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INTRODUCTION

A common characteristic of porphyry copper ore deposits is the
close association between ore mineralization and wall rock alteration.
Due to this association a great deal of study has been devoted to the
examination of altered rocks with the hope of defining a genetic rela-
tionship between hydrothermal alteration and ore mineralfzation which
would assist geologists in the search for new ore deposits. The
majority of these studies have resulted in qualitative descriptions
of minerals in hydrothermally altered rocks in many porphyry copper
ore deposits; however, none have succecded in establishing what
critical mineralogical and/or chemical criteria might be used to
definie ore-mineralized as opposed to barren areas.

The importance of defining this relationship {s easily demon-
strated by the increasing demand for copper ore and the increasing
difficulty in discovering new low grade, but high tonnage deposits
utilizing previously established exploration techniques. Geologists
in the past have been able to locatec sizable ore deposits by examina-
tion of surface outcrops, many of which contained mineralized veins
indicative of large ore occurrences. The majority of these more
easily definable deposits have now been discovered, which necessitates
further search for more ore with new and improved techniques. The
tools for this type of study have reached a fairly sophisticated stage
of development which relegates the problem to one of employing these
{nstruments and understanding the data derived from their use in the
correct manner in the search for additfonal ore reserves.

1
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The recognitfon of the assocfation of wall rock alteration and
ore mineralization was used by early prospectors in their search for
ore deposits. Later studies of alteration in aluminosilicate rocks,
by geologists have essentially progressed through four stages. The
first stage was that of a hand.specimen description of the effect of
alteration surrounding veinlets. Studies of this type were useful in
pointing out alteration as a major aspect of ore deposits but did
1ittle to help define the reason for the development of this charac-
teristic feature. The second stage started with the advent of the
polarizing microscope and significant qualitative descriptions of
alteration minerals appeared in the literature. Hotable in this
respect are papers by Ransome (1205), Lindgren (1305), Reber (1916),
and Emmons (1927). These investigators began to recognize the signif-
icant effects of alteration, such as the dominant minerals formed,
and the change in alteration mineralogy away from areas containing
high concentrations of ore minerals. Still, however, these researchers
were handicapped by the difficulty of distinguishing fine-grained
alteration minerals, such as clays, which are very important at many
porphyry copper deposits. Furthermore, they could not develop any
quantitative data to help them in determining reasons for these
alteration effects.

Data obtained in the 1940's through the use of X-ray diffraction
techniques, mark the beginning of the third stage and were very
important for the determination and characterization of fine-grained
alteration minerals. Two significant papers dealing with hydrothermal

alteration at porphyry copper deposits published at this time were by
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Peterson, Gilbert and Quick (1946) and Schwartz (1947). These papers
stressed the importance of clay minerals as alteration products at
porphyry copper deposits and further pointed out the existing varfations
in total alteration mineralogy at many deposits. The problem of
accumulating good qualitative data was esscntially solved, however,
there sti1l remained the problem of.cstablishing reliable quantitative
data and using these to understand the genetic implications of
alteration and ore deposition.

The present stage of development in the examination of hydro-
thermal alteration began with the development of the X-ray fluorescence
unit which produced reliable quantitative data. The development of the
atomic absorption unit has now made possible an even faster and to
some extent more accurate method of obtaining quantitative information.
Important papers which have attacked the problem of hydrothermal
alteration using a quantitative approach are those by Creasey (1959),
Burnham (1962), Hemley and Jones (1964), Meyer and Hemley (1967)
and Rose (1970). It is now generally accepted that data obtained by
these investigators indicate that some genetic relationship exists
hetween hydrothermal alteration and ore deposition. In additfon,
these authors have demonstrated that the establishment of the exact
relationship will only be realized after a considerably greater amount
of quantitative as well as qualitative data from several porphyry

copper deposits has been developed.



Previous Related Studies

The study of alteration and 1ts relationship to ore ninerali-
zation at porphyry copper deposits has been of primary interest to
many exploration geologists during the last century. As zdditional
nintng activity became centered in the west in the late 1800's,
many investigators began studying and describing mineralization and
associated wall rock alteration.

One of the first significant docunented studies of this rela-
tionship was by Ransome (1905). In his study of the geoloyy of Bisbee,
Arizona, Ransone described alteration as a type of metamorphism after
recognizing tremolite, diopside, garnet, vesuvianite, quartz and
chlorite, in the limestone; and quartz, sericite, chlorite, kaolin,
and a 1ittle epidote in the granite porpliyry. He also naticed that
& large amount of alumina occurring with the ex{dtzed ores was tied
fn "kaolinite and clay" within the linestone, a feature he could
not explain. Furthermore, he pofnted out that the metamorphic minerals
mentioned were not distributed uniformly throughout the V{mastone but
were arranged in zones about the porphyry mass. Ransone described
two “zones® as follows: (1) nearest the porphyry wass, the former
1imestone which 1s now a fine-grained aggregate consisting chiefly of
calcite and quartz, and (2) encircling the siliceous zone are the
pale-green altered limestones in whica pyrite, trewolite, diopside,
grossularite, and probably vesuvianite are the characteristic minerals.
He also noted that the ore occurred predominantly within this outer

zone of alteration. Finally, he concluded that “the greater part



at least of the mineralization must have taken place after the
porphyry had solidiffed". He further states that “it is probable,
although perhaps not in this case susceptible of definite proof,
that the mineralization and metamorphism were effected by heated
aqueous solutions™.

Spurr (1905) should be noted as another major contributor to
the study of alteration of mineralized areas. In his paper on the
Tonopah mining district, Hevada, he described {n detail the alteration
of specific minerals and further postulated what prizary components
may have been carried by the altering fluids.

Significant papers following these include those by Lindgren
(1905), Reber (1516), and Ewmons (1927). These investigators often
recognized the major character{stic minerals of alteration; however,
being restricted to at most the use of a polarizing microscope and
crude procedures for chemical analysis, they crudely related basic
qualitative descriptions of deposits to the fragmentary quantitative
information.

The importance of clay minerals associated with hydrothermal
alteration was recognized in the 1940's with the development of X-ray
diffraction procedures. Peterson, Gilbert and Quick (1946) used
advanced qualitative information of this type to define alteration
mineralogy in their study of the Castle Dome copper deposit in Arizona.
They also attempted to suggest some relatfonships between the altera-
tion mineralogy and chemical analysis of fresh and altered rock.
Their conclusions as to the relationship between ore and alteration

were, however, based on qualitative information gatned through the



study of the clay minerals.

Schwartz (1947) combined the work of several other authors,
placing an emphasis on alteration minerals which consistently occur
at a variety of important deposits in the United States. He then went
on to define four types of alteration (1) quartz-orthoclase, (2) quartz-
sericite-pyrite, (3) sericite and argillic alteration with quartz
subordinate, and (4) biotitic alteration. He summarized his conclusions
as follows: "available chemical data indicate that calcium and sodium
are generally removed from the rock to a significant degree, and
potassium remains constant or increases. Silica {s gafned in a few
deposits but commonly shows minor changes®. This paper perhaps set the
stage for classification schemes for porphyry copper deposits as used
to the present day, and in addition more precisely defined possible
mobile chemical components involved in alteration at porphyry deposits.
It became very apparent at this time houever, that ore mineralization
at all porphyry copper daposits was not assocfated with the same
alteration mineralogy. The generalizations used by Schwartz, helpcd
to define some of tihe consistent alteration mineral asscwblages which
were to be found at a variety of deposits but did 1ittle to help explain
the processes associated with alteration and ore mineralization.

Creasey (1959) next presented a classificatfon scheme for altera-
tion at porphyry copper deposits in which he attempted to use chemical
paramcters. e outlined three principal alteration facies terned the
porpylitic, argillic, and potassium silicate facies. He used the ACF
diagram in order to define the propylitic alteration. The characteristic

minerals arc muscovite (sericite), epidote, chlorite, and 2 member of
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the carbonate group. The AKF diagram was used to define the argillic
and potassium silicate facies. "The characteristic nminerals of the
argi1lic facies are kaolinite (or other members of the group) and
muscovite (sericite); and of the potassium silicate facies, muscovite
(sericite), biotite, and K-feldspar. He found that “for the argillic
and potassium silicate facies chemical analysis indicated a loss of
alumina, iron, magnesium, calcium, and sodium and a gain in potessium,
hydroxyl ion (water), and sulfur.® (p. 352). Data were insufficient
to show the chemical changes between the fresh and altered rocks in the
prophylitic facies. The drawback of this investigation was again the
lack of critical mineralogical and/or chemical criteria linking ore
mineralization to hydrothermal alteration. In addition Creasey further
complicated the problem by using chemical criteria to define a “potassic”
alteration and mineralogical criteria to define the argillic and
propylitic alteratfions.

Burnham (1962) grouped hydrothermally altered rocks into two
principal facies, namely: the argillic and phyllic (mica) facies. WWithin
these major facies, he outlined propylitic, montmor{1lonitic and
kaolinitic alteration as being predominant in the argillic facies and
muscovitic and biotitic alteration in the phyllic facies. More important
than his definition of facies types was the emphasis he placed on the
chemical components which tend to characterize particular porphyry
copper deposits. He collected data as part of quantitative study of
four hydrothermally altered porphyry copper ore deposits, Bingham, Utah;
Santa Rita, Mew Mexico; Ithica Peak, Arizona and Crescent Peak, Hevada.

The chemical mineralogical data from these deposits coupled with available
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data from other deposits led Burnham to establish the following rela-
tionships: “The rock of the outermost propylite subzone generally are
enriched in Ca0, 1ig0, Nazo, ”20' and c02. The rock of the internediate
montmorillonite subzone are only slightly changed in bulk compesition,
but those of the inner kaolinite subzonc are impoverished in the very
constituents that have been added to the propylite subzone. The rocks
of the {nnerrmost phyllic zone are also impoverished in Ca0, Mg and

Na20 but ere chriched in K. 0, however, their outer parts (muscovite

subzone) are more 1mpovcr1§had in Ca0, Mg0D and Nazo than their inner
parts (bfotite subzone)." (p. 768). The importance of this study can
easily be seen as it employs quantitative neasures in an attempt to
understand alteration, Although Burnham cculd not define any particular
mineral assenblage or chemical criterfa which could be used to charac-
terfze an ore zone, the association of ore with particular chemical
assemblages at some deposits is considered to be a significant step in
the direction of understanding the relationship between alteration and
ore mineralization.

Papers by Meyer and Hemley (1967) and Hemley and Jones (1964)
have served to establish the critical reactions which must take place
during hydrothermal alteration. These papers further establish the
limited chemical and physical environment in which these reactions might
take place and in a correlative manner establish possible relationships
of alteratfon and sulfide assemblages. Rose (1970) further applied

alteratfon mineralogy of several porphyry copper deposits to experimental

mineralogfcal data established by Hemley (1959) and Shade (1968) to
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explain wineralogical alteration zonaticn. The main cmphasis which
should be attached to the last several papers mentfoned is the impli-
cation of some genetic relationship between hydrothermal alteration and
ore deposition and the need for additional quantitative as well as

qualitative data to deternine the exact relationship.

Specific Statement of the Prcblem

A great number of variety of attampts have becn made to cescribe
and evaluate alteration halos and mineralization associated with
porphyry copper deposits: Ransome (1905), Lindgren (1905), Reber (1916),
Ermions (1927), Peterson, Gilbert and Quick (194G), Schwartz (1947, 1953),
Creasey (1959), Burnham (1962), Heyer and Hemley (1967) and Rose (1970).
Hany of the previous mineralogical studies have been solely based on
information obtained with the use of petrographic microscope. Although
the microscope 1s an extremely useful instrument, the fdentification of
very fine-grained alteratfon products by optical methods is often
fmpossible. Furthemmore, due to the lack of sufficiently reliable
quantitative as well as qualitative data, previous investigators have
often had difficulties in thefr attempts to explain the nature of ore
forming and hydrothermal processes. The net result of all of these
studies, has been a very detafled qualitative description of alteration
hales and their mineralogical make-up. In a great majority of these
studies, however, it was not concluded, at least not with a degree of
certainty sufficifent to satisfy most exploration geologists, what
alteration mineral or mineral assemblage, if any, is characteristically

associated with ore deposition. It is now generally accepted that data
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obtained by Burnham (1962, 1967), Rose (1970) and Feyer and Hemley
(1967) clearly indicate that some genetic relationship between hydro-
thermal activity and ore deposition exists. The purpose of this study
is to understand the relatfonships between the mineralogy and/or bulk
chemistry of hydrothermally altered aluminosilicate rocks and ore depo-
sition in porphyry copper-molybdenunn type deposits. All the data were
collected from the Sferrita porphyry copper-molybdenite deposit of the
Duval Corporation located south of Tuscon, Arizona. The objectives
of the study are four-fold:

(1) The establishment of the existing mineralogical relation-
ships between wall rock alteration and ore mineralization.

(2) The characterizatfon of hydrothermally altered rocks in
terms of thefr bulk chemistry.

(3) The delincation of critical mineralogical and chemical
criteria typical of hydrothermal alteration and ore
mineralization.

(4) The selection of critical chemical and/or mineralogical
criterfa which may be used by exploration geologists to
search for new ore deposits, or to outline the highly
mineralized areas within a large hydrothermally altered
terrain,

In surmary, the main emphasis is placed on the astablishuent of
critical chemical and/or mineralogical criteria most sensitive to ore
deposition, rather than to use the data to provide a descripticn of the
Sierrita deposit.

The present study is not specifically designed to distinguish
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alteration and ore mineralization features at every porphyry copper
deposit, but is fnstead intended to show the usefulness and possible
application of similar studies in other arcas. Two limitations of this
study must also be menticned. One {s the area covered in this investi-
gation, which is rather restricted to the central part of the present
pit. The second limiting factor is the sample locations which are
controlled by previous drilling operations at Sferrita.

A few terms are here defined to help the reader throughout this
thesis.

Hydrothermal alteration - is used to refer to chemical and

mineralogical changes in the original rock through later introduction
of aqueous solutions.

Porphyry Copper - the term porphyry copper as usecd fn this thesis

will essentially follow the definftion presented by Titley and Hicks
(1966) as a “large, low grade, epigenetic, hypogcne copper deposit that
can be mined by mass mining wethods”. Furtherrore, these deposits
typically have in addition to copper minerals as primary orc mincrals,
lesser amounts of molybdenium, lead, zinc, silver and gold ores

associated with them.

Locaticn, Topoaraphy and General Geoloay

The Sferrita porphyry copper-rolybdenite deposit, shown in
Figure 1, is located on the southeastern flank of the Sierrita MHountains
in the Pima mining district, Pima County, Arizona. It is adjacent to

the Esperanza porphyry copper deposit and is approximately 35 miles



Figure 1.

The Sierrita Porphyry Copper-Molybdenite deposit,
Southwestern, Arizona, looking north.
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south southwest of Tucson. The district is witinin the Sonoran Desert
section of the Basin and Range Physiographic Province which is
characterized by sharp ridges and narroz valleys, gulleys and washes.
To the north and east of the deposit is an extensive pediment covering
most of the rest of the district. “The deposft is at an altftude of
approximately 4000 feet., The Santa Cruz River is the only major

drainage for the area and flows interuittently with rainfall,

General Geology of the District

The most complete description of the district fs by Cooper (1959).
Other reports giving some inforwation on the district are by Ransome
(1922), tleber (1929), Wilson (1841, p. 36-37, 1950, p. 33-51), Cummings
and Romslo (1950), Lacy (1953), #ackenzie (1959), Irvin (1959), Journeay
(1959), Richard and Courtright (1559) and Schmitt and others (1959).

Precambrian rocks in the district as happcd by Cooper, are to
the north of Sierrita. These rocks are highly altercd but the freshest
appear to be of granitic composition. The granite generally contains
Xxenoliths of Tine-grained, dark grey schist and horafels, which
according to Cooper (1959, p. 67) is "presumed to be mafic metavolcenic
rocks derived from the Pinal Schist of Precambrian age" and which is
not exposed in the district.

Paleozoic rocks are limited to scattered exposures, again all
north of Sierrita. According to Cooper, these are entirely scdinmentary
in origin. The basal unit is the Bolso quartzite of middle Cambrian age.

The rest of the sedirientary complex consists of rocks listed in Table 1.
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TABLE 1*

PALEQZOLIC SEDIMCHTARY ROCKS
Pennsylvanian and Permian, Haco group:

Concha Timestone

Scherrer formation

Colina limestone

Earp formation

Horquilla Vimestone
Mississippian:

Escabrosa limestone
Davonian:

Hartin limestone
Cambrian:

Abrigo formation

Bolsa quartzite
* After Cooper (1969)

Cooper found no Mesozoic rocks carlier than Cretaccous in the
rest of the district. An intrusive of particular importance at Sierrita,
The Harris Ranch quartz wonzonite, however, has been dated at 190 m.y.
(personal communication with Duval geologists). Because of the importance
of this rock at the deposit, additional conment will be reserved for a
later section.

The early Cretaccous rocks consist of a scdimentary-volcanic
couplex. Those of 1mportance in the vicinity of Sicerrita include inter-
badded andesite and sedimentary rocks gencrally overlain by rhyolite,
quartzite, graywacke and conglomerate, Of particular importance at

Sierrita is the Silver Bell andesite and the Oxframe rhyolite welded tuff
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which includes flows and breccias.

Later Cretaceous rocks are intrusive quartz diorite, quartz
monzonite porphyry and granodiorite. The granodiorite is the most
extensive rock type in the district. It covers the entire western part
of the district and has smaller outcrops in the eastern part. "“The
unaltered granodiorite 1s generally light gray, which in places has
a pinkish, yellowish or brownish cast,” Cooper (1959, p. 68). The
granodiorite has three gradational varieties (a) granodiorite porphyry
found in small bodies and as a local border phase of the larger bodies;
(b) medfum-grained equigranular granodiorite found 1n the medium sized
bodies and in a zone 1/2 to 2 miles wide along the east side of the
larger body; and (c) porphyritic granodiorite found in the large body
west of the equigranular facies, Cooper (1959, p. 68). Granodiorite
does not outcrop at Sierrita but is found less than 1/4 mile to the
northwest. Within the Sierrita pit, however, a quartz diorite and
quartz monzonite porphyry (Plate 1) are of extreme fumportance because
of their mineralized nature. Also outcropping within the pit area but
of 1ittle or no economic importance is the Ruby Star granodforite.
Each of these rock types will be discussed in wuch greater detail in a
later section.

Other Tertiary intrusive rocks in the district are the Helmet
fanglomerate and andesite dikes. Quarternary alluvium covers most of

the eastern part of the district.

Structure

“An undulating low angle fault, called the San Xavier thrust by
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Lacy (1959, p. 89), passes beneath the mineralized ground in the north-
eastern part of the district. The thrust plate includes Precambrian
granite, Paleozofc and Cretaceous rocks, intrusive granodiorite and
quartz monzonite and the Helmet Fanglomerate®, Cooper (1959, p. 93).

Ho major faults. of the disirict are found in the {nmediate area
of Sierrita or Esperanza; however, Cooper has mapped several small
normal and reverse faults southeast of and one large fault south of
Sferrita. The large fault extends approximately cast-west while the

smaller faults trend north-south.

Geology At Sierrita

The rock types found within the vicinity of Sferrita include
Quartz latite porphyry, Quartz monzonite porphyry, the Ruby Star
grancdiorite, the Silver Bell andesite, Quartz diorite, the Harris
Ranch quartz monzonite, Quartz diorite and Quartz monzonite porphyry.
Consequently all samples selected for this study were collected from
these threc rock types, each of which will be discussed according to

their economic importance.

Quartz Diorite

The major ore-bearing rock at Sierrita (according to Duval
geologists) is the Quartz diorite, which occurs in the western portion
of the pit (Plate 1), It 1s in contact with the Harris Ranch quartz
monzonite to the south and west and the Quartz monzonite porphyry to
the north and east. The rock 1s highly fractured with no apparent

orfentation to the fracturing. It has Leen dated at 58+ 2 m.y.,
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(personal communication from Duval geologists).

Three main alteration minerals that are apparent in hand speci-
mens of the Quartz diorite are quartz, epidote and minor amounts of
alkali feldspar. In places there 1s secondary t-feldspar appearing
as pink patches or as very small §e1nlets with quartz and minor cpidote
generally with sulfide minerals in the center of veinlets. Other
smaller veinlets may contafn only quartz and cpidote with sulfide
minerals.

Mineralization occurs in two ways: (a) as veinlets containing
pyrite, chalcopyrite and molybdenite; and (b) as disseminated grains of
these three minerals. The veinlets vary in thickness from abeut 1/32
to roughly 2 inches, gencrally being less than 1 inch. The presence of
sulfide minerals filling fractures suggests that the deposition of
pyrite, chalcopyrite and molybdenite continued after the fracturing of
the Quartz diorite. Apparent in some veinlets, is the presence of thin
films of molybdenfte coating pyrite crystals indication that molybdenite

deposition continued after the deposition of pyrite was completed.

Quartz tionzonite Porphyry

The Quartz monzonite porphyry is eccnomically the second most
important rock type in the pit area and has also Leen dated at 58+ 2
m.y. Quartz monzonite porphyry (Plate 1) s found 2long the eastern
and northern part of the Sferrita pit, in contact with the Quartz diorite
to the west and the Harris Ranch quartz wonzonite to the south. In
the castern portion of the pit the Quartz monzonite porphyry has been

intruded by a breccia pipe in which are found various size inclusions
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of Quartz monzonite porphyry. The major minerals consist of quartz,
alkali feldspar and plagioclase with large flakes of biotite that are
casily recognizable in hand specimen. Occasional phenocrysts of
quartz and alkali feldspar away from the highly altered areas in the
rock arc subhedral to anhadral and are highly variable in size.

The most characteristic feature of the Quartz monzonite porphyry
is the alteration which is dominated by thick bands of pink alkald
feldspar adjacent to mineralized veinlets. Thesc bands are typically
1 to 3 inches wide but may be wider. Alkali feldspar alteration is
also often evident around high concentrations of disseminated mineral-
jzation. Quartz is the sccond wost corsmon alteration wmineral occurring
within the veinlets uith the sulfide minerals. Epidote s not an
uncommon alteratfon mineral which occurs between quartz and alkali
feldspar alteration fmwediately adjacent to the veinlets. [Cue to the
gray color of this rock and the distinctive alkali feldspar alteration,
this rock is easily distinguished from the quartz diorite.

The three sulfide minerals which characterize the Quartz
monzonite porphyry are again pyrite, chalcopyrite, and molybdenite
occurring as dessiminated grains and veinlets. The veinlets vary from
approximately 1/32 to 3 inches in width; however, the majority appear
to be less than 1 inch in width. Fracturing in this rock, often filled
with ore minerals, is similar to that in the quartz diorfte with no

apparent orientation to the fracture pattern,

Harris Rkanch Quartz lonzonite

The Harris Ranch quartz monzonite is located in the southern
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portion of the Sferrita pit (Plate 1) in contact uith the quartz
diorite to the northwest and the quartz monzonite porphyry to the north-
east and east. It {s overlain to the south by the rhyolite welded
tuff and the Silver Bell andesite, The rock has been dated at 190
million years accordfng to Duval ﬁeo]ogists. The Harris Ranch quartz
monzonite 1s very similar to the quartz monzonite porphyry in its
mecgascopic aspects. The major rineralogy includes quartz, alkali felds-
par, plagioclase and biotite. The major difference betwcen the two
rock types appears to be a greater amount of biotite in the Quartz
monzonite porphyry. Fracturing of the rock has again no apparent
orientation. Sulfide mineralization {s similar to that in the Quartz
monzonfte porphyry occurring as disseminated grains and as veinlets,
Pyrite, chalcopyrite and molybdenfte are the three predominant sulfide
minerals in the Harris Ranch quartz monzonite. The veinlets are often
bordered by thick sclvages of alkali feldspar which grades into
rclatively unaltered rock. The veinlets themselves contain, in
addition to the sulfide minerals, quartz and not uncormonly epidote.
Large inclusions of an older and unfdentified rock type occur in the
Harris Ranch quartz monzonite in the southern part of the pit.

An additional rock type which deserves comment is the breccia
pipe, which occurs as an elliptical body in plan intruding the Quartz
monzonite porphyry. Fragments of Quartz monzonite porphyry occur as
inclusions {n this rock ranging in size from a few inches to three to
four feet in diameter. The matrix 1s a fine-grained to aphanitic
material comprising approximately 75 percent of the total breccia pipe.

The fragments are angular or rounded and appear to show no preferred
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orientation. Although the breccia pipe §s not considered as
economically important at Sierrita, mineralization again occurs both
as veinlets and as disseminated grains both within the rock matrix

and within the Quartz monzonite 1nc1usions.



HETHOD OF INVESTIGATION

A total of 49 samples were collected from drill core locations
at approximately equal intervals across the Sierrita pit as indicated
on Plate 1. Sample nuibers for tﬁis study are indicated by the upper
number at each location on Plate 1 while drill hole numbers as recorded
by the Duval Corporation are indicated by the lower number in parenthesis.
The collection of these samples was limited to the locatien of drill
holes and does not represent a statistically defined grid pattern.

Although working with a small number of samples imposes certain
Timitations on the data and the derived conclusfons, it has the following
advantage: exploratfion companfes would 1ike to be able to derive the
greatest amount of {nformation concerning a prospective deposit by doing
as 1ittle costly drilling as is necessary. Furthermore, data derived
from this study will be shown to consistently indicate that dynamic
patterns of hydrothermal alteration can be investigated at the sample
scale used in this investigation.

In addition to samples collected from drill holes, three samples
were collected over a ten foot area from each of the three rock types
studied. These sanples are intended to show that the variation in
chemistry within any one rock type {s smaller than that between rock
types. Additfonal information concerning the specific collection of

samples 1s included in Appendix 1.

Treatmant of the Saaples

Thin sections were first made from each of the samples. The major

21
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consideration during this procedure was to avoid scectioning any area
containing mfneralized veinlets which could be seen in hand ;pecimcn.

It was felt that this was necessary for accurate point counting in the
determination of the wajor mineralogy of the vrocks. The thin sections
were then stained following the method of Laniz, Stevens, and Horman
(1964) to facilitate accurate determination of K-feldspar and plagio-
clase. Hodal data are 1isted in Appendix 2.

The remainder of the samples were then ground to -200 mesh.
Veinlets measuring greater than 1/4 1nch were eliminated before this
procedure so that accurate whole vock analysis could be performed without
introducing errors resulting from large amounts of secondary minerali-
zation, After the samples were completely ground they werc thoroughly
homogenized and fractions were split out for X-ray diffraction analysis,
X-ray fluorescence analysis and atomic absorption amalysis. leavy 1iquid
scparation was performed on those samples intended for X-ray diffraction
determination. Pellets were mede for X-ray fluorescence analysis,
details of which are included in Appendix 2. The technique of Fedlin,
Suhr and Bodkin (1969) was used for the preparation of samples used for
chemical analyses by atomic absorption. The details of this procedure
and the results are included in Appendix d.

In addition to these mineralogical and chemical treatments of the
samples, three rock chips from each sample were used to determine the
density. The average of three measuraments from each sanple (9 total
measurements for cach sample) were averaged. This number was then used
as the average density of cach rock sample, This treatment of the

samples was necessary for later minipulation of chemical date. The
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procedure for density determination and tabulated results can be
found in Appendix 2.

A1l of the data derived from the above procedures were further
refined using three computer programs. The specific programs used can
be found in Appendix 4. They consist of (1) a program for the normal-
ization of chemical components to 100 percent, which alse includes the
determination of the molality of the oxides and molality of the clements;
(2) a program for the calculation of normative mineralogy and (3)
another normative proaram for the calculation of mole percents of

albite, orthoclase and anorthite.



RESULTS

Mineralogical Data

iineralogical couposition of the rocks at Sierrita was determined
in two ways. First was the determination of modal mineralogy using thin
sections of each sample. The second type of analy;is was by X-ray
diffraction. Because of the extremely good agreement between X-ray
mineralogy and fiodal mineralogy, this section will concentrate on the

petrographic analyses of the rocks.

Quartz Monzonite Porphyry

Table 2 gives the average modal percentages of all minerals
present in the Quartz monzonite porphyry. The major minerals consist
of quartz, K-feldspar, plagioclase and biotite phenocrysts which are set
in a fine to medium grained groundmass of quartz and K-feldspar.
Accessory minerals present include K-mica, chlorite, cpidote, a very
faw clay minerals and the sulfides pyrite, chalcopyrite and molybdenite.

Figure 2 shows a typical quartz monzonite porphyry as seen in thin section.

TABLE 2

AVERAGE MODAL MIHERALOGY OF
THE QUARTZ HOHZOHITE PORPHYRY

Quartz 24.5
K-feldspar 31.1
Plagicclase 34.8

Biotite 4.3
Chlorite 1.2
K-mica 1.8
Pyrite 0.9
Chalcopyrite 1.0
Holybdenite 0.4

100.0
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Figure 2., Typical Quartz monzonite porphyry (300X).
Qtz: quartz; Plag: plagioclase; Bio: blotite;
K-feld: K-feldspar. Uncressed nicols.



Figure 3.

Mineralized veinlet in the Quartz monzonite

porphyry (300 X). fHote the alteration of

plagioclase to K-feldspar. 0Qtz: quartz;

plag: plagioclase; Bie: biotite; K-feld Alt:

K-feldspar alteration; Cpy: Chalcopyrite,
Uncrossed nicols.
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entirely altered to K-feldspar or retain only a small plagioclase
center surrounded by K-feldspar. Other grafns may be cut by K-feldspar
alteration as seen in Figure 4.

Biotite occurs in large flakes gencrally varying in size from
1 mm to 3 mn and {s distributed throughout the rock. Biotite is 1ight
brown to tan in plain light and can often be seen to contain fnclusions
of zircon, apatite and sphene. Alteration of biotite to chlorite can
often be secen along grain boundaries and cleavage surfaces.

K-feldspar occurs as anhedral to subhedral phenocrysts ranging
in size from .5 mm to 2 rm; however, 1t occurs dominantly as anhedral
materfal with quartz filling spaces between larger grains. Although
K-feldspar phenocrysts are not as common as are quartz, plagioclase,
and biotite, a few can generally be observed in most thin sections.
Optical detenninations of K-feldspar and plagioclase grains is often
very difficult in some cases due to alteration effects of plagioclase
to K-feldspar. Where there was difficulty in distinguishing these two
minerals, grains containing more than 50 percent observable K-feldspar
were counted as K-feldspar and those with more than 50 percent plagio-
clase as plagioclase. This difficulty has no doubt hampered other
investigators and is probably one of the factors affecting confusfon in
the literature when describing alteratfon zones. Accessory minerals
found in the Quartz monzonite porphyry fnclude K-mica, chlorite, epidote
and a few clay minerals. K-mica and chlorite, although not abundant,
do occur around highly altered areas. An example of K-mica in a
mineralized veinlet in the Quartz monzonite porphyry can be seen in

Figure 5.
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Figure 4. K-feldspar alteration in plagiociase (300X).
Plag: plagfoclase; K-feld. Alt: K-feldspar
alteration. Uncrossed nicols.

Figure 5. K-mica as alteration product along mineralized
veinlet (300 X). Qtz: quartz; K-mica.
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The groundmass of the Quartz monzonite porphyry varies from a
very fine-grained material composed solely of equigranular quartz and
K-feldspar to a coarser material ggnera]ly not as equigranular. This
coarser material sti1l contains quartz and K-feldspar as the dominant
minerals with some larger fragments of plagioclase.

Three sulfide minerals dominate ore mineralization in the Quartz
monzonite porphyry and the Sierrita pit in general; these are pyrite,
chalcopyrite and molybdenite (an example of a mineralized veinlet is
seen in Figure 3), With respect to mineralization, it must be kept in
mind that in the selection of thin sections mineralized parts of the
samples were avoided so that observations of the rock with as few
effects of alteration could be made. This necessarily places a nega-
tive bias on the percentage of sulfide minerals counted in thin
sections. In general, however, chalcopyrite is the dominant sulfide
mineral in the quartz monzonite porbhyry followed by pyrite with very
little disseminated molybdenite. Chalcopyrite generally occurs as
small veinlets with selvages of quartz, K-feldspar, biotite, pyrite
and occasionally epidote. Chalcopyrite also occurs as small dissemi-
nated grains throughout some of the thin sections studied. Pyrite
occurs in small veinlets with the same alteration mineral assemblages
as chalcopyrite. Smaller disseminated euhedral grains of pyrite are
often found in the rock. Holybdenite, when present, occurs as very
small disseminated grains and typically 1s associated with pyrite and
chalcopyrite although nefther of the latter need be present. Samples
4428, 4437, and 4445 contain the highest percentages of molybdenite
in the Quartz monzonite porphyry in thin section studied.
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Quartz Diorite

Quartz diorite 1s a fine-grained rock composed almost entirely
of quartz, plagioclase and biotite with minor amounts of chlorite,
epidote, K-feldspar, pybite. chalcopyrite, molybdenite and clay
nminerals. A typical Quartz diorfte is pictured in Figure G. Table 4

gives the average modal percentage of minerals present in the Quartz
diorite.

TABLE 4
AVERAGE MODEL MINERALOGY OF THE QUARTZ DIORITE

Quartz 7.6
K-feldspar 0.5
Plagfoclase 61.3
Biotite 12.5
K-mica 0.5
Chlorite 15.9
Epidote 0.4
Pyrite 1.0
Chalcopyrite 0.1
lMolybdenite 1.2

100.0

Plagioclase is the dominant mineral in the rock. It occurs as
a mesh of essentially ejquigranular grains with spaces between grains
filled with quartz and biotite. The majority of the plagioclase grains
are not longer than 1/2 mm. Much of the plagioclase shows albite and
carlsbad twinning and some of the larger grains arc zoned. Measurements
of albite and carlsbad twins (Table 5) indicate a compositional range
approximating andesine. In many of the sections plagioclase can be
observed to be altered to sericite + quartz, however, there are few grains

in which alteration has been sfgnificant in producing clay minerals as



Figure 6.

Typical quartz diorite (300X).
Plag: plagfoclase; Bio: biotite,
nicols.

Qtz: quartz;
Uncrossed

33
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an alteration product.

TABLE &

DETERHINATION OF PLAGIOCLASE COMPOSITION
IN QUARTZ DICRITE FROM CARLSBAD-ALBITE TWINS*

Hole ¥ Anorthite

1. 45
2. 43
3. 44
4. 39
5. 41
6. 42
7. 44
8. a2
9. 42
10. 11

*After Hright (1913), each number representing
ten measurements from df fferent plagiodase
grains in ten separate thin sections of the
Quartz diorite.

Biotite is generally the second most abundant mineral in the
Quartz diorite. It occurs in anhedral flakes ranging in size from .5 rm
to 1 mm. It fs generally altered to an intermediate green mica or to
chlorite although fresh unaltered biotite may be observed in every thin
section. Unaltered biotite 1s generally dark brown to brown in color.
Alteration gencrally progresses along cleavage surfaces so that an
intermediately altered biotite flake will have a mottled appearance
ranging frem dark brown to 1ight brown to green. K-mica is alsc present
in some sections closely associated with biotite.

Quartz is the only other major mineral recognized in all thin
sections of the Quartz diorite. It is typically fine-grained anhedral

materfal filling spaces between plagioclase grains. It may, however,
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occur as relatively large anhedral to subhedral phenocrysts as observed
in a few sections. Quartz is also found as vein material and as an
alteration product of plagfoclase along with sericite.

Additional minerals found in the quartz diorite tnclude chlorite,
K-feldspar and K-mica with some epidote. These all appear to occur as
alteration minerals,

Holybdenite is the dominant sulfide mineral present in the quartz
diorite followed by pyrite and chalcopyrite. One curfous feature about
the occurrence of molybdenite is its typical association with biotite.
Pyrite may also occur with biotite and molybdenite but this is not common.
Pyrite and chalcopyrite along with molybdenite make up the major
minerals in veinlets cutting the rock and also occur as disseminated

grains.

Harris Ranch Quartz Monzonite

The Harris Ranch quartz monzonite {s negascopically and micro-
scopically very similar to the Quartz monzonite porphyry. The average
modal mineralogy of the Harris Ranch Quartz monzonite is presented in
Table 6. A typical Harris Ranch Quartz monzonite {is seen in Figure 7.
Quartz occurs as relatively small subhedral to anhedral phenocrysts
and as anhedral material between larger grains. Quartz phenocrysts
are smaller than those in the quartz monzonite porphyry and are generally
not seen as frequently.

Nearly all plagioclase in the Harris Ranch gquartz nonzonite
shows the effects of alteration. Most grains have been altered to

K-feldspar around the rims and along twin surfaces. Figure 8 shows



Figure 7. Typical Harris Ranch quartz monzonite (300X).
Qtz: quartz; K-feld + Plag: plagioclase
altered to K-feldspar; Bio: biotite.

Uncrossed nicols.
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TAGLE 6

AVERAGE MODAL MINERALOGY OF THE
HARRIS RANCH QUARTZ HONZONITE

Quartz 20.2
K-feldspar 36.0
Plagioclase 35.4
Bfotite 2.7
Chlorite 1.7
k-mica 1.8
Pyrite 1.9
Chalcopyrite 1.8
Holybdenite 0.5

100.0

a K-feldspar vein cutting plagioclase. Some plagioclase shows remnant
carlsbad-albite twins although no zoning was evident. A1l plagioclase
grains were found to be efther subhedral or anhedral. Host showed
perceptable alteration to K-feldspar with some K-mica and clays in and
around the centers of the grains. Many more plagioclase grains show
K-feldspar alteration than those in the Quartz monzonite porphyry.
K-feldspar 1s the dominant mineral in the Harris Ranch quartz
monzonite. The majority of K-feldspar, however, is in the fine-grained
matrix material with quartz and only a few appear as phenocrysts.
K-feldspar also occurs as the dominant alteration product of plagioclase.
Most of the K-feldspar and quartz in the groundmass of the Harris Ranch
quartz rnonzonite 1s significantly coarser than those in the groundmass
of the Quartz monzonite porphyry. Secondly, the wmajority of these
grains are not as equidimensional as in the Quartz monzonite porphyry.
Biotite in the Harris Ranch quartz monzonfte {s singularly the

most easily distinguishable mineral when comparing this rock to the
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Quartz monzonite porphyry. In the Harris Ranch quartz monzonite
biotite occurs as clumps of relatively small flakes with very few
inclusions. When fresh, it is generally dark brown, although much of
1t shows an intermediate green color where there is significant
alteration. Sose has been completely altered to chlorite,

The only recognizable sulfides present are chalcopyrite, pyrite,
and molybdenite. Chalcopyrite and pyrite are the chief sulfides in
small veinlets where they occur with quartz, K-feldspar, K-nica and
blotite. They are also found as small disseminated grains throughout
the rock. Although a few small molybdenite veinlets were seen in some
thin sections, it is not a common mineral and when present generally
occurs as disseminated grains., Sectfons containing the greatest amounts
of riolybdenite werc 4401, 4410, 4416, 4424, 4425, and 4429,

Petrographic data indjcate that the igneous rocks at Sierrita
are mineralogically simple and more than 90 percent of the modes can
be represented by quartz, plagioclase, K-feldspar, biotite and K-mica.
Consequently, major variatfons in modal mineralogy of these rocks can
be described using three or four conponent diagrams. Such a modal plot
in terms of plagioclase, orthoclase and quartz (Cateman, et al., 1963)
1s shown in Figure 8. This plot reveals several distinctive features
of the Sierrita rocks. First, all of the Quartz diorite samples plot
within the diorite-quartz diorite fields of the diagram. The only
significant varfation in these samples is along the quartz-plagiocclase
side. Secondly, the Quartz monzonite porphyry and larris Ranch quartz
monzonite samples show a wide scatter from the granodiorite to granfte

flelds of the diagram although the majority of the samples appear to
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be within the quartz monzonite field. It is also interesting to note
that the Harris Ranch quartz monzonite samples show the greatest
scatter with the ratio K-feldspar/K-feldspar + plagioclase varying
from 25 to approximate]y 90 percent.

Figure 9 is a modal plot of plagioclase versus potassium bearing
minerals, namely, K-feldspar, K-mica and biotite in the Sferrita rocks.
The most outstanding feature of this diagram is the inverse relationship
between these cowponents of the rocks. As the arount of potassium
bearing minerals increased, therc is a corresponding decrease in the
amount of plagioclase. Also evident is the fact that all of the Quartz
diorite samples plot between 50 and 70 percent plagioclase and the
quartz monzonitic rocks plot between 10 and approximately 50 percent
plagioclase. ‘

In an attempt to show the spatial distribution of potassium-bearing
phases modal K-feldspar was plotted on a geologic wmap of the pit (Plate 2).
One very high areca of concentration is located in the south central area
of the pit, around sample site 4426, in the Harris Ranch quartz monzonite.
In addition to this, two other arcas of moderately high concentration
can be seen, The first is a broad high extending south from the very
high concentration and encompassing sample numbers 4409, 4424, 4425, and
4432. A second area of approximately equally high concentration s
seen in the northern portion of the pit centered around sample number
4435 {n the quartz monzonite porphyry.

The Tinal interpretation and explanation of the features displayed
by Figures 8 and 9 and by Plate 2 will be discussed in a later section

after the chemical characteristics of the rocks have been presented.
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Chemical Data

A total of 56 samples were thmica1ly analyzed in terms of major
elements. These analyses were carred out using both X-ray fluorescence
and Atomic Absorption techniques. The specific procedures, sample
preparation and analytical results are included in Appendix 2. In
addition to 5102, A'|203, total Fe (as Fe203), Cao0, Na20 and KZO’ copper
and molybdenum content of the rocks were alsc determined. The raw chemical
data were first normalized to 100 percent on an anhydrous basis using a
computer program (Appendix 4). Next, using these data and the density
of the samples, gains and losses in the varfous chemical constituents
of the rocks were calculated for 1000 cm® of rock. The method 1s
described in detail 1n Appendix 5. These data are then recast in the
form of several isoplith maps.. The chemfcal data were also used to
calculate normative mineralogy of the rocks. In order to find out the
variation in the bulk chemistry of the rocks around each sample location,
three samples were collected from each rock type within an area of 10
feet in diameter. The chemical analyses of these samples listed in
Appendix 2 show that the variation within samples 1s smaller than the
variation between samples.

Figure 10 1s a weight percent plot of normative quartz, orthoclase,
and plagioclase generated from chemical data. All of the quartz diorite
samples plot near the plagioclase corner of the figure, containing
between 20 and 30 percent normative K-feldspar and between approximately
10 and 25 percent normative quartz. The quartz monzonitic rocks cluster

fn an area between approximately 35 and 75 percent normative K-feldspar
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and approximately 25 and 40 percent normative quartz. It {s also
apparent that the Harris Ranch quartz monzonite samples typically contain
less quartz than do the Quartz monzonite samples. Another interesting
feature of the Sierrita rocks as shown in Figure 10, 1s the limited
variation in their quartz/orthoclase ratio as opposed to rather widely
varying quartz/albite as well as orthoclase/albite ratios.

Figure 11 shows the chemical variatfon in the rocks in terms of
welght percent normative feldspar components, i.e., orthoclase, albite
and anortnite. The most apparent feature of this diagram {s that the
Quartz diorfte and quartz monzonite type rocks cluster in two separate
areas. The Quartz diorites, except for two samples, contain between
approximately 40 and 50 percent anorthite and between approximately 15
and 25 percent orthoclase. The wajority of the quartz monzonite type
rocks contain between approximately 25 and 40 percent anorthite and
approximately 30 to 60 percent orthoclase.

Two apparent trends are also noted in this diagram. First, the
Quartz diorite samples appear to be plotting in a direction away from
extending the An corner of the diagram toward the Ab/Or side. The
quartz monzonitic rocks show an oppesite trend with the long axes of
this trend being parallel to the Or/Ab side of the diagram.

Figures 12 and 13 show the distribution of the Sierrfta rocks
in terms of the most mobile chemical components. Figure 12 presents
two of the chemical components used in weight percent normative and
mole percent normative calculations of Figures 10 and 11. In this
figure mNaZO {s the molality of sodium oxide and mKzo is the molality

of potassium oxide. The first feature apparent in this dfagram is the
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clustering of samples into two groups, mK?_O in the Quartz diorite
samples ranges from approximately 15 to 25 and ”naao from approxi-
mately 50 to 70. The quartz rmonzonitic rocks cluster at higher mK20.
In this group mKZ’O varies between 30 to 65 and "Ha,0 between 40 to 70.
Quartz monzonitic samples have an apparent tendency to show an {nverse
relationship between mKZO and mﬂazo. It is also apparent from Figure 12
that the majority of the Harris Ranch quartz monzonite samples have a
higher mKZOImHazo ratio than the Quartz monzonite porphyry samples.

Figure 13 {is similar to Figure 12 except that ¥Ca0, the molality
of calcium oxide, 1s considered as an additional component on the
horizontal axis of the figure. Again, the most apparent feature of
this figure is the clustering of the Quartz diorite samples and the
samples of quartz wonzonitic rocks into two scparate groups. The
muazo + MCa0 in the Quartz diorite samples range from approximately 150
to 210, whereas mxzo ranges from approximately 15 to 25. The MHa,0 +
MCa0 in the quartz monzonitic rocks varies between 60 to 105, and
mKZO between 30 to 65. A second significant feature of Figure 13 1is
the general inverse relationship between mKZO and mNa20 + "ca0. A
final feature of this figure 1s the better separation of the two groups

of samples which is not clear in Figure 12.

Chemical Isopleth Maps of the Sierrita Pit

Chemical fsopleth maps were constructed to facilitate a better
understanding of the distribution of alteration across the Sierrita pit.

Three types of chemical {sopleth maps are presented in Plates 2 through
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11. The first type, of which Plates 3, 5, and 9 are representative
examples, indicate the distribution of normalized chemical data. This
type of {sopleth map was constructed to determine the high and low
areas of various chemical cdncentrations. Specific data used to
determine the isopleth patterns shown on these plates can be found in
Appendix 2. Isopleths on these plates arc extended across contacts
between the Harris Ranch quartz monzonite and Quartz monzonite porphyry
as these rock types compare closely fn total chemical composition. On
the other nand, isopleths were not extended across the Quartz dijorite
contacts with the other two rock types because of the significant
differences in chemical composition.

Plates 4, G, 7, 8 and 10 represent the second type of isopleth
map, namely, those constructed after the normalized chemical data had
becn subjected to density calculations. These calculations were
perforned to determine absolute enrichment and depletion of various
chemical cowponents from the altered rocks. The data developed from
these calculations is tabulated fn Appendix 2. Positive numbers indicate
absolute enrichment or additfon of the respective chemical
constituents to the rock and negative numbers indicate absolute
depletion or subtraction from the rock.

The third type of isopleth map is represented by Plate 1
showing the distribution of copper across the Sierrita pit. This

plate shows original chemical data with no additional number handling.

K,0 RWeight Percent - iormalized K,0 data were plotted on the
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geologic map of Sferrita in order to determine high and low K20 concen-
tration areas (Plate 3). The highest area of concentration is {n the
south central area of the pit (around sample number 4432) within the
Harris Ranch quartz monzonite. The concentration is approximately 6.0
weight percent and decreases fairly rapidly from this centrally located
high area. The rate of decrease in concentration {s greater to the
east and west of this high area where xzo content of the samples drop
to approximately 3.0 weight percent.

Two other areas of relatively high concentration, both averaging
approximately 5.0 weight percent K,0 are in the west central (sample
4434) and southwest (sample 4409) areas of the pit. In both areas K,0
concentration drops off rapidly to the east and west. The decrease in
concentration also appears rapid toward the south but more gentle in
the northern area of the pit.

Two of the previously mentfoned areas of high xzo concentration
are located in the Harris Ranch quartz monzonite, the third in the
Quartz monzonite porphyry. The lowest concentrations are found, as

expected, in the Quartz diorite.

Height Percent K,0 after Density Correction - Plate 4 shows, in
the form of an fsopleth map, absolute enrichment and depletion of xzo
across the Sferrita pit. Three significgnt areas of xzo enr{chment
are seen within the Sierrita pit. These areas correspond to those of
high KZO concentration presented in Plate 3. The two arcas of highest
K,0 addition are those in the south central (samples 4432 and 4426)
and northeastern (samples 4443 and 4434) areas of the pit. The third
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area in the southwestern part of the pit is around sample number 4405,
A comparison of Plates 3 and 4 show that the areas of high K20 concen-
tration actually reflect areas of enrichment and that they are easily
distinguishable vihen presented in the form of Plate 4. This is
particularly true with reference to the area around sample number 4409
which s somewhat obscure on Plate 3 but very clear on Plate 4.

A fourth broad area of nfld xzo enrichment is found in the Quartz
diorite, extending south from sample number 4407. It {s noted that this
area corresponds to one of low K20 concentration presented on Plate 3.

A comparison of the two plates, however, indicates that the absolute
addition of xzo to the rocks extends in a southerly direction, a greater
distance on Plate 4 than is evidenced on Plate 3.

Another major feature of Plate 4 is delineation of areas of
depletion of KZO. These are found to essentfally border areas of xzo
enrichment (rather than areas of no chemical change) and the pit in
general. Plate 3 rmerely distinguishes these areas as places of low xzo
concentration. The areca of greatest K20 depletion is scen along the
eastern margin of the pit adjacent to the areas of greatest K,0 enrich-
ment.

A final sfgnificant feature of Plate 4 is the linear trend of
samples 4403, 4404, 4445, 4427, 4438, indicating depletion of XZO
which nearly bisects the pit. The eastern part of this area is seen
to almost directly cofncide with the southern contact of the Breccia
Pipe. Possible explanations for this featurc will be presented in a

later section.
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lia,0 Weight Percent - Plate 5 represents the distribution of

Na,0, plotted in weight percent, across the Sterrita pit. Four areas of
high concentration are seen. One major area lies within the Quartz
diorite encompassing samples 4408, 4412 and 4419 reflecting an average
of 4.0 weight percent uazo. Two other areas of cqual concentratfon are
represented by sample numbers 4401 in the Harris Ranch quartz monzonite
and sanple 4446 in the Quartz monzonite porphyry, both in the southern
part of the pft. These two areas border a centrally located area around
sample 4432, which corresponds to a low arca of Na20 concentration,

A fourth area of high Naao concentration is found in the north-
eastern corner of the pit encompassing sample numbers 4436 and 4445
and extends in both westerly and southerly directions. This broad area,
within the Quartz monzonite porphyry, contains approximately 3.5 weight

percent Naao.

Weight Percent Ha20 after Density Correction - Plate 0 reflects

several interesting features concerning the distribution of Na20 which
are not evident on Plate 5. Probably the most outstanding feature
represented on Plate 6 is the significant amount of ha,0 that has been
leached from the central area of the pit around sample 4432, It {s
also apparent that the two arcas of high Na,0 concentration in the
southern part of the pit which are seen on Plate 5, now reflect an
Hap0 addition to the rocks which essentially extends in a narrow band
from the east to the western side of the pit. This band borders the
above mentioned central area of Hazo depletion.

When the entire pit, as shown on Plate G, is compared with
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Plate 4, depicting K20 distritution, it becomes obvious that the area
of Nazo depletion corresponds to the area of K20 enrichment, Similarly,
the broad band showing Nazoienrichment and extending across the southern

portion of the pit, is seen to correspond with an area of K.0 depletion.

2
A similar inverse relationship between K,0 and Hay0 is also
noted in the north central portion of these two plates around sample
4448, Nazo has been moderately leached from this area while there 1s
a mild enrichment of Kzo, progressing to the east and west to areas of
moderate to high K20 enrichment and mild leaching of nazo. The areca
in the far northeastern corner of these plates around samples 4437 and
4445 also indicate high Na20 enrichment and moderate to high K;0
depletion adjacent to an area of high K20 enrfichment (samples 4434 and
4443),
One final feature to be noted on Plate 6 is the area of mild
Naao enrichment which again, nearly bisects the pit (samples 4403, 4411,
4419, 4427, and 4428). It is also noted that this area, as in Plate 4,

corresponds to the southern boundary of the Breccia pipe.

Weight Percent Ca0 after Density Correction - Ho sfgnificant or

unusual pattern appeared to be present when Cald was plotted in weight
percent without using a density correction. After density calculations,
the distribution pattern shown on Plate 7 was established. An area of
Ca0 enrichment is scen in the west central part of the pit (sample 4419).
This area is seen to extend in a southerly to southeasterly direction
covering sample locations 4414 and 4425, Immedfately adjacent to this

area of enrichment, is a significant arca of Ca0 depletion (sample 4418)
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which trending in a southerly direction encompasses sample sites 4425,
5532, 4431, 4417, 4402 and 4424. The most significant aspect of this
area of depletion of Ca0, is its close correspondence to the area of
Na20 depletion and K20 enrichnent seen in previous plates.

A second area of Ca0 enrichment 1s present at sample site 4420
in the north central part of the pit., This area shows somcwhat lesser
Ca0 enrichment; however, the enrichment 1s still very clear. This area
tends, for the most part, to correspond to very little enrfchment to
mild depletion of Nazo. It also 1s seen to correspond to little change
in the distribution of Kzo.

A final arca of significant depletion of Ca0 1s present in the
northuestern corner of the pit. This area is found to correspond to
nild KZO enrichment and 1ittle change in Haao. In general, there
appears to be an inverse relationship between KZO and Naao as well as

KZO and Ca0.

Weight Percent Mg0 after Density Correction - Plate 8 shows the

distribution of Mgl in the Sierrita pit after density corrections have
been made. The most conspicuous feature of the diagram is the presence
of three arcas of high Mg0 enrichment in the south, west-contral and
northwestern part of the pit. The highest area, encompassing samples
4405 and 4413 shows no apparent relationship with the concentration of
any of the other chemical constituents studied. This also appears to
be true for the other two sccondary high areas.
This plate does however, reflect an area of significant la0

depletion covering samples 4408, 4412, 4438 and 4434, which nearly
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bisect the pit and fs on a 1incar trend with the long axis of the
Breccia Pipe. This area is bounded to the north and south by areas of

significant Mg0 enriclment.

Total Fe (as Fezge) in leight Percent - Total Fe has been plotted

on Plate 9 in an attempt to establish areas of high and low concentra-
tion iﬁ the Sierrita pit. Reference to this plate will confirm three
areas of high total Fc concentration. The two highest areas 1ie within
the Quartz diorite, the highest around sample site 4418 and the second
highest encompassing sample sites 4404 and 4420. These two areas form
one broad area which s secn to have a concentration of 9.0 veight
percent total Fe which {s equal to the highest concentration found
within the quartz monzonitic rocks. The highest area in the Quartz
monzonite porphyry essentfally encompassed sample site 4433 and 4449,
Although sample site 4449 fs shown to be within the Quartz monzonite
porphyry on this geologic map of the pit, the sample was in actuality
taken from a Quartz diorite which was intersected in the drill hole at
the 3800 level. The significance of this point will become more evident

with reference to Plate 10.

Height Percent Total Fe After Donsity Correction - Total Fe after

density calculations 1s presented in Plate 10. Three arcas of signifi-
cant total Fe enrichient are present at Sferrita. The two highest areas
of Fe enrfchment are in the central part of the pit, one around sample
4418 1in the Quartz diorite and the other around sample sitec 4433 in

the Quartz monzonite porphyry. These areas lie slightly adjacent to

and overlapping the wajor area of KZO enrichment scen on Plate 4.
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The third area of total Fe enrichment, although much lower than the
other tvwo areas, appears to show only slight correspondence to an
area of K,0 enrichment in the Quartz diorite.

To the north, east and west of the central pit area, there has
been a depletion of total Fe from the rocks. Reference again to Plate
4 showing K,0 after density calculations indicates a strong relationship
to the distribution of these two elements. The high degree of corres-
pondence between total Fe and X.0 also reflects a negative correspon-

2
dence to the distribution of Nazo and Ca0.

Weight Percent Cu - To facilitate a better understanding of the

distribution of ore mineralization at Sierrita, welght percent copper
distribution {is shown in Plate 11. Four areas of high copper concen-
tration of copper in these areas corresponds to high positive total Fe
concentratfons presented on Plates 9 and 10. The other two areas of
high copper concentratfon (in the southern portion of the pit around
sample sites 4439 and 4416 and in the northern portion of the pit around
sample sftes 4420 and 4430) also correspond to arcas of total Fe
enrichment but not as strongly as do the first two areas mentioned.

An area of very low copper concentration 1s seen to bisect the
pit (samples 4403, 4404, 4448, and 4442). This areca appcars to corres-
pend to the 1inear extension of the southern contact of the Breccia
pipe. It also closely follows arcas of simflar design reflected in

the distribution of other elements previously discussed.

Holybdenite - Weight percentage determinations were made for

molybdenite using Atomic Absorption and X-ray fluorescence analysis.
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Since none of these analyses indicated molybdinum concentrations over
1 ppm, molybdenite must occur predominantly as vein material at

Sierrita.



DISCUSSION

A basic premise to which a considerable amount of this investi-
gation has been directed, 15 that the increasing demand for future
copper supplies necessitates a better understanding of the genetic
relationship between ore deposition and nydrothermal alteration.
Furthermore, the understanding of this rclationship can be rcalized
only after a great deal of information concerning physical and chemical
criteria of this association have been evaluated utilizing reliable
quantitative and qualitative data. Previous sections of this thesis
have served to outline many of the critical features of alteration at
Sierrita; however, it is the understanding and the application of
these criteria which interests exploration geologists most and to which
the discussion s now directed.

The mineralogical relationships at Sierrita as have been
previously pointed out, are relatively simple and the rocks contain
quartz, plagioclase, K-feldspar, biotite, and K-mica. Furthernore,
refercnce to Appendix 2 establishes that quartz, K-feldspar and plagio-
clase are the major minerals of the Sierrita rocks. Previcus reference
to Figures 8, 10 and 11 have alluded to the obvious separation in the
plot of the Quartz diorite samples with respect to the quartz
monzonitic type rocks. It is here suggested that this is a reflectfon
of the difference in original composition of these rock types and not
the later compositional changes due to hydrothermal alteration.

Furthermore, Figure 8 is useful in establishing several additional

57
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nineralogical relationships. First, among the three minerals on the
basis of which Figure 8 1s constructed, quartz appears to be very
insensitive to alteration. This is indicated, particularly in the
quartz monzonitic rocks, by the stmall verticle variatfon in sanple
distribution. Although this feature is not as clearly evident with
respect to the Quartz diorite samples, the modal percentage of quartz
in these samples is within the range expected for unaltered quartz
dioritic rocks. Secandly, K-feldspar and plagioclase appear to be
very sensitive to alteration, which 15 obviocus by the extreme variation
in the K-feldspar/plagfoclase ratio of all of the quartz monzonitic
samples. The small variation in this ratio in the Quartz diorite
samples simply indicates that there is 1ittle K-feldspar in this rock.

The degree to which the major minerals of the Sierrita rocks
are affected by alteration can also be secen in the normative quartz-
orthoclase-albite plot shown in Figure 10. It is clear from the small
variation of quartz relative to large variation in Or/Ab ratio, that
quartz is insensitive to alteration. In other words, it is the feldspar
components of the rocks which appear to have changed by alteration.

Considering the previously established conclusion that the
Sierrita rocks show major variation with respect to the feldspar
components of the rocks, it will be instructive to focus attention on
Figure 11 which shows tha variation of these components. The wost
significant feature of Figure 11 is the variation in the Or/Ab+An
ratio within the quartz monzonitic rocks, which may be interprcted as
the formation of K~-feldspar at the expense of plagioclase. Furthermore,

the An component of the quartz monzonitic rocks remains approximately
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constant throughout the figure while the Or component fs increasing
and the Ab component {is decreasing. The constantcy of An and variation
of Or/Ab 1s expected if Kzﬁ,fs added and Na20 is removed from the
rocks during alteration.

In Figure 11 an increase in normative orthoclase of the quartz
monzonitic rocks can be explained by either the addition of K0 to the
rocks or removal of Nazo from the rocks, or both. Consequently, the
variation in the normative Or/Ab can be better represented by the
variation in K20/H020 ratio. This ratio can also be used to explain
the wide scatter of the samples in terms of their modal orthoclase/
plagloclase ratio (Figure 8) as follows: since the normative anorthite
component of the rocks (reflected by Ca0) 1s generally constant as
seen in Figure 10 an increase or decrease {n K20/Ha20+Ca0 (orthoclase/
plagioclase) will be accompanied by an increase or decrease in the
(ZO/NaZO ratio. Conseguently KZO/NaZO ratio is an increase of the
sensitivity of the quartz monzonitic rocks to hydrothermal alteration
(Fig. 12).

The Quartz diorite samples, however, indicate that Ab concen-
tration is remaining fairly constant while the Or concentration is
Increasing and An concentration is decreasing (Fig. 11). The An
concentration should be expected to decrease as the feldspars become
more alkall rich since there exists no solid substitution Letween the
Or and An components of the feldspar series., It has therefore been
shown that the feldspars are undoubtedly being affected by alteration,
that they are becoming wmore potassic and that the alteration of the

feldspars in the Quartz diorites, although not reflecting K-feldspar
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alteration, are being altered to a more alkali rich feldspar.

The above mentioned features of feldspar alteratfon indicate
one of the major effects of hydrothermal fluids on the Sterrita rocks.
It nust be kept in wind, hovever, that biotite and K-mica thus far
not included in the discussion of alteration mineralogy, are also
present at Sferrita. Since these are both potassium bearing minerals,
as is K-feldspar, Figure 9 was constructed in an attempt to establish
the relationships of thase minerals to plagfoclase. The most signffi-
cant feature of this figure is the fnverse relationship in all of the
Sterrita rocks as well as within each rock unit in terms of potassium
bearing minerals versus plagioclase. Furthermore, the establishment of
this reletionship suggests that biotite and K-mica may be of signifi-
cance with respect to the total effects of alteration.

The inverse relationship between potassium bearing minerals
and plagioclase is also reflected in the bulk chemistry of the rocks,
as has been alluded to throughout this discussion. In figure 13 mNaZO
+ a0 representes the plagioclase component of Figure 9 and mK20 is
taken to represent the total K20 tied in K-feldspar, K-mica and bfotfte.
The major emphasis which should be attached to the comparison of
Figures 9 and 13, s that Figure 13 facilitates the application of the
same relationship displayed in Figure 9 using the chemical common
denominator, Kzo, and thus leaving 1ittle ambiguity in terms of the
basic effects of alteration.

Fleld and petrographic observations suggest that due to its
predominance, K-feldspar is primarily respensible for the “xzo varfation

in the bulk chemistry of the Sierrita rocks. This can be further
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substantiated with chemical data. To determine the contribution of
K-feldspar to the total K20 variation, Plates 2 and 3 were constructed.

The parallel variations in K, 0 and modal K-feldspar (Plates 2 and 3)

2
indicate that the greater proportion of the contribution to the total
xao variation in the Sierrita rocks comes from K-feldspar, rather than
biotite or K-mica. It is therefore, now possible to conclude that
although the mineralogy of the Sierrita rocks includes quartz, plagio-
clase, k-feldspar, K-mica and biotite, the above analysfs of the data
clearly indicates that at the wineralogical level, K-faldspar and
plagfoclase are the two ninerals rost effected ny hydrothermal altera-
tion. In addition, a comparison of nineralogical and chemical data
fndicate that the chemical parameters rost sensitive to alteration are
K,0, tia,0 and Ca0.

The discussion thus far has served to substantiate major
mineralogical and chemical variation 1n the Sierrita rocks and to point
out what mineralogical and chenical constituents have been most
drastically effected. High concentrations of any chemical component,
however, for example KZO, ray be due to one of two factors: (1) the
addition of RZO to the rocks from hydrothermal flulds, or (2) the
preferential removal of chemical components other than Ka0. Similarly,
a low concentration of any chemical component may be due to (1) the
preferential removal of that component from the rock, or (2) the
addition of other chemical constituents.

If 1t 1s assumed that during alteration the volume of the rock

rema~ned more or less constant, then all cheisical data can be recalu-

lated Tor 1000 cm3 of the rock (Hemley and Jones, 1364; Barth, 1962)
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in order to establish the addition or removal of chemical compounds.
Plate 4 shows the effect of this type of density calculation on the
distribution of KZO across the Sferrita pit. Furthermore, the
relatfonship between Plates 2 and 3 now become even more meaningful.
That is to say, that the parallel variations in KZO and wmodal K-feldspar
are due to the addition of KZO in areas of high KZO and low K-feldspar
concentrations. This same relationsinip can also be applied to
Plates 6, 7, and 8, which reflect the absolute enrichment or

depletion of Na, 0, Ca0 and Mg0, respectively.

It has bien previously shown that areas of high K-feldspar
concentration, high K20 concentration and KZO enrichment correspond with
arcas of low ﬂazo and low Cal concentratfon and Razo and Ca0 depletion.
It s now apparent that the hydrothermal fluids while enriching parts
of the Sierrita rocks in Ro0, were at the same time leaching Nazo and
Ca0. This further explains the inverse relationship of Figures 9,

12, and 13. 1In addition it now accounts for the characteristic K-feld-
spar alteration evident in hand specimen and in petrographic examinatfon
of the Sierrita rocks.

The relationships which have been described for the Sierrita
porphyry copper-molybdenite deposit are also present atrany other
porphyry copper deposits. Spencer (1917) in his investigation of the
Ely deposit, Hevada recalculated cheiical analysis of 100 grams of rock
and found that K20 had been added to the altered rocks in every instance
and that Ca0 and Nazo as well as Mg0 had been removed from the rocks.

In the highly ore mineralized portion of the deposit the alteration
mincralogy which reflects this addition of K20 is the breakdown of
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hornblende and plagioclase to sericite and biotite. Orthoclase is
not destroyed; however it is sometimes redistributed into smaller
grains “under very strong alteration”. Predominant ore minerals
associated with this alteration are chalcopyrite and pyrite.

In the Castle Dome ore deposit, Peterson, Gilbert and Quick
(1946) indicate that alteration is generally characterized by sericite
and quartz, The sericite is replacing the plagioclase in the rocks
{ndicating Kzo enrichment. Chemical analysis presented in the paper
further substantiate that the altered rocks are characterized by higher
KZO concentrations and lower Ra,0 as well as Ca0 concentrations than
the fresh rocks. Peterson (1962) found what he considered a nearly
jdentical alteration assemblage at the Copper Cities mine in the
Globa-lifami district.

Gi1luly (1946) in his study of the effects of alteration at Ajo,
Arizona found that the rocks had been "{mpregnated” with quartz and
K-feldspar and that plagioclase was breaking down to albite and
sericite. As he found no major difference in the Ha,0 content of the
fresh and altered vocks, he concluded that albitization was a reflec-
tion of preferential removal of Ca0, Kao on the other hand showed
definite increases adjacent to mineralized veinlets.

Stringham (1963) summarizes alteration at Bingham, Utah as
being characterized by biotite, sericite and quartz. Again K20 is
assocfated with biotite and sericite, both of which can be directly
associated with ore mineralization. In the rocks at Bingham, there
has been 1ittle preferential removal of other chemical compounds from

the rocks.
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2
from rocks at mineralized deposits may be fourd throughout the Titley

Additional examples of ¥ 0 addition and ﬁazc and Ca0 depletion

and Hicks volume, Geolegy of Porphyry Copper Deposits Southwestern

Horth America (1966). Khat is of greatest interest is that there {s

extremely good agreement fn the trend of these chemical changes from
deposit to deposit although the mineralogical reflection of these
changes is extremely variable,

g0, plotted on Plate 8, was also considered as an additional
chemical parameter of the Sierrita rocks since several investigators
have reported fluctuations in this compound between fresh and altered
rocks. Although Mg0 was found to be added and depleted from various
portions of the Sferrita deposit, it was not possible to relate the
variation of Hg0 to any of the other chemical compounds. It {s noted
that high Mg0 areas of addition in the Quartz diorite probably reflect
orfginal chemical composition of the rocks. More precisely, Mg0
addition to these rocks reflects redistribution of this chemical
component within this rock type.

Alteration alone has Tittle significance until it can be related
to ore deposition. Previous considerations of the distribution of
total Fe and copper across the Sierrita pit, Plates 9, 10 and 11, have
indicated that total Fe addftion shows high positive correlation to
high copper concentration. Furthermore, the mineralogical reflection
of this 1s the high concentrations of chalcopyrite. It has alsoc been
shown that areas of Kau addition and Na,0 as well as Ca0 depletion
correspond directly to areas of high concentrations of chalcopyrite.

It is therefore concluded that while hydrothermal fluids were leaching
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ﬂazo and Cad from the rocks they were also enriching the rocks in K,0
and total Fe and copper (chalcopyrite).

Several other features of the S{errita rocks vhich have been
referred to throughout this thesis can now be expanded upon., Consid-
erable reference has been made to the fact that the chemical trends in
Plates 2 through 11 are nearly bisected by a 1inear trend parallel to
the leng dimensional axis of the Breccia pipe. No evidence can be
presented to suggest conclusively the reason for this feature, although
it 1s believad to wost probably represent a remebilization phenomena
(1.e., hydrotherwal activity) associated with the intrusion of the
Breccia pipe. A more detatled study {s necessary, however, before any
conclusive statement can be wade as to the cxact implications of this
foature.

Whole rock analysis of major chemical cemponents, particularly
KZO’ naao and Ca0 as well as the ore chemistry, appears to provide a
possible nethod for exploration of porphyry copper deposits. This kind
of study may be cxtremely useful in several types of exploratory
investigations. First, it might be applied in the investigation of
buricd deposits. Information derived from geophysical exploration may
have served to establish an anamolous zone in an area overlain by
sedimentary rocks or covered by dense vegetation. In the situation of
2 sedimentary rock cover, geochemical whole rock analysis may serve to
establish the major alteration zone which might contain ore minerali-
zation. In an area covered by dense vegetation (many parts of Canada,
the northern United States and much of the circum Pacific belt), an

exploration geologist with a small portable drill would be capable of
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collecting necessary samples for the type of investigation described
in this thesis.

Secondly, this study might be extended to arcas characterized
by fine-grained to aphanitic rocks vhere mineralized investigations
are extrenely difficult or impossible. Rocks of this type are very
characteristic in the circua Pacific belt (Bougatnville Island, Panguana).

Thirdly, a mining company may be interested in better defining
ore mineralized areas at a presently operating property. This may be
done inexpensively utilizing present drill core date,

Regardless of the possible individual applications of this
study, 1t should be emphasized that whole rock geochemical {nvesti-
gations can be conducted in very nearly all geographic arcas and in
all rock types. Classical investigations are very l{mited with respect

to cutcrop exposure and intrusive coarse gratned rocks.
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APPENDIX 1

Sample Collection



A total of 49 drill core samples were collected from 3800 feet
Tevel at approximately 500 foot intervals, in a grid pattern across
the mineralized portion of the Sierrita pit. Plate 1 indicates the
specific location of all samples which were collected along grid
1ines 92.5 E, 93.0E, 93.5 E, 94.0 E, and 94.4 E. The number at the
top of cach sample site indicates the specific sample number while the
number in parenthesis indicates the drill hole number as recorded by
the Duval Corporation. Approximately ten fcet of core was collected
from the 3800 level (3795-3805) from each sample site. The samples
were all collected without regard to vrock type or the extent of altera-
tion, hovever, all large mineralized veinlets (greater than 1/2
inch) were eliminated.

The selection of semples was 1imited by two factors and does
not represent a statistically defined grid pattern. First, sample
collection was limited to present drill holes and secondly the major
factor which prevented such sample selection was due to the extremely
large number of samples necessary to satisfy statistical qualifications.
Samples could not be collected from the pit directly, first, due to
mining methods and secondly due to the fmpossibility of collecting all
samples at one level in the pit,

In addition to samples collected from drill holes, three samples
were collected in an area of 10 feat in diameter from each of the three
rock types studfed. These samples were collected for chemical and
nineralogical analysis in an attempt to show that variation of either

of these two parameters within any one rock type 1s smaller than between



rock types.

Specific sample numbers and rock types are tabulated below.

4401 Harris Ranch quartz monzonite
4402 Quartz dorite

4403 "

4404 "

4405 “

4406 "

4497 "

4408 "

4409 Harris Ranch quartz monzonite
4410 "

4411 Quartz diorite

4412 y
4413 "
a4 "

4415 Quartz monzenite porphyry
4416 Harris Ranch quartz monzonite
4417 "

43418 Quartz diorite

4419 !

4420 °

4421 Quartz wmonzonite porphyry
4422 "

4423 Harris Ranch quartz monzonite

4424 Harris Ranch quartz monzonite

4425 “
4426 .
4427 v

4426 Quartz monzonite porphyry
4429 Harris Ranch quartz monzonite
4430 !

4431 "

4432 "

4433 Quartz monzonite porphyry
4434 Harris Ranch quartz monzonite

4435 Quartz monzonite porphyry

4436 ¢
1437 i
4438 “
4439 !
4440 g
4441 "
4442 "
4443 "
A444 "
4445 “
4446 v



4447 Quartz monzonite perphyry
4448 Quartz diorite

4449 !

QP-1 Quartz ronzond te porphyry
QHP-2 "

QiP-3 “
QD-1 Quartz diorite
QD-2 “
Qb-3 "

HRQH-1 Harris Ranch quartz monzonite
HRQM-2 "
HRQN-3 Y



APPENDIX 2

Hodal Hineralogy
Horwative Hineralogy
Atomic Absorption Analysis
X~-ray Florascence Analysis

Lensity Determinztions



ATOMIC ABSORPTION ANALYSIS

A total of 56 samples plus seven standards (BCR-1, AGY-1, SY-1,
GSP-1, €-2, and QKC-1) and three blanks were prepared for Atomic
Absorptfon Analysis using the technique of tedlin, Suhr and Codkin (1969).
This tecinique was used for the determinatfon of 5102, A1203. total Fe
(as Fezoa), g0, Ca0, K20 and Nazo.

Drill core samples were first crushed using a jaw crusher. The
samples wer: then ground to -200 mesh using a shatter box with tungsten
carbide griding plates. The samples were then carefully homogenized
and a plit fraction was reground and 100 mg of this material was weighed
out for Atomic Absorption Analysis. The sanples were then mixed with
0.500 grams of Tithium metaborate and transferred to pre-ignited graphite
crucibles, The crucibles containing the samples were placed in a
muffle furnace for 15 minutes at 1000 degrees centigrade. A solution
of 4% HHO3 was prapared to dissolve the fusion samples., Exactly 40 ml
of this solution was placed in a 200 m1 polyproplyenc beaker with a
teflon ceated magnetic stivring bar. At the end of 15 ninutes the
sanples were removed from the furnace and swirled to coliect uncoalesced
beads and the molten material was poured fnto the beaker. The beaker
was covered to prevent evaporation loss and placed on a magnetic stirrer
for approximately 15 minutes to allow the sample to completely disolve.
The final material was then placed in a clean soda lime bottle with a
plastic stopper.

Separate solutions were next prepared (1) for the deternmination
of S40,, AJZOS’ Ca0, Mg0 and total Fe, and (2) for the determinaticn of
Na20 and uzo. The first was prepared by taking 5 m1 of the above sample



solution and adding 30 ml1 of 1% Tlanthanum solution to this. This
solution proved entirely satisfactory for the first set of the above
mentioned determinations. Solﬁtions were then prepared for K 0 and

2
Ha,0 using a 1:20 dilution with distilled deionized water., Extreme care

2
was taken to avoid contamination in the determination of Ha,0.

The original solutions were also used for the determination of
copper and molybdenum,

The results of Atomic absorption analysis are tabulated in this
appendix. The excepted analytical value, presented in weight percent,
for each chemical compound determined, represents the average of two
readings (100 readings each or a total of 200 analysis) on a Perkin-Elmer
403 Atemic Absorption unit. In an attempt to determine the precision
of the analytical data, a standard was used in the determination of each
compcund and was read ten times (each reading = 100 analyses, total of
1000 analyses). These data were then used to calculate the wean, the

variance and the standard deviation, and listed on the following pages,

under the heading of AA wt. %.



8102 - AGU-T A1203 - (-2 Total Fe (Feaoa) - QMC-1
Hefght % Height % Height %
60.6 ' 15.61 0.53
58.9 : 15.57 0.54
59.8 15.53 0.53
-~ 61.02 15.52 0.56
58.7 15,56 0.58
59,6 15.061 0.60
60.9 15.57 0.58
59,6 15.56 0.54
59,3 16.49 0.51
60.7 15.56 0.57
Mean 59,93 Hean 15.558 Mean .554
Variance .76 Varfance .001 Yariance .000
Standard .87 Standard .037 Standard .028
deviation deviation deviation
MGO -GSP-1 Ca0 - G-2 Ha20 - GSP-1
0.97 2.01 2.90
0.97 2.02 2,90
0.98 2.03 2.99
0.98 2.04 2.89
0,98 2.06 2.89
0.98 2.06 2.89
0,98 2.05 2.38
0.98 2.05 2.69
0.98 2.05 2.89
0.98
tiean 2.042 Hean 2,892
Hean .978 Variance .000 Variance ,000
Variance .000 Standard ,01C Stundard .006
Standard .004 deviation deviation
deviation
Kzo - GSP-1 Copper Su-~1
4.46 .95
4.48 .94
4.47 .93
4.48 .93
4.48 .92
4.48 .92
4,47 Vean 4.476 .92 Yean 930
4.47 Variance .000 .92 vVariance ,.000
4.48 Standard .008 .92 Standard .01
4.45 deviation .83 deviation



X-RAY FLOURESCENCE ANALYSIS

A fraction of the drill core sanple which had been ground to -200
mesh was used for X-ray flourescence analysis. A 4.5 gr portion of this
sample was carefully weighed and combined with phenolic resin, which
served as a binder. The sample was then placed in a 25 ton ring press,
and pressed into a pellet. To insure that the pellet would remain
intact, it was tihen placed in a drying oven a 110 degrees centigrade for
approximately 10 minutes.

Each of the pellets were then unalyzed for Si02, total Fe and
copper using a General Electric XRD-6 X-ray flourescence unit. The

results are tabulated in this appendix under the heading of X-ray Flour.
Wt. %.



DENSITY DETERIGIMATIONS

Density measurements werc made for all sarmples collected at
Sierrita. These medsurements vere made using an A{r Compression
picnometer and a balance. The volume of three subsamples from cach
sample was measured and their weights were determined. In order to
deternine the average density of cach sample, the volume as well as
the wefght of each subsample was determined three tines. This
procedure resulted in nine measurements for ecach sample. The average
of the nine messurcments was then presented as the density of that sample

in the upper right hand corner of the following pages.



SAMPLE NUMBER: Ukol

Rock Typet ypey Density: , gg
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : -16.3 Quartz ¢ 21.00
K-feldspax i 38.0 Orthoclase ¢ 26.24
Plagioclase : 40.7 Albvite ¢ 33.93
Biotite : 1.3 Anorthite $  9.23
Chlorite 2.8 Hypersthene P 3.7
K-mica : - Corundum : ‘1.15
Epidote : - Hematite 8 5.19
Pyrite : .9 Wollastonite g
Chalcopyrite : - Enstatite :
Molybdenite : -
100.00
CHEMISTRY
Ad, WEe 7 X -ray Fluor, Wt. %
5102 * 62.60 62.6
Al03 b7 -
Total Fe L.81 4.91
Mg0 : 0.96 -
Ca0 s 1.72 -
Naz0 H 3.72 -
K20 s .12 - .
Coprer t .085




SAMPLE NUMBER; L4h02

Rock Type:s  ¢p Densitys 2.93
MINERALOGY
Modal _ _ _ _ _ _ Percentace Normative _ _ _ _ _ Percentage
Quartz ¢ 8.7 Quartz t 13.96
K-feldspax ¢+ 0.5 Orthoclase ¢ 10.k46
Plagioclase s 65.3 Albite s 30.80
Biotite : 5.2 Anorthite ¢ 27.90
Chlorite ¢ 16.8 Hypersthene ¢ T.72
_ K-nica : - Corundum s -
Epidote s 1.7 Hematite s 8.23
Pyrite t 1.5 Wollastonite : .49
Chalcopyrite @ .3 Enstatite : b2
Molybdenite :
100.00
CHEMISTRY
Ach, WEe % X -ray Fluor, ¥t, #
510z ' 55.40 ' 55,6
A1203 $ . 17.00 s -
Total Fe 7.72 $ 7.70
Hgo : 3.07 -
Cal $ 5.49 t —
Na20 t 3.4 s -
K20 : 1.66 t — .
Coppex : - 1 .110




SAMPLE NUMBER: L4403

Rock Type: GD Density: 5 o6
MINERALOGY
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz : 8.2 Quartz +  T.39
K-feldspar ;- Orthoclase s 12.59
Plagioclase s 62.3 Albite :‘ 30.63
Biotite : 13.8 Anorthite ¢ 25.79
Chlorite .: 11.7 Hypersthene :  T.06
K-mica ¢ 1.7 Corundam s -
Epidote : 1.0 Hematite ; k.60
Pyrite s 1.0 Wollastonite ;6.1
Chalcopyrite : 0.3 Enstatite $ 55
Molybdenite s -
100.00
CHEMISTRY
Ak, Wie % X -ray Fluor, Wt, 7
5102 ’ 52.60 ' 53,3
A1203 ' 16.20 -
Total Fe : .21 : .27
MgO : L.63 N —
Ca0 s 7.58 s -
Na20 : 3.31 s -
K20 : 1.95
Copper t 3 .0ko




SAMPLE NUMBER: LLOU

Rock Type: QD Density: 2.92
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz ¢ 3.7 Quartz s 12.40
K-feldspar ¢ - Orthoclase s 9.0k
Plagioclase : 63.0 Albit80.38 :
ﬁiotite : 6.8 AnortR5137 t
Ch.'lorite' : 25.3 Hypersthene :  5.65
- K-mica : == Corundum H -
Epidote : - }Iemafite ¢ 10.07
Pyrite ¢ 1.0 Wollastonite ¢ 3.80
Chalcopyrite : 0.2 Enstatite : 3.29
Molybdenite : ==
100.00
CHEMISTRY
AA, WEe % X -xay Fluor, Wt, %
5102 ! 56.20 } 56.31
Al203 ' 16.50 -
Total Fe 9.86 : 9.97
Mg0 : 3.51 : -
Ca0 ' 6.80 $ -
Naz0 : 3.51 :
K20 : 1.50 - S .
Copper ' 1 .080




SAMPLE NUMBER; L5

Rock Type: QD Density: 2.9%4
HINERALOGY
Modal _ _ _ _ _ Percentage Rormative _ _ _ _ _ _ Percentage
Quartz s T.3 ’ Quartz s 12.h4l4
K-feldspar 0.2 Orthoclase ¢ 12.71
Plagioclase : 65.5 Albite ¢ 29.87
Biotite : 19.2 Anorthite ¢ 17.02
Chloritc : 1.3 Hypersthene g 8.55
. K-nmica H == Corundtifi s
Epidote H - Hematike ; 8.10
Pyrite ¢ 0.5 Wollastonite 6.07
Chalcopyrite O Enstatite 2435
Molybdenite : T
100.00
CHEMISTRY
Ah, Wt 7 X -ray Fluor, Wt. %
5102 ' 58.40 ! 58.2
Al203 t . 1b.00 J—
Total Fe : 7.89 $ 7.76
Mg0 s 5.40 t -
Ca0 ' 6.20 $ -
Na20 ' 3.4k R
K20 s 2.09 . s - .
Copper $ - $ 0.80




SAMPLE NUMBER:  4ho6

Rock Type: oD Density: 2.97
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : 5.3 Quartz ¢ 15.12
K-feldspar : -- Orthoclase ¢ 10.46
Plagioclase s 65.5 Albite ¢ 31.82
Biotite s 10.3 Anorthite ¢ 23.46
Chlorite s 17.5 Hypersthene R
K-mica ; 0.2 Corundum ;. -
Epidote ;- Henatite ¢ 8.37
Pyrite s 1.2 Wollastonite g 323
Chalcopyrite ¢ ~~ Enstatite ; 2.79
Molybdenite s
ElO0.0
CHEMISTRY
Aoho NEe % X ~ray Fluor. Wt. %
5102 * 49.90 ! 58.6
Al1203 ' 16.65 N
Total Fe s 8.3k £ 8.6
Mgl $ 3.02 : —-—
Ca0 $ 6.27 $ o
Na20 ' 3.75 TR
K20 s 1.76 s - .
Copper . t - ! 0.ko




SAMPLE NUMBER: LLOT

Rock Type: GD Density: 2.93
MINERALOGY

Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ | Percentage
Quartz : .lb.2 Quartz g 1b.k2
K-feldspar ¢ == Orthoclase ¢ 1495
Plagloclase : 60.5 Albite s' 30.38
Biotite . 16.5 Anorthite g 22.97
Chlorite | s 6.7 Hypers éhége s

K-mica : - Corundum s

Epidote : == Hemat1{s "8 :

Pyrite : 2.0 Wollastonite : 2.38
Chalcopyrite @ o Enstatite : 2.06
Molybdenite : -

99.9
CHEMISTRY
AA, Vte % X -ray Fluor, Wt. %

5102 ' 58.60 t  57.0

Al303 1 16.50 P -
" Total Fe T.24 s T.38

Mg0 : 2.88 : --

Ca0 : 5.59 8 -

Na0 : 3.47 t -

X20 : 2.45 : - :
Copper : $ 0.45




SAMPLE NUMBER:; 4L08

Rock Typ=1: GD Density: 2,87
MINERALOGY
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ | Percentage
Quartz : 1.2 Quartz $ 10.5L4
K-feldspar : 2.7 Orthoclase $ 12.35
Plagloclase : 52.7 Albvite s+ 30.38
Biotite : 16,7 Anorthite 1 26.45
Chlorite : 12,0 Hypersthene s 6.07
K-mica : 0.8 Corundun ¢ ==
Epidote : 0.3 Hematite ¢ 8.2b
Pyrite ¢ 0.7 Wollastonite s 3.00
Chalcopyrite @ -- Enstatite :  2.59
Molybdenite H ==
100.1
CHEMISTRY
Ak, Vie % X-ray Fluor, Wi, %
10, . 54,50 . 53.5
A1,0 3 . 16.90 ; -
Total Fe 7.80 $ 7.82
MgO : 3.29 s
a0 : 6.42 ’ -
Nag0 ‘ 3.Th : -
K0 . 1.98 . -
: 0.95

Copper :




SAMPLE NUMBER: L109

Densitys

Rock Type: HRGM 2.77
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz :  19.h Quartz : 25.L9
K-feldspax : 45,0 Orthoclase s 32.03
Plagioclase ¢ 27.8 Albite s 25.05
Biotite : 2.7 Anorthite s T7.89
Chlorite : 1.9 Hypersthene 1 2.32
K-mica : 0.2 Corundum s 2.57
Epidote : 0.6 Hematite ¢ U.65
Pyrite t 0.7 Wollastonite : -
Chalcopyrite : 1.8 . Enstatite H -
Molybdenite : -
100.1
CHEMISTRY
Aho WEe % X -xay Fluox, Wt, %
S10, : 64.50 s 63.8
A1,03 ; 15.31 g =
Total Fe 4.39 . bt
Mg0 . 0.88 R —
Ca0 $ 1.50 s -
Naz0 : 2.80 : -
K20 s >.12 ¢ -- .
Copper . : s .055




SAMPLE NUMBER: 4410

Rock Type: HRGM Density: 2.70
MINERALOGY
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ | Percentage
Quartz : 15.9 Quartz 1 26.15
K-feldspav :+  26.0 Orthoclase s 29.37
Plagioclase  :  U47.6 Albite : 28,60
ﬁiotite : 7.8 Anorthite s 7.8k
Cﬁlorite : 2.0 Hypersthene : 2.59
K-mica : - Corundum : 9k
Epldote TS Hematite g b5l
Pyrite : 0.1 Wollastonite -
Chalcopyrite : 0.7 Enstatite S
Molybdenite : -
100.1
CHEMISTRY
Ah, Vi B X -ray Fluor, Wt., %
S10; : 68.10 ¢ 66.5
A1263 : 14,40 : -
Total Fe L. ko : 4.43
MgO . 1.02 . -
Ca0 : 1.54 ; -
Na20 : 3.30 . -
K20 3 4.85 : T
Copper : +190




SAMPLE NUMBER: Lb11

Rock Type: @D Dénsityz 2.96
MINERALOGY
Medal _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz s 5.7 Quartz 10.54
K-feldspar : - Orthoclase 11.46
Plagloclase : 55.5 Albite ¢ 30.12
Biotite ¢ 1l.2 Anorthite ¢ 20.15
Chlorite : 23.3 Hypersthene g 5.92
K-mica $ 3.0 Corundum s T
Epidote : - Hematite 9.10
Pyrite ¢ 1.3 Wollastonite y  6.81
Chalcopyrite @ - Enstatite ; 5.89
Molybdenite : -
100.0
CHEMISTRY
A, Wt % X -xay Fluor, Wi, %
S10, ' 54,40 :  54.0
Alp03 $ 1k4.ko : -
Total Fe 8.54 s 8.54
Mg0 : b.L5 ;s -
Ca0 s 6.90 ¢ _—
Na20 : 3.34 R —
K20 : 1.82 : - ‘
Copper ' $ s .055




SAMPLE NUMBER: LL12

Copper :

Rock Type: () Dénsityx 2.88
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : 9.0 Quartz s 6.69
K-feldspar : 1.2 Orthoclase 1 12.35
Plagloclase : 68.3 Albite ,V 35.46
Biotite : 11.8 Anorthite ¢ 25.56
Chlorite : 8.8 Hypersthene 48T
K-mica : == Corundum S
Epidote H - Hematite . 8.56
Pyrite . 0.8 Wollastonite g 350
Chalcopyrite - Enstatite ¢ 3.02
Molybdenite : -
99.9
CHEMISTRY
Ak, WEe 7 X -ray Fluor, Wt. %
5102 : 55.20 ; 56.8
41,03 ' 18.05 -
Total Fe 8.3k . 8.39
Mg0 : 3.09 : --
Ca0 : 6.67 : -
Na20 . 4,08 : -
K20 : 2.04 ; - '
' .160




SAMPLE NUMBER: Lb13

Rock Type: QD Dehsity: 2.91
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _Percemtace
Quartz : 8.5 Quartz s 10.78
K-feldspar : 2.3 Orthoclase ; 11.64
Plaglioclase : 57,2 Albite s 29.02
Biotite : 20.0 Anorthite ¢ 19.33
Chlorite : 10.8 Hypersthene . 9.16
K-mica H - Corundum s -
Epldote : 0.5 Hematite $ 8.7k
Pyrite ¢ 0.7 Wollastonite y 291
Chalcopyrite - Enstatite  o-ll
Molybdenite : o
100.0
CHEMISTRY
Aho Lo 7 X -ray Fluor, Wt. %
510, s 56.20 . 56.6
Al503 1 - 1k.30 : -
Total Fe 8.41 t 8.48
Mg : 5.63 ¢ -
Ca0 $ 6.50 ¢ _—
Naz0 : 3.30 : -
K20 : 1.90 t --

Copper H ’ . 030




SAMPLE NUMBER: A1k

Rock Type: QD Density: 2.95
MINERALOGY
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ Pexcentage
Quartz : 5.8 Quartz , 13.89
K-feldspar $ 0.3 Orthoclase s 9.93
Plagjoclase :‘ 67.0 Albite s 29.95
Biotite . 6.3 Anorthite g 25.48
Chlorite 16.2 Hypersthene g B31
K-mica : o Corundum s
Epidote : 1.8 Hematite s 7.99
Pyrite s 2.3 Wollastonite $ k.52
Chalcopyrite @ 0.2 Enstatite , 391
Molybdenite : -
~ ————
99.9
CHEMISTRY
Ad, Wt % X-ray Fluor, Wt, %
5102 ! 58.20 t 56.6
Al203 1 16.70 § -
Total Fe s 7.86 $ 7.94
MNgO s 3.25 i -
Ca0 $ T.20 s -
Naz0 : 3.48 : -—
K20 : 1.65 : - i
Copper . t : .160




SAMPLE NUMBER: Ll1s

Rock Type: QMP Density: 2.71
\ MINERALOGY
Modal _ _ _ _ _ ] Percentage V Normative _ _ _ _ _ ] Percentage
Quartz : 28.9 Quartz s 35.11
K-feldspar : 35.b "~ Orthoclase ¢ 2b.23
Plagioclase : 30.0 . Albite ‘, 26.Th
Biotite s T Anorthite ¢ 8.33
Chlorite : - Hypersthene : 152
K-mica t == Corundum . H | 1.8k
Epidote : - Hematite g 2.22
Pyrité $ 0.1 Wollastonite s
Chalcopyrite ¢ 0.7 . Enstatite s T
Molybdenite : 0.2
100.0
CHEMISTRY
Ak, NEe % X-xay Fluor, Wt, %
5102 : 71.90 ¢ 72,4
Al03 t 14,18 -
Total Fe 2.17 st 2.18
Mg0 : 0.60 : -
Ca0l s 1,64 $ -
Naz0 : 3.08 s -
K20 : L.00 $ -

Copper t g .100




SAMPLE NUMBER:

L4416

Rock Type: HRGM Densitys 2.90
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentzge
Quartz ¢ 17.9 Quartz s 22.67
K-feldspar :  35.4 Orthoclase : 25.18
Plagioclase :  36.9 Albite ¢ 32.07
Biotite : 9.1 Anorthite ¢ 11.71
Chlorite : 0.3 Hypersthene ¢ 3.16
K-mica : - Corundum ; 0.51
Epidote . - Hematite ¢ 469
Pyrite s 0.1 Wollastonite i
Chalcopyrite : 0.2 Enstatite :
Molybdenite : -
99.9
CHEMISTRY
AA. Wt % X -xay Fluor, Wt, %
S10; : 65.20 : 63.6
A1,03 : 15.01 -
Total Fe k.50 : L.56
Mg0 : 1.22 . -
Ca0 $ 2.26 . -
Naz0 : 3.64 . -
K20 s 4,09 ; - .
Copper : .185




SAMPLE NUMBER: L4417

Rock Tyre: HRQM Density: 2.82
MINERALOGY
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz : 24,8 Quartz s 26,37
K-feldspaxr : 26.8 Orthoclase 1 26,71
Plagioclase ¢ 43,0 Albite : 29.36
Biotite : 2.1 Anorthite g 8.09
Chlorite $ 2.7 Hypersthene :  2.19
K-mica $ - Corundum H .2°l7
Epidote H - Hematite ¢ 0.0
Pyrite $ 0.2 VWollastonite
Chalcopyrite @ 0.3 | Enstatite t T
Molybdenite : 0.1
100.0
CHEMISTRY
A, Nte % X -ray Fluor, Wt, %
5102 ! 65.30 t  6h.5
A1503 : 14,96 ¢ -
Total Fe 4.85 t L.85
Mg0 t 0.8l ¢ -
Ca0 $ 1.55 s -
Nap0 : 3.30 . -
K20 $ k.30 : - .
Copper :




SAMPLE NUMBER: Lb18

Rock Type: ) Densitys 2.9b
MINERALOGY
Medal _ _ _ _ _ Percontage Normative _ _ _ _ _ Percentage
Quartz s 2.7 Quartz ¢ 11.21
K-feldspar : - Orthoclase ; 13.83
Plagloclase : 59.2 Albite :' 26.99
Biotite : 11.8 Anorthite t 19.62
Chlorite : 24.8 Hypersthene . 9.76
~ K-mica t - Corundum : -
Epidote : - Hematite s 12,47
Pyrite : 1.2 Wollastonite s 3.28
Chalcopyrite @ - Enstatite ¢ 2.84
Molybdenite : -
99.7
CHEMISTRY
A, Wte % X -ray Fluor, Wt., %
510, $ 52.80 $ 53.3
1,05 : 14,00 ¢ --
Total Fe 11.67 ¢ 11.59
MgO : 4.73 : -
Ca0 s 5.18 $ -
Na20 t 2.98 ' -
K20 : 2.19 t T .
Copper : : +300




SAMPLE NUMBER: LkL19

Rock Type: @D Densitys 2.98
MINERALOGY
Modal _ _ _ _ _ _ Percentage | Normative _ _ _ _ _ Percentage
Quartz : T.7 Quartz ¢ 8.09
K~feldstar : - Orthoclase ¢ 11.29
Plagioclase s 59.2 Albite s 3b.27
Biotite ¢ 11.5 Anorthite s 22,32
Chlorite :  18.3 Hypersthene ¢ 3.90
K-mica : 0.5 Corundum s ==
Epidote : 0.2 Hematite ¢ 8.78
Pyrite s 2.7 Wollastonite ; 6.09
Chalcopyrite : == Enstatite g 02T
Molybdenite : ==
100.1
CHEMISTRY
Ah, WEe % X -ray Fluor, Wt, %
5102 t 54,50 t  Sh.0
A1,03 ' 16.10 ¢ —
Total Fe 8.36 $ 8.39
Mg0 : 3.50 : -
Ca0 s 7.08 ' -
Na20 . 3.86 -
K20 : 1.82 ¢ -
Copper : : -030




SAMPLE NUMBER:

Lk20

Rock Type: D Density: 2.91
MINERALOGY
Medal _ _ _ _ _ Porcentace Rormative _ _ _ _ _ _ Percentage
Quartz : 9.5 Quartz ¢ 15,17
K-feldspar s 0.7 Orthoclase s 13.71
Plagloclase : 57.3 Albite :. 27.75
Biotite : o 17.3 Anorthite ¢ 18.35
Chlorite s 13.7 Hypersthene ¢ 8.13
K-mica : 0.3 Corundun H .--
Epidote : 0.1 Hematite ¢ 10.09
Pyrite : 0.8 Wollastonite t  3.65
Chalcopyrite ¢ 0.1 . Enstatite ¢ 3.15
Molybdenite H -
99.8
CHEMISTRY
Ah, NEe % X -ray Fluor, Wt. %
5102 : 56.70 t  55.6
A1503 ! 13.90 -
Total Fe : 9.58 $ 9.72
MgO0 : .30 $ -
Ca0 t 5.19 s -
Na20 : 3.12 $ -
K20 : 2.20 s -- .
Copper t 3 .225




SAMPLE NUMBER: Lh21

Rock Type: MP Density: 2.80
MINERALOGY

Modal _ _ _ _ _ Percentage | Normative _ _ _ _ _ | Percentage
Quartz :  3k6 7 Quartz : 31.80
K-feldspar ¢ Lo.9 Orthoclase : 26.95
Plagioclase  :  17.8 Albvite ¢ 2h.37
ﬁiotite : 3.8 Anorthite ¢ 11.51
Chlorite : 1.0 Hypersthene :  2.32

. K-mica : -- Corundum : 0.69
Epidote s Hematite g 2.37
Pyrite : - Wollastonite I
Chalcopyrite : 1.9 . Enstatite s T
Molybdenite : 0.1

100.1
CHEMISTRY
Ak, Wie % X-ray Fluor, Wt, %

510, ! 67.10 t  65.9
A1263 ' 13.52 : --
Total Fe 2.20 s 2.28
MgO : 0.86 : -
Ca0 s 2.15 3 -
Naz0 : 2.67 $ -
K20 : 4.23 g - .
Copper t g 125




SAMPLE NUMBER: LL22

Rock Type: QMP Dénsityz 2.78
MINERALOGY
Modal _ _ _ _ _ _ Percentage | Normative _ _ _ _. — Percentage
Quartz : 27.1 Quartz 1 29.32
K-feldspar s 19.1 Orthoclase s 23.76
Plagioclase . L6k . Albite : 28.43
Biotite : 6.b Anorthite ¢ 13.L4
Chlorite : - Hypersthene : 2.39
K-mica : - Corundum : 0.16
Epidote : -= Hematite ¢ 2.18
Pyrite : 0.9 Wollastonite : -
Chalcopyrite - Enstatite s T
Molybdenite : -
99.9
CHEMISTRY
AA, Wte % X -xay Fluor, Wt, #
510, : 67.50 s 66.6
A1,03 ¢ b2 ¢ -
Total Fe 2.06 : 2.21
MgO : 0.91 ;-
Ca0 : 2.56 : -
Nao0 : 3.17 R —
K20 : 3.80 R

Copper t s -075




SAMPLE NUMBER: Lb23

Rock Type: HRGM Density: 2.81
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ | Percentage
Quartz : 23.0 Quartz ¢ 2,66
K~-feldspar . 18.7 | Orthoclase ¢ 27.u48
Plagioclase :  5Ll.h : Albite ,' 26.15
i}ioti te : - Anorthite ; 13.24
Chlorite : 0.2 Hypersthene ¢ 3.96
K-mica : 5.1 Corundum s -
Epidote ;T Hematite ;469
Pyrite . ¢+ 0.6 © Vollastonite e
Chalcopyrite : 1.0 Enstatite s
Molybdenite : -~
100.0
CHEMISTRY
A, WEe % X-ray Fluor, Wt. %
10, ' 65.80 :  63.8
A1263 y 1k.20 | ¢ -
Total Fe 4,50 ¢ 4.61
Mg0 : 1.53 -
Ca0 $ 2.56 : -
Na20 : 2.97 ¢ -
K20 s Lol ‘ -

Copper : ' .030




SAMPLE NUMBER: Lk2l

Rock Type: QMP Density: 2.78
MINERALOGY
Medal _ _ _ _ _ Percentage Normative _ _ _ Percentage
Quartz ¢ 20.9 Quartz 28.07
K-feldspar : 48.8 Orthoclase 23.58
Plagloclase : 19.3 Albite | 32.92
Biotite : 6.9 Anorthite 6.94
Chlorite : 2.k Hypersthene 1.84
K-mica : - Corundum .--
Epidote : - Hematite k.02
Pyrite : 0.3 Wollastonite l.h1
Chalcopyrite @ 1.3 Enstatite l.22
Molybdenite : -
99.9
CHEMISTRY
Ak, Vte 7 X-ray Fluor, Wt. %
5102 ! 66.90 t 64,3
Al203 J 12,40 PO
Total Fe 3.76 s 3.79
Mg0 : 1.15 : -
Ca0 H 1.95 1 -
Naz0 : 3.6k $ -
K20 s 3.73 t - .
Copper : $ «115




SAMPLE NUMBER: . LL25

Rock Type: GMP Density: 2.7k
MINERALOGY
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz s 18.8 Quartz t 29.67
K-feldspar ¢ bs.0 Orthoclase t 29.90
Plaglioclace : 6.6 Albite ¢ 18.19
Biotite : 0.4 Anorthite ¢ 12,45
Chlorite : 2.3 Hypersthene s 2.5h
K-mica ¢ 25.2 Corundum s 2.43
Epidote s - Hematite ¢ b8
Pyrite s 1.0 Wollastonite s -
Chalcopyrite 0.7 . Enstatite S
Molybdenite : ==
100.0
CHEMISTRY
Ad, WEe %o X -xay Fluor, Wi, %
S10; : 63.70 s 62.2
A1503 ! 1k.90 g -
Total Fe L.48 ¢ ST
Mg0 : 0.95 3 ==
Ca0 ‘ 2.34 : -
Na20 : 2.00 $ -
K20 : b1 t T .
Copper t .090




SAMPLE NUMBERs L4426

Rock Type: HRGM Density: 2.70
MINERALOGY
Medal _ _ _ _ _ Fercentage Normative _ _ _ _ _ Percentage
Quartz : 23.1 Quartz $ 29,86
K-feldspaxr s 61.0 Orthoclase ¢ 34,28
Plagloclase : 12.8 hlbite s 22.09
Biotite : 1.7 Anorthite $ 6.16
Chlorite : 0.7 Hypersthene ¢ 1.63
K-mica : 0.3 Corundum : | -
Epldote : - Hematite ¢ 3.7k
Pyrite : 0.1 Wollastonite s 1.20
Chalcopyrite : 0.3 - Enstatite t+  1.03
Molytdenite : -
100.0
CHEMISTRY
Ak, Whe % X -ray Fluor, Wt, %
510, t 68.00 s 67.6
Al;03 : 12.10 $ -
Total Fe 3.58 $ 3.66
MgO : 1.01 $ -
Ca0 $ 1.72 $ -
Na20 ' 2.16 : -
K20 : 547 t - .
Copper ¢ : -115




SAMPLE NUMBER:  Lh2T

Rock Type: HRGM Density: 2.69

MINERALOGY
Modal _ _ _ _ _ _ Percentage | Normative _ _ _ _ _ _ Percentage
Quartz : 22.8 Quartz :+ 26.92
K-feldspar : 32.3 " Orthoclase s 25.1h
Plagioclase ¢ bo.1 Albite ,' 32,49
Biotite : 3.8 Anorthite ¢ 8.0k
Chlorite : 0.4 Hypersthene ; 2.6L
K-mica H - Corundum . s | 1.l
Epidote : -= Hematite g 3.09
Pyrite : 0.6 Wollastonite ¢
Chalcopyrite ¢ == Enstatite t I
Molybdenite s -
100.0
CHEMISTRY
Ak, Ve % X -ray Fluor., Wt, %
S10, ‘ 69.50 ¢ 69.2
A1,03 r o 15.05 ¢ -
Total Fe 3.03 ¢ 3.1k
MgO : 1.0k , -
CaO t 1.59 s -
Naz0 t 3.77 s --
K20 : 4,22 : -

Copper : s 115




SAMPLE NUMBER: 4428

Rock Type: GQMP Density:s 2.76
MINERALOGY
Medal _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz : 2h.1 Quartz ¢ 3b.85
K-feldspar : 28.8 " Orthoclase ¢ 26.06
Plagioclase : Lo.4 : Albite ,. 25.05
Biotite : 5.9 Anorthite ; 8.86
Chlorite : - Hypersthene ¢ 1.06
K-mica : == Corundum - s -
Epldote : == Hematite , 2,47
Pyrite r 0.2 Wollastonite , 88
Chalcopyrite :  0:6. Enstatite . T
Molybdenite $ -
100.0
CHEMISTRY
Ado Wb % -X-ray Fluor, Wt. %
S10, : 71.50 ¢ 70.148
Al303 : . 12,40 1 -
Total Fe 2.38 $ 2.38
MgO : 0.70 A —
Cal $ 2.13 $ --
Na20 : 2.85 : -
K20 : L.2L : -

Copper $ s .100




SAMPLE NUMBER: L4429

Rock Type: HRGM Density: 2,81
MINERALOGY
Modal _ _ . _ _ Fercentage Hormative _ _ _ _ _ _ Percentage
Quartz ¢ 15.8 Quartz ¢ 33.h40
K-feldspax :+  20.6 Orthoclase $ 25.06
Plagioclase : 61.0 Albite s 25.81
Blotite : 0.8 Anorthite s 10.17
Chlorite : 1.8 Hypersthene ¢ 1.72
K-mica : — Corundum s 1,77
Epidote : - Hematite g 2.08
Pyrite i 0.6 Wollastonite ;-
Chalcopyrite @ 0.3 Enstatite 1 -
Molybdenite : -
100.1
CHEMISTRY
Ah, Vte % X -ray Fluor, Wt, 7
S10; s 69.60 s 67.8
Al,03 : b, 4L { -
Total Fe : 1.99 s 2.07
Mg0 : 0.66 $ -
Ca0 $ 1.96 : -—
Na20 : 2.92 s -
K20 s k.05 t - .
Copper $ : 075




SAMPLE NUMBER: LL30

Copper :

.230

Rock Type: QMP Density: 2.T1
MINERALOGY
Medal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Pexcentage
Quartz i+ 25.0 Quartz s 30.92
K-feldspar . 32.9 Orthoclase g 27.24
Plagioclase ¢  37.9 Albite ¢ 26.7h
ﬁiotite : 4.0 Anorthite g 9.3b
Chlorite s Hypersthene ,  1.18
- K-mica : - Corundum s
Epidote : - Hematite g 3-05
Pyrite ¢ Wollastonite , 8
Chalcopyrite 0.2 Enstatite ;1
Molybdenite : o
100.0
CHEMISTRY
Aho WE T X-xay Fluor, Wt, %
5107 t 73.00 s Tl.b
A1263 t 13.70 ‘ -
Total Fe 3.07 $ 3.11
Mg0 : 0.76 . -
Ca0 | $ 2.29 : -
Naz0 . 3.18 -
K20 s 4.6k : -




SAMPLE NUMBER: Lh31

Rock Type: HRGM Dénsity: 2.72

Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ _Percentage
Quartz : 19.0 Quartz $ 33.21
K-feldspar : 19.2 Orthoclase t 25.59
Plagioclase  :  55.0 Albite ¢ 24.96
Biotite : - Anorthite t  6.45
Chlorite : 3.1 Hypersthene ¢ 2.32
K-mica : 2.3 Corundum s | 3.53
Epidote : - Hematite s 3.95
Pyrite : 1.4 Wollastonite : =
Chalcopyrite : - Enstatite : -
Molybdenite : -
100.0
CHEMISTRY
Aho NEe % X -ray Fluor, Wt. %
S10, : 70.60 :  70.6
Alp03 ? - 15.32 $ -
Total Fe 3.92 $ L.oh
Mg0 : 0.92 : -
Ca0 $ 1.29 s --
Na20 : 2.93 $ -
K20 : 4,30 | ] -

Copper : : -115




SAMPLE NUMBER: LL32

Rock Type: HRGM Dénsityz 2.7L
MINERALOGY
Modal _ _ _ _ _ ] Percentage Normative _ _ _ _ _ | Percentage
Quartz :  17.9 Quartz ¢ 3b.15
K-feldspar :  53.6 Orthoclase 1 35.69
Plagioclase ;.  17.8 Albite ; 15.32
Biotite : == Anorthite ; 8.18
Chlorite : 0.7 Hypersthene g 1.99
K-mica H 9.8 Corundum s 0.90
Epidote s Hematite ¢ 317
Pyrite : 0.3 Wollastonite s 7
Chalcopyrite @ == Enstatite s T
Molybdenite : -
100.1
CHEMISTRY
Ak, Wbe 7 X -ray Fluor, Wt. %
510, t 69.40 $  T0.1
A1203 ! 13.00 $ -
Total Fe 3.02 s 3.11
Mg0 : () : -
Ca0 s 1.69 H -
Na20 : 1.73 3 -
K20 : 5.76 s - .
Copper . ¢ 3 .030




SAMPLE NUMBER: UL33

Densitys 2.78

Rock Type: @D
HINERALOGY
Modal _ _ _ _ _ Percentage Rormative _ _ _ _ _ Percentage
Quartz : 5.5 Quartz ! 20.71
K-feldspar $ — Orthoclase ! 31.38
Plagioclase : 63,5 Albite :‘ 29.79
Biotite : 8.3 Anorthite t 12.90
Chlorite H 21.7 Hypersthene ¢ 2.02
K-mica : - Corundum H 'o,gh
Epidote : - Hematite t  2.97
Pyrite t - Wollastonite S
Chalcopyrite @ 0.8 Enstatite S
Molybdenite : -
99.8
CHEMISTRY
Ah. Vie % X ~ray Fluor, Wt. %
510, t 53.80 : 53.8
Al;03 : 13.00 s -
Total Fe 2.3k : 2.h7
Mg0 : 0.64 1. -
Cal $ 2.05 s -
Naz0 : 2.77 s -
K20 : 4.18 R - .
Copper ‘ : .680




SAMPLE NUMBER: L3l

Rock Type: HRQM Dénsity: 2.75
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ ..' — Percentage
Quartz s 2T.4 Quartz ;s 22.83
K-feldspar : 33.1 Orthoclase ¢ 31.hk
Plagloclase : 35.4 . Albite $ | 29.11
Biotite : 0.7 Anorthite ¢ 9.28
Chlorite s 0.1 Hypersthene s 2.17
K-mica : 2.0 Corundum H | 1.82
Epidote : - Hematite g 3:35
Pyrite H 0.1 Wollastonite s
Chalcopyrite : 1.1 . Enstatite ¢ T
Molybdenite : -
99.9
CHEMISTRY
Ak, Wte % X-xay Fluor, Wt. %
S10, : 62.80 :  65.0
Al503 t o 15.25 $ --
Total Fe 3.07 $ 3.09
MgO : 0.80 : -
Ca0 $ 1.7 $ --
Naz0 : 3.15 g -
K20 : L.88 : -

Copper : ' .180




SAMPLE NUMBER: LL35

Rock Type: QP Dénsity: 2.76
MINERALOGY
Medal _ _ _ _ _ Percentage Normative _ _ _ _A — FPercentage
Quartz . 24,8 Quartz ¢ 32.80
K-feldspar :  h8.3 Orthoclase ¢ 28.01
Plagioclase  :  23.3 Albite ¢ 27.25
Biotite ;3. Anorthite ¢ 8.19
Chlorite $ == Hypersthene ¢ 1.67
K-mica $ - Corundum s | 0.18
Epidote t - Hematite ;  1.89
Pyrite t - Wollastonite s
Chalcopyrite 0.1 Enstatite : T
Molybdenite : -
99.9
CHEMISTRY
AA, Wt % X-ray Fluor, Wt. %
5102 t 70.90 t  70.6
Al03 : . 13.00 s -
Total Fe 1.81 s 1.94
MgO H 0.64 I
Ca0 : 1.58 s -
Na20 $ 3.08 s -
K20 : L.53 : --

Copper : : .070




SAMPLE NUMBER: U136

Rock Type: WP Density: 2.7h
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz ¢ 29.0 Quartz , 30.88
K-feldspar ¢  30.2 Orthoclase , 22.46
Plagioclase : 34k.0 Albite , 30.72
Biotite . 2. Anorthite g 10.07
Chlorite : - Hypersthene s 1.6k
K~mica : 1.1 Corundum s - 2.03
Epidote t - Hematite : 2.20
Pyrite g 0.2 Wollastonite . T
Chalcopyrite ¢ 2.8 Enstatite ¢
Molybdenite ¢  ©O°2
99.9
CHEMISTRY
Ad Ve % X -ray Fluor, Wt, %
S10, . 70.00 , 67.3
A1,03 ; 15.b0 . -
Total Fe 2.14 . 2.13
MgO . 0.6k z -—
Ca0 s 1.98 . -
Naz0 : 3.5k . -
K20 $ 3.70 ¢ ==

Copper $




SAMPLE NUMBER:. L437

Rock Types GQMP Density: 2.84
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : 25.7 Quartz s 30.13
K-feldspar ¢ 30.b Orthoclase s 2.10
Plagloclase : 38.1 Albite 14 29.19
Biotite : 5.2 Anorthite ¢ 11.01
Chlorite : == Hypersthene :  2.09
K-mica : - Corundum ;. 2.32
Epidote ' - Hematite g 3.1b
Pyrite t 0.2 Wollastonite s 7T
Chalcopyrite @ 0.3 . Enstatite 1 -
Molybdenite : ==
99.9
CHEMISTRY
Ak, Wie % X -ray Fluor, Wi, %
5102 : 66.60 :  66.1
Al503 ! 15.19 s --
Total Fe s 2.97 t 3.02
MgO : 0.79 $ -
Ca0 : 2.10 -
Nao0 t 3.26 : -
K20 : 3.53 ‘ - .
Copper : : 195




SAMPLE NUMBER: L4438

Rock Type: QMP Density: 2.79
MINERAIOGY
Medal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : 22.3 Quartz 1 31.24
K-feldspar : 30.6 Orthoclase s 24,29
Plagioclase : h1.9 Albvite s 28.18
Biotite : 5.0 Anorthite ¢ 10.68
Chlorite : - Hypersthene ¢ 1.85
K-mica : — Corundum : -
Epidote : - Hematite t 2.5h
Pyrite : 0.2 Wollastonite 1 0.66
Chalcopyrite @ - Enstatite s 0.57
Molybdenite : -
100.0
CHEMISTRY
A, WEe 7 X -ray Fluor, Ht. %
S107 t 69.40 s 67.7
Alp03 : 13.20 P
Total Fe 2.2 ' 2.36
Me0 : 0.92 P —
Ca0 $ 2.36 $ -
Na20 t 3.18 : -
K20 : 3.92 : - .
Copper : : .080




SAMPLE NUMBER: 4439

Rock Type: QMP Density: 2.7T1
MINERAIOGY
Modad _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz : 22.7 Quartz s 33.25
K-feldspar : 13.6 ~ Orthoclase ¢ 17.55
Plagioclase ¢ 26.9 : Albite ¢ 30.97
Biotite : 3.9 Anorthite s 9.72
Chlorite : 1.3 Hypersthene t  2.69
K-mica : 1.2 Corundum : ‘2-h2
Epidote : -- Hematite : 3.38
Pyrite 3 - Wollastonite S
Chalcopyrite :  O.b Enstatite ¢ -
Molybdenite : -
100.0
CHEMISTRY
A, Wt % X-ray Fluor, W, %
S10, t 69.50 t 69.5
Alp03 1 ' 14,75 s --
Total Fe 3.28 t 3.31
MgO : 1.05 : -
Ca0 : 1.90 s -
Nap0 . 3.55 s -
K20 s 2.88 : -

Copper t $ .230




SAMPLE NUMBER:;  bbkO

Rock Type: ?QD Density:s 2.73
MINERALOGY
Medal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : Quartz ¢ 42,30
K-feldspar : Orthoclase ¢ 25.h1
Plagioclase : Albite ¢ 1k.13
Biotite : Anorthite ¢ 9.68
Chlorite : Hypersthene ¢ 3.09
K-mica H Corundum S
Epidote H Hematite s k.00
Pyrito : Wollastonite ¢ O.TH
Chalcopyrite : Enstatite ; 0.6k
Molybdenite :
CHEMISTRY
A, Whe % X -ray Fluor, Wt, %
510, : 69.40 t  68.6
A1203 ! 10.10 § -
Total Fe : 3.69 s 3.71
Mg0 : 1.38 : -
Ca0 t 2.13 s -
Naz0 e 1.5k s —_—
K20 ¢ 3.96 $ - .
Copper : s .080




SAMPLE NUMBER: LAl

Rock Type: QP Density: 2.77
MINERALOGY

Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz :  h2.0 Quartz s 29.86
K-feldspar R U Orthoclase g 21.33
Plagioclase : 13.h Albite g 31.05
Biotite . 1.3 Anorthite ¢ 11.11
Chlorite : -- Hypersthene ¢ 2.29

~ K-mica : 26.7 Corundum $ 2.1k
Epidote ;T Hematite ¢ 221
Pyrite ¢ LT Wollastonite : 7
Chalcopyrite @ 0.4 Enstatite s
Molybdenite : -

99.9
CHEMISTRY
Ah, NEe % X -ray Fluor, Wit. %

5102 t 68.70 t 65.0
A1503 ! 15.59 R
Total Fe 2.13 $ -
Mg0 : 0.89 PR —
Ca0 : 2,16 1 2.21
Na20 : 3.54 s -
K20 : 3.48 t - .
Copper $ $ .055




Rock Type:

SAUPLE NUMBER: )0

GMP Density: 2.84
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : 30.2 Quartz ¢+ 30.03
K-feldspar ¢ 35.2 Orthoclase : 23.82
Plagioclase : 28.1 Alvite s 27.59
Biotite : 5.8 Anorthite ¢ 11.86
Chlorite s - Hypersihene $ 1.92
K-mica : -- Corundum ;. 2.01
Epidote : - Hematite s 2.79
Pyrite s 0.2 Wollastonite : T
Chalcopyrite @ 0.2 . Enstatite 1 T
Molybdenite s -
99.7
CHEMISTRY
Ah, Ve % X -ray Fluor, Wt. %
5102 ! 68.10 t 6L
Alp03 t 15.149 : .
Total Fe : 2.69 s 2.77
Hgo ! 0.7k -
Ca0 J 2.30 -
Na20 ! 3.1k -
K20 : 3.88 -
Copper : : .050




SAMPLE NUMBER:  LhL3

Rock Type: QMP Density: 2.75
MINERALOGY
Medal _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Pexcentage
Quartz : 21.3 Quartz ¢ 11.24
K-feldspar s 27.7 | Orthoclase ¢ 20.39
Plagioclase ¢ b7.9 Albite s 36.6M
Biotite : 2.2 Anorthite ¢ 12,12
Chlorite : -= Hypersthene ¢ 3.15
K-mica b 0.9 Corundum : -
Epidote : Hematite ¢ .23
Pyrite : - . VWollastonite g W.9b
Chalcopyrite @ - . Enstatite N

Molybdenite : -

100.0
CHEMISTRY
Ak Wte % X-ray Fluor, Wt, %

S10, ' 65.30 : 67.1

A1,03 b 1615 ¢ -

Total Fe 7.63 $ 7.66

MgO : 3.15 ;-

Ca0 $ 5.10 . $ -

Nap0 : 4,57 $ -

K20 $ 3.§h s -

Copper $ : .140




SAMPLE NUMBER: Lhbk

Rock Type: QMP Density: 2.Th
MINERALOGY
Modal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz s 2T.2 Quartz s 32.65
K-feldspar :  25.h Orthoclase ;s 21.98
Plagioclase : b2.8 Albite ¢ 28.94
Biotite : 4.3 Anorthite ¢ 10.12
Chlorite : -- Hypersthene ;. 1.72
K-mica : - Corundunm ¢ 2.75
Epidote ;T Hematite ¢ 1.8k
Pyrite s - Wollastonite I
Chalcopyrite 0.1 Enstatite s
Molybdenite : 0.1
99.9
CHEMISTRY
Ah, Ve %o X -ray Fluor. Wt. %
5102 s 69.40 1 69.4
Al03 : 15.49 A
Total Fe : 1.77 H 1.93
Mg0 : 0.66 A —
Ca0 s 1.96 s -
Naz0 t 3.29 : -
K20 : 3.58 t - .
Copper ' ¢ s .0T0




SAMPLE NUMBER: AbLs

Rock Type: QMP Dénsityz 2.89
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz : 21.7 Quartz ¢ 31.06
K-feldspar s 33.h Orthoclase s 21.93
Plagioclase ; 38.8 Albite ¢ 31.56
Biotite : 6.0 Anorthite ¢ 11.05
Chlorite : - Hypersthene ¢ 1l.46
K-mica : - Corundum S
Epidote : == Hematite ; 2.38
Pyrite ¢ Wollastonite ; 0.30
Chalcopyrite 0.1 Enstatite , 0.26
Molybdenite : -
1000
CHEMISTRY
Aho Mio % X -ray Fluor, W, %
5102 t 68.80 2 66.6
Al203 ! 13.40 S
Total Fe 2.25 t 2,26
MgO : 0.65 : —
Ca0 s 2.2} : -
Naz0 ' 3.52 s —
K20 : 3.50 PR .
Copper s 0.60




SAMPLE NUMBER: L6

Rock Type: QMP Density: 2.82
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ _ _ Percentage
Quartz : 25.h Quartz : 30.90
K-feldspar : 28.1 Orthoclase s 17.79
Plagioclase :  h1.2 Albite s 3b4.36
Biotite : L.6 Anorthite ¢ 11.36
Chlorite : -- Hypersthene ;. 1.89
K-mica $ == Corundum ;  Ll.bb
Epidote : - Hematite g 2.2l
Pyrite : 0.1 Wollastonite s T
Chalcopyrite 0.6 Enstatite : T
Molybdenite : -
100.0
CHEMISTRY
A, Vie % X -ray Fluor, Wt, %
5102 ! 71.20 t 68.9
Alp03 : 15.35 $ .
Total Fe 2.2 $ 2,26
Ng0 : 0.75 b -
Ca0 ! 2.26 -
Na20 : k.01 R
K20 t 2.97 S — .
Copper ' s : .030




SAMPLE NUMBER: LLL7

Rock Type: QMP Density: 2.78
MINERALOGY
Modal _ _ _ _ _ Percentage Normative _ _ _ Percentage
Quartz : 27.3 Quartz 28.82
K-feldspar s 2h.7 Orthoclase 33.98
Plagioclase : h2.6 Albite 25.72
Biotite : k.0 Anorthite 8.75
Chlorite s 0.2 Hypersthene 1.01
K-mica : 0.1 Corundum --
Epidote : -- Hematite 1.52
Pyrite : 0.3 Wollastonite 0.10
Chalcopyrite : 0.2 . Enstatite 0.08
Molybdenite : 0.4
99.9
CHEMISTRY
A, Vi % X-xay Fluor, Wt, %
510, t 70.80 t  66.5
Al503 t 14,00 ¢ -
Total Fe . 1.47 t 1.56
MgO : 0.43 -
Ca0 : 1.76 s -
Naz0 : 2.95 $ -
K20 s 5.58 t T .
Copper : $ -160




SAMPLE NUMBER: Luk8

Rock Type: QD Density: 2.91
MINERALOGY

Medal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage

Quartz ¢ 10.0 Quartz ; 18.69

K-feldspar : 0.7 Orthoclase ¢ 11.23

Plagioclase  :  62.5 Albite ., 18.95

Biotite : 0.7 Anorthite ;32,94

Chlorite ;228 Hypersthene g T.NT
~ K-mica : 1.2 Corundum ;s 0.99

Epidote ;1.0 Hematite ¢ .73

Pyrite ¢ 1.2 WollasEonite e

Chalcopyrite - Enstatite :

Molybdenite : -

100.1
CHEMISTRY
A WEe % X -ray Fluor. Wt. %

5102 ’ 51.30 £ 52,1

Al203 1 16.72 P e

Total Fe $ 8.65 ¢ 8.69

MgO 3 2.67 : -—

Ca0 $ 5.90 $ —

Na20 : 1.99 : -

K20 3 1.69 s ——

Copper : s .0k0




SAMPLE NUMBER: bl

Rock Type: D Density: 2.88
MINERALOGY
Moedal _ _ _ _ _ _ Percentage Normative _ _ _ _ _ _ Percentage
Quartz : 2.7 Quartz Poan.3h
K-feldspar : _— Orthoclase ! o13.42
Plagioclase 57,7 Albite ! 31.05
Biotite $ ol.2 Anorthite ¢ 18.30
Chlorite : 12.2 Hypersthene $ 5.71
. Kemica H — Corundum s | -
Epidote : — Hematite $  8.31
Pyrite $ 3.3 Wollastonite t 4,75
Chalcopyrite @ _— Enstatite ¢ L.10
Molybdenite : -
100.1
CHEMISTRY
Ak, VEe %o X-ray Fluor, Wt. %
5102 t 58.40 ;s 58.6
A1263 : 14.65 s -
Total Fe 8.01 ‘ 8.08
MeO . 3.80 : -
Ca0 $ 5.76 $ -
Naz0 H 3.5k $ -
K20 : 2.19 s :
Copper . .030




APPENDIX 3
Detarmination of Grains and Losses

of Chemical Components from the Altered Rock



In an attempt to determine absolute gains and losses of various
chemical compounds from the altered rocks at Sferrita, density measure-
ments were made as explained in‘ﬁnpendix 2 and then nultipliied by the
weight percentage of each chemical compound present in the rock.
Stmilar calculations were made for the unaltered Quartz dforfte and
quartz monzonitic rocks, Finally, the density corrected data for the
altered rocks were compared with the densfty corracted unaltered rocks
in order to determine the chomical gains and losses for 1000 cmd of
rock. These data were then presented in the form of isoplith maps in
Plates 4, 6, 7, 8, and 10,



Sample Numter P.T. Average Density 2.93

Compeurd " Wt. % of Conmpound Wt, % of Elerent
after Density
S10, 58.57 171.61
Al203 16.148 2L, 1k
Fep03 8.95 13.11
,(?aO 6.48 18.99
g0 3.94 11.54
Naz0 3.55 5.20
K20 2.01 2.95
Sample Mumter P.T. Average Density

Compecund Wt., % of Compound Wt., & of Element
after Density
$10, 1.2k 203.74
Al503 16.62 23.77
Fey05 "3.20 4,58
Ca0 2.07 5.92
Mg0 .91 - 2.60
Nas0 3.23 .62
L L.u3 6.33




Sample Number kLol ' Density 2.86

Compound © Wt, % of Compound Wt. % of Elenment
after Density

10, | 67.53 193.1k

A1203 | 15.93 22,78

Fe,03 5.19 T.h2

Ca0 ' 1.86 5.32

Mg0 1.0k 2.97

Nap0 h,01 ' 5.Th

K,0 - L. LY 6.35

Sample Humber LLo2 | Density 2.93

Compound ¥t, % of Compound Wt, % of Element
after Tensity

S10; 59.09 173.13

A1203 18.13 : 26.56

Fep05 | 8.23 12.06

Ca0 5.86 17.17

Mg0 . 3.27 9.58

Nas0 3.64 | 5.33

X0 1.77 2.59




Sample Number  bLhol Density 2.92

Compeund ~ Wt, & of Compound HWt, & of Elerent
after Density

510, 57,42 167.67

A1504 16.86 2kh,62

Fe,03 10.07 14,70

Ca0 . 6.95 19.24

.MgO ' 3.59 10.48

Nap0 3.59 ' 5.2k

K0 . 1.53 2.23

Sample lumter 4405 Density 5 gy

Compound ‘ Wt, Z of Compound Wt., & of Elerment
. after Density

Si0, 59.95 176.25

A1203 14,37 : 21.12

Fe 04 ' © 8.10 11.91

Ca0 6.36 18.70

MgO 5.5k 16.29

Na,0 3.53 5.19

K20 2.15 3.16




Sample Numter

LLo6

Density

Compound Ht, % of Compound ¥vt, % of Elerment
after Density

S10, 60.09 178.47
Alp03 16.70 24,80

Fe,03 8.37 12.43

Ca0 6.29 18.68

W) 3.03 9.00

Nap0 3.76 5.58

K20 - 1.77 2.63
Sample MNumter khot Density

Compound

S10,
Al1503
Fe203
Ca0
¥g0
Nay0

K20

Wt. % of Compound

60.58
17.06
T.48
5.78
2.98
3.59
2.53

Wt, 4 of Element

after Density

177.50
24,99
10.96
16.94

8.73
5.26
3.71




Sample MNunmter

4408

Density

Compound Wt, % of Compound ¥Vt., % of Element
after Density

510, 57.59 165.28
A1203 17.86 25.63
Fe,03 8.24 11.82

Ca0 6.78 19.46

Mo 3.18 9.99
Nap0 3.95 5.67

K50 2.09 3.00
Sample llumter Lh09 Density

Compotnd

510,
Al503
Fe,05
Cal
Mg0
Nay0

K20

Wt, % of Compound

68.25
16.20
4,65
1.59
00.93

2.96

5.42

Wt, % of Element

after Density

189.05
22.4}
6.4}
L.k0
- 2.58
k.10

T.51




Sample lNunbter 5410 Density 2.70
Compourd " Wt, % of Comround ¥Vt. % of Elerent
after Density

510, 69.77 188.38

A1203 14,75 19.91

Fe,03 L.51 6.02

Ca0 . 1.58 b.27

g0 1.0 2.81

Nag0 3.38 . L.56

X0 .- 4.97 6.71

Sample lumter b1l Density 2.96

Compound Wt, % of bompound Wt, % of Elcment
- after Density

510z 57.96 . 171.56

41503 15.3b . 22.70

Fep03 9.10 13.47

Cal 7.35 21.76

Mg0 .7k 14.03

Naz0 3.56 5.27

K50 1.94 2.87




Sample Nunmter

k12

Density

¥t, % of Element

Compound Ht, % of Compound
after Density

$10, 56.63 163.09
A1203 18.52 26.67
Fe,03 8.56 12.33
Ca0 6.84 19.70
Mg0 3.17 9.13
Naz0 4.19 6.03
K0 . 2.09 3.01
Sample llumter L4413 Density

Compound

510, -
Al503
F8203
Ca0
Mg0
Nay0

X,0

Wt, % of Compound

58.40
14,86
8.7h4
6.75
5.85
3.3
1.97

Wt, ¥ of Element

after Density

169.9L
21.62
12,72
19.64
17.02
4.99
2.87




Sample Numter L1k Density 2.95

Compeund "~ Wt, % of Compound ¥Wt, # of Elerent
after Density

5107 59.18 174.58

Al203 16.98 25.05

Fe,03 T7.99 11.79

Ca0 ' 7.32 21.59

Mg 3.30 9.7k

Nag0 3.54 ' 5.22

K20 1.68 | 2.148

Sample lumber  Lhas | Density 2-T1

Compound " Wt, % of éompound Wt, % of Element
_ after Density

510, | 73.69 . 199.64

A1503 14.53 . 19.69

Fe304 ' ‘2.2 3.01

Ca0 1.68 L.55

¥go 0.61 1.65

Nay0 3.16 4,28

Kzo 4.10 5.56




Sample Numver

4416

Density

2.90

Compound Wt, £ of Compound Wt, % of Element
after Density

S10, 67.97 197.11

A1205 15.65 22,69

Fe,03 4.69 6.80

Ca0 2.36 6.84

M0 1.27 3.68

Na0 3.79 5.50

Kp0 - L,26 6.18
Sample lMumter . 417 Density 2.82

Compound

510,
Al,03
Fe203
Ca0
Mg0
Nay0

Wt, % of Compound

68.66
15.73
5.10
1.63
0.88
3.47
b.52

Wt, % of Element

after Density

193.62
22,18
7.19
4.60
2.8
4.89
6.37




Sample Numbter 4418 : Density 2.94

Conpound  Yt, % of Conpound vt, % of Elerent
after Density

510, | Bé.hh 165.93

A1703 . 14,97 _ 22.01

Fe,03 12.47 18.33

Ca0 5.5h 16.29

NeO 5.06 14.88

Nap0 3.19 4.69

K20 ‘ 2.3k 3.4}

Sample Numter . Lh19 Density 2.98

Compound Wt, % of Compound Wt., % of Element
after Density

510, 57.24 170.58

41203 16.91 - 25.20

Fep03 ' © 8.78 13.08

Ca0 T.bh 22.17

Mgl , 3.68 10.97

Na50 4,05 | | 6.04




Sample Numbter Lk20 Density 2.89

Compeurd " Wt, % of Compound Wt, % of Elerment
after Density

510, ;9.69 173.10

A1203 14,63 21.21

Fe,03 10.09 14,63

Ca0 5.46 15.83

ﬁgo o 4,53 13.14

Nap0 3.28 k.76

K20 2.32 , 3.36

Sample llumter k21 Density  2.80

Compound " Wt, % of Compound Wt, % of Element
. after Dlensity

510, 72.36 202.25

Al1,03 1L4.58 ‘ 20.38

Fe04 ' 12,37 | 3.31

Cs0 2.32 6.48

¥g0 0.93 - 2.60

Na,0 2.88 " 4,02

X.0 L.56 6.37

2




Sample Numter kh22 Density 2.78

Compound " Wt, % of Compound Wt. % of Elerent
after Density
S10, 71.h9 198. 7k
A103 15.27 21.23
Fe,03 2.18 3.30
C20 | 2.71 7.53
Me0 0.96 2.67
Nap0 3.36 - L.67
K50 . 4,02 5.59
Sample llumbter 4423 Density 2,831
Compound Wt, % of 6ompound Wt., € of Element
. after Density
S10, 68.52 : 142,54
A1503 14.79 : 21.03
- Fep04q ' .69 6.59
Cal 2.67 7.50
Mg0 1.59 L. u7
Nay0 3.09 4.3k

K,0 | .65 6.53




Sample Numter kL2l : Density 2.78

Compound " Wt, % of Compound Wt, % of Element
after Density

5102 71.53 198.85

Al203 . 13.26 . 18.43

Fe,03 L.,02 5.59

Ca0 2.08 3.h2

MeO 1.23 5.78

Nap0 3.89 5.41

K20 3.99 5.55

Sample MNumter hh2s Density  2-T%

Compound Wt, % of Compound Wt, % of Element
after Density

510, 68. bl 187.53

A1303 16.01 : 21.93

Fe,04 ' 4,81 6.59

Ca0 2.51 6.88

MgO0 N 1.02 2.79

Na,0 2.15 ) 2.95

X,0 5.06 6.93




Sanmple lunber

L426 Density 2.70

Compound Wt, % of Compound Wt., % of Element
after Density
10, 72.12 194,72
11203 12,83 17.32
Fe,03 3.7k 5.05
Ca0 1.82 k.91
Me0 1.07 2.89
Nap0 2,61 ‘ 3.52
Kéo 5.80 | 7.83
Sample !Mumter .hh27 Density 5 g9
Compound Wt., % of éompaund Wt, & of Element
- after Density
510, 70.77 . 190. 37
Al1503 15.33 : 20.62
Fey04 "3.09 4,16
Ca0 1.62 4,36
¥g0 1.06 2.85
Nay0 3.84 5.17
K20 k.30 5.78




Sample lumber

4428

Density

Compcund Wt, % of Compourd Wt, % of Element
after Density

510, 7h.32 205.37
A1203 12.89 17.81
Fe,03 2.h9 3.4

Ca0 2.21 6.11

ﬁgo, 0.73 2.02

Na,0 2.96 3.59

K20 - L. 6.09
Sample llumter 'hh29 Density

Compourd

510,
Al503
Feé03
Ca0
Mg0
Nay0
K,0

Wt, % of Compound

T2.79
15.10
"2.08
2.05
0.69
3.05
L. 24

Wt., % of Element

after UDensity

20k, 54
21.22
2.92
5.76
1.94
L.29
5.96




Sample Nunmbter 4430 . Density 2.71

Compound ~ Wt, % of Compound ¥t, % of Element
after Density

510, | 72.5h 196.58

Al203 . 13.61 18.44

Fe,03 3.05 h,13

Cald _ 2.28 6.18

g0 0.76 2.06

Na20 3.16 ' }.28

Kp0 - L.61 6.25

Sample lumter Lh31 Density 2.72

Compournd ¥t, # of Compound Wt., % of Element
after Density

510, 71.11 193.42

A1203 15.43 : 20.98

Fep03 3.95 5.37

Ca0 1.30 3.54

Mg0 . 0.93 2.53

Na,0 2.95 | 4,01

K50 .33 5.89




Sample Number LYy32 : Density

Compound " Wt, % of Compound ¥t, % of Element
after Density

S10, 72.78 199,142

A1p03 . 13.63 18.67

Fe,03 3.17 L, 3Y

Ca0 1.77 4,85

Mgo 0.80 2.19

Nap0 1.81 2.48

K20 6.0b 8.28

Sample llumter 4433 Density 2.78

Compound Wt, % of Compound Wt, % of Element
after Dlensity

510, 68.29 177.86

A1,03 16.50 : 21.h49

Fep04 ' 2,97 v 12.65

Ca0 2.60 6.78

MgO0 | 0.81 2.11

Na,0 3.52 h.57

K0 5.31 6.91




Sample Nunmbter LL3h , Density 2.75

Compound | Wt., % of Compound Wt, % of Element
efter Density

510, | 68.51 188.40

A1503 . 16.64 22.88

Fe,03 3.35 4.61

Ca0 1.87 5.1k

ﬁgo4 ., 0.87 2.39

Yoo 3.4 .73

K0 3 5.32 | 7.31

Sample Mumter . .hh35 Density 2,76

Compound © Wt. % of Compound Wt, % of Element
‘ after Density

510, Th.21 204,82

Al503 13.61 : 18.78

Fez04 ' '1.80 2.61

Ca0 1.65 k.55

Mg0 - 0.67 | 1.85

Nay0 3.22 bk

K,0 b7k 6.5k




Sample Number 4436 Density 2.7k

Compound " Wt, % of Compound ¥t, @ of Elenment
after Density

510, T1.87 196.73

A1303 15.81 21.66

Fe,03 2.20 3.01

Ca0 | 2.03 5.56

}g0 ' 0.66 1.81

Nag0 3.63 ' k.97

ko0 - 3.80 5.21

Sample lNumber L4437 | Density 2.8h

Compound Wt., & of Compound Wt, % of Element
after Density

810, 70.52 200.28

Al203 16.08 : 22,83

Feg03 3.1k b.b6

Cal 2,22 6.31

Mgo 0.84 2.39

Na,0 3.5 ‘ 4.90

X0 3.7k 5.31




Sample Numbter 4438 K Density 2,79

Compound " Wt., % of Compound Wt., % of Elerent
after Density

10, 2.7k 202.95

A1203 . 13.8k . 19.31

Fe,03 2.5h 3.54

Ca0 2.47 6.89

¥g0 0.97 2.7

Na,0 3.33 4.65

K20 k.11 5.73

Sample MNumter 4439 Density 2.T1

Compound Wt, & of Compound Wt, % of Element
after Density

SiOz T1.72 194,36

A1,03 15.22 , 20.62

Fep03 ' 3.38 L.58

Ca0 1.96 5.31

Mg ’ 1.08 2.93

NayO 3.66 R 4.96

.0 2.97 4.02

2




Sample Numbter

LLLo

Density

2073

Compound Wt, % of Compound Wt. % of Elerent
after Density

510, 15.27 205.11

Al203 10.95 14.92

Fe,03 .00 5.5k

Ca0 2.31 6.30

ﬁg0~‘ 1.50 4.09

Naps0 1.67 2.28

K20 4.30 5.86

Sample lumter RN Density 2.77

Compound

510,
Al703
Feé03
Ca0
Mg0
Na,0
K,0

Wt, % of Compound

T1.20
16.16
2.21
224
0.92
3.67
3.61

Wt, % of Element

aftexr Densiity

197.22
22,38
3.06
6.21
2.55
5.08

5.00




Sample Numter Lhh2 Density 2.8k

Compound ~ Wt, % of Compound ¥t. % of Elerent
after Density

510, 70.69 200.76

1203 16.08 22.83

Fe,03 2.79 3.96

Ca0 i 2.39 6.79

Kgo 0.77 2.19

Nag0 3.26 ' L4.63

K0 - 4.03 5.73

Sample llunter uhLY Density 2.7h

Compound Wt. % of Compound Wt, ¢ of Element
after Density

510, 72.18 203.19

A1203 16.11 : 22.67

Fép03 1.8 2.59

Ca0 2.0k k.16

Mg0 0.69 1.9h

Na50 3.42 . 4,81

K0 3.72 5.24




Sample Number L4k E Density 2.89

Compound ~ Wt, % of Compound ¥t, % of Elenrent
after Density

5102 72.91 210.95

Al203 . 1h.20 20.54

Fep03 2.38 3.4k

Ca0 2.37 6.86

Ngo 0.69 2.00

Na20 3.73 6.96

K20 3.71 5.37

Sample llumter LL46 Density 2.82

Compound Wt., % of Compound Wt, & of Element
after Density

510, 72.08 203.51

A1,03 15.5L . 21.94

Fep04 ’ 2.27 2.58

Ca0 2.29 6.47

Mg0 . 0.76 2.15

Na,0 .06 h 5.73

K,0 3.01 k.25

2




Sample Numter  LLh7 Density 2,78

Compound | Wt, % of Compound Wt, % of Elenment
after Density

S10, 73.00 202.58

A1203 14,43 20.02

Fe,03 1.52 2.11

Ca0 1.81 5.02

ﬁg0~' .. 0.4 1.22

Nep0 3.0k k22

K20 5.75 . 7.98

Sample Mumter . th8 ' Density 2.91

Compound © Wt. % of Compound Wt, & of Element
after Density

510 57.69 167.59

A1203 18.80 27.31

Fe203 9.73 14,13

Cad 6.6k 19.29

K0 3.00 8.72

Nap0 2.24 3.25

X,0 1.90 2.76




Sample Numter LLhg _ Density 2.88

Compound Wt, % of Compound Vt, % of Elerment

after Density

$10, | 60.61 17h.25
A1203 15.20 | 21.85
Fe,03 8.31 11.95
Ca0 . 5.98 17.19
Ngo 3.94 11.33
Nap0 3.67 - 6.73
K20 - 2.27 3.26
Sample llumter Density
Compound Wt, % of Compound Wt, % of Element

~ after Density
510,
Al,03
Fe203
Ca0
Mg0
Na50




APPENDIX 4

Computer Programs



WL T 2u MALN ’ TUAlE = orsubs ueriisoce

IMPLICIT REAL%*B(A-H,0-7)
NORMCOMP - A FORTRAN IV PROGRAM TO CALCULATE CIPW AND MOLE NCRMS AORM 10

PRCGRAM IS BASED CN THE CALLCULATICN METHOD OF Ceo KELSEY hNORM 20
ATCMIC WEIGHTS ARG BRASED ON 1959 TABLE {0=16.000)

EACH ANALYSIS: NORM 35

CARD INPUT ORDER. THE FOLLOWING TWOD CARDS ARE REQUIRED FOR NORM =G

CARD # 1: CCONTROL CARD T0O OETERMINE CALC CF SULFUR ANC CC2. hNORM 40

A CNE IN CCLUMN ONE CAUSES SC3 TO BE CALCULATED AS S03,. NORM 45

A BLANK OR 2ER0O RESULTS IN CALCULATICN OF SO3 AS S. NORM 50

A ONE IN COLUMN TWO RESULTS IN CALCULATICON CF SCDIUM CARBCNATENDRM 55

A BLANK OR ZERO CAUSES CALCULATICN OF CALCITE NORM 0

NORM  £5

CARD #2: CATA CARD. FORMAT(ASs14F4,246F2,2) hORM 70

COLUMNS 1-5: ANY COMBINATION OF NUMARERS OR LETTERS,. NORM 74

COLUMNS 6-61y IN BLOCKS OF 4y THE WT % OXIDES IN THE CRCER: NORM 80
SI02+TIDZ24AL203FER2O3+FEQWMNCMGOsCAOINA2C+K20+sP205+REC,SROy  NORM BE%

AND CR203, KORM 90
CCLUMNS 62-79: IN BLOCKS OF 34y THE WT 2 OF F.CL,S03+5,CC2,ZRC2NORM G
NORM 1GO

A CARE WITH A 9 IN COLUMN ONE SHCULD BE PLACED AT THE END CF THE KORM 105

DATA CARDS TO STOP THE PROGRAM, NORM 110

X s ot e ok o ool e s le 3t ot ik o e 4R o O e e ook K ol o Ol e o o o oK e e ol s Ak ke el ok kR NO M L 15
NORM 120

REAL*8 M(20)+N(39)MN(38)+PMI20),W(20) KORM 125
LOGICAL*1 IN(5) hNORM 123D

REAL%8 MHU(201/60009¢790¢90+101696¢159070471e85970454¢40,32+56.08,61NIRM 135
10982194-201141.95.153.36'103063'151002'19.135o457'80.066'32.0667QQKORM lQO
10114123022/ MMWE38)/1560299316034+4360652¢122.0735560700524,4832:2ThORK 145
1802202044122+ 60609+0e09140e739203e75¢860125%04051C0.41¢3212S%40.0,MIRM 150
1232,34,20CeB2¢26348841160174231.C2+329.8851510675¢156aC7¢79a50+135.A0RM 165
198 :101¢96¢231455:159¢704225.87¢58.488,78B408,1454436,119.332,105.59N0RM 156
13,100.091+183.21/ NORM 1€

LOGICAL*4 NNA(38)/'MS 1, KP 1,0LC ',INS *,f0R T,fAB 3,5AN CAQRM 17§
LeWNE 9,00 - 0,100 ', FO%e? FEA', ' LNT,'HY ‘¢! ENT,? FST.eDRORM 175
LI v,¢ WOttt EN's' FSY,THO0 Y,YAC ', 'AP ',YIL $,4SP ‘,'RU KORM 18C
Lty epy o 0c TLEMT VL PHEM S, ICH Y, VHL 1, 0FR 1 L,STH 8, tPR 1, SAORM 186
INC e,0gC v, /4y OXA(20)/*SIC2¢, ' TIO2 {PAL2C" 4 *FE2G 4 LEET +, *MAORM 190
INQ ', 6MGO ', *CAD *5 "NA20t, 'K20 ', 'P205%, 'BAD ', SRC ;P CR2C?,§F NORM 10%

LvoegL e,0503 9,55 1,1002 ', 'ZRO2'/ NORM 200
La0XR(20) /2% 1,03 4,03 v gxt e 13 8 gxt 1y NORM 201
INTEGER*4 MAT(T)/54303049898¢5/ o M3T(T)/2+1019¢G¢3:¢2+47sNAI(T)/24,5R0RH 205
146,22,74254129/7NBT(T1/39,1439:4+28,26,30/, INTN(38) . NORMZ10
REAL%8 ZNB{71/040+1401040¢1e0+00Cy0405000/yYFACI7)/00Cc60C160Ce4eCNORM 215
1,2,0,1.0,0.0/ NORM 220
INTEGER*4 NCI(5) /1442506454217 ,NDI(5)/10427 4843413/ NORM 225
REAL*8 BFAC(51/20+1e1025+650¢2e/+CFACIS5)/1cerlere25+e5Cy1a/wDFACISINQRM 230
1/2'910'1011.!2./05FAC(5'/2071010250050'20/ hURM 235
IREAQ=S NORM 240
IPRINT=6 : ANORM 24%
IPuNCH = 7 NORM 226
1 NORM 25¢C
READ (I1READ,28)NSO3,NCO2 | - NORM 2585

Tf (NSD3.EQ.S) GO TO 27



VEL 20 MATIN DATE = 720¢3 C2/11/5¢€

WSUM=0.,0 NORM 270
READ (IREADQZQ)IDQ(W(I).I'—'].'ZO)
DN 3 I=1,2C NORM 275
3 WSUM=WSUM+W(T) NORM 280
IFRC NQORM VECTOR AORM 285
DO 4 I=1,38 NORM 29C
4 N(1)=0.0 NORM 295
CALC MOLE PROPORTICNS \ : NORM 300
BSUM=0,0 . KORM 305
DO 5 1=1,20 NORM 310
MOT)=W{T)/MW(T) NORM 31%&
PM(LI=M(I) : - NORM 320
5 BSUN=BSUM+M(T) NORM 325
DO 6 1=1,20 NORM 330
6 PM{I)=PM(T)/(BSUM*0,01) NORM 335
IF (NSO3.EQ.1) GC TO 7 NORM 340
M(18)=M{1T7)+M(18) NORM 345
M(17)=0.0 : NORM 350
BEGIN NORM CALCULATICNS NORM 35%
7T N(38)=M(20) NORM 360
Y=N{38) NORM 265
M{5)=M(5)+M(6) NORM 370
M{B)=M{B)+M(L12)+M(13) NORM 375
N(23)=M(11) AORM 380
M(8)=M(8)-3.3%M(11) NORM 385
IF (M{15)eLTe0s6667T%N(23)) GO TO 8 NORM339
M{15)=M(15)=(0.666T%N(23)) : NORM 395
N{331=M(151/2.0 NORM 400
. M(8)=M(8)=N(33) NORM 405
8 M(15)1=0.0 : NORM 410
N(32)=M(16) ' NORM 415
M{9)=M(9)=(N(32)/2.0) NORM 420
N(34)=M(17) NORM 425
M(GS)=M(9)=-N(34) NORM 430
N(35)=M(18)/2.0 NORM 4 3%
M{5)=M(5)=N(35) NORM 44C
IF (NCO2.EQ.1) GO TO 9 NORM 445
C02 = 0.0 NORM 446
IR (M(19)<GT.M(8)) C02 = M{19)-M(8) : NORM 447
N(37)=M(19) - CO2 NORM 450
M(8)=M(8)-N(3T) : NORM 455
M{19) = €02 : NORM 456
9 N(36)=M(19) NIRM 460
M(G)=M(9)-N(36) NORM 4€5
N(31)=M(14) - : : .~ NORM 470
M{5)=M(5)-M(14) NORM 475
DO 12 1=1,7 NORM 485
NA=NAT(T) : NORM 490
NB=NBI (1) NORM 4G5
MA=MAT(T) NORM 500
MB=MBI(1) - o L e NORM 505
1o IF (M(MAI-M(MB)) 10,11,11 NORM 510

NINAY=M(MA) _ NORM 515



KVE(

1]

12

13

14

15
le

17

13

lg

20

21

22

23 p

20 MAIN

M(MB)=M(MB)=M(MA)
M{MA)=0,0

NINBI=M(MB)
Y=Y4+YFAC(T)SN{NA I+ (N(NB)%ZNB(1))
GO TO 12

N(NA)=M(MB)
M{MAY=M{MA)=M{MB)
M(NF!)‘:0.0

Y=Y+ YFAC{ I)%N(NA)
CONT INUE
XMGFE=M(5)+M(T)
RMGFE=M( 71/ XMGFE

IF (M(B)=XMGFE) 14413,13
N(17)=XMGFE
M(B8)=M(8)=XMGFE
N{211=M(8)
Y=Y+2,0%N{1T)+N(21)
GO TO 15

N(17)=M(8)
XMGFE=XMGFE-~M(8)
N(14)=XIMVGFE
Y=Y42,0%N(17)+N(14)
IF (M(1)=Y) 17+16,16
N(9)=M(1})~Y

GO TO 232

N=y-M(1)

DO 20 1=1,5

NA=NCI(T)

NB=NDI (1) :

IF (D=(N(NA)/BFAC(I))) 18,18,19
N{NA)I=N(NA)=BFAC(I)%D
NINB)=C*CFAC(])

GO 7o 23
NINRY=N(NA)/DFACLT)
O=D~N(NA)/EFAC(T)
N(NA)=C.0

CONTINUE

IF (D=N(17)) 21,21,22
N(13)=N(13)1+4D/2.0
N(10)=N(10)+D/2.0
N(17)y=N(17)-D

GO 1o 23
NC13)=N(13)+N(17)72.0
N(1O)=N(1C)I+N(1T) /2.0
D=p-n(17)

N( ‘.7)=0.0

N{2)=p/s2.0
NU3)=N(3)-D/2.0
=1,0-RMGFE
N{11)=RMGFE%N(10)
N(12)=R¥N(10)
N(15)=N{14)%RMGFE
N{le)=n(14)%R

DATE

72063

C2/11/5¢€

NORM
hNORM
NORM
ANORM
NORM
NORM
ANORM
ANORM
NORM
ANORM
NORM
ANORM
ANORM
NORM
NORM
NORM
NORM
NORM
hORM
NORM
NORM
ANORM
NORM
NORM
NORM

hNORM6

NGRM
hORM
AORM
NORM
AORM
KJRM
NORM
NORM

520
525
530
525
54C
545
55¢C
555
560
561
S¢S
57¢C
575
580
585
560
5965
600
605
610
615
62C
625
620
635
64C
¢45
650
€55
660
6€5
6174
675
6860

NORMOEES

ANORM
KhORM
NCRM
NORM
hORM
NORM
NQ94
NORM
hNORM
NORM
NORM
AORM
NORM
NORM
NORM
NORM
hORM
NORM

690
6S5
7¢O
7C5
710
716
720
125
730
725
740
745
75C
755
760
765
770
775



el o0 MATN . DATE = 72063 c2/11/58

N(18)=N(17)/2.0 NORM g0
N{19)=N(18)*RMGFE ANGRM 785
N{20)=N(18)*R NORM 760
N(22)=N(22)%2,0 ANORM 795
ASUM=0,.0 AORM 800
CALC MCLE NORM ANORM 805
| DO 24 1=1,38 _ AORM 810
24 ASUM=ASUM+N (1) KNORM 815
ASUM=ASUM=(N{10)+N(L4)+N(1T)) NORHM 820
ASUM=ASUM/100.0
NO 25 I=1.38 NORM 830
25 MN(I)=N(T1)/ASUM NORM 835
| ASUM=0,0 AORM 840
CCNVERT FRCM NCRM RATIOS TO WEIGHT NCRM NORM 845
DO 26 1=1,38 NORM 850
NCIY=N(T)*MMWLT) - AORM 855
26 ASUM=ASUM+N (1) NORM 860
N(10)=N{11)+N(12)+N(13) NORM 865
N(14)=N(15)+N(16) NORM 870
NCL7)=N(18)+N(19)+N(20) NORM 875
WRITE (IPRINT,30)ID NORM B88C
WRITE (IPRINT,31) NORM 885
WRITE (IPRINT,32) (OXA(TI)4OXBIT) o WT) oPMII) ¢NNACIY JN{T)oMN(T),I=1,2N0RM BSO
10) AORM 891
WRITE (IPRINT33) (NNACT) N{I),MN(I)sI=21,38) NORMBS8Y5
WRITE (IPRINT,34)WSUM,ASUM NORM 900
CALL PETCAL(WsPMyhyMN) : NORM 9C2
27 GO TO 1 NORM 905
STop NORM 910
5 AORM 915
22 FORMAT (211) NORM 920
0 FORMAT (5A1414F4,2,6F3,2) NORM 925
Y FORMAT (%1',T25,'SAMPLE NUMBER '5A1) NORM 9120

A $
Y°04[ C T MM A e e e %ok e ofe e e ofe e ofe s e i e 23k 3ie Xe ook 3k e i oie 3 e e e ofe oje o v afe ofe e ade e o o ok ol o8 ok b ok ¥ o o e Xe e ok ole vk ol e e e ak e #

FORMAT (*0%'4T3,'OXIDE'TL1,*WT PCT*,T19,*MOLE PCT',T32, 'NORMATIVE MAORM 935

Ik $
YOO‘*I C C MM A 2 eate e e ak el e ale sl s ol e e o e e e 2 e 3 ol 346 e 363k e ol Xeafe s e o o 3 5 e ofe e e o o 3 e o e ol e s o o X ofe ot o o o ek ek AR x e L
LINERALS ', T53, 'WY PCTY,T62, '"MOLE PCT') ANORM 940
N FORMAT (' 1 4T242A43T119F5.24T209F5.2+T38,A%9T53¢F5.29T€3,F5.2) NIRM 945
3 FORMAT (¢ *4T38,A44T53,F5.2,T63,F5,2) ANORM 950
FORMAT ('0'4T104F6e2+T524F642) NORM 955

NORM 960
END NORM 965



"LFVRL 2p MAIN NATFE = 72088 22/31/44

REAL CANT/Ca/oCN2/0a/CACN3/Na/eF1/0a/+P205/06s/ +APAT/04/+FLUB/ D6/ S5e
BeFFENI/CA/TIN2/Ne/oF /D /s 5e
TFEN/Co /o TIME/Qa/ e STIN21/0e/ «SPHE/00/«Q/0e/+AL203/04/«NA20/Cos/+ALR/ b
106/« STIN2/Na /o ACMT/CQa /4120700 /s 6e
PORTH/D e/ «CAN/Oa/ « ANNR/ Do /¢ WNILL/De/ o« ALBN/De /¢ NRTHN/Oo / +ANORN/Cq 7/ + "N 7o
40/0e/eMGN/DG/ Te

LOGTICAL %1 ID(S)
TNTEGRGFR CHFK /tEND '/, FLAG
100 REAN(SIVFLAGLIN,STO?2,TIN24AL2N3,FE2N3,FFD,MND,
IMGN,CANGNA2N,K2N,P2065,REN¢SRN4CR2N3,F,ClL +SO3,
25.CN2,7RN?
1 FORMAT (A4e/ 4 5A1414F4,2,6F3.2)
IF(FLAGLFQ.CHFK) 0 TN 901

WRITF(6ha10) IN.SIN2,TIN2,AL2N2,FF2N3,FEN,MNO,
LMGOCANGNAP NG K204 P205.BENVSROGCR203,F.CL,»S03,S, l4.
2CN2,7RN2 15
10 FARMAT('11,13001 %) /10SAMPLE \541, ' INPUT IS'///1X422(1X+F5.2)) 17,
TF(CN?2.FQ.0)IGN TN 110 19,
CANY=CND% 1,274 20,
s CACN3=CN2%2,.074 21,
10 1F(P2N5,LFE.0VGO TN 120 22.
CAN =CAQ1+P2N&%, 948 2%
F1=P2N6%, 0AL 24,
" APAT=P2NG%], 705 ' 754
N IF(F.LE.OIGN TO 130 26,
CANL=CANYI*],476%F 27.
11 FLUN=F%2,055 284
n IF(TIN?2.LF.0)GN TN 145 29,
FEFN1=TIN>%, RA9 30,
TF((FFN=FEN1).GT0)GN TO 144 31,
CANL=CANL+TIN2%,702 32,
SIN21=TIN>%,75? 33,
SPHE=TIN?%2.454 . U,
14, ©N TN 145 354
14§ TLAF=TIN2%1.,809 36,
CANL=CAN-CAN1 37,
0=AL203 /14 645 37,
TE(Q.GFNA?OIRD TO 160 38,
Al ?ﬂ’»:f) 400
ST02=S107-5,817%0 41,
NA2N=NA20=-0 - : - ~ 42,
N=FFN/?.318 43,
TF(0.GF.NA?N)O=NA2N 44,
IF(Q.EN,0VGD TO 500 : : . 45,
FFN=FEN=Q%*2,31R 46,
STN2=S1N2-N%3,878 47,
ACMI=7,197%0 - - : = 48,
Al R=NA?N%8, 467 500
AL202=AL 203 =1, 645%NA2() - S S e - - - 51,
STN2=ST02-54817%NA2D 52

0=A1.20%/1.08? ' 53,



LEvFr

500

|8

12

()01
13

2N MAIN DATE = 72C2R 22721744

TE(NJFNL0)1GO TO 5170

IF{Q.GF,K201ND=K2N

AL 2N3=A12(13=1,N82%Q

SIN2=ST02-3, 82 7%0Q

ARTH=5,910%0

K2C=K?2P=0

N=A1 203/1,R]1R

TF(0LLF,0IGN TO 500

IF(QaGELCANYO=CAN

AL 203=AL2N3A=],98]8%()

S1N?2=51N2~2,143%0

ANOIR=Q%*4,961

IF{Q.GF,CANIGN TO 500

CAD=CAN-0

STO?2=S102-CAN%1,072

WOIL=2,077%CAD

Al BN=A} B/ 26247

ARTHN=NRTH/?2 TR 4

ANNRN=ANOR/ 27847

0=100/ (AL BN +ORTHN+ANORN)

ALRBN=0% AL RN

AR THN=Q NP THN

ANNRN=QxANOPN
WRITF(AGILICACOICALRBMGAPAT 4ORTHN ,SPEHE « ANCRN,
TRLUNGALRORTHANOR ACMT 4 WOLL

FORMAT ('=¢,130(? =) /T13, 'WFTIGHT PERCENT!',T45,'MCLE PERCENT '/
ITI0419( =) sTaN,1G( =1
L/TI0'CALCTTRE qT2CFAL 4 TADG'ALRITE' 4 T50,F09: 4
?/TIOO'APATITF. .TZO QFQe’k qT1+O.'(‘RTH("CLASE'.TSOeFQ-‘f
1'/1-]0' f SPHENF? .TZO.FQ.’* oT(GO' 'AN”QTHITE‘ vT‘SOoFQo‘O
G/T10'FLUNPTITREY «T204F944/T10¢'ALRITE!' T204FGa 4
S5/T104"ORTHNCLASFY o T2N4F944/T104 *ANJRTHITE' «T20,FC0,4
G/T10, YACMITE' v T20,F9,4
T/TI0'WOLLASTONIT! yFR.4/131(1'="))
WRITF(6H412)SI02.TIN2.8L203,FE2N3,FENMNCMGO,
ICANGNAZN K20 P208,REMSROLCR203,F4CLySN3,S4C0247R02
FORMAT( ' =RFSINUALSY'/1X4,20(1XeF5a2))

Gh TN 190

WRITF(A13)

FORMAT (11,200 %1),'END OF NDATA ,2G('%*))

CAaLlL EXTT

END

54,
:'."o
"':')o
.‘T7J
K3,
5%,
60
61,
‘.’?»
("qe
64,
65,
66,
67v
68,
(G,
70,
Tl
T2
T3e
T,
1%,
TéEw
77,
T8e
19,
4G«
Ria
R?,
A3
B,
RS
R6
87,
3e,
R9,
Ce
91.
Qe

9{0. ‘
95,



94,000E

P“.OCNIX

Tvgm

) Sample Number
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Pre
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LR

eSierrite
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- Fe-Density
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Ruby Star Granodiorite

444352 0
NGO
20

[=]

v




91,000E -
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93,000E

94,000E
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PN.OENIX
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91,000E

¢

192,000€
93,000E

94,000E

95,000E

96,000E

ce

@

PH.O('CIX

'l’v:co-
- eSlerrite
NOGALAS

Somple Number
(Orilt Hole Number)

Alluvium, Waste, Dumps

Quariz Monzonife Porphyry

2

Horrﬁ Ronch‘ Quartz Monzonite

Quariz Diorite

Breccia Pipe

Ruby Star Granodiorite -

Oxframe Rhyolite Weided Tuff

-~




91,000E

..

PM.OENIX
‘l’v‘eon

oSlerrite
NOGALAS

o, Sample Number
(Drill Hole Number)

/77 Present Pit Lovels
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