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KUAKUL MARHOTORN : PETROCHEMISTRY OF IGNEOUS ROCKS IN THE
SOUTHERN PARTS OF THE CHATREE GOLD MINE, CHANGWAT PICHIT
ADVISOR: ASSOC. PROF. PUNYA CHARUSIRI, Ph. D., 162 pp.

The studied N and V Prospects in the southern parts of Chatree Gold Mine,
Changwat Pichit is located.in the c_éntrai part of the north-trending Permo-Triassic
Loei-Petchabun-Nakhon Nayek Volcanic Belts. Two main types of igneous rocks are
recognized petrographically, namely porphyritic granodiorite and andesite. The
former show lines of evidence of intrusion inte the latter. The porphyritic granodiorite
is characterized by_phenncwsts'of p’ragiuciase (An,,), k-feldspar, quartz, hornblende
and biotite set in fing-grained quartz-rich groundmass. Associated alterations are
predominant pntassiﬁ alteration with minority of phyllic alteration. Pyrite is principal
ore in veins and veinlets whereas chalcopyrite and molybdenite are present in small
amount, The andesile hast is u‘wariablﬁgﬁ@rphyr{tic and largely composed of altered
plagioclase and hnrnbtendg ghenacryséé{: sﬁét in glassy-microlite groundmass. The
alteration of vocalnic rocks are widajaprgad and is peripheral with propylitic
alteration. |

Twenty-two least-allered and feast-weathered samples of both plutonic and
volcanic rocks were selected for mobile-and immobile=elemental analyses using XRF,
ICP-OES and ICP-MS methods. Both petrographicallyand chemically, these studied
igneous rocks can becclassified as granodiorite to tonalite and basallic andesite.
Geochemically, the studied rocks belong ‘lo the calctalkaline affinity occurring as
volcanic art granite and island arc tholgfite 1o volcanic arc basalt. Spider diagrams
of trace, and. rare-earth.elements reveal that granodiorite shows a pattern consistent
with. those of ‘the \Tertiary. intrusive-ignedus rocks of Azerbaijan; Iran. Principal
mineralization at the studies N and V prospects is believed to belong to porphyry-
copper type occurring in the shallow intrusive environment and was formed as a
resull of oceanic subduction during Permo-Triassic Period between Lumpang-
Chiang Rai and MNakhon Thai plates.
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CHAPTER |

INTRODUCTON

1.1 General statement

Gold has a widespread occurrence in several countries around the world (Boyle,
1979). It also has influenced on the exploration and the settlement of mankind. Ancient
gold mines have been known in Egypt (Botros, 2004), in Spain, France, Great Britain
(Arias, 2000), in Yugoslavia (Spiering et al., 2000), Romania (Neacsu et al., 2009),
Greece (Michael, 2004), Turkey (Yigit, 2007), India (Mishra et al., 2005), China (Zaw,
2007), Japan, and the U.S.S.R (Belogub, 2008). Boyle (1979) concluded that ancient
placers have yielded gold from several essential rivers sush as Tagus(Portugal),
Guadalquivir (Spain), Tiber (Italy), Po(ltaly), Rhone (France), Rhine (Germany), Hebrus
and Maritsa, (Bulgaria, Greece, Turkey), Gra (U.S.A), Nile (Egypt), Zambezi (Zambia),
Niger (Guinea, Mali, Niger, and Nigeria), Senegal (Senegal), Pactolus (in ancient Lydia,
Turkey)), Oxus (Amu Darya that flows through the golden land of Samarkand)
(Uzbekistan), Indus (Pakista), Ganges (India and Bangladesh), Lena (Russia), Aldan
(Russia), Amur, (Russia), Yangtze (China), and a multitude of others. The artisans of the
earliest civilizations of Anatolia (Catal Hijyilk), Mesopotamia (Sumer), and the Indus
Valley (Harappa and Mohenjo-Daro) worked in gold obtained from many sites in the
Caucasus and Middle Asia, the Middle East, and the Indian Peninsula. Boyle (1979)
reported that the Egyptians mined gold extensively in eastern Egypt and Sudan (Nubia)
as far back as 4,000 years ago. It was from them that the Persians, Greeks, and Romans
in turn learned the techniques of gold prospecting, mining, and metallurgy. Boyle (1979)
noted that the Greeks: and: Romans mined gold ores from the extensiver metalliferous
regions. of their empires. Pliny the Elder (A.D. 23-79) in his historia naturalist written in
the early years of our era, repeatedly mentioned the mining and metallurgy of gold and
during the Renaissance Agricola referred to it, as had many others before him during
the middle Ages.

In Thailand gold occurrences have been reported in several localities. Most of

them are placer or secondary deposits, derived from primary vein deposits. Gold-



bearing quartz veins are commonly observed in granite, diorite, volcanic, and some
metamorphic rocks (Muenlek et al., 1988). Native gold was also found as very small
inclusions in chalcopyrite veins and veinlets of Phu Lon deposit in Nong Khai Province,
NE Thailnd (Muenlek et al., 1988). Copper ores at Phu Hin Lek Fai and Phu Thong
Daeng porphyry copper deposits in Loei Province, NE Thailand (Jacobson et al., 1969)
to contain some native gold as inclusions. The well-known Toh Moh gold deposit, near
the Malaysia border in Narathiwat Province is an only gold mine producing gold from
quartz vein at present. The other known potential areas for gold are in the provincial
areas of Loei, Udon Thani, Petchabun and Nong Khai in the northeast, Prachinburi and
Chachoengsao in the east, Phrae, Lampang and Chiang Rai in the North, and Prachab
Khire Khan and Nakhon Srithammarat in the south (DMR, 2000).

Charusiri et al. (2003) reported the epithermal gold deposits which can be
subdivided into 2 types, i. e. those of the low-sufidation (quartz-andularia) and high-
sulfidation (acid-sulfate) affinities. Both types are inferred to take place in convergent
plates of the compressional tectonic environments. Deposits of low-sulfidation affinities
possess neutral pH in reducing environments with the interaction of deeply circulating
groundwater and interacted magnetic/country rocks, then giving rise to alkaline-chlorite
fluids. Deposits of high-sulfidation affinities are directly the main products of magma and
with the minimum reaction with the enclosing rocks. Field and petrographic observations
indicate that low-sulfidation Au deposits are principally disseminated or cavity-filling
quartz vein/veinlets. On the other hand, high sulfidation deposits are copper and arsenic
sulfosalts. Important gangues of low-sulfidation are-adularia and calcite whereas those
of high sulfidation are kaolinite, alumnite, pyrophyrite and diaspores. Additionally, based
upon the studies of fluid inclusions® and alteration mineralogy, ‘it-implies that the
temperatures of formation range from 180? C to 200° C and the depths of formation vary
from 1,000 to 1,500 m. Gold of low sulfidation deposits may from at lower temperature
(160°-200° C) than those of high sulfidation (200°-260° C).

Akara mining company, a wholly-owned subsidiary of Australia’s Kingsgate
Consolidated NL, was established in 1993 to develop the gold mine that has been
discovered along the Loei-Petchabun volcanic belt. The mine is named as Chatree Gold

Mine after a famous Thai geologist (Mr. Chatree Chaichanapumhol) who joined the



exploration team at the time. Unfortunately, he passed away after this deposit has been
found.

The Chatree gold deposits are located at the boundary between Thap Klo
District, Petchabun Province and Wang Pong District, Phichit Province, (see Fig. 1.1)
central Thailand. Diemar et al. (2000) reported that gold-siver mineralization has
occured as a low sulfidation quartz-carbonate-andularia style epithermal. The ore
reserves and resource of C-H Zone were reported about 8,200 of gold tones with grade
of 2.3 g/t of Au and 10 g/t of Ag. Total production at Chatree in 2004 was about 150,000
ounces of gold and 396,000 ounces of silver from a total resource of 33 million tones at
1.7 g/t Au and 11g/t Ag (Kingsgate Company, 2007). Ore reserves are estimated to

maintain the mining activity for more than 10 years (Kromkhun et al., 2005).

1.2 Location and accessibility

The Chatree mine is situated closely to Khao Pong and Khao Mo mountain range
(Fig. 1.1) which have an elevation of about 100 meters above mean sea level.
Geologically, this gold deposit is located on the edge of Tertiary Chao Phaya basin that
is on the bounder of Petchabun and Pichit Provinces about 280 kilometers north (or 4.5
hours drive) of Bangkok, and about 45 kilometers southeast of Pichit city.

The study area of N and V Prospects is far from C-H Zone 2.5 approximately km
to the southern parts. The N Prospect was investigated by core-log sampling of the hole-
no. 2580 DD. N prospect with Grid reference in UTM system is 676911E and 1799311N.
The V prospect is investigate by core-log sampling of the Hole no. 3131 DD with Grid
reference in UTM system is 676275E and 1799601N. The route map is modified from the
Royal Thai Survey topographic map.scale 1:50,000, sheet number:5141 |V, edition 1-
RST and series L7071 .0of Ban Wang Sai Phun Nai.

The study area can be accessed annually and comfortably by three ways. The
first is done by using the Highway No.1 from Bangkok passing Pathum Thani, Saraburi,
Lopburi and turning right to Highway No. 11 from Amphoe Tak Fa to Amphoe Thap Klo.
The other ways by train to Taphan Hin station of Pichit province, or by an airplane to

Pitsanolok, then following Highway no. 11.



The study is lying in the north part of Amphoe Thap Ki

o which is between Pichit

and Petchabun provincse and, can be accessed easily by road No.1301 (Ban Nong

Khanak), about 6 km from Khaosai Junction and turn right into Chatree gold mine.

IBan Non
]

o
(Kam-, '
| Kha£> TapHan Nak™
7

éah/Nong Chik Pong
7 m

4
|

N~ N
xBen Nikhom *-7

M Ban Bsﬂl

74

(o
70

re aBah Di

; D% T2 7~ \ =
| ' Ban Chik hon ap \ 74 / / ) o\ [l / /|
1 . ——— ") oA
“ ‘\ S~~~ Ban Thunyg ao ‘@ an Khao Kham - Kba ha'
‘ hao K Anj_Bap Aai | KIongT Lat 7>

banu’

Ban Wang Chanang
\ BanBanWang Chanang Tai
ong Long
-e\Mlne

Symbols
Boundary between Province

——F

Road, two or more lanes wide

Road, one or lanes wide

Cart track

Drainage

Sub-drainage

Contour line

Village

Road no.11

Chatree Mine, Processing Plant ’
2 N

A

°>§

km

Khorlg Yakng Ru?@i )

v,

ya

Figure 1.1 Route map to Wang Pong District of Petchabun
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1.3 Objectives

No previous work has done so far for the petrographic

province and Thap Klo

ocation of the study area

and geochemical studies

of the'N and V Prospects. Only the ore assays, such as thoseof Cu, Au, Pb and Zn ores,
were only reported for every 1-m core of 2580DD (171 m-long) and 3131DD (90 m-long)

This study is based on two drill holes of N and V prospect. In thesis, special
emphasis is placed on the detailed investigations on petrography and geochemistry of
core rocks to expain alteration of rocks. So the regolith (20 m-long) in the drill holes

overlying the hard rocks will not be studies. Interpretation on tectonic setting is based



mainly on the results of petrography and geochemistry of the least altered and least
weathered igneous rocks along with the published data on age dating

The important objective of the present investigation is the study of petrography
and geochemistry of what? The principle aims of this thesis are:

1. study petrography and geochemistry

2. present mineralization assemblages and alteration styles, and

3. interpret tectonic setting.

1.4 Methodology

A detailed method of study is shown as the flow chart in Fig 1.2. It consists of
two three topics as explained below.

The first stage is pre—field investigation comprising preparation of all technical
data such as aerial photograph interpretation on the apparent geology features with
regional trends, structures, geomorphology, rock units and field accessibility. In this
stage, the author also studied the previous works on the regional geology and
stratigraphy of the study area. The second stage is the field investigation such as field
data and rock sampling for laboratories. The final stage is the post-field investigation.
This stage is studying in laboratories including the petrography and geochemistry. In
addition, chemical analyzes of selected specimens were carried out by using XRF, ICP-
OES and ICP-MS. Finally, discussion and conclusion will be performed and resulted in
the final thesis.

1.4.1 Field study

1.4.1.1 Field investigation

The first step was carried out specifically for mapping the intrusive rocks
distribution in the study area and compared with the work done by Corbett (2004) in
order to find out field relationship and collecting samples for further laboratory studies.
The field investigation has done during January-July, 2007. The detailed geologic map
was prepared from the result of the field investigation and laboratory evidences modified
after Coming et al. (2006). The igneous rocks were categorized based on mesoscopic
investigation into three groups, namely fine-grained granodiorite, andesite and andesite

dykes.
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Fig. 1.2 Flow chart showing sequences of work used in this study.

1.4.1.2 Core sampling

Core logging wel sampling was done after field survey. Two prospects (N and V
zones) were selected for this study, 68 samples of rock slabs was selected for
mesoscopic analysis, and 37 samples of altered and least altered rocks were selected
for microscopic study from drill-hole no. 2580DD. Correlation with rock-chip samples
were made from drill-hole .no. 2407RC, 2408RC, 2409RC, 2410RC, 2411RC and
2412RC.

V prospect, altered and least altered rocks were selected for microscopic study
from drill-hole no. 3131DD. Correlation with rock-chip samples were made from drill-hole
no. 2071RC, 3082RC, 3083RC, 3084RC, 3085RC, 3086RC, 3087RC, 3088RC, 3130RC
and 3636 RC.

1.4.2 Laboratory study

1.4.2.1 Petrography
1.4.2.1.1 Slabs and thin sections

The rock samples were slab-cut and prepared as thin sections. The thin sections



were usually set at 30 microns thickness and covered glass. These thin sections were
used for mineral identification, texture, alteration and paragenesis by polarizing
microscope. An Introduction to the Rock-forming Minerals (Deer et al., 1966),
Petrography of Igneous and Metamorphic Rocks (Philpotts, 1989) and Rock-forming
Mineral in Thin sections (Pichler, 1997) were used for mineral and texture identifications.
Consequently, those textures were interpreted after Hibbard (1995). The symbols of rock
forming minerals were used following American Mineralogist (Kretz, 1983).
1.4.2.1.2 Polished section

For ore mineral classification, six samples of each rock type (N Prospect) were
prepared as polished section. The un-covered slightly thick sections were polished by
12, 6, 3, 1 and 3 ym of diamond pastes. The polished sections were later classified
under reflected light of microscope.

1.4.2.2 whole-rock analysis
1.4.2.2.1 X-Ray Fluorescence Spectrometer

In this study, major and minor elements were carried out by X-Ray Fluorescence
Spectrometer (XRF). All the major and minor element contents were reported as oxide.
The least altered samples were selected and all opaques were taken out from the
samples

The powdered rock samples were prepared as pressed pellets by using HBO,
(boric acid) as the blindmaterial at the ratio of sample: binder of 8:2 and mixed in
tungsten carbide mill and pressed at the pressure of 400 kg/cm2 for 1 minute. The
analyses were done for major and minor elements by XRF model PW2400 following the
method described by Takashima et al. (2005). The XRF method was done at the
Department of Applied Earth Science and Technology, Faculty of Engineering and
Resource Sciences, Akita University, Japan.

1.4.2.2.2 Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP-OES)

The other trace elements namely Niobium (Nb) and Yttrium (Y) and rare earth
elements; Lanthanum (La), Cerium (Ce), Praseodymium (Pr), Neodymium (Nd) ,

Samarium (Sm), Europium (Eu), Gadolinium (Gd), Disprosium (Dy), and Ytterbium (Yb)



were analyzed by Inductively Coupled Plasma Optical Emission Spectrometer (ICP-
OES), following the method reported by Boss et al. (2004).

The powdered rock samples were prepared by dissolving 0.2 g of the powdered
rock samples in the acid mixture of conc. HNO, , HF and HCIO, and diluted to 100 ml
and was used for analyses by ICP-OES method for trace and rare earth elements,
respectively. The calibration curve of each element was prepared from the standard
solution for ICP-OES and evaluated the reliability of the analyses by analyzing the
reference rock material; i.e., GSJ standard which prepared by Japanese Rock Standard.
The ICP-OES method was done at the Department of Earth Science and Technology,
Faculty of Engineering and Resource Science, Akita University.

1.4.2.2.3 Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS)

In this study, rare earth element were carried out by Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) which is one of the powerful tools for multi-element
analysis for various kinds of materials with very low concentration less than ppb level
(Satoh et at.,, 1999). The 17 rare earth elements are Scandium (Sc), Yttrium (Y),
Lanthanum (La), Cerium (Ce), Praseodymium (Pr), Neodymium (Nd), Promethium (Pm),
Samarium (Sm), Europium (Eu), gadolinium (Gd), Terbium (Tb), Dysprosium (Dy),
Holmium (Ho), Erbium (Er), Thulium (Tm), Ytterbium (Yb), and Lutetium (Lu).

The powered rock samples were decomposed by a mixture of perchloric
(HCIO,) and hydrogen fluoride (HF) in small Teflon reaction vessels covered by a
duralumin container at 150°C.on a hot plate. The ICP-MS method was also found to be
suitable for granitic rocks for which digestion have been difficulty because of some
refractory minerals such as zircon and spinel (Satoh et al., 1999). The calibration curve
of each element was prepared from the standard solution for ICP-MS and evaluated the
reliability of the analyses by analyzing the reference rock material; JB-1 and JB-1HINA
which prepared by Japanese Rock Standard. The ICP-MS method was done at the
Department of Earth Science and Technology, Faculty of Engineering and Resource

Science, Akita University.



1.5 Geography and Physiography

The study area is covered by regolith, a layer of loose, heterogeneous material
covering solid rock and surrounded by flat area. It is divided by water drainage between
Pichit province in the east and Phetchabun province in the west. Land in study area has
an elevation of 5-10 meters higher than the surrounding low lying. Land uses in the
study area are characterized by a layer of laterite averaging some 5 meters in thickness.
The term regolith was first defined by George (1897) (American geologist) who stated,
"In places this covering is made up of material originating through rock-weathering or
plant growth in situ”. In other instances it is of fragmental and more or less decomposed
matter drifted by wind, water or ice from other sources. This entire mantle of
unconsolidated material, whatever its nature or origin, it is proposed to call the regolith
(George, 1897). However, the regolith (20 m-long) in the study area overlying the
granodiorite rocks will not be studies in more detail.

The study area is in the tropical zone and climate can be divided into three
seasons, i.e. summer, rainy and winter. The summer season commonly ranges from
March to April and the highest temperature. The rainy season usually starts in May and
will last till range from November to February and the lowest temperature
(Aswasereelert, 2001). Most of the lands in this area are used for cultivation. The
cultivation crops are mainly maize, graphs, sugar cane, peanut, season fruits etc. Most

of crops have been cultivated in the undulating terrain surrounding the mining site.

1.6 Previous works in the tudy area

It is widely accepted that in ‘the Loei-Pechabun volcanic belt, there are more
intrusive than volcanic rocks exposed in Loei subprovince, ie., diorite.at Amphoe Ban
Na, Nakhon Nayok (Sitthihawon and Tiyapairach, 1982), porphyritic quartz-monzoite,
monzonite, diorite and granodiorite in Phu Lon area, Amphoe Sankho, Changwat
Nongkhai (Sitthithaworn, 1989), diorite and granodiorite at Amphoe Khok Samrong and
Tambon Khok Krathiem, Chagwat Lopburi, diorite and granodiorite at Amohoe Pak
Chong, Changwat Nakhorn Ratchasima, and granodiorite of Changwat Phetchabun.
These intrusive rocks are commonly associated with andesite, rhyolite and andesitic tuff,

and generally produce skarn deposits of iron and copper (usually malachite and
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chalcopyrite). In some relatively well studies areas, such as the Phu Lon, significance
amounts of native gold, electrum, silver and molybdenite in affiliation with magmatite
and chalcopyrite have been reported to relative intrusion which show indication of skarn
and porphyry copper deposit (Sithithaworn et al., 1992).

In the Chatree region, there are 4 stratigraphic units, viz. Unit 1: Fiamme breccia
(and Andesitic volcaniclastic facies, Unit 2: Epiclastic and fine volcaniclastic
sedimentary facies and Rhyolite Breccia Facies, Unit 3: Polymict and Monomict
Andesite Breccia Facies and Unit 4: Polymict and Monomictic Andesitic Breccia facies
and Coherent (Cumming et al., 2004).

The geology, mineralization, alteration and geochronology in Chatree gold
deposit has been studied intensively by several geoscientists (Diemar, 2000; Marhotorn,
2002; Deesawat, 2002; Kromkhun et al., 2005; Crossing, 2004; Corbett, 2004; Cumming
et al., 2004; Sangsiri and Pisutha-Arnond, 2008, Nakchaiya et al., 2008; Marhotorn et al.,
2008; Tangwattananukul et al., 2008; Salam et al., 2008) . The Quick-bird image of
prospect area is shown in Figure 1.3 all existing previous data appears Table 1.1.

Very recently, Salam et al. (2008) reported geochronology of mineraizaton and
timing of plutonic and volcanic activities. These will be explained in more detail in the

discussion part.
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Table 1.1 Reviews of the existing previous data of Chatree gold deposit, Pichit-Petchabun,

Thailand.

No. Prospect Rock Type Mineralization Epithermal/Alteration References
1 Regional 4 stratigraphic The major ore assemblages are banded Low sulfidation, quartz-carbonate and yellow sulfides Cummimg et
Chatree units (coherent, quartz-carbonate-sulphide ores al. (2006)
Deposit non-coherent, (chalcopyrite, sphalerite etc.) and banded
sedimentary quartz-carbonate-pyrite veins (occurring
rock) along the C prospect, D prospect, H north
prospect and H central prospect).
Sedimentary As both veins and veinlets - Crossing
rock, Volcanic (2005)
rock, Intrusive
rock
Sedimentary Observed in the area of A, K, N and Q A, K, N and Q which are silicification, locally in Corbett
rock, Volcanic association with siliceous fluidised breccias and (2004)
rock, Intrusive overprinting the K-feldspar alteration, potassic
rock alteration, may be related to a plumbing system for
the early grey silicification, respectively
2 N Multiphasal Porphyry Mo-Cu mineralization related to Potassic alteration occurs as pervasive and vein Corbett
intrusions overprinting diorite intrusions. Low grade magnetite with minor secondary biotite and grades to (2004)
(granodiorite) Au and Ag with Cu consistently in the order marginal propylitic alteration characterised by pyrite-
of 0.16% chlorite-epidote dominant assemblages.
granodiorite, Quartz-sulfide vein, sulfide disseminated Pervasive potassic alteration (biotite-chlorite-K- Marhotorn et
andesite throughout the rock and also formed feldspar), Phyllic selective alteration (quartz-chlorite- al. ( 2008)
veinlet which associated with quartz veinlet sericite-opaque veins)
and unmineralized calcite (secondary?)
veinlet in the late stage)
3 C-H Coherent and coherent and non coherent (monolithic Propylitic alteration (chlorite, epidote) Nakchaiya et

non- coherent breccia )units show strong alteration with al. (2008)
associated Au-Ag mineralization

Coherent Depositioal environment of host volcanic Low sulfidation, hydrothermal alteration indication Kromkhum
sequences mainly subaerial to shallow gray quartz, quartz-calcite-chlorite-illite- and Zaw,
submarine. There are five vein stages of ikkite/smectite-sericite-ankerite-domite-epidote- (2005)

mineraization.

andularia-pyrite-hematite-rhodochrosite-chacedony-
sphalerite-galena-chalcopyrite-electrum, quartz-k
feldspar-carbonate-epidote-pyrite, calcite veinlet and

joint suface coating
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No. Prospect Rock Type Mineralization Epithermal/Alteration References
3 C-H Veins in Gold, chalcopyrite, pyrite, sphalerite, electrum, fluid Low sulfidation, quartz-carbonate Marhotorn
volcanic inclusion (178° and 268°), salinities less than 5.3 wt.% NaCl (2002)
equiv.
Basaltic Not associated with mineralization Propylitic alteration (chloride, Tangwattana
dyke epidote sericite) nukul et al.
(2008)
Veins, Gold, silver, galena and sphalerite. Gold values occur over a Low sulfidation Diemar et al.
stockworks wide range og grade, with the average being 2.5 ppm. (2000)
and
breccias
Volcanic Quartz-calcite vein/veinlet associated with quartz, calcite, K-silicate plus porphyritic, chery Deesawat
and vein andularai, pyrite (Low sulfidation). Gold, chalcopyrite, pyrite quartz, milky quartz, quartz-calcite (2002)
and sphalerite are sifnificant in quartz-calcite vein/veinlet vein/veinlet, clay, supergene
style. oxidation
4 H Coherent Five vein stages, gold and mineralization associated with Hydrothermal alteration Krumkhun
and non- stage 2, the mineral of stage 2 consisting of quartz, calcite, (2005)
coherent chlorite, illite, illelite-smectite, sericite, ankerite, dolomite,
epidote, andularia, pyrite, hematite, rhodochrosite,
chalcedony, sphalerite, galena, chalcopyrite and electrum
5 Q Silica- Gold mineralization is controlled by later pyrite on fractures related to a plumbing system for the Corbett
sericite- early grey silicification (2004)
pyrite-milled
matrix
6 K grey silica High Au-Ag locally in association with siliceous Corbett
breccia mineralisation occurs in association with pyrite-yellow fluidised breccias and overprinting (2004)
sphalerite-carboate and silver the K-feldspar alteration.
minerals, and so displays an association with carbonate-
7 A East silicification Association with the quartz-ginguro veins, likened to low Low sulfidation, silicification Corbett
of the host sulphidation adularia-sericite epithermal Au-Ag quartz vein (2004)
sediments deposit.
non- The host rocks distal from the mineralized zones are silicification, quartz-adularia Sangsiri and
coherent dominated by propylitic alteration assemblage such as alteration .and propylitic Pisutha-
chlorite/serpentine and/or Fe-Ti oxides Arnond
(2008)
8 Vv Andesite Altered porphyritic andesite characterized by sericitized Prophyritic (more epidote, chlorite), Marhotorn et
andesine, relict hornblende and strongly porphyritic texture. mineralogy is characterized by al. (2008)
Groundmass with plagioclase, sericite and opaque minerals epidote replacing plagioclase,
exhibits prominent flow and glassy textures. chlorite replacing amphibole, and
sericite replacing plagioclase and
devitrified glass.




CHAPTER I

REGIONAL SETTING

2.1 Tectonic Framework of Thailand

The tectonic evolution of Thailand has been systematically re-constructed by
Bunopas and Vella (1983), then by Bunopas and Vella (1992) and subsequently revised
by Charusiri et al. (2002). Based on the tectonic evolution syntheses of Bunopas and
Vella (1992), Thailand was composed of two main tectonic terranes, the Shan-Thai in the
west, and the Indochina in the east. Their amalgamation line is situated along the Nan
Suture. The Shan-Thai block occupied eastern Myanmar, western Thailand, Laos,
Cambodia and some parts of Vietnam. In Thailand, the Shan-Thai terrane comprised
basement of granitoids and high-grade metamorphic rocks which were believed to be of
Precambrian age (DMR, 1999). The basement was overlain by sedimentary and
metamorphic sequences of Palaeozoic, Mesozoic and Cenozoic ages. While the
Indochina terrene comprised Permian platform-carbonate and deep-water clastic rocks
is covered by the Mesozoic sequence of the Khorat Group, without any exposed
Precambrian rocks. Bunopas and Vella (1992) stated that Shan-Thai and Indochina
blocks were amalgamated along a moderately high angle, westward-dipping Benioff
zone, to form the so-called Nan Suture, before the end of the Triassic. There were two
fold-belts, originating from mid-Paleozoic to Triassic sedimentary basins, located
between the Shan-Thai and Indochina. They were the Sukhothai Fold-Belt and the Loie
Fold-Belt, along the. eastern side.-of the: Shan-Thai-block-and-the western side of the
Indochina block, respectively. Bunopas and Vella (1992) divided the tectonic evolution
in Thailand" into -four repisodes: Archaeotectonic, Palaeotectonic, Mesotectonic and
Neotectonic

Charusiri et al. (2002) collected and gave the more recent information,
particularly geochronology and petrology, and presented the latest synthesis of Thai
tectonic evolution. They proposed two new small geological terranes, named as the
Lampang — Ching Rai block and the Nakhon Thai block in the former Sukhothai fold-belt

and Loei fold-belt, respectively. These new geological blocks were related to major



15

terranes, Shan-Thai and Indochina, which were initially associated with the Gondwana
supercontinent.

Thailand comprises two major tectonic terranes, the Shan-Thai and Indochina,
which were amalgamated in the Late Triassic. Four main tectonic stages are recognized
herein on tectonostratigraphic and geochronological grounds, viz. Archaeotectonic,
Paleotectonic, Mesotectinic and Neuvotectonic.

In the archaeotectonic stage, the Shan-Thai and Indochina microcontinents
constituted detached, probably Precambrian, high-grade metamorphic, cratonic
fragments of the Gondwana and Pan-Cathaysia supercontinents, respectively. The
paleotectonic stage commenced with a major marine transgression (Paleotethys) over
both Shan-Thai and Indochina extending from the Cambrian to the Permain. Following
oceanic subduction during the Middle Paleozoic, two newly proposed, smaller tectonic
blocks intervened between Shan-Thai and Indochina, namely the paleotethyan “Nakhon
Thai” ocean floor to the east and the “Lampang-Chiang Rai” (Fig. 2.1) volcanic arc to the
west. Rapid drifting of Shan-Thai to lower latitudes from its parent landmass is recorded
by Permo-Carboniferous, glacio-marine diamictes. A transition to warmer environment
recorded for Shan-Thai, and all terranes were close to the paleo-equator, as shown by
carbonate platform facies along the continental margin during the Late Permian. Flysch-
and are-type sedimentation took place during Triassic over almost all terranes. The
advent of the mesotectonic stage is marked by the collision of all terranes, termination of
Paleotethys, development of the major NE- and NW-trending strike-slip faults, and the
emplacement of the voluminous- Eastern (l-type granitoids with Cu-Fe-Pb-Zn-Au
deposits) and Central (S-type dominated, Sn-W-Nb-Ta-REE deposits) Granite Belts.
Paleomagnetic relationships demonstrate that Shan-Thai was very close to Indochina at
low latitudes in the northern hemisphere during the very Late Paleozoic. All terranes
attained the mid-latitudes of the northern hemisphere and came to a halt during very
Late Triassic to Early Jurassic times. Thrusting of Shan-Thai over Lampang-Chiang Rai,
eastern Lampang-Chiang Rai over Nakhon Thai, eastern Nakhon Thai block over
western Indochina in eastern Thailand, and partly Shan-Thai over Indochina, triggering
the Mesotethyan incursion to the west, may have generated Jurassic-Cretaceous,

continental sedimentation over much of Lampang-Chiang Rai, Nakhon Thai, western
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and southwestern Indochina, respectively. The end of the Mesotectonic stage (Early
Tertiary) is marked by the termination of Mesotethyan transgression in the Shan-
Thai/Western Burma collision, causing the generation of the Western (richly-mineralized
S-and I-type) Granite Belt. The collision of India with Asia during the Early Eocene
marked the beginning of the neuvotectonic stage, which in turn caused the regional
uplift of the Mesozoic Khorat and affiliated basins and the generation of the Phu Phan
Anticline and Nakhon Thai Synclinorium. The Neuvotectonic stage is marked by the
reverse motion on the major strike-slip faults and the occurrence of Middle to Late
Miocene, mantle-derived gem-bearing basalts. This Late Cenozoic eruption may have
been linked to the late regional uplift and vigorous denudation, generating major, Sn-,

Au-, and gem-placer deposits of the country.
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Fig. 2.1 Tectonic model of Thailand during Permo-Trassic Period showing distribution

and interaction of tectonic plates (modified from Charusiri et al., 2002).
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2.2 Igneous Rocks of Thailand

Intrusive and extrusive igneous rocks are widespread in Thailand, except for the
northeastern part of the country (Khorat Plateau). It is evident that metallic and non
metallic ores, especially those of hydrothermal origin, including tin, tungsten, copper,
iron ,gold ,columbite-tantalite, feldspar, fluorite, lithium-bearing minerals, and rare eart-
bearing minerals (monazite and xenotime) are closely related to some types of granitoid
in space and time (Charusiri et al., 1993). A better understanding of the evolution and

distribution of granites would be of benefit to mineral exploration in Thailand.

2.2.1 Intrusive Rocks
The granites of the Thailand crop out as the north-south trending elongated zone
more than 2500 km long and 600 km wide extending throughout the Southeast Asian
region (Charusiri et al., 1993) (Fig. 2.2). The regional extension of these belts is to
Malaysia, Singapore an Indonesia in the south and the southern Yunan in the north. It is
well documented that granite belt is one of the world (Charusiri, 1989). The exploited tin
minerals from this region comprise three-quarters of the total world thin production
(Nakapadungrat, 1982). From 1983 till the present, 40% of primary tin ores has ores
been recovered in this region. These granites can be grouped into three sub-parallel
magmatic belts or provinces based on their field occurrence, petrography and chemical
characteristics
Eastern Granitoid Belt
This belt of mainland SE Asia extends from Billiton Island in the south, Indonesia,
eastern Peninsular Malaysia, ‘eastern: Thailand through the edge of Khaorat plateau in
the central and ends at Laos and southern Yunan in the north. Generally this granitic belt
is emplaced in Upper ‘Paleozoic sedimentary' and volcanic clastic sequences. Granitic
activeity was companied by volcanism which persisted from Carboniferous to the Late
Triassic. The laragesr body of granitoid rocks is the Tak Batolith in Tak province, north
Thailand which has been systematically studied by Teggin (1975), Smaller plutons are
located in the areas of Phrae-Nan, Lumpang, Loei, Chantaburi and Narathiwat province.
This terrain is characterized by high level epizonal, felsic to mafic plutonic rock

with diorite, granodiorite and granite predominant rock types. Subvolcanic and volcanic
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suites of expanded composition range similar to those of the plutonic rocks are a
common association within this terrain. Characteristic petrographies of the granites are
coarse to medium-grained, equigranular, phaneritic texture with subordinate porphyritic
and foliated textures. Dark colored xenoliths of mafic composition are relatively
abundant. Essential minerals in the granites are 2 feldspar (alkaline and plagiocalse),
quartz, and homnblende, and biotite. Alkali feldspar is dominantly pink orthoclase.
Plagiocalse is mainly composed of rich calcium but oligoclase to andesine is
insignificant. Plagiocalse formed complex zoning being very common. Greenish brown
to green hornblende and biotite are major mafic minerals and muscovite is rare.
Geochemical studies of Eastern Granitoid Belts (Mahawat, 1982 and Charusiri, 1989)
indicated that the granitoids originate from differential crystallization of partial melting
from true magma, “sensu stricto”. According to the classification of Chappel and White
(1974), this granite is of I-type affinity The Eastern Granitoid Belt possesses a widest
range of SiO, content (57.16 to 76.33%). A large quantity of magnetite is also present in
the rocks. The granitoids are called magnetite series granitoid, following the
classification of Ishihara et al. (1981). Magnetite, zircon, sphene and apatite are
common accessory minerals.

Charusiri et al. (1993) sub-divided granitoid of Eastern belt, using petrological and
“Ar/ PAr geochronological characteristics, into 4 episodes. It has been found that ages
of the granitoids range from 210 to 245 Ma and can be grouped into 4 intervals; viz. 210
Ma, 220-225 Ma, 227-235 Ma, and 240-245 Ma. With integration of geological study in
Loei province, it has been‘interpreted tha granitoids-of older interval (>240 Ma or earlier
Triassic to Permo-Triassic) is likely to be associated with and related temporally and
spatially to gold mineralization whereas granitoids of younger interval (220-225 Ma) are
responsible for iron, copper, lead and zinc mineralization. The average age of granitoids
at Doi Ngom, Phare province is 235 Ma. A granitic trend from Chantaburi province to the
Thai-Cambudia border was sated at approximately 210 Ma (Late Triassic), which is
younger than that of Tak province.

Central Granitoid Belt

Central Granitoid Belt occupies mainly the north-western part of the country

extending from the Thai-Myanmar border in the north to Gulf of Thailand and covers also



20

the eastern part of the Penisular area. The Central Granitoid Belt covers most of Thailand
(Charusiri et al.,, 1993). In most cases, the granites intruded Lower Paleozoic
sedimentary sequences and show close association with migmatite and the high grade
metamorphic rocks of the region. Lithologically, these granites are coarse to very coarse
grained porphyritic with large (up to 6-7 cm long) K-feldsapar, phenocryst and often
show preferred orientation in the matrix comprising quartz, K-feldspar, plagioclase and
biotite. Hornblende, sphene, zircon, apatite and ilmenite are common accessory
mineral. Primary muscoveite and tourmaline were observed in the Ternary plots, these
granites are syenogranite, monzogranite, quartz synenite and quartz monzonite. Within
Thailand, this granitoid belt encloses the areas of Chaiangrai, Chiangmai, Lampang,
Lumphun in the north; Chonburi, Rayoung in the east; and Suratthani, Nakorn
Srithammarat, Songla, Yala in the south. In comparison, the granitoids of the Central
Granitic belt is quite different from those of the Eastern Belt in both origin and geological
environment. The country rocks intruded by Central Belt graitoids are mainly Late
Paleozoic to Early Mesozoic clastic sedimentary rocks without any associated
voluminous volcanic or volcano-sedimentary rocks.

More than 90% of granitoid rocks in this belt are largely confined to granite sensu
stricto, following the classification of Streckeisen (1976). The belt is considered to be
characterized by  mesozonal, porphyritic, coarse-grained, biotite-rich plutons
(Hutchison, 1983; Cobbing et al., 1986; Charusiri, 1989). Mafic minerals such as green
hornblende are not common. Muscovite is normally found and increasingly present in
the areas adjacent to tin-tungsten deposits. Quartz is found in equal amounts to
feldspar. Long laths of megacrystic feldspar are frequently microcline and microcline-
perthite. Geochemistry of granitoids-in this belt verifies that they originated from the
partial melting of pre-existing upper crustal rocks or pelitic sediments. According to the
classification of Chappel and White (1974), the granitoids are of S-type affinity, narrow
range of SiO, content (65.20-77.21%) but contains high to very high alkali elements. In
other category, when ilmenites in these granitoids are taken into consideration, the
granitoids are classified as ilmenite-series granitoids (Ishihara, 1977). However,

geological and petrochemical analyses indicate that I-type granitoids and magnetite-
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series granitoids are sporadically present as well, however in a much smaller amount in
thhis belt (Charusiri et al., 1993).

“Ar/ PAr dating (Charusiri, 1989) estimates the age of the Central Granitoid Belt as
180-220 Ma. This period is further subdivided into 2 intervals; 200-220 Ma for northern
Thailand, and 180-200 Ma for southern Thailand. The ages of mineralization of Major tin-
tungsten deposits such as Doi Mok, Chiangrai province, Tung Luang, Lampang
province; Tung Po-Tung Kamin, Songkla province; and Pinyok, Yala province, etc., are
mainly in the same of granites in the Central Belt. However, some knowm tin-tungsten
deposits which carry rare earth elements (Khantaprab et al., 1990) such as Samoeng in
Chiangmai province, and Khao Kamoi in Supanburi province have been proven to be 56
Ma (Tertiary) whereas the main phase granitoids in those areas were previously stated
to be of 220-240 Ma (Teggin, 1975; Nakapadungrat et al., 1984). Charusiri et al., 1991)
concluded from their recalculation of Rb-Sr whole-rock data that most of the granitoids
of the Central belts are of S-type affinity on the basis of high initial Sr isotopic
constraints.

Western Granitoid Belt

Western Granitoid Belt lies to the west of the Central Granitoid Belt along the Thai-
Myanmar border from Mae Lama Stock, adjunct to northern end of the Moei-Uthai Thani
fault zone to Phuket Island in the southwest of the Thai Peninsula. In general, the
Western Granitoid Belt contains small to moderate batholiths and plutons of mainly
restricted compositional range with a minor amount of the expanded type. Most of these
granite plutons intruded into Permo-Carboniferous_pebbly rocks of Kangkrachan group
with a few exceptions, such as the Mae Lama Stock in Mae Hong Son which intruded
into Cambrian and Ordovicain and Ordovicain sedimentary rock units. Intrusion of the
Western Granitoid  Belt into the border zone of the Central Granitoid Belt is not
uncommon and the earlier often show less deformed features. Clarke and Beddoe-
Stephens (1987) assigned Cretaceous Sn-W asoociated granite in northern Sumatra to
the Western Granitoid Belt.

Geological, petrochemical and mineralogical studies on granitoids of ther belt
reflect true granite (Streckeisen, 1976) which, again, is similar to those of Central

Granitoid Belt. Hornblende is relatively rare whereas brown biotite and muscovite are
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very common, as well as quartz and microcline. Geochemically, about 98% of the
granitoid rocks in this belt are of S-type and ilmenite-series granitoids are present
locally, e.g. those in Phuket and Phang Nga areas (Charusiri, 1989) and in Amphoe
Muang Prachaub Khirikhan. The Western Granitoid Belt also has a wide range of SiO,
content (566.01-75.83%) similar to those of the Eastern Granitoid Belt. However, the
majority of the granites of Western Granitoid Belt are highly alkali and posses S-type of
lImenite Series characteristics. The calc-alkaline variety of the I-type of Magnetite Series
granite plutons is present in very small numbers.

Age determination using the “Ar/ *Ar method the granitoids from this belt reveals
that both I-type and S-type granitoids in the Western Belt is 50-88 Ma (Late Cretaceous
to Early Tertiary). These ages of granitoid emplacement can be further subdivided into 2
periods, 65-88 Ma and 50-60 Ma. Associated tin and tungsten deposits together with
rare earth elements are inferred to have been related temporally and spatially with S-
type granitoid also occur, but in smaller amounts, and are related to tin and tungsten-
mieralization in northern and southern Thailand. These granites were reported by
Nakapadungrat et al. (1984) to have 130 Ma age using the Rb-Sr whole-rock method.

Earlier works, such as those of Mitchell (1977), Hutchison (1978), Pongsapich et
al. (1983), indicated that granites of SE Asia can be divided into 3 major belts on the
basis of lithological, geological, and geochronological characteristics. These have been
named the Western, Central, and Eastern Belts, Their details have been re-synthesized
by many authors later based on new data, i.e. Charusiri et al. (1993).The characteristics
of these granitic belts are summarized and illustrated (Table 2.1).

Charusiri et al. (1993) sudivided granitoids of these 3 belts into 3 periods by usibg
“Ar/ “Ar dating data and those previously reported-by other methods. They concluded
Eastern Granitoid Belt formed in Early to Late Triassic (245-210 Ma), the Central
granitoid belt in Late Triassic (220-180 Ma) to Middle Jurassic, and the Western
Granitoid belt in Late Cretaceous to Middle Tertiary (80-50 Ma). I- type granitoid rocks
are inferred to be related to Cu-Fe-Au-Sb mineralization and are largely limited to

Eastern Granitoid belt.
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Table 2.1 Summary of granitoid belts in Thailand (modified from Charusiri et al., 1993).

Topic Western belt Central belt Eastern belt
Compositoin True granite (Streckeisen, 1976), | Sensu stricto (Streckeisen, 1976), Gabbro, though quartz diorite and
syeonogranite, monzogranite, quartz | syenogranite, monzogranite, quartz | granodiorite, to granite.
monzodiorite, quratz monzonite syenite and quartz monzonite.
Age 130-90 and 45 Ma; Rb-Sr W.R. 180-220 Ma ; “°Ar/ Ar* 243 - 200 Ma
50-88 Ma ; Ar / Ar* 220-240 Ma; Rb-Sr W.R. 210 - 245 Ma ; “Ar/ Ar®
130-78 Ma ; “Ar/ Ar® 73 Ma ; K-Ar biotite age
Country rocks Permian to Carboniferous clastic | Late Paleozoic to Early Mesozoic | Upper Paleozoic clastic and volcanic tuff,

sedimentary rocks without volcanic

associate.

clastic sedimentary rocks without

associated volcanic or tuff.

sediments and shelf carbonates.

Pluton

characteristics

Small to moderate batholith and pluton

of restrict compositional  range,

commonly contain pegmatite and

aplite.

Mesozonal, biotite-rich plutons

Display varying zone from “true granite” in
the central part of the batholith graded to
more mafic rich granitoid (quartz diorite,

granodiorite) at the edge of the batholith.

Mineral assemblage

Quartz, microcline, biotite, muscovite

and rarely hornblende

Quartz, muscovite, biotite feldspar
(microcline and microcline-perthite)

with rarely green hornblende.

Quartz, alkali-feldspar (orthoclase),

plagioclase (oligoclase to andesine),
greenish brown to green hornblende and

biotite with subordinate muscovite.

Grain  size and

textures.

Coarse grained porphyrytic with large

K-feldspar phenocryst.

Megacrystic to equigranular and

porphyritic, medium to coarse-

grained, well-defined clastic
texture, well-defined subhorizontal

foliation

Mostly medium-to-coarse- grained and

equigranular, but are locally porphyritic

Accessory mineral

llimenite, apatite, sphene and zircon.

Allanite, apatite, garnet, monazite,

sphene, tourmaline, zircon.

Apatite, sphene. zircon, magnetite and

alinite.

Associated deposits

Tin, tungsten, REE-barring minerals

Tin, tungsten, REE-barring minerals

Base-metal, gold and iron mineralization

tin-tungsten deposit

Origin of magma

Partial melting of pre-existing upper

crustal rocks origin.

Originate from differential crystallization or

partial melting from “true” magma

Affinity
(A.)(Chappel and
White (1974) (B.)
Ishihara (1977)

S-type and I-type affinity

ilmenite-series and magnetite-series

S-type affinity

iimenite and magnetite-series

I-type affinity

magnetite series

Intial Srisotopic ratio | 0.719 - 0.744 0.725-0.730 and 0.710 -0.727 0.705-0.715

Distribution Dominant in Myanmar, Tak, | Chiangrai, Chiangmai, Lampang, | Billiton Island, Indonesia, through eastern-
Kanchanaburi, Prachaub Khirikhan, | Lamphun, Chonburi, Rayong, | Peninsular Malaysia, along western
Ranong, Phang Nga and Phuket Suratthani, Nakorn Srithammarat, | Khorat plateau edga of Thialand

Songkla and Yala
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Fig. 2.2 Index map of mainland SE Asia showing distribution of granitoids and their ages

of Eastern Belt during 220-245 Ma. Numbers in boxes are in million years (modified after

Charusiri et al., (1993), Nantasin et al. (2005) and Salam et al. (2008).
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2.2.2 Extrusive Rocks

Volcanic rocks are distributed in most part of Thailand, however, records of
volcanic rocks exposed in Southern Thai Peninsular are very few. Based on their
tectonic setting, distribution and ages of eruption, these volcanic rocks can be broadly
grouped into Ching Mai Volcanic Belt, Ko Chang-Tak-Ching Khong Volcanic Belt, Loei-
Prtchanbun Volcanic Belts and Late Cenozoic Basalts (Jungyusuk and Khositanon,
1992, Phajuy et al., 2004. Charusiri (1989) divided into 4 volcanic belts; Chiang Mai-
Chiang Rai (CC), Chiang Khong- Tak (CT), Loei-Petchabun-Nakhon Nayok (LPN) and
Volcanic Rock along Nan-Chanthaburi Suture Zone (NCZ) (Fig 2.3).

Chiang Mai-Chiang Rai (CC) volcanic belt are basics lavas, hyaloclastic and
pillow breccias (Panjasawatwong, 1993). Chemical characteristics of the San
Kamphang basic volcanic rocks indicate that they are tholeiitic and transitional alkaline
in composition. The basic volcanic rock Chiang Rai area may have formed in a
subduction environment, but, the rest has erupted in an intraplate environment
(Macdonald and Barr, 1978; Barr et al.,, 1990). Interpretation of the origin of the
intraplate basalt is in controversy, whether it be continent affinities (Barr et al., 1990) or
oceanic affinities (Panjasawatwong, 1993 and Pansawatwong et at.,, 1995). The
correlation ages of these volcanic rocks have been reported to be Late Carboniferous to
Late Permian (Garman Geological Mission or GGM, 1972) and Mid Permian to Permo-
Triassic (Chuaviroj et al., 1980; Bunopas, 1981; Bunopas and Vella, 1983;
Panjasawatwong, 1993).

Chiang Khong- Tak (CT) volcanic belt is the most abundant volcanic rocks
exposed in northern Thailand. The rocks vary in composition from intermediate to acid
represented by andesite, rhyolite and pyroclastic rocks. Stratigraphic correlation
indicates that the eruption of these volcanic rocks occured in Permo-Triassic period.
(Piyasin, 1972, 1975; Bruan and Hahn, 1976 and Charoenpravat, et al., 1987). However,
subordinate volcanic eruptions possibly occurred in Upper Triassic to Lower Jurassic
periods.

Loei-Phetchabun-Nakhon Nayok (LPN) Volcanic Belt is the main calc-alkaline
rocks in the country which formed as the accurate belt with N-S trending along the

western margin of the Khorat Plateau to Sra Kaeo in Eastern Thailand near Cambodia
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border. Andesite and rhyolite are the predominant rock types with subordinate basaltic
variety. Several episodes of volcanic activities occurred in this area which likely started
as early as Middle Devonian (Intasopa, 1993). Other volcanic activities occurred during
the Permo-Triassic period and ended at Late Tertiary. Rhyolite from the eastern
Pakchom district yield a Rb/Sr isochem age of 374+33 Ma with an initial 87./86, ratio of
0.706 and the spilitic basalt (located 16 km south of Pakchom) gave a Rb/Sr isochem
age of 361+ 11 Ma with an initial ratio of 0.70455 (Intasopa, 1993). Both ages confirm
the ages obtained from the stratigraphic correlation, Upper Middle Devonian in the early
phase and Late Devoniam in the later phase (Chairangsee et al., 1990; Jungyusuk and
Khositanon, 1992).

Nan Suture (or Nan-Chanthaburi Suture Zone (NCZ)) and the Sukhothai Fold
Belt reportred by Singharajwarapan et al. (2000) that reflect the processes associated
with the collision between the Shan-Thai and Indochina Terranes in Southeast Asia. The
Shan-Thai Terrane rifted from Gondwana in the Early Permian. Preliminary geochemical
data from volcanic rocks in the Loei Fold Belt, to the east of the Nan Suture, support
subduction-related arc volcanism in that area, but Intasopa and Dunn (1994) showed
that these volcanic rocks have diverse tectonic settings of eruption and range in age
from Late Devonian to Triassic. The present evidence suggests that most of the volcanic
rocks in the Loei volcanic province are older than the Sukhothai Fold Belt and are
probably related to an older arc.

Late Cenozoic volcanic rocks are mainly basalts which distribute sporadically in
the northern, eastern and central part of Thailand. These basalts can be subdivided into
two major groups, the corundum-bearing basalt and the corundum-barren basalts.
However, based on geochemistry the basalt can. be subdivided categorized into
basanitoids and | hawaiite basalts (Barr and Macdonald; 1981). The basanitoids
comprise nephilinite, basanite, nepheline hawaiite, and mugearite. In contrast, the
hawaiite basalts comprise alkaline olivine basalts, hawaiite and mugearite. It is clearly
noted that corundum is commonly associated with basanitoid basalts and not restricted
to certain age. Major gemstone variety is sapphire, ruby, topaz, zircon and black spinal.
Charusiri et al. (2004) observed at the area of Khao Kradong, Buri Ram Province, NE

Thailand, Cenozoic basalt is middle to subalkaline basalt. The rocks are transitional from
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hawaiite to alkali olivine basalt. In terms of tectonic setting, Khao Kradong volcano is
regarded as representative of Cenozoic basalts of continental-rift origin. Sutthirat et al.
(2001) reported that an inclusion of corundum (ruby) was found in a clinopyroxene
xenocryst in alkali basalt from the late-Cenozoic Chanthaburi-Trat volcanics of eastern
Thailand.

Jungysusuk and Khositanont (1992) interpreted the significance of gold
occurrence in both Tak-Chiangkhong and Loei-Petchabun belts and typically associated
with intrusive and shallow intrusive bodies. In Tak-Chiangkhong belt, gold can be found
in the volcanic hosted quartz veins within the Pharae-Lampang volcanoic province.
Genesis of the gold-bearing quartz vein has not clear. However, they appear to be
associated with gold-carrying hydrothermal fluids which were initiated by the late stage
granite intrusion. Gold is typically disseminated within the veins which are typically
formed in the N-S trend within the metavolcanic host rocks. This gold deposit may be
classified as vein or stock-works deposing type.

The Chatree gold mine is located in the Loei-Petchabun volcanic belt extending
approximately N-S through central Thailand. Volcanic rocks along the Loei-Phetchabun
Volcanic Belt formed in several stages from Late Devonian and extending to the Late
Tertiary, with features indicating a diverse range of tectonic settings (Intasopa, 1993).
The geochronological data of Charusiri (1989) and Intasopa (1993) show that the
volcanism of the Loei-Phetchabun-Nakhon Nayok Volcanic Belt occurred from Middle

Paleozoic to to Late Cenozoic.
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CHAPTER Il

GEOLOGY

3.1 Regional Geology

The Chatree deposit lies within the Loei-Phetchabun-Nakhon Nayok (LPN)
Volcanic Belt which extends from northern Loas through central Thailand and occupies
east of Raub Bentong structure in Peninsular Malaysia (Intasopa, 1992). In Thailand, this
volcanic belt is dominated by Upper Permian and Triassic parallel zones of island arc
felsic to intermediate volcanic and Triassic marine sedimentary rocks which were
formed above a subduction zone prior to and during the collision in the Triassic of the
Shan-Thai and Southeast Asian continental plates (Bunopas and Vella, 1992). The
volcanism is characterized by 3 volcanic successions, specifically Carboniferous
basaltic andesite flows; Permo-Triassic andesitic-rhyalitic tuffs, flows and sub-intrusives,
which mark the western margin of the Belt; and Neogene basaltic and rhyolitic flows,
which are recorded in the southern portion of the Belt possibly representing the
reactivation of a zone of crustal weakness (Intasopa, 1992). Permo-Triassic intrusives
perceived as cal-alkaline, |-type granites including diorite, quart diorite, granodiorite
and quartz monzonite bodies are distributed through out the Belt (Barr and Macdonald,
1991 and Garwin, 1993). Major structures in the Belt, from north to south comprise the
southerly pluging Loei anticlinorium, the north-northwest oriented Chum Phae
synclinorium and the west-northwest trending Saraburi anticlinorium (Garwin, 1993).
Metal mineralization-oceurs in-the Belt, characterized- by-base-metals (Cu, Pb, Zn), iron
ore, barite, manganese, pyrite, silver and gold. The majority of metallogenesis in the
Belt -is likely related to the Permo-Triassic: intrusive. magmatic-arc-related rocks and
structural preparation provided by anticlinal folds formed during the late Triassic
Indosinian Orogeny (Garwin, 1993, Charusiri et al., 1993).

The Chatree region is situated within the Loei-Phetchabun volcanic Nakhon
Nayok belt, an arcuate belt of calc-alkaline volcanics that extends north-south along the
western margin of the Khorat Plateau from Loei Province in the north to Ko Chang in the

Gulf of Thailand. This large belt contains volcanic rocks of felsic to mafic compositions,
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which deposited during several episodes of volcanic activities extending from Mid-
Devonian to Late Tertiary (Jungyusuk and Khositanont, 1992). They sub-divided the belt
into six provinces and Chatree is within the Phetchabun Province, which is dominated by
andesite and basaltic andesite. These volcanics are commonly associated with intrusive
bodies of microgabbro, diorite, and granodiorite. Field relationships observed by
Jungyusuk (1989) near Chon Daen in Petchabun Province suggest that andesitic lavas
flow over and locally crosscut mid Permian Limestones and are overlain by Tertiary
sediment.

Crossing (2004) considered to the Loei-Phetchabun-Ko Chang volcanic belt is
considered to be a fossil continental arc developed on the Indo-China Plate during
easterly directed subduction. It is situated within the Loei Fold Belt, a Palaeozoic-
Mesozoic feature that consists of a series of north-south trending granitoid belts and
associated volcanics. The Loei Fold was Belt formed as a result of collision between the
Shan-Thai and Indo-China Plates, which resulted in the amalgamation or interaction of

fossil arcs and microcontinents.

3.1.1 Sediments and sedimentary rocks

The Chon Daen-Thap Klo area is underlain by both sedimentary and igneous
rocks ranging in age from Carboniferous to Quaternary. The Carboniferous unit
consists mainly of limestone containing crinoids and coral fossils that are Lower to Mid-
Carboniferous in age (DMR, 1999). Upper Carboniferous-Permian unit consists of
sandstone (in part volcanic derived), shale, conglomerate and chert. Generally, this
formation strikes NE-SW and dips SE. The rocks are locally metamorphosed along the
contact with granodiorite.

The region of the Chatree deposit can be described following description of
the geology of the Chon Daen-Thap Klo District (DMR, 1999). The Chon Daen-Thap
Klo area is underlain by both sedimentary and igneous rocks ranging in age from
Carboniferous to Quaternary. The Carboniferous unit consists mainly of limestone
containing crinoids and coral fossils that are Lower to Mid-Carboniferous in age (DMR,

1999). Upper Carboniferous-Permian unit consists of sandstone (in part volcanic
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derived), shale, conglomerate and chert. Generally, this formation strikes NE-SW and
dips SE. The rocks are locally metamorphosed along the contact with granodiorite.

Fossilifeous limestone is often present at various stratigraphic levels, and vary
from thin beds interbedded within the andesite lavas and pyroclastic (eg east of Khao
Khieo) to very thick and persistent beds of massive limestone dominated by crinoids
fossils more distal to the volcanic centres. These limestones are best exposed near
Noen Maprang (Crossing, 2004).

Based on regional geologic map modified from Chongrakmani and Sattayarak
(2004) regional geologic map shown in Figure 3.1. The sedimentary rocks can be
divided into six formations as below; is

Phra Wihan Formation (PWF)

The rock is compose of sandstone, white pink, orthogoartzsitic, cross-bedded,
massive, with pebbly layers on the upper bed; some intercalations of reddish brown.
The age of the rock is Lower-middle Jurassic period. The rock found in the NE of the
regional geologic map.

Phu Kradung Formation (PKF)

The rock of this formation is found mostly in the NE of the regional area. The
rocks are shale, brown, reddish-brown, purplished-red, micaceous; siltstone and
sandstone, brown, gray, micaceous, small scale cross-bedding with some lime-nodile

conglomerate. The age of the rock is lower Jurassic period.

Nam Phong Formation (NPF)

This formation exposes in the SE of the regional area. The rocks are sandstone,
reddish brown, brown, ‘cross-bedded, conglomerate, pebbles consisting of quartz,
chert, red siltstone and sandstone, up to 10 cm in diameter; shale and siltstone, brown,
reddish-reddish-brown. This Upper Triassic formation was found in the NE part of the
regional area.

Huai Hin Lat Formation (HHLF)

Rocks in this Formation are dominated by vyellowish brown conglomerate,
yellowish brown to reddish brown sandstone, reddish brown siltstone, green

conglomeratic sandstone showing cross-bedding. Part of these rocks is thermal by
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metamorphosed. This Upper Triassic formation was found in the western part of the

regional area.

Pha Nok Khao Formation (PNKF)

This formation consists of well bedded to massive limestones with black chert
lenses, sandstone and shale. The age is also Lower-Middle Permian.

Unconsolidated diposits (Q)

The Quaternary sediments are the terrace deposit, talus pile and colluvial
deposit, composing of gravel, sand, silt and clay. They were found in the western and

eastern parts of the regional area. The western part of regional area is the study area.

3.1.2 Igneous rocks
The igneous rocks in this regional area are composing chiefly of felsic to
intermediate volcanic rocks, pyroclastic rocks and plutonic rocks.

Volcanic and pyroclastic rocks

The rock are tuff, lapillistone, agglomerate, volcanic breccia, andesite and
basaltic andesite. The unit indicates Permo-Triassic age as they were observed to lie
between the Middle-Upper Permian and Upper Triassic unit.

Volcanic rocks  with._mafic to felsic. compositions occur as lava flows,
pyroclastic deposits, and dyke and sills. The volcanic rocks predominantly andesite,
andesite tuff, basaltic andesite, andesitic breccia, rhyolite and rhyolitic tuffaceous
rocks. Their ages rang from Middle-Upper Permian to Lower Jurassic (Jungyusuk and
Khosithanont, 11992). Plutonic- rocks are covered by unconsolidated sediments,
however, airbone magnetic indicate that dykes and stocks of granodiorite intruded in
the area, particularly in the southern part of the Chatree deposit. Stratigraphic relations
constrain the age of these plutonic rocks to a minimum Triassic age (DMR,1999).
Diemar et al. (1992) have been observed volcanic rocks in this belt which are basaltic
andesite and andesite cross cut and flowed over middle Permian limestone and locally
overlain by Triassic sedimentary rocks. Crossing (2004) has been interpreted in the
Chatree region there are several andesitic volcanic centers and a couple of rhyolitic

centres. Proximal to the andesictic volcanic edifices are intercalated lavas,
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pyroclastics and volcaniclastion sediments displaying significant lateral facies variation
and complex interfingering with adjacent volcanic centers. Thick andesite lava flows
interdigitate with andesitic auto breccias, and these are interbedded with lithic (lapilli)
tuffd of andesitic and mixed province, and less volumetrically important crystal and
ash fall tuffs. The lithic tuffs are often very large and consistent and extend well beyond
the andestite lavas, suggesting they may be large valley filling or submarine mass
flows rather than air-fall tuffs. The volcano-sedimentary sequence is mostly gently
folded, with dips mostly less than 30 and rarely exceeding 45 except near faults. In
general the bedding becomes shallower dipping in the eastern half toward the edge of
the Khorat plateau. Steeper dips occur in two NE-SW trending structural zones
discussed below, especially in the immediate of large faults.

The Chatree gold mine is located in the Loei-Petchabun Volcanic Belt extending
approximately N-S through central Thailand. Volcanic rocks along the Loei-Phetchabun
Volcanic Belt formed in several stages from Late Devonian and extending to the Late
Tertiary, with features indicating a diverse range of tectonic settings (Intasopa, 1993).
The geochronological data of Charusiri (1989) and Intasopa (1993) show the rocks of
the Loei-Phetchabun Volcanic Belt are Permo-Triassic to Miocene.

Loei-Petchabun-Ko Chang volcanic belt, an arcuate belt of calc-alkaline
volcanics that extents north-south along the western of the Khorat Plateau from Loei
Province in the north to Ko Chang in Gulf of Thailand. It is situated within the Loei-Fold
Belt, a Paleozoic-Mesozoic feature that consists of a series of north-south trending
granitoid belts and associated volcanics. The Loei Fold Belt formed as a result of
collision between the Burmalayan and Indo-Sinain Plates, which resulted in the

amalgamation of a collection of fossil arcs and micro-continents (Crossing, 2004).

Plutonic rocks
The intrusive rocks can be divided into 3 phases, including diorite, granodiorite
and granite. The diorite is the dark grey with porphyritic texture. The pheonocrysts are
plagioclase and hornblend with the size of 1 x 1.5 cm. The granodiorite is the dark grey,
mainly fine grained with porphyritic texture with 1x 0.5 cm. Phenocryst is hornblende.

The granite is white in color. It has a porphyritic texture with phenocryst of plagioclase.
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Muscovite was observed to be common in this granite. The plutonic rocks are of Triassic
age but some may be younger. Become some of them were observed to intrude the
Upper Triassic sediment units. The study area is located on boundary between Pichit
and Phetchabun provinces, north-central Thailand. The study area lies within Loei-
Phetchabun volcanic fold belt (Diemar et al., 2000) which extends from northern Laos
through central Thailand and occupies east of Raub Bentong structure in Peninsular
Malaysia. In Thailand, the belt is significantly bound by Upper Permian and Triassic
parallel zones of ancient island arc that contains felsic to intermediate volcanic and
marine sedimentary rocks.

Plutonic rocks are covered by unconsolidated sediments, however, airbone
magnetic data indicate that dykes and stocks of granodiorite intruded in the area,
particularly in the southern part of the Chatree deposit. Stratigraphic relations constrain
the age of these plutonic rocks to a minimum Triassic age (DMR, 1999). Crossing
(2004) mapped various intrusive rocks ranging in composition from felsic to mafic
inplaced into the sequence as small to medium sized stocks and dykes. Most common
are mafic intrusive dominated by diorite but ranging in composition from granodiorite
to dolerite, and texturally from fine, even grained to porphyritic. Granitic intrusions
occur as several clusters of stocks and dikes, often associated with regional structural
trends. Two such clusters occur in the vicinity of Chatree mine where they appear to
be spatially associated with intersecting the southeast structural trends. However the
largest cluster is arranged along a NE-SW structural trend extending through Ban
Khlong Takhian, and most of these are porphyritic texture. Large intrusions of
granodioritic and diorite composition also-occur to the south and southeast of this

area, and some of these are also porphyritic (Crossing, 2004).



100745'

16°30"
] .
NG
16°15'
16°00H

100°45'

i
SN
e e

o]
e
i

e ey
i %
i
B
LR

35

Legend

Unconsolidated deposits (Q)

Qa Quaternary Alluvium
Quaternary Colluvium

Sedimentary rocks

Jurassic Sandstone;
white and pink (PWF)
Jurassic sandstone;

with cross-bedding (NPF)
Jurassic Shale;

reddish brown (PKF)

Triassic Conglomerate sandstone (HHLF)
Unconformity
Permian Limestone, gray (PNKF)

Igneous rocks

e

e e

mﬁgﬁ Permo-Triassic Volcanic rocks,

tuff, lappilli, agglomerate and andesite
m Triassic Plutonic rocks; granite,
granodiorite and diorite
’><\ Active mine

/ Fault & Fractures

Fig. 3.1 Regional geologic map of the study area (modified from Chonglakmani et al.,

2004). Abbreviation, PWF; Phra Wihan Formation, PKF; Phu Kradung Formation, NPF;

Nam Phong Formation, HHLF; Huai Hin Lat Formation, PNKF; Pha Nok Khao Formation

and Q; Quaternary Unit.



36

3.2 Detailed geology

In this section, geology of A Prospect, C-H zone, K Prospect and Q prospect of
the Chatree gold deposit is described. N and V Prospects will be described herein and
are described in the next chapter in much more detail.

A Prospect

At A East prospect, obligue normal movement on east dipping bedding parallel
faults has created dilational fracture systems at the intersection of steep-dipping feeder
structures; to form carrot shaped mineralisation zones. Sigmoidal veins parallel to the
core axis dominate in west to east bored drill holes, and so it is recommended future
east to west drilling might provide vein intersections at higher angels to the core axis
(Corbett, 2004).

A Prospect, the results reveal of the A Prospect, the host rocks proximal to the
mineralized zones are dominated by silicification, quartz-adularia alteration, followed by
carbonates and finally Fe-sulfide — Fe-Ti-oxide — sphene/leucoxene assemblages. The
host rocks distal from the mineralized zones are dominated by propylitic alteration
assemblage such as chlorite/serpentine and/or Fe-Ti oxides (Sangsiri and Pisutha-
Arnond, 2008).

C-H e and H zone

Gold-silver mineraization occurs as a low sulfidation quartz-carboante-adularia
style epithermal, occurring in shallow to steeply dipping structures carrying gold-silver
bearing veins, breccias and stockworks, within a 7.5 by 2.5 kilometer zone silicified
latitic and trachytic volcanic fragmentals and flows. The system is aligned in a north-
northwest direction and enclosed ‘by two' large overlapping interpreted caldera
structures. In the deposit, gold occurs as native gold and electrum in silica, calcite and
on the boundaries of, in fractures within and ‘as ‘electrum, AgS and AgSe. Average
sliver/gold ratio in the deposit is 5:1. The associated 1-2% sulfides are represented 98%
by pyrite with subordinate chalcopyrite, sphalerite and galena in decreasing amounts
(Diemar et al., 2000).

Marhotorn (2002) mapped the C-H Zone and studied fluid inclusions. He
interpreted the C-H Zone that emplacement of felsic to intermediate intrusive occurred in

the Permo-Triassic Period. The country rock formed silicification and initiation of
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brecciation by hydraulic fracturing. Hydrothermal fluid enriched in gas phase of magmatic
sources ascended along normal faults for many times. The hydraulic fracturing increased
permeability within and around the breccia bodies. The gas phased mixed with meteoric
fluid, leading to more rapid cooling and dilution of the acidic fluid with temperatures
between 178 and 268 °C and salinities less than 5.3 wt.% NaCl equiv. These fluids flowed
laterally along the highly permeable rocks of Permo-Triassic Volcanic Formation where
initial acid leaching enhanced the secondary of the host rock formation by the
development of vuggy quartz. Late stage meteoric water dominated hydrothermal fluid
activity at a lower temperature of around 163 °C. With decreasing temperature, silica-rich
fluids deposited and sealed most of the pore spaces within the hosting rocks. The result
of overprinting is comp structure presented in Milky quartz alteration zone. The latest
stage, supergene alteration resulted from Post-breccia wallrock alteration
fracturing/jointing and accompanying Cennozoic weathering and oxidation. Deesawat
(2002) studied the drill hole No. 261 RCD, 471 RCD, 260 DDH, 470 DDH and 259 DDH
and mapping in the C-H during this study have delineated zone of K-silicate plus
porphyritic alteration, cherty quartz alteration, Milky quartz alteration, quartz-calcite
vein/veinlet alteration, clay alteration and Supergene oxidation. Gold associated with
quartz-calcite vein/veinlet alteration.

Kromkhun and Zaw (2005) reported the H zone of the Chatree deposit is classified
as a low-sulfidation epithermal deposits and consinsts of plafioclase-pyroxene-phyrosene-
phyric andesite, andesite lithic breccias, crystal-rich andesitic pumice breccias, crystal-
rich quartz-rich volcanic sandstone/mudstone and limestone. The depositioal environment
of host volcanic sequence is mainly subaerial to shallow submarine. There are five vein
stages: gray quartz, quartz-calcite-chlorite-illite-ikkite/smectite-sericite-ankerite-domite-
epidote-andularia-pyrite-hematite-rhodochrosite-chacedony-sphalerite-galena-electrum -
chalcopyrite, quartz-k-feldspar-carbonate-epidote-pyrite, calcite veinlet and joint suface
coating.

C-H Zone was petrographically classified, and geochemically analyzed. The
volcanic rocks belong to both coherent and non-coherent suites, the former being older
in stratigraphy. Petrographic investigation reveals that the coherent rocks are mainly

andesite to basaltic andesite. Compositionally, the non-coherent suite also bears similar
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characteristics. Polymictic and monomictic breccias are classified in the non-coherent
suite. Only the coherent and monolithic breccia units show strong alteration with
associated Au-Ag mineralization (Nakchaiya et al., 2008,).

In the late stage, dyke rocks at C-H Zone of Chatree gold mine form part of the
Permo-Triassic Loei-Phetchabun-Nakhon Nayok volcanic belt. Dikes are recognized —
one in the northeast-southwest direction and the other in the north-south direction.
Petrographically, the dike rocks bear similar porphyritic texture and can be mainly
classified as andesite, trachytic andesite and basaltic andesite. Andesite is
characterized by plagioclase (oligoclase) and hornblende and shows strongly
porphyritic textures (Tangwattananukul et al., 2008).

K Prospect

At K Prospect, early grey silicification displays wall rock halos of K-feldspar
supporting the relationship to an intrusion source, localized by bedding plane faults.
High Au-Ag mineralization occurs in association with pyrite-yellow sphalerite-carboate
and silver minerals, and so displays an association with carbonate-base metal Au style
(Corbett, 2004).

N Prospect
Chatree Gold deposits Prospect N drill hole 2580 DD displays many features

typical of porphyry Mo-Cu-Au deposits such as multiphase intrusions, alteration and vein
deposition, low grade Cu mineralization and no significant Au has been identified. Dirill
hole DDH 2580 provides the first diamond core test of the Prospect N porphyry target
(Corbett, 2004). A coarse. diorite with feldspar to 3 mm continues from surface to an
interpreted quartz-bearing fault at 137 m where a chilled margin suggests the finer
grained dioritic intrusion down hole is_younger (Corbett, 2004). Alteration of drill hole
DD 2580 formed early. K-feldspar halos, indicative of emplacement during early potassic
alteration, and later halos of silica-sericite-pyrite (phyllic) alteration. Although two
potassic altered diorite intrusions, as well as post-mineral dykes, are recognized at N
Prospect, there appears to be only one event of Cu mineralization, associated with
quartz veins. Two weak events of molybdenite may be present, Au grades are very low,
and Cu consistently in the order of 0.16% in the RC and diamond drilling (Corbett,
2004).
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Marhotorn et al. (2008) studied igneous rocks (38 samples for rock slabs and 26
samples for thin sections) from drill-hole no. 2580DD and correlation with rock chip of
hole no. 2407RC, 2408RC, 2409RC, 2410RC, 2411RC and 2412RC. Mesoscopic and
microscopic determinations of core-log samples from the 171-m long N zone reveals
that felsic porphyry and aphanitic mafic rocks were cross cut by subsequent alteration
and mineraization. Two types of alteration were recognized-namely pervasive and
selective patterns. The pervasive style was dominated by replacement of biotite,
chlorite, sericite and k-feldspar. The selective style of alteration was observed as veins
and veinlets. Petrographically, felsic rocks in the N zone bear similar microporphyritic to
porphyritic and phaneritic textures and collectively classified as porphyritic fine-grained
granodiorite. The aphanitic intermediate-mafic rocks bear similar porphyritic andesite.
The granodiorite is characterized by plagioclase (An,,) frequently zoned, quartz
(anhedral and vermicular) and relict hornblende. The groundmass is mainly fine-grained
quartz, apatite and incipient sphene. Quartz and K-feldspar replaced rims of
plagioclase phenocrysts. Porphyritic andesite is characterized by altered plagioclase
and glassy groundmass. Alterations are mainly of biotite, chlorite, sericite and rare
epidote. Chemically, these igneous rocks belong to the calc-alkaline affinity. Binary plots
of trace element data for the studied rocks point to tectonic setting of volcanic arc
granite system. Spider diagram of trace and rare-earth elements revel that calc-alkaline
intermediate igneous rocks are consistent with those of the Tertiary intrusive rocks of
Azerbaijan, Iran which occurred in the subduction zone related to the magmatic arc
environment.

Q Prospect

Prospect Q contains silica-sericite-pyrite-milled matrix breccias which may be
related to a plumbing system for the early grey silicification,-and may be controlled by
the flat west dipping faults. Gold mineralisation is controlled by later pyrite on fractures,
best developed in the presence of carbonate (Corbett, 2004).

V Prospect
Marhotorn et al. (2008) studied rocks of the V zone petrographically, the rock for

petrography of rock-slap for 30 sample ,thin section amount 17 sample for classification

from drill-hole no. 3131DD and correlation with rock chip of hole no. 2071RC, 3082RC,
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3083RC, 3084RC, 3085RC, 3086RC, 3087RC, 3088RC, 3130RC and 3636 RC. The rock
of V zone is mainly porphyritic aphanitic intermediate to mafic rocks with abundant
green minerals and minor vein systems. The rock in the V zone is dominated by altered
porphyritic andesite, relic plagioclase and hornblende, strongly porphyritic texture. The
altered porphyritic andesite characterized by epidote and chlorite replaced feldspar,
sericitized andesine. Groundmass with plagioclase, sericite and opaque minerals
exhibits prominent flow and glassy textures. Alteration mineralogy is characterized by
epidote replacing plagioclase, chlorite replacing plagioclase, and sericite replacing
plagioclase and devitrified glass. Binary plots of trace element data for the studied rocks
point to tectonic setting of island-arc tholeiites and volcanic arc basalt.

Commimg et al. (2006) divided stratigraphic units and grouped the facies
volcanic in the Chatree mine that occur at specific levels in the stratigraphy. The facies
at Chatree have been grouped into certain stratigraphic units based from composition,
texture and position in the stratigraphy. There are 4 stratigraphic units that are
constrained within levels in the stratigraphy which are composed of different facies.
These units are mention below.

Unit 1: Fiamme breccia (and Andesitic volcaniclastic facies); Lithic rich Fiamme
Breccia, Quartz rich fiamme breccia, Polymictic hematitic breccia and Polymictic mud
matrix breccia

Unit 2: Epiclastic and fine volcaniclastic sedimentary facies and Rhyolite Breccia
facies; includes inter - bedded Volcaniclastic sandstones, Laminated carbonaceous
mudstones and minor Limestone and Calcareous siltstone and Rhyolitic breccia facies.
In the Northern part contains Monomictic andesitic breccia, Plagioclase phyric andesite
and Polymictic andesitic breccia

Unit '3: Polymict and Monomict Andesite Breccia Facies; This group includes
massive Polymictic Andesitic Breccia, Andesitic Basaltic Breccia which is inter - bedded
and overlain by Volcaniclastic Sandstones, Laminated Carbonaceous Mudstones and
minor Limestone. This group also includes some isolated zones of the Monomictic

Andesitic Breccia, Plagioclase phyric andesite and Hornblende phyric andesite.
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Unit 4: Polymict and Monomictic Andesitic Breccia facies and Coherent
andesite; this group includes the Monomictic Andesitic Breccia, Plagioclase phyric
andesite and Hornblende phyric andesite and some Polymictic andesitic breccia.

Surface and subsurface map (Figure 3.2) has been modified from Coming et al.,
2006. The geological maps show large zones of Lithic rich fiamme breccia on the
western and eastern zones of the Chatree mine, large zones of Polymictic andesitic
breccias, coherent andesite and monomictic andesitic breccias towards the south and
western zones and more abundant fine grained epiclastic and volcaniclastic sediments
towards the north. A small zone is monomictic rhyolite breccias. The large zone to the
south is the N — Prospect granodiorite. Generally the bedding is dipping towards the
east on the eastern flank and towards the west on the western flank conforming to a
broad anticline. Fault structures have been interpreted from geophysical data and from

drill core and mine exposures.



42

g g S
o o o
%o} © ~
© s S
1806000N —
1805000N o ,
4
LEGEND
g EXTRUSIVE ROCKS
1804000N de -
\ s Non-coherent facies
““““ Fine-grained epiclastic
. ™
I and volcaniclastic facies
1803000N K € - Monomitic andesitic breccia
A Lithic-rich fiamme breccia
H ZoNe - Monomictic rhyolitic breccia
1802000N
- Polymitic andesitic breccia
Coherent facies
- Andesite, plagioclase and
1801000N | hornblende phenocryst
INTRUSIVE ROCKS
;;;;;;;;;;;;;;;  Fine-grained granodiorite
1800000N — 4 Symbols
/ " Infered fault
rospect -~
3 €~ Ore Zone
c v
1790000N S N Prospect N]
1
B 0 0.5 1 km
| —— —
A A
200 V Zone N Zone 200

H Zone

Fig. 3.2 Surface and subsurface geologic map and cross section (A-A") of the study and
surrounding areas, Chatree gold deposit, Pichit, central Thailand (modified after Coming

et at., 2006).
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3.3 Geology of the Prospect area

In the study area there are two prospects, N Prospect and V Prospect. The N
Prospect has distance far from C-H Prospects 2.5 km the south. The V Prospect is 2 km
far from C-H Zone and. The distance between N and V Prospect is approximately 500 m
approximately. The rock units are separated by petrography and chemistry as follows; N
Prospect, the rocks are altered porphyritic granodiorite, andesite dyke and altered
andesite. The study area is covered by regolith, a layer of loose, heteroge neous
material covering granodiorite. This zone is covered by regolith at the depth of 0 to 20 m
from surface. The granodiorite found at the depth of 20 to 137 m. Andesite contain
altered plagioclase phenocryst and high altered set in glassy groundmass and found at
the depth 137 to 171 of drill-hole no. 2580 DD, decline -55° E. The porphyritic
graodiorite intruded into andesite host and show evidence of contact. Next, andesite
dyke, thickness is 2 m and 0.5 m cross cuting the fine grained graodiorite at the depth
of 39 to 41 m. and 43.8 to 44.3 m, respectively. The graodiorite is porphyritic and minor
equigranular, the phenocryst size is <1-3 mm and fine-grained groundmass size is less
than 1 mm, porphyritic texture shows characteristic of microphenocryst to phenocryst.
The grain size classification of igneous rock is based on Hughes (1982). Cross section
of subsurface geology at the N prospect is shown in Fig. 3.3.

V Prospect, the author separated into two types with regolith and andesite. The
upper most, the regolith is reddish brown color the thickness size is 0 to 18 m from
surface. The lower is andesite formed at the depth of 18-90 m which separate into two
zones. The upper, the weathered of andesite which. is abundant of altered mineral. The
lowest, altered andesite, flow texture, devitrified, altered plagioclase, microporphyritic
replaced by epidote. Rare mineralization is formed vein and dissemination in the
andesite host. The quartz, epidote, tremolite-actinolite and calcite vein size 1.5 m cross
cut the andesite rock at the depth of 77 to 79.5 m. Cross section of subsurface geology

at the N Prospect is shown in Fig. 3.4.
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Fig. 3.3 Cross section along line B-B” (in Fig. 3.2) showing subsurface geology of the N-

Prospect, southern part of the Chatree mine.
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Fig. 3.4 Cross section along line C-C’ (in Fig. 3.2) showing subsurface geology of the V-

Prospect, south of the Chatree mine.



CHAPTER IV

PETROGRAPHY

The thin section was usually set at 30 microns thickness and covered glass.
These thin sections were used for mineral identification, texture and paragenesis by
polarizing microscope. The textbooks include Igneous Rocks (Barker, 1983), An
introduction to the rock-forming minerals (Deer et al., 1966), Igneous Petrology (Hughes,
1982), Atlas of igneous rocks their textures (Mackenzie et al., 1982), Petrography of
Igneous and Metamorphic Rocks (Philpotts, 1989) and Rock-forming Mineral in Thin
section (Pichler, 1997) were used for mineral and texture identifications. Consequently,
those textures were interpreted after Hibbard (1995) and Bard (1987). The symbols are
used in this thesis as shown in Table 4.1 following that of Kretz (1983) and Siivola et al.
(2007).

4.1 Geology of igneous rocks

4.1.1 Evidence of contact zone

The N Prospect, founded evidence of contact zone, the rock for petrography of
rock-slap for 38 sample ,thin section amount 28 sample for classification from drill-hole
no. 2580DDH (thickness 171 m) (Fig. 4.1) and correlation with rock chip of hole no.
2407RC, 2408RC, 2409RC,2410RC,2411RC and 2412RC. The rock samples were slab-
cut and prepared as thin section. N Prospect is founded by evidence of contact which is
contact between porphyritic granodiorite and andesite. The evidences of contact zone
are intruded by porphyritic granodiorite toward andesite.. The evidences are highly
fractured, brecciated, intruded, micro-fault-and stock work and veinlets (Fig. 4.3a 4.4a,
4.4b).-The xenalite-of andesite host founded .in-edge of porphyritic-granodiorite which
represented of contact by intrude of porphyritic'granodiorite (Fig. 4.3b).

The V Prospect, the rock for petrography of rock-slap for 30 sample ,thin section
amount 17 sample for classification from drill-hole no. 3131DD (thickness 90 m) (Fig.
4.2) and correlation with rock chip of hole no. 2071RC, 3082RC, 3083RC, 3084RC,
3085RC, 3086RC, 3087RC, 3088RC, 3130RC and 3636 RC. The drill-hole no. 3131D DH

is decline -55° E.
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Fig. 4.1 Samples of altered and least altered rocks were selected for petrographic and

geochemical study from drill-hole no. 2580DD.
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Table 4.1 Mineral symbols for rock-forming mineral (modified after Kretz, 1983 and

Siivola et al., 2007)

Acm acmite

Act actinolite
Agt aegirine-augite
Ak akernanite
Ab albite

Aln allanite

Alm almandine
Anl anal-clte
Ant. Anatase
And andalusite
Adr andradite
Anh anhydrite
Ank ankerite
Ann annite

An anorthite

Atg antigorite
Ath anthophyllite
Ap apatite

Apo apophyllite
Arg aragonite
Arf arfvedsonite
Apy arsenopyrite
Aug augite

Ax axinite

Brt barite

Brl beryl

Bt biotite

Btm boehnite

Bn bornite

Brk brookite

Brc brucite

Cal calcite

Ccn cancrinite
Crn carnegieite
Cst cassiterite
Cls celestite

Cbz chabazite
Cc chalcocite
Ccp chalcopyrite
Chl chlorite

Ctd chloritold
Chn chondrodite
Chr chromite

Ccl chrysocolla
Ctl chrysotile
Cen clinoenstatite
Cfs clinoferrosilite

Chu clinohumite
Czo clinozoisite
Crd cordierite
Crn corundum

Cv covellite

Crs cristoballite
Cum cummingtonite
Dsp diaspore

Dg diginite

Di diopside

Dol dolomite

Drv dravite

Eck eckermannite
Ed edenite

Elb elbaite

En enstatite (ortho)
Ep epidote

Fst fassite

Fa fayalite

Fac ferroactinolite
Fed ferroederilte
Fs ferrosilite (ortho)
Fts ferrotschermakite
Fl fluorite

Fo forsterite

Gn galena

Grt garnet

Ged gedrite

Gh gehlenite

Gbs gibbsite

Glt glauconite

GIn glaucophane
Gt geothite

Gr graphite

Grs grossularite
Gru grunerite

Gp gypsum

Hl halite

Hs hastingsite
Hyn hauyne

Hd hedenbergite
Hem hematite

Hc hercynite

Hul heulandlte
Hbl hornblende
Hu humite

Il'illite

IIn iimenite

Jd jadeite

Jh johannsenite
Krs kaersutite

Kls kalsilite

Kin kaolinite

Ktp kataphorite

Kfs K-feldspar

Krn kornerupine

Ky kyanite

Lmt laumontite

Lws lawsonite

Lpd lepidolite

Lct leucite

Lm linonite

Lz lizardite

Lo loellingite

Mgh muaghemite
Mkt magnesiokatoptorlte
Mrb magnesioriebeckite
Mgs magnesite
Mag nurgnetite
Mrg margarlite

Mel melilite

Mc microcline

Mo molybdenite
Wrz monazite

Mtc monticelite
Mnt montmorillonlte
Mul nullite

Ms muscovite

Ntr natrolite

Ne nepheline

Nrb norbergite

Nsn nosean
Ol-olivine

Omp omphacite
Oam orthoamphibole
Op Opaque mineral
Or orthoclase

Opx orthopyroxene
Pg paragonite

Prg pargasite

Pct pectolite

Pn pentlandite

Prv perovskite

Phl phlogopite

Pgt pigeonite

Pl plagioclase
Prh prehnlte
Pen protoenstatite
Pnp punpellyite
Py pyrite

Prp pyrope

Prl pyrophyllite
Po pyrrhotite
Qtz quartz

Rbk riebeckite
Rds rhodochrosite
Rdn rhodonnite
Rt rutile

Sa sanidine
Scp scapolite
Src sericite

Srp serpentine
Sd siderite

Sil sillimanite
Sdl sodalite
Sps spessartine
Sp sphalerite
Spn sphene

Spl spinel

Spd spodumene
St staurolite

Stb stilbite

Str strontianite
Tlc talc

Tmp stronpsonite
Ttn titanite

Toz topaz

Tur tourmaline
Tr Tremolite

Trd tridymite
Tro trollite

Ts tschermakite
Usp ulvospinel
Vrm vermiculite
Ves vesuvianite
Wth Witherite
Wo wollastonite
Zrn zircon

Zo zoisite

48
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Fig. 4.3 A slab specimen (Sample no. DDN110) (at depth 146-146.1 m) of evidence of
contact is occurred between granodiorite and andesite (N Prospect) shown that in figure
a. Photomicrograph (b.) (cross-polarized light) of granodiorite intruded into andesite
which is founded xenolith of andesite set in granodiorite. The granodiorite is mainly
composed with quartz (Qtz), feldspar (Fs) and secondary calcite (cal). The andesite is

glassy texture and dominant of secondary biotite (Bt) with opaque (Op) mineral.
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Fig 4.4 (a) (N Prospect) Slab specimens of andesite host which is crosscut by intrusive
vein and formed highly fractured, stock works, veinlets and micro-faults. (b) Sequence
of veins-first: quartz-opaque mineral vein crosscut andesite and second: quarz-chlorite

vein with opaque ore in the central zone.
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4.2 Petrographic characteristics of intrusive rocks

Porphyritic granodiorite (N Prospect)

In hand specimen (Fig. 4.5a), it is white to gray, fine-grained, porphyritic shows
phenocrysts (up to 3 mm) of feldspars, quartz and biotite and chlorite-replaced mafic
mineral. The rock contains mostly feldspar phenocrysts. The fine-grained groundmass is
composed of quartz as the main minerals. The granodiorite is cross cut by quartz-sulfide
veins and veinlets (Fig. 4.8a).

Microscopically, the rock is characterized by euhedral phenocrysts (~70%) set
in fine-grained groundmass (~30%).

Plagioclase (~50%) phenocryst (Figs. 4.5b and 4.9a) is generally subhedral to
euhedral, oligoclase to andesine (An,,). Albite and caldsbad-albite twins are common in
the rock. Idiomorphic plagioclase phenocrysts are size up to 3 mm. Plagioclase is
replaced by sericite along the cleavages of plagioclase (Figs. 4.6a and 4.6b). The
plagioclase is replaced by silicified quartz groundmass (Fig. 4.11b). Intergrowth zoning
plagioclase showing in Figures 4.8b, 4.11b and 4.14a set in fine-grained quartz
groundmass. Plagioclase phenocryst is replaced by sericite and show cored texture in
the middle part. Phenocryst of plagioclase altered to sericite in the fracture show
sericitization and some grain strongly altered. Distinct zoning plagioclase set in silicified
quartz groundmass. The zoning of plagioclase is especially typically of plagioclase in
intermediate silica rock and shallow intrusion. Oscillatory zoning indicate magma mixing.
Rim of plagioclase is replaced by silicified quartz groundmass and altered to k-feldspar.

Quartz phenocryst (~5%) size is 0.2 to 1 mm and formed anhedral to subhedral
shaped. Quartz phenocryst showing corroded texture by replacement of fine-grained
silicified quartz groundmass. In addition, quartz phenocryst - forms vermicular
(embayment) texture (Fig. 4.10a). The quartz phenocrysts are mostly irregular with
rounded outlines although some small quartz phenocrysts may have one or a few short,
straight edges. The phenocrysts typically have many wormy embayments. Some of the
embayments are short and close to the margin, whereas others are long and go into the
core of the grain. The embayments are usually very narrow, with widths ranging from
0.01 to 0.4 mm, but mostly 0.03-0.4 mm. All the embayments have smooth and rounded

edges. The grain size of the quartz phenocryst varies greatly; from 0.5 to 2 mm. Quartz
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phenocrysts in this suite are commonly rounded, suggesting that pressures fluctuated
during crystallization (Whitney, 1988).

K-felspar (~5%) K-feldspar is rarely widespread in the rock. In the rock K-
feldspar is similar to quartz, but quartz lacks cleavage, lacks twinning, does not alter,
exhibits undulatory extinction, and is uniaxial. Subhedral K-felspar phenocrysts are size
less than 3 mm.

Hornblende (~5%) (Fig 4.7b, 4.10b, 4.11a, 4.12a and 4.12b) commonly present
relic diamond and prism shaped. Euhedral hornblende phenocryst is 0.5 mm Av of size.
Some grain present relic two directions along the crystal with an angle of 60 or 120
degrees of cleavages. Hornblende has been completely replaced by biotite and
chlorite. The hornblende can form cored texture which is inner of chlorite and outer of
biotite. The altered hornblende associated with biotite- chloritextopaque mineral.

Biotite phenocryst (Fig 4.7a) and secondary bitotite (~<2%), biotite phenocryst
shows euhedral texture and set in silicified fine-grained quartz groundmass. In addition,
biotite altered from hornblende phenocryst and associated with chlorite. Biotite and
quartz phenocrysts formed during the last stage of the crystallization of the magma.
Biotite phenocrysts are brown, up to 3 mm in diameter, Fe-enriched and subhedral.
biotite forms small ragged crystals interpreted as of hydrothermal origin. Biotite form
branching is typical of hydrothermal.

Chlorite (~<2%) altered from amphibole phenocryst which is less than 0.5 to 1
mm of size. Chlorite is green color under non-polarized light, and dark grey to isotopic
under plane-polarized. Chorite associated with biotite and opaque mineral. Chlorite
formed veinlet associated with quartz, serite, calcite, opaque mineral.

Sericite (~<1%) formed fine .grained mica. which is altered from k-feldspar or
plagioclase phenocryst. In the area that have been subjected to hydrothermal alteration.
Sericite replaced in fracture of k-feldspar, plagioclase and formed cored-texture (Fig.
4.9b). In addition, it's formed both single sericite veinlet (Fig. 4.13a) and associated with
quartz-opaque mineral veinlet. Sericite vein is size 0.5 to 1 mm cross-cut the rock.

The quartz (~30%) groundmass are 0.1 mm in size and consists of
subhedral crystals of fine-grained quartz, chlorite, sericite, apatite, sphene, zircon and

opaque mineral.
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Accessory mineral (~<1%) compose of apatite, sphene and zircon. Rare
euhedral apatite is size average 0.15 mm which occurred in quartz groundmass and
plagioclase phenocryst. Apatite is found as elongate crystals, commonly associated
with plagioclase. Incipient sphene form both irregular and anhedral shaped size is less
than 0.1 mm associated with groundmass. Zircon is rarely founded in the rock. These
minerals occur both as inclusions in the silicate phases (i.e. plagioclase and K-feldspar)
and interstitial to them (in the groundmass).

Mineralization, the mineralization is composing rectangular and irregular opaque
mineral set in groundmass and quartz vein size 0.1 mm -1.5 cm associated with
opaque, chlorite, sericite. lIrregular shaped of opaque mineral is 0.5 replaced
plagioclase phenocryst. Sericite formed in area of quartz vein size is 0.4 mm and
founded sericite vein and chlorite vein cross cut feldspar phenocryst. Sulphide minerals
are pyrite, chalcopyrite, sphalerite and molybdenite occurring as associated with quartz
veinlet. In additional, pyrite, chalcopyrite and sphalerite disseminated in groundmass of
the rock. Opaque mineral formed cubic and rectangular sizes less than 0.1 to 0.5 mm

disseminated in quartz groundmass and associated with chlorite and sericite grain.
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Fig. 4.5 (a) A slab specimen (Sample no. DDN30) of porphyritic granodiorite of N
Prospect showing fine-grained groundmass and porphyritic texture. The dark color is
mica. (b) Photomicrograph (b) (cross-polarized light) of (a) showing euhedral
plagioclase (Pl) and K-feldspar (Kfs) phenocryst set in fine-grained quartz (Qtz)
groundmass and sericite (Src) replaced at the fracture of plagioclase. Chlorite (Chl)

associated wih opaque (Opa) mineral.
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N
cross-polarized light) of porphyritic

Fig. 4.6 Photomicrographs (() () n
granodiorite, N Prospect. (a) (Sample no. DDN34) Plagioclase (Pl) phenocryst altered to
sericite (Src) in fracture set in fine-grained quartz (Qtz) groundmass. Note that the rock
is composed of plagioclase, quartz, chlorite, sericite and opaque (Op) mineral. (b)
(Sample no. DDN30) Plagioclase phenocrysts partly replaced along the rim by quartz-
sericite and biotite-chlorite present at top right. Biotite-chlorite-opaque mineral with rare

sericite is alteration assemblage.
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Fig. 4.7 Photomicrographs ((a) in cross-polarized light and (b) in plane-polarized light)
of porphyritic granodiorite at N Prospect, Chatree gold deposits. (a) (sample no.
DDN30) Altered biotite (Bt) phenocryst set in fine-grained quartz (Qtz) groundmass
which is surrounded by fine-grained quartz groundmass and some subrounded-quartz.
(b) (Sample no. DDN30) Relict euhedral hornblende (Hbl) phenocryst altered to chlorite-
biotite-opaque and surrounded of chlorite (Chl) and biotite phenocryst set in fine-
grained quartz groundmass. Opaque (Op) mineral disseminated in groundmass and
associated with chlorite-bioitite.
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Fig. 4.8 A slab specimen (a) (sample no. DDN36) of porphyritic granodiorite of N
Prospect showing fine-grained groundmass and porphyritic texture which is coss-cut by
quartz-sulfide veinlets. (b) Photomicrograph (in cross-polarized light) from the same
sample of (a), showing intergrowth zonining plagioclase (Pl) phenocrysts and k-feldspar
(Kfs) set in fine-grained quartz (Qtz) groundmass and rare sericite (Src) replaced at the

fracture of plagioclase. Opaque (Op) mineral formed anhedral shaped.
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Fig. 4.9 Photomicrographs ((a) and -(b) in cross-polarized light) of porphyritic
granodiorite at N Prospect, Chatree gold deposits. (a) (Sample no. DDN7) Euhedral
plagioclase (Pl) phenocryst set in fine-grained somewhat recrystallized quartz (Qtz)
groundmass and fractured long rectangular minor secondary chlorite (Chl). (b) (Sample
no. DDN15) Relic plagioclase phenocryst strongly altered to sericite (Src) associated

and show cored texture set in fined-grained quartz groundmass.
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Fig. 4.10 Photomicrographs ((a) and (b) in cross-polarized light) of porphyritic
granodiorite at N Prospect, Chatree gold deposits. (a) (Sample no. DDN34) Vermicular
quartz (Qtz) phenocryst is replaced by fine-grained silicified quartz groundmass and
formed embayment. Rectangular opaque (Op) mineral associated with sericite (Src).
Inclusion of biotite (Bt) formed in vermicular quartz phenocryst. Relic hornblende (b)
(Sample no. DDN36) phenocryst altered to chlorite-biotite associted with opaque
mineral. Subhedral quartz and twin plagioclase phenocrysts set in fine-grained
groundmass enriched in quartz and chlorite (devitrified glass).
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Fig 4.11 Photomicrographs ((a) and (b) in cross-polarized light) of porphyritic
granodiorite (N Prospect) showing plagioclase (Pl) phenocryst is replaced by sericite in
fracture and formed in fine-grained quartz (Qtz) groundmass (a) (Sample no. DDN22).
Relic hornblende (Hbl) altered to biotite-chlorite-opaque mineral. Plagioclase formed by
fine-grained quartz reolaced into fracture plagiocale phenocryst (b). Rim of plagioclase
is replaced and altered to k-feldspar (Kfs). Secondary biotite (Bt) formed at bottom of (b)
(Sample no. DDN28).
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Fig 4.12 Photomicrographs ((a) and (b) in plane-polarized light) of porphyritic
granodiorite at N Prospect. (a) (sample no. DDN30) Relic diamond-shaped hornblende
(Hbl) phenocryst altered to chlorite (Chl)-bitote (Bt)-cubic to subangular opaque (Op)
mineral set in fined-grained quartz (Qtz)-enriched groundmass. Secondary biotite was
also formed around phenocryst. (b) (Sample no. DDN7) Relic hornblende altered to

chorite set in fine-grained quartz groundmass with rare anhedral apatite (Ap).
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Fig. 4.13 Photomicrographs ((a) and (b) in cross-polarized light) of porphyritic
granodiorite, N Prospect. (a) (Sample no. DDN36) Fine-grained mica or sericite (Src)
vein crosscut the plagioclase phenocryst and fine-grained quartz (Qtz) groundmass. (b)
(Sample no. DDN36) Plagiocalse (Pl) phenocryst crosscut by quartz-opaque mineral
which chlorite (Chl) and sericite are formed at rim of vein. In addition, sericite formed in
the fracture of plagioclase phenocryst. At top right, subeuhedral apatite (Ap) formed at
plagioclase phenocryst.
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Fig. 4.14 Photomicrographs ((a) and (b) in cross-polarized light) of porphyritic
granodiorite, N Prospect. (a) (Sample no. DDN35) Zoned-plagiocalse (Pl) phenocryst is
altered to sericite (Src) set in fine-grained quartz (Qtz) groundmass. Alteration
assemblages are chlorite (Chl)-biotite (Bt)-sericite (Src)-opaque(Op) mineral. (b)
(Sample no. DDN7) Fine-grained granodiorite is cross cut by quartz vein and chlorite

associated with opaque mineral set in fine-grained quartz groundmass.
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Andesite dyke
Andesite dyke in the hole of 2580 DDH of N zone form thickness is 2 m and 0.5

m cross cut the fine grained graodiorite at the depth of 39 to 41 and 43.8-44.3 m,
respectively. In hand specimen, the studied slab is dark gray, very fine-grained with
micro-porphyritic texture (Fig. 4.15a).

Microscopically, (Figs. 4.15b. 4.16a and 4.16b) the rock is characterized by
phenocrysts (~15%) of anhedral to subhedral plagioclase, altered biotite, and relic
hornblende set in groundmass (~85%) of fine-grained, glassy and flowed as
characterized by the alignment and orientation of microlite of plgioclase.

Phenocrysts of plagioclase and hornblende are generally range in size from 0.1
up to 1 mm. The altered subhedral phenocryst plagioclase (~10%) size about 1 mm,
biotite (~2%) size is 0.6 mm, quartz(~<2%) size is 0.5 mm, Relict hornblende(~1%)
size about 2 mm less than 1 mm and show two cleavage of 120 and 60 by angle. Rare
opaque mineral set in phenocryst of feldspar altered

The groundmass with the average size of minerals less than 0.1 formed microlite

of plagioclase (~60%) and glassy (~25%). Rare anhedral epidote set in groundmass.
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Fig. 4.15 A slab specimen of andesite dyke rock (a) (Sample no. DDN11) (N prospect)
showing micro to porphyritic texture. (b) (Sample no. DDN11) Photomicrograph (cross-
polarized light) of andesite dyke showing feldspar (Fs) phenocryst replaced by
secondary biotite (Bt). The characteristic of groundmass is glassy and microlite of

plagioclase (PI).
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Fig. 4.16 Photomicrographs ((a) and (b) in cross-polarized light) of andesite dyke (N
Prospect). (a) (Sample no. DDN11) Relic hornblende phenocryst with the oblique two
cleavages (120° and 60°) by angle set in plagioclase (Pl) glassy groundmass with rare
epidote (Ep) forned around phenocryst. (b) (Sample no. DDN13) Secondary biotite
replacing relic feldspar set in glassy-flowed groundmass of hydrothermal quartz,
plagioclase and rare epidote.
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4.3 Petrographic characteristics of extrusive rocks
Altered andesite (N zone)

Altered andesite formed at the depth of (137-171 m) of drill-hole no. 2580 DDH,
decline of -55° E. The andesite is intruded by fine-grained diorite at the dept of 137 m.

In hand specimen (Fig. 4.17a), the rock is gray to black color in fresh, brown
color in weathered, aphanitic texture. The rock is cross cut by quartz-sulfide mineral
veins, quartz-chlorite-epidote-sulfide mineral veins, epidote veins and calcite veins.

Microscopically, the rock is characterized by groundmass (~70%) of glassy
materials and rare fine-grained quartz. Subhedral to eubhedral phenocryst (~30%) set in
groundmass.

Abundance of highly altered plagioclase phenocrysts (~30%) (Fig. 4.17b) size is
1 mm average. Secondary biotite present through the rock which is especially altered
from plagioclase.

The glassy (~60%) materials and rare recrystalline quartz is groundmass.
Irregular to rectangular opaque (3%) mineral varies in size less than 0.1 to 0.4 mm
associated with chlorite and rare epidote (~2%). Opague mineral veinlet size 0.3 mm
disseminated in groundmass (Fig. 4.18a and 4.18b) and associated with chlorite vein.
Epidote veinlet is size 2 mm cross cut through the rock. Calcite (~1%) veinlet size less
than 0.1 mm cross cut the rock and chlorite (~4%) occur at the rim of quartz grain.

Paragenesis of mineralization, the fist stage the rock is cross cut by quartz
sulfide vein. The second, quartz-chlorite-epidote-sufide is formed veinlet and cross cut
the rock. The thirst, formed epidote vein cross cut again (Fig. 4.17a). Finally,

unmineralized of calcite veinlet is cross-cut the rock.
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Fig. 4.17 (a) A slab specimen (Sample no. DDN116) of altered andesite with aphanetic
texture and crosscut by various veinlets. The fist stage-the rock is cross cut by quartz
(Qtz)-Chalcopyrite (Ccp)-pyrite (Py) vein. The second-quartz (Qtz)-chlorite (Chl)-epidote
(Ep)-opaque (Op) is formed as veinlet and cross cut the rcok. The third-epidote vein
formed. The last-unmineralized of calcite (Cal) is formed with thickness size less than
other veins. (b) Photomicrograph from part of (a) (in cross-polarized light) showing
altered plagioclase (PI) phenocryst in glassy groundmass and surrounded by secondary
biotite (Bt) formed during hydrothermal alteration.
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Fig. 4.18 Photomicrographs (Sample no. DDN58) of altered andesite ((a) in plane-
polarized light and (b) in cross-polarized light), at N Prospect, altered plagioclase (PI)
phenocrysts in dotted red boxes set in fine-grained glassy groundmass enriched in
devitrified glassy material. Opaque (Op) mineral is disseminated in glassy groundmass.
Epidote (Ep) vein crosscut the rock in the first stage and the calcite (Cal) vein formed in
the later stage. Rare recrystalline quartz (Qtz) formed as anhedral shape associated in

glassy groundmass and opaque mineral.
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Weathered, altered andesite (V Prospect)

In hand specimen (Fig 4.19a 4.21a), the rock is dominant green color of
phenocryst and fine-grained groundmass, porphyritic textures and veinlets size less
than 1 mmto 1 mm.

Microscopically, the rock is characterized by very fine-grained groundmass
(~70%). Subhedral to eubhedral phenocrysts (~30%) set in groundmass. Secondary
minerals include epidote, chlorite, sericite and pyrite.

Groundmass (70%), the groundmass is composed of plagioclase (Fig. 4.19a),
glass. The texture is characteristic of porphyritic, glassy, flow and microlite texture.
Cubic and rectangular opaque mineral is size 0.2 mm set in groundmass.

Phenocryst (~30%) is composed of plagioclase (~25%) (Fig. 4.20a, 4.20b,
4.19b) and hornblende (~5%) (Fig. 4.23a and 4.23b). Relic of plagioclase phenocryst is
replaced by epidote (Fig. 4.19a and 4.21b, 4.22a, 4.22b, 4.25a, 4.25b, 4.26a, 4.26b).
The plagioclase is mainly altered to chlorite and epidote. The hornblende phenocryst is
altered become to epidote. Plagioclase is size less than 1 to 2 mm approximately.
Hornblende phenocryst is size less than 1 mm av. which is present of relic diamond
shape and relic two directions along the crystal with an angle of 60 or 120 degrees of
cleavages. Epidote is altered partly the plagioclase and hornblende (Fig. 4.23a, 4.23b).
Chlorite is mainly altered from relic feldspar (Fig. 4.24a, 4.24b)

At the depth of 77 to 79.5 m the rock is composed of tremolite-actinolite-quartz-
calcite-opaque vein cross cut the rock. Tremolite-actionote showing prismatic shaped.

Mineralization, veinlet of rectangular opague mineral size 0.5 approximately and
single grain of opaque show cubic shaped. In this Prospect (V Prospect) is less veinlet

than N Prospecr and interpreted to low significant of mineralization.
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Fig. 4.19 A slab specimen of weathered andesite (a) (V propect) (Sample no. DDV11)
showing abundant green phenocrysts in fine-grained groundmass. (b) Photomicrograph
(in cross-polarized light) from the same sample of above (a) showing altered twining
plagioclase (PI) phenocryst which is repaced by epidote (Ep). Note that relic hornblende

is also observed.
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Fig. 4.20 Photomicrographs of weathered andesite of V Prospect (Sample no. DDV17)
((a) in plane polarized light and (b) in cross-polarized light). (a) Very altered plagioclase
(PI) phenocryst set in graoudmass and surrounded by chlorite (Chl), opaque, microlite
and accessory unidentified mineral (apatite?) (Ap). (b) The same sample of above

showing relic plagioclase phenocryst set in flowed-plagioclase.
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Fig. 4.21 (a) (Sample no. DDV26) A slab specimen of altered green andesite (V
prospect) showing abundant green phenocryst and fine-grained groundmass.
Photomicrograph (b) (in cross-polarized light) (Sample no. DDV15) showing altered
twining plagioclase (Pl) phenocryst which is replaced by epidote (Ep) set in glassy and

flow texture. Cubic opaque (Op) mineral formed in groundmass.
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Fig. 4.22 Photomicrographs of altered andesite (Sample no. DDV26) (V prospect) ((a) in
plane-polarized light and b in cross-polarized light) showing relic plagioclase (PI)
replaced by subhedral epidote (Ep) and set in devitrified/chloritized glassy groundmass.

Chlorite (Chl) formed as irregular shape in the rock.
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Fig 4.23 Photomicrographs of altered andesite (Sample no. DDV31) (V Prospect) ((a) in
plane-polarized light and (b) plane-polarized light) showing relic hornblende with 120°
and 60° cleavage altered to epidote (Ep) set in devitrified/chloritized glassy groundmass

with some microlite. Opaque (Op) mieral is disseminated in groundmass.
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Fig. 4.24 Photomicrographs of altered andesite at V prospect (Sample no. DDV10) ((a)
in plane-polarized light and (b) in cross-polarized light), Chatree gold deposits. (a) (b)
Relic plagioclase (Pl) phenocryst altered to chlorite (Chl) and minor sericite (Src) at rim
and fractured, set in the groundmass enriched in microlite, devitrified glasseous
materials, and some opaques. Note that flow texture is also present.
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Fig. 4.25 Photomicrographs (Sample no. DDV31) ((a) in plane polarized-light of the
same sample of figure (b) in cross-polarized light) of altered andesite at V prospect
(sample no. DDV31). (a) (b) Relic plagioclase (Pl) phenocryst is mainly replaced by

epidote (Ep) mainly in the cores and formed in glassy groundmass.



78

/.

Glassy texture

(b) - ° .

Fig. 4.26 Photomicrographs (Sample no. DDV36) ((a) in plane-polarized light and (b) in
cross-polarized light) of altered andesite at V prospect. (a) (b) Relic plagioclase (Pl)
phenocrysts altered to epidote (Ep), particularly in the core in glassy and devitrified

(chloritized) groundmass and microlite.
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4.4 Ore petrographic study
Porphyritic granodiorite and andesite (N prospect)

Six samples of polished section were prepared for determinating ore minerals.
Ore minerals of N prospect occur principally in quartz vein (Fig 4.27a) and
disseminated in groundmass (Fig 4.27b). It is defined by presence of chalcopyrite,
pyrite, molybdenite and sphalerite. Ore minerals formed various characteristic,
disseminated in groundmass, associated with quartz vein, single grain, and inclusion
in ore, visible to invisible. The ore assemblage vein is subdivided into 4 stage of time
as following;

1. First stage, quartz-chalcopyrite-pyrite-molybdenite vein (in fine-grained

granodiorite) (Figs. 4.27a, 4.27b, 4.28a, 4.28b)

2. Next, quartz-chalcopyrite-pyrite-splalertite-chlorite vein (in fine-grained

granodiorite and andesite) (Figs. 4.29a, 4.29b, 4.30a, 4.31b)

3. Then, Quartz- chalcopyrite-pyrite-splalertite-chlorite-epidote vein (in

Andesite)

4. Later, Epidote vein with rare ore (in Andesite) (Figs. 4.31a, 4.31Db, 4.323,

4.32b)

5. Finally, unmineralization of calcite vein (in Andesite) (Figs. 4.31a)

Chalcopyrite occurs mostly with quartz vein and rare in groundmass of fine-
grained granodiorite with size ranging from 0.1-0.5 mm and has angular to Irregular
shape. However, chalcopyrite founded both in fine-grained granodiorite and andesite.
The time of forming mineral later than pyrite because cubic pyrite changed to anhedral
at egde of grain which is repaced by chalcopyrite.

Pyrite is usually formed as subhedral to euhedral crystal (avg. 0.3 mm). It is
invariably associated with vein of quatz, sphalerite, chalcopyrite and. molybdeniite vein.
In addition, pyrite appears also as aggregate with chalcopyrite, inclusion in
chalcopyrite, single anhedral grains disseminated in groundmass of granodiorite and
andesite.

Sphalerite commonly occurs as aggregate, subhedral to anhedral shape and
associated with chalcopyrite and pyrite. The size of sphalerite is range between < 0.05

mm and 0.2 mm. It is filled and replaced at rim both of pyrite and chalcopyrite grains
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indicating the time of forming mineral later than pyrite and chlcopyrite. Sphalerite
associated quartz-chalcopyrite-pyrite assemblage and rarely in grougmass of fine-
grained granodiorite and andesite.

Molybdenite is usually formed sheet, sandwiched and undulated set in quartz
vein by single crystal. The mineral assembage is quartz-chalcopyrite-pyrite-
molybdenite. The size is ranging from 0.1-0.5 mm. Molybdenite is mainly founed in

quartz vein in fine-grained granodiorite. Not founded in andesite.

Table 5.1 Description ore petrography of drill-hole no. 2580 DD at N prospect, Chatree

gold mime, Thailand.

Running | Sample. Depth (m) | Rock name Hydrothermal ore assemblages

no. No.

1 DDN101 19.10- prophyritic Quartz-chalcopyrite-pyrite-spahlerite-chlorite
19.20 granodiorite

2 DDN103 50.5-50.6 prophyritic Quartz-chalcopyrite-pyrite-spahlerite-chlorite

granodiorite

3 DDN106 63.7-63.8 prophyritic Quartz-chalcopyrite-pyrite-spahlerite-chlorite

granodiorite

4 DDN108 120.5- prophyritic Quartz-chalcopyrite-pyrite-molybdenite
120.6 granodiorite

5 DDN109 139.4- Andesite Quartz-chalcopyrite-pyrite-spahlerite-chlorite-
1385 calcite

6 DDN116 161.20- Andesite Quartz-chalcopyrite-pyrite-spahlerite-chlorite-

161.30 epidite vein and unmineralization of calcite vein
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Fig. 4.27 A slab specimen (Sample no. DDN108) (a) of pophyritic granodiorite crosscut
by quartz (Qtz)-chalcopyrite (Ccp)-pyrite (Py)-molybdenite (Mo) veinlet. Black circle is
prepared for polished section. Photomicrograph (b) (in reflected light) froms the same
sample of (a) showing anhedral pyrite and chalcopyrite disseminated in fine-grained

groundmass.
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Fig. 4.28 Photomicrographs ((a) and (b) in reflected light) from the same vein (see in
Figure 4.27a) in granodiorite showing chalcopyrite (Ccp)-pyrite (Py)-molybdenite (Mo)
assemblage. (a) Euhedral pyrite and rounded quartz formed as inclusion in anhedral
chalcopyrite. (b) Molybdenite formed characteristics of sheet, sandwiched sheet and

undulated texture.
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Fig. 4.29 A slab specimen of porhyritic granodiorite (Sample no. DDN106) (a) crosscut
by quartz (Qtz)-chalcopyrite (Ccp)-pyrite (Py)-chlorite (Chl). Black circle is prepared for
polished section. (b) Photomicrograph (in reflected light) from the same sample of
above showing disseminated pyrite formed in quartz groundmass with plagioclase and

chlorite.
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Fig. 4.30 Photomicrographs ((a) and (b) in reflected light) from the same vein (see in
figure 4.29a) of the granodiorite showing (a) anhedral chalcopyrite (Ccp)-pyrite (Py)
assemblage and (b) larger cubic pyrite (Py) formed associated with smaller sphalerite

(Sp) and chalcopyrite (Ccp) in quartz-bearting vein..
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Fig. 4.31 (a) (Sample no. DDN116) A slab specimen of andesite rock showing various
veins cross cuting quartz (Qtz)-opaque (Op) mineral vein. The second stage is quartz
(Qtz)-chlorite (Chl)-epidote (Ep) - opaque (Op) mineral vein cross cut. The third stage is
the epidote (Ep)-opaque (Op) mineral vein crosscut the quartz-chlorite-epidote- opaque
mineral vein. The calcite (Cal) crosscut the rock in the latest stage. In the black circle is
sample for polished section. Black circle of figure (a) is prepared for polished
section.(b) Photomicrograph (in reflected light) showing dissemainated pyrite (Py) and
chalcopyrite (Ccp) blebs in groundmass and cross cut by chlorite (Chl)-opaque (Op)
mineral vein.
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Fig. 4.32 Photomicrographs ((a) and (b) in reflected light) from the quartz-sulfide vein of
andesite (see in figure 4.31a) showing (a) anhedral chalcopyrite (Ccp)- and larger
euhedral cubic pyrite (Py) assemblage and (b) anhedral sphalerite ore formed at the rim

of irregular resorbed pyrite grain containing and chalcopyrite (Ccp) inclusion.



CHAPTER V

GEOCHEMISTRY

After macroscopic and microscopic studies of the igneous rock, 22 less altered
samples were selected and analyzed for major oxides, trace elements and rare earth
element by XRF (22 samples), ICP-OES (7 samples) and ICP-MS (3 samples) at Akita
University. Samples which contained less altered or very few secondary minerals were
considered to be fresh. Major-oxide and trace element contents of the Chatree igneous
rocks were determined using XRF and ICP-OES method and shown in Table 5.1. Trace
and REE concentrations of the Chatree granodiorite rock determined using ICP-MS

method and show in Table 5.2.

5.1 Classification of Igneous rocks

5.1.1 Rock nomenclature based on major oxides and trace element

Fine-grined granodiorite

The intrusive rocks contain approximately 64.79- 67.52% SiO,, 17.01- 19.11%
ALO,, 1.93- 3.1% FeO, 0.24- 0.38% Fe,O., 0.01- 0.04% MnO, 2.91- 4.01% MgO, 2.41 -
3.78% Ca0, 2.92- 4.95% Na,O, 0.39- 1.66% K,O, 0.38- 0.50% TiO, , and 0.16- 0.23%
P,0,5and 0.51-1.89% SO..

CIPW norm of intrusive rocks consist of 29.12-41.35% quartz, 16.30-36.99%
albite, 11.00-17.09% anorthite, 2.56-10.85% orthoclase, 1.58-3.52% thenardite, 8.76-
11.33% hyperstene, 0.19-0.29% magnetite, 0.43- 0.56% illmenite, 0.33-0.47% apatite
and 2.47-7.44% corundum (Table 5.3).

Normative compositions. of the granodiorite range term tonalite to granodiorite
(Fig. 5.1). AS shown in 'the plots of plutonic rock, ‘most studied rocks are fallen in
intermediate composition in the fields of tonalite to granodiorite based on QAP plot
diagram of Streckeisen (1976). The name ‘granodiorite’ is the correct nomenclature for
this rock type and it is consistent with the TAS diagram of Cox et al. (1979) and alkaline-
subalkaline of Irvine and Baragar (1971) (Fig. 5.2).

The total alkalis and silica of these rock types as well as those of the fine-grained

granodiorite plotted in the TAS diagram of Wilson Cox et al., (1979) in order to find out or
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re-confirm the correct nomenclature of those rocks. The rock name ‘granodiorite’ is the
correct nomenclature of this rock type. Hence all the rock nomenclatures used in this
study are named based on the QAP diagram of Streckeisen (1976) as well as the TAS
diagram of Cox et al. (1979) and diving alkaline-subalkaline of Irvine and Baragar
(1971). Therefor, the rocks are granodiorite to tonalite.

Andesitic rock

The extrusive rocks contain approximately 49.6— 57.05 % SiO,, 16.05- 20.23% Al,QO,,
4.4- 8.78% FeO, 0.54-1.08 % Fe,O,, 0.06- 0.24% MnO, 5.27- 9.16% MgO, 3.3 — 10.82%
Ca0, 1.04- 3.45% Na,O, 0.79- 5.64% K,0O, 0.51- 0.74% TiO, , 0.19- 0.27% P,O, and
1.19-2.41 % SO,

Classification of alkaline and subalkaline basalts in terms of wt% Na,0+K,O
versus % SiO, of Le Maitre (2002) and alkaline-subalkaline of Irvine and Baragar (1971)
for volcanic rocks of N&V prospects is mainly fall in the basaltic andesite (Fig. 5.3).

For classification of nomenclature, proper discrimination diagrams were applied.
Plots of Zr/TiO, versus Nb/Y for volcanic rocks of N&V prospects based on the diagram
of Winchester and Floyd (1977) and the rock plots fall in the field of subalkalic-basalt
(Fig. 5.4). The studied andesite samples belong to magmatic group which is subalkalic-

basalt.



Table 5.1 Major-oxide and trace element contents of the

determined using XRF and ICP-OES method.
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Chatree igneous rocks

Rock
type Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite
Sample
no DDN4 DDN7 DDN12 DDN15 DDN20 DDN22 DDN25
Depth
(m) 22.4-22.5 28.4-28.5 42.0-42.1 51.6-51.7 64.0-64.1 70.7-70.8 82.6-82.7
XRF XRF ICP-OES XRF XRF XRF ICP-OES XRF ICP-OES XRF
Element
Na20 4.48 3.93 = 4.72 3.99 4.24 - 3.98 - 413
P205 0.16 0.22 = 0.22 0.17 0.17 - 0.17 - 0.21
MgO 4.04 3.49 - 3.62 3.9% 3.06 - 292 - 3.74
Al203 18.96 18.72 = 18.07 20.01 17.84 - 18.02 - 17.85
Sio2 65.81 66.44 - 66.23 66.55 68.17 - 67.57 - 65.79
SO3 0.96 1.52 = 1.78 0.92 0.94 - 0.51 - 0.85
K20 0.66 1.08 - 0.73 0.77 0.65 - 0.47 - 0.68
CaO 243 2.54 F 3.01 2.63 3.09 - 3.40 - 3.52
TiO2 0.51 0.48 - 0.46 0.45 0.39 - 0.48 - 0.48
MnO 0.02 0.02 F 0.02 0.01 0.02 - 0.04 - 0.03
Fe203 2.96 2.76 - 2.69 240 2.64 - 3.27 - 3.75
\ 67.79 68.38 55481 138.63 210.91 93.52 40.64 7413 52.84 88.24
Cr 217.71 159.32 6.76 170.34 112.80 168.65 5.70 170.46 7.31 152.90
Ni 8.03 5.84 -1.63 1.96 7.83 4.97 0.99 173.46 3.15 683.67
Cu 1246.22 938.24 930.55 3603.36 1791.64 1012.16 600.02 367.66 242.37 1460.85
Zn 44.38 35.34 20.56 43.12 34.99 34.59 17.67 41.81 92.74 34.59
Rb -0.62 iA51 128.99 58.75 7.20 1.04 16.47 3.57 70.32 229
Sr 1070.41 957.58 550.67 1065.36 960.61 886.65 573.49 957.49 605.54 1082.84
Y 16.02 18.54 16.74 16.18 13.97 14.07 15.48 14.34 16.14 19.39
Zr 104.44 116.02 25.67 110.48 123.27 103.66 11.22 122.27 29.00 109.41
Nb 11.35 11.29 - 18.35 11.33 11.30 - 11.29 - 11.29
Ba - - 210.44 - - - 202.98 - 168.85 -
Li - - 86.18 - - - 89.41 - 27.37 -
Sc - = 9.21 3 - = 77.44 - 8.77 -
Ce - - 30.85 - - - 31.42 = 2414 -
Nd - - -6.08 - - - -8.41 - -8.21 -




Table 5.1 (cont.)

Rock
type Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite
Sample
no DDN27 DDN28 DDN31 DDN36 DDN38 DDN39 DDN45
Depth
(m) 89.0-89.1 92.4-92.5 102.4-102.5 113.4-113.5 117.6-117.7 124.9-125 139.4-139.5
XRF XRF XRF ICP-OES XRF XRF XRF XRF ICP-OES
Element
Na20 4.27 3.67 4.47 - 4.94 2.95 5.00 3.15
P205 0.22 0.23 0.22 - 0.19 0.22 0.22 0.20 -
MgO 3.20 3.08 3.39 - 3.06 82D, 3.03 6.51 -
Al203 17.72 18.37 1729 S A 19.27 17.63 19.22 -
Si02 67.24 65.34 67.29 F 67.50 66.69 66.51 57.02 -
SO3 1.13 1.89 1.18 F 0.99 1.48 1.28 1.19 -
K20 0.59 1.46 0.86 3 0.40 1.67 0.39 1.55 -
CaO 3.58 2.84 345 = 3.72 247 3.82 4.33 -
TiO2 0.43 0.44 0.42 = 0.39 0.49 0.40 0.62 -
MnO 0.02 0.03 0.02 = 0.02 0.02 0.02 0.06 -
Fe203 2.82 3.86 254 - 2.89 257 2.94 6.71 -
\ 43.24 121.05 88.31 52.35 57.04 212.31 47.82 438.59 224.18
Cr 177.04 109.63 148.67 538" 206.98 521.18 193.63 50.25 17.06
Ni 7.22 9.59 7.04 606.17 5.12 4.77 5.66 16.70 8.06
Cu 1010.12 703.78 952.06 2.50 1559.16 521.10 1378.55 567.46 741.32
Zn 34.59 34.59 34.59 12.73 34.59 34.59 34.59 68.73 93.03
Rb 5.22 14.02 3.56 86.75 =301 14.00 -0.97 30.04 67.46
Sr 1018.19 881.96 1081.37 648.96 1020.23 743.60 1091.37 587.49 374.22
Y 18.06 15.38 14.28 15759 15.56 17.90 17.45 18.64 17.40
Zr 98.45 113.58 111.23 24.05 105.60 98.16 109.29 34.57 11.91
Nb 11.29 11.68 12.26 2 11.29 11.29 11.29 11.29 -
Ba F - 214.56 - = F - 550.83
Li o . 87.25 - d - - 35.01
Sc - - 10.60 - - - - 28.01
Ce - - 31.16 - - . - 18.24
Nd - - -9.00 - - - - -15.45

90
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Rock
type Granodiorite Granodiorite Granodiorite Andesite Andesite Andesite Andesite Andesite
Sample
no DDN49 DDN57 DDN60 DDV10 DDV 16 DDV 19 DDV 24 DDV 32
Depth 68.1-
(m) 148.6-148.7 165.4-165.5 168.4-168.5 30.1-30.2 47.1-47.2 59.5-59.6 68.2 89.5-89.6
XRF ICP-OES XRF XRF ICP-OES XRF XRF XRF XRF XRF
Element
Na20 1.04 - 251 3.45 - 1.70 1.79 3.72 2.55 243
P205 0.27 - 0.27 0.25 - 0.18 0.29 0.20 0.21 0.21
MgO 6.33 - 6.06 5.28 ¥ 6.73 8.1 9.19 8.30 777
AI203 18.72 - 17.81 19.19 = 20.05 17.86 16.89 16.54 15.93
Sio2 54.39 - 57.16 56.93 = 49.15 49.98 56.89 54.42 56.18
SO3 1.87 - 218 1.56 = 0.36 2.39 1.53 1.28 1.35
K20 1.02 - 1.24 0.74 - 5169 1.01 1.16 0.79 1.34
Ca0 10.83 - 7.33 7.06 = 5.98 7.29 3.31 472 4.49
Tio2 0.51 - 0.52 0.54 - 0.73 0.55 0.52 0.61 0.62
MnO 0.12 - 0.12 0.10 - 0.13 0.16 0.24 0.16 0.20
Fe203 5.43 - 5.60 6.63 E 9.32 10.76 8.46 10.47 9.62
\ 472.04 282.28 400.22 395.07 254.07 447.34 293.34 307.83 298.75 340.31
Cr 186.31 78.45 54.90 7415 13.64 -8.06 124.40 104.91 94.97 1564.18
Ni 10.45 13.56 11.82 13.63 7.60 17.20 22.59 11.97 23.63 16.39
Cu 1091.47 770.16 843.02 517.42 349.31 7.86 226.93 1156.13 175.07 118.42
Zn 51.75 27.99 98.38 42.83 24.89 87.51 63.20 119.14 75.15 80.95
Rb 10.98 39.28 22.22 14.41 49.38 82.67 34.12 35.25 28.47 31.74
Sr 472.59 310.44 547.65 620.78 416.84 483.63 434.24 567.80 379.87 287.85
Y 17.60 20.63 19.52 18.54 21.06 19.71 20.54 24.27 17.02 18.89
Zr 35.70 13.45 30.41 32.86 9.81 32.31 33.12 30.40 32.81 37.25
Nb 11.29 - 11.29 11.29 - 11.29 - 11.29 11.29 11.29
Ba - 129:19 - - 94.34 = - - - -
Li - 84.19 - = 95.41 - - - - -
Sc - 30.02 - - 31.39 - - - - -
Ce - 18.75 N . 17.83 = y = - -
Nd - -14.69 - - -13.01 - - - - -




Table 5.2 Trace and REE concentrations of the Chatree granodiorite rock

determining using ICP-MS method.
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Sample Depth
Rock type no. (m) Sc Mn Co Cu Zn Ga Rb Sr Y Zr Nb Cs
51.6-
Granodiorite DDN15 51.7 5.43 108.50 5.07 970.40 23.53 17.33 8.52 485.10 5.20 7.07 2.00 0.34
92.4- -
Granodiorite DDN28 925 8.17 178.90 14.10 495.30 19.79 18.83 13.62 564.80 5.94 24.83 1.61 0.14
124.9-
Granodiorite DDN39 125 0.31 171.40 14.88 1170.00 27.39 17.71 5.74 843.40 5.46 16.05 2.00 0.12
Sample Depth
Rock type no. (m) Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta
51.6-
Granodiorite DDN15 51.7 1.92 0.76 1.62 0.24 1.01 0.15 0.36 0.05 0.45 0.03 0.33 0.17
92.4-
Granodiorite DDN28 925 1.92 0.69 1.81 0.18 1.06 0.20 0.51 0.06 041 0.05 0.73 0.35
124.9-
Granodiorite DDN39 125 2.08 0.66 i1.98) 0.17 1.1 0.21 0.48 0.10 0.32 0.05 0.40 0.12
Sample Depth
Rock type no. (m) Ba La Ce Pr Nd Pb Bi Th U Sb
51.6-
Granodiorite DDN15 51.7 179.50 8.38 18.38 2.30 9.04 2.80 0.03 0.52 0.14 172.00
92.4-
Granodiorite DDN28 92.5 280.60 8.74 19.49 2.48 9.98 1.71 0.00 0.57 0.13 947.50
124.9-
Granodiorite DDN39 125 178.30 11.50 29975 290 .13 3.18 -0.02 0.57 0.20 797.80




Table 5.3 Chemical analyses of major elements and their CIPW Norms.

Rock Name Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite
Sample no N4 N7 N12 N15 N20 N22 N25
Depth (m) 22.40-22.50 28.40-28.50 42.00-42.10 51.60-51.70 64.00-64.10 70.70-70.80 82.60-82.70
Major elements
Sio2 66.34 65.82 66.37 65.91 67.52 67.21 65.35
Tio2 0.50 0.47 0.45 0.45 0.38 0.48 0.47
Al203 18.82 18.54 17.84 19.82 17.67 17.92 17.73
Fe203 0.29 0.27 0.27 0.24 0.26 0.32 0.37
FeO 2.38 222 2815 1.93 212 2.63 3.01
MnO 0.02 0.02 0.02 0.01 0.02 0.04 0.03
MgO 4.01 3.45 3.58 3.24 3.03 291 3.71
Ca0 241 2,52 297 26 3.06 3.38 3.5
Na20 4.44 3.89 4.66 395 4.2 3.96 41
K20 0.65 1.07 0.72 0.77 0.64 0.47 0.67
P205 0.16 0.22 0.22 0.17 0.17 0.17 0.21
SO3 0.96 1.5 i1.79 0.91 0.93 0.51 0.85
Total 99.98 99.99 100 100 100 100 100
CIPW
Quartz 31.06 36.77 32.75 35.08 34.57 33.62 30.03
Anorthite 1.7 11.32 18:62: 12.04 14.23 15.88 16.30
Hypersthene 11.20 9.80 9.96 8.97 8.76 9.07 11.33
Albite 33.72 24.88 29.95 29.55 31.36 32.23 31.28
Orthoclase 4.24 6.97 4.66 5.01 412 3.04 4.35
Apatite 0.33 0.45 0.45 0.35 0.34 0.34 0.43
Thenardite 1.80 2.80 3.26¢ 1.70 1.72 0.95 1.58
limenite 0.56 0.53 0.50 0.51 0.42 0.54 0.53
Corundum 5.70 6.27 4.76 6.61 4.27 4.09 3.88
Magnetite 0.23 0.21 0.21 0.19 0.20 0.25 0.29
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Table 5.3 (cont.)
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Rock Name Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite
Sample no N27 N28 N31 N36 N38 N39
Depth (m) 89.00-89.10 92.40-92.50 102.40-102.50 113.40-113.50 117.60-117.70 124.90-125
Major elements

Sio2 66.6 64.79 66.56 66.82 66.13 65.87
TiO2 0.42 0.44 0.41 0.39 0.49 04
AI203 17.55 18.21 17.59 17.01 19.11 17.46
Fe203 0.28 0.38 0.25 0.29 0.25 0.29
FeO 2.26 3.1 2.04 2.32 2.07 2.36
MnO 0.02 0.03 0.02 0.02 0.02 0.02
MgO 3.17 3.06 3.36 3.03 3.22 3
CaO 3.54 2.82 3.1 3.68 245 3.78
Na20 4.23 3.64 4.42 4.89 2.92 4.95
K20 0.58 1.44 0.86 04 1.66 0.39
P205 0.21 0.23 0.21 0.19 0.22 0.22
SO3 1.12 1.88 1 0.98 1.47 1.27
Total 99.98 100.01 100 100.02 100.01 100.01
Quartz 33.33 36.86 32.02 29.12 41.35 29.14
Anorthite 16.39 12.81 14.20 17.09 11.00 17.44
Hypersthene 9.20 10.10 9.34 8.93 9.1 8.93
Albite 30.34 19.98 31.65 36.99 16.30 35.62
Orthoclase 3.74 9.41 5.54 2.56 10.85 2.50
Apatite 0.42 0.47 0.42 0.38 0.45 0.44
Thenardite 2,07 3.52 2.16 1.80 2.76 2.34
limenite 0.47 0.50 0.46 0.43 0.55 0.44
Corundum 3.83 6.04 4.01 247 7.44 291
Magnetite 0.22 0.30 0.19 0.22 0.20 0.22
Total 100.00 100.00 100.00 100.00 100.00 100.00
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Fig. 5.1 Plot Q-A-P (Streakeisen, 1976) for the rocks from the N prospect. Chatree gold
deposit is mainly set in tonalite and granodiorite field. Q=normative quartz, P=normative

albite+anorthite and A=normative orthoclase.
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Fig. 5.2 Total alkali silica (TAS) diagram for intrusive rock of N prospects based on the
diagram of Cox et al., (1979) alkaline-subalkaline (Irvine and Baragar, 1971) for volcanic

rocks of N prospects is mainly fall in granodiorite.
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Fig. 5.3 Classification of alkaline and subalkaline basalts in terms of wt% Na,0+K,O

versus % SiO, (Le Maitre, 2002) and alkaline-subalkaline (Irvine and Baragar, 1971) for

volcanic rocks of N&V prospects is mainly fall in the basaltic andesite.
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Fig. 5.4 Plots of Zr/TiO, versus Nb/Y for volcanic rocks of N&V prospects based on the

diagram of Winchester and Floyd (1977). The rock plots fall in the field of subalkalic-

basalt.
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5.2 Chemical Affinity

Fine-granied granodiorite

The plot of Na,O versus K,O contents (Fig. 5.5) shows that intrusive rocks in the
study area have the chemical characteristic of I-Type magma after the classification of
Chappell and White (1974). Using the K,O versus SiO, nomenclature of Peccerillo &
Taylor (1976), the granitoid rocks are classified as calc-alkaline granitoid (Fig. 5.6).

Andesite

FeO+FeO, versus SiO, discrimination nomenclature of Miyashiro (1974) (Fig.
5.7) is similar to that of Peccerillo & Taylor (1976) (Fig. 5.8). The volcanic rocks at N and
V prospect of Chatree gold deposit are classified as calc-alkaline volcanic rocks.

Alkali-iron-magnesium (AFM) plots showing the distribution of FeO+ Fe,O,, MgO,
and Na,O + K,O in the andesite from N and V prospect at Chatree mine deospts (Fig.
5.9). According to Irvine and Barager (1974), AFM diagram is used to discriminate
between tholeiitic versus calc-alkaline magma compositions by means of iron
enrichment trends associated with fractional crystallization. Many of the andesite

samples fall in the calc-alkaline field
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Fig. 5.7 FeO+FeO, versus SiO, nomenclature of Miyashiro (1974), the volcanic rocks at

N and V prospect of Chatree gold deposits are classified as calc-alkaline rocks.
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Fig. 5.8 K,O versus SiO, nomenclature of Peccerillo & Taylor (1976), the volcanic rocks

at N and V prospect of Chatree gold deposits are classified as calc-alkaline rocks.
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Fig. 5.9 AFM diagrams with the Irvine and Baragar (1974) dividing line for tholeiitic and

calc-alkaline trends. The volcanic rock is mainly filled into the calc-alkaline field.

Abbreviations, F= FeO+Fe,O,; M= MgO; A= K,O + Na,O.
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5.3 Signatures of trace and rare earth elements

Discrimination diagram used Y versus Cr for volcanic rocks of N&V prospects
based on diagram of modified after Pearce et al. (1984) (Fig. 5.10). The diagram
illustrated that the volcanic samples fall in area of vocalnic-arc basalt.

Discrimination diagram Zr/Y versus Zr plots and used for volcanic rocks samples
based on the work of Norry (1979). The diagram demonstrates that of the volcanic
samples fall in area of vocalnic-arc basalt (Fig. 5.11).

Zr versus Ti for volcanic rocks of N&V Prospects was also plotted based on
diagram of Pearce & Cann (1973).The discrimination diagram reveals that the samples
referred to island-arc tholeiite (Fig. 5.12).

In Zr - Ti/100 - Sr/2 diagrams of Pearce and Cann (1973), the andesitic rock of
Chatree plot within island arc tholeiites (IAT) fields (Fig. 5.13).

Tectonic discrimination diagrams Nb versus Y indicate that granodiorite in the
study area are classified as volcanic-arc granitic rock (VAG) from Gill (1978) (Fig. 5.14).

Discrimination diagram of Pearce et al. (1984) (Fig. 5.15, 5.16 and 5.17) uses
Yb, Y, Nb and Ta ratio to discriminate felsic rock types and is biased toward granitoid
rocks. They define ocean ridge (ORG) as those recovered from deep oceanic dredging
or from ophiolite complexes. Volcanic arc granite (VAG) encompasses a wide variety of
compositions ranging from the tholeiitic through the calc-alkaline to shoshonitic. They
may be associated with ocean island arcs or with active continental margins, but include
only those involving the subduction of oceanic crust. Within plate granites (WPG) are
intruded into the continental crust or oceanic crust. Collision granites (syn-COLG) are
formed during continent-continent, continent-arc, or arc-arc collision. Granodiorite at N
Prospect are of Chatree gold deposit-plot Volcanic-arc Granite (VAG). These diagrams
suggest that they are most likely related to subduction of Lampang-Chiangrai Plate
under Nakhon Thai Plate in the Permo-Triassic age.

Spider diagram of trace and rare-earth elements revel that calc-alkaline
intermediate igneous rocks are consistent with those of the Tertiary intrusive rocks of
Azerbaijan, Iran (Fig. 5.18) which occurred in the subduction zone related to the

magmatic arc environment.
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Fig. 5.10 Plots of Y versus Cr for volcanic rocks of N&V prospects based on diagram of
modified after Pearce et al. (1984). Abbreviations: VAB, Volcalnic-arc Basalt; MORB,

Mid Oceanic Ridge Basalts; WPB, Within-plate Basalts.
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Fig. 5.11 Zr/Y vs. Zr plots for volcanic rocks of N&V prospects which fall within the field

of volcanic arc basalts. Diagram from Pearce and Norry (1979).
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Fig. 5.12 Plots of Zr versus Ti for volcanic rocks of N&V prospects based on based on

the diagram of Pearce & Cann (1973).

TiA100

A lslan-Arc Tholeiites
B: Calc-Alkali Basalis
C: WMORB

B Andesite (N prospect)

___________ X Andesite (V prospect)

Zr 512

Fig. 5.13 Zr-Ti/100-Sr/2 diagram of Pearce and Cann (1973), wherein N and V prospect

volcanic rock exhibits Island-Arc Tholeiites.
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Fig. 5.14 Log Nb vs. log Y which show the rocks in the N zone fall in the volcanic arc
felsic field. Abbreviations: WPG, within plate granite; ORG, ocean ridge granites; VAG,

volcanic arc granites. Diagram from Gill (1978).
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Fig. 5.15Log Rb vs. (Nb-Y) discrimination plot of granitic rocks from the N-zone of
Chatree gold mine. Abbreviations: WPG, within plate granite; ORG, ocean ridge
granites; VAG, volcanic arc granites; syn-COLG, Syn Collisional Granite. Diagram from

Pearce et al. (1984).
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Fig. 5.16 Log Rb vs. (Nb-Y) discrimination plot of granitic rocks from the N prospect of
Chatree gold mine is fall in Volcanic-arc Granite field (VAG). Abbreviations: WPG, within
plate granite; ORG, ocean ridge granites; VAG, volcanic arc granites; syn-COLG, Syn

Collisional Granite. Diagram from Pearce et al. (1984).
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Fig. 5.17 Log Rb vs. (Y-Ta) discrimination plot of granitic rocks from the N prospect of
Chatree gold mine is fall in Volcanic-arc Granite field. Abbreviations: WPG, within plate
granite; ORG, ocean ridge granites; VAG, volcanic arc granites; syn-COLG, Syn

Collisional Granite. Diagram from Pearce et al. (1984).
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CHAPTER VI

DISCUSSION

Based upon the results of the present study, discussion can be categorized into
4 topics including (1) petrochemical characteristics of the studied igneous rocks, (2)
relationships of mineralization/alteration to the studies rock (3) Age constraint, and (4)
tectonic setting.

6.1 Petrochemical characteristics of the studied igneous rocks

Petrographic investigation reveals that the plutonic rocks in N prospect of the
Chatree gold mine is relatively fine-grained and characterized by porphyritic textures
(Fig6.1b). Such diagnostic features are quite similar to those of the felsic to intermediate
rocks in Plilipines (Sillitoe, 2000), southwest USA (Lowell&Guilbert, 1970), southern Peru
(Gustafson, 2001), Hong Kong (Wan, 1994) (Fig6.1a). These porphyritic rocks and their
relatered alteration are always associated with copper-molybdenite mineralization or the
so-called porphyry copper deposit (Guilbert & Lowell, 1974). In the model proposed by
Lowell & Guilbert (1970), the host genetic rock is felsic plutonic rock of the clan through
granodiorite.

At N prospect, the granodiorite is characterized by av. andesine (An.)
phenocryst, K-feldspar, vermicular/anhedral quartz, relic hornblende and biotite set in
fine-grained quartz - enriched groundmass. Andesite is characterized by plagioclase,
phenocryst set in glassy groundmass. The rock in the V zone is dominated by
porphyritic andesite composed of-altered plagioclase and relic_hornblende phenocrysts
set in glassy-microlite groundmass. The studied rock can be compared with those of the
earlier works as shown below:

According to Myron (1982), the porphyritic fabric generally originates as magma
that has been slowly cooling and forming large crystals and is then more quickly cooled,
depending upon the grain size of the matrix.

Porphyry (Gustafson, 2001) is a term restricted to conspicuously porphyritic
intrusive felsic rocks with a fine phaneritic even aphanitic matrix. Porphyry occurs in

fairly small, relatively shallow intrusive magma bodies with growth of abundant large
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phenocryst, followed by an episode of rapid crystallization, forming the fine phaneritic or
aphanitic matrix. In the case of the N amd V prospect the studied rocks are similar to
what Gustafson (2001) mentioned as “porphyry” and possibly have similar genesis.
Zoning of plagioclase which is common in porphyry has been interpreted by Myron
(1982) as progressively recording changes in magmatic environments. Semilar situation
has been observed in the studies rocks of the Chatree gole mine. It is consifered that
the changes from volcanic system to a (shallow) intrusive system may have happened
for the Chatree mining area.

Porphyry deposits, as proposed by Lowell and Gillbert (1970) are intimately
associated with intermediate to felsic plutonic intrusives, characterized by intense and
extensive hydrothermal alteration of the host rocks, as recognized by Lowell and Gillbert
(1970). All these characteristics have also been found at the Chatree gold mine based
upon petrographical and geochemical investigations.

Ore minerals are scattered through out the host rock either as disseminated
mineralization or restricted to quartz veinlets that form a ramifying complex called a
stockwork. As show in the previous chapter on petrography, the Chatree mineralixation
has similar disseminated of ores and vein/veinlet styles. The host intrusion characteristic
rock is acid plutonic rocks of the granite clan through granodiorite to tonalite, quartz
monzodiorite and diorite with multiple intrusions common, and mineralization commonly
late (Lowell and Gillbert, 1970).

Plagioclase crystals in magmatic rocks, especially in porphyry deposits (Gustafson,
2001) possess various textural types and zoning-such as sieve texture, oscillatory,
patchy and normal zoning. In the case of the Chatree studied rocks, petrograpic
investigation reveals that plagioclase-is the abundant phenocryst ‘and shows various
texture styles of zonings (see Fig. 6.2). These textures provide information concerning
conditions of magmatic evolution and histories of magmatic systems. Sieve textures in
plagioclase indicate rapid decompression (Stomer, 1972) and magma mixing
(Tsuchiyama 1985) in magma chambers, while oscillatory zoning infers repeated
injections of mafic melts, fluctuations in total pressure or temperature, or diffusion-
crystallization kinetics (Hattori & Sato 1996).

In addition, patchy zoning is interpreted to be caused by rapid increase in crystals,
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decompression, supersaturation, and/or decrease in confining pressure on water-
deficient magma during crustal ascent (Vance, 1965; Anderson 1984). Patchy zoning is
also comom in some specimen studies for the Chatree rocks. So mechanism for the
occurrence of the patchy zoning may be the same for the Chatree magma. Zoning is
especially typical of plagioclase in intermediate silica volcanic rocks and shallow
intrusions, such as porphyries (Sibley et al.,, 1976). So in the case of the Chatree
porphyry it is also interprete to be shallow intrusion based upon the plagioclase
signature.

Embayed or vermicular quartz phenocrysts are common in many volcanic rocks
and shallow plutonic rocks. The intrusive rocks associated with some ore deposits, such
as the granite porphyry of Empire Mine, Idaho, USA (Chang et al., 2004) contain quartz
phenocrysts that are embayed to an extreme, which is here called vermicular similar
(see Fig. 6.3e). Petrography analysis of the shallow intrusive rocks of the N prospect that
quartz phenocrysts are quite abundant and vermicular quartz (Fig 6.3f) is also present in
several specimens studies. The origin of embayed quartz has been interpreted to result
from: (1) resorption of quartz by the melt due to ascending and decompression (e.qg.
Nekvasil, 1991; Eklund and Shebanov,1999); (2) resorption of quartz due to magma
mixing(e.g. Sakuyama, 1979, 1981; Burt et al., 1996; Kontak and Clark, 1997; Kuscu and
Floyd, 2001); (3) resorption of quartz due to decreased F activity in the melt after some F
partitions into the magmatic aqueous fluid (Webster, 1990); (4) rapid growth due to
undercooling, which results in skeletal textures (e.g. Swanson and Fenn, 1986;
Candela,1997); and (5) cellular growth (McCutcheon and Robinson, 1988; McCutcheon,
1990). Model for the development of vermicular textures in quartz phenocrysts is shown
in figure 6.3 a, 6.3 b, 6.3 ¢, and 6.3 d.

Comparing all above mentioned data, it is quite_ likely, for the Chatree gold mine of
N Zone, that the studied rocks of the Chatree mine are intermediate (granodiorite) with
plagioclase crystals often displaying a compositional twining and zoning, vermicular
quartz (Fig. 6.3f) phenocryst, porphritic containing large phenocryst. The studied rocks
have fine-grained matrix with disseminated and veinlet ores of Cu-Mo-Au-Zn-Fe. The
fine-granined granodiorite in the N zone is interpreted to be “Cu-MozAu porphyries”.

Similar to those reported in this study for the shallow intrusive rocks of the Chatree gold
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mine. Some of western North America porphyries are hydrothermally altered and
mineralized with disseminated Mo or Cu sulfides, forming the so-called copper or
molybdenum porphyries (Myron, 1982). Environment of molybdenite is high temperature
hydrothermal veins. Therefore, in term of ore association, the prospects can be
regarded as disseminated deposits of the porphyry type (Lowell and Gillbert, 1971).

As shown in Figs. 6.4 and 6.5, the studied rocks from the drilled core samples
show an evidence of injection of younger shallow intrusive granodioritic rocks into the
older andesitic host rock (Fig. 6.5a). Under microscope, inclusions (or xenoliths) were
encountered in the older volcanic rock adjacent to the central zone between the
younger intrusive and older andesite rocks (Fig. 6.5b). A model proposed by Huber
(1973) can be used to determine sequence of intrusion or the evolution of igneous rock
in the porphyry system.

The granodiorite porphyry at N prospect in younger than andesite rock form
evidence based on Huber (1987) which is indicated by intrusion and xenoliths or
inclusions. Figure 6.4 is a model of Huber (1987) similar to the studied granodiorite
porphyry which intruded the andesite host as shown in figure 6.5.

Sillitoe (1973) suggested that porphyry copper deposits always occur in a
subvolcanic environment associated with small high level stocks, and he emphasized
their close association with subaerial calc-alkaline volcanism. Geochemically, the result
reveals that the studied granodiorites in the prospect area are granodiorite to tonalite,
with calc-alkaline, I-type and, volcanic arc granite system similar to those reported by
previous work of the same’ Eastern plutonic belt-by Charusiri et al. (1991), (1993),
Nantasin et al. (2005). Volcanic rocks of N and V prospects are collectively classified as
basaltic rock, calc-alkaline, island arc tholiite, volcanic arc basalt similar to those of the
previos data in the Loei-Petchabun-Nakhon Nayok volcalnic belts by Intasopa, (1993),
Vivatpinyo (2006), Janplook (2006), Nakchaiya et al. (2008), Tangwattananukul et al.
(2008), Panjasawanwoung et al. (2008), Khositanont et al. (2008). These studied rocks
of both prospects therefore show close association with (subaerial) cal-alkaline

volcanism.



Fig. 6.1 Photomicrographs of characteristic of porphyritic granodiorite (a,b in plane-
polarized light). (a) Porphyritic granodiorite form Borehole at Kam Chang Kok, Hong
Kong, and photo by Wan (1994). (b) Porphyritic granodiorite form the study area, N

Prospect, Chatree mine.
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Fig. 6.2 Photomicrographs (a, b in. plane-polarized light) of (a) very fine-grained
grounmass and oscillatory zoning in a plagioclase phenocryst in a diorite pophyry,
western North America (Sibley et al., 1976). (b) Zoning plagioclase set in fine grained

groundmass of porphyritic granodiorite, Chatree gold mine.
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Fig. 6.3 Model for the development of vermicular textures in quartz phenocrysts (Fig a,
b, ¢ ‘and d. Empire Mine, ldaho, USA) base on the work proposed by Chang et al.
(2004) ‘contain quartz phenocrysts that are embayed to an extreme case, which is here

called vermicular quartz (Fig. e). Photomicrograph of embayed quartz phenocryst set in

a groundmass of fine-grained silicate minerals, Chatree gole deposit (Fig. d).
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Fig 6.4 Features seen in outcrop (a) and photomicrograph under microscope (b) that

help determine the relative ages of plutonic rocks (Huber, 1987).
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Fig 6.5 Features seen in hand specimen of the drill-core sample (a) and
photomicrograph under microscope from the core (b) showing intrusion of granodiorite

and andesite inclusion in granodiorite, N prospect, Chatree gold deposit.
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6.2 Relationships of mineralization/alteration to the studies rock
The previous section (6.1) shows the high possibility for the studied intrusive
rocks to be the “porphyry copper-type rock”. In this section, concentration is made for
relationship between mineralization/alteration and these “porphyry copper-type rock”.
6.2.1 Classification of Mineralization

El-Shazly (2004) reported porphyry Cu deposits which are defined as large,
medium-to low-grade Cu deposits, in which hypogene sulfides are primarily structurally
controlled, and which are spatially related to felsic or intermediate porphyritic intrusions
(I-type granitoids + their volcanic equivalents). As noted earlier, not all porphyry type
deposits are mined for Cu only, but in some cases are mined for Mo, Sn, and Au (hence
the terms “porphyry Mo” and “porphyry Cu-Au” deposits). Based on El-Shazly (2004),
the chemistry of rocks with which they are associated, porphyry Cu deposits are

classified into:

A- Calcalkaline (subduction related) deposits: which are associated with intermediate
porphyritic plutonic rocks. These deposits may be further classified into:
1. Cordilleran Porphyry Cu type: Which are associated with quartz monzonites and

granodiorites (rocks with 66 - 70 weight % SiO»). This type is characterized by large

tonnages of ore (100 - 2000 million tonnes), and grades of 0.45 - 1.2 % Cu, 0.01 - 0.03
% Mo. Examples: El-Salvador and Chiquicamata in Chile, Bingham, Utah.

2. Island Arc Porphyry Cu: Associated with quartz diorites and granodiorites (55 -
65% SiO»), with ore tonnages of 30 - 600 million tonnes, and grades of 0.35 - 0.7 % Cu,

but < 0.001 % Mo. Generally, these deposits appear to have a higher Au/Cu and lower
Mo/Cu ratios compared to the. cordilleran types.. Examples: Panguna, Papua New

Guinea, and Mamut, Malaysia.

B- Alkaline Porphyry Cu deposits: which.are associated with alkaline rocks (monzonite -

syenodiorite; 47 - 55% SiO»). These types appear to occur in areas of incipient rifting?

or transform faulting?, and are characterized by relatively small tonnages (10 -65
million), and grades of 0.45 - 1% Cu, < 0.001% Mo, and an overall lower concentration
of S (resulting in a higher modal abundance of magnetite). Significant amounts of Au

may occur in these deposits as well. Example: Cu Mountain, British Columbia, Canada.
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It is therefore important to note that the island arc and alkaline type deposits often
contain significant amounts of Au and/or Ag.

Based upon El-Shazly (2004) for the porphyry copper deposit, it is quite likely that
the studied porphyry deposit of the N and V prospects belong to class A-2 which is
dominated by island-arc porphyry copper type similar to Panguna (Papue New Guinea)
and Mamut (Malaysia) deposits with low-grade Cu.

6.2.2 Alteration styles

Alteration patterns are among the most characteristic features of porphyry copper
deposit that the "idealized" or "model" spatial and temporal relationships between the
various types of hydrothermal alteration are to a large extent well represented by most
porphyry copper deposits (especially the Cordilleran type). Moreover, there is a very
close spatial and temporal relationship between the alteration patterns and the zonation
of ore minerals. This relationship strongly suggests that porphyry copper deposit
mineralization and wall rock alteration are indeed genetically related.

In general, alteration patterns from core to rim, for porphyry copper deposit as
suggested by El-Shazly (2004) follow the zonal sequence: Potassic —> sericitic —>
propylitic — argillic, with the latter zone usually restricted to shallow depths. .

The zonal distribution of ore minerals follows closely the wall rock alteration zones:

1. The potassic zone: is characterized by the minerals - bornite, chalcopyrite and
magnetite, with chalcopyrite > pyrite. Textures suggest that magnetite was replaced by
chalcopyrite and bornite.
2. The sericitic zone: contains pyrite, chalcopyrite £-tennantite + sphalerite, with pyrite >
chalcopyrite. Textural relations suggest that pyrite formed at the expense of magnetite +
chalcopyrite (by sulfidation).
3. The argillic zone, representing the zone of supergene enrichment, contains the
minerals chalcocite, pyrite, or covellite + pyrite, depending on the intensity of alteration.
In the case of the alteration in the N and V prospects, classification of
hydrothermal alteration was made folowing that of Lowell and Gillbert (1970). Three
types of alteration are recognized.
Potassic alteration (biotite, K-feldspar and adularia)is a relatively high

temperature type of alteration which results from potassium enrichment (see Figs. 4.8
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and 4.9). This style of alteration forms before complete crystallization of magma. As in
the case of this study, it is evidenced by the typically sinuous and rather discontinuous
vein patterns. Potassic alteration may occur in deeper plutonic environments, where
orthoclase is formed. But in this study it forms in shallow, volcanic environments where
adularia is formed.

Propylitic alteration (chlorite, epidote and actinolite) turns rocks green, because
the new minerals formed are green (see Figs. 4.20 and 4.21). These minerals include
chlorite, actinolite and epidote. They usually form from the decomposition of Fe-Mg-
bearing minerals, such as hornblende in the case of this study, although some replace
feldspar. Propylitic alteration occurs at relatively low temperatures. Propylitic alteration
generally forms in a distal setting relative to other alteration types.

Sericitic alteration alters the rock to the mineral sericite, which is a very fine-
grained white mica (sericite) (Figs. 4.4, 4.7, 4.8, and 4.22). |t typically forms by the
decomposition of feldspars, so it replaces feldspar. Sericitic alteration implies low pH
(acidic) conditions. Alteration consisting of sericite + quartz or the so- called “phyllic”
alteration is always associated with porphyry copper deposits. It usually contains
appreciable quantities of fine-grained, disseminated pyrite (see Figs 4.25, 4.27, 4.28,
and 4.29).

Sillitoe (2000) reported exploration of base metal and precious metal deposits in
the Cardia Ridgeway. The deposits lie immediately northwest of the equigranular
intrusion and are centered on a restricted monzonite porphyry stock emplaced mainly
into volcaniclastic rocks. Ore-related alteration is K-silicate, characterized by orthoclase,
albite, magnetite and biotite, overprinted by a propylitic assemblage. The principal
copper minerals are chalcopyrite and bornite along with native gold and abundant
magnetite occurring mainly in veinlets and as disseminated grains (Holliday et al.,
1999).

In the study area of N prospect, the major rock composed of plagioclase, quartz,
k feldspar, hornblende and biotite. Alteration assemblage is mainly biotite-K-feldspar-
chloritetsericite. Sulfide ores are characterized by chalcopyriite-molybydenite-pyrite-
sphalerite. In term of alteration mineralogy, the N prospect shows strong alteration of

biotite- K-feldspar-chloritetsericite assemblage and fits very well to potassic alteration
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assemblages of Gillbert and Lewell (1970). The result of geochemical analysis data of
the N zone shows average Au of 0.017 ppm and the range of 0.01-0.11 ppm. Cu and Zn
which formed at the edge of granodiorite have the contents of 1538 ppm (0.15 % Cu)
and 34 ppm, respectively. But in the core of granodiorite, contents of Cu and Zn are
lower than of the edge which is 715 ppm (0.07 % Cu) and 26 ppm, respectively.

In the V prospect of Chatree gold deposit, the rock is mainly composed of
altered plagioclase and hornblende. Sulfide ores are characterized by pyrite-
chalcopyriite-sphalerite.  Tremolite-actinolite-quartz-epidote-calcite vein formed as
selective alteration locally. The V prospect is the quartz-sulfide veinlet which is less
abundant than N prospect. Alteration assemblage is mainly epidote-chlorite and rare
sericite. The alteration styles of this zone are similar to propylitic alteration which is
formed distal from the porphyry based on Gilloert and Lewell (1970). The result of
geochemical analysis data of the V prospect show the Au of 0.014 ppm and the range of
0.01-0.17 ppm, and the data of one drill-hole no. 3131 DD that is 107 ppm (0.01 % Cu)
and 122 ppm Zn.

It is interpreted that both the N and V prospects have low significant Au because the
economic gold extraction can be achieved from ore grades as little as 0.5 g/1000 kg (0.5
parts per million, ppm) on average in large easily mined deposits. Typical ore grades in
open-pit mines are 1-5 g/1000 kg (1-5 ppm); ore grades in underground or hard rock
mines are usually at least 3 g/1000 kg (3 ppm) (http://en.citizendium.org/wiki/Gold). In
addition, the Cu of N and V prospects have also low grade of Cu based on the

classification of EI-Shazly(2004).-Porphyry copper. deposits are characterized by their

very large sizes (several kmZ in outcrop) and tonnages, and are therefore often mined by
the open pit method. Therefore, it is concluded that-average Cu (< 1%) ore grade of the
studied prospects-is low in comparison with those of the other deposits with 0.6 - 0.9% Cu
equivalent ranges (El-Shazly, 2004). However, a careful ore reserve calculation is required
for the more detailed exploration.

Therefore based on the result of ore assays, ore petrography, mineralization types,
and alteration mineralogy, it is concluded that the alteration of porphyry styles of N and V

prospect fit to model of Gillbirt (1983) as shown in Figure 6.8.
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6.3 Age Constraints

As explained in the previous section, two major types of rocks are recognized in
the study N and V prospects, namely granodiorite of shallow intrusive and andesitic
calc-alkaline volcanic rocks. They are all located in the so-called Eastern Granite Belt of
Charusiri et al. (1993) and Loei-Petchabun-Nakhon Nayok (LPN) volcanic belt (Intasopa,
1993). In general, the main plutonic rocks of the Eastern Granite Belt become older in
the north (~240 Ma) and younger in the south (220-225 Ma). The study area is located
not too far from Petchabun which is regarded as the central part. So the plutonic age
should be placed between the reported ages. However, based on the study of Salam et
al. (2008), it is found that the age of the granodiorite, based on Re-Os from molybdenite,
was reported to 244 + 1 Ma (Early Triassic). Alteration and porphyry CuxMotAu
mineralization may have occurred immediately after the felsic intrusion. It is evident from
both field and petrographic investigations that the shallow-intrusive granodiorite stock
emplaced into the andesitic volcanic host rocks. These subducted, calc-alkaline
volcanic rocks of the LPN belt (see also Fig 6.6) were dated as 250 = 6 Ma (Early
Triassic) using LA ICP-MS U-Pb zircon dating. Pervassive-and selective-style alteration
associated with low-sulfidation epithermal Au-Ag mineralization formed after the main-
stage calc-alkaline volcanism as evident by the Ar-Ar age of adularia in the Au-Ag vein
at ca. 2560 + 0.8 Ma (Early Triassic). The cessation of volcanism associated with
epithermal Au-Ag mineralization is characterized by the intermediate dike rock which
was dated by LA ICP-MS U-Pb zircon as 238 + 6 Ma (Middle Triassic). The schematic
model of the porphyry Cu mineralization associated with volcanic-plutonic system is
shown in Figure 6.7. Figure 6.8 dispplays the model for the alteration styles associated

with ore mineralization.
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Fig 6.7. Schematic cross section through a porphyry Cu-forming volcanic-plutonic
system (modified after Lowell and Guilbert, 1970, Silotoe, 1973, Irianto and Clark, 1995,
Richards, 2003). Abbreviations: Pro, Propylitic alteration; AA, Argilic alteration; Ph,
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6.4 Tectonic setting

With all of the results mentioned above, the tectonic activity of the N and V
prospect can be vistualized. The igneous rocks of the N- and V- prospects are Permo-
Triassic calc-alkaline magmatism commenced with volcanism and followed by plutonism
of possibly similar composition. The volcanism was formed by the eastward subduction
of the Lampang-Chiang Rai oceanic plate (or slab) beneath the Nakhon Thai oceanic
plate during Permo-Triassic Period (Fig. 6.9). Partial melting of oceanic slab beneath the
mantle wedge may have caused partial melting of the upper slab. Subsequently mafic
magma ascending and differentiation of melts eventually gave rise to arc andesite of the
N and V prospects. This arc andesite may have formed as part of a north-south-trending
linear belt of the Loei-Phetchabun-Nakhon Nayok (LPN) volcanic arc. The arc magma
pooled near the base of the crust, forming an underplated layer (Hildreth, 1981).
Hydrothermal fluids were formed by interaction and mixtures of less amount magmatic
fluids and large amount meteoric or sea water formed from the arc volcanism of
ascending melts and differentiated. These fluids may have caused intensive atteration
with temporally and spatially associated Au-Ag mineralization in the N and V prospects.
This kind of mineralization was considered to be epithermal deposit of low-sulphidation
type. Subduction of Lampang-ChiangRai plate was progressively continued until early
Triassic age and perhaps provided appropriate heat for partial melting of the mantle
wedge. Ascending of melts was in the same style as the arc volcanism. But the
differentiated and ascending magma was not raised to surface and then formed
shallow-intensive granodiorite porphyry of the N and V prospects. Hydrothermal fluids
were formed ‘and accumulated by the influx mixture of hot magmatic water with
(meteoric-)sea water into the shallow stock. Then hydrothermal alteration together with
associated  low-grade porphyry coppertMotAu mineralization @ was- formed and
overprinted the earlier mineralized arc andesite. The N and V prospects of the Chatree
Au mine have similar tectonic setting to the other porphyry Cu-MozAu deposits reported
by Quadt et al. (2005), Sotnikov et al. (2005), Berzina and Sotnikov (2007) and Sillitoe
(2000) (see summary in Table 6.1), eventhough Cu and Au ores of the prospects are

lower in grades and tonnage than those of above-mentioned deposits.
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Location Porphyry Host rock Country rock Mineralization Alteration Tectonic Author’'s
type intrusive setting name

Panagyurishte Cu-Au calc-alkaline Pyrite and chalcopyrite K-silicate alteration, subduction Quadt et

, Bulgaria. magmatism Late Cretaceous are the most common ore surrounded by propylitic al. (2005)

phase of the minerals;  bornite  and alteration, is recognized in

Alpine-Himalayan magnetite are subsidiary the early hydrothermal stages

orogeny. and variable in of most porphyry copper
abundance, and deposits, with local overprints
molybdenite, gold and by sericite alteration, and at
platinum-group minerals some localities advanced
are occasional argillic alteration

Borgulikan, Cu-Mo- quartz Taldan complex Hypogene mineralization quartz-K-feldspar-biotite subduction Sotnikov
Russia (Au) monzodiorite volcanics includes magnetite- metasomatites, propylites etal.

bornite-chalcopyrite, (albite-epidote-actinolite (2005)
pyrite-chalcopyrite- assemblage), quartz-sericite-
molybdenite, and chlorite metasomatites (with
pyrite-chalcopyrite- pyrite, rutile, and, sometimes,
galena-fahlore-sphalerite tourmaline), and argillizites.
assemblages. The
average element contents
in the best studied lkan
and Borgulikan ore zones
are as follows: 0.16—
0.31% Cu, 0.005% Mo,
and 0.48-0.47 ppm Au

Azarbaijan Cu associated Cretaceous The sulphide minerals are Anorthitic core which subduction Hezarkha

province, Iran with calc- limestone and rare and consist of pyrite becomes unstable on cooling ni (2005)
alkaline Eocene tuff and and traces of and is subsequently
intrusive rocks agglomerate of chalcopyrite, galena and hydrothermally  altered to
(-type) andesitic to sphalerite. sericite and calcite. Biotite
(monzonite, trachytic. phenocrysts have  been
quartz- composition altered to chlorite and
monzonite sericite.  Chlorite  replaces
and a later biotite or occurs interstitially
diorite/granodi to quartz and feldspar in the
orite phase) groundmass.

Spence, Chile Cu stocks and andesitic volcanic pyrite and chalcopyrite, centrally located K —silicate subduction Sillitoe
dykes of and accompanied by and peripheral  propylitic (2000)
quartz volcanicclastic subsidiary amounts of assemblages partially
monzonite rocks of Late bornite and molybdenite overprinted by a later sericitic
porphyry Jurassic and event

Cretaceous age

Antapaccy, Cu-Au quartz cretaceous age bornite, hypogene Early K-Silicate alteration is subduction Sillitoe

Peru, monzonite chalcocite and characterized by biotite and (2000)
porphyry molybdenite magnetite after mafic
stock phenocrysts, and is fllowed

by introduction of K-feldspar
accompanied by
disseminated, fracture and
veinlet sulphides

Cardia Cu-Au monzonite into volcaniclastic chalcopyrite and bornite K-silicate, Characterized by subduction Sillitoe

Ridgeway, porphyry rocks which along with native orthoclase, albite, magnetite (2000)

New South stock gold and abundant and biotite, which overprinted

Wales, mafnetite by a propyritic assemblage

Australia

Erdenet-Ovoo Cu-Mo Permo- basalt-andesite- - - subduction Berzina

, northern Triassic plume dacite-rhyolite and

Mongolia series and rifting Sotnikov

stage (2007)




Table 6.1 (cont.)

125

Gaby Sur, Cu mainly metamotphose chalcopyrite and K-silicate altered is subduction Sillitoe
Chile. eqjiuigranular andesitic and subsidiary bornite transitional outwards to (2000)

granodiorite siltstone centrally to pyrite alone porpylitic alteration

and swarm of on the periphery

quartz diorite

dykes of post-

Paleozoic age
Nand V Cu-Mo+Au Cal-alkaline Basaltic andesite Abundant Cu-Zn at Potassic, monor phyllic subduction Marhotorn
Prospect, intrusive rock, potassic zone related with closed to porphyry and, , 2008
Chatree, I- type Au but low significant. propylitic at distal. (this
Pichit, (granodiorite Cu-Zn of propylitic zone thesis)
Thailand to tonalite) is less than potassic

zone.




CHAPTER VII

CONCLUSION

Based on petrographic and geochemical investigations, the studied igneous rocks
at Akara Mining area regarded as the calc-alkaline, intermediate extrusive and intrusive
rocks and belong to the I-type affinity. The Akara studied rocks show some
characteristics as shown below.

A. The intrusive rocks are mainly porphyritic granodiorite (to tonalite) with late stage
andesitic dyke. The groundmass rock is mainly composed of andesine to oligoclase
phenocryst (altered to sericite in fractures and cores), relic hornblende (altered to
biotite-chlorite), quartz and K-feldspar. The rock intruded porphyritic andesite host rock.
The rock shows characteristic of the porphyry-type deposit.

B. In term of the tectonic setting, these plutonic rocks possess assemblage of
volcanic-arc granitic rocks,

C. Alteration assemblages are mainly biotite-chlorite and potash feldspar (of K-
potassic alteration). Locally, sericite formed in fractures of plagioclase as veinlets (of
phyllic alteration) with hosted low-grade Cu-Au ores.

D. The rare earth-chondriite normalized patterns and variation triangular diagrams
suggest co-magmatic series which generate from the fractional partial melting process
rather than from the batch partial melting process.

E. The extrusive host rock in the study area also belongs to calc-alkaline affinity
which is mainly. basaltic andesite with associated propylitic alteration.

F. The studied rocks occurred in the tectonic setting of island arc tholeiite with
eastward subduction -of Lampang-Chiang beneath Nakhon Thai Tectonic blocks. These

extrusive rocks occurred during 250 Ma which were formed in the island-arc seting.
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APPENDIX

A

Petrographic description of igneous rocks of N and V prospect

Running Sample Depth Micro-Texture Mineral composition Main Rock name
No. No. (m) Alteration
styles
1 DDN 7 28.4- Fine-grained groundmass, phenocryst, Quartz, plagioclase, k-feldspar, Potassic Altered
28.5 altered, veinlets, biotite, chlorite and opaque alteration porphyritic
mineral granodiorite
2 DDN 11 39.4- Dyke,phenocryst, very fine-grained Quartz, plagioclase, k-feldspar, Potassic Andesite
39.5 groundmass, microlite, flowed, relic hornblende(relic), epidote (rare) | alteration dyke
hornblende, altered and altered biotite
3 DDN 13 43.5- Dyke, Phenocryst, very fine-grained Quartz, plagioclase, k-feldspar, Potassic Andesite
43.6 groundmass, microlite, flowed, biotite, epidote( rare ) and alteration dyke
corroded, fractured, altered chlorite( rare )
4 DDN 15 51.6- Ffine-grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
51.7 phenocryst, altered, zonned, biotite-chlorite, sericite, rare alteration porphyritic
replaced, fractured muscocite, apatite and opaque granodiorite
5 DDN 17 57.9- Ffine-grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
57.0 phenocryst, altered,  fractured, biotite-chlorite, sericite , apatite alteration porphyritic
rimmed, replaced, corroded, veinlet and opaque mineral granodiorite
6 DDN 22 70.7- Ffine-grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
70.8 phenocryst, altered, cored, oscillatory sericite, biotite-chlorite, apatite, alteration porphyritic
zoned, fractured, veinlet opaque and clay mineral? granodiorite
7 DDN 23 74.6- Ffine-grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
74.7 phenocryst, altered, cored, veinlet biotite-chlorite, sericite, apatite, alteration porphyritic
sphene, opague mineral and granodiorite
6 DDN 25 82.6- Ffine-grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
82.7 phenocryst, altered, fractured, sericite, biotite-chlorite, apatite, alteration porphyritic
oscillatory zoned , replaced, veinlet sphene and opague mineral granodiorite
9 DDN 27 89.0- Fine-grained groundmass, phenocryst, Quartz, plagioclase, k-feldspar, Potassic Altered
89.1 altered, fractured, oscillatory zoned , sericite, chlorite, apatite, alteration porphyritic
replaced, rimmed, relic biotite, veinlet biotite(relic) and opaque mineral granodiorite
10 DDN 28 92.4- Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
92.5 phenocryst, altered, fractured, relic sericite, chlorite, biotite (relic), alteration porphyritic
biotite, veinlet Sphene? and opaque mineral granodiorite
" DDN 30 99.4- Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
99.5 phenocryst, altered, fractured, sericite, chlorite-biotite, and alteration porphyritic
replaced, rimmed opaqgue mineral granodiorite
12 DDN 31 42.0- very fine-grained and porphyritic, Quartz, plagioclase, k-feldspar, Potassic Altered
42.10 altered, relic biotite altered, veinlet, relic quartz, relic biotite, sericite, alteration porphyritic
cubic opague and replaced chlorite-biotite. Opague mineral granodiorite
13 DDN 33 102.4 Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
- phenocrysts, altered, fractured, chlorite-biotite and sericite, alteration porphyritic
102.5 oscillatory zoned , _inclusion, enqulf opaqgue mineral granodiorite
14 DDN 34 109.5 Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
- phenocrysts, altered, fractured, sericite, chlorite and opaque alteration porphyritic
109.6 corroded, enqulf, veinlet mineral granodiorite
15 DDN 36 113.4 Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
- phenocrysts, altered, fractured, sericite, chlorite, biotite and alteration porphyritic
113.5 inclusion, oscillatory zoned , veinlet opague mineral granodiorite
16 DDN 39 121.0 Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
- phenocrysts, altered, fractured, chlorite-biotite, sericite, and alteration porphyritic
121.1 oscillatory zoned , replaced, rimmed opaqgue mineral granodiorite
17 DDN 40 124.9 Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
- phenocrysts, altered, fractured, sericite, chlorite, apatite and alteration porphyritic
125.0 oscillatory zoned , replaced, veinlet opague mineral granodiorite
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APPENDIX A (cont.)

Running Sample Depth Micro-Texture Mineral composition Main Rock name
No. No. (m) alteration
styles
18 DDN 43 135.9 Fine -grained groundmass, Quartz, plagioclase, k-feldspar, Potassic Altered
- phenocrysts, altered, fractured, biotite-chlorite, sericite, alteration porphyritic
136.0 | replaced, branched(biotite) hornblende(relic), opaque granodiorite
19 DDN 46 140.6 Fine -grained groundmass, Quartz, plagioclase, Potassic Altered
- phenocrysts, high altered , fractured, biotite,chlorite, calcite, biotite alteration porphyritic
140.7 replaced, veinlet and rare epidote and opaque andesite
20 DDN 49 148.6 Fine -grained groundmass, Quartz, plagioclase, biotite, Potassic Altered
- phenocrysts, altered , veinlet chlorite, calcite and opaque alteration porphyritic
148.7 mineral andesite
21 DDN 51 152.2 Fine -grained groundmass, Quartz, plagioclase, Potassic Altered
- phenocrysts, altered biotite,chlorite, rare epidote and alteration porphyritic
152.3 opague mineral andesite
22 DDN 53 155.4 Fine -grained groundmass, Quartz, plagioclase, biotite, Potassic Altered
- phenocrysts, altered , veinlet chlorite, calcite rare epidote and alteration porphyritic
155.5 opague mineral andesite
23 DDN 54 157.4 Fine-grained groundmass, Quartz, plagioclase, Potassic Altered
- phenocrysts, altered, replaced, veinlet biotite,chlorite, rare epidote and alteration porphyritic
157.5 opague mineral andesite
24 DDN 55 159.5 Fine-grained groundmass, Quartz, plagioclase, Potassic Altered
- phenocrysts, altered, veinlet biotite,chlorite, rare epidote and alteration porphyritic
159.6 opaqgue mineral andesite
25 DDN 58 167.4 Fine-grained groundmass, Quartz, plagioclase, Potassic Altered
- phenocrysts, altered sericite,chlorite, epidote(veinlet) alteration porphyritic
167.5 and opaque mineral andesite
26 DDN 60 168.4 Fine-grained groundmass, - prophyritic, k-feldspar?, calcite,chlorite Potassic Altered
- anhedral to subhedral, altered, and opquae, rare epidote alteration porphyritic
168.5 veinet. andesite
27 DDV 7 20.1- Fine -grained groundmass, phenocryst, Quartz, plagioclase, chlorite, Propylitic weathered
20.2 altered, relic (hornblende), lath hornblende(relic), epidote, rare alteration andesite
shaped(plagioclase), veinlets apatite , sericite, and opaque
28 DDV 11 25.5- Fine-grained groundmass, phenocryst, plagioclase, chlorite, Propylitic weathered
25.6 flow, altered, relic (hornblende), veinlets hornblende(relic) epidote, alteration andesite
apatite and sericite, and opaque
29 DDV 10 30.1- Fine-grained groundmass, phenocryst, plagioclase, rare epidote, Propylitic Altered
30.2 altered, inclusion , relic (hormblende), chlorite, rare sericite and alteration porphyritic
veinlets opague mineral andesite
30 DDV 14 38.2- Fine-grained groundmass, phenocryst, plagioclase, hornblende(relic), Propylitic Altered
38.3 altered, glassy, corrode, epidote, chlorite, apatite and alteration porphyritic
relic(hornblende) opague mineral andesite
31 DDV 15 42.1- Fine-grained groundmass, phenocryst, plagioclase, hornblende(relic), Propylitic Altered
42.2 altered, glassy , relic(hornblende), epidote, chlorite, apatite and alteration porphyritic
veinlets opaqgue mineral andesite
32 DDV 16 47.1- Fine-grained 'groundmass, phenocryst, plagioclase, hornblende(relic), Propylitic Altered
47.2 altered, relic(hornblende), corroded, epidote, chlorite, biotite, rare alteration porphyritic
vesicular, veinlets sericite, rare opague mineral andesite
33 DDV 19 59.5- Fine-grained groundmass, phenocryst, plagioclase, hornblende(relic), Propylitic Altered
59.6 altered, flow, glassy , relic(hornblende), epidote, varies mica, chlorite and alteration porphyritic
replaced, fractured opague mineral andesite
34 DDV 23 67.4- Fine -grained groundmass, phenocryst, plagioclase, hornblende(relic), Propylitic Altered
67.6 altered, flow, glassy , relic(hornblende), epidote, chlorite and opaque alteration porphyritic
replaced mineral andesite
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Running Sample Depth Micro-Texture Mineral composition Main Rock name
No. No. (m) alteration
styles
36 DDV 33 84.7- vein, recrystalline, phenocryst, altered, Quartz, tremolite-actinolite, Propylitic Quartz-
84.8 cubic to rectangular(opaque), veinlets epidote and opaque mineral alteration epidote-
tremolite-
37 DDV 31 86.7- Fine-grained groundmass, phenocryst, plagioclase, Propylitic Altered
86.8 microlite, diamond shaped (amphibole), amphibole?,hornblende(relic), alteration porphyritic

cubic to rectangular(opaqgue), alass:

chlorite

andesite
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APPENDIX B

Geochemical data of Igneous rocks of N&V Prospects

Rock type Granodiorite Granodiorite Granodiorite
Sample no DDN4 DDN7 DDN12
Depth (m) 22.4-225 28.4-28.5 42.0-42.1
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Element
Na20 4.48 - - 3.93 - - 4.72 - -
P205 0.16 - - 0.22 - - 0.22 - -
MgO 4.04 - - 3.49 - - 3.62 - -
AI203 18.96 - - 18.72 - - 18.07 - -
Sio2 65.81 - - 66.44 - - 66.23 - -
SO3 0.96 - - 1.52 - - 1.78 - -
K20 0.66 - - 1.08 - - 0.73 - -
Ca0 243 - - 2.54 - - 3.01 - -
Tio2 0.51 - - 0.48 = = 0.46 - -
MnO 0.02 - = 0.02 - = 0.02 - -
Fe203 2.96 - = 2.76 - = 2.69 - -
\ 67.79 - = 68.38 85.71 = 133.63 - -
Cr 217.71 - - 159.32 6.76 - 170.34 - -
Ni 8.03 - - 5.84 -1.63 - 1.96 - -
Cu 1246.22 - - 938.24 930.55 = 3603.36 - -
Zn 44.38 - - 356.34 20.56 = 43.12 - -
Rb -0.62 - - 7.61 128.99 - 58.75 - -
Sr 1070.41 - - 957.58 550.67 = 1065.36 - -
Y 16.02 - - 18.54 16.74 = 16.18 - -
zr 104.44 - - 115.02 25.67 - 110.48 - -
Nb 11.35 - - 11.29 - - 18.35 - -
Ba - - - - 210.44 - - - -
Li - - - - 86.18 - - - -
Sc - - - - 9.21 - - - -
Ce - - - - 30.85 - - - -
Nd - - - - -6.08 - - - -
Rock type Granodiorite Granodiorite Granodiorite
Sample no DDN15 DDN20 DDN22
Depth (m) 51.6-51.7 64.0-64.1 DDN22
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Element
Na20 3.99 - - 4.24 - - 3.98 - -
P205 0.17 - - 0.17 - - 0.17 - -
MgO 3.27 - - 3.06 - - 292 - -
Al203 20.01 - - 17.84 - - 18.02 - -
Sio2 66.55 = - 68.17 = - 67.57 - -
SO3 0.92 - - 0:.94 - - 0.51 - -
K20 0.77 - - 0.65 - - 0.47 - -
Cao 2.63 - - 3.09 - il 3.40 - -
Tio2 0.45 - 4 0.39 - - 0.48 - [ |
MnO 0.01 - - 0.02 - - 0.04 - -
Fe203 240 - - 2.64 - - 3.27 - -
\ 210.91 - - 93.52 40.64 - 7413 52.84 -
Cr 112.80 - - 168.65 5.70 - 170.46 7.31 -
Ni 7.83 - - 4.97 0.99 - 173.46 3.15 -
Cu 1791.64 - 970.40 1012.16 600.02 - 367.66 242.37 -
Zn 34.99 - 23.53 34.59 17.67 - 41.81 92.74 -
Rb 7.20 - 8.52 1.04 16.47 - 3.57 70.32 -
Sr 960.61 - 485.10 886.65 573.49 - 967.49 605.54 -
Y 13.97 - 5.20 14.07 156.48 - 14.34 16.14 -
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zr 123.27 - 7.07 103.66 11.22 - 122.27 29.00 -
Nb 11.33 - 2.00 11.30 - - 11.29 - -
Ba - - 179.50 - 202.98 - - 168.85 -
Li - - - - 89.41 - - 27.37 -
Sc - - - - 77.44 - - 8.77 -
La - - 8.38 - - - - - -
Ce - - 18.38 - 31.42 - - 24.14 -
Pr - - 2.30 - - - - - -
Nd - - 9.04 - -8.41 - - -8.21 -
Sm - - 1.92 - - - - -
Eu - - 0.76 - - - - -
Gd - - 162 - - - - -
To - - 0.24 - - - - -
Dy - - 1.01 - - - - -
Er - - 0.36 - - - - -
m - - 0.05 - - - - -
Yb - - 0.45 - = - - -
Hf - - 0.33 < = - - -
Lu - - 0.03 i 3 - - -
Th - - 0.52 F - - - -
U - - 0.14 = = = - -
Li - - -68.11 - - - - - -
Be - - -5.39 - - = - - -
Sc - - 5.43 - - = - - -
Mn - - 108.50 P = S - - -
Co - - 5.07 - - - - - -
Ga - - 17.33 - - = - - -
Sn - - 2176.00 = & E - - -
Sb - - 172.00 - - - - - -
Cs - - 0.34 - - - - - -
Ho - - 0.15 - - - - - -
Ta - - 0.17 - - - - - -
w - - 4214.00 - - - - - -
Pb - < 2.80 - - - - - -
Bi - - 0.03 - - - - - -
Rock type Granodiorite Granodiorite Granodiorite
Sample no DDN25 DDN27 DDN28
Depth (m) 82.6-82.7 89.0-89.1 92.4-92.5
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Element
Na20 413 - - 4.27 - - 3.67 - -
P205 0.21 - - 0.22 - - 0.23 - -
MgO 3.74 - - 3.20 - - 3.08 - -
Al203 17.85 - - 17.72 - - 18.37 - -
:Si02 65.79 - - 67.24 - - 65.34 - =
SO3 0.85 - - 118 - - 1.89 - -
K20 0.68 - - 0.59 - - 1.46 - -
Ca0 3.52 - - 3.58 - - 2.84 - -
Tio2 0.48 - - 0.43 - - 0.44 - -
MnO 0.03 - - 0.02 - - 0.03 - -
Fe203 3.75 - - 2.82 - - 3.86 - -
\ 88.24 - - 43.24 - - 121.05 - -
Cr 152.90 - - 177.04 - - 109.63 - -
Ni 683.67 - - 7.22 - - 9.59 - -
Cu 1460.85 - - 1010.12 - - 703.78 - 495.30
Zn 34.59 - - 34.59 - - 34.59 - 19.79
Rb 229 - - 522 - - 14.02 - 13.62
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Sr 1082.84 - - 1018.19 - - 881.96 - 564.80
Y 19.39 - - 18.06 - - 156.38 - 5.94
zr 109.41 - - 98.45 - - 113.58 - 24.83
Nb 11.29 - - 11.29 - - 11.68 - 1.61
Ba - - - - - - - 280.60
La - - - - - - - 8.74
Ce - - - - - - - 19.49
Pr - - - - - - - 2.48
Nd - - - - - - - 9.98
Sm - - - - - - - 1.92
Eu - - - - - - - 0.69
Gd - - - - - - - 1.81
To - - - - - - - 0.18
Dy - - - - - - - 1.06
Er - - - - - - - 0.51
m - - - - - - - 0.06
Yb - - - - - - - 0.41
Hf - - - - - - - 0.73
Lu - - - - - - - 0.05
Th - - - - - - - 0.57
u - - - - - - - 0.13
Li - - - - - - - -30.94
Be - - - - - - - 6.64
Sc - - - - - - - 8.17
Mn - - - - - - - 178.90
Co - - - - - - - 14.10
Ga - - - - - - - 18.83
Sn - - - - = - - -32.10
Sb - - - - - - - 947.50
Cs - - - - - - - -0.14
Ho - - - ) - - - 0.20
Ta - - - - - - - 0.35
w - - - - - - - 5556.00
Pb - - - - - > - 1.71
Bi - < - - - - 0.00
Rock type Granodiorite Granodiorite Granodiorite
Sample no DDN31 DDN36 DDN38
Depth (m) 102.4-102.5 113.4-113.5 1M7.6-117.7
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Element
Na20 4.47 - - 4.94 - - 2.95 - -
P205 0.22 - - 0.19 - - 0.22 - -
MgO 3.39 - - 3.06 - - 3.25 - -
AI203 17.79 - - 17.19 - - 19.27 - -
:Si02 67.29 - - 67.50 - - 66.69 - -
SO3 1.18 - - 0.99 - - 1.48 - =
K20 0.86 - - 0.40 - - 1.67 - -
Cao 3.15 - - 3.72 - - 247 - -
Tio2 0.42 - - 0.39 - - 0.49 - -
MnO 0.02 - - 0.02 - - 0.02 - -
Fe203 2.54 - - 2.89 - - 2.57 - -
\ 88.31 52.35 - 57.04 - - 212.31 - -
Cr 148.67 5.33 - 206.98 - - 521.18 - -
Ni 7.04 605.17 - 5.12 - - 477 - -
Cu 962.06 2.50 - 15669.16 - - 521.10 - -
Zn 34.59 12.73 - 34.59 - - 34.59 - -
Rb 3.56 86.75 - -3.91 - - 14.00 - -
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Sr 1081.37 648.96 - 1020.23 - - 743.60 - -
Y 14.28 15.59 - 15.56 - - 17.90 - -
zr 111.23 24.05 - 105.60 - - 98.16 - -
Nb 12.26 - - 11.29 - - 11.29 - -
Ba - 214.56 - - - - - - -
Li - 87.25 - - - - - - -
Sc - 10.60 - - - - - - -
Ce - 31.16 - - - - - - -
Nd - -9.00 - - - - - - -
Rock type Granodiorite Andesite Andesite
Sample no DDN39 DDN45 DDN49
Depth (m) 124.9-125 139.4-139.5 148.6-148.7
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Element
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Na20 5.00 - - 3.15 - - 1.04 - -
P205 0.22 - - 0.20 - - 0.27 - -
MgO 3.03 - = 6.51 - = 6.33 - -
AI203 17.63 - - 19.22 - - 18.72 - -
:Si02 66.51 - - 57.02 - - 54.39 - -
SO3 1.28 - - 1.19 - - 1.87 - -
K20 0.39 - - 1.55 - - 1.02 - -
Ca0O 3.82 - - 4.33 - - 10.83 - -
Tio2 0.40 - - 0.62 - = 0.51 - -
MnO 0.02 - - 0.06 - = 0.12 - -
Fe203 294 - - 6.71 - - 5.43 - -
\ 47.82 - - 438.59 224.18 472.04 282.28 -
Cr 193.63 - - 50.25 17.06 = 186.31 78.45 -
Ni 5.66 - - 15.70 8.06 - 10.45 13.56 -
Cu 1378.55 - 1170.00 567.46 741.32 = 1091.47 770.16 -
Zn 34.59 - 27.39 68.73 93.03 - 51.75 27.99 -
Rb -0.97 - 5.74 30.04 67.46 - 10.98 39.28 -
Sr 1091.37 - 843.40 587.49 374.22 - 472.59 310.44 -
Y 17.45 - 5.46 18.64 17.40 17.60 20.63 -
Zr 109.29 < 16.05 34.57 11.91 - 35.70 13.45 -
Nb 11.29 - 2.00 11.29 - - 11.29 - -
Ba - - 178.30 - 550.83 - - 129.19 -
Li - - - - 35.01 - - 84.19 -
Co - - - - - - - - -
Ga - - - - - - - - -
Sc - - - - 28,01 - 30.02 -
La - - 11.50 - - - -
Ce - - 23.75 - 18.24 - - 18.75 -
Pr - - 2.90 - - - -
Nd - - 12.13 - -16.45 - - -14.69 -
Sm - - 2.08 - - - - - =
Eu - - 0.66 - - - - - -
Gd - - 1.95 - - - - - -
Tb - - 0.17 - - - - - -
Dy - - 1.1 - - - - - -
Er - - 0.48 - - - - - -
m - - 0.10 - - - - - -
Yb - - 0.32 - - - - - -
Hf - - 0.40 - - - - - -
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Lu - - 0.05 - - - - - -
Th - - 0.57 - - - - - -
u - - 0.20 - - - - - -
Li - - -73.02 - - - - - -
Be - - 931 - - - - - -
Sc - - 0.31 - - - - - -
Mn - - 171.40 - - - - - -
Co - - 14.88 - - - - - -
Ga - - 17.71 - - - - - -
Sn - - 5430.00 - - - - - -
Sb - - 797.80 - - - - - -
Cs - - 0.12 - - - - - -
Ho - - 0.21 - - - - - -
Ta - - 0.12 - - - - - -
w - - 4383.00 - - - - - -
Pb - - 3.18 - - - - - -
Bi - - -0.02 - - - - - -
Rock type Andesite Andesite Andesite
Sample no DDN57 DDN60 DDV10
Depth (m) 165.4-165.5 168.4-168.5 30.1-30.2
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Element
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Na20 2.51 - - 3.45 - = 1.70 - -
P205 0.27 - - 0.25 - = 0.18 - -
MgO 6.06 - - 5.28 - - 6.73 - -
Al203 17.81 - - 19.19 - - 20.05 - -
:Si02 57.16 - - 56.93 - = 49.15 - -
SO3 2.18 - - 1.56 - - 0.36 - -
K20 1.24 - - 0.74 - - 5.59 - -
Ca0 7.33 - - 7.06 ) - 5.98 - -
Tio2 0.52 - - 0.54 - - 0.73 - -
MnO 0.12 - - 0.10 - - 0.13 - -
Fe203 5.60 - - 6.63 - - 9.32 - -
\ 400.22 < - 395.07 254.07 - 447.34 - -
Cr 54.90 - = 74.15 13.64 - -8.06 - -
Ni 11.82 - - 13.63 7.60 - 17.20 - -
Cu 843.02 - - 517.42 349.31 - 7.86 - -
Zn 98.38 - - 42.83 24.89 - 87.51 - -
Rb 2222 - - 14.41 49.38 - 82.67 - -
Sr 547.65 - - 620.78 416.84 - 483.63 - -
Y 19.52 - - 18.54 21.05 - 19.71 - -
zr 30.41 - - 32.86 9.81 - 32.31 - -
Nb 11.29 - - 11.29 - - 11.29 - -
Ba - - - - 94.34 - - - -
Li - - - - 95.41 - - - =
Sc - - - - 31.39 - - - -
Ce - - - - 17.83 - - - -
Nd - - - - -13.01 - - - -
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Rock type Andesite Andesite Andesite
Sample no V16 V19 V24
Depth (m) 47.1-47.2 59.5-59.6 68.1-68.2
XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms XRF ICP-OES ICP-Ms
Element
Na20 1.79 - - 3.72 - - 2.55 - -
P205 0.29 - - 0.20 - - 0.21 - -
MgO 8.11 - - 9.19 - - 8.30 - -
Al203 17.86 - - 16.89 - - 16.54 - -
:Si02 49.98 - - 55.89 - - 54.42 - -
S03 2.39 - - 1.53 4 - 1.28 - -
K20 1.01 - = 1.16 F = 0.79 - -
CaO 7.29 - - 3.31 3 = 472 - -
Tio2 0.55 - o 0.52 - = 0.61 - -
MnO 0.16 - ~ 0.24 = = 0.16 - -
Fe203 10.76 - = 8.46 S - 10.47 - -
\ 293.34 - - 307.83 - - 298.75 - -
Cr 124.40 - - 104.91 - = 94.97 - -
Ni 22.59 - - 11.97 - - 23.63 - -
Cu 226.93 - - 115.13 - - 175.07 - -
Zn 63.20 - - 119.14 - - 75.15 - -
Rb 34.12 - - 35.25 - =} 28.47 - -
Sr 434.24 - - 567.80 - = 379.87 - -
Y 20.54 - - 24.27 - - 17.02 - -
zr 33.12 - - 30.40 - S 32.81 - -
Nb - - - 11.29 - - 11.29 - -
Rock type Andesite
Sample no V32
Depth (m) 89.5-89.6
XRF ICP-OES ICP-Ms
Element
Na20 243 = -
P205 0.21 - =
MgO 7.77 - -
AI203 15.93 - -
:Si02 56.18 - -
SO3 1.35 - -
K20 1.34 - 3
Ca0o 4.49 - -
Tio2 0.62 - -
MnO 0.20 - -
Fe203 9.62 - -
\ 340.31 - -
Cr 154.18 - 5
Ni 16.39 - -
Cu 118.42 - -
Zn 80.95 - -
Rb 31.74 - -
Sr 287.85 - -
Y 18.89 - -
zr 37.25 - -
Nb 11.29 - -




152

APPENDIX C-1
Calibration curves for 10 major elements. Horizonatl axes are collected contents (%) and

vertical axes are comtentd=s of standard samples (%). Horizaontal axes for MgO, Na,O

and P,O are collected counts (cps).
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APPENDIX C-2.
Calibration curves for 10 trace elements. Horizotal axes are collected contents (ppm)

and vertical are contents of stardard samples (ppm).
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APPENDIX D

Calibration curves of trace element by ICP-OES
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APPENDIX D (cont.)
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APPENDIX D (cont.)
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APPENDIX D (cont.)
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APPENDIX D (cont.)
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APPENDIX D (cont.)
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APPDENDIX E

161

Condrite normalized patterns for 2 rock standard supplied from Geological Survay of

Japan analyed by ICP-MS

1000
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