CHAPTER 1

INTRODUCTION

1.1 PRE-CRETACEOUS VOLCANIC ROCKS IN THAILAND AND
VICINITY

The tectonic evolution of Thailand and vicinity is stil] a subject of debate.
The widely different opinions reflect both complicated geology and insufficient
informative data. The problems include numbers and sources of cratons, locations of
Suture zones, timing of cratonic collision and a tectonic model. To solve these
problems, many branches of geology are needed. Petrochemistry of igneous rocks,
particularly mafic volcanic rocks, is one of such branches that can be used as a clue to

ascribe tectonic setting of formation.

Research work related to tectonic evolution of Thailand and vicinity was
carried out mainly in Thailand as she Was more conveniently accessible relative to the
surrbunding countries.  Consequently, a number of informative volcanic data in
Thailand are available. Although there is a general consensus that the continent-
continent collision between Shan-Thai and Indochina cratons took place in the Late
Triassic (Bunopas, 1981; Hada, 1990; Hada et al., 1991, 1999; Panjasawatwong,
1991: Bunopas and Vella, 1992; Chaodumrong, 1992 Intasopa, 1993;
Singharajwarap;an, 1994; Crawford and Panjasawatwong, 1996; Sashida and Igo,
1999; Kamata et al., 2002; Singharajwarapan and Berry, 2000), very few workers
(e.g. Bristow, 1990) have argued that the age for continental amalgamation is the
Cretaceous. Accordingly, the pre-Cretaceous volcanic rocks are crucia] in depicting

the tectonic history of this region.



The pre-Cretaceous volcanic rocks in Thailand may be separated into four
belts: Chiang Rai - Chiang Mai volcanic belt, Chiang Khong - Tak volcanic belt,
volcanic rocks along Nan - Chanthaburi suture zone, and Loei - Phetchabup - Nakhon
Nayok volcanic belt (Fig. 1.1) as mentioned by Kosuwan (2004). The Chiang Rai -
Chiang Mai volcanic belt extends in a NNE-SSW direction from the western part of
Chiang Rai Province through the eastern part of Chiang Mai Province to Li District,
Lamphun Province. The Chiang Khong - Tak volcanic belt is to the east of Chiang
Rai - Chiang Mai volcanic belt, extending from Chiang Khong District, Chiang Raj
Province through Lampang Province and Phrae Province to Tak Province. The
volcanic rocks along the Nan - Chanthaburi suture zone is located between the Chiang
Khong - Tak volcanic belt and the Loei - Phetchabun - Nakhon Nayok volcanic belt,
and extends southward to the Gulf of Thailand. The Loej - Phetchabun - Nakhon
Nayok volcanic belt runs in a NNE-SSW direction from Logj Province through
Phetchabun Province to Nakhon Nayok Province, -

The Chiang Rai - Chiang Mai volcanic belt is characterized by lava flow,
hyaloclastite and pillow breccia that might have been erupted in a Carboniferous time
(Macdonald and Barr, 1978; Hess and Koch, 1979; Barr ef al., 1990) or a Permian to
Permo-Triassic period (Bunopas and Vella, 1978; Chuaviroj et al., 1980; Bunopas,
1981; Panjasawatwong, 1999: Phajuy et al., 2004, 2005). The mafic volcanic rocks in
the Chiang Rai region may have formed above a subduction zone, whereas those in
the Chiang Mai region were erupted in a continental intraplate environment
(Macdonald and Barr, 1978; Barr et al., 1990). However, Panjasawatwong et al.
(1998), Panjasawatwong ( 1999), and Phajuy et al. (2004, 2005) mentioned that the
intraplate basalts have an oceanic affinity and might have formed either in a major
ocean basin or in a mature backarc basin. Phajuy et al. (2005) also reported the local
occurrence of mid-ocean ridge basalt in the Chiang Mai region. The oceanic affinity
1s well-supported by stratigraphy (Metcalfe, 2002; Wakita and Metcalfe, 2005); and
paleontology and biostratigraphy (Caridroit, 1993; Sashida and Igo, 1999;
Chonglukmanee, 1999; Feng et al., 2002; Wonganan, 2005) along the Chiang Rai -

Chiang Mai volcanic belt.
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Chiang Rai — Chiang Mai volcanic belt

Chiang Khong — Tak volcanic belt

Mae Ping Fault Zone

Volcanic rocks along the Nan - Chanthaburi suture zone (NCZ)

Loei — Phetchabun — Nakhon Nayok volcanic belt

Figure 1.1 Distribution of pre-Cretaceous volcanic rocks in Thailand (after Kosuwan,

2004). Note that the exposures of volcanic rocks along the northern part of Nan -

Chanthaburi suture zone are too small to locate on the map.




The Chiang Khong - Tak volcanic belt comprises basalt/andesite, dacite and
thyolite, with their pyroclastic equivalents that are more voluminous relative to those
of the other volcanic belts. They have been erupted in two episodes on the basis of
stratigraphic correlation, i.e. the Permo-Triassic and the younger, hig:hl}; possible to
be the Late Triassic-Early Jurassic (Jungyusuk and Khositanont, 1992). Prior to the
year 2000, the Permo—Triassic volcanic rocks were commonly assumed to be the
products of subduction-related volcanism. The assumption was well supported by
recent informative geochemical data for voleanic rocks. The felsic to mafic volcanic
rocks along the western edge of Mae Moh Basin and the northern end of Chiang
Khong - Tak volcanic belt are interpreted to be continental and calc-alkalic, and have
U-Pb zircon ages of 240 + 1 (Middle Triassic)(Barr ef al., 2000) and 232.9 + 0.4 Ma
(Middle Triassic)(Barr et al., 2006), respectively. Panjasawatwong et al. (2003) have
carried out geochemical studies of mafic volcanic rocks along the northern end of
Chiang Khong - Tak volcanic belt and reached similar conclusions to Barr et al.
(2000, 2006) but for the tholeiitic series of mafic volcanic rocks. In addition,
Khositanont (pers. comm., 2006) has determined a number of U-Pb zircon ages from
the volcanic rocks in the Tak, Lampang and Phrae areas, parts of the Chiang Khong -
Tak volcanic belt, and the results show that they have been erupted in a period of

Early to Late Triassic.

The Nan - Chanthaburi suture zone is an extensive melange zone,
characterized by variably sized blocks of igneous, metamorphic and sedimentary
rocks embedded in the foliated serpentinite matrix. The pre-Jurassic volcanic rocks,
as blocks in the northern part of the Nan - Chanthaburi suture zone, include Early to
Middle Permian ocean-island basalt, Carboniferous (?) incipient backarc basin basalt
and andesite, and oceanic island-arc basalt and andesite (Panjasawatwong, 1991;
Crawford and Panjasawatwong, 1996). These volcanic rocks are less predominant
relative to the associated pre-Carboniferous arc-related mafic and ultramafic rocks.
Singharajwarapan et al., (2000) have also reported that the coherent volcanic rocks,
located immediately east of the Nan-Chanthaburi suture zone in northern Thailand,

are oceanic island-arc basalt. In the Sra Kaew - Chanthaburi area (the Eastern Gulf of



Thailand), the southern part of Nan - Chanthaburi suture zone, the mafic volcanic
blocks are ocean-island basalt and mid-ocean ridge basalt (Yoshikura, 1990). The
Nan - Chanthaburi suture zone has long been considered to represent the paleotethys
ocean between Shan-Thai and Indochina cratons (Bunopas, 1981, Panjasawatwong,
1991; Chaodumrong, 1992; Singhrajwarapan, 1994 and Hada ez al., 1999). However,
a number of geologists reported that fhe northern part of Nan - Chanthaburi suture
zone represent a back-arc basin, which opened in the Carboniferous, rather than the

major ocean basin (Barr and Macdonald, 1987; Fontaine et al., 2002; Metcalfe, 2002).

The Loei - Phetchabun - Nakhon Nayok volcanic belt is composed of acid to
basic lavas, and pyroclastic rocks compositionally equivalent to the lavas. In the Loei
area, these volcanic rocks may be further separated into eastern, central and western
subbelts. The volcanic rocks of eastern subbelt are mainly rhyolitic, whereas those of
western subbelt are largely andesitic (Juhgyusuk and Khositanont, 1992). Both have
been interpreted to be the products of arc volcanism that took place in the Permo —
Triassic (e.g. Bunopas, 1981). The arc-related rthyolitic samples of eastern subbelt,
however, yielded a whole-rock Rb-Sr isochron age of 374 + 33 Ma (Late
Devonian)(Intasopa, 1993; Intasopa and Dunn, 1994). The central subbelt is
composed mainly of pillow lava, hyaloclastite and pillow breccia. These mafic
volcanic rocks have been assigned to be those‘ erupted in mid-oceanic ridge
environment and have a whole-rock Rb-Sr isochron age of 361 + 11 Ma (Late
Devonian)(Intasopa and Dunn, 1994). In addition, Panjasawatwong e al. (2006) have
reported that the mid-ocean ridge basalt exists along with oceanic island-arc mafic
lava in the central subbelt. The arc lavas might have been built on an oceanic
basement in a major ocean basin or in a mature back-arc basin. The volcanic rocks of
western subbelt in the Phetchabun area have an intercept °Ar-*Ar age of 237 + 12
Ma (Middle Triassic) and a plateau age of 238 + 4 Ma (Middle Triassic)(Intasopa,
1993; Kamvong et al., 2006), and have been interpreted as the results of volcanism
along an active continental margin. The volcanic rocks in the Nakhon Nayok area, a
southern part of the western subbelt, are also geochemically arc-related magma

(Kosuwan, 2004).



1.2 SCOPE OF STUDY

The Upper Triassic - Lower Jurassic volcanic rocks presented in this thesis are
from the Long District area, Phrae Province (Fig. 1.2). They are part of the previdusly
discussed Chiang Khong - Tak volcanic belt. The specific task of this study is to
carry out petrochemical studies of the least-altered, Upper Triassic - Lower Jurassic,
mafic volcanic rocks to achieve the tectonic setting of eruption. This research work
includes sample collection and sample selection to obtain least-altered volcanic
samples. The least-altered samples are then petrographically and geochemically
studied, and followed by geochemical interpretation relevant to tectonic setting of
eruption. Chemical analyses for each carefully selected sample cover major oxides
and a range of trance elements. The representatives of the studied samples are carried
out rare-earth-element analyses. To avoid ambiguous interpretation, concentration

focuses on the relatively least-mobile elements and their ratio.

1.3 LOCATION AND ACCESSIBILITY

The Long District, Phrae Province, Thailand appears in the topographic map
of Royal Thai Survey Department (1996) at a scale of 1: 50,000, series L7017, sheet
4945 1I (Amphoe Long), approximately between latitudes 18°00° N and 18°15” N,
and longitudes 99°45° E and 100°00° E (Fig. 1.3). The journey to the Long District
can be conveniently made by a car via two routes (Fig. 1.4). One is the route from
Muang Lampang District, Lampang Province to Mae Khaem Village via Highway
Number 11 (Lampang-Denchai), about 45 kilometers distant, and then turning left to
National Road Number 1023 (Wang Chin — Long), about 15 kilometers distant. The
other one is the route from Muang Phrae District, Phrae Province via National Road

Number 1023 (Phrae — Long), about 45 kilometers distant.



ILI0IP puw ILIOIPOUEID) E

spaqaajul NesdwojSuoagied pal pue ]
au0)spuUES ABIS YSIUAAIS “A[eYs AvIS MIBP JOUNW YIIM JU0)sawIy Avas yaep 0) ABID

Spaqaajul djeys pue Juoyspues aydand ysippay

SPaqaajul JUojspues
Aea3 yysy pue a[eys U213 ysifelsd 03 Aeas yaep ym duoysow Aeis yieq

31ed Jamof a1 ur HONE[EIIA) UL
Juo)spues Aea3 pue d[eys Aeid YIEp [EI0] YN eIdwo]Suod pue aed s[ppru
3Y) UI UONR[EIINUI I[RYS [eI0] Yim duojspues snoadeyn) ysidand Haed soddn [
Ay u1 auojspues Avad ysiuaaad pue auosypis Avid dpeys snosowonw ‘Aead yavqg |- -

SPaqJ2)ul JUOJSPUES YJIM “I[BYS SNOILI[EI pue I[eys ‘A1

smop eae| Juajeamba Ajednways Jouiw pug  PTIN
‘suonisodwod JPJESEq PUE INISIPUE “INIDEP DPIJOALLL YIIA $HI01 JYSEPIULI[0A [ NN

s [N

Aemprey

cm—— ] —

"(€£00T 1 72 maequey)) pue ‘gz /P 12 U0OSEURM €007 “Iv 42 uooqredejemesuey ‘¢QQZ /P /2 uIoypuIngeIeiuey) €007 /v 12
UOYIPO & ‘€007 /v 72 uooqredifouer (¢0OT 7v 12 WOOSPAPUON ‘€00T 72 12 uimexndwny)) (00T 7P #2 UBSLATRYD WOY PIYIpowr) eaie oS Suo] ayp jo dew [ed150[09D 7'] 21nS1g

proy [euonen SJUIWIPIS PAJRPI[OSUOIN )

AR

means SaNAnAT
STOIINAS
1
NVIWNYAd i
DISSVIYL E
DISSVIUL
DISSVIYL g
DISSVIULL .
DISSVIIL ¥dddn ¥
g e
DISSVUNT 4AMOT-DISSYIYL ¥addN Tare:
AdVIIYAL
AAVNAILVNO
SMD0U DINVITOA ANV AYVINAWIAAIS SMD0¥ DINOLN1d

LINNdVIN A0 NOLLVIZIHOI

96 1

L6+

861

66+

004

109

709

€01

901

L0+

804

604

014

(18

48

¥l

ST 9

914

LY

-00,81

TR P P T N
L Ty e e i T NN W e W
VAR AT AT A AT AN N A
s s alls eim B B S AN N, v . e L
NN DT LA
USSCRS | L) AT LR P s ST T o R D e u mlw LI ]
e e e OO s n e af]e
NN N AN AN
o ol e W LD OO #a - b e o %
NN e e
= ssem s B RAAAAAN
A AW AT AN - a =
AU O T 976
ks s e s ese s DO .. s 2 vil_gze
N - SO iy . = B
N A
AANE " " g - . s s i
NN, A e Wa el o ) & 3
I AN Pa A o A - =
NN SN NN ® » s 8 8.8
NN NT A DA == ow
NN PIPAANANAAAAS .
o A AT AT AT AT AT AN N "= = = = @®
N NN N N
NINININI AN - - = = = =
NN
b R e
AN
A e
AN
* = s % s e arEoEEowomow
AN
Py " mowomommEmwoamomsowmw
7
4 " s = aams s s
A " ® & 8 8 ® & 8 8 85 8=
R N
=fel TR R T T Y IDMISIa ONOT
lifil.ll.l
.
e e e e
CECC N
Y N
ey &
-
I~ b
\
.
3
~ L
P P ol
~ T s
2o LD R ..,\
2 -“‘1
A = = = = = w w »fw Y
PR
2y 2
LT G S ; 3 33
R 2 o
Y
T T R L At
)
..||A.MX
" e as
. -
-
-
-
.
..
alimi -
e sin w
R
s e
w iiwin
== s
= aw
L B
“ e
- s & = 3
- e
LI I
- " " o
- = & " & @
a = = & 8 @
a = = & 33
s m = 8 8 a
v
00 66 e . b Ty




wy ¢

SI2)2M ()] [EAINU] INOYUOD)

Aemjiey

ulEJuUNogy

BEINA

anojuo)y

S19)0w Ul uonEAdd Jodg

peoa [Buroad paaeg

PO [BUONEN

Noa1D)

weang

STOdNAS

6TL X

ey

ouyf, ng
s - T
- LD

v 0LISIC Fuo] 2y} jo dew owyderdodog, ¢

[ 231




y .
: ’I '—"'-\
e ’ s>’
E _umpung District y R e
CL J _,,'

Muang Phra

Long District

Yom River

Mae Kham Village

(] ] 10km
| / f

-E_ Asia Highway No, 1
-E— Highway

._'.. National road
:&\\L\ River

Railway

Figure 1.4 Road map of the Long District area.
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1.4 PHYSIOGRAPHIC DESCRIPTION

The Long District area is located in the valley of Yom River, irregular east-
west trending, and consists of high mountain ranges (Fig. 1.3). The high mountains
include Nong Ma, Kaeo Luang, and Cham Pet in the northwestern part. They form
northeast-southwest trending ridge and are about 1000 meters high above mean sea
level. Limestone mountains, including Pha Lai, Pha Mok, and Kaeng Luang, are
present in the eastern part. Many streams and creeks in the study area, such as the
Mae Ta, the Mae Lan, the Pan Pao, the Mae Suak, and the Khum, have dendritic
patterns. They run parallel/subparallel to the mountain ranges. Most of these rivers
flow into the Mae Ta stream that finally joins the Yom River. The area is a mixed

deciduous forest with a lot of small softwoods and bamboos.



