%
Na 1.8502 1.2900 0.6817 1.0629 0.6727 0.5645 0.6378
K 1.8135 2.5348 3.1293 2.7392 3.1468 3.3100 3.2401
Ca 0.0902 0.0414 0.0159 0; 0312 0.0057 0.0044. 0.0132
A1 4.1265 4.1216 . 4.1270 4.1259 4.0397 4.0152 4.0565
Si 11.8915 11.9318 11.9439 11.9393 12.0116 12,0176 11.9814
0 . 32.0000 32.0000 32.0000 32.0000 32.0000 32.0000 32.0000
Mg 0.1047 0.0000 0.0000 0.0000 0.0015 0.0000 0.0000

AS 49.28 33.36 '17.81 27.72 17.58 14.55 16.39
OR 48.30 65.56 81.76 71.45 , 82.26 85.33 83.26
AN 2.40 1.07 0.41 0.81 0.15 0.11 0.34
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Table B.2,'— Continued

Sample #75-42-379 (QM) Sample #75-42-379 (QLflT) Sample #75-12-229
1 2 1 1

Na20 0.86 1.70 1.26 1.68 .
k 2o 15.31 14.29 15.13 13.31
CaO 0.01 0.09 0.00 . 2.83

al2°3 18.11 18.19 18.01 19.77
Si02 63.90 63.92 63.71 61.34
MgO 0.00 0.03 0.00 0.03
Oxygen 0.00 0.00 0.00 0.00
Total 98.19% 98.22% 98.11% 98.96%
Na 0.3141 0.6175 . 0.4606 0.13085
K 3i6658 3.4120 3.6305 0.68100
Ca 0.0021 0.0179 0.0000 0.12155
A1 4.0069 4.0145 3.9917 0.93480
Si 11.9982 11.9686 11.9834 2.46115
0 32.0000 32.0000 32.0000 8.00000
Mg 0.0010 0.0081 0.0000 0.00190

AB 7.88 15.25 11.25
‘ X

14.018
OR 92.05 84.29 88.74 72.959
AN 0.05 ’ 0.44 0.00 13.022
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Table B.3, Biotite Microprobe Analyses

Analysis #75-12-450 (Matrix)
1 2 3 4 5 6 1. 8 9 10

Na20 0.16 0.14 0.09 0.11 0.11 0.19 0.14 0.15 0.10 0.11
k 2o 9.55 ■ 9.52 9.82 9.87 9.80 9.84 9.91 9.83 9.65 9.91
CaO , 0.05 0.02 0.00 0.00 0.01 0.03 • 0.00 0.05 0.02 0.00
AI2O3 11.05 10.84 11.91 11.60 11.31 11.49 12.17 12.10 11.77 11.74
Si02 42.14 42.06 41.44 42.38 41.25 40,91 39.56 40.08 40.67 40.81
MgO 2 0.02 19.57 18.78 18.57 19,39 19.40 ’ 19.57 19.57 19.09 19.60
MnO 0.15 0.23 0.14 0.00 0.13 0,16 0.20 0.19 0.24 0.15
CroOg 0.00 0.00 0.00 0.00 0.00 0,00 0.01 0.00 0.00 0.00
FeO 11.94 12.29 12 .46 12.43 12.28 12.04 12.64 12,28 12.34 11.89
•Ti02 0.95 0.94 1.48 1.16 1.30 1.17 1.27 1.11 1.46 1.42
Oxygen 0.00 0.00 0.00 0.00 • 0.00 0.00 0 . 00 0.00 0.00 0.00
Total 96.00% 95.61% 96.12% 96.37% 95.57% 95.23% 95.47% 95.36% 95.34% 95.63%
Si 6.12 1L 6.14 6.04 6.15 6.0462 6.0192 5.8438 1 5.9059 L  5.9812 5.9763
A1 1.88 1|oo 1.86 00 1.96 00 1.85 00 1.9540 ”  1,9808 00 2.1180 ^  2.0941 "  2.0188 00 2.0237
A1 0.01 0.01 0.08 0.13 0.0003 0.0118 0.0000 0.0064 0.0212 0.0030
Ti 0.10 0.10 0.16 • 0.13 0.1424 0.1298 0.1408 0,1226 0.1612 0.1562
Fe2+ 1.45 H 1.50 £ 1.52 1.51 s 1.5048 S' 1.4817

. 0.0192 
0.0000

P 1.5609 £  1.5136 S  4.1849 H 4.2784
Mn
Cr

0.02
0.00 in 0.03

0.00 in 0.02 
0. 00 LD 0. 00 

0.03 LO 0.0159
0.0000

, 0.0248 
1/1 0.0006

0 0.0236 
ud 0.0000

cti 0.0297 
m 0.0000

• 0.0182 
0.0000

Mg 4.33 4.26 4.08 4.02 4.2366 4.2548 4.3104 4.2982 1.5169 1.4558
Na 0.04 1Icsi O'. 04 1|H 0.02 *3* 0.03 IO 0.0297 kD 0.0528 110 0.0390 ,p  0.0429 1p  0.0281 0.0308
Ca 0,01 N 0.003 r - 0.00 OO

P
0.00 00 0.0006 R  0.0044 f ]  0.0006 P  0.0077 01 0.0028 00 0.0000

K 1.77 1H 1.77; 1H 1.82 1.83 H 1.8315 H  1.8474 1H  1.8650 1H  1.8474 1H  1.8101 •H  1.8513
F,0h,0 22 22 22 22 22 22 22 22 22 22

122



Table B.3.— -Continued

Analysis #75--12-210 (Matrix)
.1 2 3 4 5 6 7 8 9 10 11

NagO 0.20 0.11 . 0.21 0.16 . 0.18 0.14 0.22 0.14 0.13 0.15 0.20
K20 10.36 10.25 10.13 10.22 10.31 10.08 10.24 9.83 10.10 10.18 10.11
CaO 0.01 0.00 0.00 0.00 0.01 0.00 Q. 00 0.07 0.00 0.01 0.00
AI2O3 12.33 . H o  92 12.47 12.28 12.55 12.04 12.77 13.40 12.18 12.51 12,.13
Si02 41.37 41.90 41.15 40.27 40.35 41.37 40.84 41.06 41.12 40.38 40.70
MgO 22.28 22.13 21.09 20.40 21.3? 21.32 21.48 20.76 21.95 20.75 21.61
MnO 0.19 0.16 0.17 0.24 0.12 0.15 0.21 0.20 0.16 0.20 0.17
Cr203 0.07 0.04 0.00 0.05 0.00 0.00 0.01 0.04 . 0.00 0.04 0.00
FeO 8.76 8.50 10.15 10.78 9.81 9.83 10.16 10.14 9.94 10.99 9.95
Ti02 0.93 0.87 1.17 1,29 0.86 1.00 1.18 0.78 1.05 1.20 .1.30 ,
Oxygen 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 96.49% 95.97% 96.54% ' 95.69% • 95.58% 95.92% 97,11% 96.41% . 96.62% . 96.42% 96.17%
m r- m inSi : 5.93 IL 6.02 I00 5.92 oc. 5.8844 ft. 5.8729 L  5.97851loo 5.8531 IL 5.8998 Iloo 2 .0 6 2 0  1PJ 2.1383 Pi 2.0669 P]

A1 2.07 11 2.00 1i 2.08 1 2.1148 1K 2.1271 11• 2.0215 11 2.1469 1r  2.1002 1r  5 . W 2 1h 5.85641h  5.8861 h :
Al 0.01 0.02 0.04 0.0000 0.0262 0.0300 0.0102 0.1680 0.0000 0.0000 0.0000
Ti 0.01 0.09 • 0.13 0.1414 0, 09405 0.0184 0.1271 0.0842 0.1133 0.1309 0.1408
Fe2+ 1.05 £ 1.02 £ 1.22 m 1.3167 m 1.1941 m 1.1880 m 1.2172  ̂ 1.2177 £ 1.1940 o' 1.3326 £ 1.2034 s'
Mn  0.02 lo 0.02 ^ 0.02 £ 0.0292 tA 0.0148 m 0.0182 ^ 0.0253  ̂ 0.0242 £ 0.0192 0 0.0242 iri 0 . 02 09 u?
Or  0.01 0.0004 0.00 0.0050 .0.0000 .0.0000 0.0011 0.0044 0.0000 0.0044 0.0000
Mg 4.76 . 4.74 4.52 4.4444 4.6414 4:5930 4.5903 1.4475 4.7025 4.4864 4,6580
Na 0.001 °-03 II 0.06 0.0451 _ 0.0495 ' 0.0380 0.0594 0.0402 0...0363 0.0429 0.0556
Ca 0.06 £ 0.00 0.00 m  0.0000 cn 0 .0 0 0 6 m 0.0006 £ 0,0000 £ 0.0110 5 0.0000 5 0.0011 92 0 0 0 %
K 1.89 H  1.88  1H  1.86 K 1.9046 H  1.9134 T. OO s H 1.8722 A  2.2682 1.8508 A  1.8832 A  1.8656 -]
F,0H,0 22 22 22 22 22 22 22 22 22 22 22
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Table B.3.-’-Continued

Analysis #75-41-263 Analysis #75-18-200 Analysis #75-42-379
i 1 2 3 4 5 1

Na20 0.13 0.12 0.12 0.10 0.17 0.11 0.22
KoO 9.53 9.77 9.79 9.42 9.77 9.49 9.47

: CaO 0.00 0.00 0.01 0.00 ’ 0.00 0.00 0/01
AI2O3 12.12 12.30 13.05 12.65 13.35 13.31 . 13.38
Si02 40.04 39.81 38.38 39.70 37.16 37.53 37.43
MgO 18.47 17.55 15.83 17.57 13.52 14.06 12.86
MnO 0.18 0.17 0,22 0.21 0.23 0.27 0.36
Cr203 . 0.00 0.00 0.00 0. 00 0.00 0.00 . 0.01
FeO 13.16 14.02 . 15.78 ,14.56 18.15 . 17.82 18.52.
Ti02 1.41 1.25 2.39 1.02 4.20 3.85 3.06
Oxygen 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 95.05% 95.00% 95.57% 95.24% 96.56% 96.44% 95.33% •
Si 5.93021L  5.9318 1L  5.7527 1Ico 5.9037 IIco 5.5934 IR  5.6305 IL  5.7039 IlooA1 2.06981F 2.0682 Ir 2.247311 2.0963 .1P  2.3677 Ih  2.3695 11 2.2961 11
A1 0.0452 0.0916 0.0579 0.1202 0.0000 0.0163 0.1077 .
Ti0i 0.1571 _n 0 .1 4 0 0 0.2695 0.1137 0.4754 0.4338, 0.3506
Fe■ 1.6297 ^  1.7469 g 1.9779 &  1.8106 :£  2.2845 S  2.2363 12 2.3605 sMn 0.0220 oi 0.0215 ^  0.0277 -  0.02 69 ^  0. 0295 .̂  0.0337 g  0.0467 r-

Cr 0.0000 Ln 0.0005 0.0000 0.0000 0.0000 0.0005 “T 0.0015 LO
Mg 4.0785 3.8999 3.5371 3.8950 3.0337 3.1456 2.9213
Na 0.0446 0.0370 m  0,0341 0.02 84 0.0495 0.03445 u, 0,0635
Ca 0.0000 co 0.0000 ro 0.0019 m 0.0000 3  0.0000 cn 0.0000 co 0 .0 0 1 9 m
K 1.7999 H  1.8570 H  1.8717 H 1.7865 H 1.8761 H  1.8161 H 1.8409 H
F,OH,0 22 22 22 22 22 22 22
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Table B.3,— Continued

Analysis #75-12-229 (Matrix)
1 2 3 4 5 6 7 8 9 10

Na90 0.20 0.17 0,07 0,14 0.15 Q.10 0.17 0.15 0.10 0.07
XgO 9.66 9.78 8.83 10.03 10.09 9,99 10.04 10. 00 9.83 8.41
CaO 0.08 0.06 6.05 0.04 0.03 0.10 0.03 0.00 0.02 0.07
AI0O3 12.10 12.97 14.33 12.27 12.55 12.39 12.84 . 11.74 12.31 13.72
Si02 40.29 38.93 36.61 39.09 41.13 40.91 39.86 41.57 41.58 39.20
MgO 18.81 17.52 14.78 18.30 20.36 19.52 18.67 20.19 20.39 17.87
MnO 0.24 0.22 0.26 0.21 0.20 0.21 0.18 0.18 0.18 0.17
Cr203 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.01 0.01
FeO 13.89 14.87 18.15 13.33 12.08 13.09 13.73 12.69 12.65 16.24
Ti02 0.79 0.85 1.21- 0.93 1.24 1.18 1.51 0.97 0.96 1.03
Oxygen 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. 00
Total 96.07% 95.37% 94.31% 94.35% 97.85% 97,50% 97.05% 97.50% 98.02% 96.80%
Si 5.93071L 5.8158 L 5.6090 IL  5.8719 1I 5.8926 5.9100 5.8165 5.9875 1|m 5.9443 Ico 5.7359
M . 2.0693|r 2.1842 1r 2.3910 I00 2.1281 r 2.1074 00 2.0900 .” 2.1835 00 1.9924 K  2.0557 1r 2.2541 CO

A1 0.0296 0.0996 0.1960 ' 0.0440 0.0109 0.0189 0.0238- 0.0000 0.0181 0.1157
& +

0.0870
1.7092 s

0.0950
1.8574

5.
98
13

0.1399
2.3250

m 0.1045 
^ 1.6749 I 0.1330

1.4467 cn
0.1277
1.5817

0.1658 
£ 1.6745 £

0.1053
1.5284

0.1032
a 1.5122 0

0.1139
1.9905 LD

Mn
Cr

0.0303
0.0000

cn
LO

0.0282
0.0000

0.0338
0.0036

0 0.0272
m 0.0000

01
U-|

0.0237
0.0034 LO

0.0262
0.0000

• 0.0216 
1/1 0 . 0029 in

0.0220
0,0000

^  0.0218 
^ 0.0009 LO

0.0210
0.0014

rH

LO

Mg 4.1273 3.9011 3.3760 4.0975 4.3478 4.2027 4.0605 4.3353 4.3451 3,9041
Na 0.0581 LD0000

0.0486 H 0.0199 S  0.0419 
fC 0.0065

0.0414 0.0282 0.0484 0.0419 0.0274 0.0190
Ca 0.0124 0.0094 s 0.0082 F~ 0.0046 s 0.0154 S 0.0041 s 0.0000 S  0.0034 s 0.0117 IsK 1.8145 A 1.8639 H 1.7255 ^ 1.9227 A 1.8440 A 1.8414 H  1.8692 A 1.8378 H  1.7922 H 1.5723 y
F,0H,0 22. 22 22 22 22 22 22 22 22 22



Table B.4. Chlorite Microprobe Analyses

Analysis #75-12-229
1 2 3 4 5 6 7 8 9

Na20 0.0Q 0.00 0.00 0.00 ' 0.00 0.00 0.03 O'. 03 0.02
KoO 0.04 0.02 0.03 0.03 0.04 0,03 0.29 0.03 0.02
CaO 0.07 0.03 0.04 0.01 0.02. 0. 02 0 . 03 0.03 0.09

20.57 21.41 19.38 18.27 21.44 19.18 20.30 21.14 20.48
Si02
MgO

24.36 ' 24.33 . 25.13 20.04 23.72 25.39 24.32 24.13 23.64
7.55 7.60 6.37 6.02 7.18 8.28 7.08 6.26 6.87

MnO 0.51 0.40 0.71 0.46 0.17 0.03 0.51 0 . 74 0.49
Cr203 0.00 0.00 0.00 0.01 0.00 0.01 0.05 0.00 0.01
FeO 35.16 . 37.25 35.08 31.77 36.37 36.16 35.27 37.68 35.18
Ti02 0.05 0.08 0.07 14.51 0.06 0.15 0.90 0.03 0.05
Oxygen 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 88.32% 91.13% 86.82% 91.13% 89,00% 89.25% 88.78% 90.06% 86.85%
Si 5.3972 1L 5.2603 1Ico 5.6686 |L  4.3101 IL 5.2392 1L  5.5725 1Ico. 5.3752 1|oo 5.3117 1Ino 5.3482 1loo
A1 2.6028 |r 2.7397 Ir  2.3314 1r 3.6899 1r 2.7608 1r  2.4275 11 2.6248 11 2.6883 11 2.6518 1
M
Ti9 ,

2.7694
0.0076

2.7161 
§ 0.0131

L 2.8203 
S 0.0117

' 0.9413 
co 2.3468

2.8221 
m  0.0102

o 2.4825 
00 0.0248

0 2.6634 
o 0.1502

m  2.7955 
H 0.0044

, 2.8084 
m 0.0085

1Fe2+ 6.5155 § 6.7342 $6.6177 ^ 5i7140 d 6.7182 m 6.6355 co - 6.5192 £ 6.9346 m 6.6547
Mn 0.0965 J  0 .0734  

H o.ooOo
: 0.1364 J 0.0835 

H 0.0020
4  0.0314 
H 0.0000

4  0.00598 H 0.0962 
H 0.0084

H 0.1371 h  0.0929 
^ 0.0014Cr 0.0006 H 0.0000 H 0.0014 ^ 0.0000

Mg „ 2.4953 2.4500 2.1425 1.9316 2.3661 2.7100 2.3339 , 2,0535 2.3164
Na 0.0019 0.0000 0.0000 . 0.0000 0.0000 0.0000 0.0134 0.0121 0.0075
Ca 0.0104 0 .0 0 8 0 0.0096 0.0022 0.00534 0.00967 0.0064 0.0062 0.0095
K 0.0102 0.0060. 0.0095 0.0085 0.01202 0.00496 0.0825 0.0075 0.0021
F,0H,0- 28 28 28 28 28 28 28 28 28
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Table B »4 * — Continued

Analysis #75-18-200
1 2 • 3 4

Na20 0.00 0.00 0.02 0.02
XgO 0.00 0.00 1.13 0.97
CaO 0.04 0.07 0.11 0.07
AI0O3 18.73 17.10 16.63 19.18
S102 28.30 29.82 30.90 31.25
MgO 19.79 21.51 20.73 19:64
MnO 0.24 0.23 0.28 0.30
CrgO^ 0.02 0.00 0.00 0.03
FeO 20.49 18.00 17,74 17.37
Ti02 0.00 0.00 0.16 0.07
Oxygen 0.00 0.00 0.00 0.00
Total 87.60% 86.74% 87.72% 88.90%
Si 5.7998 IL 6:0835 IL 6.2400 I 6.1918
A1 2.2002 1r 1.9165 11 1.7600 1joo 1.8082
A1 2.3242 2.1941 2.2000 2.6695
Ti_ 0.0000 13 ’ 0,0000 < 0.0300 § 0.0107
Fe2+ 3.5125 % 3.0704 3.0000’ s 2.8776
Mn 0.04085 J 0.03996 J 0.0500 0.0503
Cr 0.00267 3 . 0.0000 3 0.0000 3 0.00458
Mg 6.0476 6.5399 6.2500 0.0817
Na 0.0000 0.0000 0.0100 0.00598
Ca 0.00776 0.01553 0.0200 0.01514
K 0.00.07 0.0007 0.2900 0.24589
F,0H,0 28 28 28 28
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APPENDIX C

SOURCES OF INFORMATION FOR
CROSS SECTION DRILL HOLES

SKELETAL
, CORE REVIEWED INFOBMATION COMPILED
EDA L. FOWLER FROM DRILL LOGS

75/1 C/7 * 75/3
* 75/2 * C/10 * 75/6

75/4 C/12 * 75/11 (1/6)
* 75/5 * C/16 * 75/13
* 75/8 * C/17 75/14

75/9 75/15
75/10 1/1 75/16

* 75/12 * 1/2 75/20
75/15 * 1/5 75/22

* 75/18 * 1/9 75/28
*■ 75/19 * 1/10 * 75/30

75/21 * I/ll * 75/33
* 75/31 * 1/13 75/46
* 75/35 * 1/14 75/51

75/41 * 1/15 * 75/53
* 75/42 * 1/16 75/61
* 75/44 * 1/18 75/69
* 75/45 * 1/19 75/71

75/46 * 1/21 75/73
* 75/52 1/24 75/76

75/69 * 1/26 75/78
75/88 1/27 1 75/80

* 75/98 * 1/28 75/81
75/90

* 74/2 75/93
74/3

* 74/4
* 74/5

75/100

74/6

* Drill holes with thin sections or polished sections.
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APPENDIX D

COPPER FLAT ROCKS COMPARED WITH THE 
CLASSIFICATION OF KEITH (1978)

Copper Flat 
Rocks

Alkali-
Calcic

Alkalic

K57.5 Index* 4.3 3.0—4.4 4.4-6.0
0 Index* 31-48 31-48

generally<39.5
25-34

S Index* 2.09-5.85 1.8—6.0 
generally>2.3

6,1-14+

Peacock (1931) 53.0 52-58
(alkali-calcic)

45-52
(alkalic)

Iron Enrichment 
(on AMF diagram)

moderate generally none moderate

A^O^ Content 15.9-18.0 high and variable 
(14,5-20%)

variable
(8-20%)

* K57.5 Index " Potash content at 57. 
variation diagram;

5% silica in a K20/Si02 Barker

6 Index =
(Na 0+K?0) 

Si02-47 A1203 =

S Index = (Na20+K.20>2
Si02-43

Peacock (1931) Alkali-Lime Index = The silica percentage corresponding 
to the point of intersection of the lime-variation line of negative 
slope with the total alkali( ^ 20+ ^ 0) variation line of positive slope.
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