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CHAPTER |

INTRODUCTION

1.1 General Statement

Volcanic rocks found in Thailand appear to have several periods of explosion
during Devonian to Quaternary (Jungyusuksand Khositanont, 1992). In addition, these
volcanisms may also be associated with ,gold-and gém deposits of the country. Permo-
Triassic or Pre-Jurassieswvolcanie rocks, significantly related to gold deposit, can be
subdivided into three maingbelis including Chiang Rai-Chiang Mai belt, Tak-Chiang
Khong belt and Loei—Phetohabun—Nakho_n ,Nayok pelt in which they appear to have
formed in paleo-oceanic terranes or —-contmental plates (e.g., Jungyusuk and
Khositanont, 1992; Intasopa, 4993; Panjasa’watwong, 1999; Charusiri et al., 2002; Phajuy
et al., 2005). -

)
7N

Gold occurrences in Thalland have beeﬁf found in many areas, such as Chiang
Rai-Phrae, Loei-Udon Tham Nong Khai, Phett:habun Ph|ch|t Lop Buri and several areas
in the eastern reglon Hewever—the—mghee{—pe{eﬁﬂe%ﬁ&reas economically suitable for
gold mining have been located within two provinces, i.e., Phlch|t and Loei. Among these
deposits, Chatree gold deposit has been proven as the Iargest deposit which is located
about 280 km horth of ‘Bangkok: It is situated in'the vicinity: of Thap Klo District, Phichit
Province and Wang Pong District, Phetchabun Province, upper central of Thailand

(Figure™ Ty 1)

Geologically, the Chatree deposit is a part of Loei-Phetchabun-Nakhon Nayok
volcanic belt lining along the western edge of Khorat plateau. Recently, approximate 19
km” of 7 prospect areas have been pointed out and 7 mining pits, namely A, C, D, H, K,
Q and Mar, have been in operation (James and Cumming, 2007). Total production at

Chatree in 2009 was about 93,002 ounces of gold and 293,472 ounces of silver from a



total ore reserves 1.5 million ounces of gold in 37 million tons of rocks at grading 1.2

grams/ton Au (Kingsgate, 2009 online).
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1.2 Location and Accessibility

The Chatree gold deposit is located in a hilly area of Khao Khem, Khao Mo and
Khao Pong lining from north to south. These hills have average elevation range from 80-
190 meters above mean sea level and situate on the edge of Cenozoic Chao Phraya

basin at the boundary between Phetchabun Province and Phichit Province.

Q-prospect, located in the northern'part. of Chatree mine, is the main focus of
this study. It is present on a tepographic map«(Figure 1.2) scale 1: 50,000 of Royal Thai
Survey Department, edition 1-RST, seri’éfs L7017, sheet 5141 IV, Amphoe Wang Sai
Phun. Its grid reference inWTNssysiem is 676000E-678000E and 1804000N-1806000N

or between the latitudes 46718483" {0 1619' 43" N and the longitudes 100 38’ 51” to 100
39' 58" E. e

i
e

The study areagis about 280 ki[bmeters north of Bangkok, and about 45

kilometers south-east of Rhichit ben. Thé';%ré"a can be accessed using the national
aid T/

highway no. 1 (so-called PaRolyothin) from Bah{gkok to Phichit Province before turning

right onto the highway No.11 from Tak Fa District. to Thap Klo District passing Khao Sai

=i

junction for about 15 km then turning right to road Now 1301 for about 6 km arriving

Akara mine at the C;watree gold deposit. It usually takés’about 4 hours drive from

Bangkok following the foute suggested above.
1.3 Physiography:

Physiography of the area is mostly occupied by flat plain in“which some small
hills are situated around. Theyare Khao*Khem, Khao Mo and Khao'Pong hills that have
average elevation range from 80-190 m above mean sea level. The highest point of
Khao Mo in the central area is about 190 m above flat plain. Most of the hills are

regionally aligned in the north-south trend (Figure 1.2).

Climate of this area, a part of the north-central Thailand, is classified as tropical
savanna with rainy season lasting from May to October, winter season from November to

February, and summer season from middle February to April. The minimum temperature



is about 14°C in winter; on the other hand, the maximum temperature is about 33°C in

summer. The average annual temperature is about 30C.
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1.4 Objective

The objective of this study is to study the petrochemical characteristics of

volcanic rocks in Q-prospect and leading to interpretation of tectonic processes.
1.5 Previous works

Permo-Triassic Loei-Phetchabun-Kho;Chang volcanic belt is crucially associated
with gold deposits. This volcanic belt is exposed along the north-south trend which
volcanic rocks along the belt compriseyboth-lavas and their associated pyroclastics
ranging in composition from felsic_.io mafic. Moreover, some dike rocks appear to have
subsequently cut into these #oCcks mostly'lplacing along the northeast-southwest trend of
main fault. These dike " rocks consis_t_ of diolrite, dolerite ‘and andesite (Jungyusuk and
Khositanont, 1992). Diemar et al. (2006) suggested that the Chatree gold deposit and its

vicinity are associated with ancient back arc basm

In the regional area ©f Chatree debosn there are composed of plagioclase
phyric andesite, hornblende phyno andeS|te,_monom|ct|c andesitic breccia, polymictic
andesitic breccia, volcanlclastfc sandstone sﬂfstone rhyolltlc breccia and fiamme
breccia (Comming et aﬁ@@ﬁ?—&kerroeks_wehatreeﬂep@sn cross cut most of the host
volcanic rocks but they seem to be gold-barren veins. They are mostly characterized by
andesitic dikes wh|ch I|e along the north-south and northeast—southwest directions
(Tangwattananugul, 2006)." Study ‘of fluid“inclusion lin gold-bearing quartz vein can
reconstruct hydrothermal temperature of this gold deposit which falls within an

epithermal‘tange, dout 1504290 ¢ (Marhotarn,2002).

N and V Prospects in the southern parts of the deposit contain two main types of
igneous rocks, porphyritic granodiorite and andesite. The former appears to have
intruded into the latter. Geochemically, both rocks belong to the calc-alkaline affinity
occurred as volcanic arc granite and island arc tholeiite to volcanic arc basalt,
respectively. They may be formed as a result of oceanic subduction between Lampang-

Chiang Rai and Nakhon Thai plates during Permo-Triassic period (Marhotorn, 2008).



Results of C- and O-isotope geochemistry reveal that the alteration and associated
epithermal gold deposit took place in association with hydrothermal fluids closely

related to magmatic and sea-water origins (Nakchaiya, 2008).

Trace elements have become a basic tool or pathfinder of ore exploration and
also significant to petrogenetic interpretation. Immobile elements, in particular, are very
useful tool for investigation of altered rocks. Rare earth elements, with the exception of
Eu, are generally incompatible during igneous.fractionation. Heavy REE, i.e., Lu and Yb
are essentially immobile whereas light REE ‘may-be variably mobile during alteration
(MacLean and Barrett,«4993). ~Europium (Eu) in feldspars can be liberated by
hydrothermal alteration®leading o prefent of positiver Eu anomaly of chondrite-

normalized REE pattern!(Gifkins; 2005_).

1.6 Scope of Work ,; ;
The study area is situated in‘the noﬁfﬁ'ér‘r'ﬂ part of Khao Mo, Chatree gold deposit,
i ] ?
¥ K
Phichit province. Forty three Selected core sam.g.lﬂes were taken from fourteen drill cores

(i.e., RD2270, RD2327, RD2686, RD2836, RDﬁ%39 RD2884, RD2901, RD3888, RD7152,

g =i

RD7161, RD7165, RD%155, RD7162 and RD7157) along three section lines (see Figure

1.3). These samples lvx/_ére prepared and analyzed by the fQ‘IVLo\/ving methods.
1.7 Methodology

Method of this 'study'is' shown fas a'flow' chart (Figure“1.4). It consists of five

steps which details are explained below.

1.7.1% Literature review
In this stage, several previous works on regional geology, stratigraphy,
alteration, gold mineralization and volcanism of the study area were carried out prior to

research planning.
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Figure 1.3 Locations of fourteen drill holes for sample collection at Q-prospect area,

northern part of Khao Mo, Chatree gold deposit.



1.7.2 Fieldwork and sample collection
The pre-field investigations such as aerial photo interpretation, particularly for
geological structures, landforms, rock units and field accessibility were prepared before
fieldwork and sample collection were taken place.
1.7.2.1 Field study
Field mapping of rock distribution in the study area was firstly
carried out in comparison with the previous werk of Corbett (2004). Consequently, local
geologic map was modified from Comming et al(2006). Four groups of rocks, i.e.,
andesite, andesitic tuff, rhyolitic tuff and' andesite dikes, were classified based on field
investigation.
1.7.2.2 Sample collection "L
Geologicalfstructure and rock orientation obtained from the fieldwork
were used for designation of sample collec;}ion from drilled cores. The selected samples
were representatives ofall rack types in Q—bﬁ‘r}qspect. Forty three samples were taken into

laboratory works. < 4,

1.7.3 Laboratory study : =

1.7.3.1 Pétrogfaphy

AII,('4_3 rock samples ;A/“e're Vslab—cut— and then prepared as thin
sections. The polished ,t-hin sections were usually prepared at about 30 um thick before
polishing with 12, 6, 3, 1 anes3 pm diamond fastes, respectively. After preparation, they
were used for petrographicdescription for mineral assemblage, texture and alteration
under a polarizing microscope. Subsequently, representative samples were selected,
based on petrographicifeature, for further analyses, e.g., whole-rock geochemistry and
some mineral chemistry.

1.7.3.2 Whole-rock geochemistry.

Twenty five rock samples were selected and crushed by an iron jaw
crusher prior to powdering by an agate mortar. Subsequently, powdered rock samples
were fused to glass beads for X-ray Fluorescence (XRF, model Philips PW 2404) based

at Department of Earth Science and Technology, Faculty of Engineering and Resource



Science, Akita University. Analyses of 9 major oxides (i.e., SiO,, TiO,, FeO,, MnO, MgO,
Ca0, Na,0, K,0 and P,0,) and 10 trace elements (i.e., Ba, Zn, Sr, Rb, Zr, Co, Cr, Ni, Y
and V) were carried out quantitatively. Rock standards of JA-1, JA-2, JA-3, JB-1, JB-1a,
JB-2, JB-3, JG-1, JG-1a, JG-2, JG-3, JGb-1, JP-1, JR-1 and JR-2 provided by
Geological Survey of Japan (GSJ) were used for calibration at 40 kV. Moreover, loss on
ignition (LOI) was also measured by weighting rock powders before and after ignition at
900° C for 3 hrs in a TMF-200 electric furnace. Trace and rare earth elements were
accomplished by an Inductively Coupled Plasma-Mass Spectrometer (ICP-MS, model
Agilent technology 7500 series) based aT'Department of Earth Science and Technology,
Faculty of Engineering and.Resouree Science, Akita University. The 0.1000 g (+0.0001
g) of powdered samplessWere faken alfnd then dissolved in a HF-HNO,-HCIO, acid
mixture in sealed Teflon beakers. The dige'éted samples were diluted immediately and
added mixed standard solution to_.-alzl sa_lriwpl,es before ICP-MS analysis, following the
method reported by Kimura et al. _.(1995). Tﬁls fnethod is'a standard addition method. A
Japanese rock standard, (JA-1, pﬂré_\/ided '-’_bj(_._‘C'SSJ) was also analyzed for comparison
with recommended values. Detection limits ra_nge from 1 ppm - 0.01% for major oxides,

0.01 - 1 ppm for trace elements and 0.0 pp'r'xﬁ:fdﬁ{are earth elements.

1.7.3.3 Miéeral chemistry

Sdrﬁe crucial minerals were subse‘q-t-JlentIy analyzed using an
Electron Probe Micro“Analyzer (EPMA, model JXA-810) based at Department of
Geology, Faculty. of Science} ChulalohgkornzUniversity« Selected polished thin sections
were coated bythin film carbon prior to analysis. Operation conditions were set at 15 kV
with abeut24/nA, cerent of<focused beamg(si144m): Pure oxides and mineral standards
were used for calibration. Measuring ‘times were “set at about 30 seéconds for each
element before automatic ZAF correction was taken and analyses were reported,

accordingly.

1.7.4 Interpretation, Discussion and Conclusion
All results obtained from this study were collected for interpretation before

discussions on genesis, alteration, tectonic setting and gold mineralization were carried
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out. Subsequently, conclusions in all particular aspects were reported.

1.7.5 Report writing
Finally, thesis report and presentation were made for this defense. Moreover,

draft of publication has been prepared for international journals.
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CHAPTER I

GEOLOGIC SETTING

2.1 Tectonic Evolution of Thailand

Tectonic evolution of Thailand was suggested by Bunopas and Vella (1983 and
1992) before a new model was modified by Charusiri et al. (2002). Bunopas and Vella
(1983 and 1992) reported that ‘Fhailandyconsists of Shan-Thai and Indochina terranes
bound together along Nan*suture: Fhe Shan-Thai terrane is located in the western part
consisting of eastern Myanmar, western 'Ehailand and some parts of northern Laos. The
Indochina terrane occupies parts 0f easte_rr),ThaiIand, Laoes, Cambodia and Vietnam. In
Thailand, the Shan-Thai tegrane |s unde:Haln by high-grade metamorphic basement
which appears to havefounded durrng ‘F’recambnan This basement is overlain by
sedimentary and metamaorphic sequences? of Paleozoic, Mesozoic and Cenozoic,

respectively. The Indochina terrene is occupled by Permian platform-carbonate and

deep-water clastic rocks WhICh are mamIT oovered by the Mesozoic sedimentary

e

sequences of Khorat Group. Exposures of Precambrlan rocks have never been reported

in this terrane. Middle/Paleozoic to Triassic sedimentary“basin between both terranes
formed as parallel volcanic fold-belts, so-called Sukhothai Fold-Belt onto the Shan-Thai,

and Loei Fold-Belt onto the dadochina.

Subsequently, Charusiri et al. (2002) proposed two smaller tectonic blocks
situated “between, the, Shan-Thai* and [Indochainaiterranes. INakhon Tfhai block is located
on the east whereas Lampang-Chiang Rai block is on the west (Figure 2.1). Both
tectonic blocks represent ancient oceanic plates and their associated volcanic terranes.
Therefore, the Sukhothai Fold-Belt is parts of the Lampang-Chiang Rai block whereas
the Loei Fold-Belt is related to the Nakhon Thai. Charusiri et al. (2002) also suggested
four main tectonic stages in Thailand, based on tectonostratigraphic and
geochronological data, including Archaeotectonic, Paleotectonic, Mesotectonic and

Neotectonic.
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During the Archaeotectonic stage, Shan-Thai appears to be parts of the
Northwestern Australian continent whereas Indochina may be associated with South
China, North China and Kurosegawa-Kitakami terranes located somewhere close to
Northern to Northeastern Australia (Bunopas and Villa, 1983; Bunopas, 1992; Metcalfe,
1995; 1997). A major marine transgression (Paleotethys) over both Shan-Thai and
Indochina may have been extending from Cambrian to Permain during the Paleotectonic
stage as well as their moving northward' to the paleoequator. Consequently, oceanic
subductions appear to have.occurred in Middle Paleozoic leading to new propose of
two small tectonic blocks intewening"’between Shan-Thai and Indochina, namely
paleotethyan Nakhon Thai geean floor o ithe east and Lampang-Chiang Rai volcanic arc
to the west. During Late Paleozoic'to Earl&l Mesozoic, all the terranes had already moved
northward across the paleoequaior and collided with each other resulting termination of
the paleotethys without meoving further n%}rth. It also commenced the Mesotethys in
westernmost Thailand. Jd-type anq S—type "gfaqites had extruded all over the country.
Collision seems to have caused ma_jigr nortkigﬁ@_s-t— and northwest-trending strike-slip fault
systems in the country. Landmass had b_ée:ﬁ‘ intensively uplifted then leading to
deposition of Late Mesozoic -cantinental réd—:;-béds, particularly in Indochina, Nakhon
Thai, and Lampanthiang;Baj_bLoglgsguhereas, western éh'an—Thai was inundated by
Mesotethys until LatestMesozoic. Subsequently, collision Betvveen West Burma block
and Shan-Thai may have triggered additionally both I-type and S-type granites in
association with:mineralization;fandialso/terminatedithe Mesotethys marking the end of
Mesotectonic stage. The interaction of Indian plate to Eurasian plate which in turn
closed thesNeotethys markedsa signifieantychange~ofstectenic=style im Thailand and its
adjacency. Reactivation of fault movement with' opposite direction’ may have formed.
Rifting appears to have taken place extensively over the region of Southeast Asia,
causing development of pull-apart basins in the northern Thailand, opening of the Gulf
of Thailand as well as South China and Andaman Sea. Moreover, Neotectonic stage is
significantly marked by enormously mantle-derived basaltic volcanism. However, the

Neotectonic stage still persists as indicated by hot spring/high-heat flow regions and

present-day earthquakes (Kosuwan et al., 1998).
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Closures of Paleotethys lying between Shan-Thai and Lampang-Chaing Rai
blocks and between Nakhon Thai and Indochaina blocks had caused subduction-
related volcanism along the Chiang Mai-Chiang Rai suture and the Loei suture (see
Figure 2.1); consequently, amalgamations of Shan-Thai, Indochaina and their
associated blocks during Late Triassic has been confirmed by A Ar

geochronological data (Charusiri, 1989). In addition, Nan-Uttaradit suture appears to

have been welded during Late Triassi j sawatwong, 1991). However, Triassic
limestones exposed in the easte Ut ce along the Chao Phraya Central
Plain of Thailand contain C g a Ladinian or younger age
whereas occurrences of Op hal ' ndicates Late Triassic (possibly

Carnian or Norian) age«(Ueno /et \- evidences introduce that the

Paleotethys closure would )
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Figure 2.1 Tectonic map of Thailand showing regional tectonic features and exposures

of some rock types related to the main collisions herein the country (modified from

Charusiri et al., 2001 by Sutthirat, 2009).
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2.2 Pre-Jurassic Volcanic Rocks in Thailand

Pre-Jurassic volcanic rocks in Thailand have been discovered extensively and
can be separated, base on their distribution and tectonic setting, into three main belts
located in the Chiang Rai-Chiang Mai volcanic belt, Chiang Khong-Tak volcanic belt and
Loei-Phetchabun-Ko Chang volcanic belt (see Figure 2.1) (e.g., Jungyusuk and
Khositanont, 1992; Intasopa, 1993; Charusiri et al., 2002; Phajuy et al., 2005); moreover,
these volcanic belts are sometimes associatediwith epithermal and skarn gold deposits
(Jungyusuk and Khositanont, 4992; Potisat, 1996¢Diemar and Diemar, 1999 and Khin
Zaw et al., 1999). In addition, .Charusiri (1989) divided Loei-Phetchabun-Ko Chang
volcanic belt into two parts ineluding volcanic rock along Nan - Chanthaburi Suture Zone
(NCZ) in the lower parisand loei'— Phetch;Qun - Nakhon Nayok in the upper part (Figure
2.2). All of these volcanie belts are explain{ed below;

Chiang Rai — Chiang: Mai Qb/canicépé/t: extends along the NNE-SSW direction
from the western Chiang Rai Province thr_c");ﬁ"gﬁ" the eastern Chiang Mai Province to Li
district, Lumphun Province. They"éfre corﬁé&g?,g of basalt, porphyritic basalt, basalt

porphyries, cumulates (wehrlite énd_clinopyr@hite) and gabbros (Macdonald and Barr,

- |

1978). Moreover, Phajuy et al. (2005) classjifi-ed this volcanic belt consisting of mafic

lava, hyaloclastites, pjclrlo_vv breccias and m-é}ié dikes. Gebéhemically, these rocks were
recognized as tholeiitic:and/or transitional alkali basalts. (e.g., Macdonald and Barr,
1978; Barr et al., 1990; Panjasawatwong et al; 1995; Panjasawatwong, 1999; Phajuy et
al., 2005). Chiang |Rai — Chiang Mai Vvalcanic belt ‘appears to have erupted during
Middle Permian to Permo-Triassic (Ghuaviroj et al.;=1980; Bunopasg 1981; Bunopas and
Villa, 1983; Panjasawatwong, 1999; Phajuy et al, 2005). They may. have been originally
derived from volcanic arc (Hutchison, 1973; Bunopas and Vella, 1978). Moreover, mafic
volcanic rocks in the Chiang Rai area appear to have formed in a subduction
environment (Macdonald and Barr, 1978; Barr et al., 1990) whereas the volcanic rocks
in the Chiang Mai and Lamphun areas may have formed in a continental within-plate
environment (Barr et al, 1990); however, Panjasawatwong et al. (1995) and

Panjasawatwong (1999) suggested that volcanic rocks from these area would be
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erupted in an oceanic within-plate environment as ocean islands and seamounts within
either a mature back-arc basin or a major ocean basin. The later model was supported
by Metcalfe (2002).

Chiang Khong — Tak volcanic belt: is located on the east of Chiang Rai—-Chiang
Mai volcanic belt. This volcanic belt extends from Chiang Khong district, Chiang Rai
Province toward the western part of Phrae Province and the eastern part of Lampang
Province to Tak Province. Volcanic rocks along this belt vary from intermediate to acid
compositions including rhyolite, dacite, andesite.and pyroclastic rocks. They can be
subdivided into two episodes on the Pasis of stratigraphic correlation, i.e., Permo-
Triassic and possibly upperriassic to lower Jurassic age (Jungyusuk and Khositanont,
1992). These volcanic roeks .may. havevl been formed by subduction activity as arc
environment (Bunopas, 1981;/Bunopas and Villa, 1983; Hutchison, 1989; Barr et al.,
1990). Panjasawatwong et al. /(2008) r:gap()rted that Permo-Triassic Chiang Khong
volcanic rocks have formed in a C_ontinehf_tgl J\_/olcanic arc environment. Geochemical
characteristics of the Permo—Triassﬂi_éﬂ contih_f'ejt]za-l arc Chiang Khong — Tak volcanic belt
are related to two magmatic series inciudi@;iﬁoleiitic series (Panjasawatwong et al.,
2003) and calc-alkalic series (Barret al.; ZO"QB_)LBmh series have also been reported in
the eastern part of, tjjg_LinQang;_Unghong_volcanic beLt:in the southwestern China,
possible northern extension of the Chiang Khong-Tak vocaﬁic belt (Yang et al., 1994;
Yang, 1998).

Loei — Phetehabuh < Nakhon Nayok=yolcahic belt; accurs along NNE-SSW trend
from Loei Province toward Phetchabun Province and NW-SE trend from Nakhon Sawan
Provinge, teySaraburi, Provinces«Prachinburiy Provinee and (Sra~Kaee Pravince. Volcanic
rocks in this belt are composed of lava and pyroclastic those have ‘compositions ranging
from felsic to mafic. In Loei area, these volcanic rocks can be subdivided into 3 sub-
belts; Eastern, Central and Western sub-belts. The Eastern Loei volcanic rocks locally
form N-S along the western margin of the Khorat Plateau. These volcanic rocks are
mainly characterized by rhyolitic composition. Based on stratigraphic correlation, the
Eastern volcanic rocks are underlain by marine limestone of middle Permian age and

they are overlain by the Phu Kradung Formation of early Jurassic age. Therefore, these
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volcanic rocks probably occurred in the Permo-Triassic age (Jungyusuk and
Khositanont, 1992). However, rhyolitic samples of this sub-belt yielded whole-rock Rb-Sr
isochon age of 374 + 33 Ma (Devonian-Caboniferous) and they may have erupted in
continental volcanic arc environment (Intasopa, 1993; Intasopa and Dunn, 1994). The
Central Loei volcanic rocks are situated along N-S direction near Pak Chom area
(Chairangsee et al., 1990; Jungyusuk and Khositanont, 1992; Pajasawatwong et al.,
2006); they are mainly composed of pillow basaltic lava, hyaloclastite and pillow
breccias (Pajasawatwong et al., 2006). Fragments.of fossiliferous limestone of Devonian
age have been locally foundin volcanit tuffs (hyaloclastite); this may confirm marine
environment in middle Devoaian.and late Devonian to Carboniferous (Chairangsee et al.,
1990). Volcanic rocks of this sub-belt havﬂe been interpreted to a mid-oceanic ridge and
oceanic island-arc environment (Paja‘saweitv\’rbng et al., 2006); they also yielded a whole-
rock Rb-Sr isochon age of 361 +.11 M% (Upper Devonian to Lower Carboniferous)
(Intasopa and Dunn, 1994): The _.Western’fj_;;qeai_ volcanic sub-belt is located along the
contact zone of the Permian and_LTriassit_SJ;gJy;assic sedimentary rocks. These rocks
mainly consist of fine-grained andesite porpﬂry‘ with subordinate rhyolite, rhyolitic tuff
and dacite (Jungyusuk and Khositanont, 1&52)i—they may have formed within Permo-
Triassic arc volcanisnfiaungpas,_’l%_’u_?Ads,gAr, 2ge-of 242‘1 3 Ma was reported from
these rocks (Intasopé et al., 1990). Moreover, volcanic rooﬂs from Phu Chang area at
western Loei sub-belt rﬁéy be related to Permo-Triassic calc-alkaline volcanic arc (cited
in Charusiri etgal., 1995) | South /of o€l Volcanic listicornected=to Phetchabun volcanic
provinces that lecated along Sri Thep district in Phetchabun Province toward Phai Sali
district#in Nakhen sSawan~Previnee.; These pvoleanic grocks ymainky, censist of basaltic
andesite and andesite (Jungyusuk and Khositanont, 1992); they ‘cross-cut and flowed
over limestone of the middle Permian age, and they are overlain by Triassic sedimentary
rocks (Jungyusuk et al., 1989). In addition, andesite dikes locally cross-cut the upper
Triassic sandstone (Jungyusuk, 1985). Therefore, these rocks may have erupted from
late Permian to upper Triassic ages. Age of 235 + 4 Ma was determined using CArAr
method from these rocks (Jungyusuk and Khositanont, 1992). Consequently,

Phetchabun volcanic rocks have been suggested as a product of arc subduction-
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related activities (Intasopa, 1993; Kamvong et al.,, 2006). The study area is located
within the western part of this volcanic province. (Nakchaiya, 2008; Marhothorn, 2008)
that was occurred by subduction-related island arc. In Saraburi-Prachinburi Provinces,
the volcanic rocks consist mainly of porphyritic rhyolite, porphyritic dacite, porphyritic
andesite, trachyandesite, rhyolitic tuff and andesitic tuff (Hinthong et al., 1985; Junplook,
2006; Vivatpinyo, 2006). These volcanic rocks commonly cross-cut the middle Permian
limestone, and are overlain by Phu Kradung Fermation; hence, they should have formed
in middle Permian or after and prior to Jurassi€ ages (Hinthong et al., 1985). “ar/Ar
dating of a rhyolite sample*from south of Saraburi*Province yielded 53 + 2 Ma (Intasopa
et al., 1990). The conflictebeiween stratigraphic correlation and radiometric age
determination may have been sesulied frclli_m complexity of tectonic evolution (Jungyusuk
and Khositanont, 1992). Eer chemical data, these voleanic rocks are characterized by
calc-alkaline volcanic arc related to_.su‘bduad:,‘ﬂon environment (Vivatpinyo et al., 2010).
Volcanic Rock along Nan Chanthaﬁur/ Suture Zone (NCZ): is located between
the Chiang Khong-Tak velcanic belt and tﬁy Loe| Phetchabun-Nakhon Nayok volcanic
belt which they extend southwatél to-the GuLof-!Thalland. It is widely accepted that this
zone represents a Late Triassie-continental s‘(;iiué—betvveen the Shan-Thai and Indochina
terranes (e.q., Bunopa&MM_ 1999 Chaodumrong, 1992;
Singharajwarapan, 1994, Singharajwarapan et al., 2000; Cravvford and Panjasawatwong,
1996). Pre-Jurassic volCanic rocks along this suture zone occur as blocks with various
sizes embedded inifdligtedsserpentinitelmatrix (sefpentinitesmeélange?). Yoshikura (1990)
and Crawford and Panjasawatwong (1996) reported that these volcanic rocks are
composedrofrEarly~to MiddlesPermiansocean-island basalt, ;Garbenifereus (?) incipient
back arc, basin basalt and "andesite, Permo-Triassic (?) arc basalt and andesite, and

mid-ocean ridge basalt.
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Panjasawatwong et al., 1997).
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2.3 Regional Geology

Base on geologic map modified from Chonglakmani and Satayalak, 1979 (Figure
2.3), the study area lies on boundary between Thap Klo and Wang Pong District, central
Thailand. Geology of the regional area mainly includes sedimentary rocks of Permian
and Triassic. Unconsolidated Quaternary sediments and igneous rocks are also
exposed in this area. The sedimentary rocks are herein described in the order of ages

from the oldest to the youngest.below.
1. Lower-Middle Permian

Pha Nok*Khae Fermation: The Lower-Middle Permian rock in this area
)

exposed in eastern region. Fhisiformation.consists of welllbedded to massive limestone

with black chert lenses,8andstone ana-shale.

i
\ -

J

2. Triassic = 4
y '_.""J,._

Huai Hin Lat Formation: RO.‘kas, in this Formation are dominated by

#es b
—

yellowish brown conglomerates nthat are mostly limestone and rhyolite. In addition, Iwai

=i

et al. (1964) suggested that this--i‘drrhation cc;n-sists of yellowish-brown to reddish-brown

sandstone, reddish-brown siltstone, and grey shale with Iééf- fossils. Part of these rocks
was metamorphosed by thermal. This Upper Triassic_vformation was found in the
northeastern-eastern part‘ofithe regional areas

Nam.; Phongs Formation: This formation overlying on Huai Hin Lat
Formation exposes in the northeastern of the regional area. Thegrocks are brown to
reddish=brown sandstone, cross-bedded conglomerate with pebbles(up to 10 cm in
diameter) of quartz, chert, red siltstone and sandstone. Moreover, this formation also

contains brown to reddish-brown shale and siltstone.
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3. Jurassic

Phu Kradung Formation: overlies the Nam Phong Formation or Permian
rocks. Rocks of this formation expose mostly in the northeastern part of the regional
area. They are significantly characterized by brown, reddish-brown, purplish-red, and
micaceous shales, brown, gray, micaceous siltstone and sandstone showing small scale
cross-bedding, and some limestone-nodule conglomerates. The age of the rock is
suggested as lower Jurassic period.

Phra Wihan Fermation: TJhe rock.isseomposed of sandstone, white-pink
orthoquartzite with cross-bedded to_massive layers-and with pebbly layers on the upper
bed; some intercalations*of reddish brown layers are also present. They appear to be

|

Lower-Middle Jurassicaperiod. This rock‘.unit exposes in the northeastern part of the

regional geologic map. =

4. Quaternary

Unconsolidated deposits: Thé:“v__‘QL_Jatemary sediments are composed of
d F ‘JJ
terrace and alluvial deposits containing grave&-,*sand, silt and clay. They are found in the

"B

western part of the regional area.
5. Igneous Rocks

Plutonic rocks, which have peen found in Wong Pong area, can be
divided into three types' including granite, granodiorite and diorite (Chonglakmani and
Satayalak, 1979; Ponprasit et al., 1988). Granite is_usually white porphyritic rocks that
containgplagioclasephenacrysts. /Muscovite/is also observed commonly in this granite.
Granodiorite is usually dark grey fine grained rocks with porphyritic texture.
Phenocrysts, about 1x0.5 cm, are significantly horblende. Diorite is characterized by
dark grey with porphyritic texture; pheonocrysts with size of 1x1.5 cm are plagioclase
and hornblende. These plutonic rocks are of Triassic age but some of them may be
younger. Some of these plutonic rock intruded into the Upper Triassic sediment units.

Moreover, plutonic rocks are covered partly by unconsolidated sediments; however,
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airborne magnetic data indicate that dikes and stocks of granodiorite intruded in the
area, particularly in the southern part of the Chatree gold deposit (Sangsomphong in
prep.). Stratigraphic correlation constrains age of these plutonic rocks to a minimum

Triassic (Chonglakmani and Satayalak, 1979; DMR, 1999).

Volcanic rocks were found as lava and pyroclastic rocks, consisting of
rhyolite, andesite, basaltic andesite, tuff, welded tuff, lapillistone, agglomerate and
volcanic breccias (Chonglakmani and Satayalak, 4979; Ponprasit et al., 1988). Andesite
commonly showed porphyritie-texture wiEp phenoerysts of hornblend, clinopyroxene and
plagioclase (Ponprasit etsal;1988).-The unit indicates-Permo-Triassic in age because it
lies in between the Middle-Upper Permia‘T and Lower Triassic units (Chonglakmani and

Satayalak, 1979). : 4

Permo-Triassic yvolcanie-reeks in the study area are situated in Loei-
. '|| -

Phetchabun-Nakorn Nayok velcanié bglt' (Jungyusuk and Khositanont, 1992;
Panjasawatwong et al., 1997). "Juhgyusu'ii"'érﬁ"d Khositanont (1992) reported that the

Permo-Triassic volcanic rocks ln Chon Daen Wang Pong area (Figure 2.3) vary in
composition from basalt to rhyollte however basaltlc andesite and andesite are the

most abundance, partlcularly in the western Loel area to the north. Based on field

investigation, these: rocks overlie Middle Permian I|mestone and underlie Triassic
sedimentary rocks. However, Jungyusuk and Khositanont (1992) also reported that
andesitic tuff and agglomerate are interbédded with Middle Permian sandstone at
outcrops along the.sPhetchabun-Chon [Daen road jand andesite dikes cross-cut Late

Triassic sandstone. That may indicate'more than one period of magmatism.
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2.4 Detailed Geology

Based on Crossing (2004) study (Figure 2.4), the Chatree region contains
several andesitic volcanic centres and a couple of rhyolite centres. Large and well-
exposed andesitic volcanic centres are at Ban Mai Wang Takhian, Akkara mine and
Khao Phanompha. These andesitic volcanic rocks are intercalated with lavas,
pyroclastic and volcaniclastic sedimentary .rocks displaying significant lateral facies
variation and complex interfingering to thesadiaeent volcanic centres. Thick andesite
lava flows interbedded with"andesitic autobrecCias and these are also interbedded with
lithic tuffs mixed provenance sedimentary rocks. Crystal tuff and ash fall tuff are less
volumetrically important®The volcano—seqiimentary sequences are mostly gently folded,
with dipping lower than"30 degree and raraly exceeding 45 degree except some areas
are particularly near faultsIn general Jaeddmg becomes shallower dipping in the
eastern half toward the gdge of Khorat pfateau Steeper dips occur within two zones
along NE-SW trending strugture. The rhyollt_lg volcanic centre at Khao Khieo was formed
by a very thick rhyolitic crystal tu&*f Withr;é;fcasional lithic fragments, which distally

interbed with andesite units. It contams some th|n interbeds of tuffaceous sediments

apparently overlaymg the adJacent andesmc rocks At Ban Nikhom, flowed bands of

rhyolite and rhyolltlc‘tuff are exposed in several shallow dams. In regional scale, these

volcanic units are also! related to thick well-bedded sequence of interbedded fine-
grained volcaniclastics andeepiclastic siltstoriefand shale, massive tuffaceous mudstone
and more distally epiclastic ¢siltstone ;and shale; thése units are well-exposed at Wang
Pong. Various intrusive rocks ranging in compositien from felsic tosmafic intruded these
volcanieiseguences 'mastly as small- to.medium-sized stocks and-dikes. Volumetrically,
most important unit is intermediate intrusives, dominated by diorite may be ranging from
granodiorite to diorite which their textures vary from fine-grained equigranular to
porphyritic rock. Moreover, Crossing (2004) reported that granitic intrusions occur as
stocks and dikes, one to the north of the Chatree gold deposit around Ban Wang Phlap,
and the other to the south (Ban Lang Du). They appear to be spatially associated with

northeast and southeast structural trends. Kamvong (2002); Kamvong et al. (2006)
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studied plutonic rock at Wang Pong district (about 50 km from Chatree gold deposit)
and consequently described small stocks ranging in composition from granite to diorite.
He also classified these intrusive stocks into two types, namely biotite granite and
granodiorite. The former is fine-, to medium-grained texture and the later is medium-
grained inequigranular texture. Petrochemical characters indicate A-type granite

(Kamvong, 2002). Besides, small stocks of granitoid rocks also reported at Khao Ron

4

AULINENINYINT
PAIATUAMINYAE




27

|
69 0000mE

1810000

180 0000

N

l— mE

LEGEND Intrusive and extrusive units

ey

| —

Volcano-aeﬂg:::;ary units Inp}gé_dﬁed sandstone :‘*';y Apdgsite ,}4
| congiomerate ——— [l Dorte

Tuffaceous mudstone,

siltstone, conglomerate
B Limestone interbed

mudstone
[ Conglomerate
I Sandstone

L ——
— ~Thyolitic-crystal tuff  Rhyolite

Polymictic andesitic breccia,

with

a0}

riz* feldspar porphyry

T:‘ _
i
=,

I

Sheatwash, floodplain gravels and |
clay

* Granodiorite

1]

Symbols
Anticline
Syncline

Dip of bedding

— Fault structure:

Chatree mine

Figure 2.4 Detﬂ%%ﬁ@%oﬁ%e%%d%oﬂ ﬁ%vicinity (modified after

Crossing, 2006;%dated to include tl}e observations of Comming et al., 2004).

QRN IUANINYIAY



28

2.5 Mineralization and Prospecting Areas

This section describes geology and mineralization of C-H pit, K prospect, A pit,
Q prospect, N prospect and V prospect of the Akkara mine within the Chatree gold

deposit.
1) C-H and H-west Pit

Kromkhun and Zaw (2005) reported that the H zone of the Chatree deposit is a
low-sulfidation epithermal depesits cons_i}sting oi=plagioclase-pyroxene phyric andesite,
andesite lithic brecciasy€rystal-rich ‘andesitic pumice breccias, epiclastic and
limestone. The depositional enviropmentiof host veleanic sequence is mainly subaerial
to shallow submarine..Petrographic investigation of C-Hand H-west reveals to coherent

and non-coherent rocksf(Nakchaiya, 2008). The coherent rocks are mainly andesite to

\ -

basaltic andesite. Compositionally the" non-coherent suite also bears similar

characteristics. The non-ceherent facaes moPudes three successive breccia units — viz.
?
polymictic, monomictic and ﬂamme umts The Fatter is the highest and youngest volcanic

unit. Overlying the monomictic unlt is the ep?r@stlc unit. This unit is composed mainly of

o R o

fine-grained clastic unlt and was not recognized in the C; plts Only the coherent and

monolithic breccia umts show strong alteration with assomated Au-Ag mineralization.

In the late stage, dike rocks at C-H Zone of Chatree gold deposit form part of the
Permo-Triassic Loei-Phet€halbun-Nakhon Nayok volcanic belt. Dikes are recognized one
in the northeast-southwesty direction [andg the ' ather in thel north-south direction.
Petrographically, the dike rocks shown porphyritic.texture and cangbe mainly classified
as andesite,  trachytictandesite and basaltic andgsite.. Ahdesite,'is (Characterized by
plagioclase (oligoclase) and hornblende and shows clearly porphyritic textures
(Tangwattananukul et al., 2008).

Ore body at C pit is one of the major ore body of Chatree deposit, it has strike at
almost N-S (350°) and dips at an average 40° to the west. The ore body occurs as
massive veins at C-south with minor breccia and become stockwork in the northern part

(C-central) particularly near surface. At C-north, ore body is massive toward the hanging



29

wall and become stockwork toward the footwall. At C-south, it has overturned corn-
shaped structure at the near surface area, and become thin zone at deeper part.
Breccia is predominated particularly by grey silica breccia, mainly confined to the
footwall both at C-south and C-north. Multiple stage breccia also has been found and
mostly overprinting the grey breccia stage. Grey breccia is generally characterized by
angular clasts of mainly porphyritic andesite, minor fine-grained pelagic sedimentary
rocks and fiamme breccia. The grey matrix is composed of cryptocrystalline quartz and
some fine-grained pyrite. The:grey silica maienal issbelieved to be barren. However, it is
believed to play an important role of ore deposits."The ore body is characterized by
crustiform-colloform banding#6f alternating grey silica, quartz-carbonate-sulphides and
quartz-carbonate-chlorite .and eream to b'Jrown calcite and dolomite bands are common
and usually dilute in goldsgrades At “C—soi,ltf'i, the mineralization styles are predominant
with quartz-carbonate-pyrite with subordijlat_e quartz-carbonate-chlorite. Gold grade,
often diluted by coarse-grained cglqite/doléjmlitg, iIs commonly banded and forming part
of the major mineralization stage (S_:;;.Iam, 209@) In the H zone, the mineralization styles
are complicated including quar*tz:sulphide"-'_ie%iﬂf-‘the H-central and H-south. Quartz-
carbonate-pyrite is widely spread-through tH'g;;p'ji;--quartz—carbonate—chlorite and quartz-
carbonate-chlorite-stlphide_are identified, mainly confine_dj, to the area of H-central, H-
north. The latter two Sfages usually carry high gold grade (Séiam, 2006).

Marhotorn (2002) mapped the C-H Zone and studied fluid inclusions. The
country rock fermed| silicification and dinitiation lof doreceiation=by hydraulic fracturing.
Hydrothermal fluid enriched in gas phase of magmatic sources ascended along normal
faults fer,many times, Thedydraulic fracturing increasedypermeability within and around
the brecgia 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
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most of the pore spaces within the hosting rocks (Marhotorn, 2002). The result of
overprinting is comb structure presented in milky quartz alteration zone. The latest
stage, supergene alteration resulted from post-breccia wall rock alteration

fracturing/jointing and accompanying Cenozoic weathering and oxidation.
2) K Prospect

At K prospect, rocks contain lower-fiamme breccia, polymictic andesitic lithic
breccia and matrix rich polymictic andesitic’lithic.breccias. The mineralizations in K-
west are similar to C-northrinterm of styré and alteration but they mainly occur as small
veins/veinlets and stockworks. Gold is | believed to associate with quartz-carbonate-
sulfide veins and minor quartz-carbonaté—chIorite. Banded texture is also present and

characterized by fine-grained white to ?p'aile grey quartz, fine-grained chlorite and

coarse-grained sulfide'bands (Salam, éOO&}. v
3) A Pit 28 =
' _.":Jt._-l.

At the A pit and A-east/prospect, recks consist of polymictic andesitic breccia

and matrix rich lithic breccia-_inte‘rbeddedlnr;]t'ejealated with volcanic mudstone and

sandstone with minor; limestone. The fiamme breccia o@curs at the top part of the

sequence and it is khbwn as quartz-rich rhyolitic fiamme- b—}eccias (Salam, 2006). The
study of Sangsiri and Pisutha- Arnond (2008) at the A prospect, the host rocks are
proximal to the“mineralized zones,fand arezdominated-byssilicification, quartz-adularia
alteration, followed by carbonates and finally Fe-sulfide, Fe-Ti oxide, sphene/leucoxene
assemblagesy Fhe~host rocks«distal from; thes mineralized; zenes, are; dominated by

altered propylitic ‘assemblage such'as chlorite/serpentine and/or Fe-Ti oxides.
4) Q Prospect

Q prospect is occupied mainly by fiamme rhyolitic breccias (rhyolitic tuff in this
study), epiclastic, polymictic andesitic breccias and porphyritic andesite. Mineralization
of Q prospect can be found along veins of quartz-marcasite vein, marcasite (pyrite)-

quartz veinlet and quartz fine-grained sulphidetcalcite, and particularly appear in the
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alteration zones such as sulphide disseminated in strongly silicified host rock. The
characteristic of ore veins are small with uncertain direction. Moreover, clay mineral and
porous (vuggy) silica can be found on top of the system that indicates process of

volatile which is style of top of the hydrothermal system.
5) N Prospect

Marhotorn et al. (2008) studied igneous rocks and reported that felsic porphyry
and aphanitic mafic rocks were cross cut‘by.subsequent alteration and mineralzation.
Petrographically, felsic rocks in the N Z0ne bear similar microporphyritic to porphyritic
and phaneritic textures. They were classified as porphyritic fine-grained granodiorite.
The granodiorite is mainlys€omposed of I'plagioclase, quartz and relict hornblende. The
groundmass is charactegized: by fihe—gfai'ried quartz, apatite and incipient sphene.
Quartz and K-feldspar replaced-. rifns _t,}f ‘plagioclase phenocrysts. The aphanitic
intermediate-mafic rocks bear sim_.ila_r porpﬁy)r.itilg andesite. It is characterized by altered
plagioclase and glassy groundmasﬁ#ﬂ_ Jw_‘

N prospect in Chatrée gold deposits?iﬁéﬁlays many typical features of porphyry

Mo-Cu-Au deposits such as muttiphase intip:sidns, alteration and vein deposition, low

grade Cu mineralizatic_ﬁh and no significant Au. These were—;Identified (Marhotorn, 2008).

Alteration formed eéfly K-feldspar halos, indicative of --elmplacement during early
potassic alteration, and later halos of silica-sericite-pyrite (phyllic) alteration. Although
two potassic altered digrite dntrdsions,|as/well'as post-mineral dikes, are recognized at N
prospect, they appear to be only one event of Cu mineralization, associated with quartz
veins. Jwopweakseventsrof:-molylbdenitermay; bespresent;Ausgrades-aresvery low, and Cu

is consistently in the order of 0.16% in the RC and diamond-drilling“(Corbett, 2004).
6) V Prospect

Marhotorn (2008) suggested that the rocks of V prospect are 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 containing

relic plagioclase and hornblende, clearly presenting porphyritic texture. The altered
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porphyritic andesite is characterized by replacements of epidote, sericite and chlorite in

feldspar glassy groundmass.

Surface and subsurface map were modified from Comming et al., 2006 (Figure
2.5). Geological map shows large zones of lithic rich fiamme breccia on the western and
eastern zones of the Chatree gold deposit, large zones of polymictic andesitic breccias,
coherent andesite and monomictic. andesitic breccias towards the south and western
zones and more abundant fine-grained epiclasi€ and volcaniclastic sediments towards
the north. The large zoneste-the-south is the-N-prespect granodiorite. Generally, these
rocks are dipping towards the"east on the eastern flank and towards the west on the
western flank conforming afbroad anticlirie. Fault structures have been interpreted from

geophysical data and from drill eore’ and mine exposures (Crossing, 2004; Coming et

al., 2006). L 4
\

Stratigraphic Units:; Comming" et a_'l':._i-'(2006) and James and Comming (2007)

. £
subdivided stratigraphic units and-grouped '\iomqnic facies exposed in the Chatree mine
that occur at specific levels in the stratigraphy . They have been grouped into certain

stratigraphic units based frorﬁ '“éorhpositionf 'té}tdre and gposition in the stratigraphy.

There are 4 stratigrapﬁic_units which are mentioned below.

Unit 1: Lithic rich fiamme breccia with interbedded fine-grained fiamme rich sandstone
and siltstone with thin layers ofiaceretionany lapillisrich=siltstone and polymictic
mud matrix breccias. This unit un-conformably overlies the lower units.

Unit 2 Fine-grained epielastic sand sminory sedimentarys facies=including laminated
siltstone, "mudstone " and “carbonaceous’ t0 calcareous fossiliferous siltstone;
quartz-rich flamme breccia, polymictic and monomictic rhyolitic breccia facies.

Unit 3: Polymictic andesitic breccia, polymictic andesitic-basaltic breccia which is partly
inter—bedded and overlain by volcaniclastic sandstones, laminated
carbonaceous mudstones and minor calcareous siltstone. This unit also includes
thin isolated intervals of monomictic andesitic breccia, plagioclase phyric

andesite and hornblende phyric andesite.
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Unit 4: This unit is the lowest intersected stratigraphic unit. It contains monomictic
andesitic breccias, plagioclase phyric andesite, hornblende phyric andesite and
some polymictic andesitic breccias with isolated small bodies of coherent dacite
and rhyolite with associated thin zones of monomictic dacitic and rhyolitic

breccia. Andesite, dacite and basalt dike cross cut the whole succession.

¥
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CHAPTER 1l

PETROGRAPHY

3.1 Introduction

In this chapter, macroscopic.and microscopic descriptions of each rock type
are described in detail. Based on geologicsand stratigraphic data obtained from
Comming (2006), Marhotorn(2008), Ngkchaiya (2008) and this study, volcanic and
related rocks in Chatree.geld depasit can be subdivided into six units, i.e., porphyritic
andesite, andesitic tufii#epiciastic ;sediments, rhyelitic tuff, granodiorite and andesite
dike. Five of them (except granodlorite) ;re found in Q-prospect area, this study area.
Granodiorite intruded into only, the porphayrmc andesite (Marhotorn, 2008), the lower
volcanic layer whereas andesite dlke aplfpéars to have cut into all volcanic rocks,

pyroclastics and epiclastics (see Frgure = T) ‘However, only volcanic and pyroclastic

rocks were under interest of thls prOJect Tﬁrerefore forty three rock samples of these
#4204

rock types, €.g., porphyritic andeSIte andes’ﬁthuff rhyolitic tuff and andesite dike, were

collected from fourteen dirill- holes (see F|gure 1 3) They mclude drill holes RD2270,

RD2327, RD2686, RD2836 RD3039, RD3888, RD2884 RD2901 RD2937, RD7161,
RD7151, RD7155, RD7162 and RD7157."All"samples ‘were slab cut prior to rough
classification. Subsequentlys=thirty samples were selected and prepared as thin sections
and polished thin 'sections. Petrographic description of all reck types are reported

below.

3.2 Petrographic Description
3.2.1 Porphyritic Andesite

Porphyritic andesite samples, the lowest unit, are characterized by
aphanitic rocks that have light to dark green groundmass with some white and black

spots of phenocrysts (Figures 3.2). These phenocrysts contain mainly feldspars and
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amphiboles. These rocks are sometimes cross cut by quartz-carbonate veins and

calcite veins.
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Microscopically, porphyritic andesite is generally hypocrystalline rock
containing glass and crystals. Groundmass (~70%) is made up by mostly glassy
materials and fine grains of quartz and K-feldspar. Subhedral to euhedral phenocrysts
(~30%) set in the groundmass (Figure 3.3). The phenocrysts are mainly K-feldspar with
subordinate plagioclase and minor relic amphibole (?). In general, mineral compositions
consist of plagioclase, K-feldspar, quartz and relic amphibole. Moreover, secondary
minerals are frequently found as chlorite, ‘sericite, quartz and calcite replaced in those
primary minerals (see Figures 3.3, 3.4, 3.5 and8.6): Trachytic texture can also be found
in some samples (Figure 3.6) that are usﬂally indicated by flowing pattern of plagioclase

microlites (less than 0.01 mumwin sizes).
1
Plagiociase goniains about 20 to 25% mede. It occurs significantly as

phenocryst and partly ia"groundmass=Plagioclase phenocrysts always show subhedral
to euhedral crystals and gxhipit albite tvvins';’_(Firgure 3.3). An-content is estimated ranging

)

from 35 to 43 that fall within andesine range. Size of plagioclase phenocrysts ranges
: £y
from 0.5 to 2 mm. K-feldspar in "g’roundniiaf'sfs‘ always occurs as microlite with small
§ J i 2ol A4

subhedral crystal (Figure 3.6).ﬂ-K—f_eldspar p?rh}nonly contains about 15 to 20% that

=i

occurs as both phenacryst and groundmass: It always shows subhedral to euhedral

crystals (Figures 3.3,,(3._4 and 3.6). K—feld-ébér Vgroundm—a"s',,s is hardly identified under
microscope. Size of phenocrystic K-feldspar ranges from 0.5 to 1 mm. Highly altered K-
feldspar usually formed ds replacements of Sericite and chlorite along cleavage (Figure

3.4).

Relicvhornblende (6% )ioccursas phenocnyst ranging insize from 0.2 to
0.5 mm. dhese crystals show relic rhombohedral shape with two direction cleavage with
intersection angles of 60 and 120 degrees (Figure 3.5). Hornblende phenocrysts are

crucially replaced by sericite (Figure 3.5) and calcite (Figure 3.6).

Secondary minerals (up to 10 to 15% mode) are composed of chlorite,
sericite and opaque minerals (probably pyrite). Rectangular opaque mineral with size

smaller than 0.1 mm also disseminates in groundmass (Figures 3.4 and 3.5).



38

Figure 3.3 Photomicrograph (under cross-polarized light) of porphyritic andesite

(sample no. Q1 of RD2270) showing porphyritic texture. The phenocrysts are subhedral
to euhedral plagioclase (Pl) and K-feldspar (Kfs) sit in glass and fine-grained quartz

(Qtz).
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Figure 3.4 Photomicre@rapi (under cross-polarized light) of porphyritic andesite
d - 4 3 -

g4

' o =

(sample no. Q1 of RD2270) showing :éuhedral K-feldspar (Kfs) phenocrysts with

replacement of sericite ( / { p%qa.e (Opg) minerals (pyrite) disseminated in
idd

Figure 3.5 Photomicrograph (under cross-polarized light) of porphyritic andesite
(sample no. Q1 of RD2270) showing relic hornblende (Hbd) grain fully replaced by
sericite (Src). This relic hornblende shows rhombohedral shape with two-direction
cleavages with intersection angle of 60 and 120 degree. Opaque (Opg) minerals are

also found in groundmass.
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Figure 3.6 Photomicrograp crqss polarlzeg [g@t df porphyritic andesite (sample no.

Q7 of RD2327) showing phenocrysfs siting mlqgllte and glassy groungmass. Trachytic
texture (see yeIIowe_dlhneS) is also recognlzed Pagloc a_ée Pl) and K-feldspar (Kfs)

phenocrysts are paT‘H{ replaced by sericite. Rellc hornblende (Hbd) altered fully to
calcite (Cc). J ‘I--
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3.2.2 Andesitic Tuff Unit

Pyroclastic rocks at Q-prospect are found overlying the porphyritic
andesite. Based on classification diagram (Fisher, 1966; Figure 3.7) and mineral
composition, these pyroclastic rocks can be classified as abundant andesitic tuff with a

few andesitic lapilli-tuff.

rocks containing poorly s

30% mode (Figure 3.8). , ) .i different colors with common

Groundmass consists of quartz m|crocrystalllne plagioclase and glass.

e ﬂ“ﬂ”ﬁ@‘i’f%‘?%ﬂﬂeﬂﬁm
AW AINIUNRIINYIAY
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Block and Bombs > 64 mm

Pyroclastic breccia Symbols
B Andesitic tuff

A Rnyolitic tuff

Lapilli 64 -2 mm

Figure 3.7 Classification diagra fﬁ{{.c. ‘ ocks (Fisher, 1966) and compositional
plots of andesitic tuff and r f-"’””‘ ampl l his study.
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Figure 3.9 Photomicrograph (under cross-polarized light) of andesitic tuff (sample no.

A28 of RD7155) showing quartz (Qtz), plagioclase (Pl), K-feldspar (Kfs) and rock
fragments (Rf) ranging in size mostly < 0.5 mm of andesite consisting of plagioclase

phenocryst surrounded by glassy material.
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3.2.3 Rhyolitic Tuff Unit

Rhyolitic tuff is situated on the upper most units in Q-prospect (Figure
3.1). It widely distributes in the eastern area (Figure 2.5). Based on classification
diagram (Fisher, 1966); these pyroclastic rocks can be classified as rhyolitic tuff (Figure

3.7).

Macroscopically, r ‘ 7 s various colors usually white, pale pink
T
and pale green. In genera S } composed of about 40% quartz

: y aﬂ)ea

crystal, 40% ash and 209 en moderately to poorly sorted.

Regarding to lapilli materi rized by porphyritic andesite and

rhyolite. These rocks alw ining lenticular phenocrysts and

welded materials (Figure they were pressured, sheared
or loaded during the s group usually show local
silicification.

about 5-10% volcanic fragments
and 10-20% anhedral quartz g_r gménts are cemented abundantly by
microcrystalline qua@&and glas‘s'y"materi The 7 are characterized mainly

Quartz fra'gments are commonly subangular shape with rounded edge.
=

Moo sonH T BORANATAREARBET P

U
Secondary minerals fare mainly eemposed of sericite, chlorite and

cameﬂeﬂ{m&ﬁ ook s b Jedtbtlar hoxhrt b 7 Joniorte (Figure

3.13).
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Figure 3.11 Photomicrograph (under cross-polarized light) of rhyolitic tuff (sample no.
Q17 of RD2884) shows angular to subrounded quartz (Qtz) grains and rock fragments
(Rf) sit in fine-grained quartz. Some quartz grains show embay outline. The rock

fragments are mostly rhyolite.
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Figure 3.13 Photomicrograph (under cross-polarized light) of rhyolitic tuff (sample no.

Q19 of RD2884) showing lenticular sericite (Src) surrounded by chlorite (Chl). Rock

fragment (Rf), quartz (Qtz), calcite (Cc) is commonly found.
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3.2.4 Andesite Dike

Andesite dike is the latest stage cutting through porphyritic andesite,
andesitic tuff and rhyolitic tuff. This rock also shows magnetic property. These samples
are normally aphanitic rocks that have green color with black and white spots of

porphyritic texture (Figure 3.14).

Microscopically, theses r!);% ;hﬁw hypocrystalline texture and contain

about 50% plagioclase, 20°/o-.:;__gopyroxe }% quartz. Moreover, it consists of
——
small plagioclase phenocmciosedfparﬂy“by’pmxene crystals, called subophitic

texture (Figure 3.15). W th nerally ranges in size from 0.2 up to 0.5 mm.

Pyroxene, mostly chara z yroxene Flgures 3.15 and 3.16) with size

i -
ranging from 0.1 to 1 m bt fm%g'érfd chlorite (10%) are common secondary

minerals that may be repla

Figure 3?14 A slab specimen of andesite dike (sample no. Q6 of RD2327) shows
aphanitic groundmass and porphyritic texture. Black and white spots indicate

phenocysts which may be plagioclase and pyroxene.
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¥
< b Jaat

otomicrogra r dosé;polarized light). of andesite dike (sample no.

=4 { L
Q6 of RD2327) showing subophi c'textur%,edhedral plagioclase (Pl) enclosed partly by

J..
clinopyroxene (Cpx), quartz (Q Z)’a‘ﬁ& chlarite {Chl) surrounded by glassy material and

i
L N

,.

Figure 3.16 Photomicrograph (under cross-polarized light) of andesite dike (sample no.

Q6 of RD2327) shows clinopyroxene (Cpx), plagioclase (Pl) and quartz (Qtz). Epidote

(Ep) and chlorite (Chl) are also found in this rock.



CHAPTER IV

GEOCHEMISTRY

4 .1 Introduction

Volcanic and pyroclastic rocks within the Q-prospect can be subdivided, based
on petrographic feature, into-four major rfoek .units, including porphyritic andesite,
andesitic tuff, rhyolitic tuff and andesite (_jjke. In-addition, alteration and weathering have
been recognized in manyssamples.that would affect significantly on their geochemistry.
Twenty five less altered"samples were sé,llected and prepared for whole-rock analyses
of major, trace and rare earth elements in order to geochemical investigation and

interpretation of magmatic evolution and jfectonic setting. Core samples were crushed

\ A

using jaw crusher prior {0 hand piek for Cfean fragments to avoid weathered surfaces,
veinlets and xenocrysts. All selected fragments were subsequently powdered using an

'
ald ¥ K
agate mortar. —

The powder samples were-initially dmed-fat 110°C for 12 hours in an oven and
then were measured loes—en—;g%en—él:@l)—ey—we{gh{—aﬁerheatmg at 900°C for 3 hours
using TMF-200 electrlc furnace. Subsequently, the drled powder samples were
weighted to 0.8 g and then mixed with 1.0 g of lithium metaborate (LiBO,) and 3.0 g of
lithium tatraborate Li,B,Q,) in‘order to/make glass beads for-major- and some trace-
element analysés which were carried out using a X-ray Fluorescence Spectrometer

(XRF; nfodéliPW2404),

Analyses of trace and rare earth elements were accomplished by an Inductively
Coupled Plasma-Mass Spectrometer (ICP-MS; model Agilent technology 7500 series).
Powder samples of 0.1000 g (+0.0001 g) were dissolved in a mixed HF-HNO,-HCIO,
acid within sealed Teflon beakers. Detection limits were estimated at 0.01% for major

oxides, 0.01-1 ppm for trace elements and 0.01 ppm for rare earth elements. All
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techniques applied to whole-rock analyses are baesd at Department of Earthscience

and Technology, Faculty of Engineering and Resource Science, Akita University, Japan.
4.2 Geochemical Analysis

Twenty five rock samples including seven porphyritic andesite samples, five
andesitic tuff samples, eleven rhyolitic tuff samples and two andesite dike samples were
analyzed, accordingly. Representative @ analyses of chemical compositions are

summarized in Table 4.1 whereas all the analyses.are reported in Appendix C.
-t

4.2.1 Major Compesitions

Porphyriticiandesiiic rocksllconsist of samples Q-4, Q-7, Q-8, Q-13, Q-14,
Q-24, A-34 and A-35. Thesé ratké vary-in-eomposition Between 43.77 - 54.82% SiO, (av.
49.78%), 0.39 - 0.63% TiO, (avi O-.51%),_";14.;84 = 18:69% ALO, (av. 16.74%), 7.10 -
10.33% FeO, (av. 9.12%), 0.17 — 044% N/InO (av. 0.30%), 4.50 — 9.26% MgO (av.
6.59%), 0.81 - 3.64% Ca0 (aV. 2.41%), 0.19) 1.61% Na,O (av. 0.66%), 2.36 — 10.43%
K,0 (av. 7.07%) and 0.03 - 0.15% P, (av. 0:11%).

e ) =

AndeRicaliiEie o oM

g =i

3, A-28, A-86/and A-38) are composed of

46.31 — 55.29% SiO, (a"V. 51.34%), 0.43 — 0.56% TiO, (av. ‘6;49%), 156.75 — 18.28% Al,0O,
(av. 16.59%), 8.33 - 10.84% FeO, (av. 9.15%), 0.28 — 0.48% MnO (av. 0.37%), 4.77 -
9.23% MgO (av. 6.68%), 0.28:- 3.19% CaO (av. 0.97%), 0.16 — 0.21% Na,O (av. 0.18%),
6.98 — 10.12% K,0O (av..8:37%),/and.0.06 = 0c11% P,0x (av.[0i09%). In general, andesitic
tuff has the same major oxide ranging within the same compositionirange of porphyritic

andesite;

Rhyolitic tuffs, including samples Q-14, Q-17, Q-22, Q-40, Q-41, Q-42, A-
25, A-27, A-31, A-33 and A-39, have various compositions ranging from 67.10 to
80.02% SiO, (av. 72.76%), 0.13 to 0.32% TiO, (av. 0.24%), 5.71 to 14.43% ALO, (av.
10.46%), 2.15 t0 5.25% FeO, (av. 3.56%), 0.02 to 0.26% MnO (av. 0.11%), 0.76 to 3.33%
MgO (av. 1.87%), 0.34 to 4.29% CaO (av. 1.51%), 0.12 to 2.26% Na,O (av. 0.35%), 2.03
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to 8.38% K,O (av. 5.25%) and 0.04 to 0.10% P,O, (av. 0.07%). They quite vary in

chemical compositions which may have been effected by alteration processes.

Andesite dikes containing only two samples (Q-6 and A-26) are
composed of 52.32 and 53.90% SiO, (av. 53.11%), 1.18 and 0.90% TiO, (av. 1.04%),
17.12 and 16.45% ALO, (av. 16.78%), 8.89 and 7.45% FeO, (av. 8.17%), 0.14 and
0.15% MnO (av. 0.15%), 3.40 and 4.31% MgO (av. 3.86%), 6.76 and 7.48% CaO (av.
7.12%), 4.32 and 3.26% Na,O (av. 3.79%), 4.52 and 1.51% K,O (av. 1.52%), and 0.30
and 0.23% P,O; (av. 0.26%); respectively. fi-addition, TiO, CaO, Na,0 and P,Oq
contents of these andesite"dikes are obviously higher than other rock types. On the
other hand, their MnO@*and«K,O contel[}ts are lower than porphyritic andesite and

andesitic tuff. That shows quite different composition of thisiyounger dike.

Harker-type diagrams shovzk;variation plots of other major oxides against
wt% of SiO, (Figure 4.1). Negatiye_correléftigr]_between SiO, and some major oxides
particulalrly TiO,, ALO,, FeO, MnQ and M"gf';@_.gre recognized whereas some elements
(e.g., Ca0, Na,0, K,0 and PZOé) Show un(;L_'éEifiy correlation. Moreover, SiO, contents
can be used to distinguish rhyolitic-tuff fro'rﬁ:?t'hé other groups, due to their extremely
high SiO, contents; wmm—appear—tg—haxﬁe—beenﬁsu@rﬂed by fluid of late stage
hydrothermal activity/..‘MgO plotted against the other oxide-é were also investigated as
shown in Figure 4.2. ﬂﬂis type of diagram is more aprﬁropriate for these rock series
which contain {varigable:MgO é¢ontentsiias ‘suggested by ‘Rallinson (1993). In general,
MgO variation shows positive correlation against TiO,, Al,O,, FeO,, MnO and P,O, and
negativey corelationyagainst «SiO; However, these, chemicalyarfations may indicate
important, role of differentiation and fractional crystallization processes during the
magmatic evolution of porphyritic andesite, and magma related to andesitic tuff and
rhyolitic tuff. Consequently, they appear to have been originated from the same magma
source. On the other hand, andesite dikes show clearly different compositional trend of
major and minor oxides, particularly TiO,, CaO, Na,0 and P,O,; it would indicate

different magma source from the former rocks.
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Table 4.1 Major oxide (in wt. %), trace and rare earth elements (in ppm) for Q-prospect

volcanic rocks

Rock Porphyritic andesite Andesitic tuff Rhyolitic tuff Andesite dike

Sample Q-7 Q8 Q13 Q-9 A-38 Q43 Q14 Q17 A-31 Q-6 A-26
Sio, 48.53 47.62 51.07 48.55 52.92 53.61 67.10 67.18 67.88 52.32 53.90
TiO, 0.56 0.42 0.53 0.53 0.48 0.46 0.32 0.30 0.31 1.18 0.90
ALO, 18.69 15.71 17.07 16.27 18.28 11.16 14.43 11.54 17.12 16.45
FeOt 10.18 10.33 8.06 412 3.74 5.25 8.89 7.45
MnO 0.31 0.23 0.07 0.17 0.14 0.15
MgO 5.31 7.89 0.95 2.97 3.40 4.31
CaO 0.81 3.58 1.05 1.27 6.76 7.48
Na,O 0.30 0.19 0.20 0.16 4.32 3.26
K,0 9.45 6.50 8.38 7.41 1.62 1.51
P,O, 0.12 0.03 0.06 0.07 0.30 0.23
LOI 5.19 6.76 3.22 2.60 2.24 3.83
Total 99.44 99.26 4 . ¢ 9 1 00.3¢ - 98.80 99.59 99.61 98.20 99.47
Sc 33.09 27.59 18.17 17.59 17.32 22.50 19.01
Vv 329.40 195.30 127.90 91.86 145.50 230.30 184.80
Cr 24.27 22.26 27. 21.27 13.17 27.21 34.87 90.63
Co 26.75  32.05 06 _ 631 12.00 2333 2341
Ni 11.42 pd ‘ 5.66 10.59 18.44 39.42
Cu 83.71 . ‘— 8.4 27.53 48.07 100.90 79.61
zn 44.01 49.01 67. . m . 114.40 58.69 40.53 76.80
Ga 18.35 16.99 19.54 17.36 20.07 20.33 2.67 14.32 12.92 21.22 19.81
Rb 89.63 15 90 108.90 83.64." 153.40 94.00 124.50 96.70 22.80 20.71
Sr 138. Yﬂ u HP’% ﬂ Qﬁ w 5 w ﬂ\ ’] ﬁﬁ% 40 39.43 638.40 392.20
Y 13.09 “1618 11.36 7.75 3.67 6.78 6.76 14.62 23.04 17.40
zr* 8.21 151.34 127.33
o ARSI ﬁ%'ﬁﬂﬁi'} &fm
Cs 1.28 0.18 0.63 .64 0.33 0.74 0.10 0.13
Ba 5241 1979 1318 3138 5467 2170 941 575 1100 235 304
Hf 0.50 0.62 0.74 0.35 0.31 0.57 0.38 1.31 0.35 1.89 1.65
Ta 0.25 0.24 0.26 0.23 0.24 0.24 0.13 0.20 0.12 0.42 0.43
Pb 1.1 0.98 2.06 9.91 3.08 217 1.91 3.10 0.73 4.62 4.15
Th 0.34 0.50 0.53 0.17 0.15 0.42 0.26 1.13 0.24 1.36 1.15
U 0.10 0.12 0.16 0.08 0.06 0.16 0.13 0.71 0.07 0.52 0.42
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Rock Porphyritic andesite Andesitic tuff Rhyolitic tuff Andesite dike
Sample Q-7 Q-8 Q-13 Q-9 A-38 Q-43 Q-14 Q-17 A-31 Q-6 A-26
La 3.09 2.93 2.91 1.29 0.73 1.23 3.15 3.57 1.40 12.96 10.91
Ce 7.47 7.41 7.20 3.59 2.01 3.06 7.44 8.67 3.41 31.23 25.95
Pr 1.1 1.12 1.05 0.56 0.32 0.44 1.07 1.18 0.53 4.41 3.61
Nd 5.47 5.69 5.01 3.00 2.25 5.09 5.49 2.65 20.04 16.06
Sm 1.71 1.55 1.56 0.85 4.99 3.84
Eu 1.20 0.43 0.44 1.43 117
Gd 2.19 1.88 0.97 5.45 3.94
Tb 0.36 0.35 0.16 0.77 0.58
Dy 2.32 2.60 1.03 4.47 3.34
Ho 0.50 0.60 0.21 0.89 0.65
Er 1.47 2.1 0.68 2.53 1.86
m 0.20 0.33 0.1 0.34 0.25
Yb 1.36 2.30 0.70 2.18 1.65
Lu 0.19 0.37 0.1 0.31 0.23

AULINENINYINT
ARIAATAUNNIING A Y
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Figure 4.1 Harker-type variation diagrams of major and minor oxides (wt%) versus SiO,

(Wt%) of rock samples from Q-prospect.
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Figure 4.2 Harker-type variation diagrams of major oxides (wt%) versus MgO (wt%)

rock samples in the study area.
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4.2.2 Trace Elements and Rare Earth Elements
Trace elements

Representative analyses of trace elements of volcanic samples from Q
prospect, Chatree Gold Deposit are summarized in Table 4.1 and all analyses are
collected in Appendix C. The detailed description of some crucial elements is given

below.

Lithium (Li) values range from 13_.}56 t089.68'ppm (av. 23.79 ppm) in porphyritic
andesite, 11.27 to 23.66_ppm (av.-18.44 ppm) in andesitic tuff, 6.08 to 15.53 ppm (av.
10.68 ppm) in rhyolitic tuff, ana™ 3:20 o 16.98 ppm (av. 15.09 ppm) in andesite dike.

|

Beryllium (Be) contents vary from 0.30 t0 0.48 ppem (av. 0.39 ppm) in porphyritic
andesite, 0.28 to 0.41 ppm (av. 0.33 :ppm)) in andesitic tuff0.14 to 0.43 ppm (av. 0.33

ppm) in rhyolitic tuffs and 0.67 t@ 1.'03 ppm (‘av (_).85 ppm) in andesite dike.

Scandium (Sc) ranges from 23 18 to 34 74 ppm (av. 29.12 ppm) in porphyritic
andesite, 0.28 to 0.41 ppm (av 31 oS pprﬁFrn andesmc tuff, 5.31 to 18.69 ppm (av
13.25 ppm) in rhyo||t|c tuff and 19 01 to 22. 50 ppm (av 20. 76 ppm) in andesite dike.

Vanadium (V) contents are from 183.10 to 329.4‘0 ppm (av. 234.73 ppm) for
porphyritic andesite, 20270 to 323.80 ppm (av. 242.06 ppm) for andesitic tuff, 25.14 to
157.30 ppm (av. 88.96' ppm) Tor rhyolitic tufftand 184.80-t0“230.30 ppm (av. 207.55

ppm) for andesite dike.

Chromium (Cr)%cantents range «from 20.70-to 32,96 ppm (av./ 25.14 ppm) in
porphyritic andesites, 22.61 to 28.94 ppm (av. 25.33 ppm) in andesitic tuff, 4.72 to 29.38
ppm (av. 15.18 ppm) in rhyolitic tuff and 34.87 ppm and 90.63 ppm (av. 62.75 ppm) in

andesite dike.

Cobalt (Co) values range from 21.06 to 32.05 ppm (av. 26.24 ppm) in porphyritic
andesite, 17.96 to 29.71 ppm (av. 24.04 ppm) in andesitic tuff, 3.18 to 14.18 ppm (av.
8.27 ppm) in rhyolitic tuff, and 23.33 to 23.41 ppm (av. 23.37 ppm) in andesite dike.
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Nickel (Ni) contents vary from 8.92 to 15.02 ppm (av. 12.63 ppm) in porphyritic
andesite, 7.79 to 13.78 ppm (av. 10.67 ppm) in andesitic tuff, 1.70 to 10.59 ppm (av.
5.26 ppm) in rhyoritic tuff and 18.44 to 39.42 ppm (av. 28.93 ppm) in andesite dike.

Cupper (Cu) values range from 35.42 to 228.60 ppm (av. 101.56 ppm) in
porphyritic andesite, 29.35 to 112.00 ppm (av. 64.27 ppm) in andesitic tuff, 6.49 to 66.37
ppm (av. 29.63 ppm) in rhyolitic tuff, and .79.61 to 100.90 ppm (av. 90.26 ppm) in

andesite dike.

Zinc (Zn) ranges from 30.32 t'6’w 109.70_ppm (av. 68.90 ppm) in porphyritic
andesite, 57.51 to 166.90_ppm.(av. 108.90 ppm) in andesitic tuff, 24.51 to 100.20 ppm
(av. 52.50 ppm) in rhyolitic" tuff, and 40.@33 to 76.80 ppm (av. 58.67 ppm) in andesite

dike. g

_—

e

Gallium (Ga) valuest range fromffd16.34 to 19.64 ppm (av. 17.86 ppm) in

porphyritic andesite, 15.26 1o 20.33 fppm (av* 18.16 ppm) in andesitic tuff, 7.65 to 14.32
vl

ppm (av. 10.74 ppm) in rayolitic -tuff, andr-h1_9j§31 to 21.22 ppm (av. 20.52 ppm) in

andesite dike.

Rubidium (Rb)~contents=vary-from-44=88-to 148.-10'lppm (av. 100.56 ppm) for
porphyritic andesite, 83.64 to 153.40 ppm (av. 110.44 ppm) for andesitic tuff, 21.23 to
124.50 ppm (av. 75.84prm) for rhyolitic tuff, and 20.71 {o 22.80 ppm (av. 21.76 ppm)

for andesite dike.

Strontium (Sr) values range“from 77.21 t6%224.60 ppm (av. 148.20 ppm) in
porphyritic andesite, 7848 to 938.70 ppm (av. 268.42 ppm) in andesitic tuff, 28.71 to
122.40 ppm (av. 67.61 ppm) in rhyolitic tuff, and 392.20 to 638.40 ppm (av. 515.30 ppm)

in andesite dike.

Yttrium (Y) contents vary from 8.21 to 16.18 ppm (av. 11.38 ppm) in porphyritic
andesite, 3.67 to 7.75 ppm (av. 6.18 ppm) in andesitic tuff, 3.84 to 14.62 ppm (av. 7.05

ppm) in rhyolitic tuff, and 17.40 to 23.04 ppm (av. 20.22 ppm) in andesite dike.
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Zircon (Zr) contents range from 28.01 to 56.10 ppm (av. 41.88 ppm) for
porphyritic andesite, 24.24 to 48.58 ppm (av. 31.37 ppm) for andesitic tuff, 22.04 to
88.38 ppm (av. 38.79 ppm) for rhyoritic tuff, and 127.33 to 151.34 ppm (av. 139.33 ppm)

for andesite dike.

Niobium (Nb) contents are from 0.72 to 1.19 ppm (av. 0.89 ppm) for porphyritic
andesite, 0.31 to 0.88 ppm (av. 0.55 ppm) for andesitic tuff, 0.04 to 1.76 ppm (av. 0.72

ppm) for rhyolitic tuff and 3.17 t@ 4.31 ppm (av..8.74 ppm) for andesite dike.

wd
Cesium (Cs) contents are from 0.21 10 .3.06 ppm (av. 1.04 ppm) in porphyritic
andesites, 0.33 to 1.08 ppm (2w 0.67 ppm) in andesitic tuff, 0.13 to 1.92 ppm (av. 0.77
ppm) in rhyolitic tuff and 010 ppm and 0.113 ppm (av. 0.12 ppm) in andesite dike.

a &

Barium (Ba) centents fange~from’ 64.17 to 5241 ppm (av. 2347 ppm) for
porphyritic andesite, 1914 to0 6086 ppm (avfiw3754 ppm) for andesitic tuff, 269.60 to 1400
ppm (av. 900.83 ppm) for rhyoritié tpff, andé3é.30 to 304.20 ppm (av. 269.75 ppm) for

o 1

andesite dike. =4,

Hafnium (Hf) values range from O.37§fto’€)i74 ppm (av. 0.55 ppm) in porphyritic

andesite, 0.31 to 0.57=ppm=(av:-0:38-ppm)-in-andesitic-tuff '.0'21 to 1.31 ppm (av. 0.49

ppm) in rhyolitic tuff, and 1.65 to 1.89 ppm (av. 1.77 ppm) in andesite dike.

Tantalumy, (Ta). valués®narrow .range.from.0.20 to 0.29.ppm (av. 0.26 ppm) in
porphyritic andesite;0.24't0'0.24 ppm (av. 0.23'ppm)‘in andesitic tuff, 0.06 to 0.21 ppm
(av. 0.13 ppm) in rhyolitic tuff, and 0.42 to 0.43 ppm=(av. 0.43 ppm) in-andesite dike.

'ead (Pb) contents are from 0.98 to 7.01 ppm (av. 2.37 ppm) for porphyritic
andesite, 1.34 to 9.91 ppm (av. 3.72 ppm) for andesitic tuff, 0.73 to 6.09 ppm (av. 2.73

ppm) for rhyolitic tuff and 4.15 to 4.62 ppm (av. 4.38 ppm) for andesite dike.

Thorium (Th) contents range from 0.21 to 0.53 ppm (av. 0.40 ppm) in porphyritic
andesites, 0.15 to 0.42 ppm (av. 0.25 ppm) in andesitic tuff, 0.18 to 1.13 ppm (av. 0.45

ppm) in rhyolitic tuff and 1.15 ppm and 1.36 ppm (av. 1.26 ppm) in andesite dikes.
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Uranium (U) contents are from 0.09 to 0.23 ppm (av. 0.14 ppm) for porphyritic
andesite, 0.06 to 0.31 ppm (av. 0.14 ppm) for andesitic tuff, 0.07 to 0.71 ppm (av. 0.29

ppm) for rhyolitic tuff and 0.42 to 0.52 ppm (av. 0.47 ppm) for andesite dike.

-y
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Trace elements can be used to identify the geological processes. In
general, they can be subdivided into incompatible and compatible elements. The
incompatible elements are characterized by two main groups; the low field strength
(LFS) group (e.g., Cs, Sr, K, Rb and Ba) are mobile; on the other hand, the high field
strength (HFS) elements (e.g., REE, Sc, Y, Th, Zr, Hf, Ti, Nb, Ta and P) are immobile.
Compatible elements also include immobile elements (e.g., Co, Ni, V and Cr) and
mobile elements (e.g., Mn, Zn and Cu). Middlemost (1985) suggests that Sc, V, Cr, Co
and Ni are usually concentrated in the ferfomagnesian minerals instead of magma.
Consequently, these elements are usuaﬁy low._concentrations in andesitic rocks which
have been originated from_differentiated magmas. In addition, the variation diagrams of
SiO, versus trace elements /Can: be ;llsed to investigate differentiation, fractional
crystallization and other processes involved in the magmatic evolution (Figure 4.3). As a
result, plots show negative corre|atior:1 be_gwe,en SIO, versus Co, Ni, Sc and V. These

elements appear to decréase in foere felsic'x_f_;omposition.

Figures 4.4 t@ 4. 7 shovv MORB (Pearce 1983) normalized incompatible

element patterns of the Q- prospect volcamc‘ pyroclastlc and dike rocks. These rocks

ot e

are characterized by enrlchments of LFS (e.g., Sr, K, Rp, Ba and Th) and depletion of

HFS (e.g., Ta, Nb,.Nb, Ce, P, Zr, Hf, Sm, Ti and Y) that indicated to island-arc
environment (Pearce, .1982). Spider patterns between _host rocks (e.g., prophyritic
andesite, andesitic tuff andwrhyolitic tuff) and andesite dike are obviously different;
patterns of andesite«dike show Ce, P and Sm enfichment related to calc-alkaline series
whereas the host rocks are close to tholeiitic series (Hawkesworthrand Powell, 1980

cited in"Wilson, 1989).

The primitive mantle (composition by McDonough et al.,, 1992)
normalized trace element patterns of the Q-prospect volcanic, pyroclastic and dike
rocks are shown in Figures 4.8 to 4.11. These spider diagrams mark spikes clearly at
Ba, K, Sr and slightly at U with a pronounced trough at Nb. These features may indicate

that these rocks were formed by island-arc as suggested by Wilson (1989).



1000

100

Rock/MORB

62

01 I I 1 1
s K “od a N Zr Sm i
, B &
= Q4 y 4 24— A-34 o A35
Figure 4.4 MORB normalized i ompali tterns of porphyritic andesites
A
from Q-prospect. The RB te fro 8
- e :
: AN,
100 4
g 107
(@) F
= B
= [
g 1 ¢ o v
0.1
Q w | ¢ "o Y]
q "
Sr K Rb  Ba Th Ta Nb  Ce P Zr  Sm Ti
——Q9 —m-A36 A -A38 —-Q43 —x-AD28

Figure 4.5 MORB normalized incompatible element patterns of andesitic tuffs from Q-

prospect. The MORB values are from Pearce (1983).



63

10

Rock/MORB

0.1

0.01

Sr Sm Ti

—o—A27 A25 g A3

Figure 4.6 MORB nori s of rhyolitic tuffs from Q-

prospect. The MORB va

100 -

Rock/MORB

p ) =

AN INY 1Y

K Rb  Ba Th Ta Nb  Ce P Zr  Sm Ti Y

N

—e-Q6 _—mA26

Figure 4.7 MORB normalized incompatible element patterns of andesite dikes from Q-

prospect area. The MORB values are from Pearce (1983).



64

1000

100

Rock/Primitive mantle

10
1 4
0 1
Rb s Nd Y
Figure ¢ ~ —®— Q4 A34 A3 slement

patterns of porphyritic @ndesit

1000
100 § -
S Voun
E -
_g 10 '\i&
2 » \
§ = ‘TA-\V\NQ ¥ -
¢ In B ek

fl]
Y- 7
q Rb Ba Th U Nb K La Ce Sr Nd Y
—e-Q9  —m-A36 4 A38  —-Q43  —x%_A28

Figure 4.9 Primitive mantle (McDonough et al., 1992) normalized incompatible element

patterns of andesitic tuff from Q-prospect area.



65

100
o
Z
g 10
2 o
o .
Q
[e)
[v4

01

001 : :

Rb Sr

—e—A27 e Q- % A25 @ A31
4 A33 - \ +Q22

Figure 4.10 Primitive man ormalized incompatible element

patterns for rhyoritic tuff fro

100

e a\g/ We
ARIAINTUURIINYA Y

ock/Primitive mantle

Rb  Ba Th U No K la Ce S Nd Y
——-Q6 —m—A26
Figure 4.11 Primitive mantle (McDonough et al., 1992) normalized incompatible element

patterns for andesite dike from Q-prospect area.

Rare earth elements



66

Rare earth elements (REE) of samples are selectively present in Table
4.1 and mostly collected in Appendix C. The detailed description of some elements is

given below.

Lanthanum (La) values range from 2.25 to 4.31 ppm (av. 3.02 ppm) in
porphyritic andesite, 0.73 to 2.60 ppm (av. 1.46 ppm) in andesitic tuff, 1.16 to 4.90 ppm
(av. 2.37 ppm) in rhyolitic tuff, and 10.91 t012.96 ppm (av. 11.94 ppm) in andesite dike.

Cerium (Ce) ranges from 5.54 t0°9%B8«ppm (av. 7.23 ppm) in porphyritic
andesite, 2.01 to 5.19 ppm (av. 3.46 pp'r‘fw]) in-andesitic tuff, 2.77 to 10.40 ppm (av. 5.50
ppm) in rhyolitic tuff, and 25:95 {0°31.23 ppm (av. 28.59 ppm) in andesite dike.

)

Praseodymium*(Pr)Values range, from 0.84 to 1.31 ppm (av. 1.06 ppm) in

porphyritic andesite, 0.32 t0/0.69 ppm (av-'O 50 ppm) in andesitic tuff, 0.38 to 1.40 ppm

(av. 0.76 ppm) in rhyoliticituffyand 3.61 to 4 41 ppm (av. 4.01 ppm) in andesite dike.

Neodymium (Nd) contents vary frofn_457 to 6.29 ppm (av. 5.28 ppm) for

porphyritic andesite, 1.62 to 3. 21 ppm (av. Zﬁappm) for andesitic tuff, 1.89 to 6.31 ppm

dike. (o= —

Samarium (Smjwalues range from 1.21 to 1.92 ppm (av. 1.59 ppm) in porphyritic
andesite, 0.54 t0,1.04 ppm_(av. 0.81 ppm) in“andesitic.tuff,.0.52 to 1.57 ppm (av. 1.00

ppm) in rhyolitic tuff,"and-8.84 to' 4.99-ppm (av. 4.41 ppm)’in andesite dike.

Europium! {&u), “contents ‘range from “0.53 ta/ 1.20 "pprm!(av.! 0.85 ppm) in
porphyritic andesites, 0.56 to 1.09 ppm (av. 0.79 ppm) in andesitic tuff, 0.27 to 0.61ppm
(av. 0.46 ppm) in rhyolitic tuff and 1.17 ppm and 1.43 ppm (av. 1.30 ppm) in andesite
dikes.

Gadolinium (Gd) contents are from 1.43 to 2.47 ppm (av. 1.93 ppm) for
porphyritic andesite, 0.68 to 1.37 ppm (av. 1.05 ppm) for andesitic tuff, 0.61 to 1.88 ppm
(av. 1.16 ppm) for rhyolitic tuff and 3.94 to 5.45 ppm (av. 4.69 ppm) for andesite dike.
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Terbium (Tb) values range from 0.23 to 0.42 ppm (av. 0.31 ppm) in porphyritic
andesite, 0.11 to 0.22 ppm (av. 0.17 ppm) in andesitic tuff, 0.08 to 0.35 ppm (av. 0.18

ppm) in rhyolitic tuff, and 0.58 to 0.77 ppm (av. 0.68 ppm) in andesite dike.

Dysprosium (Dy) ranges from 1.50 to 2.79 ppm (av. 2.02 ppm) in porphyritic
andesite, 0.79 to 1.46 ppm (av. 1.18 ppm) in andesitic tuff, 0.66 to 2.60 ppm (av. 1.24

ppm) in rhyolitic tuff, and 3.34 to 4.47 ppm (ay. 3.90 ppm) in andesite dike.

Holmium (Ho) contents vary from 0.32.t6.0:60 ppm (av. 0.43 ppm) for porphyritic
andesite, 0.17 to 0.29 ppm (av. 0.25 pp%) for andesitic tuff, 0.14 to 0.60 ppm (av. 0.27

ppm) for rhyolitic tuff, and 0:65 t00.89 ppm (av. 0.77 ppm) for andesite dike.

l
Erbium (Er) contentgfrange from 0.95 to 1.78 ppm (av. 1.30 ppm) in porphyritic
andesites, 0.54 to 0.89ppmi(ay. 0.77°ppm) in andesitic tuff, 0.46 to 2.11 ppm (av. 0.88

ppm) in rhyolitic tuff and 4.86ppm and 2.5§pbm (av. 2.20 ppm) in andesite dikes.

Thulium (Tm) values narrowa range’;ﬁom 0.14 to 0.26 ppm (av. 0.19 ppm) in

porphyritic andesite, 0.08 to 0.13-ppn (av. O_:L_I'i'gp;pm) in andesitic tuff, 0.06 to 0.33 ppm

Ytterbium (YD) contents are from 0.98 to 1.84 pprmi (av. 1.32 ppm) for porphyritic
andesite, 0.55 to 0.98 ppm (av. 0.78 ppm) for andesitic tuff, 0.44 to 2.30 ppm (av. 0.93

ppm) for rhyolitic.tuff and 1.65't0 2.18 ppm (av: 1.92 ppm) for.andesite dike.

Lutetium™(Lu) values range from 0.16 to 0.26 ppm (av. 0.20 ppm) in porphyritic
andesite, 0.09 to| 0-6+ppm (av: 0:12 ppm) in andesitic' tuff, 0.06 el 0.37 ppm (av. 0.14

ppm) in rhyolitic tuff, and 0.23 to 0.31 ppm (av. 0.27 ppm) in andesite dike.

The whole series of REE are relatively immobile during weathering,
hydrothermal alteration and low-grade metamorphic (Rollinson, 1993). The REE
analyses are normalized by composition of chondrite (reported by Boynton, 1984) prior
to plotting. The chondrite-normalized REE patterns of all rock types are present in

Figures 4.12 to 4.15. The patterns of porphyritic andesite and rhyolitic tuff show gentle
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slopes that indicate high degrees of partial melting >20% (compared to those reported
by Rollinson, 1993) and have LREE fractionated patterns with average (La/Yb),, ratios of
about 1.58 and 1.79, respectively (Figures 4.12 and 4.14). The andesitic tuff presents
almost flat patterns with an average (La/Yb),, ratio of 1.25 (Figure 4.13). In addition, most

of the patterns show similarly high positive Eu anomalies (Figures 4.12 to 4.14). On the

other hand, patterns of andesite dikes show significantly LREE enrichment, that may

characterized by slop / ‘ leiitic basalts typically have
light-REE depleted p \ s the cal alts are light-REE enriched

(Wilson, 1989). These ; 1 yric andesite, andesitic tuff

The Eu” Sle”in ollinson, 1993) are liberated by

incompatible trivalent REE remain

relatively immobile (Gifkins—et—al-—20056)—This-informat q confirms different magma
source of the late staiij a hﬂd», all previous volcanic and

pyroclastic rocks seem toﬂhave similar magma source which appear to have undertaken

e B ?WﬂWﬁWﬂﬂeﬂﬁ
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Figure 4.13 Chondrite normalized REE patterns of samples from andesitic tuff. The

chondrite compositions are from Boynton (1984).
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4.3 Rock Classification

Total alkali-silica diagram (TAS) is one of the most useful classification schemes
available for volcanic rocks but the Chatree volcanic and pyroclastic rocks have very
high K,O contents (see Table 4.1) that would be a result of alteration. Figure 4.16 shows
total alkalis-silica (TAS) diagram (Le Bas et al., 1986) which can yield unclearly
nomenclature of these rock samples because the alkalis are likely to have been
mobilized during weathering; alteration ‘and" _metamorphism. Therefore, alternative
diagram suggested by Winchester and, Floyd (1977) is used; it is plotting between
Zr/TiO, and SiO, (Figure47). [n-this case, porphyritic:andesites fall within andesite and
sub-alkaline andesitic ‘basali(Sub-AB) fieflds; andesitic tuffs are classified as andesite
and sub-alkaline andesitic asali fields; rhyolitic tuffs are located within rhyolite and

rhyodacite/dacite fieldsj'late’stage andesite dikes are classified as andesite and sub-

alkaline andesitic basalt fields. "
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Figure 4.16 Total alkalis silica (TAS) diagram (Le Bas et al., 1986) for volcanic and
pyroclastic rocks from Q-prospect area. The subdivision of volcanic rocks into alkaline

and subalkaline (tholeiitic) was made from data of Irvine and Baragar (1971).
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CHAPTER V

DISCUSSIONS

Discussion will be focused into two main topics including (1) petrogenesis and

(2) tectonic setting. Details of both aspects are described below.

5.1 Petrogenesis

Petrographic features indicate tI‘rJ]at the volcanic rocks in Q-prospect of the
Chatree gold deposit are /haracterized by aphanitic. and porphyritic textures which
clearly indicate violent.eruptions that mayﬁave pbeen taken place more than one stage.
On the other hand, late stage andes,lte dlkens significantly characterized by plagioclase
enclosing clinopyroxene crystals, called as subophmc texture which is a characteristic
of shallow intrusive. These volcanlc rocks cadrr1 -t‘)q distinguished, based on geochemistry,
mostly as alkaline, except rhyolitic 1uff. is ck?@flx_r_elated to sub-alkaline series using a

diagram of Irvine an'd_?Baragar (1971) (Figure 4.16). More(p"ver, AFM diagram proposed

by Irvine and Baragér- (“1_971) is used additionally to differentiate these magma series. As
the result, these volcanic rocks are mostly plotted on the calc-alkaline series (Figure
5.1). However, both diagrams. are. constructed. from major oxides, particularly alkali

contents which'seemto-have'been madified by late alteration précess.

Alternativelys, Zcversus PO, diagram: shows all' the.rock samples are plotted in
the field ‘of tholeiitic basalt (Figure 5.2). In addition, Y-Zr diagram (MaclLean and Barrett,
1993) shows all samples of porphyritic andesite, andesitic tuff and rhyolitic tuff are
related to tholeiitic magma series whereas samples of andesite dike are characterized

by transitional and calc-alkaline magma series (Figure 5.3).

Low contents of Ni, Cr and Co indicate that these rocks appear to have

originated from evolved derivative magma that is indirect from the primitive mantle
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(Green, 1980). MORB-normalized trace elements (see Figures 4.4 to 4.7) and REE
chondrite-normalized patterns (see Figures 4.12 to 4.15) show that all the studied
samples are slightly depleted flat patterns. They suggest that the Q-prospect volcanic
and related rocks may have derived from a similar source of a depleted mantle.
However, LFS enrichment may be involved by metasomatic modification between the

depleted mantle and subduction-derived fluids.

Porphyritic andesite

Andesitic tuff

> B <

Rhyoritic tuff

Andesite dike

FTUEVMEWI?WEIWﬂ‘i N

Figure 5.1 AFM'd iagram with a bo%wdary line separatlng fields of tholeiitic and calc-
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plots fall within the calc-alkaline field.
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Figure 5.3 Y-Zr discrimination diagram showing volcanic and related rocks from Q-
prospect falling within both areas of tholeiitic and calc-alkaline/transitional (fields after

MaclLean and Barrett, 1993).
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5.2 Tectonic Setting

Many tectono-diagrams have been used for rock samples. Trace elements in
particular are used to reconstruct the former tectonic environment. Th-Zr-Nb diagram
(Wood, 1980), using immobile high field strength elements, is applied; consequently, Q-

prospect rock samples as appear to be related to volcanic-arc basalt (Figure 5.4).
f abams and Lecolle, 1989; see Figure 5.5)
‘r’ nn, 1973; see Figure 5.6) can also
Ica3|C &lsland -arc tholeiite for porphyritic

tuffl an \arc calc-alkaline for andesite

different types of volcanic arc

Moreover, the La-Y-Nb triangular dia

and Ti-Zr variation diagram
separate tectonic setting
andesite, andesitic tuff

dike.

La/Yb versus Sc/Ni

andesite (Bailey, 19 urred in oceanic-arc and

continental-arc (Figure (after Dunphy and Ludden,

1998) suggests that por ff and rhyolitic tuff may have

s the andesite dikes may have

All the results. entioned abo J t the Q-prospect volcanic
and related rocks ap@r to hav' in a s@duction environment. All the
host rocks ( (ﬁiorphyrlfcmdesne andesitie tuff and rhyolitic tuff) would erupt in an

i

S &L 3 &g F ;jnce whereas the lat

stage andesite dqies may have occunred in an arc yelcanism.

QW’]@\?ﬂ‘ﬁﬁUﬁmﬂﬂmﬂﬂ

island-arc vol
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Figure 5.5 La-Y-Nb diagram (Cabanis and Lecolle, 1989) showing the porphyric
andesite, andesitic tuff and rhyolitic tuff plotted in volcanic arc tholeiite (VAT) and

overlaping area of VAT and calc-alkali; andesite dikes are plotted in volcanic arc calc-

alkali.
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Figure 5.7 La/Yb versus Sc/Ni diagram distinguishing different types of volcanic arc
andesite (Bailey, 1981) showing rock samples plotted mostly in oceanic arc except late

stage andesite dike in continental arc.
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Primitive mantle (McDonough et al., 1992) normalized spider patterns (Figure
5.9) for selective samples of porphyritic andesite are compared to a pattern of recent
volcanic rock of basaltic andesite (No. 347R4-1) from Yap Island arc, southern
Philippine (Ohara et al., 2002); they show similar patterns. The primitive mantle
normalized patterns (Figure 5.9), however, have high positive K anomaly that may have

been effected by potassic alteration (see detail in Chapter Il1).

MORB (Preace, 1983) normalized trace elements (Figure 5.10) reveals that the
porphyritic andesite has similar-pattern \_/yith a reeent volcanic rock of basaltic andesite
(No. 347R4-1) from Yapwisland.are, southern Philippine (Ohara et al., 2002). These
patterns show enrichment of L FS (e.g., ?r, K, Rb, Ba and Th) and depletion of HFSE

(e.g., Ta, Nb, Ce, P, Zr, Sm, Hi, ¥ and Yb) which is a signature of arc volcanism. It

supports that the porphyritictandesitie-roeks (representative of host rocks in this study)

i
\ -

would occur in an island4arcisubduction: Mo?eover MORB normalized spidergrams of
andesite dikes are similar to those of Eooene volcanic rocks (KG-1) from King George
Island in the South Shetland arc Antarct[ca ‘(Maohado et al., 2005) and Island-arc calc-

alkaline (Sun, 1980); therefore these andesnte dikes may have erupted in an island arc

,.—-u

(Figure 5.11).

The results f.rem this study indicate that the volc‘a-n-ic and related rocks of Q-
prospect, Chatree areé“,- e.g., porphyritic andesite with ége of 250+6 Ma (James and
Comming, 2007), a@ndesitic” tuff and rhyolitic. tuff, appéar “to} have originated within an
island-arc volcanic environment. Tholeiitic magma should be initial source prior to
magma-differentiation taking placeyand yieldingyvariotusicompositionsifiom andesitic to
rhyolitic gompositions. On the other hand, the younger andesite dike with age of 244+7

a (James and Comming, 2007) may be a product of cal-alkaline island-arc volcanic

rock. Model of tectonic evolution of Chatree volcanic rocks are shown in Figure 5.12.
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Figure 5.10 MORB (Preace, 1983) normalized trace element patterns of the selective
porphyritic andesitic samples compared to that of 25 Ma basaltic andesite from Yap arc,

southern Philippine (data from Ohara et al., 2002).
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The Permo-Triassic volcanic rocks along the Loei-Phetchabun-Nakorn Nayok
volcanic belt can be subdivide into two sub-belts, i.e., Tha Li-Chon Daen (covering the
study area)-Lop Buri (TCL) volcanic sub-belt (western part) and Loei-Phetchabun-
Saraburi (LPS) volcanic sub-belt (eastern part) (see Figure 5.13). These volcanic sub-
belts are separated based on their petrochemistry and mineralization data. The first sub-
belt, Tha Li-Chon Daen-Lop Buri volcanic sub-belt, is located along Tha Li District,
western Loei Province southward to Wang /Sai Phun, Chon Daen Districts, Phichit
Province to Lop buri Provinces. The secend.ssub-belt, Loei-Phetchabun-Saraburi
volcanic sub-belt, is exposed in Loei Province southward to Phetchabun Province and
Saraburi Province (Vivatpinye et#al, 2010). The volcanic rocks in both sub-belts had
erupted in a subductiongenvironment. ﬁhe volcanic rocks in the first sub-belt were
formed by island arc volcanism (Charusiri et'al,, 1995; Marhothorn, 2008; this study) and
this belt is significantly associated-with b;se_;metals (Cu, Pb and Zn), iron ore, barite,
manganese, pyrite, silver and gold (Jungyusuk and Khositanont, 1992; Charusiri et al.,
1995; Salam, 2006; James and Commmg %007 On the other hand, the second sub-
belt erupted in a continental vélcanic arc&a’mvong et al., 2006; Vivatpinyo, 2006;

Junplook, 2006; Vivatpinyo et ak, 2010). _. -

Regarding td ,t;éaonic model (Figur-em 5.14), these—\’/rvo.lcanisms would have been
formed as a result of ea;stward subduction of the Lampang-Chiang Rai oceanic plate (or
slab) beneath the Nakhof Thai oceanic plate.during Permo-Triassic Period forming the
Tha Li-Chon Daen-Lep Buri island-arc. During this period, high degree of partial melting
of oceanic slab beneath the mantle’ wedge may-have caused partial melting of the
upper ‘slab/\ Subseguently, mafic .magma | ascending and difierentiation of melts
eventually gave rise to arc andesite of the Q-prospect. This island arc had continuously
become thick mature island arc or continental arc then vyielding higher alkaline
composition of calc-alkaline andesite dike. Moreover, heat source may have become
deceasing and leading to lower degree of partial melting at shallower depth. Obvious

different REE and spider trace element patterns (see Figures 4.4 to 4.15) of volcanic
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hosts and younger dike indicate clearly different magmatic sources and degree of

partial melting; however, they appear to be related to the same subduction zone.
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Figure 5.13 Subdivision of pre-Jurassic volcanic rocks along Eastern Volcanic belt; into

Western sub-belt and Eastern sub-belt. Detail of cross section lines show in Figure 5.12.

(LE = Loei Province, PB = Phetchabun Province, LB = Lop Buri Province, and SB =

Saraburi Province)



86

riassic

Permo-Ti

(237 Ma)
Loei-Phetchabun-Saraburi
Volcanic Sub Belt (ore-barren)

Tha Li-Chon Daen-Lop Buri

Volcanic Sub Belt
(ore-bearing) Pb-Zn (Au)

Br

NG
S

Loei-Phetchabun-Saraburi
‘olcanic Sub Belt (ore-barren)

r
&
PHETCHABUN |

NZSAASA

//\I
\/\’l\/\,l\/\/I
._\\\7\,
!(lzx!\/\\ s

g SADN
At

LS

Lampang-Chiang Rai p#

7
e
s

c!
b

=

(

2
N~
P 4
e
o

)EEEE
{ Ry
s
o,"’l\
§§ "
$9%
o
= u

F o
D D
Y
S
(A P
z x
"y
= n .
z s
"y
'lt »

\
-
\
N~
Ed
R
£
=
»
s

!

¢y
S
1

.
1

=
X
'\
=
&
n
i,
=
=
o
e A

A
h
|
A
o~

Vi
A
N
7
Z
I
\;'/
I\
=
& =
"y
=a
= &
"y
= u

P
7
Z

<
7
Z

~
=

NN\ o
S\ /’\1,“1 [
— D
A *p..v
\7- AL
n A=

[}
LY,
* “ﬁ* L3
AN AR
PRSUES
AETR) )

L L
aﬂn.v#un_%aﬂ
M__ ‘ld " ¢M_.__
0‘* “9$ L4

Figure 5.14 Tectonic model of Eastern Volcanic Belt of Thailand during Late Paleozoic

to Early Mesozoic.



CHAPTER VI

CONCLUSIONS

Based on petrographic and geochemical investigations, the results of this study
indicate that rocks at Q-prospect area are composed of coherent, pyroclastic rocks and

late stage dike. Characteristics of these rocks are summarized below.

1) The volcanic and relatedJrocks ab=Q-prospect consist of porphyritic

andesite, andesitic tuff andsrhyolitie uff with late stage andesite dike.

2) Field study and previous wok'_is data on simplified stratighaphy indicate that

the sequence of these valeanic rocks are-ordered from.older to younger as porphyritic

- =t

andesite, andesitic tuffandirhyolitic tuff. Th'?se; rocks are cross cut by andesite dike.

3) Geochemicallyy the porphyritic andesite, andesitic tuff and rhyolitic tuff
i af ']

Ak vl
appear to have originated from thoteiitic magma, whereas the younger andesite dike is a
product of cal-alkaline magma.-ThQIeiitic m@[ﬁa should be initial source, evolved by

o e
d -4 el

process of high degree of partia-l Mélting prior to magma dj-ﬁgrentiation taking place and

yielding various Com-ﬁbsitions from andesitic to rhyolitic _ébmpositions. Moreover, heat
source may have become deceasing and led to lower degree of partial melting at

shallower depth, and generated a new source.of andesite dike.

4) TheS§e volcanisms would have been formed as a result of eastward
subduction ©f thesanpang«=* Chiang RaifoCeaniciplate |beneath fthe Nakhon Thai

oceanic plate during Permo-Triassic Period forming an island-arc volcanic.

5) The Permo-Triassic volcanic rocks along the Loei-Phetchabun-Nakorn
Nayok volcanic belt can be subdivide into two sub-belts, i.e., Tha Li - Chon Daen - Lop
Buri (TCL) volcanic sub-belt (western part) and Loei - Phetchabun - Saraburi (LPS)

volcanic sub-belt (eastern part).
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No. Core No. Sample No. Apparent depth (m) Rock name

1 RD2270 Q-1 81.80 - 81.90 Silicified andesite

2 Q-2 86.90 - 87.00 Silicified andesite

3 Q-3 106,33 - 106.43 Qtz-carb-pyrite vein

4 " Q-4 129.40_\,@ }29.50 Porphyritic andesite

5 ? Q-5 148 .50 17340 Silicified mudstone

6 RD2327 Q-6 '?6.91 - 87.00 Andesite dike

7 " §7 ” 1{)7.20 -107:30 Porphyritic andesite

8 ! y 113’3.20 =113.30 Porphyritic andesite

o | rozese | o S [, sa4a-505 Andesitic tuff

10 ! /Q)O -~ 64—.»‘12 -64.22 Qtz-carb-chlorite crustiform

£ ——

11 " /ﬂ}/ F™ 1152«::98 “115.78 Silicified siltstone

12 RD2836 Q/Z - 65.40'- 65.50 Andesitic tuff

13 ! 61‘3 il 745;@lf-f=.j4.10 Porphyritic andesite
14 Q14 jt 8370 33.80 Andesitic tuff

15 Q-15-7 =4 893028940  Andesitic tuff

16 RD2884 - :4: Q-16 37.60 - 37.70 _Jl: '.f'_ithic rich rhyolitic tuff
17 . a7 69.46-69.56 | “Lithic rich rhyolitic tuff
18 -~ Q18 74.02-7412 “+ Lithic rich rhyolitic tuff
19 Q419 80.60-+80.70 Lithic rich rhyolitic tuff
20 1 Q-20 115.18 - 115.28 Rhyolitic tuff

21 RD2901 Q-21 99.90 - 100.00 Quartz rich rhyolitic tuff
22 ! Q-22 100.30-100.40 Quartziichrhyolitic tuff
23 ? Q-23 129.42 - 129.52 Andesite dike

24 RD3039 Q-24 92.40 - 92.50 Porphyritic andesite
25 RD7152 A-25 191.33-191.45 Rhyolitic tuff

26 ? A-26 316.07 - 316.22 Andesite dike

27 RD7155 A-27 203.44-203.54 Rhyolitic tuff

28 ? A-28 217.10-217.20 Andesitic tuff

29 ? A-29 218.75-218.85 Silicified siltstone
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No. Core No. Sample No. Apparent depth (m) Rock name
30 RD7155 A-30 219.10-219.20 Silicified siltstone

31 RD7157 A-31 132.00-132.10 Rhyolitic tuff

32 A-32 132.25-132.35 Rhyolitic tuff

33 A-33 \ r 50 4266.60 Rhyolitic tuff

34 A-34. \\::\W : Porphyritic andesite
35 - 0. 9 00 Porphyritic andesite
36 RD7161 Andesite

37 Rhyolitic tuff

38 Andesitic tuff

39 RD7162 Rhyolitic tuff

40 RD7165 Fiamme rhyolitic tuff
41 Rhyolitic tuff

42 RD3888 Rhyolitic tuff

43 Andesitic tuff

=3
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APPENDIX B

Analytical Techniques

Determination of Major and Some Trace Elements

Powdered rock samples were prepared for X-ray fluorescence (XRF) technique.
The main procedure is presented as following:

1. 1.0 g of each sample was roasied als110 °C about 12 hrs for calculating
H,O™ content thatwas deternined by loss on weight.

2. These samples.wéresburmed at 900 °C about 3 hrs for calculating H,0"
which had still.detesmined by Ilbss on weight.

3. Mixing 0.8 g ofthese samples with 8.0 g of Li,B,0, and 1.0 g of LiBO,.

4. These mixtureswere fused‘at a_l;)‘oqt 1,040 °C for 2 minutes.

5. The homogenequs bead sam‘@gsl_and standard are prepared and has
always stored in the dégi_écator bé_fgre X-ray fluorescence analysis.

6. X-ray spectrometer of Philips (@é‘i‘ PW 2404) with Rh tube was used to
analyse m_ajor and.-sgme trace eléfﬁéﬁts by wave range dispersive method.

7. The data \&ene_deiecmjﬂed_b;uhe_dﬂegtamri;j-'relatively computerized by

the comp-ﬁfer system. The final data are reporté“d;after these processing.

Determination ofiTraceand-Rare~Earth;Elements

Inductively Coupled Plasma-Mass (ICP-MS) technique was_used to determined
trace and tare earth elementsy The lordinal ICP-MS system requires 'solution samples
because’the samples are nebulized for introduction to argon plasma. Powdered rock
samples, therefore, need to be decomposed using acid digestion. The procedure of this

analysis in an orderly sequence is shown below.

1. Samples of 0.1000 g (+0.0001 g) were weighed accurately by electric
balance. Each sample powders were put into PTFE beakers and then add

0.4 ml of 60% HCIO, and 0.4 ml of 45% HF into same beakers.
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2. The mixtures of powders and acids were kept at 135 °C for 30 hrs.

3. The samples were evaporated to dryness at 135 °C for 12 hrs.

4. After cooling down, add 1 ml of 60% HNO, into beakers and covered fit,
these beakers were kept at 75 °C for a half hour.

5. At room temperature, 6 ml of di-ionized water were added into PTFE beakers

and boiled at 90 °C about 3-4 hours.

re ICP-MS analysis.

1) Two spli 4 ple v, vere d from the 1000 time sample

05| lene test bottles.

2) 2.5 ml of 6 _:»v 100 ppb Re (rhenium) internal
{0 each of the test bottles.

3) Additiona -!'-—'. -------- xed- st ndard solutions was pipetted

I
Both thjubes were diluted to 50 ml by a
nginﬂw aSjWoE]aeTﬁeﬁ.me 5000 times that of

Y F R o) (1M

addition solutions were used for acquisition and analyzed by ICP-MS.

ang the remaining micro liters
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APPENDIX C

Geochemical data of volcanic rocks from Q-propect

Rock Porphyritic andesite Andesitic tuff Rhyolitic tuff

Sample Q-4 Q-24 A-34 A-35 A-36 A-28 A-27 Q-42 A-25 A-33 A-39 Q-40 Q-41 Q-22
SiO, 58.36 54.82 4430 43.77 46.31 5529 | 78.19 76.30 80.02 73.06 76.22 72.87 69.69 71.79
TiO, 0.39 0.53 0.54 0.63 0.56 0.43 0.23 0.26 0.16 0.13 0.26 0.23 0.25 0.23
AlLO, 14.84 156.94 16.68 18.24 15.75 16.25 | 10.06 9.61 5.71 6.92 8.26 12.37 13.02  11.94
FeOt 7.10 8.10 9.94  10.12 10.84 . 2.83 3.36 2.15 5.19 3.18 3.40 2.99
MnO 0.33 0.43 0.18 0.17 0.1 0.09 0.26 0.10 0.03 0.13 0.07
MgO 5.20 5.23 8.76 2.59 3.33 1.09 1.14 3.24 1.45
CaO 0.94 2.28 3.45 1.53 4.29 1.07 0.34 0.54 1.95
Na,0 0.67 0.19 1.44 0.12 0.14 0.19 0.18 2.26
K,0 7.06 8.81 4.9 o " ‘ 5i - 213 4.63 6.70 6.54 3.38
P,0O, 0.08 0.12 0.15 » 0.04 0.06 0.06 0.07 0.06
LOI 3.78 3.22 7.29 : 7.00 1.81 2.71 2.80 3.22
Total 98.75 99.66 97.6 0,64 813 Y : § 8 99,84 99.42 98.82 99.82 99.85 99.35
Sc 23.2 27.4 5.3 18.7 9.8 1.2 8.9
\ 185.0 207.7 251 157.3 62.2 69.1 371
Cr 27.6 33.0 7.9 245 4.9 4.7 9.2
Co 21.4 21.6 9.8 3.2 13.3 6.0 4.9 4.1
Ni 8.9 14.4 13.8 4.2 3.2 6.0 2.2 1.7 2.1
Cu 354 228.6 75.7 3 66.4 124 36.3 12.6 6.5 29.8
Zn 30.3 76.0 105.8 41.2 49.3 38.5 356.2 21.7 100.2 33.2
Ga 16.5 19.3 7.6 7.9 8.1 8.1 13.9 13.3 10.7
Rb 92.9 129.2 26.1 67.3 115.6 92.3 56.9
Sr 134.1 178.9 73.3 53.3 105.8 66.6 104.6
Y 8.8 13.4 9.3 3.9 6.0 6.1 9.9
zr* 421 51.4 28 30.8 . . 37.9 22.0 46.5 40.3 49.9
Nb 0.9 0.9 0.8 0.7 0.8 0.5 1.2 0.8 0.9
Cs 0.2 1.4 ¢ -9 1.1 0.2 0.6 0.6 1.9 0.9 0.8
Ba 3797 u H ? W ﬂ w 5 w %q ﬂ iﬁﬁ 1251 1400 1356 720
Hf 0.5 4 0.2 0.7 0.5 0.7
Ta 0.2 ‘ 0.2 0.2 0.2 0.1
Pb ! Sl 6.1 1.2 2.7
. Q masm p Bl ﬂdﬂfi'ﬂﬂiﬂa ﬁl
U 0.3 0.2 0.3
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APPENDIX C (Cont.)

Rock Porphyritic andesite Andesitic tuff Rhyolitic tuff

Sample Q4 Q24 A34 A35 | A36 A28 | A27T Q42 A-25  A33 A-39 Q40 Q41 Q-22

La 3.1 4.3 22 25 1.4 2.6 1.3 1.8 1.3 4.0 1.2 1.8 1.7 4.9
Ce 7.0 9.6 5.5 6.4 3.4 5.2 28 4.4 3.2 9.3 2.8 4.4 3.8 10.4
Pr 1.0 1.3 0.8 1.0 0.5 0.7 0.4 0.6 0.4 1.3 0.4 0.6 0.5 1.4
Nd 4.6 6.3 4.6 53 26 3.0 2.0 5.6 1.9 2.9 25 6.3

Sm 1.2 1.8 1.4 1.6 0.Suulls ¥ 8 0.5 1.5 0.6 0.7 0.7 1.6

Eu 0.9 0.8 0.8 0.5 0.6 0.4 0.5 0.5 0.6

Gd 1.4 22 1.6 1.7 0.7 0.9 0.9 1.7
Tb 0.2 0.3 0.3 0.3 0.1 0.1 0.1 0.2
Dy 15 2.3 1.5 1.5 0.7 11 0.9 1.7
Ho 0.3 0.5 0.3 0.3 0.2 0.2 0.2 0.4

Er 1.1 1.5 1.0 0.5 0.9 0.8 1.2

Tm 0.2 0.2 0.2 0.1 0.1 0.1 0.2
Yb 11 15 0.4 1.0 0.9 1.3
Lu 0.2 0.2 0.1 0.2 0.1 0.2
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APPENDIX D

Chondrite normalized patterns for my rock standard analyzed in five time (e.g.,
JA1-1, JA1-2, JA1-3, JA1-4 and JA1-5) compare with rock standard data supplied from

Geological Survey of Japan (GSJ) analyzed by ICP-MS.

100

Rock/Chondrite

R e 3 \ ~ T T T T
la  GCe ' : ; \ D Ho  E Tm Yo  Lu

Ratio between data.of standard A1-1, kA1-2, JA1-3, JA1-4 and JA1-

) that provided fron tis-siudy-and-daia-ofsiandareirocicEravided from GSJ

LT | .

AU VIS WS
10 IA\NA & —

AR ASISY 1

Sc V Cr Co Ni CuZn GaRb Sr Y Zr Nb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Pb Th U

JA1-1/GSJ JA1-2/GSJ JA1-3/GSJ JA1-4/GSJ JA1-5/GSJ
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