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ABSTRACT

The Stockton Mining District, Utah, an area of current mineral exploration shares
many geological characteristics with the nearby Bingham Canyon Porphyry Cu-Au-Mo
Deposit. Stable isotopes, petrographic analysis and fluid inclusions are used in this study
to guide exploration and to aid in a better understanding of the area.

Fluids play a major role in the formation of ore deposits of hydrothermal origin,
not only do they cause mineral deposits but they also cause mineralogical and isotopic
changes in the host rocks. This change depends on temperature and on the chemical
composition of both the host rocks and the fluids circulating through them. Areas with
the highest fluid flow (higher water/rock }atio) feature rocks with the largest isotopic shift
from their original values. Stable isotopes can be used to map “cryptic’ alteration, helping
to determine areas altered by fluids even though this alteration may not be visible in hand
specimens or thin sections and this enables stable isotopes to be used as an exploration
tool in mineralized areas.

Hydrothermal alteration in the analyzed samples seems to be strongly controlled
by lithology; the main alteration assemblage in igneous rocks is K-silicate constructive,
characterized by the presence of hydrothermal biotite. This alteration usually has an
incipient to weak phyllic overprint. Sedimentary rocks have been mainly altered to
quartz, carbonate and calc-silicate minerals, which include diopside, actinolite, tremolite,

garnet, epidote and zoisite. Hydrothermal magnetite, indicating early hydrothermal
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alteration is present in igneous rocks from drill holes SD-16, SD-21 and SD-22 where it
is spatially associated to hydrothermal biotite, and in sedimentary rocks from drill holes
SD-14 and SD-23; where calc-silicate minerals occur.

Carbon (8"°C) and oxygen (5'%0) stable isotopes were analyzed on limestones
from Stockton, to determine how stable isotopes vary locally around mineralized zones.
A total of 150 samples were collected across two spatial scales encompassing both
district wide variations and local variations around individual mineralized bodies. Thin
calcite veins are very common in these limestones; in some cases these veins were thick
enough to allow them to be sampled and they were analyzed separately from the rock
samples.

The sampled limestones have 8'°0 values that vary from 1.7 to 26.1 %o.
Limestone 8"°C values range from -10.9 to 5%o. The veins are usually lighter than their
host rock suggesting that they are of diagenetic. Two trends are seen in the isotopic
composition of the limestones, including both altered and unaltered values. We believe
that at least two processes are needed to account for the distribution seen in the data.
Possible processes are: hydrothermal alteration (accounting for the low oxygen values)
and contact metamorphism (which could be responsible for the low carbon values.). Both
carbon and oxygen show regional isotopic patterns.

A preliminary fluid inclusion study demonstrated that brine fluids are present in
samples from drill holes SD SD-16, SD-21 and SD-23, and in one outcrop sample.
Opaque daughters are present in inclusions from all samples, except the one collected at

surface; some of these have triangular shapes, which are characteristic of chalcopyrite,

suggesting the presence of fluids with a high copper content. Microthermometric studies




are needed to better understand the fluid inclusions present in the igneous and
sedimentary rocks of the Stockton area.

Overall the Stockton prospect area has many lithological and alteration
characteristics common of porphyry Cu deposits, these include a strong K-silicate

constructive alteration with a phyllic overprint, and the presence halite daughter minerals

within fluid inclusions.
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INTRODUCTION
Present study

This study forms part of an exploration campaign taking place in the Stockton
area, Utah, by Rio Tinto. Petrographic and geochemical exploration techniques will be
used to aid in the exploration and to help direct drilling in the area.

One of the main attractions that lead to the continued interest in exploration in this
area, are the similarities it shares with Bingham Canyon, which is the richest mining
district in Utah (Stokes, 1986). Another detail that brought attention to this area was the
existence of numerous old workings, demonstrating a continuous interest. The prospect
area is relatively close to the Bingham Canyon Porphyry. These two areas share many
lithological characteristics, including similar ages for the intrusions.

The oldest igneous phase in the Bingham mine area, corresponds to an
equigranular monzonite phase intruded at 39.8 + 0.4 Ma. It is believed that mineralization
started after the emplacement of this intrusion and is related to the formation of the quartz
monzonite porphyry. However the date of the quartz monzonite porphyry can not be
determined due to strong hydrothermal alteration. Copper mineralization probably ended
before the intrusion of the quartz latite porphyry plugs which are located in the central
pit, at 38.8 + 0.3 Ma (Warnaars, et al., 1978). A quartz monzonite porphyry in the
Stockton area has been dated at 39.4 + 0.26 Ma ((Davies, 1996), which falls within the
range of the Bingham mine igneous rocks.

The present study will encompass an oxygen and carbon stable isotope analysis of

carbonate rocks, as well as the examination of carefully selected petrographic samples

and fluid inclusion samples. Stable isotopes and alteration analysis of petrographic




samples will be used as vector toward ore and to better understand the prospect. A brief
fluid inclusion study will help to determine the presence of porphyry like fluids and to
compare the results to fluid inclusion studies done in the Bingham porphyry system.
Location
The study area is located southwest of Salt Lake City, Utah, approximately 13
miles southwest from the Bingham Canyon Cu-Mo-Au Porphyry (Figure I). Both

Bingham and the prospect area form part of the Oquirrh Mountain Range (Davies, 1996).

 Salt Lake City
Stockton- “Bingham Canyon |

UTAH ‘

LEGEND

Study Area

Figure 1: Location of the study area.




BACKGROUND
Geology

Most of the Oquirrh Mountains are composed of Pennsylvanian age marine strata
that form part of the Oquirrh Group (Figure 2)(Hintze, 1988). The Oquirrh group is the
thickest stratigraphic unit in the Oquirrh Mountains; it is composed of intercalated
limestones and sandstones (or quartzites). Few quartzites are present at the base, these
become more abundant and thicker towards the top. Silica cemented sandstones are more
abundant than lime cemented sandstones (Gilluly, 1932).

Intrusive and extrusive igneous rocks are present in the Stockton area. Intrusive
rocks are the most abundant; these are mainly quartz monzonite porphyries and include
many dikes, sills and small stocks. Most of these seem to have intruded along earlier
north trending faults (Gilluly, 1932).

The intrusive rocks are of Oligocene Age. A K-feldspar phenocryst from a quartz
monzonite porphyry, taken from drill hole SD-16 at a depth of 2550 ft, was dated at 39.4
+0.26 Ma using the Ar'”Ar* method (Davies, 1996).

Quaternary deposits occupy a large area of the Stockton quadrangle, these
include: alluvium, talus deposits, glacial moraines and sediments from Lake Bonneville
(Gilluly, 1932).

Structure

The geologic structure of the Oquirrh Range is similar to others in the Basin and
Range Province. Strata has been folded and later cut by normal faults (Gilluly, 1932).

The Stockton area is cut by many faults; these are considered of “economic

importance” because of their close association to mineralization. Two main systems
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oceur, with at least two periods of faulting in each one. The most important system
economically speaking has faults that strike mainly N 10°-30° E, this system is known as
the north-south system by previous authors (Gilluly, 1932). The second system closely
follows the attitude of the sedimentary rocks in the area; faults strike close to east and dip
north. Evidence suggests that the east-west fault system was the first one to form (Gilluly,
1932).

Sedimentary rocks in the area strike mainly west-northwest and dip north-
northeast, except for in the area of the Ben Harrison mine where they go from vertical to
slightly overturned (Davies, 1996).

Mining History
| The Oquirrh Mountains have been of interest to miners since the 1800’s. Gold
was first discovered in Bingham Canyon in 1863 (Stokes, 1988). The Stockton mining

district, also known as Rush Valley was formed in June 12, 1864. It originally formed

part of the West Mountain Bingham District (Gilluly, 1932). Most of the exploited lead-
silver-zine-copper deposits in the Stockton quadrangle correspond to bedded replacement
bodies. There seems to be both lithological and structural control because most deposits
are located at the intersection between fissures and favorable beds (Gilluly, 1932).

Old mine workings and prospects are abundant in the area; these include adits,
shafts and dumps. The main ore minerals found in the dumps left by these past activities

are galena and sphalerite. Copper sulfides and oxides are also sometimes present.

Mineralized bodies include mantos, mentioned above, and veins; the first follow
stratigraphy and the veins cut through it, mainly with a north south orientation, following

existing structures.
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Hypogene minerals that are the most abundant in these bedded deposits are:
galena, sphalerite, chalcopyrite, microscopic argentite, tennantite, pyrite and pyrrhotite.
Oxidation minerals include: cerussite, plumbo-jarosite, anglesite, jarosite, “limonite”,
aurichalcite, smithsonite, clamine, hydrozincite, malachite, azurite, pyrolite, psilomelane,
| and wad. There was little migration of the metals during the oxidation of the sulfides,

which is expected due to the abundance of carbonate present in the wall-rocks (Gilluly,

1932).

| Typical ore from Stockton was 6-20% lead, 2-12% zinc and 2-8 ounces of silver
(Gilluly, 1932). Through 1927 production was divided among: lead (75%), silver (16%),

) zinc (5%), gold (3%) and copper (1%) (Moore, et al., 1966).




METHODS
Petrographic Analysis Methodology

Petrography samples were collected from drill holes and outcrops to characterize
the types and spatial variation of rock types, alteration assemblages and mineral
associations. Depending on the mineralogic characteristics of the rock and on the
abundance of opaque minerals, either a thin section or a polished thin section was
prepared, and one sample was made into a polished slab. Together these total 61 samples,
of which 49 were taken from drill core and 12 were collected from outerops. Most of the
outcrop samples fall within the location figure shown in figure 1, but there are two
samples (SM-15/06/06-4 and SM-15/06/06-5) which are located approximately 1.2 Km
to the east of this area, the coordinates of these samples are 386287mE / 4478715mN and
386846mE / 4478816mN respectively.

Polished thin sections were prepared by Quality Thin Section in Tucson, Arizona;
thin sections were prepared by Thomas Parkhill in Albuquerque, New Mexico and the
polished slab was made at the New Mexico Institute of Mining and Technology.

Sampling of drill holes was mainly done on two major transects (Figure 3) one
with north-south orientation and the other with east-west orientation. The north-south
transect comprises drill holes SD-21, SD-16, SD-23 and SD-14, and the east-west
transect comprises holes SD-22, SD-16, SD-15 and SD-26. Other drill holes outside of
these transects were also sampled, these are: SD-18, SD-19, SD-31, STK-034 and
04RDYRO1. The last two drill holes are located south of the area shown in figure 3. Two
drill hole samples (one from SD-14 and one from SD-15) were also analyzed for oxygen

and carbon stable isotopes.
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Drill hole sample descriptions are found in appendix A and include: rock type or
protolith, alteration minerals and assemblage, vein types and ore minerals; if possible, the
paragenetic sequence of mineral formation was also ascertained. Outcrop sample
descriptions are found in appendices B and C. Pictures and sketches to illustrate

important observations are shown in appendixes A, B and C.
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Figure 3: Sampled drill holes. (Drill holes STK-034 and 04RDYRO1 are located south of
this area).

Outerop samples include intrusive and sedimentary rocks; the first were collected
to compare the hydrothermal alteration signatures at topographically higher elevations
with alteration observed from the drill hole samples at depth.

Most of the outcrop sedimentary rocks were sampled for oxygen and carbon

stable isotope analyses (Appendix C); of these, samples that were analyzed

petrographically were carefully selected to encompass all the major differences; these




differences include white limestones, gray limestones, limestones cut by abundant calcite
veins, limestones with scarce veins, coarse limestones and fine-grain limestones. The
main reason for describing these samples was to have a detailed petrographic description
of the rocks to help explain variations seen in the isotopic analyses. The remaining
sedimentary rock sampled was colleted from a dump rich in copper oxides; the purpose
of this sample was to determine the host rock.

Stable Isotopes Methodology

A total of 150 samples were collected for carbon and oxygen stable isotope
analyses; of these 148 correspond to field samples and two to core samples, one from
drill hole SD-14 and one from SD-15. Sampling was done on two spatial scales;
regionally to encompass district wide variations, and locally around known mineralized
bodies to determine how the isotopic signature varies in the surrounding area of mantos
or veins which are usually mineralized with lead and zinc; for example detailed sampling
was done in the vicinity of the Argent Mine.

Most of the stable isotope samples correspond to limestones, which vary in color
from dark gray to white and also vary in quartz content “sandy limestones” and grain
size. Petrographic analysis shows that one of the “white limestones™ is actually a chert,
possibly a silicified limestone. The sample from drill hole SD-14 corresponds to a garnet
skarn which has recrystallized carbonate.

It is very common to find calcite veins cutting the limestones (Figure 4), with
most veins usually very narrow (sub-millimeter scale); although in some cases they are
wide enough to provide samples that were analyzed separately from their host rock. This

was done for a total of 14 veins. Vein density was determined for each outcrop in which
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an isotope sample was collected; and was done by counting how many veins intersected a

meter-long line.

eins cutting limestones.

Because only a very small amount of sample is needed when analyzing for carbon
and oxygen isotopes, samples were collected by hand drilling each rock. Some samples
had very noticeable heterogeneities, such as patches with different colors or crystallinity;
in these cases, both areas were drilled and analyzed separately to determine whether
visible differences also yielded differences in isotopic composition.

Samples were analyzed in continuous flow mode with gas bench in a Finnigan
MAT Delta Plus XP with an autosampler. Analysis was done using the standard
technique of acidification with 100% phosphoric acid. The reaction between the
phosphoric acid and the carbonate took place at a constant temperature of 45°C and each

sample was left to react for more than three hours. Mineral standards were run with
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every batch of samples and were used to calibrate the data. Values of 8'%0 are presented
relative to SMOW, and values of §'*C are relative to PDB.

Different weights of the same samples were analyzed to determine whether the
amount of sample would have an effect on the measured isotopic value; however, it was
found that generally the amount of sample does not affect the values obtained. Values of
§'%0 and 8"C for the same samples using approximately 0.5 mg and approximately 0.2
mg are shown in table 1. Every run done after this used approximately 0.2 mg of sample
under the assumption that the samples were 100% carbonate. In a few cases samples with
low yields, due to impurities, were re-run using a larger amount of sample.

Duplicates of samples were done to check precision; showing that 19 out of 23
duplicates have values that vary from each other from 0.0%o to 0.4%. and have an average
difference of 0.2%o for 5'*0 and §"C combined.

Fluid Inclusion Methodology
Fluid inclusion samples were collected from three selected drill holes and
one outcrop. Drill hole samples total seven, five of these are from drill hole SD-21, one is
from SD-16 and one from SD-23 (Figure 5). The location of the sample taken at surface
is shown in figure 5.

When collecting these samples, one of the main factors taken into consideration
was the presence of quartz, preferably of secondary origin, which usually occurs in veins,
this was done because fluid inclusions, if present, are more easily observed in clear
minerals, such as quartz. If the quartz being analyzed is an alteration mineral of
secondary origin, it means that the fluids that formed it are also secondary or

“hydrothermal”, and one of the main objectives of this part of the study is to document
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the presence of “porphyry like fluids”. Thick sections for the analysis of these samples
were prepared by Quality Thin Section in Tucson, Arizona. Detailed descriptions of fluid

inclusions are found in Appendix D.

Sample Weight | d13C/12C | d180/160 | Weight | d13C/H2C | d180/160
(ma) (mg)
SM-27/05/06-8 0.46 1.5 20.3 0.21 1.4 20.0
SM-05/06/06-21 0.46 0.6 18.6 0.24 0.4 18.1
SM-27/05/06-16 0.53 42 24.4 0.17 4.2 24.8
SM-23/05/06-6 (B) 0.52 41 212 0.18 4.2 215
SM-14/06/06-11 05 T 16.1 0.24 1.5 16.4
SM-05/06/06-2 (VEIN) 0.5 31 2456 0.22 3.1 24.0
SM-05/06/06-7 0.53 3.2 22.4 0.18 3.1 22.4
SM-05/06/06-7 (DUP) 0.5 32 22.0 0.22 29 22.0
SM-05/06/06-9 0.51 35 24.7 0.18 33 246
SM-29/05/06-6 0.47 15 195 0.19 14 19.5
SM-14/06/06-6 0.45 2.7 18.0 0.22 25 18.1
SM-27/05/06-13 0.53 3.7 21.0 0.18 36 20.8
SM-27/05/06-14 0.52 a9 24.4 0.19 38 24.7
SM-27/05/06-15 0.5 a7 24.9 0.2 4.5 25.4
SM-27/05/06-15 (DUP) 0.48 47 25.1 0.21 4.6 253
SM-27/05/06-18 (A) 0.48 33 214 0.2 3.1 213
' SM-27/05/06-18 (B) 0.5 37 22.6 0.18 34 22.6
SM-27/05/06-4 0.56 23 13,0 0.22 2.3 13.4
SM-27/05/06-6 0.46 1.8 24.0 0.18 18 241
SM-27/05/06-7 0.52 20 251 0.22 20 25.5
SM-27/05/06-9 0.45 25 223 0.18 2.5 22.5
SM-27/05/06-10 0.55 25 19.5 0.18 23 19.9
SM-27/05/06-10 (DUP) 0.5 24 19.8 0.21 23 19.9
SM-07/08/06-1 0.46 1.7 11.0 0.23 1.7 10.9
SM-D7/08/06-1 (VEIN A) 0.47 1.0 11.1 0.18 1.1 1.6
SM-07/08/06-1 (VEIN B) 0.48 0.2 1.2 0.18 0.2 1.2
SM-14/06/06-1 0.49 03 18.4 0.25 0.3 18.7
SM-14/06/06-2 0.56 11 16.4 0.2 1.1 16.9
SM-14/06/06-3 0.51 25 235 0.23 23 233
SM-14/06/06-4 0.47 2.7 133 0.24 27 13.2
SM-14/06/06-4 (DUP) 0.45 T 12.9 0.21 25 12.9

Table 1. Values of 8'*0 and 5"C obtained for duplicate samples using different sample
sizes.
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RESULTS
Petrography

Thin section descriptions have been divided into drill hole samples and field
samples, with detailed descriptions presented in appendix A and B, respectively.

For all igneous rocks, mineral percentages were estimated, and names were given
using the classification from Hughes (1982). Latite porphyries with quartz phenocrysts
were classified as quartz-latite porphyries, the quartz phenocrysts present in these rocks
are commonly quartz eyes.

Drill hole samples
Intrusive Igneous rocks

Most of the samples analyzed correspond to intrusive igneous rocks; these vary in
composition from intermediate to felsic, with monzonites and latites the most abundant
rock types. There are several fine-grain, equigranular igneous rock, originally logged as
monzonites, which were collected from drill holes SD-15, SD-22, SD-23, SD-26 and SD-
31. These “monzonites™ showed variable petrographic characteristics, and were classified
as biotite quartz-diorite, alkali feldspar quartz-syenite, biotite monzonite or hornblende
quartz monzonite (Appendix A). Magmatic magnetite is present in most of these rocks,
except for the biotite monzonite and one of the alkali feldspar quartz-syenites; total
magnetite varies from <I.5 to 6 vol-% and it is more abundant in the biotite quartz-
diorites.

Quartz-monzonites are the most abundant rock type, and are characterized by
having a greater amount of quartz than the “monzonites” described above and by being of

coarser grain. Quartz in these types of rocks is usually irregularly shaped, and zircon is
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commonly present as trace microcrysts. Scarce magmatic magnetite (<1 vol-%) is
sometimes present, observed only in one quartz-monzonite: SD-21-1948.5 ft. Some
quartz-monzonites are weakly porphyrytic.

Porphyritic rocks are divided into two main groups, with few exceptions; quartz-
monzonite porphyries and quartz-latite porphyries. Both of these porphyry types have
sub-equal amounts of plagioclase and K-feldspar; however, the main difference between
these two types of rocks is the grain size and composition of the matrix. Quartz-latite
porphyries are characterized by having a very fine grain matrix, which usually comprises
quarlz, in some cases with plagioclase and K-feldspars; quartz-monzonites porphyries
have a coarser groundmass of quartz and K-feldspar with sub-equal amounts of each, and
sometimes scarce plagioclase. In both intrusion types K-feldspars are usually the largest
phenocrysts, and often have mineral inclusions of plagioclase, quartz and/or biotite.

K-feldspar, plagioclase, quartz and biotite are the main phenocrysts in both,
quartz-latite porphyries and quartz-monzonite porphyries. Hornblende is more abundant
in the quartz-latite porphyries (Photo 1), with only trace hornblende seen in quartz-
monzonite porphyries. Sample SD-21-1852.5 ft. was logged as an “hornblende quartz-
latite porphyry” due to the abundance of hornblende. Sample SD-21-660.5 ft. is a biotite
quartz latite porphyry due to the abundance of biotite; in this rock, biotite is the most
abundant mineral, comprising approximately 50-55 vol-% most of which seems to be of
late magmatic-early hydrothermal paragenesis. Due to strong K-silicate constructive
alteration, only scarce phenocrysts, besides biotite, are present, but include K-feldspar,
plagioclase, hornblende, and trace quartz. The matrix of this rock type is comprises fine-

grain quartz, plagioclase and K-feldspar.
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Quartz-latite porphyries are also characterized by rounded quartz phenocrysts or

“quartz eyes” and by the presence of trace sphene (Photo 2), which does not seem 1o be

present in the quartz monzonite porphyries.
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Two porphyrytic samples were not classified as quartz latite porphyry or quartz
monzonite porphyries. Sample SD-21-1584.5 ft. was classified as an hornblende dacite
porphyry. Biotite is the most abundant phenocryst, followed by hornblende and
plagioclase, with scant quartz; no K-feldspar phenocrysts are observed. Magmatic
magnetite is present, comprising <3 vol-% of this rock. The matrix is very fine grain and
is composed of smectite, K-feldspar and quartz; the fine-grain texture of the groundmass
suggests that this rock is probably hypabysal.

The last drill core sample of porphyrytic nature is a quartz-diorite porphyry
(sample SD-21-2011 ft.). This rock comprises biotite, quartz, plagioclase and trace
zircon, but no K-feldspar. The matrix is composed of quartz and plagioclase.

Two samples that have been strongly altered could not be classified into any
specific igneous rock type. These correspond to SD-14-1219.5 ft. and SD-21-1899 fi. The
first sample displays early K-silicate constructive alteration with strong phyllic overprint;
the latter one has been biotitized. Both of these have several characteristics that indicate
that they might be igneous in origin, such as the presence of relic phenocrysts.

Voleanic Igneous Rocks

Three of the described samples are of volcanic origin, and include two andesites
and one biotite dacite. One of the andesites was collected from drill hole SD-18 and the
other from drill hole 04RDYRO1 (Appendix A). These andesites are characterized by a
fine grain matrix composed mainly of plagioclase and plagioclase as the main phenocryst
(Photo 3). Sample 04RDYRO01-1896.5 fi. corresponds to a very fresh rock, containing

clinopyroxene, hornblende and magmatic magnetite.
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Plagioclase is also the most abundant phenocryst in the biotite dacite collected
from drill hole SD-19; other phenocrysts include K-feldspar, quartz and biotite. The
matrix is mainly composed of quartz and alteration-derived smectite. Zircon and apatite

are common trace microcrysts in most igneous rocks studied.

Photo 3: Volcanic rock ant p nocrysts from sample 04RDYRO1-

1896.5 ft. (f.o.v.= 1.8 mm long).

Sedimentary Rocks

All the sedimentary rocks collected from drill holes have been altered to some
extent, except for sample SD-15-72 ft. which corresponds to a fresh limestone (Appendix
A). Samples that have been completely altered were probably originally carbonates. In
some cases, some carbonates likely possessed an original clay content to account for the
aluminum necessary to generate garnet; examples are SD-14-1124 ft., SD-23-2322.5 ft.
and SD-31-1760 ft. In all of these rocks residual recrystallized carbonate is present.

Detrital quartz is still very abundant in three samples, classified as quartz arenites,
these are SD-14-1266.6 ft, SD-23-885 ft and 05STK034-609 m. Other samples, such as

$D-31-1430 ft., SD-31-1760 ft. and SD-31-2178 ft. may also have quartz of detrital
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origin but in lesser amount, the protolith in these cases was probably a sandy limestone or
lime sandstone (Appendix A).
Alteration

Alteration of Igneous rocks

Hydrothermal biotite is the most abundant alteration mineral in the igneous
samples, with most Stockton igneous rocks displaying replacement to some extent by
hydrothermal biotite. This mineral is characteristic of an alteration assemblage known as
potassium-silicate constructive or “potassic”; muscovite, K-feldspar and biotite are the
main minerals in this alteration type (Creasey, 1959); of these biotite is the most
abundant in the Stockton samples. Hydrothermal K-feldspar is not usually present at
Stockton, except in a few samples from drill holes SD-16 and SD-21. Hydrothermal K-
feldspar is distinguished from magmatic K-feldspar by occurrence of the former in veins.
Some of the K-feldspar that occurs in the matrix of quartz monzonite porphyries could
also be of late magmatic-early hydrothermal origin.

Hydrothermal biotite at Stockton is generally shreddy and usually occurs in
clusters, is usually fine grained, and sometimes has an olive-green pleochroism. In some
cases hydrothermal biotite replaces magmatic biotite (Photo 4) and usually replaces
hornblende (Photo 5).

Hydrothermal magnetite is spatially related to the K-silicate constructive
alteration and is present in igneous rocks in drill holes SD-16, SD-21 and SD-22. It is
common to find magnetite associated to this alteration assemblage (Beane, 1982). This
was also observed in Butte Montana, here there is magnetite spatially associated with

early biotite (Meyer, 1965).
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Photo 4; Hydmthcnnal bmtite lephcmg magmatu, blome in sample SD- 16-2629 i,
(f.0.v. = 0.9 mm long).
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Photo 5: BlDtllt‘- (brown) rq)hung hornb]endc (green) sample S[)-?.l 1592 5 ﬁ (fov=
0.9 mm long).

Magnetite of hydrothermal origin commonly occurs with hydrothermal biotite and
sulfides, and as K-feldspar, hydrothermal magnetite is distinguished from magmatic
magnetite by its occurrence in veins (Photo 6).

Magnetite in Stockton igneous rocks varies from <2 vol-% to approximately 15

vol-%. Drill hole SD-22, in the western portion of the property, has the greatest
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hydrothermal magnetite content; this occurs in samples SD-22-1240 ft. and SD-22-1270
ft. (Appendix A), intervals in which sulfides are scant (<2 vol-%). Importantly
hydrothermal magnetite generally shows variable replacement by specularite (Photo 7),

suggesting late oxidation of the K-silicate + magnetite assemblage.

: ' it -ZI
Phote 7: Magnetite being replaced by specular hematite (blue), sample SD-21-1961.5 ft.

(f.o.v. = 0.225 mm long).
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K-silicate constructive alteration at Stockton is usually variably overprinted by
phyllic alteration, characterized by the presence of white phyllosilicates, scarce
muscovite, and in some cases, Scarce phengite.

Destruction of feldspars and biotite is characteristic of the phyllic alteration
(Beane, 1982). In agreement with this, white phyllosilicates mainly occur as replacement
of feldspars; in some samples white phyllosilicates + scarce muscovite occur as scarce
patches; it is also common to find white phyllosilicates associated with carbonate such as
in sample SD-16-2185 ft.; this same feature was observed in the porphyry copper deposit
at El Salvador, Chile, where minor calcite occurs with sericite that alters feldspars
(Gustafson and Hunt, 1975). Some white phyllosilicates directly replace both magmatic
and hydrothermal biotite (Photo 8 and photo 9). White phyllosilicate veinlets are also

sometimes present in the Stockton igneous rocks.

allenn}z, bmtltc, samplc QD 16- '7’185 11 (f.o.v.= 1.8 mm
long).

Photo 8: White hyllsilcats

QSP (quartz + “gericite” + pyrite) veins, a consequence of phyllic alteration

(Beane, 1982), were only observed in sample SD-15-1230 ft. (Appendix A). Calcite is
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present in one QSP vein: this is not uncommon as has been previously documented at the

porphyry copper deposit at El Salvador, Chile (Gustafson and Quiroga, 1995).

(LITERY <) /).
Photo 9: Bldded musuwlte replacmg biotite, sample SD-22- 1321 ft. (fo.v. =(0,45 mm
long).

The degree of phyllic overprint varies substantially, but is usually incipient to
weak, meaning that abundant biotite is as yet present. Two samples have strong phyllic
overprint; are SD-14-1219.5 ft. and SD-23-1466 ft.

In some samples hydrothermal biotite has also been overprinted by patchy, late
carbonate. Carbonate occurs altering phenocrysts, as scarce patches in matrix, in veins,
and in clusters with other alteration minerals such as biotite. In some cases there is a
spatial association between carbonate and chlorite, such as in samples SD-21-1581 ft. and
SD-21-1584.5 fi.

Biotite commonly displays incipient replacement by chlorite (Photo 10); with
chlorite usually <1 vol-%. Alteration-derived cinnamon rutile is present in most Stockton
igneous rocks, usually comprising <2 vol-%, and occur in close spatial association with

biotite (Photo 11). Scant cinnamon rutile occurs together white phyllosilicates, suggesting
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probable replacement of biotite; in addition cinnamon rutile may also be associated with

chalcopyrite (Photo 12).
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Photo 10 Biotite being altered to chlorite, .sample
long).

‘aD 16 2629 ft. (fov =0.9 mm
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Photo 11: Cinnamon rutile dSbDCIdled wuh blotlte sample '%D 16- 2629 ft. (fo.v.=0.9
mm long).

Feldspars in Stockton igneous rocks have been replaced by a series of minerals

generally represented as patches and veinlets. These alteration minerals include white
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phyllosi]icates, muscovite, biotite, carbonate, quarlz, smectite showing greater
development in plagioclase, epidote, and trace chlorite. Scant kaolinite alters plagioclase
in sample SD-21-1581 ft. Kaolinite is also present in sample SD-16-1219.5 ft., where
some phenocrysts have been completely replace by white phyllosilicates, scarce biotite,
scarce carbonate, trace muscovite and sometimes kaolinite, these phenocrysts were
probably originally plagioclase. Sample SD-23 -1466 ft. has phenocrysts that have been
replaced by white phyllosilicates, carbonate and in some cases scarce kaolinite, these

1 were also probably originally plagioclase.

g,
utile with chalcopyrite, sample SD-21-660.5 ft, (f.o.v. = 0.45 mm
long).

Photo 12; Cinnamon r

Several igneous rock units show a calc-silicate style overprint. In drill hole SD-
21, sample SD-21-1584.5 fi. has actinolite, and samples: SD-21-660.5 ft., SD-21-1948.5
fi., $D-21-1961.5 and §D-21-2325.5 ft. have trace epidote. In drill hole SD-23 sample
SD-23-2270.5 fi. is cut by a vein that has a halo of zoisite and scarce epidote; also in this
rock scant epidote replaces plagioclase. Sample SD-31-2205 ft. has actinolite and trace

epidote.
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Only one igneous sample Jacks biotite (SD-21-490 ft.). In this case, the main

alteration minerals are actinolite (Photo 13) and carbonate, each one comprising <5 vol-

%, perhaps representing calc-silicate endoskarn. Epidote (<2 vol-%) is also present and is

closely associated with carbonate (Photo 14).

‘ O i

Photo 13: Mafic nineral replaced b ﬁbmus anphibnl(
ft. (f.o.v. = 0.9 mm long).

pa

R TS # i ; .
Photo 14: K-feldsp teration to ep
(f.o.v.= 1.8 mm long).
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Alteration of Sedimentary Rocks

Sedimentary rocks noted from drill holes have been mainly altered to calc-silicate
minerals, plus carbonate and quartz. These calc-silicate minerals include diopside,
actinolite, tremolite, garnet, epidote and zoisite, occasionally occurring with chlorite,
serpentine, magnetite, specularite and smectite. Scarce chloritoid (<2 vol-%) is also
present in one sample (SD-23-1556 ft.) in which it replaces amphibples and
ﬂ clinopyroxenes. Trace K-feldspar is present in sample SD-31-2178 ft. In sample SD-23-
2322.5 ft. serpentine replaces garnet. In the quartz arenites, alteration minerals are usually
interstitial to detrita‘ quartz grains.

Chlorite, when present, is usually associated with amphiboles, apparently
replacing them. The sedimentary rock with the greatest chlorite content corresponds to
SD-31-2178 ft. (Appendix A), where it comprises approximately 5 vol-% of the rock;
here, chlorite replaces an amphibole (tremolite/actinolite?), and is being replaced by
carbonate.

Hydrothermal magnetite is also sometimes present in sedimentary rocks, it occurs
in veins in sample SD-14-1266.6 ft. and SD-23-1556 ft (Appendix A).

In Stockton igneous rocks specularite usually replaced magnetite; in sample SD-
23-1566 ft. the opposite occurs, serpentine formed first but it is now being replaced by
hydrothermal magnetite, together these comprise approximately <6 vol-% of the rock, the
evidence that suggests that in this case specularite formed first is that these minerals are
bladed, a common feature of specular hematite (Photo 15). Also in this sample magnetite
surround chalcopyrite and pyrite, possibly replacing them (Photo 16), indicating that this

hydrothermal alteration was a late feature in this rock.
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Photo 15: Magnetite replacing specular hematite, sample SD-23-1556 fi. (f.o.v. = 0.45
mm long).

Photo 16: Chalcopyrite surrounding pyrite, and magnetite surrounding chalcopyrite,
sample SD-23-1556 ft. (f.o.v. = 0.45 mm long).
As with igneous rocks, carbonate also seems 10 be a late alteration feature in
sedimentary rocks. In some samples carbonate is sometimes poikilotopic, and surrounds
other minerals, for example in sample SD-23-2322.5 ft. diopside is surrounded by

poikilotopic calcite, indicating that the calcite had to form after the diopside. Other
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examples that indicate that carbonate was one of the last minerals to form include sample
SD-21-548 fit., where carbonate replaces tremolite and diopside, with a stronger
replacement of tremolite, and sample SD-31-2178 in which carbonate replaces an
amphibole and chlorite (Appendix A).

Sample sp-28-885 ft. corresponds to a sedimentary rock, apparently a quartz
arenite, in which hydrothermal biotite is the most abundant alteration mineral, comprising
approximately 15 vol-% of the rock, it is followed in abundance by carbonate and quartz
which comprise 5-10 vol-% each and by white phyllosilicates; the total amount of white
phyllosilicates is <7 vol-%. In this sample the alteration assemblage is classified as K-
silicate constructive with a phyllic overprint. Cinnamon rutile (<2 vol-%) and ftrace
epidote are also present. Cinnamon rutile in this sample is mainly associated with biotite
and carbonate and scarce occurs with white phyllosilicates,

Sulfides

Overall, pyrite is the most abundant sulfide, followed by chalcopyrite. Other
sulfides which are only present in scarce samples, include marcasite, bornite, digenite,
chalcocite, idaite, covellite, pyrrhotite, trace molybdenite and trace sphalerite; except for
marcasite all the other sulfides only occur in scarce to trace amounts. Sulphosalts include
enargite in sample 05STK034-566.6 m and what appears to be trace tetrahedrite in
sample SD-14-1219.5 ft.

Sulfides are spatially associated with hydrothermal biotite; in the Stockton
samples it is very common to find sulfides, mainly pyrite and chalcopyrite in clusters

with hydrothermal biotite (Photo 17).
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Photo 17: (_ lustu* ot hydmthum ll biotite and pyrite, -mmple SD-21-660.5 ft. (f.o.v. =0.9
mm long).

In three samples sulfides are associated to phyllic alteration; these are SD-14 -
1219.5 ft., SD-15-1230 ft. and SD-23-1466 ft. In the first sample pyrite is the most
abundant sulfide followed by chalcopyrite and bornite with sub-equal amounts, scarce
digenite, scarce tetrahedrite and trace covellite are also present, these last three minerals
were not observed in any other sample.

In SD-15-1230 ft. most sulfides occur in a QSP vein. In SD-23-1466 ft.
chalcopyrite is more abundant than pyrite, in this case there is chalcopyrite associated
with hydrothermal biotite, but the greatest concentration in the rock occurs together with
white phyllosilicates + carbonate + silica + cinnamon rutile + muscovite. In this sample
there were probably two pulses of copper introduction, one related to the K-silicate
constructive alteration and one associated to the phyllic overprint. In this sample it is also

common to find chalcopyrite associated with euhedral muscovite (Photo 18).
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Photo 18: Chalcopyrite surrounding muscovite; sample SD-23-1466 ft. (fo.v.=0.45
mm long).

In the Stockton samples, pyrite was the first mineral to form and is commonly
surrounded by chalcopyrite (Photo 19). Bornite and idaite, when present, occur together
with chalcopyrite, indicating that these three are possibly coeval (Photo 20). Digenite and
tetrahedrite seem to have formed after bornite (apparently replacing it?); this relationship
is only based on one sample, 9D-14-1219.5 ft. Chalcocite is also only present in one
sample (SD-23-1556 ft.); in which it replaces chalcopyrite (Photo 21). Marcasite
surrounds chalcopyrite in sample SD-14-1346 ft. (Photo 22), indicating that it formed
later.

Pyrrhotite occurs in one sample SD-21-2011 ft., where it is spatially associated
with chalcopyrite and magnetite. Pyrrhotite and chalcopyrite occur as small blebs inside
of magnetite and probably formed by exsolution. Enargite surrounds pyrite in sample 05-

STK-034-566.6 m., indicating that it formed later.
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Photo 19: Chalcopyrite surrounding Iyx'fté; mmplc SD-22-1321 ft. (fo.v. =0.45 mm
long).

; ,' i} S T h v L
Photo 20: Bornite together with chalcopyrite, sample SD-31-1760 ft. (fo.v.= 0.225 mm

long).

The relationship of covellite, molybdenite and sphalerite to other sulfides could

not be determined due to the fact that each only occurs in one sample and in trace

amounts.




v. =0.45 mm

Phote 21: Chalcocite replacing chalcopyrite, sample SD-23-1556 fi. (f.o.
long).

cmiyrite, sample SD-14-1346 ft. (f.o.v, = 0.45 mm
long).

Photo 22: Marcasite surrounding chal

Sedimentary rocks with the greatest percenlage of sulfides oceur in drill holes SD-
14, SD-23 and SD-31. Of these sample §D-23-1556 ft. has the greatest abundance with
e>chalcopyrite).

sulfides comprising approximately 10 vol-% of the rock (pyrit
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Profiles

Two profiles one with a north-south orientation, and one with an east-west
orientation, were constructed to determine the spatial variation of the alteration (Figure 6
and Figure 7). The location of sulfides and sulfosalts, other il}an pyrite and chalcopyrite
are also indicated in these profiles, excluding samples SD-31-1760 ft. which has trace
bornite and idaite and sample 05STK 034-566.6 m. which has enargite, marcasite and

trace sphalerite.

South North

SD-14 SP-23 SD-16 sSD-21
500 fi—| 490+
_Nosulides S4Y
6B0.5——+Tr epldote
= / LEGEND —I
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1000 ft—|
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11244
o+ _ﬂg.& : 1252 Area with stronger phyllic
- : : 1269, overprint
1346 ; 1362
1466+ i
1500 ft—| 1466 g ‘ Hydrothermal magnetite
188 13&%"?5_;6 “Actinolte |SD-14 Drill hole
= ggs Indicates depth in feet at which
1852.5¢. the sample was collected
/ +
/ 1948342 —+7r epidote
2000&.—- / 1 c‘r‘i: v‘FICP\ ole
Cak Litkate overprint 2035* br, Idaite
aicfilfate overprint. yy301. b, |
.\‘:\ It .:_..!v.-h\ v 7145
= 227054
23225¢ zszs&L._ L M0
- “Tr epidote
2500 ft—
2629 k

Figure 6: South-north transect, includes drill holes SD-14, SD-23, SD-16 and SD-21.

Based on sample descriptions and on spatial variations, it can be concluded that
alteration in the drill holes is mainly lithologically controlled. Igneous rocks are

characterized by having been altered hydrothermally; the main alteration assemblage is
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K-silicate constructive with a phyllic overprint. And sedimentary rocks have been mainly

altered to calc-silicate minerals.

East West
SD-22 SD:16 5D-15 5D-26
729 Unaltered
limestone
500 ft—
| 7245
1000 ft—
i 11677
12304t 5 655F veins
13t 7 S
15211 A
. 13621 1352)
1500 ft— 1530
-
LEGEND
2000 ft— i K-silicate constructive alteration
with a phyllic overprint
21397 ;
2185+ Hydrothermal magnetite
SD-14 Drill hole
g85 Indicates depth in feet at which
2500 ft— the sample was collected
26291
Figure 7: East-west transect, includes drill holes SD-22, SD-16, SD-15 and SD-26. .
Exceptions to this rule occur near the contact between sedimentary and igneous
rocks; it can be expected for fluids that precipitated calc-silicate minerals to also affect
igneous rocks that are relatively close, as well as for hydrothermal fluids that formed K-

| :




silicate minerals to also alter sedimentary rocks in the surrounding area; such is the case
of sample SD-23-885 ft. which corresponds to a sedimentary rock in which hydrothermal
biotite is the main alteration mineral and sample SD-21-490 ft., an igneous rock that has
actinolite as the most abundant alteration mineral.

There also seems to be a weak calc-silicate overprint at the bottom of drill hole
SD-21, characterized by the presence of actinolite and trace epidote.

Two samples (SD-14-1219.5 ft. and SD-23-1466 fi.) have a stronger phyllic
overprint that the rest of the samples, in both cases white phyllosilicates are more
abundant than hydrothermal biotite. The location of these samples is shown in figure 6.

Hydrothermal magnetite is concentrated in two main areas, possibly associated to
fractures, these areas comprise drill holes SD-14, SD-15, SD-21, SD-22 and SD-23
(Figure 6 and 7), it is mostly associated with the K-silicate constructive alteration, except
for two samples, SD-14 -1266.6 ft. and SD-23-1566 ft., both of sedimentary origin
(Figure 7).

Field samples
Igneous rocks

Sample SM--29/05/06-1 was classified as a monzodiorite; magmatic minerals
present in this rocks include, plagioclase, K-feldspar, hornblende, biotite, magnetite,
quartz and clinopyroxene, possibly augite. Trace zircon is also present. Sample SM-
15/06/06-4 is similar to the previous rocks, but due to its abundant hornblende (7-10 vol-
%) it was classified as a hornblende monzodiorite, this rock also has trace amount of
apatite and rutile (Appendix B). In both of these rocks, there are clinopyroxenes that have

been altered to hornblende (Photo 23) and biotite, indicating a possible hydration of the
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rocks, biotite also replaces hornblende. Both samples present a weak K-silicate
constructive alteration, based on the presence of K-feldspar overgrowths around
plagioclase phenocrysts. Sample SM-29/05/06-1 also has shreddy biotite, of late

magmatic-early hydrothermal appearance.
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mm long).

In sample SM-15/06/06-4, there is a weak phyllic overprint of the K-silicate
constructive alteration, evidenced by the presence of trace muscovite replacing biotite
and of white phyllosilicates altering feldspars, the total alteration to white phyllosilicates
varies from 0 to <5 vol-%, and is weaker in K-feldspars that in plagioclase.

Other alteration minerals in samples SM--29/05/06-1 and SM-15/06/06-4 include
actinolite, which comprises <1 to 1 vol-% and chlorite with <1.5 vol-%. Actinolite
replaces biotite, hornblende and augite; and chlorite replaces hornblende and biotite. Both
the monzo-diorite and the hornblende monzo-diorite lack sulfides.

Samples SM-29/05/06-11 and SM-15/06/06-4 are classified as quartz-latite

porphyries. Alteration minerals in these samples include white phyllosilicates, muscovite,
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chlorite and scarce to trace carbonate. Abundant iron oxides and hydroxides, apparently
hematite and goethite are present in both samples. Chlorite is more abundant in sample
SM-29/05/06-11 comprising approximately <5 vol-%.

White phyllosilicates + muscovite comprise approximately 8-10 vol-%, the lack
of white phyllosilicate veins and the fact that they occur in abundance everywhere
throughout the sample suggests a weathering origin rather than a hydrothermal origin.
The presence of abundant hematite and goethite are also a consequence of weathering of
the rocks.

No residual mafic minerals are present in these quartz-latite porphyries; they have
all been replaced by alteration minerals. Pyrite, identified by its cubic shape, was present
in both samples (SM-29/05/06-11 and SM-15/06/06-4) but has now been replaced by
hematite and goethite. K-feldspar overgrowths around “quartz eyes™ are present in both
quartz latite porphyries, indicating a weak K-silicates constructive alteration.

The K-silicate alteration observed in outcrop igneous samples is different from
the one present in drill hole samples, it is characterized by the occurrence of K-feldspar
overgrowths around other phenocrysts and not by hydrothermal biotite, which as
mentioned before is very abundant in the drill hole samples. Also the alteration of field
samples is not as strong as the one observed in the drill holes, indicating a weakening of
the K-silicate assemblage towards shallower levels. Another important difference
between that the field samples lack copper sulfides, indicating that ore bearing fluids did

not reach surface levels.
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Sedimentary rock

Sample SM-18/07/06-2, was classifies as a chert (Appendix B). This rock shares
many similarities with sample SM-06/06/06-13 (Appendix C), and the protolith was
probably also a limestone, although the evidence is not as clear. Azurite and malachite
are present in the rock, indicating the presence of copper. Submillimeter scale carbonate
veinlets cut the rock. Unlike drill hole sedimentary rocks this sample has not experienced
a calc-silicate alteration.

Stable Isotopes

The isotopic composition of carbonate rocks and veins obtained for 8"C range
from -10.9 to 5 %o, and the 8'°O values range from 1.7 to 26.1 %o (Figure 8, Appendix E).
Based on their characteristics rocks samples were divided into four groups: gray and dark
gray limestones, skarn, coarse limestones and white limestones.

Sedimentary rocks in the study area are of Pennsylvanian age (Davies, 1996).
Unaltered limestone isotope composition for this are were taken from two studies done
on Pennsylvanian brachiopods. One study focused on brachiopods found in shales from
Texas (Grossman, et al., 1991) and the other on late Pennsylvanian brachiopods from
Kansas and New Mexico (Grossman et al., 1993). The range of 8"*C and 8'%0 values was
taken from these articles and these are represented as the “unaltered limestone™ box
(Figure 8).

When comparing the values obtained for the analyzed samples to the ones
expected for unaltered limestones of that age, it is clear that all samples have experienced

some degree of alteration (Figure 8).
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Figure 8: 5"°C vs. 8180 diagram. Includes all the analyzed samples (vein samples are
shown as triangles and rock samples are shown as squares)
Veins

Overall veins are usually lighter in §'3C and 8'*0O than their host rock (Figure 9),
suggesting either a diagenetic or a hydrothermal origin, since both of these processes can
cause these low 8"C and 5'%0 values.

Vein density varies widely from outcrop to outcrop; the highest density
determined was of 70 veins in a meter which corresponds to sample SM-14/05/06-5
(which was also analyzed petrographically, Appendix C), taken 2.5 m away from a
contact with a quartz latite porphyry. There are some few cases where no veins were
observed. No direct relationship was found between the amount of veins and the isotopic

signature of the rock.
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Figure 9: 5"°C vs. 50 diagram. Compares calcite veins to their host rocks.

Rocks

[t was mentioned previously that all the samples have been altered to some extent,
based on this they can be divided into three groups (Figure 10); group one corresponds to
the least altered samples, group two has the ones with the lowest 8"C and group three
includes the samples with the that have been mainly depleted in §'%0.

It is believed that all analyzed samples have been diagenetically altered. A study
conducted on Pennsylvanian brachiopods from New Mexico and Kansas, demonstrated
that diagenetically altered shells are depleted in 513C and 8"0 compared to unaltered
shells. When the matrix incorporates Mn due to diagenesis, it becomes luminescent, and

when compared to nonluminescent calcite, it is shown that the diagenetically altered

41




calcite of brachiopods is lighter in both isotopes than the nonluminescent calcite (Figure

11).
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Figure 10: S0C vs. 5°0 diagram. Isotope values divided into three main groups.

The isotopic shift observed in figure 11, is similar to the one observed for some of
the least altered samples or “group one. When plotting the diagenetically altered values
from figure 11, on figure 10, is supports the idea that samples from “group one” have
been diagenetically altered (Figure 12).

From group one the composition evolved following two main trends (Figure 13);
suggesting that two major processes are responsible for these depletions. Diagenesis has
affected all the samples lowering both carbon and oxygen values, (8'%0 has a greater
shift), but other processes, superimposed on top of the diagenetic alteration have depleted

some specific samples to a greater extent.
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Figure 11: 33C vs. 8'%0 diagram, Compares luminescent (CL) calcite with
nonluminescent (NL). Oxygen and carbon isotope values are given relative to PDB
(Grossman, et al., 1993).

The lower &0 values are interpreted as a consequence of hydrothermal
alteration. Hydrothermal fluids, which are mainly water, would have a stronger effect on
the 8'%0 of the carbonates than on the &'"°C. Because carbon is not a main component in
these fluids it is not expected to find a big shift in the 8"°C values. Rocks that have been
most shifted away from their original values are the ones that have experienced a higher

fluid flow (Arehart and Donelick, 2006), based on this the rocks with lower 8"%0 values

indicate higher water/rock ratios.
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It is possible that some of the samples from group one, have also been affected by
superimposed hydrothermal alteration, but in figure 10 the limit between diagenesis and
hydrothermal alteration can not be easily determined, and since this isotopic study is
being used as an exploration tool, it is better to look for the most anomalous cases thus
only the lower §'80 values, which as mentioned above indicate higher water/rock ratios,

will be considered as hydrothermally altered.
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Figure 12: 8"°C vs. 50 diagram. Red box represents the luminescent or diagenetically
altered samples from figure 11.

Water with a low 8'0 such as meteoric water influence is necessary to account
for the lowest values seen in the data. These values could not be reached only by the

interaction with magmatic fluids.
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Figure 13: °C vs. 5°0 diagram. The two red lines show the two main hypothesized
paths to explain the trends in the data. A: hydrothermal alteration. B: decarbonation by
contact metamorphism.

Samples lying along the second path with low 8"C values are believed to have
| been caused by contact metamorphism. During metamorphism “volatile” elements are
| lost; in carbonate rocks, decarbonation (loss of CO,) can occur, changing the isotopic
composition of the remaining carbonate. In a closed system, the fluids have time to
evolve and equilibrate with the rock before they escape (“batch volatilization”) on the
other hand if the system is open the volatiles will escape before they equilibrate with the
rock (“rayleigh volatilization”), when these two scenarios are represented in a 81C vs.
§'%0 diagram (Figure 14), the batch volatilization plots as a straight line and the rayleigh

volatilization forms a curve in which the §"*C shift is bigger (Valley, 1986). The pattern

observed in the analyzed data correlates better with a rayleigh process.
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Figure 14: §3C vs. 6'%0 diagram. A: batch volatilization. B: rayleigh
volatilization. Modified after Valley (1986).

The CO, lost during the formation of cale-silicate minerals has heavier 5"°C and
580 values that the carbonate rocks, thus the rock becomes lighter (Shieh and Taylor,
1969), 8'°C is affected more that 8'30 because a greater percentage of the carbon in the
rocks is lost. Most of the samples with low 8'3C correspond to white limestones. The
calcite vein that has the lowest 8'"°C belongs to a white limestone (sample: SM-03/06/06-~

3), probably the vein was also affected when the rock underwent contact metamorphism.
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Petrographic analysis of isotope samples
Wide variations were observed in the 9 samples (Table 2) analyzed
petrographically (detailed descriptions of these are given in Appendix C); when possible

limestones were classified under Dunham (1962) and Folk (1962).

SAMPLE §C 80 Description |
2% SM-13/01/06-9 -0.1 10.4 Garnet skarn
% SM-29/05/06-4 4.1 22.1 Gray
» SM-30/05/06-1 -3.9 15.5 White
. SM-03/06/06-3 -5.7 10.4 White
. SM-05/06/06-5 2.7 22.6 Gray, coarse
% SM-05/06/06-10 34 20.0 Gray
# SM-06/06/06-13 -10.9 18.5 White
% SM-14/06/06-15 1.7 20.6 Dark gray
» SM-07/08/06-1 1.7 10.9 Dark gray
SM-07/08/06-1 (White A) 0.3 10.5
SM-07/08/06-1 (White B) 0.0 11.4

Table 2: Stable isotope samples selected for petrography analysis

SM-07/08/06-1, SM-29/5/06-4 and SM-14/06/06-15 correspond to fine grain
micritic limestones; these are rich in organic material (which gives them a dark gray
color) and iron, suggesting that they formed in reducing environments. Iron occurred
mainly as pyrite but has now been replaced by iron oxides, especially hematite. All of
these are cut by coarsely crystalline calcite veins (spary), which vary in size from sub-
millimeter to millimeter scale.

SM-07/08/06-1 has laminations probably of microbial origin and was classified as
4 boundsonte/biolithite, these laminations are not as clear in the other two dark gray
samples so they were classified as packstone-wackstone/biomicrites. SM-29/05/06-4 is
the least altered having higher 5"°C and 8'°0 values, SM-14/06/06-15 has a lower shc
value but it is still weakly altered when compared to the bulk of samples. SM-07/08/06-1

which was collected from drill hole SD-15 from a depth of 72ft. has a lower 8'°0
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suggesting hydrothermal alteration and higher water to rock ratios, this sample is also
characterized by the presence of white areas, believed to be the result of bleaching
possibly caused by oxidizing fluids, these bleached areas were analyzed separately for a
total of 2 samples (labeled White A and White B in Table 2).

SM-30/05/06-1 has been completely recrystallized to poikilotopic calcite; trace
submillimeter scale calcite veins cut the rock. This sample is characterized by having a
very low 5"3C value.

Samples SM-05/06/06-5 and SM-05/06/06-10 both correspond to sandy
limestones; the first one was classified as a packstone-grainstone/bioesparite and the
second one which is finer grain as a packstone/biomicrite. These two samples have also
been recrystallized, but to a lesser degree when compared to SM-30/05/06-1, in this case
recrystallization affected mainly the matrix, making it coarser; some fossils have been
preserved. In both samples chert (fine grain silica) is present in scarce amounts and it
seems to be either replacing grains or filling spaces.

As with the previous two samples SM-03/06/06-3 also corresponds to a sandy
limestone. Minerals present in this sample include quartz, carbonate, diopside (Photo 24)
and fine grain silica. Diopside is pretty abundant, comprising approximately 25 vol-% of
the rock. Another mineral, possibly tremolite, has now been completely replaced
carbonate and fine grain silica; this mineral is only identified due to the presence of
rectangular outlines (Photo 25). This sample gave a low §"C value, which is the
consequence of the decarbonation process that affected this sample during the formation

of cale-silicate minerals such as diopside.

48

I iioni——— i




Sample SM-13/01/06-9 corresponds to a garnet skarn (Photo 26), this sample was
collected from drill hole SD-14 from a depth of 1124 ft. Carbonate has been
recrystallized and it comprises less than 40% of the sample. The 8"C value of this
sample is low but not as low as it would be expected for a skarn sample that underwent a

decarbonation process.
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The last sample (SM-06/06/06-13) corresponds to a possible fine grain sandy
limestone that has now been replaced by chert. Evidence that suggests that it was
limestone is the presence of outlines of possible fossils, one of these appears to have been
an echinoderm (Photo 27); these are now filled with chert. Detrital quartz is still present.

Submillimeter scale calcite veins cut the rock. This sample yielded the lowest §"C value

of all the analyzed values.




Transects

All the sampled transects are located in the vicinity of an old mine (Argent,
Bullion, Ben Harrison, Price, Calumet and Galena King, Figure 15). Most of the samples
collected on these transects plot within the least altered group (Figure 16). Diagrams of
distance vs. §"°C and distance vs. 8'°0 were done for each transect specifically (Figures
17 to 22).

Samples of the transect located near the Calumet Mine are characterized by
having very low 8"C values (Figure 17), these samples are located near a major
intrusion. The two lowest 8"°C values correspond to white limestones. Some of the values
seem to be controlled by structures, for example lower $"*C and §'%0 values are seen on a
sample obtained from one shaft, but this is not observed on samples recollected in the
outcrop of another shaft. Samples from the Bullion transect have low 8"%0 values
characteristic of hydrothermal alteration. (Figure 18).

The Argent, Ben Harrison, Galena King and Price transects (Figures 19 to 22) are
characterized by having mostly samples that belong to the least altered group. Lower
§"3C and 8'"0 values are usually located near structures (structure controlled), such as
intrusions and ore bodies (mantos and veins). For example in the Argent transect (Figure
19), the lowest 8"°C and §'°O values correspond to a sample that was taken right next to
the mine, also there is a sample with relatively low 8'*C and 5'%0 values that is located
near a quartz latite porphyry intrusion. Another good example is in the Prize transect

where the lowest 8'°C and 6'%0 values are from a sample taken close to a manto.
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Figure 16: 5"°C vs. 80 diagram. Each transect is highlighted in a different color.

In these transects again it is shown that veins are commonly lighter that their host
rocks; suggesting that they precede the contact metamorphism and hydrothermal
alteration. If the veins formed before these processes, it is expected that when
hydrothermal fluids and contact metamorphism lowered the isotopic composition of the
rocks they also affected the veins present in the rocks.

There are other samples that fall outside of the transects that were also collected
next to some main structure such as an ore bodies (veins or mantos), faults or intrusions
(Figure 23). This part of the study shows that in most areas the fluid flow is structurally

controlled.
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A Transect near Calumet Mine (Carbon values)
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Figure 17: A: Distance vs. 5°C. B: Distance vs. 580 diagrams. Transect near the
Calumet mine.
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Bullion Mine Transect (Carbon values)
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Figure 18: A: Distance vs. 8C. B: distance vs. 8'°0 diagrams. Bullion Transect




A Argent Mine Transect (Carbon values)
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Figure 19: A: Distance vs. §'3C. B: Distance vs. 8'%0 diagrams. Argent Mine Transect.
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A Ben Harrison Mine Transect (Carbon values)

45
4.0 = —
- 50 cm away from
90 ¥ u mined veing N
30 —m—5—» '
®  Replaceme® ® .7 Ben Harrison Mine
25 - hodie -
v‘ﬂ" a =
% 20 - _ . . .
1.5 = = .
|
1.0 : — -
05 -
0.0
A
'0.5 T T T T T T T
0 50 100 150 200 250 300 350 400
Distance (m)
|s Rocks + Calcite veins - Ben Harrison Mine e Replacement Bodie |
B Ben Harrisen Mine Transect (Oxygen values)
30.0
250 +—= = =
M - " 50 cm away from
. a / mined vein
200 ¢ -" 7 . s .
Replacement ="  Ben Harrison Mine "
o bedie P B
w 15.0
10.0
50
a
D.o T i T T U L] T
0 50 100 150 200 250 300 350 400

Distance (m)
|m Rocks « Calcite vieins - Ben Harrison Mine « Replacement Bodie |

Figure 20: A: Distance vs. 33C. B: Distance vs. 8'°O diagrams. Ben Harrison Mine
Transect.
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Figure 22: A: Distance vs. 51C. B: Distance vs. 80O diagrams. Prize Mine Transect.
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Spatial distribution

The least altered samples occur everywhere in the map, which is expected
considering that presumably all samples have been diagenetically altered, but there are
certain areas with a bigger concentration of samples that have been altered by either
hydrothermal fluids or contact metamorphism (Figure 24).

Sample SM-15/06/06/-1 was collected approximately 1 km southeast of the map
shown figure 24 (coordinates for this sample are: 389521mE / 4476694mN), and it was
taken near a contact with a Monzonite sill; "°C and 880 values obtained fall in the least
altered group.

There are two areas that have experienced a greater fluid flow (lowest 8'°O
values) causing a more pervasive alteration, one is centered on drill hole SD-16 and one
is located west of the Argent Mine, which encompasses the Prize and Shamrock mines.
Samples from the Bullion transect are located in one of the areas that has been affected
by pervasive fluid flow.

Around drill hole SD-16, samples with low 8'%0 are from the King and Paisley
limestone, in this case fluid flow followed stratigraphy. On the other hand near the Prize
and Shamrock mines, samples that have been depleted in oxygen do no follow any
specific bed; instead it appears that fluid flow was controlled by the abundant faults in the
area, these faults strike northeast (Figure 24). These faults form part of the north-south
system are considered to be of economic importance due to their close association with

mineralization (Gilluly, 1932).
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Low 8"C samples are all located in the south part of the map; these fall near the
greater concentration of areas that have been mapped as having calc-silicate alteration.
Also one of the biggest intrusive bodies in the area is located in the vicinity of the
Calumet mine (Davies, 1996), were some of the low §"°C samples plot.

There is a zonation of the metamorphism in the area, this is possibly a
consequence of the proximity to a “large intrusive mass” which occurs beneath the
sedimentary cover, the strongest metamorphic alteration corresponds to skarn, which is
located in the center, it is surrounded by a recrystallized zone (“intermediate
metamorphic grade™), and then an outer bleached corresponding to the “lowest
metamorphic grade” (Figure 24). The skarn alteration has calc-silicate minerals
associated to it; the recrystallization alteration is mainly textural, almost no new minerals
are formed, except for some silicification, and the bleached rocks are identified by their
hardness and the fact that they are less reactive to acid when compared to the rocks that
have not been altered (Davies, 1996).

Samples with low 8C values fall within these alteration zones, this correlates
well with the assumption that these low values are a consequence of contact
metamorphism. The southern limits of the recrystallization and bleached zones could not
be exactly determined due to the alluvial cover in that area (Davies, 1996).

Fluid Inclusions

The goal of this study is to document the types of fluid inclusions that occur in the
samples from Stockton. The inclusions will be described in terms of types and number of
phases present in the inclusion at room temperature. This only a preliminary fluid

inclusion study, as was envisioned for this thesis and microthermometric studies are
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necessary to more completely understand the fluid inclusions in the igneous and
sedimentary rocks of the Stockton area.

Six of the seven drill hole samples analyzed correspond to intrusive igneous
rocks, only one collected from drill hole SD-21 at 137 ft. is of sedimentary origin.
Sample SM-23/05/06-8 taken from an outcrop corresponds to a quartzite breccia.

In all the samples, fluid inclusions are found in quartz, and except for one sample
it corresponds to vein quartz; this exception is sample SD-21-2130.5 ft. were inclusions
occur in magmatic quartz, but the presence of halite bearing inclusions (Photo 28)

suggests alteration by hydrothermal fluids (Appendix D).

0.0075 mm
Lavapor

' | ol R =
Photo 28: Liquid + vapor + two salts (halite and sylvite), occurs together with vapor-rich
fluid inclusions, sample SD-21-2130.5 ft.

Inclusions that contain salt daughters, “brine inclusions” are present in all the
analyzed samples, including the one collected at surface (Photo 29). When only one salt
“daughter” is present, it is probably halite. A second salt “daughter” is also sometimes

present, and possibly corresponds to sylvite (Photo 29 and photo 30).
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Inclusions with multiple daughters, sometimes including opaques, were also
observed in samples SD-16-1103 ft. (Photo 31), SD-21-1633 ft., and SD-23-1448 ft.

(Photo 32).

salt

Photo 29: Liquid + vapor + two daughters (possibly halite and sylvite), sample SM-
23/05/06-8.

Fluid inclusions with opaque daughters were observed in all the samples except
for SM-23/05/06-8, collected at surface. Some opaque daughters have a triangular shape
(Photo 31) and a yellow color under reflected light, these are possibly chalcopyrite; if this
is the case the fluids that formed these inclusions had a high copper content. Triangular
shaped opaques were observed in samples SD-16-1103 ft., SD-21-1002 ft., SD-21-1633
ft. and SD-23-1448 ft. Due to the limited amount of samples a good correlation between
the copper grade and the presence of triangular opaques could not be determined,
although there is one sample (SD-23-1448 ft.) that correlates with a very high copper

grade (1.48%).
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liquid

Photo 30: Liquid + vaﬁor + two salts (halite and sylvite) + opaque daughter, sample SD-
23-1448 ft.

(s = .
‘ Photo 31: Liquid + vapor + multiple daughters, sample SD-16-1103 ft. Opaque daughter
has a triangular shape.

‘ Vapor-rich inclusions are present in all the samples and are overall the most
abundant type; and are usually characterized by having a euhedral shape (Photo 33).

These inclusions sometimes have a halite daughter (Photo 34), an opaque daughter

(Photo 35) or both (Photo 36).
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Photo 32: Liquid + vapor + multiple daughters, sample SD-13-1448 ft.

* vapor rich inclusion

4
Photo 33: Vapor-rich with euhedral inclusion, sample SD-21-2130.5 ft.
Even though secondary fluid inclusions are also present in the analyzed samples,
which are identified due to the fact that they have a linear nature, presumably following
fractures, only inclusions that appeared primary in origin are described herein, and it is

assumed that these formed by the same fluids that precipitated the quartz. Some
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inclusions in fractures could also be pseudosecondary, meaning they formed in fractures

while the crystal was still growing (Guilbert and Parks, 1986), but since these can not be

casily differentiated from the secondary inclusions they were not taken into

consideration.

yapor rich
inclusion

v . F
W

- r Pl AL
Photo 35: Vapor-rich with a dark daughter, sample SD-21-2130.5 fi.
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Photo 36: Vapor-rich fluid inclusion + halite + opaque daughter, sample SD-21-1633 ft.

All the igneous fluid inclusion samples fall within the area defined as having
predominantly K-silicate constructive alteration with a phyllic overprint (Figure 25).
Sample SD-21-137 ft., which corresponds to a sedimentary rock, is not shown in the
profile. The locations were triangular opaques, were observed are also shown in figure
25,

Comparison to Bingham

Fluid inclusions found in quartz veins in the QMP, which contains the highest
copper grade of the Bingham orebody, include brine inclusions, vapor-rich inclusions and
critical-type inclusions, these have been documented by Redmond et al. (2004) (Figure
26). Brine inclusions and vapor-rich inclusions are more common in veins present at
higher elevations, whereas the critical type inclusions are only present at greater depths;
the upper limit of these types of inclusion is shown in figure 26. Critical-type fluid
inclusions are CO, rich inclusions and usually contain and opaque daughter, possibly

chalcopyrite (Redmond, et al., 2004).
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Figure 25: Location of fluid inclusion samples in the alteration profile. Fluid inclusion
[ samples are highlighted in green.

In the Stockton samples it is common to find vapor-rich inclusions occurring
together with brine inclusions (Photo 28), which indicates that the fluids that formed
them were probably boiling at the time of entrapment; this was also observed in the QMP
quartz vein inclusions analyzed from the Bingham orebody (Redmond, et al., 2004).

Vapor-rich inclusions and brine inclusions can be easily identified in the Stockton
analyzed samples but microthermometric studies would be necessary to determine the
presence of CO,-rich “critical-type” fluid inclusion.

Analyzed Bingham samples are associated with hydrothermal K-feldspar -+

biotite, indicating a K-silicate constructive alteration (Redmond, et al,, 2004), which is
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also the case of most of the studied Stockton samples, excluding the two sedimentary

rocks. Copper in Bingham occurs above the critical-type inclusions, grade contours at are

NNWI|

shown in figure 26.
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Figure 26: Fluid inclusion study done in quartz veins present in the QMP orebody of the
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Bingham Canyon deposit (Redmond, et al., 2004).

The presence of these brine inclusions, typical of porphyry Cu systems, is a

positive sign for mineral exploration; a more detailed fluid inclusion study could yield

important exploration clues.
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STABLE ISOTOPES: A VECTOR TOWARDS ORE
Several studies have been done on ore deposits in which stable isotopes are used
as an exploration tool. Isotopes are mainly used to identify anomalies or halos which can
be used to define drilling targets (Nesbitt, 1996). The formation of these halos is
controlled by several variables; such as the original isotopic composition of the rock and

the water to rock ratio (Nesbitt, 1996); the temperature and isotopic composition of the

fluids will also play a major role. One of the main attractions of stable isotopes is that
they can be used to recognize cryptic alteration i.e. that which is not manifest
minerallogically in hand specimen (Campbell and Larson, 1998).

The studies focused on ore deposits of hydrothermal origin, because in these there
are epigenetic processes in which fluids are involved, and these fluids alter the host rock
and change its isotopic composition, sometimes forming halos. Higher fluid flows,
meaning, greater water/rock ratios, will result in a bigger shift from the original values of
the host rock (Arehart and Donelick, 2006); in the case of oxygen it will usually result in
lower §'*0 values.

Isotope studies around prospect areas can assist in determining zones where major
fluid-rock interactions occurred during the formation of the deposit, in other words they
can be helpful in delimiting the areas with the highest water/rock ratios; this can be a very
useful tool in exploration and can be used as a vector towards ore. Assuming that the ore
minerals came with the fluids it would be expected to find the ore zones in areas with the
higher water/rock ratios; if more fluids are involved there is a greater possibility for ore

deposition. Barren fluids can also alter the isotopic composition of the host rocks, and
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because of this, isotopic studies should be carried in conjunction with other types of
studies that can help to determine the presence of ore.

Oxygen is the main isotope used since it is a main component of the hydrothermal
fluids (water) and is also a mayor rock forming component. Carbon can be used when the
wall rocks are carbonates; such is the case of the area of study. Hydrogen and sulfur are
not as abundant in host rocks and thus are not as useful as an exploration tool.

Brief overview of other studies done on hydrothermal deposits

In this review only carbonate hosted deposits will be considered since they can be
more relevant to the present study, but it is important to note that stable isotopes have
also been used as a vector toward ore in other types of deposits such as epithermal (Criss,
et al., 1995) and volcanic massive sulphides (Lerouge, et. al, 2001).

, Carlin-Type gold deposits

A study was conducted in Twin Crecks Nevada to determine the presence of
oxygen and carbon isotope haloes around the deposit, a total of 108 carbonate rocks were
analyzed for oxygen and carbon; the conclusion reached was that low 80 values
surround Carlin-Type gold deposits, and that these are a consequence of hydrothermal
alteration (Stenger, et al., 1998).

P Another study was done in the Pipeline hydrothermal system, with a similar goal,
to use carbon and oxygen isotopes as a vector toward ore. Again 108 samples were
analyzed for carbon and oxygen. Low 8"°C and 5'°0 values are center around the pit
(Figure 27 and 28). The shift in carbon is smaller, due to the fact that is it less abundant
than oxygen in the hydrothermal fluids, so there is a less carbon to react with the carbon

of the host rocks. Stable isotope depletions were found to be present up to several
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kilometers from the pit, forming a large enough halo that they should be a useful tool in
the exploration of similar deposits (Arehart and Donelick, 2006).

Skarn deposits

El Mochito Zn-Pb (Ag) massive skarn was studied to determine whether isotope
halos can be used for exploration. The isotopic composition of eighty two limestone and
calcite samples was determined (Vazquez et al., 1998). It was found that calcite from

skarns has similar §'°0 values to the surrounding wall rocks but lower 8'"°C values, which

is also observed in the samples from Stockton.
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Figure 27: Sample location and oxygen isotope data from carbonate rocks. Heavy line

represents the pit outline (After Arehart & Donelick, 2006).

Samples with higher (less altered) carbon and oxygen isotopic values are more
abundant with distance from the deposit; these changes are more easily observed in

oxygen than in carbon. In chimney-manto deposits, oxygen isotope halos can extend up
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to several kilometers from the ore, on the other hand carbon halos are smaller; and almost
never reach more than 30 m from the deposit (Vazquez et al., 1998).

Other isotope studies have been done on these types of deposits, such as in Naica
(Mexico) and Tsumeb (Namibia) (Kesler, et al., 1995).

These studies were conducted around existing mines which is not the case of
Stockton. In all of these the conclusion is similar: higher (less altered) isotopic values
occur farther away from the deposit and lower §3C and 5'®0 values are close to the
mineralized body, this is mainly observed in the oxygen isotope. The present study
correlates well with these observations, low 5180 values are believed to have been caused
by hydrothermal alteration, and the most depleted samples are interpreted to have been

affected by higher water/rock ratios.
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Figure 28: Sample location and carbon isotope data from carbonate rocks. Heavy line
represents the pit outline (After Archart & Donelick, 2006).
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In most of these studies haloes could be determined. As mentioned in the stable
isotopes chapter at Stockton fluid flow seems to have been largely controlled by
structures, and in most cases the alteration is very localized near the structures such that
wide spread haloes are not developed. There are however at Stockton two areas that have

apparently experienced more pervasive hydrothermal alteration.

If the Stockton area had not been drilled previous to this isotopic analysis the
recommendation would have been to drill in the areas that show the pervasive
hydrothermal alteration, which is very interesting considering that one of the best holes

(SD-16) in the area is located in the middle of one of these zones.
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DISSCUSION
Petrography Analysis and comparison to Bingham
Rock types

Most of the studied Stockton igneous rocks are intrusive in origin; these vary in
composition from intermediate to felsic, with monzonites and latites most abundant. This
is similar to the intrusive rocks found in the Bingham Canyon mine; which include, from
oldest to youngest, monzonite, quartz-monzonite porphyry, latite porphyry dikes and
quartz-latite porphyry dikes (Lanier et al., 1978). Volcanic igneous rocks in the Stockton
samples include two andesites and one biotite dacite; these are from drill holes SD-18,
04RDYRO1 and SD-19 respectively.

[gneous outcrop samples include one monzodiorite, one hornblende monzodiorite
and two quartz-latite porphyries. Both the monzodiorite and the hornblende monzodiorite
are essentially unaltered, in which clinopyroxene and hornblende are still present.

Stockton area sedimentary rocks are variably altered, except for a single sample
collected from drill hole SD-15 at 72 ft. which appears to be a “fresh™ limestone. This
sample was also analyzed for stable isotopes and shows “cryptic” alteration, which means
it was depleted in both carbon and oxygen compared to limestones of Pennsylvanian age.
Probable protoliths for the Stockton sedimentary rocks include: limestones, quartz
arenites and sandy limestones or limy sandstones.

Alteration

The alteration observed in samples is lithologically controlled (Figure 6 and 7).

Igneous rocks present mainly a K-silicate constructive alteration with phyllic overprint;

sedimentary rocks exhibit calc-silicate alteration. A few exceptions occur near lithologic
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contacts, such as sample SD-23-885 ft., and sample SD-21-490 ft. The former is a quartz
arenite in which hydrothermal biotite is the main alteration mineral and the latter is a
quartz-latite porphyry lacking hydrothermal biotite, that has actinolite and carbonate as
the most abundant alteration minerals.

Potassium-silicate constructive alteration is characterized by the presence of
hydrothermal biotite, which is the most abundant alteration mineral in the Stockton
samples studied. K-silicate alteration at Bingham Canyon is characterized by the presence
of quartz + K-feldspar + hydrothermal biotite. These occur in veins and as pervasive
alteration and, importantly this alteration assemblage is spatially associated with
Bingham Canyon copper mineralization (Babcock, et al., 1998). Hydrothermal biotite at
Stockton is generally shreddy and usually occurs in clusters, mainly of fine grain biotite
(Photo 4). Hydrothermal K-feldspar is not common in the Stockton samples and was only
observed in a few samples from drill holes SD-16 and SD-21.

Hydrothermal magnetite is present in igneous rocks from drill holes SD-16, SD-
21 and SD-22 and in sedimentary rocks from drill holes SD-14 and SD-23. The presence
of hydrothermal magnetite indicates the transition between late magmatic and early
hydrothermal processes (Roberts, 1973). In Stockton igneous rocks magnetite occurs
spatially associated with the K-silicate constructive alteration, and generally shows
variable replacement by specularite, a consequence of late hydrothermal oxidation of the
K-silicate + magnetite assemblage (Photo 7).

Phyllic overprint of K-silicate constructive alteration is commonly incipient to
weak, and is characterized by white phyllosilicates, muscovite and scarce phengite; these

occur altering feldspars, as patches, as veinlets, and in some cases directly replacing both
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magmatic and hydrothermal biotite (Photo 8 and 9). Quartz-sericite-pyrite veins occur in
sample SD-15-1230 ft. At Bingham Canyon, sericite alteration is spatially associated
with, and extends beyond, the hydrothermal biotite, this alteration occurs either as QSP
veins or as partial replacement of plagioclase (Phillips et al., 1998). This last mode of
occurrence is the most common in the Stockton samples studied.

In general during K-silicate constructive alteration potassium is added to the rocks
(Beane, 1982). The ratio of K/H has to be large for biotite and K-feldspar to form and
remain stable (Rose, 1970); furthermore, there is a difference in the composition of
biotite that forms during K-silicate constructive alteration from that of igneous biotite;
hydrothermal biotite has a greater Mg/Fe ratio (Beane, 1974). Phyllic alteration causes a
removal of Ca™, Na" and Mg"" during hydrogen metasomatism; some potassium may

also be added to the rocks (Beane, 1982).

Outcrop samples at Stockton also exhibit a K-silicate constructive alteration
assemblage. In the monzodiorite and the hornblende monzodiorite samples this alteration
is defined by the presence of K-feldspar overgrowths around plagioclase phenocrysts, and
in the quartz latite porphyries by the presence of K-feldspar overgrowths around “quartz
eyes”. Shreddy biotite is also present in the monzo-diorite. White phyllosilicates +
muscovite are the most abundant alteration minerals in the outcrop quartz latite
porphyries, but the lack of veins and the fact that these alteration minerals occur
throughout the sample suggests that these are a consequence of weathering and not

hydrothermal alteration.
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Carbonate present in the igneous and sedimentary samples is apparently late in
origin. In some igneous rocks carbonate is spatially associated with white phyllosilicates
and with chlorite. This has been observed in other deposits such as the porphyry copper
deposit at El Salvador, Chile, where calcite is associated with sericite that replaces
plagioclase and with chlorite that alters biotite (Gustafson and Hunt, 1975).

Calc-silicate alteration minerals present in the Stockton sedimentary rocks

include: diopside, actinolite, tremolite, garnet, epidote and zoisite. Sedimentary rocks at

Bingham Canyon are also altered to calc-silicate minerals, which include tremolite,
diopside, wollastonite, garnet (andradite), actinolite, epidote (Atkinson and Einaudi,
1978). Other alteration minerals observed in the Stockton sedimentary rocks include
\ carbonate, quartz, chlorite, serpentine, magnetite, specularite, smectite and trace
chloritoid and K-feldspar.

Sulfides

Pyrite is the most abundant sulfide in the Stockton samples, followed by
chalcopyrite. Commonly pyrite and chalcopyrite are spatially associated with
hydrothermal biotite (Photo 17). Only in scant samples are sulfides associated with the
phyllic overprint.

Detailed sulfide paragenesis could not be determined due to the fact that most
sulfides, besides pyrite and chalcopyrite, are not very abundant. Some paragenetic
observations are the following. Pyrite was the first mineral to form and is commonly
surrounded by chalcopyrite (Photo 19). Bornite replaces pyrite, and locally occurs with
chalcopyrite (Photo 20) and rarely with idaite, suggesting that these three sulfides are

coeval. Digenite apparently replaces bornite in sample SD-14-1219.5 ft (Appendix A).
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Chalcocite was only observed in one sample (SD-23-1556 ft.) where it replaces
chalcopyrite (Appendix A). Marcasite surrounds chalcopyrite in sample SD-14-1346 ft.
(Appendix A). Covellite, molybdenite and sphalerite are only present in trace amounts,
and each one only occurs in one sample, so their paragenetic relation to other sulfides

could not be determined.

Copper at the Bingham Canyon mine is of hypogene origin. Chalcopyrite and
| bornite are the main copper ore minerals, with minor chalcocite. Chalcopyrite in the
intrusive rocks is associated with, and constrained to, areas with hydrothermal biotite;
| greater copper grades and strong biotite alteration are spatially associated (Phillips et al.,
. 1998). Although biotite is the most abundant alteration mineral in the Stockton samples,
pyrite, and not chalcopyrite, is the main sulfide associated with biotite.

Sulphosalts present in the Stockton samples studied include trace tetrahedrite and
enargite. These occur in samples SD-14-1219.5 ft and 05-STK-034-566.6 meters,
respectively. Tetrahedrite occurs spatially associated with digenite-bornite (Appendix A),

enargite surrounds pyrite in sample 05-STK-034-566.6 meters.

In general, several similarities exist between the rock types and alteration found in
the Stockton area and that described by previous authors in the Bingham Canyon area.
Some of the main characteristics that both share are the igneous lithologies, the ages of
igneous activity, the presence of strong K-silicate éonstructive alteration of igneous
| rocks, the existence of a phyllic overprint, and the fact that adjacent sedimentary rocks

have been altered to calc-silicate minerals.
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One of the main differences between these two deposits is the quantity of copper
sulfides associated with potassium silicate constructive alteration. At Bingham Canyon,
high-grade ore is spatially associated with the K-silicate constructive alteration in which
chalcopyrite and bornite are the main ore minerals. At Stockton, the overall quantity of
copper sulfides is low, even though there is some chalcopyrite associated with
hydrothermal biotite.

Stable isotopes

All samples analyzed for carbon and oxygen isotope composition indicate
alteration to some extent (Figure 8). The least altered samples, “group one”, are the most
abundant (Figure 10) and are believed to have been affected mainly by diagenesis,
although some of these could also have a superimposed hydrothermal alteration. One
factor which supports the hypothesis of diagenetic alteration is the fact that most of the
samples analyzed petrographically have been variably recrystallized.

Abundant calcite veins cut Stockton limestones and are generally lighter in both
8"C and 80 than their host rocks, with some few exceptions (Figure 9). It was
mentioned previously that these veins could have been formed by either diagenesis or
hydrothermal alteration. Due to the fact that the superimposed hydrothermal alteration in
the area is strongly controlled by structures, it is hard to believe that there was a previous
hydrothermal event that caused such homogeneous values, thus the calcite veins are
believed to be of diagenetic origin, which can be more pervasive in nature. If this is the
case, it is possible that the fluids responsible of forming these veins also lowered the
isotopic signature of the rocks in the area, accounting for the general diagenetic depletion

observed in all samples. Oxygen values have been more affected than carbon values,
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possibly because these diagenetic fluids were richer in oxygen and only had a small
amount of carbon to inferact with the carbon from the rocks.

Besides diagenesis there are two major processes that have affected the calcareous
rocks in the area lowering their isotopic signature even further: hydrothermal alteration
and contact metamorphism. Calcite veining precedes these two processes.

Evidence that supports the conclusion that the lowest 8'°C values found mainly in
white limestones (Figure 8 and 10) are a consequence of contact metamorphism,
comprises the following:

|- Most of these samples are located near areas that have been mapped as having

calc-silicate alteration (Figure 24).

2- A major intrusion is present in the vicinity of the Calumet Mine, adjacent to

where some of these samples were collected (Figure 24).

3- The presence of diopside in one the white limestones (Photo 24).

Samples with low 8"C are located within the metamorphism-related bleached and
recrystallized zones (Figure 24).

Lowest 8'*0 values (Figure 10) are due to hydrothermal alteration. There are two
areas at Stockton where these samples are concentrated, indicating a more pervasive fluid
flow (higher water/rock ratios); one is centered on drill hole SD-16 and the other is
located near the Argent Mine (Figure 24). Petrographic analysis of samples collected
from drill hole SD-16 and other drill holes in the vicinity supports the idea that this area
has been affected by intense hydrothermal alteration, causing mainly K-silicate

constructive alteration.
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Fluid flow seems to have been mainly structure-controlled. In some areas the
alteration is pervasive, indicating generally more well-developed hydrothermal alteration
as a consequence of higher water/rock ratios. The lowest 8"*0 values are concentrated in
these areas (Figure 24).

Except for two zones that display pervasive alteration (Figure 24), alteration
outside of these areas seems to be constrained to the vicinity of structures. Occasional
low 8C and 8"%0 values commonly occur near intrusions, ore bodies (either mantos or
veins), or faults.

Regarding exploration at Stockton, a general recommendation would have been to
drill test the areas with pervasive hydrothermal alteration or greater water/rock ratios if
the area had not been drilled previous to this study. As mentioned above, drill hole SD-16
is located in one of these areas, and interestingly, it is one of the holes with greater
copper grades.

Fluid Inclusions

Brine inclusions or inclusions that contain halite or other daughter minerals are
present in samples from drill holes SD-16, SD-21 and SD-23, and in one outcrop sample
(Photo 29-32). Most of these samples are from quartz veins in igneous rocks, except for
sample SD-21-137 ft. and the surface sedimentary sample. Brine inclusions have either
one daughter, probably halite as identified by its cubic shape, or two daughters, in which
the second crystal is possibly sylvite identified by its more rounded shape. Inclusions
with multiple daughters, sometimes including an opaque, were also observed, and are
present in samples SD-16-1103 ft., SD-21-1633 ft., and SD-23-1448 ft (Photo 31-32 and

Appendix D).
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All the inclusions are in vein quartz, except for sample SD-21-2130.5 ft., where
they occur in magmatic quartz, the presence of halite-bearing inclusions suggests
hydrothermal alteration of the sample.

Opaque daughters are present in inclusions from all the samples, except the one
collected at surface (SM-23/05/06-8), some opaques have a triangular shape and a yellow
color under reflected light. This matches chalcopyrite which is yellow and forms
tetrahedral crystals. This indicates the presence of copper-rich fluids. Triangular opaque
inclusions were observed in samples SD-16-1103 ft., SD-21-1002 ft., SD-21-1633 ft. and
SD-23-1448 ft.

Vapor-rich inclusions are overall the most abundant type; these sometimes have a
halite daughter, an opaque daughter, or both. In the analyzed samples it is common to
find these vapor-rich inclusions together with brine inclusion, indicating boiling of the
fluids that formed them. The fact that brine inclusions and indication of fluid boiling
typical of porphyry Cu deposits are present in the Stockton area is a positive sign for
mineral exploration,

Hydrothermal alteration and sulfide zonation based on petrographic analysis

Although alteration of outcroping igneous rocks at Stockton is also K-silicate
constructive, it is not as well-developed as the K-silicate observed in the igneous rocks at
depth. In the drill hole samples it is characterized by the presence of abundant
hydrothermal biotite, while in the outcrop samples only scarce hydrothermal K-feldspar,
in the form of overgrowths, is present. Phyllic overprint is also weaker in outerop
samples, and was only observed in sample SM15/06/06-4, in which there is scant

alteration of feldspars to white phyllosilicates. All of this indicates that the alteration
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weakens towards shallow or surface levels. Regional sampling of petrographic samples
would be necessary to better define zoning and determine the limits of K-silicate
constructive alteration.

Pyrite ghosts, now consisting of hematite and goethite, were the only indication of
sulfides observed in outcrop samples, suggesting that copper bearing fluids did not reach
surface levels. Fluid inclusion study from outcrop sample (SM-23/05/06-8), showed that
no opaque daughters were observed, in contrast to the ones collected from drill holes.

Exploration conclusions
In the mineralized core of porphyry systems is it common to find halite-bearing

inclusions coexisting with vapor-rich inclusions; another common feature is the presence

of chalcopyrite daughters in the halite-bearing inclusions (Beane and Bodnar, 1995).
After comparing the analyzed fluid inclusion samples with previous inclusions studies

done in the Bingham Canyon area, it is clear that there are important similarities in both

|
areas. At Bingham Canyon brine inclusions and vapor-rich inclusions are more abundant
at higher elevations (Figure 26), in the area which also coincides with the greatest copper
] grade. At Stockton both inclusion types are present in all the analyzed samples, indicating

that the samples represent a well-developed hydrothermal system.

High copper grades at Bingham Canyon are spatially associated with strong
biotite alteration, similar to other deposits in which elevated metal grades coincide with
the K-silicate constructive alteration, such as Yerington, Bagdad, Esperanza, Safford and
El Teniente (Rose, 1970). In porphyry copper deposits of southwestern North America, it
is common to find K-silicate constructive alteration spatially associated with hypogene

ore minerals (Beane, 1982). There are other deposits, such as Santa Rita, were greatest
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copper grades are located at the contact between K-silicate constructive alteration and
phyllic alteration, or as at San Manuel, where enhanced copper grades extend into the
phyllic or “quartz-sericite” alteration (Rose, 1970).

In the studied Stockton samples the main alteration type is a K-silicate
constructive assemblage; pyrite is the most volumetrically important sulfide mineral
associated with this assemblage, and chalcopyrite is volumetrically minor. In a few cases
there are sulfides associated with phyllic overprint but most of the sulfides are associated
spatially with K-silicate constructive alteration.

The Stockton prospect area has many lithological and alteration characteristics
which are common to porphyry Cu-Mo deposits, such as strong K-silicate constructive
alteration, phyllic overprint, and the presence of halite daughter minerals within fluid
inclusions. As such, it is concluded that exploration tools used in this study suggest that
exploration is being executed in the right place, and that there is no zonation of alteration
or mineralization assemblages to indicate that alteration is more well-developed or

potentially economic at depth.
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APENDIX A
PETROGAPHY OF DRILL CORE SAMPLES

DRILL HOLE SD-14
SD-14-1219.5 ft. Protolith: Igneous rock?

Note: This rock was originally logged as skarn, but the presences of biotite
phenocrysts, magmatic in appearance, suggests a probable igneous protolith.

This sample presents a strong alteration to white phyllosilicates (and scarce
muscovite) with total white phyllosilicates comprising approximately 50-55 vol-% of the
rock (phyllic alteration). Other alteration minerals include hydrothermal biotite, quartz,
cinnamon rutile, smectite and carbonate. Phenocrysts are biotite, quartz and trace zircon.

Two types of biotite are present in the rock with total biotite being approximately
5-6 vol-%:

1- Biotite phenocrysts, possibly magmatic. These sometimes show strong
alteration to smectite.

2- Fine to coarse grain shreddy biotite (hydrothermal). Usually occurs in clusters.
The color varies from light and dark brown sometimes with a green tint. It also shows
alteration to smectite. This second type of biotite is the most abundant.

Both types of biotite have cinnamon rutile associated with them, total cinnamon
rutile in the sample is <1 vol-%,

Some of the biotite is being altered to white phyllosilicates (phyllic overprint,
Photo A.1). It is possible that the amount of biotite was larger originally but is has now
been replaced by white phyllosilicates.

White phyllosilicates
Biotite

Biotite

Photo A.1 : White phyllosilicates altering biotite, sample SD-14-1219.5 ft.
Abundant fine grain quartz (approximately 30 vol-%) is present in the matrix

together with the white phyllosilicates. (Introduced or primary?). Quartz phenocrysts are
mainly subeuhedral with some having a rounded shape. They sometimes seem to show
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alteration to white phyllosilicates (Figure A.1), it could also be that the white
phyllosilicates are altering inclusions that where inside the quartz.

Carbonate occurs as random patches across the sample, and it comprises less than
1 vol-% of the sample.

Abundant submillimeter scale and scarce millimeter scale quartz veinlets are
present throughout the sample.

Ore minerals comprise approximately 4-5 vol-% of the sample. They include:
pyrite, chalcopyrite, bornite, digenite, a sulphosalt (tetrahedrite?) and trace covellite.
Pyrite is the most abundant mineral and it appears to be the first sulfide to have formed, it
is followed by chalcopyrite and bornite with sub-equal amounts and then by the less
abundant digenite. Bornite occurs mainly at the edges of pyrite suggesting that it is
probably replacing it, in some cases together with chalcopyrite (Photo A.2).

|

QUARTZ

850 p

/

White
phyllosilicates

L

Figure A.1: Quartz phenocryst being replaced by white phyllosilicates?, sample SD-14-
1219.5 ft.

Chalcopyrite and bornite appear to be coeval, in some cascs chalcopyrite cuts and
surrounds bornite and in others bornite cuts chalcopyrite (Photos A.3).

Digenite and tetrahedrite seem to have formed last, and they appear to be
replacing bornite (Photo A.4). Given that there is only trace covellite it is difficult to
determine its paragenetic relationship to the other ore minerals. Sulfides are mainly
disseminated although some appear to be in stringer veinlets, Most of the sulfides are
associated with white phyllosilicates and only scarce are associated with hydrothermal
biotite.

Ore minerals paragenesis:

Pyrite —* Bornite/Chalcopyrite ——* Digenite/Tetrahedrite/Covellite?
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‘ RS .
Photo A.2: Bornite and chalcopyrite replace pyrite (f.o.v. =0.225 mm long). Sample
SD-14-1219.5 ft.

Bornite

_Chalcopyrite
30

Chalcopyrite

Bornite

Photo A.3: Bornite and chalcopyrite, sample SD-14-1219.5 ft
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Bornite

/7

Digenite

50

Photo A.4: Digenite and tetrahedrite replacing bornite. Sample SD-14-1219.5 ft
SD-14-1266.6 ft. Protolith: Quartz arenite

The protolith corresponds to a quartzarenite composed mainly of well sorted,
angular quartz. Quartz still comprises approximately 35 vol-% of the sample.

Several alteration minerals are present, these are: actinolitic amphibole, epidote,
smectite, carbonate, chlorite and trace garnet. Actinolite is the most abundant (Photo A.5)
and it occurs everywhere in the sample (possibly replacing the original matrix of the
rock), total actinolite is approximately 30 vol-%. Sub-equal amounts of smectite and
carbonate are present with approximately 10 vol-% of each; smectite replaces actinolite.
Epidote follows in abundance comprising < 5vol-% of the rock. Chlorite occurs together
with actinolite and sulfides (replacing?) and it comprises < 1vol-%. Hydrous minerals are
present in the thin section but their relationship to anhydrous minerals is yet to be
determined.

Pyrite, chalcopyrite and trace bornite are the sulfides present in the rock, together
these comprise approximately 8 vol-% (pyrite > chalcopyrite). Chalcopyrite surrounds
pyrite indicating that it formed later. Bornite occurs with chalcopyrite, possibly coeval.

Specular hematite and hydrothermal magnetite are also present in the. Due to the
fact that it is a thin section and not a polished thin section, the relationship between
hydrothermal magnetite and specular hematite can not be determined, and it is also
difficult to estimate the percentage of these minerals.

Specularite formed before the sulfides, evidence for this is the fact that pyrite
surrounds specular hematite. Specular hematite, magnetite, and most sulfides occur
concentrated in one area (in veins).

Pyrite and chalcopyrite are apparently being altered to hematite (not specular).

Veins present in the rock are:

1- Veinlets of carbonate,

2- Veins of carbonate + smectite (probably originally actinolite).




3- Veins of pyrite + epidote + carbonate + garnet + specular hematite

4- Veins of carbonate + actinolite + smectite + epidote + quartz (inherited?) +
pyrite + specular hematite + trace chalcopyrite.

5- Stringer veinlets of pyrite and of chalcopyrite.

6- Veinlets of smectite + actinolite.

7. Veins of actinolite + epidote + scarce chlorite.

All these veins are submillimeter scale.

‘o

Photo & 5 aburdant actinolite (£0.v. = 0.9 mm long). Sample SD-14-1266.6 ft.
SD-14-1346 ft. Silicified Limestone

The two main minerals in the sample are quartz and carbonate (calcite) with sub-
equal amounts. No original rock forming components seem to be present in the rock.
Protolith was probably a limestone that got silicified. The carbonate present in the sample
seems to have formed by recrystallization, and it came afier the quartz since it surrounds
quartz crystals in several areas of the sample (Photo A.6).

All the silica appears to be introduced (alteration mineral) based on the fact that is
it all irregular shaped and patchy.

Pyrite, marcasite and chalcopyrite are the three sulfides present in the sample.
Total percentage of sulfides is approximately 7-8 vol-%. Trace euhedral pyrite crystals
are present in the sample.

Pyrite seems to be the least abundant and it appears to only occur in a vein and as
trace euhedral crystals, although it is sometimes difficult to differentiate it from
marcasite. Marcasite and chalcopyrite are disseminated and forming stringer veinlets
throughout the sample, some of these have carbonate in them. There is sub-equal amount
of each. Marcasite surrounds chalcopyrite in some areas (Photo A.7), suggesting that it
probably was the last sulfide to form. Its shape varies from blebs to acicular and usually
occurs with carbonate. Some of the marcasite is really fine grain.

There are several veins present in the sample:

1- Millimeter scale carbonate + pyrite + marcasite + scarce quartz.
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2- Submillimeter scale barren carbonate veinlets.
3- Submillimeter scale quartz veinlets.
4- Sulfide stringer veinlets mentioned above.

s 1l # R $ .

f.o. =0.9 mm lf;ng. :Sanple SD-14-

' Photo A.6: Poikiloopib calcite surrounds qutz (
1346 ft.

Photo A.7: Marcasite surroundin chaldpyrite (fo.v.
1346 ft.

=0.45 mm long). Sample SD-14-
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, DRILL HOLE SD-15
SD-15-1230 ft. Biotite Quartz-Diorite

Original rock forming phenocrysts include plagioclase, quartz, magnetite, biotite,
1 scarce K-feldspar and trace apatite and zircon, of these plagioclase is the most abundant
(Photo A.8), and it shows alteration to smectite and white phyllosilicates. Most of the
plagioclase is subeuhedral in shape. Quartz and biotite follow plagioclase in abundance.
Some of the quartz is patchy and irregular shaped suggesting that it might be introduced.

‘e, . A e
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), sample SD-15-1230 ft.

(f.o.v.

Photo A.8: Monzonite = 1.8 mm long

Because of the strong K-silicate constructive alteration of the rock it is hard to
determine which percentage of the biotite is magmatic and which one corresponds to
alteration.

Magnetite comprises approximately 5-6 vol-% of the rock and it all appears to be
. magmatic in origin.

There appears to be some scarce K-spar in the rock although it is hard to
determine the exact amount because of the strong biotite alteration present in the rock. It
is only differentiated from quartz because of its dirtier appearance under plane light. The
alteration of feldspars to white phyllosilicates varies from none to less than 5 vol-%.

Magmatic biotite usually presents mineral inclusions (Photo A.9).

Hydrothermal biotite is the main alteration mineral; it is mainly shreddy and fine
grain (Photo A.11). Its color varies from brown to olive green.

Total biotite in the sample is approximately 40 vol-% with most being
hydrothermal.

Trace chlorite is present altering biotite (Photo A.10).

Cinnamon rutile comprises <1 vol-% of the sample and it is associated with both
magmatic and hydrothermal biotite

Tree types of veins are recognized in the rock:

|- Submillimeter stringer scale veinlets of biotite.
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2. Submillimeter scale quartz veins with biotite occurring along the edges and
sometimes in the centerline. Biotite seems to have come later and it followed the same
path as the quartz. Note: This vein has very good fluid inclusions sometimes with a halite
daughter.

3. Two millimeter scale quartz + sericite + pyrite (QSP) veins cross cut each
other. The thickest one has a centerline composed of quartz, pyrite, carbonate and scarce
chalcopyrite and a halo made of fine grain white phyllosilicates, scarce muscovite and
sulfides (sub-equal amounts of pyrite and chalcopyrite). The thinner vein has a centerline
composed of pyrite and quartz (no carbonate) and a halo that consists of white
phyllosilicates and sulfides (mainly chalcopyrite). Based on the mineralogy and the
characteristics this vein can be classified as a “D” vein (Gustafson & Hunt, 1975).

The D vein cuts the quartz vein.

) ' i .
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Photo A.9; Magmatic biotite with mineral inclusions (f.0.v. = 0.9 mm long), sample SD-
15-1230 fi.

Trace chalcopyrite (less than 1 vol-%) also occurs disseminated in the rock,
outside of the veins. It also occurs associated with cinnamon rutile and magmatic biotite
(chalcopyrite could be replacing the biotite, Figure A.2). Chalcopyrite also appears to be
replacing some magnetite.

The alteration type can be classified as K-silicate constructive with a phyllic
overprint as it is evidenced by the presence of a D vein with white phyllosilicate halo.
Patchy white phyllosilicates not associated with the veins are also present in some areas
of the rock.
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Photo A.10: Hydrothermal biotite with some alteration to chlorite (f.0.v. = 0.9 mm long).
Sample SD-15-1230 ft.

lacing biotite. Chalcopyrite replacing? Cinnamon rutile,

Figure A.2: Cinnamon rutile rep
sample SD-15-1230 ft.
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SD-15-1237 ft. Biotite Quartz-Diorite

This sample shares many similarities with the previous sample, but it lacks D vein
and it seems to have more K-feldspar, although it is hard to tell because of the abundant
biotite alteration.

Plagioclase is the most abundant feldspar, showing very distinctive polysynthetic
twining. Plagioclase and K-feldspar show scarce alteration to white phyllosilicates,
varying from note to less than 5 vol-%.Fine grain biotite is also present altering feldspars.

Trace zircon and apatite are present.

Biotite is the most abundant mineral in the sample comprising approximately 50
vol-%; there are two types of biotite present:

1- Phenocrysts with some mineral inclusions (magmatic).

2- Olive to brown shreddy biotite (hydrothermal).

Scarce chlorite is present altering biotite.

The alteration type can be classified as K-silicate constructive.

Total quartz comprises approximately 15 vol-% of the sample; some grains have
irregular boundaries suggesting that there it was probably introduced as an alteration
mineral.

Magnetite is present throughout the sample (approximately 2-3 vol-%), it all
appears to be magmatic in origin and it is sometimes associated with hydrothermal biotite
| (being replaced?).

Cinnamon rutile is present as an alteration mineral with total rutile comprising <1
vol-%, this mineral occurs associated with biotite and sometimes with chalcopyrite.

Ore minerals comprise pyrite and chalcopyrite with total sulfide content
approximately 3 vol-% and chalcopyrite > pyrite. They occur disseminates, in veinlets
| and in stringer veinlets. Sulfides are sometimes associated with biotite.

l Five different types of veinlets are identified:

1- Biotite submillimeter scale veinlets. They sometimes cross cut each other and
some are present cutting feldspar phenocrysts.

2- Pyrite + chalcopyrite veinlets. Cut biotite veinlets. There is some biotite along
the edges of these veinlets

3- Quartz veinlet.

4- Pyrite and chalcopyrite stringer veinlets.

Biotite and quartz veinlets are barren.

SD-15-1534 ft. Alkali feldspar Quartz-Syenite.

Phenocrysts in the sample include K-feldspar, plagioclase, biotite, magnetite and
quartz. Trace apatite is present in the rock.

Biotite is the most abundant mineral in the sample, comprising approximately 40
vol-%; most of this biotite is hydrothermal. Hydrothermal biotite is usually fine grain and
sometimes shows olive green color. Magmatic biotite varies from subeuhedral to
h xenomorphic and has mineral inclusions. Biotite shows scarce alteration to chlorite.

Abundant submillimeter scale biotite veinlets are present cutting the rock.

Alteration of K-feldspar to white phyllosilicates seems to vary from none to

strong but most show very weak alteration. There are areas where feldspars show strong
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alteration to white phyllosilicates (up to 60 vol-%) and scarce carbonate (difficult to
determine weather it was originally plagioclase or K-feldspar). Trace muscovite is also
present altering feldspars.

The lack of K-feldspar in veins makes it hard to determine weather all the K-
feldspar is magmatic; some is probably late magmatic-early hydrothermal (part of the K-
silicate constructive alteration).

Plagioclase phenocrysts show strong alteration to smectite and white
phyllosilicates. Some phenocrysts that have been strongly altered to smectite were
probably originally plagioclase.

Total magnetite is approximately 3 vol-%; all seems to be magmatic in origin.

White phyllosilicates are also present as patches and not only altering feldspars.

Trace cinnamon rutile shows a strong association to biotite.

Millimeter scale quartz veins are present in the rock; some have pyrite and
chalcopyrite along the edge of the vein (probably the sulfides came later); scarce
chalcopyrite is also present in the center of the veins. The coarser quartz vein also has
carbonate following one of the edges. Magnetite is also present in the edges of some of
these veins but it seems to have been inherited meaning that it did not come with the vein
but that it was part of the original rock (magmatic). These quartz veins are cut by the thin
submillimeter scale biotite veinlets.

Rarren submillimeter scale quartz veins are also present in the rock.

In some areas there is chalcopyrite surrounding magnetite (replacing? PhotoA.11)
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nds magnetite (f.o.v. = 0.45 mm long), sample SD-15-
1534 ft.
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Photo A.11. Chalcopyrite surrou

Sulfides are also present in stringer veinlets of pyrite, chalcopyrite and pyrite +
chalcopyrite. Total percentage of sulfides is approximately 3 vol-% (taking into
consideration the one in the quartz veins) with sub-equal amounts of pyrite and
chalcopyrite. Sulfides show close association to biotite (outside of the quartz veins), some
sulfide stringer veinlets seem to follow the same path as biotite veinlets.




The alteration assemblage is classified as K-silicate constructive with a weak
phyllic overprint.

DRILL HOLE SD-16
SD-16-1252 ft. Quartz-Monzonite

Phenocrysts present in the sample are: K-feldspar, quartz, biotite and plagioclase.
Phenocrysts in the rock vary from subeuhedral to anhedral, and submillimeter to
millimeter scale.

K-feldspars show alteration to patchy carbonate, patchy quartz, fine grain biotite
and white phyllosilicates (as patches and veinlets). Total alteration of K-feldspar to white
phyllosilicates varies substantially from trace to very strong, although most of the
phenocrysts only show scarce alteration.

Plagioclase phenocrysts are strongly altered to white phyllosilicates (usually >75
vol-%). Other minerals altering plagioclase are smectite and fine grain biotite. There are
some phenocrysts (possibly feldspars) that have been almost completely altered to white
phyllosilicates up to 90 to 95 vol-%.

Zircon is present as microcrysts.

Total biotite comprises approximately 5-10 vol-% of the rock; most seems to be
of hydrothermal origin which is characterized by being shreddy and usually occurring in
clusters; hydrothermal biotite replaces magmatic biotite. Trace muscovite is present
altering hydrothermal biotite. Biotite also shows incipient alteration to chlorite (total
chlorite in the rock is <1 vol-%). Total percentage of white phyllosilicates + muscovite in
the rock (including the ones altering feldspars) is <2 vol-%.

Carbonate is present in patches altering K-feldspar (mentioned above) and in
veinlets; total carbonate in the sample is <2 vol-%.

Cinnamon rutile comprises <2 vol-% of the rock and occurs as granular grain
aggregates associated with biotite.

Hydrothermal magnetite is also present in the form of veinlets; apparently this
magnetite occurs contemporaneously with the hydrothermal biotite; total percentage of
magnetite is <2 vol-%. Specular hematite replaces magnetite.

Sulfide minerals present are chalcopyrite and pyrite; the total percentage of both
is approximately <4 vol-%, with chalcopyrite > pyrite. They occur in veins and veinlets.

Several veins cut the rock:

1- Millimeter scale veins of quartz + K-feldspar + biotite + carbonate + chlorite +

chalcopyrite + magnetite + trace pyrite.

2- Submillimeter scale veinlet of pyrite + chalcopyrite + carbonate + biotite +

chlorite + muscovite + white phyllosilicates.

3- Submillimeter scale veinlets of carbonate.

4- Submillimeter scale veinlet of magnetite + biotite + scarce chalcopyrite.

5- Biotite veinlets

6- Stringer veinlets of chalcopyrite.

Based on the assemblage of minerals the alteration is defined as K-silicate
constructive (characterized by the presence of hydrothermal biotite and magnetite) with a
very weak phyllic overprint.
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SD-16-1269.5 ft. Quartz-Monzonite Porphyry

This sample is very similar to SD-16-2629 ft.

The matrix comprises 50-55 vol-% of the rock and it is composed mainly of
quartz and K-feldspar; scarce plagioclase is also present. Phenocrysts include K-feldspar,
plagioclase, quartz and biotite.

K-feldspars show alteration to fine grain biotite, patchy carbonate and white
phyllosilicates (as patches and veins). Alteration to white phyllosilicates varies from <5
vol-% to 70 vol-%. Plagioclase phenocrysts have been strongly altered to white
phyllosilicates + scarce biotite; alteration to white phyllosilicates is >80 vol-%.

Some phenocrysts have been so strongly altered to white phyllosilicates + trace
muscovite that it can not be determine what they were (possibly feldspars, most likely
plagioclase considering that they usually show strong alteration). Kaolinite, scarce biotite
and patchy carbonate are also sometimes present altering these phenocrysts.

Quartz phenocrysts are unaltered and are usually irregular shaped.

Zircon is present as trace microcrysts.

Magmatic and hydrothermal biotite both present; together they comprise
approximately 10 vol-% of the rock, most of this corresponds to hydrothermal biotite.
Some biotite phenocrysts that have abundant mineral inclusions are most likely to be of
magmatic origin. Hydrothermal biotite usually occurs in clusters and is shreddy looking.
Biotite replaces magmatic biotite and possibly hornblende (based on shape). Biotite that
occurs in clusters is sometimes being replaced by scarce muscovite + phengite and by
scarce patchy carbonate. It also shows incipient replacement by chlorite.

Total percentage of white phyllosilicates + muscovite is <4 vol-%.

Carbonate occurs as patches (altering phenocrysts and in the matrix) and in veins;
total percentage of carbonate is approximately 2 vol-%.

Cinnamon rutile occurs associated with biotite and comprises <1 vol-% of the
rock.

Sulfides are chalcopyrite and pyrite and comprise <4 vol-% of the rock,
chalcopyrite is the most abundant with only trace pyrite present in the rock. There is trace
muscovite associated with chalcopyrite.

Four types of veins are present in the rocks:

1- Quartz + biotite + chalcopyrite + scarce carbonate.

2- Quartz + K-spar + biotite + chalcopyrite + scarce carbonate.

3- Chalcopyrite + biotite.

4- Chalcopyrite stringer veinlets.

All of the veinlets present in this sample are of submillimeter scale.

Alteration assemblage is K-silicate constructive with a weak phyllic overprint;
also weakly overprinted by carbonate.

SD-16-1362 ft. Breccia

This sample corresponds with a breccia. Phenocrysts present include: plagioclase,
K-feldspar, quartz eyes, biotite and trace zircon.
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Abundant carbonate veins (most coarsely crystalline, Photo A.12) are present
cutting the rock, with total carbonate being approximately 15 vol-% of the sample. Some
of the carbonate has a rhombic shape suggesting that it is probably dolomitic.

Magmatic biotite is scarce throughout the sample. It is characterized by the
presence of abundant mineral inclusions (zircon/apatite/rutile) and its shape goes from
subeuhedral to euhedral.

Hydrothermal biotite comprises approximately 7-8 vol-% of the sample. It is
usually shreddy, it mainly occurs in clusters and it varies from fine grain to coarse grain.
This biotite sometimes has a green tint.

Smectite is present altering feldspars and biotite.

Cinnamon rutile is an abundant mineral (2-3 vol-%) that is usually but not always
associated with biotite.

Irregular shaped patchy quartz in the matrix suggests that it was probably
introduced corresponding with an alteration mineral.

White phyllosilicates are also present as an alteration mineral. Alteration of
feldspars to white phyllosilicates varies from 30 to less than 5 vol-% on K-feldspar and
from 10 to 15 vol-% average on plagioclase, with a few plagioclase phenocrysts having
less than 5 vol-%. White phyllosilicates sometimes occur as patches associated with
hydrothermal biotite (overprinting). Some feldspars show alteration to fine grain shreddy
biotite.

Based on the mineralogy the alteration can be classified as K-silicate constructive
with a weak phyllic overprint.
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Photo A.12: Coarse calcite vein (f.0.v. = 1.8 mm long), sample SD-16-1362 ft.

Veinlets of white phyllosilicates and carbonate cut K-feldspar phenocryst.

Ore minerals comprise less than 2 vol-% of the rock, with sub-equal amounts of
pyrite and chalcopyrite. They occur disseminated and in stringer veinlets and they are
sometimes associated with hydrothermal biotite.
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SD-16-2139 ft. Quartz-Monzonite Porphyry

This sample is very similar to SD-16-2629 ft.

Phenocrysts include: K-feldspar, plagioclase, quartz, and biotite.

K-feldspar phenocrysts are the biggest phenocrysts in the sample; they are cut by
thin submillimeter scale white phyllosilicate veinlets, quartz stringer veinlets and sulfide
stringer veinlets. K-feldspars are being altered to white phyllosilicates (varying from
trace to less than 5 vol-%) and sometimes to scarce patchy carbonate. Mineral inclusions
(plagioclase and quartz) are common in the K-feldspar phenocryst.

Plagioclase phenocrysts are altered to white phyllosilicates and smectite (the
alteration to smectite is strong). Some feldspars show very strong alteration to white
phyllosilicates (up to 70 vol-%), because of the strong alteration it is hard to determine
whether it was originally plagioclase or K-feldspar. Scarce muscovite is also present
altering feldspars.

Quartz phenocrysts are not as rounded as in QLP. Magmatic biotite varies from
subeuhedral to euhedral and it is characterized by the presence of mineral inclusions like
zircons. Total percentage of biotite and quartz phenocryst is approximately 5 vol-% each.

The groundmass is composed of quartz and K-feldspar and it comprises
approximately 30 vol-% of the sample. It is very hard to determine weather all the quartz
and K-feldspar present in the matrix are original early magmatic minerals. Some of the
quartz looks patchy and irregular (introduced?). Some of the K-feldspar could be late
magmatic-early hydrothermal (part of the K-silicate constructive alteration).

Hydrothermal biotite is the main alteration mineral; its total percentage is
approximately 6 vol-%. It is fine grain biotite and usually occurs in clusters. There are
some areas where hydrothermal biotite is replacing magmatic biotite (Photo A.13).

Patchy carbonate and white phyllosilicates are present as alteration minerals in the
matrix. There are white phyllosilicates that seem to be replacing magmatic biotite. Total
percentage of carbonate is <1 vol-% and of white phyllosilicates is approximately 1-2
vol-% (not taking into account the white phyllosilicates that are altering the feldspars
mentioned above).

The alteration assemblage can be classified as K-silicate constructive with a weak
phyllic overprint.

Cinnamon rutile is present in the sample and it is mainly associated with
magmatic and hydrothermal biotite. There is scarce rutile that occurs alone in the matrix
and some scarce occurs with white phyllosilicates (was it originally biotite that got
replaced?). Total percentage of cinnamon rutile is < 1 vol-%.

Sulfides (pyrite and chalcopyrite) occur in stringer veinlets and disseminated,
there is also a thin discontinuous pyrite veinlet, They show a strong association to biotite
both magmatic and hydrothermal. Scarce sulfides also occur with white phyllosilicates
(was it originally biotite that got replaced?). Total percentage of ore minerals is
approximately 3 vol-% with sub-equal amounts of pyrite and chalcopyrite. Pyrite is
sometimes present along the cleavage of biotite (replacing? Photo A.14)
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Photo A.13: Hydrothermal biotite replacing magmatic biotite (f.0.v. = 0.9 mm long).
Sample SD-16-2139 fi.

There is one-submillimeter scale pyrite + chalcopyrite + white phyllosilicate +
carbonate veinlet in the sample. Paragenesis of the vein: it seems that the white
phyllosilicates formed first, followed by pyrite, then chalcopyrite and that carbonate was
the last minerals to form in the vein.
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Photo A.14: Pyrite on the cleavage of biotite (f.o.v. =
ft.

' SD-16- 2185 ft. Quartz-Latite Porphyry

Feldspars are the most abundant phenocrysts with sub equal amounts of
plagioclase and K-feldspar; they are followed by quartz and then biotite in abundance.
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Some scarce altered phenocrysts are also present (possibly hornblende) these have been
replaced by hydrothermal biotite, pyrite and scarce chalcopyrite.

Big K-feldspar phenocrysts usually present mineral inclusions (euhedral
plagioclase, biotite, quartz and scarce sphene). Thin sub-millimeter scale white
phyllosilicates veinlets and carbonate veinlets cut some of the K-feldspars.

Plagioclase phenocrysts show alteration to smectite and are sometimes cut by
abundant white phyllosilicate veins. Total alteration of feldspars to white phyllosilicates
varies from weak to moderate; this alteration is stronger in plagioclase, in some cases
reaching 45 vol-%.

Besides white phyllosilicates there also seems to be fine grain biotite altering
plagioclase as veins and patches (brown pleochroism), because it is so fine grain it is hard
to differentiate it from the white phyllosilicates.

Quartz phenocrysts present a very distinctive rounded shape (quartz eyes), and
they constitute less than 10 vol-% of the rock; some of these quartz eyes are shattered.

Magmatic biotite is characterized by the presence of mineral inclusions, which are
usually very fine grained (Photo A.15).

Groundmass percentage is approximately 50 to 55 vol-% and it is composed
mainly of fine grain quartz. Fine grain biotite is present in the matrix (Photo A.16), this
biotite is probably either late magmatic or carly hydrothermal.

i i sl LI,
Photo A.15: Magmatic biotite with abundant mineral inclusions (f.o.v=0.9 mm long).
Sample SD-16-2185 ft.

Hydrothermal biotite is fine grain, shreddy and it usually occurs in clusters
(sometimes with sulfides, Photo A.17), total percentage of hydrothermal biotite is
approximately 7-10 vol-% (taking into account the fine grain biotite present in the
matrix). Some of the hydrothermal biotite has olive green pleochroism.
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Photo A.16: QLP, fine grain matrix composed mainly of quartz, fine grain biotite is also
present (f.o.v. = 1.8 mm long). Sample SD-16-2185 ft.
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Photo A.17: Abundant biotite together with sulfides (f.o.v. = 1.8 mm long). Sample SD-
{ ]
16-2185 ft.

The alteration assemblage can be classified as K-silicate constructive
characterized by the presence of hydrothermal biotite and it has been weakly overprinted
by white phyllosilicates (phyllic overprint). There does not seem to be introduced K-
feldspar present.

White phyllosilicates are present in two ways: altering feldspar and as patches
throughout the sample (together with muscovite), the total percentage of patchy white
phyllosilicates is approximately 2-3 vol-%. They sometimes occur together with
carbonate and sulfides.
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Magmatic biotite phenocrysts are sometimes being altered to white phyllosilicates
(Photo A.18). white phyllosilicates are also sometimes associated with hydrothermal
biotite (replacing?).

i~ y

4"':_{; ¢

. B
r
il P

T Pl e ;A ke
phyllosilicates altering biotite (f.o. m long). Sample SD-16-
2185 ft.

Photo A.18 White

Other alteration minerals besides hydrothermal biotite and white phyllosilicates
include: carbonate, cinnamon rutile and chlorite (Photo A.19). Carbonate occurs as scarce
patches in the matrix and in veins. Patchy carbonate sometimes occurs with hydrothermal
biotite (possibly replacing?), white phyllosilicates and sulfides; total carbonate in the
sample is approximately 2 vol-%. Cinnamon rutile comprises <1 vol-% of the sample
and it mainly occurs with hydrothermal biotite and sulfides, it also sometimes occurs with
carbonate or close to carbonate veins and scarce occurs with white phyllosilicates (was it
originally biotite?). Some rutile inclusions are present in magmatic biotite phenocrysts.
Chlorite is present in trace amounts and it is altering hydrothermal biotite.

Trace phenocrysts that were probably sphene (based on their shape) have now
been altered to cinnamon rutile (Photo A.20); total percentage of these is <1 vol-%.

Pyrite and chalcopyrite are the only two ore minerals present and they constitute
approximately 3-4 vol-% of the sample with pyrite > chalcopyrite. The total amount of
chalcopyrite is approximately 1 vol-%. They mainly occur with hydrothermal biotite;
scarce occur with white phyllosilicates (originally biotite?).

Veins present in the sample:

1- Carbonate veins

2- Thin smectite veinlets that cut the rock.

3- White phyllosilicates veinlets cutting feldspar, quartz phenocrysts and the

matrix.

All these veins are sub-millimeter scale.
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Photo A.19: Biotite + pyrite + carbonate -+ cinn yst (f.o.v. =
1.8 mm long). Sample SD-16-2185 ft.
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Photo A.20: Sphene replaced by rutile (f.o.v. = 0.9 mm long). Sample SD-16-2185 ft.

SD-16-2629 ft. Quartz-Monzonite Porphyry

Alteration minerals include secondary biotite (late magmatic-early hydrothermal),
smectite, cinnamon rutile, carbonate and white phyllosilicates; with biotite being the most
abundant. The alteration can be classified as K-silicate constructive with a weak phyllic
overprint. Some of the K-feldspar found in the matrix and surrounding the phenocrysts
could be late magmatic early hydrothermal, but the lack of veins makes it hard to
determine for sure the presence of hydrothermal K-feldspar.

Quartz phenocrysts comprise less than 10 vol-% of the rock; their shape goes
from anhedral to subeuhedral, with a few presenting a rounded form (quartz eyes).
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There are sub equal amounts of plagioclase and K-feldspar phenocrysts in the
sample with both comprising approximately 40-45 vol-%.

Plagioclase is subeuhedral to euhedral in shape. It has been altered to smectite
(sometimes as selective overgrowths, Photo A.21) and white phyllosilicates (Photo
A.22); the degree of alteration to white phyllosilicates varies from less than 5 to 40 vol-%
in some few cases. Patchy carbonate is also present altering plagioclase (Photo A.23).

Some K-feldspars have been strongly altered to white phyllosilicates, up to 70
vol-%, but these are very scarce and they are located near the edge of the thin section
(close to a vein?). On average the alteration of K-feldspar to white phyllosilicates varies
from 5 to 10 vol-%.

Two types of biotite are present in the sample:

1- Magmatic biotite, comprising approximately 4 vol-% of the rock. This biotite
has a shape that varies from subeuhedral to anhedral, and it has mineral inclusions
(mainly zircon, rutile and apatite).

2- Hydrothermal-late magmatic biotite. Occurs as fine grain shreddy clusters, its
color varies from brown to light green. Hydrothermal biotite sometimes surrounds
magmatic phenocrysts (replacing?). This type of biotite comprises approximately 6-8 vol-
% of sample. Hydrothermal biotite replaces magmatic biotite (Photo A.24).

Smectite
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Photo A.21: Selective smectite overgrowths in plagioclase, sample SD-16-2629 ft.
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Photo A.22: Fine grain whi 0.9 mm long).

agioclase (f.o.v. =

There is a moderate to strong alteration of hydrothermal biotite to chlorite, and

only a scarce alteration of magmatic biotite to chlorite (Photo A.25).
Cinnamon rutile comprises approximately 2 vol-% of the sample and it occurs as
an alteration mineral that is mainly but not always associated with biotite (Photo A.26).

In magmatic biotite is usually occurs as inclusions.

agioclase on the edge (i’..v. = 0.9 mm long).

Photo A.23: Patchy carbonate altering pl

Sample SD-16-2629 fi.
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' Photo A.24: Hydrothermal biotite replacing magmatic biotite (f.o.v. = 0.9 mm long).
| Sample SD-16-2629 ft.

' Trace zircon is also present in the rock as part of the rock forming minerals.

L The matrix of the rock comprises approximately 35-40 vol-% of the rock and it is
composed of mainly quartz and K-feldspar. Some of the quartz could have been

| introduced as an alteration mineral and not correspond with the original rock forming

i components. Some trace carbonate is present in the matrix, and there is also some

|

together with hydrothermal biotite possibly replacing it.
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Photo A.25: Biotite being altered to chlorite (f.o.v. = 0.9 mm long). Sample SD-16-2629

ft.
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Photo A.26'°: Cinnamon rutile associated with bitite(f.o‘v 0.9 l'l'lll‘l] long). Sample SD-
16-2629 ft.
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Three different types of veins are recognized in this sample and they are all

barren:

1- Quartz stringer veinlets cutting K-feldspar phenocrysts.

5. Submillimeter scale veinlets of white phyllosilicates that cut plagioclase and K-
feldspar phenocrysts.

3. Carbonate vein? It is located near the edge of the sample.

Pyrite and chalcopyrite represent the only two ore minerals present with pyrite
being the most abundant. They sometimes are associated with hydrothermal biotite
(replacing?). Total sulfide percentage in the sample is less than 1 vol-%. Sulfides are
disseminated.

DRILL HOLE SD-18
SD-18-1108 ft. Andesite

This sample corresponds to a porphyrytic rock apparently of volcanic origin. The
matrix is very fine grain and its main component seems to be plagioclase. Smectite is also
present in the matrix giving it a dirty aspect.

Plagioclase phenocrysts are the most abundant, they have been altered to white
phyllosilicates and smectite; the alteration to white phyllosilicates varies from note to
scarce.

K-feldspar phenocrysts are scarce; the total alteration of K-feldspars to white
phyllosilicates is weak.

All the quartz is fine grain (no big phenocrysts are present); some is patchy and
irregular shaped (introduced?).

Total biotite in the sample is <4 vol-%. Phenocrysts with abundant mineral
inclusions are more likely of magmatic origin. Shreddy biotite is possibly late magmatic-
early hydrothermal.
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There are clusters were white phyllosilicates have replaced biotite (still some
residual biotite left); also in these clusters there is the greatest concentration of pyrite.
The total amount of white phyllosilicates in the rock is <4 vol-%.

There are also clusters of smectite quartz and pyrite (was it a phenocryst that got
replaced?).

Cinnamon rutile occurs associated with biotite and to white phyllosilicates
(possibly originally biotite), the total amount of rutile in the samples is <2 vol-%.

Holes are present throughout the sample, some have mineral shapes suggesting
that they might have formed by dissolution; but most are irregular.

The total amount of pyrite in the rock is 4-5 vol-%. Only trace chalcopyrite is
present.

Alteration assemblage is K-silicate constructive with a weak phyllic overprint.

DRILL HOLE SD-19
SD-19-1548 ft. Biotite-Dacite, Volcanic Rock

This sample has been strongly altered to hydrothermal biotite and smectite (Photo
A.27). Smectite is present altering phenocrysts (some have been completely altered) and
as patches throughout the sample. Hydrothermal biotite is very fine grain and it occurs in
clusters, its color varies from brown to olive green. Total percentage of hydrothermal
biotite is approximately 15-20 vol-% and the percentage of smectite is approximately 10-
15 vol-%. Some phenocrysts have been altered to biotite (probably mafics). Based on the
amount of secondary biotite the alteration assemblage is classified as K-silicate
constructive.
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Photo A.27: Alteration to smectite and hydrothermal biotite (f.o.v = 1.8 mm long),

sample SD-19-1548 ft.

Phenocrysts include plagioclase, K-feldspar, quartz, biotite and trace zircon.
Plagioclase is the most abundant phenocryst, these show trace alteration to white
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phyllosilicates and usually have holes (dissolution?). Plagioclase and biotite phenocryst
both vary from euhedral to subeuhedral. Some biotite phenocrysts have been altered to
smectite.
! Qearce thin sub millimeter scale veinlets of white phyllosilicates are present
cutting some phenocrysts; possibly K-feldspar (hard to determine because of the strong
r alteration present in the sample.

The matrix is composed of really fine grain quartz. The strong alteration to biotite
and smectite makes it hard to determine the percentage of matrix present in the rock; an
estimate would be around 15-20 vol-%.

There is an area of the sample that has less density of phenocrysts and also shows
less alteration, possibly a xenolith.

Scarce patchy irregular quartz suggests that it is probably an alteration mineral
and not part of the original rock forming quartz.

No ore minerals were observed. Disseminated iron oxides or hydroxides (possibly
hematite) comprise approximately 3-4 vol-% of the sample, and they occur mainly with
hydrothermal biotite.

Holes are present throughout the sample, some oceur in plagioclase phenocrysts
(mentioned before) and some in the matrix (dissolution?), their lack of regular rounded
shape suggest that they are probably not a magmatic feature; these holes are also visible
in hand specimen. No cinnamon rutile

DRILL HOLE SD-21
SD-21-490 ft. Quartz-Latite Porphyry

Matrix comprises approximately 30 to 40 vol-% and it is mainly composed of fine
| grain irregular quartz. Phenocrysts include K-feldspar, plagioclase, quartz and
! hornblende; trace zircon and fresh sphene are also present.

K-feldspars show moderate alteration to epidote + carbonate (Photo A.28). White
phyllosilicates are also present altering K-feldspars, which occur as patches and thin
submillimeter scale veinlets, total alteration to white phyllosilicates is <5 vol-%.

' Plagioclase phenocrysts have been altered to white phyllosilicates, carbonate and
silica (with carbonate as the most abundant), all of these occur as veinlets and patches;
total alteration of plagioclase to white phyllosilicates is scarce (<5 vol-%).

Quartz phenocrysts are rounded. A few have an iron oxide rim.

A fibrous amphibole (actinolite/tremolite) replaces biotite and hornblende
phenocrysts (Photo A.29), and also occurs in the matrix indicating hydration of the rock.
f Residual hornblende is still present but there does not seem to be any biotite left. This
amphibole comprises <5 vol-% of the rock.

Epidote and carbonate also occur in the matrix and not just replacing phenocrysts.
Total carbonate in the rock is <5 vol-% and epidote comprises <2 vol-%.

\ No sulfides were found. Iron oxides and hydroxides comprise <2 vol-% of the
rock.

Besides the veinlets mentioned above there are also carbonate -+ silica
submillimeter scale veinlets
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Photo A.29: Mafic mineral replaced by fibrous amphibole (f.0. 0.9 mm long).

Sample SD-21-490 ft.

SD-21-548 ft. Protolith: Limestone?

This rock has been completely replaced by alteration minerals (replacement
body). The two main minerals are tremolite and diopside; tremolite is the most abundant
comprising approximately 40-45 vol-% and total diopside is approximately 35 vol-%
(Photo A.30). Other minerals present include: carbonate comprising approximately 15
vol-%, a silicate mineral (apparently serpentine) which comprises <5 vol-% and silica
(sometimes as chalcedony) with a percentage of <2 vol-%.
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rea of the sample together with silica and

Carbonate occurs localized only in one a
lite and to a lesser degree diopside (Photo

serpentine; in this area carbonate replaces (remo
A.31), although some parts have completely been replaced by carbonate.

Two different types of veins are present in the rock:

1~ Carbonate (spary) + chalcedony; this vein occurs in the area were the carbonate

is concentrated.

2- Diopside vein.

Both are submillimeter scale.
Protolith was probably a carbonate.
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Photo A.30: Tremolite and diopside (f.0.v. = 0.9 mm long). Sample SD-21-548 ft.

a4
]
.

le SD-21-548

by cahonateff.o.. -
fi.

.

ed

TR TR,
Photo A.31: Tremolite replac
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SD-21-660.5 ft. Biotite Quartz-Latite Porphyry

This rock presents a strong alteration to hydrothermal biotite (biotitized, Photo
A.32). Only scarce phenocrysls arc present, these include: K -feldspar, plagioclase,
biotite, hornblende and trace quartz. Trace apatite is present.

Matrix is composed of fine grain quartz, plagioclase and K-feldspar; it is difficult
{0 estimate the matrix percentage because of the strong alteration to biotite. Trace epidote
is present in the matrix.

K-feldspar phenocrysts sometimes have mineral inclusions of plagioclase and
hornblende. These feldspars show alteration to biotite, sulfides, and white phyllosilicates
(total alteration to white phyllosilicates is scarce). A stringer chalcopyrite + pyrite veinlet
cuts a K-feldspar phenocryst.

ft.

Plagioclase phenocrysts have been altered to fine grain biotite which occurs as
patches and veinlets.

Scarce hornblende is present in the sample comprising <2 vol-% of the rock, it is
closely associated with sulfides (mainly pyrite and some chalcopyrite) to hornblende
(replacing it?). There is a hornblende phenocryst that has been completely replaced by
biotite + pyrite + chalcopyrite.

Most of the biotite seems to be of hydrothermal origin (total amount of biotite in
the sample is approximately 50-55 vol-%), it is usually very fine grain and shreddy, it
sometimes oceurs in clusters (possibly replacing mafic minerals); in some cases these
clusters have sulfides associated with them (Photo A.33). Hydrothermal biotite varies
from brown to olive green. Biotite phenocrysts with mineral inclusions are possibly
magmatic in origin. Trace chlorite is present altering biotite. Biotite also occurs as
veinlets.
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Sulfides are pyrite and chalcopyrite and together they comprise approximately 5-
10 vol-% of the rock, of these <2 vol-% corresponds to chalcopyrite. Chalcopyrite
surrounds pyrite in some cases suggesting that if formed later (Photo A.34). Sulfides
occur disseminated and in stringer veinlets.

Cinnamon rutile is scarce in the sample, with tota
occurs together with chalcopyrite (Photo A.35).

1 amount <1 vol-%. It sometimes

R

5

f : <

. i EoY 3
e

i L Jﬂ/“‘ s

A

L]

Photo A.33: Clu'.:s.tér of hydrotheﬂnal t‘iioiit_cz anci prite (tav =0.9 m
SD-21-660.5 fi.

- n\%";. ~'- 1 N
- 1} R 7y A < e )
R e Mo ¥g§ P
- ), b1 B Lo o
Sl TR B B l"bb&\ %‘: &

*.ldlﬁng‘). Sample

i Photo A.34: Chalcopyrite surrounds pyrite (f.o.v. = 0.45 mm long). Sample SD-21-660.5
ft.
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Photo A.35: Cinnamon rutile together with chalcopyrite (f.o.v. = 0.45 mm long). Sample
SD-21-660.5 ft.

SD-21-1581 ft. Quartz-Latite Porphyry

Phenocrysts include: plagioclase (the most abundant), K-feldspar, biotite and
quartz. Trace zircon is present in the rock.

K-feldspars have been altered to patchy chlorite + carbonate, biotite, patchy silica,
and white phyllosilicates (total alteration to white phyllosilicates <5 vol-%). These
phenocrysts are cut by veinlets of carbonate and by silica veinlets; both submillimeter
scale.

Plagioclase phenocrysts show alteration to white phyllosilicates, carbonate, biotite
(most abundant, up to 40 vol-% in some cases) and kaolinite and in some cases are cut by
abundant biotite veinlets. Alteration to white phyllosilicates varies from <10 vol-% to 30
vol-% approximately.

Quartz phenocrysts vary from well rounded to irregular shaped; some have been
altered to carbonate and chlorite.
lf Matrix comprises approximately 35-40 vol-% of the rock and it is made of fine
grain irregular quartz.

Biotite phenocrysts with mineral inclusions are possibly of magmatic origin.

Some phenocrysts have been completely replaced by alteration minerals, these
include: hydrothermal biotite, chlorite, carbonate, cinnamon rutile, quartz and white
phyllosilicates (with scarce muscovite); these alteration minerals usually occur together,
but biotite, silica and muscovite are not always present. Some of these altered
phenocrysts were once hornblende based on shape (Photo A.36), others might have been
plagioclase.

Hydrothermal biotite is fine grain and shreddy, it occurs everywhere in the rock
and it comprises approximately 5.10 vol-% of the rock. It is followed in abundance by
carbonate and chlorite with approximately 5 vol-% of each; there is a close association
between these two minerals in the rock.
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Altered hornblende (f.0.v. = 1.8 mm long), sample SD-21-1581 ft.

Cinnamon rutile comprises 2-3 vol-% of the rock and it has a close association to
biotite; in some cases rutile is also occurs with chlorite and carbonate (was it originally
biotite that got replaced?).

White phyllosilicates comprise <3 vol-% of the rock, besides altering feldspars
there is trace patchy white phyllosilicates + trace muscovite in the matrix.

Sulfides are pyrite and chalcopyrite and occur disseminated with no close
relationship to any other mineral; the total percentage is approximately 5-7 vol-% (pyrite
> chalcopyrite). Difficult to estimate sulfides, not a polishes thin section.

Alteration assemblage can be classified as K-silicate constructive overprinted by
carbonate -+ chlorite and white phyllosilicates.

SD-21-1584.5 ft. Hornblende Dacite Porphyry

Based on texture this rock is probably a shallow hypabysal intrusion.

Biotite is the most abundant phenocryst followed by hornblende (which
sometimes occurs in clusters). Plagioclase and quartz are the least abundant with only
| scarce amount of each. Trace zircon and sphene are present in the rock. Fine grain
magnetite apparently of magmatic origin comprises <3 vol-% of the rock.

, Quartz phenocrysts are very rounded and in some cases appear to be shattered.
‘ These sometimes have been altered by scarce carbonate and white phyllosilicates.

Plagioclase phenocrysts are cut by white phyllosilicate veinlets and by carbonate
1 veinlets (both submillimeter scale). Alteration of plagioclase to white phyllosilicates is <5
vol-%o.

Biotite phenocrysts with mineral inclusions are possibly of magmatic origin. Most
of the biotite is shreddy suggesting that it might be late magmatic-early hydrothermal.
Total biotite in the sample is approximately 20 vol-%.

{ Matrix comprises approximately 30 vol-% of the rock and it is made of smectite,
K-feldspar and fine grain quartz (some of the quartz is irregular shaped, introduced?).
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Carbonate occurs as abundant submillimeter to millimeter scale veins and as
scarce patches. The veins are made of coarse carbonate (spary). Total percentage of
! carbonate in the sample is approximately 15-20 vol-%.

Actinolite comprises 5-10 vol-% of the rock; it sometimes occurs with fine grain
biotite altering phenocrysts, some also seems to be replacing biotite.

Chlorite is present altering biotite and hornblende. Some phenocrysts have been
altered to carbonate + chlorite. Total chlorite in the sample is <3 vol-%.

Thin submillimeter scale quartz veins cut the rock.

No ore minerals seem to be present in the rock.

SD-21-1592.5 ft. Quartz-Monzonite Porphyry

Alteration of K-feldspar to white phyllosilicates (as patches and submillimeter
scale veinlets) varies from <5 to 75 vol-%. Other alteration minerals that are sometimes
present altering K-feldspar include: biotite (abundant in some cases), patchy carbonate,
patchy silica + K-feldspar and cinnamon rutile.

Plagioclase phenocrysts have all been strongly altered. Alteration minerals in
order of abundance are: white phyllosilicates + muscovite, carbonate and fine grain
biotite. Total alteration varies from 70-90 vol-%.

There are feldspars that have been so strongly altered that it can not be determined
whether they are plagioclase or K-feldspar.

Quartz phenocrysts sometimes have holes that have been filled with K-feldspar
(possibly introduced).

There is trace zircon present in the rock.

Biotite phenocrysts with abundant mineral inclusions (such as: zircon and
cinnamon rutile) are possibly of magmatic origin, most of the mineral inclusions are very
fine grain.

The matrix comprises 25-30 vol-% of the rock and it is composed of quartz and
K-feldspar; both are very irregular shaped (introduced?). Graphic texture was seen in the
matrix.

Hydrothermal biotite is fine grain and shreddy, pleochroism varies from olive
green to brown. It sometimes occurs in clusters together with cinnamon rutile. Total
percentage of biotite in the sample is approximately 15 vol-%, with half corresponding to
hydrothermal and half to magmatic. There is hydrothermal biotite replacing magmatic
biotite. Hydrothermal biotite also replaces hornblende (Photo A.37); trace hornblende is
still present in the sample.

Total carbonate in the rock <5 vol-%, it occurs as patches in the matrix and
altering phenocrysts.

White phyllosilicates + muscovite + phengite comprise 10 vol-% of the rock;
these alter feldspars (mentioned above) and sometimes occur as patches in the matrix.
There is one area where there is a cluster of biotite + carbonate + white phyllosilicates +
sulfides + cinnamon rutile.

Cinnamon rutile comprises 3-4 vol-% of the rock and is usually associated with biotite.

Sulfides are pyrite and chalcopyrite and occur disseminated; together these
4 comprise <2 vol-% with sub-equal amounts of each. They sometimes occur with fine
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grain biotite and there are some cases were they grew on magmatic biotite (replacing?).
Scarce sulfides also occur with white phyllosilicates (possibly originally biotite).
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Photo A.37: Biotite (br'own) replacin'gﬁhornhﬁlen;:l'e '(g'r'eer';) (f.o;v =0.9 mm long). Sample

SD-21-1592.5 ft.

The alteration can be classified as K-silicate constructive weakly overprinted by
white phyllosilicates and scarce carbonate.

SD-21-1636 ft. Quartz -Monzonite

K-feldspar phenocrysts have been altered to patchy carbonate, patchy biotite and
white phyllosilicates (as patches and veinlets); total alteration to white phyllosilicates
varies from 10-25 vol-%.

Quartz is abundant and is characterized by having and irregular shape.

Magmatic biotite has abundant mineral inclusions, usually very fine grain.

Trace zircon is present.

Plagioclase was probably originally present even though there is none left.

There are some phenocrysts that have been completely altered to biotite and by
biotite + muscovite (sometimes with phengite).

In some cases muscovite is surrounded by sulfides (like in SD-23-1466 ft.),
indicating they formed after.

Hydrothermal biotite is shreddy and occurs in clusters (off fine and coarse grain
biotite). There are also some clusters of biotite + phengite + sulfides + scarce carbonate
(possibly replacing the biotite). Biotite pleochroism varies from brown fo green. Total
percentage of biotite in the sample is approximately 20-25 vol-%, most of hydrothermal
origin. Scarce chlorite alters biotite.

Carbonate occurs in veins and as patches, total carbonate in the sample is <5 vol-
%. White phyllosilicates together with muscovite and phengite comprise approximately
10 vol-% of the rock. There are some areas with abundant patchy carbonate + white
phyllosilicates + muscovite.

125




Cinnamon rutile comprises 1-2 vol-% of the rock and is closely associated with
biotite.

Several veins cut the rock: all of these are submillimeter scale:

1- Quartz + K-spar.

2- Pyrite + chalcopyrite + quartz + carbonate, this vein has a biotite halo and is

cut by a chalcopyrite veinlet.

3- Stringers of chalcopyrite and of pyrite + chalcopyrite.

4- Chalcopyrite + white phyllosilicates.

5- White phyllosilicate.

Sulfides are pyrite and chalcopyrite and they occur in veins, veinlets and in
clusters with biotite. Total percentage of sulfides is approximately 3 vol-%, with
chalcopyrite as the most abundant. Apparently there is no magnetite present (hard to say
not a polished thin section), but there seems to be some hematite present, possibly
originally magnetite.

Based on the mineralogy the alteration can be classified as K-silicate constructive
with a weak phyllic overprint.

SD-21-1852.5 Hornblende Quartz-Latite Porphyry

This rock has a fine grain matrix which comprises approximately 50-60 vol-% of
the rock and is composed mainly of irregular quartz (K-feldspar is also present).

Phenocrysts include: K-feldspar, plagioclase, hornblende, quartz and biotite.
Trace zircon is present.

K-feldspars are big phenocryst will minerals inclusions (plagioclase). Alteration
of K-feldspar to white phyllosilicates (as patches and veinlets) is scarce usually <5 vol-%.
Some have also been altered to scarce patchy carbonate. Plagioclase is the most abundant
feldspar; these phenocrysts have been strongly altered to smectite. Alteration to white
phyllosilicates is usually very weak to none, although there are some scant phenocrysts
that show strong alteration (up to 40 vol-%).

Hornblende has been altered by several minerals: smectite (Photo A.38),
carbonate, biotite and quartz.

Quartz phenocrysts vary from well rounded to irregular.

Magmatic biotite is characterized by having mineral inclusions. Hydrothermal
biotite is fine grain and shreddy, and is being replaced by smectite and scarce chlorite.
Total biotite in the sample is approximately 5 vol-%, most of magmatic origin.
Hydrothermal biotite sometimes forms clusters together with: quartz + cinnamon rutile +
carbonate (possibly replacing the biotite).

There are some phenocrysts that have been completely replaced by chlorite (total
chlorite in the sample <2 vol-%). Other phenocrysts have been replaced by smectite +
biotite + rutile + carbonate + chlorite. And some have been replaced by smectite +
carbonate + silica + biotite + cinnamon rutile + pyrite.

Alteration minerals (carbonate, quartz, cinnamon rutile and biotite) usually occur
in clusters, although not all of them are always present, these clusters sometimes have
pyrite.

Carbonate occurs associated with other alteration minerals and also occurs alone
in the matrix, total percentage of carbonate in the sample is <5 vol-%. Smectite alters
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phenocryst and occurs in veinlets (originally biotite?); total smectite is approximately 8-
10 vol-%. Total cinnamon rutile in the rock is <2 vol-%.
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Photo A.38: Hornblend ple SD-21-1852.5

White phyllosilicate veinlets also cut the rock.

Pyrite is the main sulfide comprising approximately 5 vol-% of the rock. Only
trace chalcopyrite is present. Pyrite occurs in veinlets (discontinuous and stringers) and
associated with alteration minerals.

Alteration is classified as K-silicate constructive weakly overprinted by white
phyllosilicates, carbonate and chlorite,

SD-21-1867 ft. Quartz-Monzonite

Phenocrysts include K-feldspar, plagioclase, quartz and biotite. Trace zircon is
present.

K-feldspars have been altered to patchy carbonate, hydrothermal biotite, white
phyllosilicates, and patchy silica. Total alteration to white phyllosilicates varies from 10-
20 vol-%. Three types of veinlets cut these phenocrysts: white phyllosilicate, carbonate
and silica.

Plagioclase has been altered by fine grain biotite, smectite and white
phyllosilicates. Biotite occur as patches and veins (sometimes very abundant); smectite
usually occurs as veins (was it biotite that got replaced by smectite?). Total alteration to
white phyllosilicate is usually <10 vol-%, although in some cases it reaches 30 vol-%.
There is a pyrite + biotite + smectite veinlet that cuts a plagioclase phenocryst.

Quartz is sometimes very irregular shaped and patchy (introduced?).

Magmatic biotite is characterized by having mineral inclusions. Hydrothermal
biotite is shreddy, it varies from fine grain to coarse and usually occurs in clusters,
sometimes with carbonate (replacing?), sulfides and cinnamon rutile (total percentage of
cinnamon rutile in the rock is <2 vol-%). Biotite color varies from brown to green.

127

R IR




Smectite alters hydrothermal biotite (total smeetite in the rock is approximately 10 vol-
%). Total percentage of biotite in the sample is approximately 20 vol-%, most of
hydrothermal origin.

Carbonate comprises <2 vol-% of the rock, as mentioned above it alters K-spar
and sometimes occurs in clusters with biotite.

Pyrite and chalcopyrite are the only two sulfides present, together these comprise
<5 yol-%, of this <1 vol-% corresponds to chalcopyrite. Pyrite forms stringers and thin
discontinuous veinlets. Some pyrite oceurs in clusters with biotite, and there is some that
grew along the cleavage of biotite (replacing?).

Alteration assemblage is K-silicate constructive with a very weak phyllic
overprint.

SD-21-1899 ft. Biotitized igneous rock

The protolith of this rock can not be determined due to the strong alteration to
hydrothermal biotite (“biotitized”). Total percentage of biotite in the rock is
approximately 75-80 vol-% and most seems to be either late magmatic or early
hydrothermal. Biotite varies from fine to coarse grain (Photo A.39), and in cases has
olive green pleochroism. Some biotite has been altered to smectite.
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Biotite phenocrysts are the most abundant, these sometimes have pyrite associated
with them (replacing?). Biotite replaces both biotite and hornblende.

Besides biotite there are only scarce phenocrysts of plagioclase and quartz in the
rock. Plagioclase has been altered to white phyllosilicates (as veins and patches); total
alteration varies from 10-20 vol-%. Trace zircon is also present.

Patchy carbonate and patchy white phyllosilicates both replace biotite. White
phyllosilicates comprise <2 vol-% of the rock and the total percentage of carbonate is <1
vol-%.
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Quartz is the main component of the matrix; K-feldspar is also present.

Cinnamon rutile is closely associated with biotite, the total amount or rutile in the
rock is <1 vol-%.

Pyrite and chalcopyrite are the only two sulfides present; together these comprise
<5 vol-%, with pyrite>chalcopyrite, They occur as stringers of pyrite + chalcopyrite and
in clusters with biotite.

Alteration type is strong K-silicate constructive with a very weak overprint by
white phyllosilicates and carbonate.

SD-21-1948.5 ft. Quartz-Monzonite (weakly porphyrytic)

Alteration of K-feldspar to white phyllosilicates (as patches and veinlets) varies
from <5 vol-% to 60 vol-% (in some cases), but it is usually <10 vol-%. Patchy biotite
also alters K-feldspar.

Plagioclase phenocrysts have been altered to smectite (abundant), patchy biotite
and white phyllosilicates. Total alteration to white phyllosilicates varies from none to <10
vol-%. Thin submillimeter scale veinlets of white phyllosilicates and veinlets of biotite
cut plagioclase phenocrysts.

The total amount of white phyllosilicates in the rock is <2 vol-%.

One feldspar has been so strongly altered to biotite that it can not be determined
whether it was plagioclase or K-feldspar. There is trace epidote altering a feldspar.

Quartz phenocrysts are abundant, these are irregular shaped. There is also some
fine grain, patchy, irregular shaped quartz (introduced).

Magnetite comprises <1 vol-% of the rock. It seems to be of magmatic origin.
There is some fine grain magnetite that occurs in a cluster with biotite.

Biotite with mineral inclusions is possibly of magmatic origin, sometimes there is
fine grain pyrite and cinnamon rutile that grew on biotite phenocrysts. Total biotite in the
sample is approximately 5-10 vol-%, most of hydrothermal origin, some with olive green
pleachroism. Biotite is being altered by chlorite, the percentage of chlorite in the rock is
<1 vol-%, smectite and trace muscovite. There is also some patchy carbonate that occurs
with biotite, possibly replacing it (total carbonate in the rock is <2 vol-%).

Cinnamon rutile comprises approximately 1 vol-% of the rock and occurs
associated with biotite.

Total percentage of smectite in the rock is approximately 7-8 vol-%.

Several veins are present in the rock:

1- Carbonate + pyrite.

2- White phyllosilicate.

3- Biotite.

4- Biotite + smectite + pyrite + chalcopyrite.

5- Quartz + biotite + pyrite + chalcopyrite.

6- Pyrite and chalcopyrite stringers.

All of these are submillimeter scale.

Pyrite and chalcopyrite are the only two sulfides present, the total percentage is
<4 vol-% (pyrite > chalcopyrite). Besides occurring in veins they sometimes occur in
clusters with biotite.
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Alteration assemblage can be classified as K-silicate constructive with a very
weak phyllic overprint.

SD-21-1961.5 ft. Quartz-Monzonite

Phenocrysts include K-feldspar, plagioclase, quartz and biotite. Trace zircon is
also present. Alteration minerals include: white phyllosilicates, biotite, cinnamon rutile,
patchy carbonate, scarce quartz and trace epidote. Alteration assemblage is K-silicate
constructive with a weak phyllic overprint.

Several minerals alter K-feldspars, these include: white phyllosilicates, fine grain
biotite, patchy carbonate and patchy quartz, these do not necessarily occur together.
Alteration to white phyllosilicates varies from <5 vol-% to very strong, reaching up to 80
vol-% in some cases. Thin white phyllosilicate veinlets and biotite veinlets cut K-feldspar
phenocrysts.

Plagioclase phenocrysts show alteration to smectite, patchy carbonate and white
phyllosilicates and are cut by veinlets of smectite, of biotite and white phyllosilicate
veinlets. Alteration of plagioclase to white phyllosilicates is weaker than K-feldspar, it
varies from scarce to approximately 40 vol-%, but is usually <5 vol-%. The total amount
of white phyllosilicates in the rock is approximately 5-8 vol-%.

There are some feldspars that have been strongly altered (total alteration 90 vol-
%) to white phyllosilicates + scarce carbonate + scarce muscovite, it can not be
determined if they were plagioclase or K-feldspar.

Quartz is very irregular shaped, suggesting that some could have been introduced.

Magmatic and hydrothermal biotite usually occurs in clusters; the total amount of
biotite in the rock is approximately 10 vol-% (mostly hydrothermal). Magmatic biotite
has mineral inclusions, some of which are really fine grain. Hydrothermal biotite varies
from fine to coarse grain, is shreddy and sometimes has olive green pleochroism. Chlorite
and smectite alter biotite. Total percentage of smectite in the rock is <3 vol-% and the
total amount of chlorite is <1 vol-%.

Cinnamon rutile comprises <2 vol-% of the rock and is closely associated with
biotite.

Besides hydrothermal biotite there is also hydrothermal magnetite; the total
amount is <2 vol-%. Magnetite is being replaced by specular hematite (Photo A.40).

The percentage of patchy carbonate in the rock is approximately <2 vol-%. Trace
epidote occurs together in a cluster with carbonate.

Pyrite and chalcopyrite are the only two sulfides present; these comprise
approximately <3 vol-% of the rock, with pyrite>chalcopyrite. Sulfides occur in veins
and in clusters with biotite. Magnetite also occurs associated withbiotite. Scarce specular
hematite seems to be replacing chalcopyrite. There is no close association between
magnetite and chalcopyrite.

Veins present in the rock are:

1. Submillimeter to millimeter scale quartz + magnetite (being replaced by
specularite) + pyrite + carbonate + scarce cinnamon rutile. This vein seems to have a halo
made of biotite + smectite.

2- Submillimeter scale biotite + pyrite

3- Submillimeter scale carbonate + magnetite.
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Photo A.40: Magnetite being 1:e1)]a6cd by specula hematite (blue) (f.o.v. = 0.225 mm
long), sample SD-21-1961.5 fi.

SD-21-2011 ft. Quartz-Diorite Porphyry

This sample has been strongly altered by hydrothermal biotite (biotitized). Total
percentage of biotite in the rock is approximately 40 vol-%, most of hydrothermal origin.
Hydrothermal biotite is usually fine grain, shreddy and sometimes occurs in clusters.
Magmatic biotite has mineral inclusions; and sometimes has magnetite associated with it.

Besides biotite other phenocrysts include plagioclase and quartz. Trace zircon is
also present.

Plagioclase phenocrysts have been altered to white phyllosilicates (mainly on the
edges). White phyllosilicates occur as patches and veinlets and the total amount varies
from <5 vol-% up to 20 vol-% approximately. Other alteration minerals include: patchy
carbonate, smectite, fine grain silica and fine grain biotite.

There does not seem to be any K-feldspar phenocrysts present, it could be that
they were some originally but they have been altered.

Quartz phenocrysts in some cases seem to have quartz overgrowths, suggesting
introduced silica. Some quartz phenocrysts are surrounded by hydrothermal biotite.

Plagioclase and quartz are present in the matrix; total matrix percentage was
probably originally around 50 vol-% (difficult to estimate due to the strong alteration).

Magnetite comprises approximately 4 vol-% of the rock; it commonly occurs in
clusters together with biotite and sulfides. Magnetite is being replaced by specular
hematite. Most magnetite seems to be hydrothermal, although some euhedral grains could
be of magmatic origin.

Patchy carbonate and patchy white phyllosilicates are sometimes present in the
matrix, these minerals each comprise <1 vol-% of the rock.

Some phenocrysts have been completely replaced by alteration minerals. A
possibly hornblende (based on shape) was altered to: hydrothermal biotite + magnetite +
scarce chlorite + trace pyrite. Another possible hornblende was replaced by:
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hydrothermal biotite + magnetite. Hydrothermal biotite + magnetite + chalcopyrite alter
another phenocryst.

Chlorite replaces biotite; the total amount in the sample is approximately 2 vol-%.

Cinnamon rutile is present in the rock, comprising <1 vol-%.

Sulfides are pyrite, chalcopyrite and trace pyrrhotite; together these comprise <1.5
vol-% of the rock (chalcopyrite > pyrite). Chalcopyrite surrounds pyrite in some cases
indicating that pyrite formed first (Photo A.41). Sulfides are closely associated with
biotite.

Pyrrhotite and chalcopyrite have a close relationship to magnetite (Photo A.42);
these three metals are possibly coeval, pyrrhotite and chalcopyrite probably formed by
exsolution.

Magnetite stringer veinlets cut the rock.

Alteration assemblage is defined as K-silicate constructive, based on the presence
of abundant hydrothermal biotite and the presence of hydrothermal magnetite; with a
very weak overprint.
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Photo A.42: Chalcopyrite and pyrrhotite with magnetite. Magnetite is being replaced by
specularite (blue) (f.0.v. = 0.45 mm long), sample SD-21-2011 ft.

SD-21-2035 ft. Quartz-Latite Porphyry

The matrix is made of quartz, K-feldspar and scarce plagioclase, with quartz as
the most abundant. Feldspars in the matrix have been altered to white phyllosilicates.

Phenocrysts include plagioclase, K-feldspar, quartz and biotite. Trace zircon is
also present.

Alteration of feldspars to white phyllosilicates is usually weak to none, but in
some cases it reaches 20 vol-%. Plagioclase phenocrysts have also been altered to
‘ smectite and patchy carbonate; in some cases the alteration to these two minerals is
strong. Patchy carbonate also alters K-feldspar; the total amount of carbonate in the
sample is <1 vol-% and it is all altering feldspars. White phyllosilicate veinlets and
biotite veinlets cut K-feldspar phenocryst.

Quartz phenocrysts vary from well rounded to irregular.

The total amount of biotite in the rock is approximately 7-8 vol-%, most of
hydrothermal origin. Biotite phenocrysts with mineral inclusions (some really fine, like
needles) are possibly of magmatic origin. Hydrothermal biotite is shreddy and usually
oceurs in clusters. Fine grain biotite in the matrix is possibly late magmatic-early
hydrothermal.

Biotite is being altered to smectite and chlorite, the total amount of chlorite in the
rock is approximately 1 vol-%. Hydrothermal biotite replaces phenocrysts, some of these
were possibly hornblende. White phyllosilicates sometimes occur in clusters with biotite
(possibly replacing it), the total amount of white phyllosilicates in the rock, including the
ones altering feldspars is <2 vol-%.

Magnetite comprises approximately 2 vol-%, and it is closely associate to
hydrothermal biotite (is the magnetite also of hydrothermal origin?). Specular hematite
replaces magnetite.

Cinnamon rutile usually occurs in clusters with hydrothermal biotite, the total
amount of rutile in the rock is <1 vol-%.
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Pyrite and chalcopyrite comprise <4 vol-% of the rock, with sub-equal amounts of
each. Trace bornite and idaite are also present and they oceur together with chalcopyrite,
these three minerals are possibly coeval. Chalcopyrite in some cases surrounds pyrite
indicating that pyrite was the first sulfide to form. Some sulfides grew within biotite
phenocrysts (replacing?). Sulfides in the rock occur in veins and in clusters with biotite.

Trace chalcopyrite occurs within magnetite (formed by exsolution?).

Three types of veins cut the rock (all submillimeter scale):

% White phyllosilicate veinlets.

¥ Biotite veinlets.

% Sulfide stringers.

Alteration type is K-silicate constructive with a very weak phyllic overprint.

SD-21-2325.5 ft. Quart-Monzonite

There are several minerals that alter K-feldspars, these include: patchy biotite,
patchy quartz, trace epidote and white phyllosilicates; the total alteration to white
phyllosilicates varies from scarce (<5 vol-%) to 15 vol-%, in some cases it reaches 30
vol-%. White phyllosilicate veinlets cut K-feldspar phenocrysts.

Some phenocrysts have been completely altered to smectite, biotite and white
phyllosilicates (with some phengite); some of these could have been originally
plagioclase. The total amount of smectite in the rock is approximately 5 vol-%.

Quartz varies in size, some is very fine grain and patchy (introduced?).

Trace zircon is present in the rock.

Most of the biotite in the sample is of hydrothermal origin, the total amount of
biotite is approximately 10 vol-%. Hydrothermal biotite is shreddy and usually occurs in
clusters, some biotite has olive green pleochroism. Chlorite alters biotite, the total amount
in the rock is <0.5 vol-%. There is some trace phengite (apparently) that occurs in
clusters with biotite, possibly replacing it, the total amount of phengite and white
phyllosilicates in the rock is <2 vol-%.

Magnetite comprises approximately 5 vol-% of the rock, it all seems to be of
hydrothermal origin; it is closely associated with biotite and sometimes occurs veins.
Specularite replaces magnetite.

Cinnamon rutile is present in the rock, the total amount is <I vol-%; some is
associated with biotite.

Chalcopyrite is the most abundant sulfide comprising <3 vol-% of the rock, it if
followed by pyrite with approximately 1 vol-%. Trace molybdenite is also present.
Chalcopyrite surrounds pyrite indicating that it formed later. Sulfides occur in veins and
i1 clusters with biotite. Trace chalcopyrite inside of magnetite (little blebs) possibly
formed by exsolution.

Besides the trace epidote altering K-feldspars there is trace amounts that occurs in
clusters with biotite, magnetite and chalcopyrite. The total amount of epidote in the rock
is <1 vol-%.

Several veins cut the rock:

|- Barren submillimeter scale quartz veins.

2. Carbonate veinlets. The total amount of carbonate in the rock is <1 vol-%.

3- Biotite veinlets
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4- Millimeter scale veins of quartz + biotite + magnetite + chalcopyrite + trace
molybdenite. In these biotite and magnetite surround quartz grains indicating
that they formed after (Photo A.43).
5- Pyrite + chalcopyrite + biotite.
Based on the presence of hydrothermal magnetite and hydrothermal biotite the
alteration assemblage is classified as K-silicate constructive with a weak phyllic
overprint,

Photo A.43: Magnetite and biotite surround quartz grains in a vein (f.o.v. = 1.8 mm

long), sample SD-21-2325.5 ft.
DRILL HOLE SD-22
SD-22-724 ft. Biotite Monzonite

Total alteration of feldspars to white phyllosilicates varies from none to 5 vol-%
(in K-feldspar). Scarce patchy carbonate replaces feldspars.

Plagioclase is sometimes altered by biotite: both as patches and veinlets and in
some cases grew along preferential overgrowths.

Biotite comprises approximately 20 vol-% of the rock and seems to be mainly of
hydrothermal origin; which is shreddy, sometimes has olive green pleochroism and
usually occurs in clusters. Hydrothermal biotite varies from fine to coarse grain. Smectite
alters biotite (mainly hydrothermal biotite). Biotite replaces phenocrysts, in some cases
possibly hornblende (based on shape).

Patchy carbonate sometimes occurs associated with biotite (replacing it?); total
amount of carbonate in the rock is approximately 1 vol-%.

Cinnamon rutile comprises approximately 1 vol-% of the rock and is closely
related to biotite.

White phyllosilicates together with muscovite comprise <2 vol-% of the rock.

Alteration assemblage is classified as K-silicate constructive weakly overprinted
by white phyllosilicates + muscovite and carbonate.
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The total amount of sulfides in the rock is <2 vol-%; these are apparently pyrite
and chalcopyrite (not a polished thin section). Sulfides occur associated with biotite, in
some cases they grew along the cleavage of biotite.

Veins present in the rock are:

1- Sulfide + biotite veinlets. Now mainly smectite.

2- Sulfide + biotite + muscovite veinlet.

3- Smectite veinlets (originally biotite?).

4- Sulfide stingers.

5- Sulfide discontinuous veinlets.

SD-22-1240 ft. Quartz-Latite Porphyry

This sample corresponds to a porphyrytic rock, phenocrysts include: plagioclase,
K-feldspar, biotite, quartz and scarce hornblende. Trace zircon and sphene are also
present. The matrix is composed of quartz (main mineral) and K-feldspar, and it
comprises approximately 50 vol-% of the rock.

Total alteration of feldspars to white phyllosilicates varies from scarce to none
and it is weaker in K-feldspar. Plagioclase phenocrysts have also been altered to smectite
and are sometimes cut by carbonate veinlets. There are several veinlets that cut K-
feldspar phenocrysts: carbonate veinlets, silica + biotite veinlets, carbonate + biotite
veinlets and biotite veinlets; K-feldspars also show scarce alteration to patchy carbonate.

Quartz phenocrysts are irregular shaped and are sometimes cut by carbonate
veinlets.

Residual hornblende is still present in the rock; it has been strongly altered to
smectite. There is a possible hornblende, based on shape, that has been completely altered
to biotite + magnetite + smectite.

There are phenocrysts that have been complete replaced by smectite (based on
shape some could have been hornblende).

Biotite comprises approximately 5-10 vol-% of the rock; most is of hydrothermal
origin. Magnetite sometimes occurs together with magmatic biotite, it either surrounds it
or it grew along the cleavage of biotite (replacing it?). Hydrothermal biotite is shreddy,
sometimes has olive green pleochroism and usually occurs in clusters. Biotite has
incipient replacement by chlorite, the total amount of chlorite in the rock is <1 vol-%.

Total amount of magnetite in the rock is approximately 4-6 vol-%, and it all
seems to be of hydrothermal origin. Specularite replaces magnetite.

Chalcopyrite and pyrite are the only two sulfides present in the rock. The total
amount of chalcopyrite is approximately 1 vol-% and the amount of pyrite present is <lI
vol-%. Chalcopyrite sometimes occurs in clusters with magnetite and is some cases it
surrounds it, suggesting it probably formed after (Photo A.44). There is trace chalcopyrite
in magnetite (formed by exsolution?). Sulfides and magnetite occur in veins and in
clusters with biotite.
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Photo A.44: Chalcopy

rite surrounds magnetite (f.o.v. = 0.225 mm long). Sample SD-22-
1240 ft.

Abundant veins cut this rock:

1- Carbonate + biotite + chalcopyrite + trace pyrite. Biotite, chalcopyrite and trace
pyrite oceur along the edges

2- Carbonate + biotite + magnetite

3. Magnetite + biotite. These are cut and displaced by late carbonate veins.

4- Biotite + chalcopyrite + pyrite + magnetite.

5. Magnetite veins. Cut and displaced by later carbonate + biotite veins (Photo
A.45).

6- Magnetite + chalcopyrite + biotite.

7- Chalcopyrite + carbonate.

8- Magnetite + carbonate.

9- Carbonate + biotite. Biotite occurs along the edges.

10- Quartz + magnetite + scarce chalcopyrite. Cut and displaced by later
carbonate + biotite (Photo A.46).

11- Chalcopyrite and pyrite stringers.

|2- Thin barren carbonate veinlets.

13- Smectite veinlets (possibly originally biotite).
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Photo A.46: Carbonate + biotite veinlets a quartz + magnetite + scarce
chalcopyrite vein (f.0.v = 1.8 mm long), sample SD-22-1240 ft.

Carbonate and it is the most abundant alteration mineral in the rock, comprising
15-20 vol-Y%. Base on cross cutting relationships observed it can be determined that most
magnetite veins are early compared to carbonate veins.

Alteration assemblage is K-silicate constructive.
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SD-22-1270 ft. Quartz-Monzonite (weakly porphyrytic)

Magmatic minerals in this rock are equigranular, these are: plagioclase, K-
feldspar, quartz, biotite and trace zircon. Alteration minerals include: biotite, magnetite,
white phyllosilicates, carbonate, chlorite and smectite.

K-feldspars have been altered to patchy carbonate, smectite and white
phyllosilicates, the total alteration to white phyllosilicates is scarce <5 vol-%.

Plagioclase have been altered to smectite, patchy biotite, and white phyllosilicates
(total alteration to white phyllosilicates varies from trace to 5 vol-%, and it is stronger
than in K-feldspar). Biotite veinlets cut plagioclase.

Quartz is very abundant, it characterized by having an irregular shape. A great
part of the quartz seems to be introduced, ocecurring in veins.

Magmatic biotite is scarce (most seems 10 of hydrothermal origin). The total
amount of biotite in the sample is 5-8 vol-%. Hydrothermal biotite is fine grain shreddy
and usually occurs in clusters. Chlorite replaces both magmatic and hydrothermal biotite,
total chlorite in the rock is <1 vol-%.

Magnetite comprises approximately 10-15 vol-% of the rock and seems to be all
of hydrothermal origin. It sometimes occurs together with magmatic biotite (replacing?).
Specular hematite replaces magnetite.

Magnetite veins are very abundant; these usually have quartz and sometimes have
scarce carbonate. Most off these veins are parallel (Photo A.47).

Other veins present in the rock are:

% Biotite veinlets.
% Pyrite + chalcopyrite + carbonate + biotite. This vein apparently formed after the
magnetite veins (cuts through them?).
Total carbonate in the rock is approximately 2vol-%, it occurs in veins and as patches.
It is possibly that carbonate in the sample is late and it just follows the path of previous
veins.

Photo A.47: Parallel magnetite veins (f.0.v. = 1.8 mm long), sample S

D-22-1270 ft.
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Pyrite and chalcopyrite are the only two sulfides present; together they comprise
approximately 1 vol-% of the rock (with sub-equal amounts of each), and they are all
present in the vein mentioned above.

Alteration assemblage is classified as K-silicate constructive, based on the
abundance of hydrothermal magnetite and hydrothermal biotite.

SD-22-1321 ft. Quartz-Monzonite

K-feldspars have been altered to patchy carbonate, biotite and white
phyllosilicates; alteration to white phyllosilicates is usually weak (trace to <3 vol-%) but
in some few cases reaches up to 85 vol-%. Carbonate veinlets cut K-feldspars.

Plagioclase shows alteration to smectite (in some cases strongly altered), patchy
carbonate, biotite and white phyllosilicates (and scarce muscovite). Alteration to white
phyllosilicates is stronger that in K-feldspar (varies from <5 to 80 vol-%). White
phyllosilicate veinlets cut plagioclase grains.

Trace zircon is present in the rock.

Quartz is abundant in the rock, it is mostly irregular shaped.

Biotite with abundant fine grain mineral inclusions (possibly rutile) is most likely
of magmatic origin. The total amount of biotite in the rock is approximately 6-10 vol-%;
most is of hydrothermal origin. Hydrothermal biotite is mostly fine grain and usually
oceurs in clusters (some of these cluster have shapes suggesting that they might have
been minerals, possibly mafic that got replaced). Magmatic biotite is sometimes being
replaced by hydrothermal biotite. Chlorite replaces biotite, the total amount of chlorite in
the rock is <1 vol-%. Muscovite and trace phengite also replaces biotite (Photo A.48);
white phyllosilicates together with muscovite comprise approximately 5vol-% of the
rock.

Some grains have been completely replaced by biotite; others have been replaced
by white phyllosilicates (sometimes with muscovite) + biotite (possibly originally
feldspars). There is one mineral that was completely altered to biotite + carbonate +
pyrite + chalcopyrite.

Carbonate occurs in patches and veins, the total amount of carbonate in the rock is
approximately 1 vol-%. There is some carbonate that occurs together with biotite in
clusters (overprinting?).

Cinnamon rutile is closely associated with biotite, the total amount is <1.5 vol-%

Sulfides present are pyrite and chalcopyrite; chalcopyrite is more abundant,
comprising approximately 2-3 vol-% of the rock, the total amount of pyrite is
approximately 1 vol-%. Chalcopyrite is some cases surrounds pyrite indicating that it
formed later (Photo A.49). Sulfides occur in veins and they sometimes occur in clusters
with biotite.
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Photo A.48: Muscovite replacing biotite (f.0.v. = 0.45 mm long), sample SD-22-1321 ft.
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Photo A.49: Chalcopyrite surrounds pyrite (L.o.v. = 0.45 mm long), sample SD-22-1321
ft.

Based on mineralogy the alteration assemblage of this rock can be classified as K-
silicate constructive with a weak phyllic overprint.

Several veinlets cut the rock:

1- Chalcopyrite + pyrite + carbonate.

2- Biotite veinlets.

3- Quartz + biotite.

4- Quartz + chalcopyrite + scarce biotite. In these veins chalcopyrite formed

after quartz, since it sometimes surrounds quartz grains.

( 5. Pyrite + chalcopyrite + muscovite + carbonate.
6- Chalcopyrite stringers.
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7- Chalcopyrite + trace pyrite stringers.
All of these are submillimeter scale.

DRILL HOLE SD-23
SD-23-885 ft. Protolith: Quartz arenite

Note: this rock was originally logged as a monzonite.

Abundant quartz grains are present in the sample; most of them seem to be
primary suggesting that the protolith was probably a quartzarenite. Trace zircon is present
in the rock.

Alteration minerals present in the rock include biotite (the most abundant), white
phyllosilicates + muscovite, carbonate, quartz, cinnamon rutile and trace epidote. Most of
the alteration minerals seem to filling the spaces between the quartz grains.

There are areas where there is a greater concentration of biotite (Photo A.50);
total biotite in the sample is approximately 15 vol-%. Hydrothermal biotite and carbonate
are the main minerals altering the quartzarenite.

1.8 mm long), sample SD-23-885 ft.

Total carbonate present in the sample is approximately 5-10 vol-%, taking into
consideration the carbonate that is present in the veins.

Cinnamon rutile occurs with carbonate, biotite (Photo A.51) and scarce with
white phyllosilicates (these where probably originally biotite that got replaced); total
cinnamon rutile in the sample is < 2 vol-%.

As mentioned above quartz is also present as an alteration mineral; it differs from
primary quartz because it is fine grain, irregular and patchy. Introduced silica occurs
together with white phyllosilicates and the total amount is approximately 5-10 vol-%. In
some areas of the sample fine grain white phyllosilicates (Photo A.52), scarce muscovite
and patchy quartz are the main minerals present, these areas occur only in the edges of
the sample and sometimes have straight contacts with the rest on the rock (related to
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veins or just zoning in the alteration?). Although white phyllosilicates are present
throughout the sample their biggest concentration occurs in these areas together with the
introduced silica, the total amount of white phyllosilicates + muscovite in the rock is <7

vol-%.

Y. B SR oty v SR Mt Lal
Photo A.51: Cinnamon rutile with biotite and carbonate (f.0.v. = 0.9 mm long), sample

SD-23 -885 fi.
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Photo A.52: Area with at phyllosilicates (f.0.v. nm long), sample SD-

23-885 ft.

Based the protolith and the alteration minerals this rock can be classified as a
biotitized quartzarenite overprinted by carbonate and white phyllosilicates.

Pyrite seems to be the only sulfide present with a total percentage of
% (it is a thin section and not a polished thin section which makes it

\ approximately 5 vol-
occurs with carbonate and biotite, only scarce to

hard to identify ore minerals), it mainly
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trace sulfides are present in the areas with abundant introduced silica and white
phyllosilicates.

Several veins are present in the sample:

1- Carbonate + pyrite.

2- Barren carbonate veins.

3- Muscovite veinlets.

4- Thin biotite veins.

All these veins are submillimeter scale.

SD-23-1466 ft. Alkali feldspar Quartz-Syenite.

Phenocrysts include quartz, K-feldspar and biotite. There are also some
phenocrysts that have been completely altered to white phyllosilicates (Photo A.53) and
white phyllosilicate + carbonate, in some cases kaolinite is also present (Were some of
them originally plagioclase?).

A 3 F =

Photo A.53: Phenocryst 1elaced by white phyllosiiicates (0.. =0.9 mm i:;ng), sample
SD-23-1466 fi.

Quartz is very abundant, most is irregular shaped and patchy suggesting that it
might be introduced (alteration mineral) and not part of the original rock forming
components.

Alteration of K-feldspars to white phyllosilicates varies from none to very strong
(up to 75 vol-%).

Magmatic biotite has minerals inclusions, including rutile. Most biotite seems to
be hydrothermal, it is shreddy usually fine grain and occurs in clusters (Photo A.54);
some has olive green pleochroism. Thin irregular submillimeter scale biotite veinlets are
cutting the rock. Total biotite is approximately 10-15 vol-%. White phyllosilicates
sometimes surround hydrothermal biotite (overprinting).

Trace zircon and apatite are present,
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Muscovite is usually associated with chalcopyrite; the chalcopyrite surrounds
cuhedral muscovite crystals, indicating that it formed after (Photo A.55).

.
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ne grain shreddy hydrothermal biotite (f.o.v. = 1.8 mm long),

sample SD-23-1466 ft.

Cinnamon rutile comprises approximately 1-2 vol-% of the sample and it occurs
associated with biotite (Photo A.56) and with white phyllosilicates (was it originally
biotite?).

There is an area in the sample (next to a centimeter scale quartz vein) where
everything has been completely altered to white phyllosilicates + carbonate + silica +
cinnamon rutile + muscovite. This area also has the greatest concentration of sulfides
(mainly chalcopyrite) and cinnamon rutile in the sample. Some pyrite is also present.
Total white phyllosilicates and muscovite comprise approximately 18 vol-% of the
sample. The carbonate percentage is approximately 5-8 vol-%.

Chalcopyrite and pyrite are the only two sulfides present and they comprise less
than 10 vol-% of the sample; with chalcopyrite as the mosl abundant, total pyrite is <2
vol-%. Chalcopyrite surrounds pyrite indicating that it formed after. Sulfides occur
mainly as stringer veinlets, some are disseminated. Some sulfides occur together with
biofite but the greatest concentration occurs with white phyllosilicates. In this sample
there were two pulses in which copper was introduced, one associated withthe K-silicate
constructive alteration and one to the phyllic alteration.

Centimeter scale and millimeter scale quartz veins cut the rock (salty fluid
inclusions are present in the quartz crystals). The centimeter scale quartz vein is cut by
different types of submillimeter scale veinlets:

|- Carbonate veinlets

7- Carbonate + chalcopyrite & pyrite veinlets

3. Sulfide stringer veinlets (mainly chalcopyrite)

4- White phyllosilicate veinlets
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muscovite are present in the centimeter

Patchy white phyllosilicates and scarce
fine grain biotite surrounding the quartz

scale quartz vein. Also present are clusters of
grains and scarce chalcopyrite surrounding euhedral muscovite crystals.
The smaller quartz vein (millimeter scale) is also cut by submillimeter scale

veinlets:

1- Carbonate veinlets

5. Sulfide stringer veinlets.
| Patchy white phyllosilicates are also present in
with sulfides (mainly chalcopyrite). Muscovite euhed

sulfides.

this vein and they occur in clusters
ral crystals are surrounded by
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| Photo A.55: Chalcopyrite surrounds muscovite (A: f.o.v. = 0.45 mm long. B: f.o.v.=0.9
mm long). Sample SD-23-1466 ft.
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Photo A.56: Cinnamon rutile associated with biotite (f.o.v. = 0.45 mm long). Sample SD-

23-1466 ft.

The alteration assemblage is classified as K-silicate constructive overprinted by
white phyllosilicates, muscovite and carbonate.

SD-23-1556 ft. Protolith: Limestone?

This sample has been strongly altered. Protolith was probably a carbonate.

Quartz is one of the most abundant minerals comprising approximately 35 vol-%
of the sample; it seems to be an alteration mineral (irregular shaped and patchy),
indicating that the rock has been silicified.

Carbonate follows quartz in abundance comprising approximately 15-20 vol-% of
{ the rock, it occurs as patches and in veins. Clinopyroxenes (augite?) and amphiboles
l (tremolite?) are also present as alteration minerals, the approximate percentage of each is

<10 vol-% for clinopyroxene and 5 vol-% for amphiboles. Chloritoid alters both
' clinopyroxenes and amphiboles; total percentage of chloritoid is approximately 1-2 vol-
%.
« Clays (apparently smectite) are present in the rock comprising approximately 8-10
vol-%. Trace muscovite is present in the rock.

A silicate, possibly serpentine is one of the least abundant minerals comprising <2
vol-%.

Specular hematite is being replaced by magnetite (Photo A.57); both together
comprise approximately <6 vol-% of the sample. Specular hematite and magnetite show a
close association to sulfides.

Sulfides are pyrite, chalcopyrite and chalcocite; pyrite is the most abundant
comprising <10 vol-% of the sample. The percentage of chalcopyrite is approximately 2-
3 vol-% and chalcocite is the least abundant with <1 vol-%. Sulfides are present in veins,
stringer veinlets (of pyrite, chalcopyrite and pyrite + chalcopyrite) and disseminated.
Sometimes magnetite and specularite are also present in the stringer veinlets. Pyrite was
the first sulfide to form and it is followed by chalcopyrite. Magnetite is apparently late
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since it replaces specularite and it surrounds pyrite and chalcopyrite (apparently also
replacing) (Photo A.58). Magnetite is of hydrothermal origin.
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Photo A.57: Magnetite replacing specular hematite (f.o.v.=0.45 mm lon
23-1556 fi.

Chalcocite surrounds (replaces?) chalcopyrite (Photo A.59).
bonate + magnetite + specularite + chalcopyrite

Two millimeter scale pyrite + car
+ epidote veins are present in the sample. Total epidote in the sample is approximately <5
vol-%.

Submillimeter scale carbonate veins cut the rock.

Photo A.58: Chalcopyrite surrounds pyrite, magnetite surrounds chalcopyrite (f.o.v.
0.45 mm long). Sample SD-23-1 556 ft.
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Photo A.59: Chalcocite replacing chalcopyrite (fo.v.=0.45 mm long). Sample SD-23-

1556 ft.

$D-23-2270.5 ft. Quartz-Latite Porphyry

Phenocrysts include quartz, plagioclase, K-feldspar, biotite and trace hornblende.
Quartz phenocrysts present subrounded shapes and they are usually cut by white

phyllosilicate veinlets. Calcite submillimeter scale veinlets also cut quartz phenocrysts

(Photo A.60).
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Photo A.60: Carbonate vein cuts and displaces a quartz phenocryst (f.o.v. = 1.8 mm

long). Sample SD-23-2270.5 fi.

Plagioclase phenocrysts show alteration to white phyllosilicates (as patches and
veinlets) this alteration varies from 3 vol-% up to 30 vol-% in a few cases. Patchy biotite
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also alters some plagioclase phenocrysts. Scarce epidote is also present altering
plagioclase (Photo A.61). Carbonate submillimeter scale veins cut plagioclase.

K-feldspar phenocrysts are the biggest ones in the sample; they contain
plagioclase as mineral inclusions. These phenocrysts are cut by three different types of
submillimeter scale veinlets: carbonate, white phyllosilicate and quartz. Patchy quartz
and white phyllosilicates are also present. Total alteration of K-feldspars to white
phyllosilicates varies from 10-20 vol-%.

Trace zircon is present in the sample.

The matrix comprises approximately 40 vol-% of the sample and it is made
mainly of anhedral quartz.

Most of the biotite in the sample seems to be hydrothermal. It is usually fine grain
and shreddy; some bigger phenocrysts are also present but the lack of mineral inclusions
suggests that they might be either late magmatic or early hydrothermal. Biotite
pleochroism varies from olive green to brown. Some mafic minerals, including biotite
have been altered to fine grain biotite.

Alteration minerals that are present in the matrix include: biotite, white
phyllosilicates, carbonate and scarce epidote (<2 vol-%). Carbonate occurs as veinlets
and in patches, comprising approximately 10-15 vol-% of the sample. Thin white
phyllosilicate veins are also present cutting the rock and not only the phenocrysts.

i

Photo A.61: )iotc épl ng gioclﬂse (f.m. mlc SD-23-2270.5

The fact that the white phyllosilicates and biotite are so fine grain and that they
oceur together in the matrix makes it hard to estimate their percentage. Estimation for the
total biotite would be approximately 10-15 vol-%.

Trace (<1 vol-%) sphene is present in the rock (Photo A.62).

Veins present in the sample:

1-Millimeter scale vein made of pyrite + carbonate + quartz + trace chalcopyrite.
The halo is made of zoisite, scarce epidote and sulfides (pyrite + chalcopyrite in sub
equal amounts).
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2-Submillimter scale barren carbonate veins. These veins formed later since they
cut the first type of vein described.
3.Submillimeter scale white phyllosilicate veinlets.

Porls 7 piis oy e
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Photo A.62: Sphene (f.o.v.= 0.9 mm long). Sample SD-23-2270.5 ft.

Pyrite and chalcopyrite are the only two sulfides present; total percentage is
approximately 5-7 vol-%o; only trace corresponds to chalcopyrite. They occur together
with biotite and with carbonate.

Some of the quartz is patchy and irregular shaped suggesting that it might have
been introduced.

Trace cinnamon rutile occurs in association with biotite.

Based on the mineralogy present the alteration can be classified as K-silicate
constructive with phyllic overprint and cale-silicate overprint.

SD-23-2322.5 ft. Protolith: Limestone?

This sample corresponds to a garnet-diopside replacement body. Other minerals
present are: carbonate, quartz, serpentine and sulfides.

Diopside and garnet are the two most abundant minerals each one comprising
approximately 40-45 vol-% of the sample.

Serpentine is present altering the garnet; nearly one half of he garnet has been
“ replaced by serpentine. The serpentine shows growth zoning (Photo A.63).

Carbonate comprises <5 vol-% of the sample and it seems to be poikilotopic (big
crystals surrounding quartz and diopside, Photo A.64); suggesting that it might have been
of the last minerals to form. Quartz also comprises <5 vol-% and it is irregular shaped
| and patchy (Photo A.65), it seems to be an alteration mineral and not part of the original
1 rock.

The total percentage of sulfides is approximately 3-4 vol-%; chalcopyrite and
pyrite seem to be the only two sulfides present (hard to say nota P.T.S).

Two types of submillimeter scale veinlets are cutting the rock:
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1- Diopside veinlet
2- Serpentine veinlet
Protolith was probably a carbonate.

grnt is being 'e)laced by erp&:ntinc
(f.o.v.= 1.8 mm long). Sample SD-23-2322.5 fi.

Photo A.64: oikintpic calcite surrounds diopsid = (0.9 mm long) Sample SD-

23-2322.5 fi.
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DRILL HOLE SD-26
SD-26-1167 ft. Quartz-Monzonite

Phenocrysts include K-feldspar, plagioclase, quartz and biotite. Trace zircon is
present.

Alteration of feldspars to white phyllosilicates (as patches and in some cases
veinlets) varies greatly from <10 vol-% to 80 vol-%, it seems to be stronger in
plagioclase. Some feldspars have been so strongly altered that it can no be determined if
were plagioclase or K-feldspar. Plagioclase also shows alteration to muscovite, smectite
and patchy carbonate. K-feldspars also have been altered by scarce patchy carbonate and
trace phenocrysts are cut by carbonate veinlets.

Quartz phenocrysts are very irregular. Quartz sometimes grew together with K-
feldspar (graphic texture).

Magmatic biotite has abundant fine grain mineral inclusions (zircon, cinnamon
rutile). Hydrothermal biotite is shreddy and sometimes occurs in clusters. Total
percentage of biotite is approximately 8-10 vol-% (hydrothermal biotite is the most
abundant). Smectite is present altering biotite.

White phyllosilicates + muscovite and carbonate sometimes occur in clusters with
biotite, possibly replacing it, there is a close association between carbonate and
muscovite. Total percentage of carbonate in the rock <2 vol-% and the percentage of
white phyllosilicates + muscovite is approximately 5-7 vol-%.

Scarce irregular shaped silica (introduced?) sometimes occurs in clusters with
biotite.

There are some clusters where there is just white phyllosilicates + muscovite,
these are possibly replacing a phenocryst.

Cinnamon rutile comprises approximately 1-2 vol-% and is closely associated
with biotite.
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Pyrite and chalcopyrite are the only two sulfides present, these comprise <3 vol-%
(pyrite > chalcopyrite). Sulfides are closely associated with biotite, usually occurring in
clusters.

Besides white phyllosilicates and carbonate veinlets that cut feldspars only two
other types of veins were observed in the rock:

1- Pyrite discontinuous veinlets.

2- Muscovite veinlets.

Alteration is K-silicate constructive, weakly overprinted by white phyllosilicates,

muscovite and scarce carbonate.

SD-26-1352 ft. Biotite Quartz-Diorite

’ This rock is very similar to samples SD-15-1230 ft. and SD-15-1237 fi.

Plagioclase is very abundant, it is altered to smectite, fine grain biotite, and white
phyllosilicates (total alteration to white phyllosilicates varies from none to <5 vol-%).
Some smectite veins cut plagioclase (originally biotite?).

Quartz is fine grained and irregular shaped. Trace zircon and apatite are present in
the rock. There appears to be K-feldspar, only differentiated from quartz by its dirty
appearance.

Magnetite is present in the rock, the total amount is approximately 3 vol-%s; it
occurs everywhere in the rock and is apparently of magmatic origin. Specularite replaces
magnetite.

Biotite comprises approximately 5-10 vol-% of the rock, most seems to be of
magmatic origin (has mineral inclusions). Hydrothermal biotite sometimes has olive
green pleochroism. Magmatic biotite is being replaced by hydrothermal biotite in some
areas. Hydrothermal biotite has been altered to chlorite and smectite; chlorite comprises
<1 vol-% of the rock and the total amount of smectite in the rock is approximately 5 vol-
%. Biotite veinlets cut the rock.

There are clusters off biotite with carbonate; carbonate possibly replaces biotite.
Total amount of carbonate in the rock is approximately 6 vol-%.

The only ore mineral present in the rock corresponds to trace chalcopyrite.

Alteration assemblage can be classified as K-silicate constructive weakly
overprinted by carbonate.

DRILL HOLE SD-31
SD-31-1430 ft. Protolith: Sandy limestone or lime sandstone?

Carbonate is the most abundant mineral in the rock, none seems to be original, it
apparently all formed by recrystallization. Most of the carbonate is spary, and there are
some areas were it is poikilotopic (big crystals that surround other minerals).

Quartz is the second most abundant mineral comprising approximately 20 vol-%
of the rock. Most quartz is seems to be introduced (an alteration mineral), it is usually
irregular shaped and patchy. Some quartz appears to be detrital. The protolith was
probably either a sandy limestone or a limy sandstone.
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Diopside comprises approximately 5 vol-% of the rock. There is an area of the
rock that is composed mainly of dirty carbonate; this area does not have diopside. Quartz
is present throughout the sample.

Quartz veinlets cut the rock; the fact that these veins have no diopside in them
suggests that the introduced quartz possibly formed after the diopside. Carbonate was
possibly the last mineral to form.

Pyrite and chalcopyrite were the only two sulfides identified, together these
comprise <3 vol-% (chalcopyrite > pyrite). Sulfides occur in veins; there are sulfide
stinger veinlets and veins of carbonate + sulfides. The greater concentration of sulfides
occurs together with the dirty carbonate in the area were there is no diopside.

Besides the carbonate + sulfide veins there are also carbonate barren veins that cut
the rock.

SD-31-1760 ft. Protolith: Sandy limestone or lime sandstone?

Garnet and clinopyroxene (possibly diopside) are the two most abundant minerals
in the rock. Garnet is the most with a percentage of >60 vol-%. It is apparently being
replaced by serpentine. Clinopyroxene comprises approximately 15 vol-%. Trace patchy
carbonate replaces clinopyroxenes.

Quartz varies from fine to coarse grain, its total percentage is approximately 10
vol-%; some of the quartz is irregular shaped and patchy (possibly introduced), there is
also bladed quartz. Part of the quartz appears (o be detrital.

Epidote is present in veins, the total amount is <3 vol-%o.

There are some areas of the rock which are pretty dirty (apparently smectite).

The protolith was probably either a sandy limestone or a limy sandstone; possibly
with some clay content.

Sulfides present are pyrite, chalcopyrite, bornite, and idaite. Together pyrite and
chalcopyrite comprise approximately 5-7 vol-% of the rock (pyrite > chalcopyrite).
Bornite and idaite are only present and trace amount, and are closely associated with
chalcopyrite (Photo A.66); these three minerals are possibly coeval. Pyrite is in some
cases surrounded by chalcopyrite indicating that it was the first sulfide to form.

Hematite is present throughout the sample; the total amount is approximately 1-
2vol-%.

Parallel veins cut the rock:

% Chalcopyrite + pyrite + trace bornite and idaite.
% Pyrite + epidote + chalcopyrite + trace bornite and idaite.

Bornite and idaite are not always present in the veins.

There is another mineral present it is very fine grain and has strong internal
reflections (possibly ruby silvers).
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opyrit (f.o.v.=0.225 mm long), sample SD-31-
1760 ft.

Photo A.66: Bornite together with chale

SD-31-2178 ft. Protolith: Sandy limestone or lime sandstone?

Carbonate and quartz are the two most abundant minerals in the rock, with sub-
equal amounts of each (approximately 30 vol-%); they are followed in abundance by
epidote and diopside also with sub-equal amounts (approximately 15 vol-%).

K-feldspar is present in the sample (<1 vol-%), it is very clean and has apatite
inclusions.

Some of the quartz has been introduced (it occurs in veins), but the abundant
quartz in the matrix is possibly detrital. All the carbonate formed by recrystallization.
Protolith is possibly a limy sandstone or a sandy limestone.

Some of the carbonate is poikilotopic (big crystals that surround other minerals).

Chlorite comprises approximately 3 vol-% of the rock; part of it seems to be
replacing an amphibole (tremo]itefactinolite‘?). Carbonate replaces both: chlorite and the
amphibole. Only scarce amount of the amphibole remains.

The total amount of sulfides (pyrite and chalcopyrite) in the rock is approximately
6 vol-%; most of this corresponds to pyrite. Pyrite occurs in veins a disseminated.

gome of the pyrite is euhedral.

Different vein types cut the rock:

1~ Submillimeter scale epidote veinlets.

2. Submillimeter scale carbonate + epidote.

3. Millimeter scale epidote + diopside, which turns into a carbonate -+ chlorite +

diopside + scarce epidote vein.

4- Millimeter scale quartz -+ carbonate + epidote + chlorite + scarce diopside.

5- Pyrite veins.
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SD-31-2205 ft. Hornblende Quartz-Monzonite

Plagioclase is very abundant, several minerals alter plagioclase grains: fine grain
biotite, white phyllosilicates, patchy carbonate, and epidote. Some have been strongly
altered to carbonate (up to 40 vol-%). Alteration to white phyllosilicates varies from none
to 10 vol-%. Carbonate veinlets cut plagioclase.

K-feldspars have been altered to white phyllosilicates and trace epidote.
Alteration to white phyllosilicates is usually <5 vol-%, but in some cases reaches 15 vol-
%.

Quartz is usually very irregular shaped; some seem (o be filling spaces between
grains (introduced?).

l Trace amounts of zircon and sphene are present in the rock.

| Biotite comprises approximately 10 vol-% of the rock; most seems 10 be of
magmatic origin, usually has abundant mineral inclusions. There is scarce hydrothermal
biotite (fine grain and shreddy) replacing magmatic biotite.

The main alteration minerals are actinolite, chlorite and carbonate, and they
usually occur together. Actinolite comprises <5 vol-% of the rock, it replaces biotite
(Photo A.67) and hornblende (scarce residual hornblende is still present in the rock). The
total amount of carbonate in the rock is <4 vol-%. Chlorite comprises approximately 2-3
vol-% of the rock. It could be that there was a greater amount of hydrothermal biotite
originally but it got replaced by actinolite, chlorite and carbonate.

Some phenocrysts have been completely replaced by alteration minerals, for
example, there is a hornblende phenocryst (based on shape) that has been completely
altered to carbonate + actinolite; another example is actinolite + carbonate + scarce
epidote altering what appears to have been a magmatic biotite. The total amount of
epidote in the rock is <1 vol-%.

There are some clusters of biotite + actinolite + hornblende + carbonate +
magnetite.
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Besides altering feldspars, white phyllosilicates sometimes occur together with
carbonate, the total amount of white phyllosilicates in the sample is <2 vol-%.

Cinnamon rutile is only present in trace amounts.

Magnetite occurs disseminated throughout the sample, the total amount is <1.5
vol-%, it all seems to be of magmatic origin. Some magnetite is associated with biotite
and some to actinolite.

Sulfides are pyrite and chalcopyrite, the total amount of these is <1.5 vol-%
(mainly pyrite, only trace chalcopyrite). There is some pyrite that occurs together with
actinolite.

Veins that cut the rock are:

1- Quartz + plagioclase + biotite + scarce K-feldspar + pyrite.

7. Chlorite + carbonate veinlets. This vein cuts the previous type.

3- Pyrite stringers.

DRILL HOLE 05 STK 034
05-STK 034-566.6 m.

Note: this sample was made into a polished slab so silicates were not described.

Based on texture, the host rock appears to be an intrusive igneous rock? White
phyllosilicates are the only alteration mineral visible. Sulfides and sulphosalts are also
present.

Enargite is the most abundant opaque mineral followed by pyrite, marcasite and
trace sphalerite. Pyrite is surrounded by enargite indicating that it had to form first.

Only trace sphalerite is present in the rock and it is not in contact with the other
opaque minerals so its paragenesis can not be determined.

Pyrite varies from cuhedral to sub-euhedral and it occurs disseminated and as
stringer veinlets.

Based on the abundance of enargite this sample could be classified as a copper
ore, if the copper from the enargite can be recovered.

05-STK-034-609 m. Protolith: Quartz arenite

Quartz is the most abundant minerals, comprising approximately 90 vol-% of the
rock; this quartz seems to be detrital, which makes the rock a quartz arenite. Detrital
quartz grains are anhedral in shape and show overgrowth textures.

Tremolite, diopside and patchy carbonate fill the spaces between the quartz
grains. One area of the sample, possibly more susceptible to alteration, has completely
been altered to tremolite + diopside + carbonate + scarce epidote and zoisite, there is also
trace amount of another mineral present (possibly gypsum). Tremolite and diopside are
the two most abundant alteration minerals (Photo A.68).

A sub-millimeter scale veinlet of quartz + carbonate is present cutting the rock,
this vein also cuts through the completely altered area.
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Photo A.68: Alteration minerals, abundant diopside (f.0.v.= 0
STK-034-609 m.

PRILL HOLE 04RDYRO1 (Youngs Ranch)

04RDYR01-1896.5 ft. Andesite

pears to be of volcanic origin (Photo A.69). The
of the rock and it is composed mainly of

Based on texture this rock ap
mately 55vol-%

matrix comprises approxi
plagioclase microcrysts.

&
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' Photo A.69: Volcanic rock with abundant plagioclase phenocrysts (f.0.v. = 1.8 mm
long), sample 04RDYRO01-1896.5 ft.
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Plagioclase are the most abundant phenocrysts, this are usually unaltered, only
some have been altered to smectite. Clinopyroxenes, possibly augite follow plagioclase in
abundance, scarce smectite also alters these phenocrysts, the total percentage of
clinopyroxenes in the rock is approximately 8 vol-%, some clinopyroxenes occur in
clusters.

Biotite is usually euhedral and comprises approximately 5 vol-% of the rock, like
clinopyroxenes biotite sometimes occurs in clusters, in some cases associated with
cuhedral magnetite. Some fine grain biotite is shreddy (late magmatic-early
hydrothermal?).

Hornblende comprises <3 vol-% of the rock. There is scarce smectite altering
hornblende.

Trace apatite is present as microcrysts.

There are some phenocrysts that have been completely altered to smectite; the
total percentage of smectite in the rock is approximately 2 vol-%e.

Magnetite is present throughout the sample comprising <3 vol-% of the rock, as
mentioned before some occurs in clusters with biotite. There is also some magnetite that
orew inside biotite phenocrysts. All the magnetite appears to be of magmatic origin.
Specular hematite replaces magnetite.

Holes are present in the sample, these could have formed due to dissolution or
could be a magmatic feature; they vary from rounded to irregular shaped.

Pyrite is the only sulfide present in the rock and it is only present in trace
amounts.

No veins were observed in the rock.
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APENDIX B
PETROGAPHY OF FIELD SAMPLES

SM-29/05/06-1. Monzodiorite (Coordinates 387263mE / 4478421mN)

This is a very fresh rock. Clinopyroxenes (possibly augite) and hornblende are
still present, with sub-equal amounts of each (<4 vol-%). Some clinopyroxenes are being
replaced by hornblende (hydration of the rock).

Biotite is usually irregular shaped; the total amount of biotite in the rock is
approximately 6-8 vol-%. Some of the biotite is shreddy, possibly late-magmatic-early
hydrothermal. Fine grain biotite alters phenocrysts (clinopyroxene and hornblende).

Chlorite alters hornblende and biotite, the total amount of chlorite in the rock is
<1.5 vol-%.

Quartz is fine grain and irregular (is some introduced?)

Trace zircon is present in the rock.

Plagioclase and K-feldspars are abundant; unlike in most drill hole samples, these
have not been altered to white phyllosilicates. There are K-feldspar overgrowths around
plagioclase phenocryst.

Magnetite comprises approximately 3-4 vol-% of the rock (apparently all of
magmatic origin), it occurs disseminated throughout the sample, although the greatest
concentration usually occurs in clusters with clinopyroxene, hornblende and biotite.

Actinolitic amphibole occurs as an alteration mineral replacing mafic minerals
(biotite, hornblende and clinopyroxenes); the total amount of actinolite in the rock is
approximately 1 vol-%.

Smectite veinlets are the only type of veins that cut the rock (originally biotite?).

The alteration assemblage is classified as K-silicate constructive due to the
presence of K-feldspar overgrowths and hydrothermal biotite.

No sulfides seem to be present in the rock.

SM-29/05/06-11. Quartz-Latite Porphyry (Coordinates 387107mE / 4478564mN)

White phyllosilicates and muscovite are the main alteration minerals, followed by

chlorite. The total alteration to white phyllosilicates is approximately 10 vol-%. The lack

l of white phyllosilicate or chlorite veins, suggests that these minerals possibly formed due
to weathering and are not a consequence of hydrothermal alteration. The total amount of
chlorite in the sample is <5 vol-Y%.

| Iron oxides and hydroxides are abundant, comprising approximately 10 vol-% of

| the rock; they seem to be hematite and goethite.

|' Plagioclase phenocrysts have been strongly altered to white phyllosilicates +
muscovite; alteration of phenocrysts is usually >30 vol-%. There are some plagioclase
smaller crystals that show scarce to no alteration. '

‘ Trace patchy carbonate alters K-feldspars. Some big K-feldspar phenocrysts have
white phyllosilicates and muscovite, but they seem to be mainly altering mineral

| inclusions (possibly plagioclase) and not the actual K-feldspar. There is only trace

alteration of K-feldspars to white phyllosilicates. Some smaller K-feldspars also show

alteration to chlorite.
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Quartz phenocrysts are rounded. These are the least altered of all the phenocrysts
in the rock. There are K-feldspar overgrowths around quartz eyes.

Plagioclase, quartz and K-feldspar microcrysts are present in the matrix.

There is a big cluster where everything has been altered to muscovite + goethite
or hematite + carbonate + white phyllosilicates.

No mafic minerals are present i the rock; they have all been altered by goethite
or hematite, chlorite, white phyllosilicates and muscovite.

Pyrite comprised approximately 1 vol-% of the rock but it has now been replaced
by goethite and hematite.

The alteration assemblage is classified as K-silicate constructive due to the K-

feldspar overgrowths.
SM-15/06/06-4. Hornblende Monzodiorite (Coordinates 390232mE / 4477240mN)

This rock is very similar to sample SM-29/05/06-1. Magmatic minerals include:
plagioclase, K -feldspar, quartz, biotite, magnetite, hornblende and clinopyroxenes
(possibly augite). Trace apatite, rutile and zircon are also present.

Clinopyroxenes are less abundant than in SM-29/05/06-1, comprising <1 vol-% of
the rock and hornblende phenocrysts are more abundant with a total percentage of
approximately 7-10 vol-%. In some Cases clinopyroxenes are being replaced by
hornblende (Photo B.1) and by hornblende + biotite, there is also some actinolite altering
clinopyroxenes. Biotite replaces hornblende.
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Photo B.1: Hmblcld repl | g a clinop . o.v. = 0.9 mm 1011g. Simple SM-
15/06/06-4.

Biotite comprises approximately 5 yol-% of the rock, most have abundant mineral
inclusions and are possibly or magmatic origin. Trace muscovite replaces biotite.

There are K-feldspar overgrowths around plagioclase phenocrysts. The alteration
of plagioclase 1O white phyllosilicates varies from none to <5 vol-% and is some cases

white phyllosilicate veinlets cut plagioclase.




K-feldspar phenocrysts have also been cut by white phyllosilicate veinlets. The
total alteration of K-feldspar to white phyllosilicates is weaker than in plagioclase (varies
from none to trace).

Quartz is irregular shaped; some seems to be filling spaces between other
minerals.

Magnetite comprises approximately 3 vol-% of the rock and it occurs everywhere
in the sample (apparently magmatic), the biggest concentrations occur associated to
biotite and hornblende. No sulfides in the rock.

Chlorite and actinolite are present in small amounts (<1 vol-% for each).

The presence of K-feldspar overgrowths allows for the alteration assemblage to
be classified as weak K-silicate constructive with a weak phyllic overprint.

SM-15/06/06-5. Quartz -Latite Porphyry (Coordinates 390260mE / 4477290mN)

This sample is very similar to SM-29/05/06-11.

There is only trace alteration of K-feldspars to white phyllosilicates. Mineral
inclusions inside K-feldspar phenocrysts (possibly plagioclase), have been altered to
white phyllosilicates + muscovite + scarce chlorite. Some K-feldspar phenocrysts are cut
by white phyllosilicate veinlets (these are probably just fractures that got filled by white
phyllosilicates).

Plagioclase phenocrysts have usually been strongly altered to white
phyllosilicates, hematite or goethite and scarce paichy carbonate. Some scarce
plagioclase phenocrysts show no alteration to white phyllosilicates but only to hematite
or goethite, patchy carbonate and muscovite.

Quartz phenocrysts are rounded and seem to have K-feldspar overgrowths (K-
silicate constructive alteration).

Trace zircon is present in the rock.

\ Sphene was originally present (based on shape) but has now been altered to
muscovite + iron hydroxides (possibly goethite).

Unlike in sample SM-29/05/06-11, chlorite is only present in trace amounts.

Some phenocrysts have been completely replaced by alteration minerals, which
include: goethite, hematite, muscovite, white phyllosilicates and carbonate. White
phyllosilicates + muscovite comprise approximately 7-9 vol-% of the rock. The total
amount of carbonate in the sample is <1 vol-%.

The matrix is fine grain; quartz seems to be the main component.

Iron oxides and hydroxides are abundant in the rock (apparently hematite and
goethite) the total amount is approximately 10 vol-%. Some of these are replacing pyrite,
i based on cubic shape.
| The alteration to white phyllosilicate is possibly a weathering consequence and
not related to hydrothermal fluids.

SM-18/07/06-2. Chert (Coordinates 391682mE / 4471576mN)

Rock is very similar to SM-06/06/06-13 (see limestone descriptions in Appendix
C). This rock also corresponds to a chert (which might also be replacing the limestone,
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although evidence is not as clear). Unlike in SM-06/06/06-13 no fabric is observed. This

sample contains malaquite and azurite, and it was collected to determine host rock.
Abundant really fine grain opaque minerals are present (apparently pyrite).
Submillimeter scale carbonate veinlets cut the rock.

e ™ e
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APENDIX C
LIMESTONE DESCRIPTIONS

SM-13/01/06-9 (SD-14-1124 ft). Protolith: Probable limestone.

et and carbonate. Quartz is the most

Alteration minerals include: quartz, ga
ts of carbonate and garnet. Trace epidote

|
abundant, followed closely by sub-equal amoun
is also present and it occurs together with the garnet.
Based on cross cutting relationships garnet appears {0 be the first one to have

formed, since it is cut by quartz and carbonate veins (Photo C.1). Carbonate surrounds
quartz grains indicating that it was the last of these minerals to form (recrystallization).

I

aa . W ke i U L el ] ' N -
! Photo C.1: Garnet cut by carbonate and quartz veins (f.o.v. = 1.8 mm long). Sample SM-
l 13/01/06-9.
!
l
!

Analyses would be necessary to determine garnet composition.
Quartz varies in size (some is really fine grain); all the quarlz is patchy suggesting

that corresponds to an alteration mineral (introduced).
Chalcedony is present as overgrowths around quartz

total percentage of chalcedony is <2 vol-%.
Sulfide minerals are chalcopyrite and pyrite and comprise approximately 5 vol-%

% of the rock with pyrite >> chalcopyrite. Most of the pyrite is present in a millimeter scale
] veinlet. Chalcopyrite occurs in stringer veinlets and disseminated.

grains and filling spaces,

Several types of veins are present cutting the rock:

1- Millimeter scale vein of pyrite.
9. Submillimeter scale carbonate veinlets.
3. Submillimeter scale carbonate + quartz veinlets.

| 4- Chalcopyrite stringer veinlets.
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SM-29/05/06-4. Packstonc—WackstonefBiomicrite

This specific sample was collected on the hanging wall of a mined manto located
near the Argent mine. It corresponds with a dark micritic limestone (organic material
gives it the dark color). As with the previous sample SD-15-72 ft. this rock has not been

recrystallized.
Abundant millimeter and submillimeter scale veins of coarsely crystalline calcite

(spary) cut the rock and in some cases Cross cut each other.

Sulfides have now been replaced by iron oxides, (not as many as in SD-15-72 ft.);
{hese oxides are mostly in veins. Stable isotope values for this sample are §C = 4.1%o
and 8'%0 = 22.1%o. This rock can be classified as a packstone-wackestone/biomicrite

l
|
|
| (Dunham, 1962 and Folk, 1962).
|

SM-30/05/06-1. Packstone/Biomicrite

This rock has been completely recrystallized to poikilotopic calcite cement;
original cement was probably micritic. Fossils were possibly present (based on some
visible outlines) but there is no good preservation to determine what they might have

been.
Trace thin submillimeter scale calcite veins are present cutting the rock. Chert is

present in scarce amount replacing the rock.
Based on the classifications schemes by Dunham (1962) and Folk (1962) this rock

can be classified as a packstone/biomicrite.
When analyzed for stable isotopes this rock was characterized by having a low

&1 C value of-3.9%o0 and a §'80 value of 15.5%o.

SM-03/06/06-3 II. Protolith: Sandy limestone or calcareous sandstone

|
l Minerals present in the sample include: carbonate, quartz, diopside (Photo C.2)
and fine grain silica. Of these carbonate is the most abundant comprising approximately
15 vol-% of the rock, it is closely followed by quartz which comprises approximately 30
' vol-%, total amount of diopside is approximately 25 vol-% and the least abundant is fine
| grain silica, comprising <10 vol-%. Quartz overgrowths around detrital quartz grains are
abundant; these are difficult to spot but they are mainly identified by the fact that most
quartz grains have abundant inclusions in the middle (corresponding to the detrital
| quartz) and are very clean in the edges (overgrowths).
This rock corresponds to a sandy limestone or calcareous sandstone.
| Two areas are defined in the sample based on differences in mineralogy (related
' to layering? or differences in alteration?) the first one has a tabular mineral, possibly an
amphibole (tremolite or actinolite) which has been completely replaced by carbonate and
‘ fine grain silica (Photo C.3); only scarce sand (quartz grains) is present in this area. The
other corresponds mainly to quartz and carbonate. Diopside is present everywhere
| throughout the sample. Possibly originally a tremolite/actinolite-diopside replacement
body, in which late carbonate has replaced mainly the amphibole; diopside shows scarce
alteration to carbonate.
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Photo C.3: Tabular mineral (tremolite/actinolite?) replaces e and fine grain
silica (f.o.v. = 0.9 mm long). Sample SM-03/06/06-3.

[sotope analysis yielded low carbon and oxygen values: $!2C = -5.7%o and 5'%0 =
10.4; this low carbon value is due to the decarbonation process that took place during

contact metamorphism, evidenced by the presence of diopside.
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SM-05/06/06-5. Packstone-Grainstone/Biosparite

andy limestone. As in the previous sample (SM-

This sample corresponds to a s
rystallized (mainly the cement) but in this case

30/05/06-1), this rock has also been rec

fossils are still present.
The lack of mud (micrite) could be due to recrystallization, there is the possibility

that there was micrite present as part of the original cement but it became recrystallized
to coarser calcite crystals; since this can not be determined for sure the rock it was
classified as a packstone-grainstone, (Dunham 1962), and as a sandy biosparite when
using the Folk (1962) classification scheme.

Calcite and quartz are the two mai
Scarce plagioclase grains are also present in
rounded to angular.

As mentioned before fossi
echinoderms (Photo C.4), braquiopods an
echinoderms (mainly crinoids) are the most abundant and t
overgrowths (early cement). Also present are pelloids.

n minerals with sub-equal amounts of each.
the rock. Quartz grains vary in shape from

Is have been preserved in the sample, these include:
d bryozoans (possibly fenestrate), of these
hey sometimes have syntaxial

P i

|- i 4 .- 4 g ‘, 3 ‘I &
G - ;
A ‘ '” At . .
e ._‘ o s g : 4
Sl gt &1 R ¥ ‘ :

| Photo C.4: Sandy limestone with crinoid. (f.o.v. = 1.8 mm long). Sample
3

%
SM-05/06/06-

Searce fine grain silica (chert) is present and it seems to be either replacing grains or

filling spaces.
[ron oxides are present in scant amounts.

Stable isotope analysis for this sample gave t
and 8'°0 = 22.6%o.

he following values: 8°C = 2.7%o
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SM-05/06/06-10. Packstone/Biomicrite

As with the previous sample (SM-05/06/06-5) this rock also corresponds to a
sandy limestone, although it is finer grain (Photo C.5). Quartz and calcite are the two
main minerals with sub-equal amounts of each. Scarce muscovite is present in the
sample.
Sparite is the main cement but most if not all was probably originally micrite that

became recrystallized, based on this the rock can be classified as a packstone/biomicrite

(Dunham, 1962 and Folk, 1962).

This sample is layered and it is contains abundant iron oxides, clay and organic
material. Hematite is present replacing pyrite (based on cubic shape). Chert occurs in
scarce (either filling spaces of replacing grains).

Thin submillimeter scale calcite veins cut the rock.

l Pressure solution features are present due to compaction of the rock.
Some fossils are still present, these include: echinoderms and bones (phosphate),

J both present in scarce amounts. Other fossils are also present which based on morphology
might correspond to either syringopora tubular coral or poorly preserved siliceous
sponges.

Stable isotope analysis g

ave the following values: $3C = 3.4%0 and 80 =

I

I

[ 20.0%o.

I

| SM.-06/06/06-13. Protolith: Probable sandy limestone

| This rock corresponds to a layered chert. Original detrital quartz is still present.

| Possible fossils (based on outlines) have been replaced by chert, there is one in particular
that looks like it might have been an echinoderm (Photo C.6). Protolith was probably a

sandy limestone, in which the carbonate was replaced by chert.
' Very fine grain pyrite seems 10 have been replaced by hematite.
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Submillimeter scale carbonate veins are present; they sometimes Cross cut each

other.
This sampled yielded the lowest carbon value of all the samples analyzed for

stable isotopes with a §13C of -10.9%o, believed to have been caused by contact
metamorphism. 8'°O has a value of 18.5%o.

b ; "-‘- . __."'p... s as b -y
Photo C.6: Possible echin plac ng). Sample SM-
06/06/06-13.

SM-14/06/06-15. Packstone—Wackstone!Biomicrite

This sample corresponds to a recrystallized dark micritic limestone very similar to
§M-29/5/06-4 and it 1s also classified as a packstone—wackestonefbiomicrite (Dunham,
1962 and Folk, 1962). Dark color of the rock is due to the amount of organic material.

: Several submillimeter scale calcite veins (spary) cut they rock and cross cut and
| displace each other.

Hematite is present replacing pyrite (cubic shape). Echinoderms are the only type
' of fossil identified in the sample.
Stable isotope values for this sample are: §'3C = 1.7%o and §'%0 = 20.6%o.

SM-07/08/06-1 (SD-15-72 ft.). Boundstone/Biolithite

This limestone corresponds o a dark fine grain micritic limestone (which has not
been recrystallized); organic material is present giving it the dark color. [Laminations in
| the sample were possibly caused by microbial ‘nteractions, based on this it was classified
as a boundstone/biolithite, under the classifications of Dunham (1962) and Folk (1962)
respectively.

Abundant submillimeter scale veinlets are present; these are made of clean coarse
calcite (sparite). Some of these veins cross cut and displace each other.

On the hand sample this dark grey limestone scems to be cut by millimeter scale
white calcite veins, but when seen under the microscope these white areas are Very
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similar to the rest of the rock (dark and micritic) and the contact between the supposed
veins and the rest of the rock seems to be transitional suggesting that they are not really
veins but differences in the same rock, they might correspond to areas that became
bleached possibly by oxidizing fluids. When analyzing for stable isotopes, these white
areas (bleached?) where sampled separately from the rest of the rock.

For stable isotope analysis, one sample was taken from the dark gray part of the
rock which gave the following values: §3C = 1.7%o and 8'0 = 10.9 %o and two samples
were taken from the white areas, these gave similar 8'30 values as the dark part of the
rock (10.5 and 11.4%o respectively) but were lighter in 813C, with values of: 0.3 and
0.0%o.

Hematite replaces pyrite in the sample based on the cubic shape of the crystals,
with a total amount of approximately 2 vol-%. Pyrite replaced crystals are disseminated
and they occur everywhere except for in the submillimeter scale sparite veins.

NOTE: this on is called a biolithite/boundsonte because it has laminations suggesting
microbial interactions. The other dark limestones (SM-29/5/06-4 and SM-14/06/06-15)
don’t have such clear laminations. Dark limestones are rich in organic material and in
iron. Only one of the dark rocks has been recrystallized.
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APPENDIX D
FLUID INCLUSION DESCRIPTIONS

SD-16-1103 ft.
Fluid inclusions in thi
Types of fluid inclusions present include:
% Liquid + vapor + halite + opaque (Photo D.1).

s sample are present in vein quarlz.

Basn .9

snclusions. Sample SD-6-1103 ft.

Photo D.1: Liquid + vapor + halite + opaque fluid

% Liquid + vapor + two daughters: possibly halite and sylvite, sometimes with also

with an opaque daughter (Photo D.2).




m

e

‘l. L #15] '. eI
Photo D.2: Fluid inclusion with liquid + vapor + halite + sylvite + opaque occurs
together with abundant vapor-rich fluid inclusions. Sample SD-16-1103 ft.

% Liquid + vapor + multiple daughters, including an opaque (Photo D.3).

Photo D.3: Liqui $ vﬁiﬂor +_111uiiile daughters. Opaque daughter has a triangular shape.
Sample SD-16-1103 ft.

¥ Vapor-rich (Photo 2).

% Vapor-rich + halite (Photo 4), sometimes also with an opaque daughter.
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Photo D.4: Vapor-rich + halite. Sample SD-16-1103 ft.

Opaque daughters sometimes have a triangular shape, which is characteristic of

chalcopyrite (Photo D.3).

Vapor-rich seem to be the most abundant type; these sometimes occur together with
inclusions that have: liquid + vapor + halite + opaque and with liquid + vapor + halite +
sylvite + opaque (Photo D.2); this assemblage indicates possible boiling of the fluids.

Ratios of vapor to liquid in this sample are not always constant (Photo D.1).

SD-21-137 ft.

Fluid inclusions present in this sample include:

# Liquid + vapor.

# Liquid + vapor + halite, some of these also have an opaque daughter.

# Liquid + vapor + two daughters, possibly halite and sylvite.

% Vapor-rich.

Vapor-rich inclusions are characterized by having a crystal shape, and sometimes
oceur in clusters with inclusions that have two daughters and with two phase inclusions
(liquid + vapor). In other cases vapor-rich inclusions oceur together with liquid + vapor +
halite + opaque inclusions. The coexistence of vapor-rich inclusions together with these

other types of inclusions is probably a consequence of boiling of the fluids that formed

them.
The ratio of liquid to vapor is not constant throughout the sample.

All these inclusions are present in a quartz vein.

SD-21-1002 ft.

rms part of a centimeter quartz + calcite +

Fluid inclusions are in quartz that fo

pyrite + molybdenite vein.
Several inclusions are present in this sample, these include:
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% Vapor-rich.
% Vapor-rich + opaque.
¥ Vapor-rich + halite (Photo D.5).

0.00625 mm

'l

vapor

halite

Photo D.5: Vapor-rich fluid inclusion + halite. Sample SD-21-1002 ft.
paque or dark daughter. This

+ halite, sometimes also with an o
t could be

% Liquid + vapor
times has a triangular shape, suggesting 1

opaque daughter some
chalcopyrite (Photo D.6).

wﬁ) "J_:'
vapd’

lmj’ halit/e > liquid
o | - 9
‘ '

i
A

" »

|
- "‘\

Photo D.6: tiquid + vapor + halite + oi)aque. Op'aqu has a triigular shape (possibly

chalcopyrite). Sample SD-21-1002 ft.
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% Liquid + vapor + two daughters: possibly halite and sylvite (Photo D.7). These
inclusions seem to be scarce.

ssibly halite and sylvite. Sample SD-21-1002

ft.

Photo D.7: iquid + vapor + two salts, po

Vapor-rich inclusions are sometimes associated to other inclusions, such as: liquid +
vapor + halite and in some cases liquid + vapor -+ halite + opaque. These assemblages are

probably due to boiling.
Overall the ratio of liquid to vapor and halite seems to be similar throughout the

sample.

SD-21-1229 ft.

. Like in sample SD-21-1002 ft., fluid inclusions described in this case also are in
' quartz that is present in a centimeter scale quartz + calcite + pyrite + molybdenite vein;
' these fluid inclusions include:

% Vapor-rich.

% Vapor-rich + opaque.

% Liquid + vapor (Photo D.8).

# Liquid + vapor -+ halite (Photo D.8).

% Liquid + vapor + halite + opaque.

Vapor-tich inclusions are the most abundant type and sometimes occur in clusters
with two phase inclusions (liquid + vapor), possibly a consequence of boiling of the
. hydrothermal fluids.

[ The ratio of liquid to vapor is not constant in the sample.
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Photo D.8: Liquid + vapor + small halite fluid inclusion together with two phase
inclusions (liquid + vapor). Sample SD-21-1229 ft.

SD-21-1633 ft.

Fluid inclusions include:
% Vapor-rich (Photo D.9).

pE

3 . vapor rich inclusion

1i
? v
s
e
3k

Photo D.9: Vapor + halite inclusion together with a vapor-rich fluid inclusion. Sample
SD-21-1633 ft.

% Vapor-rich + opaque.
% Vapor-rich + halite daughter (Photo D.9).
% Vapor-rich + halite + opaque (Photo D.10).
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# Liquid + vapor.

Photo D.10: Vapor-rich fluid inclusion + halite + opaque daughter. Sample SD-21-1633
ft.

% Liquid + vapor + halite, sometimes also with an opaque (Photo D.11), or in trace

cases two opaque daughters.

% Liquid + vapor +two daughters, possibly halite and sylvite.

% Liquid + vapor +two daughters + opaque.

% Liquid + vapor + multiple daughters.

Opaque daughters sometimes have a triangular shape (Photo D.11), suggesting that
they might be chalcopyrite.

Vapor-rich fluid inclusions sometimes occur in clusters with other types of inclusion
such as: liquid + vapor, liquid + vapor + halite, liquid + vapor + two daughters and liquid
+ vapor + two daughters + opaque. These assemblages are probably a consequence of
! boiling.

The ratio of liquid to vapor to halite in this sample is not constant.
Fluid inclusions in this sample are present in a quartz vein.
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+ opaque fluid inclusions. Dark daughter has a

Photo D.11: Liquid + vapor + halite
le SD-21-1633 ft.

triangular shape, possibly chalcopyrite. Samp

SD-21-2130.5 ft.

this sample are from magmatic quartz, the presence

Fluid inclusions described in
that the rock has been affected by hydrothermal

of halite bearing inclusions suggest
fluids.
Inclusions observed include:
% Vapor-rich. These inclusions usua
% Vapor-rich + halite.
% Vapor-rich +opaque (Photo D.13).

[ly have a euhedral shape (Photo D.12).
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Photo D.12: Vapor-rich with euhedral inclusion. Sample SD-21-2130.5 ft.

¢ Ty

Photo D.13: Vapor-rich with a dark daughter. Sample SD-21-2130.5 ft.
% Liquid + vapor.

# Liquid + vapor + halite.

% Liquid -+ vapor + opaque.

% Liquid + vapor +two daughters (Photo D. 14), possibly halite and sylvite.

( In some cases vapor-rich inclusions occur in clusters with liquid + vapor + opaque
‘ and liquid + vapor + halite + sylvite (Photo D.14); this assemblage suggests that the fluid
’ was probably boiling when these inclusions formed.
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Photo D.14: Liquid + vapor + two salts (halite and sylvite), occurs together with vapor-
rich fluid inclusions. Sample SD-21-2130.5 ft.

T

SD-23-1448 ft.

le is characterized by having abundant fluid inclusion, which are

This samp
present in a quarlz vein,
Types of inclusions present include:

% Vapor-rich.
% Vapor-rich + halite (Photo D13

halite

vapor rich
inclusion

| Photo D.15: Vapor-rich inclusion with halite daughter. Sample SD-23-1448 ft.
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% Vapor-rich + opaque (Photo D.16).

lm
" = -
r-rich inclusion with a dark daughter, Sample SD-23-1448 ft.

Photo D.16: Vapo

% Vapor-rich + halite + opaque.

% Liquid + vapor + halite + opaque.
% Liquid + vapor + tWo daughters, possibly halite and sylvite. These sometimes

have an opaque daughter (Photo D.17).

T liquid

————— ————

Y.
{ Photo D.17: Liquid + vapor + two salts (halite and sylvite) + opaque daughter. Sample
; SD-23-1448 ft.

% Liquid + vapor + multiple daughters (Photo D.18).

182

T ————




% Scarce: liquid + vapor.

i e .

9D-23-1448 ft.

erywhere in the quartz veins
liquid dominated (“boiling”)

ant type, these occur ev
alty inclusions that are

Vapor-rich are the most abund
and are sometimes associated to s

(Photo D.19).

W -
¥ = Nl ¢ =
Photo D.19: Liquid + vapor + two daughters (halite and sylvite) together with vapo
inclusions. Sample SD-23-1448 ft.

r-rich

Opaque daughters present in vapor-rich inclusions are sometimes triangular in shape,

suggesting that they might be chalcopyrite.
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SM-23/05/06-8 (Coordinates 366577mE / 4479258 mN)
present

This sample was collected from a quartz vein in an outcrop. Fluid inclusions

include:
» Liquid + vapor.

% Vapor-rich.
These two types of inclusions sometimes occur in clusters (“boiling”)- Two phase

fluid inclusions (liquid + vapor) seem to be the most abundant.
The ratio of vapor to liquid in the fluid inclusions throughout the

constant.
Qearce inclusions wit

sample seems 10 be

indicating the presence of

I halite daughters are also present,
lvite (Photo D.20).

salty fluids. Trace of these have a second daughter, possibly sy

&

salt

. il
Photo D.20: Liquid + vapor + two daughters (possibly halite and sylvite). Sample SM-
23/05/06-8.
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