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CHAPTER |

INTRODUCTION

1.1 Rationale
)

The Jurassic_sedimentary rocks of Thailand eonsist of non-marine, brackish
and marine facies. Themnon-marine and brackish rocks are widespread in northeastern
and southern peninsular Thailand, Whilsf[ marine Jurassic strata are widely distributed
in the western parts ofnorthern, western, and peninsular Thailand. The marine
Jurassic sediments afe digtributed in threhg 'sedimentary pbasins, the Mae Hong Son-
Kanchanaburi Basin in the/northwest and west, the Chumphon Basin in the northern
part of the peninsula; and the'Nakhan Si T#I"lmzw_\mmarat and Krabi in the south. Whereas
the Mae Hong Son-Kanchanaburi Basiri": has® most fully developed and widely
distributed marine Jurassig rocks: 7N

Although numerous-ifivestigations have been conducted over the last six
decades in these regions, paleontology and @irgtigraphy have not yet been studied
in detail. Recently, Wirotéi§ééngsrichan (Zadiiqs_tlidied maripe Jurassic rock in the
Mae Sot and Phep-Phra—areas—in—terms—of-general-geology, lithostratigraphy,
sedimentology, paleoenvironment, and tectonics. In addition, 't’he Mae Sot and Phop
Phra areas are selected to be this study area due to abundant and diverse marine
Jurassic faunas particularly bivalves and ammonoids with additional corals,
gastropods, brachiopods and microfossils. #This study dealsimainly-with the bivalves
and ammonolds beeause-they are=more common, more widely distributed and form
definite faunal zones which are very useful in both local and interregional,correlation.
A'diestratigraphic-subdivision obtained from the systemafic study of thicse faunas is
proposed and attempts to conduct the detailed biostratigraphy of‘marineJurassic rocks

and depositional environments.



1.2 Study area and accessibility

1.2.1 Study area

The study area is locat  ~ phO Sot and Amphoe Phop Phra,
Changwat Tak on the no hw o8 y 9 (Figure 1.1). It is located

between latitudes 1 © 30" E to 98° 50" E. The
area, approximate #Covers main phic map sheets (scale

uadrangles, and partly in

4 map sheets : Mae Ramat J S : 42 1), Ban Mae Lamao (4742

| avel from Bangkok to the
study area with a total distance of 426 k 4'!-':-_ left to the highway No. 105
about 80 km to Ampho Mae' Sot.- Moreover, the ighway No. 1090 (Amphoes Mae

Sot-Umphang) and the hlghlezg _
used in the stL{%nd adjacent areas (Figure

1.3 Objective‘iﬂw m
The main poses of this study ‘aim to describe fossils systematlcally,

ol S ) o

se |men%/ rocks in Amphoe Mae Sot-Phop Phra, Changwat Tak, western Thailand.

es Mae Sot-Phop Phra) can also be

Furthermore, it aims to encouraie and reconstruct tie %05|tlonal envitenments of

RN ITU N ATIVE TN E



1.4 Methodology

This study has been assigned and summarized as shown in Figure 1.3 and
details of methodology consist of 6 steps in ascending order as follows:

1.4.1 Planning, Data acquisition and Compilation

The first step involves fieldwork planning as well as data acquisition and
compilation relevant to sequences of all activities and time-duration of the study
project. It also depends partly0n the existing data and available financial support.
However, the geelogical'daia of the study and adjacent areas were collected,
reviewed, compiledgand analyzed for furﬁther steps of work.

1.4.2 Desk .Study, / Photo Interpretation and Reliability Data
Checking - d

This step was integrated .and Eeir;ferpreted of all data from previous
investigations. Moreover, the interpretdﬁ_ranof remote-sensing data, aerial-
photography and satellite imaginary, wa§ pérformed by Wirote Saengsrichan
(2007). '

N1

cas dd
:',u

1.4.3 Field Investigatici r .

The field investigation method is mai'niy-,involved with lithostratigraphy and
palaeontology following 7 measured sections undertaken across the Mae Sot-Phop
Phra Basin done by Wirote Saengsrichan (2007). The Ban Mae Kut Luang section to
the north of the study area is remeasured. The representative rock and fossil samples
were collected and carried out for laboratory investigation.

1.4.4 Laboratory" Works

The laboratory work is focused on detailed data from fossil samples, preparing
samples ‘by using hammers and chiselsn and subsequent identification, especially
bivalves and ammanoids which have been studied in detail systematically.

1.4.5 Data,Analysis-and Interpretation

All geological data and related information were then analyzed. The results
were evaluated and interpreted with field data and biostratigraphic columns. During

this stage, additional field investigation was carried out in order to obtain missing



data. Finally, conclusion has been made on the basis of the interpretation of factual
data.

1.4.6 Report Writing and Presentation

The report will be prepared in accordance with the objectives of the study.
The results will be presented in detail on systematic paleontology, biostratigraphic

correlation and reconstruction of depositional envirenments.

1.5 Data sources:and Previous investigations
1.5.1 Data soufces :
The geological.datashave been provided by the Bureau of Geological Survey,
the Department offMingral Resources. Fhese data consist of geological map (scale
1:250,000) of Moulmein sheet (NE 47-14), géological maps (scale 1:50,000) of Mae
Ramat (4742 1V),/Mae Sot (4742 [1I) and Ban Phoe Pha Quadrangles (4741 V). In
addition, geological map of the 'stu‘dy areais ﬁés;éd on Wirate Saengsrichan (2007).
1.5.2 Previous investigations "_‘7"'_ _
The geology of the regions has been ;jgséjl'i'bed previously by various workers
e.g., Cotter (1924), Heim and Hirschi (1939),:'B_r'9;wn, et al. (1951), Sato (1961), Ward
and Din Bunnag(1964), Pumwarn Komalarjun and Sato (1964), Sato (1975), Braun
and Jordan (1976), Hagen and Kemper (1976), Kemper et al. (1976), Kemper (1976),
Chongpan Chongtakmani (1983), Chongpan Chonglakmant et al. (1985), Assanee
Meesook et al. (1985), Adul Charoenpravat et al. (1985), Worawut Tantiwanit et al.
(1987), Fontaine and Marawut Suteethorn®(2988), Sato and Westermann (1991),
Beauvai§ and Fontaine (1993), Zuoqi' (1998), Assanee Meesook (1994), Assanee
Meesook:and Grant-Mackie (1994), Assanee Meesook and Grant-Mackie (1996),
Assanee Meesook et al. (2005),” Assanee Meesaok et al. (2006), and Assanee
Meesook et ali(2009) Details of these investigations are presented as follows:
The limestone of Ban Yang Puteh, southeast of Amphoe Mae Sot, near
tributary of Huai Mae Ku, was accepted to be a continuation of the Kamawkala

limestone of eastern Myanmar (Cotter, 1924).
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Figure 1.1. Map showing the study area, Amphoe Mae Sot-Phop Phra, Changwat

Tak, western Thailand.
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Phra, Changwat Tak (after Department of Highways, 2006).
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During reconnaissance geological surveys in northern Thailand, Heim and
Hirschi (1939) mentioned the presence of Late Jurassic-Early Cretaceous formation
about 18 km south of Amphoe Mae Sot. Some small fossils were found in nodular
layers and kidneys of limestone accurring in a “red formation”. The nature and
details of these fossils were not indicated.

Resulting in mineral exploration cenducted jointly by geologist of United
States Geological Survey. and Thai Departiment.of Mineral Resources, the first
geological map of Thailand was published in 1951 on seale of 1:2,500,000.

Brown et ale(1954) described the general stratigraphy of Thailand and
recorded the Jurassicsg@mmoniies at Ban Yang Puteh (12 km southeast of Amphoe
Mae Sot near a tributary of Huai Mae Ku) and at a limestone outcrop 3 km south-
southwest of Ban® Yang Puteh. _The ;ammonites were identified as Erycites,
Tmetoceras and Ludwigia, which indicatedﬂ,early Middle Jurassic age.

Faunas from the Mag Sot area havé:-_been described by Sato (1961) as Erycites
sp. and Bositra ex gr. ornati, signify the IoWéF Middle Jurassic age.

The marine Jurassic stratigraphy W;s,considered to be a marine tongue
intercalated in the non-marine Khorat serieiﬁd\"/v Group (Ward and Din Bunnag,
1964). P R

In 1964, Pumwarn Kdmalarjun and Sato i:jentified ammonites from Ban Huai
Hin Fon on the +ak-Mae Sot road as Erycites sp. and Tmetoceras dhanarajatai n.sp.
They reidentified-the Ban Yang Puteh ammonites as Tmetoceras regleyi, Dumortier
and Graphoceras-concavum Sowerby and proposed an Aalenian age of both faunas.

The section along, the road from Takste Mae Sot in the vicinity of Ban Huai
Hin Fan, was studied” in more "detail ' by “von: Braun and Jordan(1976) with an
additional , section™along Moei "River,” northwest "'0f Amphoe Mae Sot. Three
assemblages of ammonites weré recognized: late Toarcian (Pseudolioceras,
Lytoceras and,Onychoceras), Late Aalenian to Early Bajocian.(Ericitesy, Tmetaceras,
Eumetoceras and Docidoceras), and Middle-Late Oxfordian (Epimayaites and
Phylloceras). The top of Kamawkala Limestone has been considered by the authors

as Early Jurassic age.



In 1976, Hagen and Kemper (1976); Kemper et al. (1976); Kemper (1976)
reported marine Jurassic microfossils, foraminifera and algae found at the Thong Pha
Phum-Si Sawat area, Changwat Kanchanaburi, south of the present study area.

Sukto et al. (1978) reported the' geologic map of scale 1:250,000 of the
Moulmein map sheet (NE47-14), western Thailand.

The reviews of knoewledge of the Jurassic siratigraphy and fauna of Thailand
have been complied by Sato (1975), Chongpan Chonglakmani (1983) and Chongpan
Chonglakmani et al.(1985).

As a result ofrthe first.detailed mapping programme in the Umphang area,
Changwat Tak (160 km south 0f Mae Sot), Assanee Meesook et al. (1985) reported
on various new Jurassig-fossil localities and divided the Jurassic rocks into 3 informal
units: Lower mudstone, sandstane, and ci)nglomerate; Middle limestone; and Upper
sandstone, totaling abeut 400 m in thickneﬁsﬂ,s.

Adul Chargenpravat et al. (1985) ure_ported a new marine Jurassic locality at
Ban Pa Lan, Changwat Mae Hong Son, preliminarily concluded as the northern-most
marine Jurassic exposed in Thailand. 2N

Worawut Tantiwanit et-ak. (1987) rep.c;iitéd;-"the geologic map of scale 1:50,000
the Amphoe Mae Sot (4742 i) and Ban Phqe-fF_’h:a; (4741 1V) map sheets.

Fontaine“and Varawut Suteethorn (1988) with coatributions from other
workers, reviewed the marine Jurassic of western Thailand, reparted some new fossil
localities and described some of the fossils including bivalves, ammonites, corals,

brachiopods, algae and foraminifera.

Foury faunas; oF, marines Jurassic~seguence, jin=western=.Thailand were
distinguished by Sato and Westermann (1991), in ascending orderi Psuedolioceras,

Tmetoceras Skirroceras and Epimyaites?

Beauveis,and Fantaine (1993) noted that Montivaltia-numismalis: D*Orbigny
discovered in black shale atthe'school of Ban Pha De; south of'Mae Sot, confirms the
occurrence of Middle Jurassic sediments in western Thailand.

Zuoqi (1993) studied the spore-pollen assemblage from red beds of peninsular
Thailand, consisting predominantly of gymnosperm pollens (94.46%), some
pterophyte spores (5.26%), and rare algae (0.28%). The prevailing gymnosperm
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genera are Classopollis (86.18% of the total amount) and Dicheiropollis (4.25%) of
Cheirolepidaceae. Age determination for this spore-pollen assemblage is Late
Jurassic.

Assanee Meesook (1994), Assanee Meesook and Grant-Mackie (1994), and
Assanee Meesook and Grant-Mackie (1996) reperted on marine Jurassic stratigraphy,
lithostratigraphy and paleentology of Thailands The'marine Jurassic rocks are widely
distributed along the. northwestern, western, and.peninsular Thailand. In the
Chumphon area, ammonites_and bivalves indicated the Early Bajocian have been
found in fine-grained sedimentary. rocks at Khao Lak, 80 km north of Changwat
Chumphon. The Khao LakFormation consists mainly of interbedded sandstone and
shale with cherty limestone: Fhey.also reported that the Phra Bat Formation in the
Chian Yai and Hua Sai areas of Charigwat Nakhon Si Thammarat consists of
mudstone and sandstene of the Toarciari‘!ag“é and summarized the marine Jurassic
lithostratigraphy of Thatland in which fburteen new lithostratigraphic units were
established. | =

In 2002 to 2005, hoth marine and no'n':irnarine Mesozoic sedimentary rocks and
faunal aspects of Thailand weré-reported anij ;cwof-felated by Assanee Meesook et al.
(2005). The authors proposed and. reviewed thg"_s_equences of the Mesozoic marine
and non-marine rocks including the evolution o} Jurassic bigdiversity of Thailand.
Apart from that-Assanee Meesook et al. (2006) summarized lithostratigraphy and
faunal aspects of-marine Jurassic rocks in Thailand. Meanwhile, Kozai et al. (2006)
reported the faunal‘affinity of the Toarcian-Aalenian bivalves-from Amphoe Mae Sot
and Amphoe Umphang, Changwat Tak.sThirty-five Toarcian-Aalenian bivalve
species fromithis ‘area were“identified: These-bivalves can be Correlated with those of
Southeast, Asian countries such as Vietnam and Myanmar.

Wirote Saengsrichan (2007), reported .as details of mariner Jurassic
lithostratigraphiy+in the Mae Sot-Phop Phra basin; the/Hua Fai.Group can be.divided
into 3 formations, 17 units and the sedimentary sequences are analyzed in terms of
lithofacies association representing the shoreface, fan-deltas, protected lagoon,
intertidal, subtidal and inner to outer ramp environments with occasional carbonate
platform and reef flat. The Toarcian rocks were represented by transgressive-

regressive (T-R) cycles and gradually changed to the highest sea level and water
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depth in the Aalenian. In late Aalenian to early Bajocian, sea level was still changing
to transgressive phase. After early Bajocian, the sea level was retreated from this
area.

Finally Assanee Meesook et al. (2009), reported on paleoecological analysis
and depositional history of the marine Jurassic at Mae Sot, Phop Pha and Umphang
areas, based on bivalve assemblages with™ additional data from ammonites,
brachiopods, and microfossils. . This implies warm, shallow water and oxygenated
conditions except forthe Mag Sot area where a deeper setting with restricted basinal

anoxic conditions is.favoreds@s indicated by the presence of Bositra.
. 4 |
1.6 Basic knowledge.on bivalves

The bivalve pelongs to the Phylum;[\/llollusca Linnaeus, 1758, Class Bivalvia
(Lamellibranchia or Pelecypoda) Linnaeus",l 1758 (Cambrian-Recent). Data of bivalve
in this part is based:imainly on Doyle (1996“n)._as follows:

General charagteristics e

Generally, bivalves classified by tHe-“:features of the hinge margin and other
internal features of the shell (Figure 1.4). Théy are characterised by their two-halved,
usually aragonitc calcareous. shell which prc_)gc_itS'_the soft parts, and which is hinged
by an elastic ligament to élrld\‘/v the functioné b-f: db’ufrowing, respiration and feeding.
The majority of bivalves-tive-in-burrows-which-are-consiructed by the muscular
contractions of the mantle muscle or foot and mostly feed from food particles
suspended in the water column. Suspension-feeding bivalves feed by filtering food
particles suspended in the water column, which suspended food particles into the shell
through'the inhalent siphanand spent water'is expelled through'the €xhalant siphon.

Shell'morphology

Bivalve shell morphology is relatively simple.and is an important. of mode of
life. 'The shell.serves as a hingéd calcareous cover for the soft body which is variously
shaped to suit the function of the bivalve. There are two basic'modes of life,burrow-
dwelling (infaunal) or surface-dwelling (epifaunal). Most infaunal bivalves can be
distinguished by the fact that their shells have two halves with mirror-image

symmetry, while many, but not all, epifaunal bivalves do not.
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Bivalve all possess two shells known as valves which are permanently joined
at the hinge, and which open and close in order to carry out the function of feeding
and respiration. Each valve contains a record of the life history of the individual
bivalve shell, as the growth lines on its exterior illustrate the incremental growth of
the shell, created by the soft body or mantle. The first formed part of the shell is
locked into the umbones which overlap the hihge margin; the last growth increment is
represented by the join.or commissure..Bivalve shells.are all calcareous, aragonitic or
calcitic.

The interior ofa typical-bivalve displays the following information: the hinge
contains the ligament€itherset in a pit outside the shell or set into the hinge margin
itself, together with the hinge teeth if ‘present. The hinge teeth are used as an
important charactegin the classification oﬁ the bivalves. Commonly, the teeth radiate
in a small cluster of cardinal teeth from the umbo. Cardinal teeth are comonly found
in two configuration: spread out along the uentire length of the hinge margin (taxodont
dentition), or limited 10 a small cluster beneath the umbo but joined by simple lateral
teeth which are parallel o the hinge marg'ifi'!- (heterodont dentition). Most shallow-
burrowing bivalves have heterodont dentinfiif)frf:-" In" some bivalves, particularly
epifaunal ones, the hinge teeth are reduced "or_‘abgent, and the task of opening and
closing the shell is taken by a greatly modifi-ed ligamentsand adductor muscle
arrangement. The position of the adductor muscle attachments can be seen as muscle
scars on the interior of the shell. These scars are paired-either side of the hinge
margin in equivalve bivalves, or consist of a single large and subcentral muscle scar
where the bivalves @re.inequivalve. Finally, sthe position of the mantle inside the
valves in,denoted by the pallial line, a distinet lne parallel to the outer margin of the
shell forming an arc which either connects the two ‘addtctor muscle scars or joins the
hinge line. In some cases, there is @ distinct embayment within the pallial:line, known
as'the pallialssinus. This iS'commonin infaunal bivalves and represents,the position
when retracted inside the shell of the siphons used for suspension feeding.

Mode of life

The bivalves can be divided into three main groups on the basis of their mode
of life in relation to the substrate: shallow infaunal; deep infaunal; and epifaunal
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(Figure 1.5). This represents a simplification but includes the majority of bivalves
commonly encountered. Their characteristics are discussed below:

1. Shallow infaunal bivalves.

They have an equivalve shell form, heavily ribbed, a subcircular shell shape,
strong hinge teeth, two subequal muscle sgarssand complete pallial line or small
pallial sinus. These characteristics are reflective of'the need for shallow-burrowing
bivalves to protect themselves If washed out or otherwise exhumed from their
burrows.

2. Deep infaunal bivalves.

They have amequivalve shell form usuvally unornamented with ribs, an
elongate shell shape, ashell'gape in many.cases, reduced or absent hinge teeth, two
unequal muscle scars and a'large pallial;nsinus. The equivalve shell and elongate
shape promote efficigncy in deeper burrbyvih'g. A shell gape, at both anterior and
posterior for permanent extrusion of foot énd siphons, is @ common feature of deep-
burrowing bivalves, a function of the need for extended periods within the burrow.

3. Equivalve epifatnal hivalves. i

They have a lozenge-shaped equivanl\fe“"éhell, largely reduced hinge teeth,
unequal muscle scars which- posterior scar 1S Igrr"g(_ar than anterior scar and an entire
pallial line. They are adapted to a byssally attéch-ed mode of life in which the byssus
is extruded from-a gape in the lower surface of the shell. ihe lozenge shape is a
function of this sedentary habit and reflects the need for strength in attachment to a
hard substrate.

Palaeoenvirgnments

Bivalves are great value in palaeoenvironmental analysis hecause of their
association with particular substrates. They are almost all benthonic, and mostly
neritic, and are most commonly#limited by water, depth, substrate, isalinity and
oxygenation,~Typical substrate preferences are infaunal, epifaunal and~wagile (freely
moving). Infaunal bivalves include rock-borers, burrowers, and nestlers-‘squatters’
inhabiting pre-constructed burrows or cavities. Epifaunal bivalves include free-living
recliners, strongly attached cementers and byssally attached shells. Vagile bivalves
are rare but include the partially free-swimming genera Pecten and Lima. Typical

feeding strategies for most bivalves are as infaunal or epifaunal suspension feeders.
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CHAPTER Il

GEOLOGY

2.1 Physiography

2.1.1 Topography
The topogiaphy ofsthe area can'be subdivided into 3 zones, namely, eastern

high range mountains, undulating and flat areas (Figure 2.1).

2.1.1.1 Eastern high.fange mountains zone

The'eastern high range mountains zone is located in the eastern flank
of the study area, whi€h has high mountains and denses forest. Moreover, this zone is
widely covered by sandstone, shale, Iimest;i'r!g, [netamorphic and igneous rocks of the
Upper Paleozoic to /Mesozoic. These high mountain ranges are located in the
northeastern part of the study area, which dlstrlbuted approximately 15% of the area
and have elevation of the ranges between SOO;and*l 157 m (msl) as the highest peak is
at Doi Pha Kia with approximate-elevation ofl,l5] m above mean sea level (msl).

2.1.1.2 Undulating area zone

THe undulating area zone is widely distributed inrthe Phop Phra Basin
and extended frof the central, western and southwestern parts of the study area. In
addition, this zone covers the area estimate 55% and the elevation between 300 and
400 m (msl). This' tepography is characterized by small hills with intensive
agriculture. The rocks in this undulating landform are composed of carbonate and
fine-graifed sedimentary rocks such as shale and marl.

2.1.1.3 Flat area zone

The flat' area/ zone .is' widely distributed /in the ‘nerthern and
northwestern portions of the study area covering Ban Mae Lamao, Amphoe Mae Sot
and Amphoe Phop Phra about 30% of the area. This zone can be divided into 3 sub-
basins, namely, Mae Lamao, Mae Sot and Phop Phra Basins (Figure 2.1). The area is
covered by floodplain deposits of Moei, Mae Lamao and Wale Rivers with the
elevation ranging from 120 to 300 m (msl).



17

¥ |

LEGEND
District

Border

= -~ 4
ve ) Basins

- -

D Study area

NN

16

04
: 049 25012
Path/Row 131048 (2
Path/Row 131049 0

v

i RENT

o

RGRER

98" 00 E 98" I5E 98’ 30 E 98" 45E 99" Ol]

b 24 Gl ASALNBAIN LI ALl

‘Mae Sot- Phop Phra, Changwat Tak, western Thailand (after Wirote Saengsrichan,
2007).

[z2}



18

2.1.2 Drainage systems and landform origin

The main rivers compise Mae Lamao, Moei and Wale Rivers in the northern,
western, and southern parts of the study area. Most of the major drainage systems
flow approximately towards the narthern, western, and northwestern directions into
Salawin River in eastern Myanmar.

The general drainage patterns ofF .ihe .study area are subparallel and
subdendritic and the origin.of the landform can be subdivided into 2 distinctive types
(Figure 2.1) as follows:

2.1.2 = andform .of denudation origin eomprises eastern highland,
isolated and small hills cover approximately 70% of the area. The high mountain
ranges are distributed in the northeast of the area. The isolated and small hills are
extended from thescentgal 0 southern p'art of the area. This type of landform is
underlain by dolomiti¢ limestane, limestone, sandstone, shale, and semi-consolidated
gravel beds. ;

2.1.2.2 Landform of alluvium'o'k-igin iIs mainly presented along Mae
Lamao, Moei and Wale Rivers eovering about'80% of the study area. This landform
is well observed in the north.and northwest c'”onéfsting of river terrace and floodplain
deposits of gravel, sand, silt,-and clay.

2.2 Geologie setting

Mainland Southeast Asia Is divided into three major tectonic terranes: the
western Burma terrane, the Shan-Thai terrane and the Indochina terrane (Sangad
Bunopas, 1981; Burrett;4974; Burrett et al.;1990; Gatinsky et al., 1978; Hutchison,
1975; Mitchell, 1981; Ridd, 1980; Stauffer, 1974). ~Thailand is a part both of the
Shan-Thaiiterrane in the west and of the Indochina terrane in the eastern part of the
country with two intervened tectonic units, namely-the Lampang-Chiang-Rai to the
east'of Shan=Thai.and the Nakhan Thai to the west of Indochina (Panya Charusiri et
al., 2002). The Shan-Thai terrane was in contiguous to Indochina and South China
terranes in the Middle Triassic time. The continent-continent collision was a part of
the Indosinian orogeny. After the collision, mountains were developed along the
suture, particularly along the over-thrusting Shan-Thai terrane. The study area is

located in the Shan-Thai terrane, west of the Pattani suture (Panya Charusiri et al.,
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2002). This suture is considered to extend southward to connect with the Bentong-
Ruab suture in Malaysia. The suture is confirmed to have formed by continent-
continent collision of the Indochina and Shan-Thai terranes (Sangad Bunopas, 1981;
Hahn et al., 1986; Yuenyong Panjasawatwong, 1991).

The main marine Jurassic rocks investigated are a long narrow N-S trending
strip running along the Thailand-Myanmar border,.and occupy more than 7,000 km?
of the Mae Hong Son, Tak and Kanchanaburi areas, with three isolated areas of
Changwat Chumphen;“Nakhon Si Thammarat and Krabi in the southern part of
Thailand.

There are vagious literatures redarding geology in Mae Sot-Phop Phra and
neighboring areas.” The'previgus papers-and geological maps include the geological
map of Moulmeinsmap sheet on the sc::ue of 1:250,000 (NE47-14) (Sukto et al.,
1978), geology of Amphoe Mae Sot and F?aniPhoe Pha (Worawut Tantiwanit et al.,
1987) on the scale'of 1:50,000, geology of Mae Sot-Phop Phra area on the scale of
1:50,000 (Department of Mineral Resoufé:é"ls, 2002 and Assanee Meesook et al.,
2006), and geology of Tak area;(Wirote ‘S'géngsrichan, 2007). This study area is
underlain by rocks ranging ‘in-age from theﬁxré’itambrian to Recent which mainly
include metamorphic, carbonate, clastic; and ihEn_qqgs_rocks (Figures 2.2 and 2.3).

2.2.1 Regional stratig:liraphy of the sthdy :irea

Geologic-setting of this area has been complied based on Wirote Saengsrichan
(2007). The study-area is dominated by sediment and sedimentafy units ranging in age
from the Pre-Cambrian to Quaternary (Figures 2.2 and 2.3)..Fhe composite lithologic

column of these rocks is.shown in Figure 2.3 as follows:
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The oldest rock mainly consists of high grade metamorphic rocks such as
quartzo-feldspathic gneiss, biotite gneiss, calc-silicate and schist of the Lansang gneiss
(Pre-Cambrian rocks, P€). The low grade metamorphic rock is conformably underlain
by the Lansang gneiss and is well exposed in the northeastern part of this area which
was designed as the Pong Nam Ron quartzite«(€). This unit is characterized by
quartzite with quartz-schist and quartz-phyliticsschist, and is conformably overlain by
the Tha Manao limestone (Ordovician, ©). The Tha.Manao limestone is predominantly
limestone and argillaceous limestone with dolemitic limestene. The age is controlled by
supposedly preserved«Ordavician fossils, conodont and nautiloid at the type section,
Changwat Kanchanaburi. This unit s unconformably overlain by the Thong Pha Phum
Group (Silurian-Carboniferous), characterized by shale, slaty shale and phyllitic shale.
The Phra Woh Limestone/(Lower-Middle P;ermian) IS underlain by the Thong Pha Phum
Group. The Limestone canbe divided into 2 units, lower (P1) and upper (P2) parts. The
lower part mainly eonsists of clastie rocksus_uch as calcareous sandstone, siltstone and
shale distributed in the cenral, eastern and southern parts. The fossil assemblages are
coral, brachiopod, and bryozoa of Upper Cafb't;niferous-Lower Permian age. The upper
part is composed of the thick.bedded to massinf'yé Hﬁlomite and limestones known as the
upper Phra Woh Limestone  containing fossil__qs"_s_emblages predominantly of coral,
bivalve, brachioped, bryozoa and foraminifera 6f P-ermian age. The Mesozoic rocks are
widespread in the western and central parts of the study area which includes the Mae
Sariang Group (T+iassic rocks) and Hua Fai Group (Jurassic +acks). The Mae Sariang
Group can be divided into 2 units, lower (Trl) and upper-(Tr2) parts. They are
unconformably underlain.by the Phra Woh Limestone. This sequence is composed of
sandstone, shale, limestone, and chert. “ The"Hua“Fai Group is uncenformably underlain
by the Triassic rocks with the unconformity of conglomerate layers.™ This group was
proposed by Assanee Meesook (1994) and can be subdivided into 3 formations, namely,
Khun Hual (k)3 Dol Yot (Jdy) and Pha De (Jpd) Formation, in ascending order. The
sequence consists predominantly of sandstone, shale, limestone, argillaceous limestone,
dolomitic limestone and conglomerate. These units are unconformably overlain by
conglomerate of the Doi Din Chi facie (JKdc), which are well exposed at Doi Din Chi,
northwest of the Amphoe Mae Sot. The facie consists mainly of massive conglomerate.

The conglomerate clasts are composed of gravel to cobble of limestone, chert, sandstone,
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quartz, and dolomite. According to the previous study, Fontaine and Varawut Suteethorn
(1988) reported the presence of foraminifera and algae in limestone clasts indicative of
Middle Jurassic age. However, this facie was designed as Cretaceous? (Fontaine and
Varawut Suteethorn, 1988). Mae Sot Basin is well known as the Mae Sot Group (T) and
determined in Tertiary age. The Mae Sot Group (F) is widespread in the Phop Phra area.
The unit consists mainly of semi-consolidated eonglemerate, mudstone and sandstone.
The sediments deposited.in. these basing are caused by alluvial and fluvial processes
particularly in the feur'main_rivers, Mae Lamao, Moei, Wale, and Mae Klong Khi
Rivers having broad.flood plains on both sides of the channels. These sediments are
deposited in the intepmontane pasin characterized by sand, silt, clay and gravel. The
gravel size ranges froma'small to cobbles and boulders. The fine sediments such as
silt, fine sand and elay intercalated with ;gravels are found in the flood plain of the
main rivers. Channeldag gravelsare also‘fou’nd on the river banks. Terrace deposits
with thick accumulation of gravels-and cléy_ey sand occur along the both rims of the

basins.
i

2.3 Distribution of marine Jurassic ré{:k%’in Thailand

Mesozoic'sequences in Thailand can be subdivided on the basis of stratigraphy
and paleontolagy/into three main facies (Assanee Meesook and Grant-Mackie, 1996);
the marine facies, brackish facies and the younger continental facies. In the west,
only marine facies of Triassic and Jurassic ages have been reported. The marine
Jurassic sediments are @istributed in three sedimentary basins, namely the Mae Hong
Son-KanchanaburiBasin.in the northwest and west, the Chumphaon Basin in the upper
peninsula and the Songkhla Basin (Figure 2.4) in the lower peninsula. The location
and extent of these basins, the structure and orientation'of Jurassic strata in‘each basin
and present ‘relationship between basins resulting from bath; strikesslip and normal
faulting are shown in Figure 2.4. Except for the continental basins in northeastern
Thailand, most of the marine and brackish basins are the north-northwest trending

elongated basins. Of these basins, the Mae Hong Son-Kanchanaburi Basin has been
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most fully developed and widely distributed of marine Jurassic strata (Assanee

Meesook and Grant-Mackie, 1996).
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Figure 2.4. Map of Thailand showing major tectonic units and distribution of the
Jurassic-Cretaceous sedimentary rocks and basins with some major geological

structures (after Wirote Seangsrichan, 2007).
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The marine Jurassic rocks in Thailand are located in seven localities
distributed in the northern western and southern peninsular Thailand i.e., the Khun
Yuam, Mae Sot, Umphang-Phop Phra, Kanchanaburi, Chumphon, Thung Song-Klong
Thom and Ao Luk-Plai Phraya areas. These areas are situated in Changwat Mae
Hong Son, Tak, Chumphon, Kanchanabug, MNakhon Si Thammarat and Krabi,
respectively (Figure 2.5).

According to. Assanee Meesook and Grant-Mackie (1996), marine Jurassic
strata in Thailand are-generally-underlain unconformably by Triassic and overlain by
Quaternary strata. TFhe marine Jurassic lithostratigraphic units (Table 2.1) are
established: (in ascending order) Pa Lan, Mai Hung and Keng Mu Formations of the
Huai Pong in the'Mae Hong Son area; Khun Huai, Doi Yot and Pha De Formations of
the Hua Fai Group#in the Mae Sot-Phop éhra area; Klo Tho, Ta Sue Kho, Pu Khloe
Khi and Lu Khoc To Formations of the U‘[nphang Group in the Umphang area. The
main lithologies aré composed of mudsto“nes, siltstones, sandstones, limestones and
marls. Mudstones, siltStones and"sandstones are widespread in all basins; marls are
found only in Mae Sot. i

2.3.1 Marine Jurassi¢ fOcks in nortrnii-yvé‘s"t Thailand

2.3.1.1 Khun Yuamarea; Char]gvya"t Mae Hong Son

InyKhun Yuam-Mae Hong Son-, tFle area was jpreviously mapped as
marine Triassic-rocks trending north-south direction along -the Thailand-Myanmar
border. According-to Adul Charoenprawat et al. (1985), they discovered the marine
Jurassic rocks at-Ban Pa Lan and its vicinity, Amphoe Muang and Amphoe Khun
Yuam of ChangwatgMae Hong Son. Consequently, Assanee Meesook (1994) and
AssaneesMeesaok and Grant-Mackie /(1996) ‘have "studied the roeks in terms of
stratigraphy and paleontology and four new lithostratigraphic units are established:
the Huai Pong Group consisting of'the Pa Lan, Mai-Hung and Kong Mu Formations
in"an scending order (Figure 2.6). ' The Huai Pong Group was. proposea for Jurassic
strata overlying marine Triassic and underlying Quaternary strata and the thickness
approximately 200 m. As a result, many bivalves, ammonites and microfossils have
been found and can be correlated with those of the Mae Sot-Umphang, and Phop Phra
areas. In addition, ammonites, bivalves and foraminifera indicate that the group

ranges in age from Toarcian to Aalenian.
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Table 2.1 Summary of lithologic nomenclature proposed for marine Jurassic strata of
Thailand, and correlations made with international stage scheme (after Assanee
Meesook and Grant-Mackie, 1996).

'1'”1"’.’5‘/ | UMPHANG AREA EANCHANA- E%JE'-

JURASSIC

ﬂUEI’J'VlEWliWEI']ﬂ‘i
qmmmm UNIINYIA



28

10 LE
| Wie
]
&
]

*
- ‘

'D )
o | i
24y,
o f
L F
i I
¢ d
=
T

ﬂ WEINHNINYI ﬂ i Ap—

Mae Ho Son (after Assanee Mees GQOk and Grant- Mackle 1996).

awwaﬂﬂmumwmaa



29

2.3.1.2 Mae Sot area, Changwat Tak

The Mae Sot area of Changwat Tak, northwestern Thailand is well
distributed of marine Jurassic rocks and well selected as a pilot area in studying
Jurassic faunas due to their abundance and diversity. The marine Jurassic rocks
bounded in the eastern and western parts of.the.Mae Sot basin are composed of
marine clastic rocks represented by the Hua Fai.Group (Assanee Meesook, 1994). The
group is divided into three formations, Khun Huai, Doi Yot, and Pha De Formations,
respectively, in ascending erdes(Figure 2.7). Marine Jurassic strata are exposed at
various localities-at” Kamawkala Gorge 10 the northwest and Doi Din Chi in the
middle of the basin,4n road-cuts from Tai< to Mae Sot and along Huai Mae Sot. Some
detailed investigations/of this area have previously been made by Braun and Jordan
(1976) and Fontaine and Varawut Suteéthorn (1988). Braun and Jordan (1976)
established the Mae Moei Group far the Trlassw Jurassic sequence and recognized
informal upper (Jurassi€) and lower (Trlassm) divisions. The Mae Moei Group is
rejected as an appropriate Ilthostratlgraphlo tprm for the Jurassic strata of the region
(Assanee Meesook and Grant-Mackie, 1996) The Jurassic sequence near Mae Sot is
now clear to lack basal (Hettanglan Phensbachlan) correlatives and to lie
unconformably on Triassic-strata. It should, therefore, be separated at group level
from the Triassi¢, and the same name should not be applied.to both, even if the
informal “upper” and “lower” divisions of Braun and Jordan (1976) were otherwise
acceptable. Marine Jurassic strata along Huai Mae Sot are well exposed. Ammonites
and bivalves are common in mudstones and marly limeStones and range from
Toarcian to Early BajoCian in age. These Strata therefore constitute a suitable type
section for the Jurassic in the Mae Sot area and the Huai Fai Group is proposed to
replace the “upper Mae Moei Group” which is much less well-exposed and with less

precise age determinations.
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2.3.1.3 Umphang-Phop Phra area, Changwat Tak

The Jurassic sedimentary rocks in the Umphang-Phop Phra areas,
Changwat Tak are mainly composed of the marine to brackish clastic rocks deposited
in marine and brackish water environments.. Lithostratigraphically, the Umphang
Group is proposed by Assanee Meesook (1994) for the marine Jurassic rocks in the
Umphang area and this group can be subdivided.anto Tour formations, namely, the Klo
Tho, Ta Sue Kho, Pt Khloe Khi, and Lu Kloc Tu Formations, respectively, in
ascending order. The maindithelogies of marine Jurassic rocks in the Phop Phra area
consist of sandstone, siltstone; mudstoqe and limestone of the Klo Tho Formation
(Figure 2.8). l‘

The Jurassic sifata are widely spread in the west of Umphang township, Ban
Klo Tho, Ban Pa ka Thaand with local exposures scattered throughout the area. The
region has previously been inveétigated by r;i-any workers (Assanee Meesook et al.,
1985; Fontaine and Varawut Suteethorn 1988 Assanee Meesook, 1994; Assanee
Meesook and Grant-Mackie, 1996)s The strai;a exposed along the track from Ban Klo
Tho on the Thai side of the border to Ban Pu Khloe Khi in Myanmar are selected as
the type section for the Umphang Group (Flg{ii:e 2. 9)

The Umphang Group.(Assanee Meeéqek and Grant-Mackie, 1996) consists
predominantly oftlimestones, mudstones and sandstones and.is distinguished from the
Hua Fai Group Wﬁich lacks sandstones and in which limestone and marl or mudstone
is intimately interbedded. The thickness of the group is more than 430 m, the lower
and the upper parts being presumed to have unconformablé relations with adjacent
strata because of the /absence of older and<younger Jurassic rocks, although no
sedimentary |contacts were seen:. @ In addition, ammonites from the Klo Tho
Formations indicated an Early Toarcian age and foraminifera and alage from the Pu

Khloe Khi Formations suggesting an early Aalenian‘age.
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2.3.1.4 Kanchanaburi area, Changwat Kanchanaburi

Marine Jurassic strata in the Kanchanaburi area are 200-300 m thick
and are found at various localities in Amphoe Thong Pha Phum, i.e. 15 km southeast
of Sai Yok Yai, an area east and southeast of Song Tho, and an area straddling the
road from Song Tho to Ban Khiti in the north. +Of these, the vicinity of Thong Pha
Phum is best known because of its good expesures.and accessibility.

The Jurassic strata.in this area eonsist of light grey limestones, predominantly
oncoid-micrite containing a_sich: foraminiferal fauna (Hagen and Kemper, 1976;
Kemper et al., 1976;sKemper, 1976). The Jurassic sequence can be correlated with
the Ta Sue Kho and Pu Khlee Khi Formations. The lower part of the Jurassic shows a
non-marine influence on sedimentation by red-coloured elastic-calcareous lithologies
in the Si Sawat area, and red sandstones ;and limestone conglomerates in the Thong
Pha Phum area (Hagen and Kemper, 1976).’7The overlying Jurassic sediments and
their faunas indicaté shallow marine facieé;with confined endemic species (Fontaine
and Varawut Suteethorn, 1988). " The limestone is generally late Early Jurassic to
Middle Jurassic; a Late Jurassic-age has beéﬁ'!-occasionally reported, but remains very
doubtful, being based on the-tneértain idehﬁifieation of a few sections of poorly
preserved foraminifera identified as Kurnubi,a»(lge"mper etal., 1976; Kemper, 1976).

2.3.2 Marine Jurassic rocks in peninshlz;r Thailand

2.3.2.1 Chumphon area, Changwat Chumphon

The«blackish to non-marine Jurassic-Cretaceaus rocks in peninsular
Thailand are distiibuted from Changwat Chumphon to the north, Changwats Nakhon
Si Thammarat, Krabirand, Trang to the southgparticular in the Thung Yai-Klong Thom
area of sNakhon 'Si  Thammarat'and" Krabi;, and the. Ao Luk-PlaivPhraya area of
Changwat  Krabi and Changwat ‘Strat Thani. Lithostratigraphically, the Thung Yai
Group (Lertsin Raksaskulwong, 2002) is proposed fer.these rocks and this.group can
be subdivided,into four formations, namely, the Khlong Min, Lam Thap, Sam Chom
and Phun Phin Formations, respectively, in ascending order. The Thung Yai Group
consists of reddish brown shales, sandstones, conglomerates and reddish brown, fine-
grained sandstones of totally 760 m thick. Of these, the Khlong Min Formation is
assigned as the Jurassic in age. The Thung Yai Group is unconformably underlain

and overlain by Triassic and Quaternary sediments, respectively.
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In Changwat Chumphon, the marine, brackish to non-marine Jurassic and
Cretaceous rocks (the Thung Yai Group) are mainly composed of the continental red
beds with occasional brackish-marine mudstones and siltstones. The distribution of
the rocks is confined to Pathiu, Amphoe Tha Sae and Amphoe Langsuan, Changwat
Chumphon of approximately 900 km“. The Jurassic-Cretaceous rocks in Chumphon
basin are also recognised as one of the richest faunal assemblages for the marine,
brackish to non-marine Jurassic-Cretaceous strata in-Fhailand. However, these faunal
assemblages are prewiously indetermined as well as these found in brackish-marine
mudstones and siltstenes oithe Khiong Min Formation in the areas of Changwats
Nakhon Si Thammarat;, Krabt, Chumphon and Trang.

The brackish toumarine Khlong Min.Formation of the Thung Yai Group in the
Chumphon area crops out in two selectéd areas; Huai Khun Krathing of Amphoe
Pathiu, and Khilong Khut of Amphoe Mu‘ang; Changwat Chumphon. The group at
least 300 m thick, s generally reconsideréd_ in terms of lithostratigraphy and can be
subdivided into three/formations; namely, the Khiong Min, Lam Thap, and Khao
Phang Formations, respectively in ascendiﬁ'é-order. The group is unconformably
underlain by the Permian racks {Ratburi (n;:r;o[xt")') and unconformably overlain by
Tertiary and Quaternary rocks as indicated by the presence of fanglomerate and grevel
beds of the Fhang Daeng Formation. e

The Khleng Min Formation in this area, 200 m thick, consists of greenish
grey, greyish brown mudstone and siltstone intercalated with-fossiliferous limestone.
Calcareous concigtions are abundant In mudstone with..Some ammonoids and
septarian calcite veins are also present. The,formation, distributed at Khao Lak and
Map Ammarid, is'well expesed ‘at Hual Khun "Krathing, "Amphae”Pathiu, Changwat
Chumphen, and is“unconformably” underlain by bedded limestone of the Permian
limestone. The fossil assemblages reflect marineste lagoonal environment during
lower MiddlewJurassic, with'gradual change of depositional environmentifrom marine
to lagoonal.

In the Khlong Khut area 10 km east of Chumphon town, the Khlong Min
Formation is well exposed a long a canal. The sequence consists of brown to reddish
brown, calcareous sandstones, siltstones, and mudstones. Thin-bedded conglomeratic
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sandstones and conglomerates are occasionally intercalated in mudstones and
siltstones. Bivalves are abundant in the conglomerate bed.

2.3.2.2 Thung Song-Klong Thom area, Changwat Nakhon Si Thammarat

The Khlong Min Fermation of the Thung Yai Group, approximately
58-116 m thick, consists of four lithofacies; the mudstone intercalated with
fossiliferous limestone, silistone, sandstone and fossiliferous limestone with abundant
vertebrate and inveriebrate fossils. This formation.is.unconformably underlain by
calcareous siltstones; reddish-brown to maroon, with thin-bedded limestones and
limestone lenses of the Triassic Sai Bon Formation, and is conformably overlain by
the sandstones and silistones of the overlying Cretaceous Lam Thap Formation. The
fossil assemblages reflect lagoonal.environment during lower Middle Jurassic, with
gradually change oifdepositignal environrrient from lagoonal to fluviatile.

The Khlong Min Fermation in this area consists of mudstone intercalated with
fossiliferous limestone, siltstone, and fossiiiferous limestone with abundant vertebrate
and invertebrate fossils. This formation is well éi(posed at a road-cut in the vicinity of
Mab Ching, Amphoe Thung Seng of Chahgj;/\rat Nakhon Si Thammarat. The rocks
here are composed of well-bedded, calcareo@é sillstones and sandstones interbedded
with thin-bedded, pale grey. limestones and_jirh_estone lenses. Brackish bivalve
assemblages e.g. Protocardia sp., Myrene sp.; A::tinostreon sp., and Praemytilus sp.
are abundant. | ln:some beds,; ligneous shale and siltstone contains ostracodes, plant
remains, and conehostracans. In the upper part of this sequenree, the rocks are grading
up to non-marine: lacustrine deposits containing vertebrate bones and fragments
indicative of Jurassi¢ age (Buffetaut et al., 4994). These fossil assemblages reflect
lagoonals environment during lewer 'Middle™ Jurassic,” with \gradual change of
depositional environment from1agoonal to fluviatile and lacustrine.

2.3.2.3 Ao Luk-PlaitPhraya area, Changwat Krabi

The Thung Yai 'Group consists chiefly of greyish brows shales and
reddish brown, fine-grained sandstones and conglomerates. This group is about 700
m-thick and its age is assigned as Middle Jurassic to Cretaceous (Naramase
Teerarungsigul, 1999; Lertsin Raksaskulwong, 2002). This sequence is well exposed
in the Wiang Sa area of Changwat Surat Thani, Thung Yai of Changwat Nakhon Si



37

Thammarat, Klong Thom, Ao Luk and Plai Phraya of Changwat Krabi and Wang Vi
Set of Changwat Trang.

The Thung Yai Group in the Ao Luk-Plai Phraya area, which has the thickness
of at least 300 m, is reconsidered here in terms of lithostratigraphy and can be
subdivided into two formations, namely, the Khlong Min and Lam Thap in an
ascending order. This greup Is unconformably underlain by marine Triassic rocks
(the Sai Bon Formation). as indicated.by the presence.of conglomerates in several
localities around Amphoe Thung Yai and Amphoe Kian Sa, Changwat Nakhon Si
Thammarat and Changwat.Surat Thani. The conglomerates are mainly polymictic
orthoconglomerate containing pebble- to cobble-size limestone, sandstone, siltstone,
and quartz clasts:” The Fhung Yai Group isunconformably overlain by Tertiary semi-
consolidated clasti¢” depesits as indicatedn by the presence of basal conglomerates
exposed at Amphoe Thung Yai, Changwat‘j\lakhon SI Thammarat.

The Khlong Min Formation-crops 6u_t locally at Khleng Min, Ban Mab Ching,
south of Amphoe Thung Yai, Changwat Nakhon Si Thammarat. The total thickness
of the formation is about 200 m.~This facies'{'!s widely exposed along Highway no. 44,
at km 8-25 (Krabi-Khanom.réad) and HualLlik reservoir, Amphoe Ao Luk and
Amphoe Plai Phraya, Changwat Krabi and. C_har]gwat Surat Thani. This marine
sequence is well,exposed at km 10+300, wesfera side of the/Highway no. 44, Ban
Khao Ngam, Amphoe Ao Luk. The sequence includes greenish grey, thin- to
medium-bedded #audstone intercalated with ripple cross-laminated sandstone and
fossiliferous limestone with common invertebrate and-.wvertebrate fossils. The
sedimentary strata exposed at Huai Luk reservair, Amphoe Plai Phraya, are composed
chiefly/of greenish grey to reddish brown, thin- 1o thick-bedded'mudstone intercalated
with fossiliferous™limestone, ripple cross-laminated sandstone ™ with abundant
invertebrate and plant remains.

The Lam+T'hap Formation is mainly distributed at Khao.Chong Mai Dam, east
of Khao Hua Sing To and Huai Luk reservoir, Amphoe Ao Luk and Amphoe Plai
Phraya, Changwat Krabi and Changwat Surat Thani. The formation is more than 100
m thick comprising mainly two lithofacies, the medium- to thick-bedded arkosic
sandstones, and siltstone intercalated with greyish mudstone. The sandstone facie is

mainly composed of brown or reddish brown, medium- to coarse-grained, subangular
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to subrounded, and moderate sphericity. It consists of 30% feldspar and 70% quartz

grain with siliceous cements and iron oxide coated.
2.4 Marine Jurassic stratigraphy of the study area

The Mae Sot area is located in the nerthwestern part of Thailand near
Thailand-Myanmar berder. The area is situated inthe-Mae Hong Son-Kanchanaburi
Basin as parts of Shan-Thal terrane of Changwat Tak. In-addition, the Mae Sot-Phop
Phra areas are seleeted torbe.this study area due to abundant and diverse marine
Jurassic faunas pasticularly bivalves ' and ammonoids with additional corals,
gastropods, brachiopods, and microfossils. =

Lithostratigraphic nomenclature for-marine Jurassic strata of the Mae Sot area
was introduced by Bratin and Jordan (1976). These units represent strata according to
these authors ranging in‘age from Early o Late Jurassic based mainly on ammonites
and foraminifera. As a result of‘ recent stliéliéé (Fontaine and Varawut Suteethorn
1988; Assanee Meesook 1994); fiew marihé'quassic sections have been studied in
detail and previous sections have been reinterbret'éa. Age determinations are based on
ammonites, with bivalves and foraminiferanprp.viding useful additional data. These
fossils show that the marine Jurassic sequences are largely Toarcian-Aalenian plus
some Bajocian.

According t0 Assanee Meesook and Grant-Mackie (1996), marine Jurassic
rocks in the Mae~Sot area are generally underlain unconfermably by Triassic and
overlain by Quaternary=strata, respectively: /Four new lithostratigraphic units are
established: (in ascending order) Khun Huai, Dai Yot,-and Pha De Formations of the
Hua Faiz Group (Figure 2.7). Mudstones, siltstones, sandstones and marls are
widespread in this area. Marine Jurassic sequences;-approximately 900"m‘thick, are
distributed in the'eastern part of the Mae Sot area. The Hua Fai Group. consisting of
(in ascending order) the Khun Huai, Doi Yot and Pha De Formations is 140, 370 and
400 m thick respectively.

Marine Jurassic rocks in the Mae Sot area have also been studied in detail at a
Zinc mine of Tak Mining Co., Ltd (Assanee Meesook et al., 2006). In the Zinc mine,

marine Jurassic sequences of the Khun Huai Formation (Toarcian-Early Bajocian)
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have been studied. The rocks are composed mostly of sandstones, siltstones,
mudstones and limestones.  Fossils are abundant and diverse throughout the
succession. These faunas range in age from Toarcian (upper Lower Jurassic) to Early
Bajocian (lower Middle Jurassic) and were living in shallow water environments with

restricted basins as indicated by the presence of the bivalve Bositra sp.

HUA FAI GROUP

Marine Jurassic strata of the proposed Hua Fai Group are well exposed along
the unsealed road to the HuairrMae Sot power station 10 kKm east of Mae Sot and along
Huai Mae Sot. The'groupsconsists of limestone-marl-mudstene-dominated sequences
which have yielded magrofaunas of bivalves and ammonites. Its thickness is
approximately 900 mawithfits'base unconformable on the underlying Triassic strata
and its top is unkmaown gnterrupted at the fault-bounded margin of the Tertiary basin
of Mae Sot west of the section.” Three new Jf-ormations are included in the Hua Fai
Group: Khun Huai Formation (basal), Doi th Formation, and Pha De Formation (at
the top). The group is also exposed from thQ Ték-Mae Sot highway (formerly upper
Mae Moei Group) passing southwards thro_lljgfh“ the type locality, Ban Pha De, Pha
Daeng zinc mine and Khao Tham-Sua 7 kmsoujt*n of the type locality. The Hua Fai
Group can be tentatively -correlated with th"e;-ldwer part of the Mae Moei Group
because the upper part of that group ranges from Middle to/Upper Oxfordian (von
Braun and Jordan/1976).

Khun Hual Formation

The formation is named from Ban Khun Huai, Amphoe Mae Sot, Changwat
Tak (Assanee Meesooks, 1994). .The,type.locality of this,formation lies along the
unsealed road.between Ban Khun Hual and the Huai Mae Sot power-station. It crops
out along'the roadside in the vicinity of the station’s weir. Stratigraphically, the lower
partof this fermation-is net-exposed but is assumed-to he-unconfermable on marine
Triassic strata because of the presence of a limestone conglomerate between the two.
This contact is located about half-way between the weir and Ban Khun Huai. The
upper portion is conformably overlain by the Doi Yot Formation with a sharp contact
between limestone-marl sequences and the younger mudstones. The contact is also

well exposed in roadside outcrops. Lithologically, the formation consists
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predominantly of limestone-marl-dominated sequences interbedded with mudstones
(Figure 2.10). This formation is about 140 m thick at the type section, and
approximately 120 m thick. The formation is also exposed at Ban Pha De and Khao
Tham Sua 3 and 5 km south of the type section. Early Toarcian age is given for this

formation based on the ammonite Dactylioceré%,ff
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Doi Yot Formation

The formation is named from Doi Yot a mountain located 2 km south of the
Huai Mae Sot power station (Assanee Meesook, 1994). The type section lies along
the same road as of the Khun Huai Formation and about 2 km south of Doi Yot.
Stratigraphically, the Doi Yot Formation conformably overlies the limestone-marl-
dominated Khun Huai Fermation. The upperboundary is a gradational contact to
limestone-marl sequences of the overlying Pha De Formation. Lithologically, the
main characteristic..ithology.-of this formation s mudstone with interbedded
limestones, and limestone Jdenses. Mudstones are grey to purple-grey in colour;
limestones are thin amd well-bedded; sandstones are mostly intercalated as lenses.
The lower partof thesformation .is charancterized by 1-2"m thick limestone and
calcareous sandstoné lenses in dark grey;mudstone, showing cross-stratification. A
detailed lithologic column is shown in Figqre 2.11. Bivalves are common throughout.
The middle part 4S dominated by mud“st_ones with some interbedded dark-grey
limestones; fossils aredess gommon here than in'the lower part of the formation. The
upper part displays alternations: of mudstd';ae and limestone with fining-upwards
sequences and abundant fossHs: -The total Ehi"ck'ness of the Doi Yot formation is
approximately 370 m at the type-section, The formation also crops out along the
unsealed road fram the Pha Daeng zinc mine ahdﬁ—Ban Tham Sua, about 7 km south of
the type localitys—Age-determination—based-on-the-ammoanites Onychoceras sp.,
Pseudolioceras sp..and Leioceras sp., and the bivalve Bositra sp. is Late Toarcian-
Early Aalenian.

Pha De Formation

The name of this formation is from Ban Pha De, Amphoe Magé Sot, Changwat
Tak andithe type section is along the same road as the type section of the Doi Yot
Formation and about 3 km north of Ban Pha#De (Assanee Meesook, 1994).
Stratigraphically,sthe' Pha De Formation 1s underlain conformably by the Doi Yot
Formation; its top is obscured beneath overlying strata of the eastern boundary of the
Mae Sot Tertiary Basin. Lithologically, the formation consists mainly of limestone-
marl-dominated sequences with some minor mudstones. Thinning-upwards sequences
are common, particularly at the base of the formation. Stylolitic and oncolitic bands

are also common, although confined to marl and marly limestone parts of the
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sequence. The youngest exposed part of the formation is characterized by marls
extending beneath the Tertiary strata. A detailed lithologic column is shown in Figure
2.12. This unit is approximately 390 m thick in its type section, 400 m at Ban Huai
Hin Fon, and 350 m thick at the Pha Daeng zinc mine. Late Aalenian-Early Bajocian
age is assigned for the formation on the basissof the ammonites Graphoceras sp.,
Eutmetoceras sp. and Docidoceras sp.

According to \Wirote Saengsrichan (2007), a-newly proposed marine Jurassic
lithostratigraphy of.the"Hua kai Group is as follows in ascending order: the Khun
Huai, Doi Yot, and.Pha De Formations, respectively. The Khun Huai Formation
consists of 8 unitsgwhich is .composed of conglomerate, sandstone, siltstone,
mudstone, limestone, Jdolomite, -and golitic limestone with abundant bivalves,
gastropods, trace f@ssils,/plant remains, and vertebrate fossils (turtle bone and shark
teeth). The Doi Yot Formation consists rﬁﬂaimy of 4 units which can be distinguished
by marl interbedded with limestone ‘and cbntains abundant ammonites and bivalves.
The upper most part of the Hua Fai Group, Pha De Formation consists of 5 units,
predominantly intercalation of sandstone, rhtfdstone, siltstone, oolitic limestome, and
limestone with abundant bivalves, ammonit.e;si,r-g'éfstropods, corals, trace fossils, and
plant remains. The details of lithofacies in ea,éh_'fi:)[mation are shown in Figures 2.13,
2.14, and 2.15 injascending order as follows: p

Khun HuaiFFormation

The type docality of the Khun Huali Formation lies-along the unsealed road
between Ban Khum Huai and Mae Sot power station. The-Khun Huai Formation is
unconformably underlain by shale and chert of the Upper Mae Sariang Group
(Middle<Upper Triassic) and dolamitie limestone of the Phra Waoh imestone (Upper
Permian).and conformably overlaifrby marl and argillaceous limestone of the Doi Yot
Formation, Hua Fai Group. The beundary of the Khun Huai and Doi Yot Formations
Is " represented ‘by the gradational contact of coarse-grained 'to=fine-grained
sedimentary rocks.

This formation is approximately 93-345 m thick, consists mainly of 8 units as

follow in ascending order:
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Unit I: the conglomerate, represented as locally basal conglomerate of the
marine Jurassic basin in the Mae Sot-Phop Phra area.

Unit 11: sandstone interbedded with mudstone and siltstone, The characteristic
lithology of unit is brown to grey, medium- to thick-bedded, sandstone interbedded
with mudstone and siltstone.

Unit Ill: shale intercalated with limestone; composed mainly of grey to
greenish grey, thick-bedded, shale «intercalaied..with dark grey, thick-bedded
argillaceous limestone:s The unit is'well stratified of shale.which contains common
fossils of bivalves sueh as. Trigonia sp., Pteria sp., Parvamussium sp., Protocardia
sp., and ammonites.

Unit IV limestone and delomitic:limestone, This unit'is chacterized by grey
to brownish grey,#smassive to thick—becided limestone, dolomitic limestone, and
dolomite lenses with¢the Sequences of éandStone interbedded with mudstone and
argillaceous limestone consisting-of the bivalves Protocardia sp., Entolium sp.,
and Astarte sp., gastrapods, trace fossils, and ammonites.

Unit V: sandstone interbedded with 'm'hdstone and intercalated with limestone,
The unit predominantly consists of alterhét}ﬁg beds of sandstone, mudstone,
limestone, and limestone lenses. The ;f_o_géi,_ls contain abundant bivalves:
Grammatodon Sp., Modiolus sp., Astarte sp., -Pa-rvamussium Sp., Actinostreon sp.?,
Myophorella |sp:?; Protocardia sp., Trigonia sp., gastiopods, trace fossils,
foraminifera, and-plant remains.

Unit VI: sandstone with oolitic limestone, The characteristic lithology of this
unit is mainly light brown to brown, well stratified, thick-bedded, medium- to very
coarse<grained, subrounded, maderately ‘to, well sorted sandstone, with layers of
oolitic "limestone “and ‘sandy" siltstone” with ‘abundant bivalves:” Modiolus sp.,
Astarte sp., Myophorella sp.?,#Protocardia sps. Thracia sp., Gervillia sp.,
Lycetia sp., “irigonia sp., Pteria sp.?, gastropods, vertebrate, and plant remains.

Unit VII: limestone, This unit consists predominantly of grey to dark grey,
massive to thick-bedded argillaceous limestone with grey, massive to thick-bedded,
fossiliferous limestone and oolitic limestone Brachiopods, corals, gastropods,

bivalves, foraminifera, and vertebrates are abundant.
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Unit VIII: sandstone, This unit is mainly characterized by sandstone. The
lower part consists of the sequence of brown, medium-bedded sandstone interbedded
with grey, thin-bedded, clayey sandstone with slightly lamination. The upper part is
predominantly composed of grey to dark grey, thick-bedded, clayey sandstone with
common the bivalves Bositra sp., Parvamussium sp., and Goniomya sp.

At the type section-along Huai Mae Soi; thesfaunas contain the Early and Late
Toarcian ammonites Dactylioceras sp.;Onychoceras sp..and Pseudolioceras sp. with
bivalves, Parvamussium donaiense Mansuy and P. Palanicus. Until recently, fossils
collected from this_ study in the Khun Hual Formation contain abundant bivalves
Goniomya sp., Baositra sp., Grammatodon sp., Modiolus sp., Astarte sp.,
Parvamussium sp., Actinostreon sp.?, Myophorella sp.?, Protocardia sp., Thracia sp.,
Gervillia sp., Lycetia sps Trigonia sp., Pieria sp.? and Camptonectes sp. Based on
fossils collected from ghis field investigatidns and previous studies, especially bivalves
and ammonites, the’Khun Hual Formation ié considered as Late Toarcian age.

Doi Yot Formation | =

The type locality ©f the formation I'ié;ﬂlong the unsealed road between Ban
Khun Huai and the Mae Sot.power station. ﬁ;éﬁdps out along power station’s canal
about 2 km west of Doi Yot mountain. The,Doj_Y_ot Formation conformably overlies
the Khun Huai*kormation and conformably u-nd;rlies the Pha De Formation at the
type locality. \Beundary of the Doi Yot and Pha De Formaiions is represented by
the gradational centact of fine-grained to coarse-grained sedimentary rocks. Sharp
contact of mudstene with thick-bedded sandstone between.the Doi Yot and Pha De
Formations can be observed.

Thisformation is approximately 40=266 m thick, mainly consists of 4 units
as followsin ascending order

Unit I: the limestone with mudstone, marl, and sandstone; The main
characteristicslithology of this unit is grey to dark grey, medium- to thick=bedded,
argillaceous limestone interbedded with mudstone and marl, dark grey, medium- to
thick-bedded. The grey and dark grey limestone, mudstone, and marl contain common
bivalves Bositra sp. Entolium sp., and Astarte sp. The sandy limestone and
calcareous sandstone are characterized by very fine- to fine-grained, sub-angular, and

well sorted aspects.
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Unit 11: marl interbedded with mudstone and limestone, The unit consists
mainly of the alternation of dark grey, medium- to thick-bedded marl, mudstone, and
grey, medium- to thick-bedded, argillaceous limestone. This unit is characterized by
the fine-grained sedimentary rocks, The marl and mudstone beds contain abundant
and well preserved ammonites.

Unit 1ll: mudstone intercalated sandstome; siltstone, and limestone, It
predominantly consists.of grey to dark grey, thin-.to medium-bedded mudstone
intercalated with light-brown, thin-bedded calcareous sandstone, siltstone and grey,
argillaceous limestone: The'calcareous sandstone is mainly characterized by fine- to
medium-grained, thin=bedded, sub-angular, well sorted, carbonate cemented aspects
with rare ammonites. The fossils are rare throughout this unit.

Unit 1V: limestone, The unit is ;composed mainly of grey to dark grey,
thick to massive argillaceous Iimestone.“!Oo'Iitic limestone layers are also present
in several places. : _

Based on collected fossils from this field investigation and previous
studies, especially ammanites and bivalvés}; the Dol Yot Formation is considered

71,

as Late Aalenian age.

Pha De Formation T L

The type-locality of the formation lies along the unséaled road from Ban
Hua Fai to the:Mae Sot power station, in the vicinity of the station’s office and is
about 3 km north of Ban Pha De.

This formation is approximately 67-221 m thick, mainly consists of 5 units in
ascendingrorder;assfallows:

Unit I« the ‘mudstone interbeddedywith "muddy calcareous sandstone, It
predominantly consists of grey to dark grey, thick-bedded mudstone interbedded with
greycto orowny thin- tosthick-bedded galcareous-sandstonesiThe caleareeus sandstone
Is mainly ‘characterized by fine- to coarse-grained, Sub-angular, moderately. sorted.
The sand grains are cemented by calcite. The bivalve Bositra sp. and ammonites are
rare but can also be found throughout this unit.

Unit Il: muddy calcareous sandstone interbedded with mudstone, It is
predominantly composed of greenish grey to brown, thick-bedded sandstone
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interbedded with grey to greenish grey, medium- to thick-bedded mudstone. The
sandstone is mainly characterized by fine- to coarse-grained, subangular, moderate
sorted, lamination, and cross lamination with rip-up clasts. The muddy fine-grained
sandstone layers have calcite cementing, whilst the coarse-grained thick-bedded
arkosic sandstone is represented by poor silica cement. The fossils contain abundant
bivalves, ammonites, gastropods, corals,” trace.fossils, brachiopods, and plant
remains. The Tak mine section contains the Divalves Bositra sp., Plagiostoma sp.,
Parvamussium sp.;-irigonia.sp.; Astarte sp., Thracia sp., Brosita sp., Pinna sp.,
Protocardia sp., lnepernassp.; Pholadomya sp., Mytilus sp., Modiolus sp., Lima
sp., Entolium sp., Eamiodon sp., Protocardia sp. (Kozai et al., 2006).

Unit 111: oolitic Jimestone, The characteristic lithology of this unit predominantly
consists of grey tosdarkioray, thick—bedd:ed oolitic limestone with hummocky cross
bedding and lamination. The @olitic n‘qcle‘US IS composed of quartz, calcite,
foraminifera, and fossiliferous grains with'a concentric layer overgrowth.

Unit IV: mudsione with limestone, sii’tété‘he, and sandstone, The lower part of
unit consists mainly of dark grey, medium:-to thick-bedded mudstone interbedded
with limestone. The fossils contain abgﬁdéﬁt bivalves, Parvamussium sp.,
Protocardia sp., Inoperna sp., and Thracia sp. The upper part is characterized by
the sequence “of .grey, medium-bedded célc-areous sandstone, siltstone, and
mudstone with -abundant trace fossils such as Thalassinoides sp., Planorites sp.,
Chondrites sp., Plagiognus sp., Deaconites sp.

Unit V: aad sandstone interbedded with mudstone, It is predominantly
composed of browng thick-bedded arkosic sandstone interbedded with grey to light
grey, medium- to thick-bedded ‘mudstone.™The sandstone is'mainly characterized
by coarse-grained;” subangular, “moderately sortedaspects” with “lamination and
cross lamination. The fossils contain common bivalves and ammonites:

According to previous paleontological studies by Assanee Meesook. (1994)
and Assanee Meesook and Grant-Mackie (1996), the Pha De Formation at the Mae
Sot area contains abundant ammonites Eutmetoceras sp. and Docidoceras sp.
(Hypolioceras discites zone). This formation is assigned as the Early Bajocian age

on the basis of the ammonites and the bivalve Parvamussium sp.
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The composite section has been made to combine and correlate the
sedimentary sequences of all 7 measured sections of the Hua Fai Group (Wirote
Saengsrichan, 2007), the total thickness varies from 200 to 832 m whereas the

combined section is approximately )n the basis of lithological characteristics,

and the synthesis of combined

o d ,.i’
sections is illustrated i ‘ 2.16 a O lateral facies change of the
shallow marine sediment £ nd tectonic setting are
: thiis thick ' the combined section of the
Hua Fai Group. \
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‘igure 2.17. Composite section of the Hua Fai Group (after Wirote Saengsrichan,

2007).



CHAPTER I
RESULTS

3.1 Stratigraphy

The study area.is-located in Amphoe Mae Sot and Amphoe Phop Phra,
Changwat Tak on the.morthwestern part of Thailand which located in the Shan-Thai
Block (Sangad Bunopas, 19381). ;

Wirote Saengsgichan (2007) - reported a details of marine Jurassic
lithostratigraphy inJthe Mae Sot-Phop Pﬁ_rdal basin based on the systematic mapping
and lithostratigraphy of 7 measured sectio'nls across the Mae Sot-Phop Phra Basin, the
Hua Fai Group cande subdivided into 3 fét.mations and classified as 17 units, 8 units
of the Khun Huai Formation, 4 units of the"D"c')i Yot Formation, and 5 units of the Pha
De Formation, in ascending order. ¥ .

This study comprises tivoparts: field investigation and laboratory work. The
main purpose of this study is to describe f@ls_ systematically, especially bivalves
and ammonoids; define bids)ifétigraphy of “r.na-riﬁé jurassic sedimentary rocks, and
encourage and reconsiruci-the-depositional-environmenis-of marine Jurassic basin.
The field investigation method has been mainly involved with lithostratigraphy and
palaeontology following 7 sections undertaken across the Mae Sot-Phop Phra Basin
done by Wirote Saengsrichan (2007). During,the field investigation, approximately
100 point samples have been collected from-7 traverse lines inthe Mag Sot-Phop Phra
area (Figure 3.1 and-Figure 3.2). ‘Details of 7lines are-listed as follows:

1. Ban Mae Kut Luang section in the north of the study area (map sheet 4742
V).

2. Tak-Mae'Sot Highway 'section‘at km 67-71'on the Tak-Mae Sot (map sheets
4742 111 and 4742 1V).

3. Huai Mae Sot section at Huai Mae Sot from Ban Hua Fai, Mae Sot power

station to Ban Khun Huai Mae Sot (map sheet 4742 111).
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Figure 3.1. Topographic map of the study area showing 7 traverse lines (yellow) and
100 locations (red) of colleted fossil samples.



57

Legend

Sediments/Sedimentary rocks

Huvial fan: gravel, sand,
and silt.
Huvial deposit: gravel, sand,
silt, and clay.
w Terrace deposit: gravel beds,
sand, and silt.
Mae Sot Group: conglomerate/
gravel beds, mudstone, and
limestone with gastropods and fishs.
Doi Din Chi unit: Conglomerate,
massive, matrix supported, poorly
sorted.
Hua Fai Group:
Pha De Fm.: S:mdetone mlcrbeddcd
with i
and oolitic limestone with abundant
bivalves and ammonites.
Doi Yot Fm.: Calcareous mudstone
~ intercalated with marl, limestone, and
sandstone with common ammonites.
Khun Huai Fm.: Conglomerate ,
calcareous sandstone interbedded with
il li lenses,
oolitic, and dolomitic limestone with
abundant bivalves.
Mae Sariang Group:
= 3 Upper unit: Shale intercalated with
= . sandstone limestone and chert with
= \ abundant bivalves and foraminifera.
Lower unit: sandstone, thick-bedded,
interbedded with grey shale,
Phra Woh Limestone:

- Upper unit: limestone, dolomitic
limestone, and dolomite, massive to
thick-bedded with common
brachiopods, algae and fi

— = u Lower unit: Sandstone, slightly
phosed, calcareous
inlcrhl::ddcd with shale and limestone
= with limestone lenses,

Myanmar

e

1.

Son s ) =

ag
* Chiangz Mai - Igneous rock
L Tak

aceous granite: coarse- to very
_ coarse-grained with porphyritic
St; c:::.bu f aire, euhedral lath and stubby
. e - feltlspar, composed of quartz, feldsy
Bar ang biotite.

Chyhphon | Mae B oy . Symbols
4742 74211 | Myanmar

e District

bi
Phufet S 47411v| kg 4
3 : | , >
0200 Phop Phri / $ I

Mae T I | | n Waley 458= Bedding with dip angle
% Geologic boundary
Anticline

Doi DitdlChi Ban B Hin u K

— e T .

A ik Doi Ciri Kho A" =se===+ Border
Ban Pu Toe S MKIN st S = 1‘* Flow direction
Cross section i

igure :] @eﬂglc map oi tLe sauJy area sho:v;ngwtraverse ines and cross-

sections showing the distribution, ages and simplified geological structures of

lithologic units in Amphoe Mae Sot and Amphoe Phop Phra, Changwat Tak (after
Wirote Saengsrichan, 2007).
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4. Padaeng-Tak mines section along the small road separated from Highway
no. 1090 (Mae Sot-Umphang Highway) to Ban Pha De, Tak and Padaeng mines (map
sheet 4742 111).

5. Ban Pu Toe section at the road separated from Highway no. 1090 to Ban
Nam Khieo (map sheet 4742 Iil).

6. Doi Huai Mot seetion on bypass readof Highway no. 1090 and a small road
to television station (map sheet 4742 I11):

7. Huai Wale section-on the security road aleng Huai Wale, Thailand-
Myanmar border. lt4s the southern most section of the area (map sheets 4741 | and
4741 V).

3.1.1 Ban Mae Kut Luang sectioén

The measuredssection is-well exppse’d outcroups along the agriculture way
from the east to the west which aeross tHe_ Hua Fai Group in N-S trending at Ban
Mae Kut Luang, appfoximatély 10 km north of the Mae Sot’s township, Amphoe
Mae Sot. i

This section is compased mostly of irﬁuﬁ'étones, siltstones, sandstones, marl,
limestone and oolitic limestone..~ Lithologic _gplgmn of the Ban Mae Kut Luang
section is summarised in Figure 3.3, done by-VV-irote Saengsrichan (2007). Mainly
mudstones are grey to dark grey, thick="to thin-bedded, micaceous, calcareous and
fossiliferous. Thesandstone is characterized by very fine- to medium-grained,
sub-angular to-.moderately rounded, moderately to well sorted, feldspatic,
laminated, rip-up clasts.and thin- to medium- beded. Fining upward sequences are
presents The siltstone is dark grey, micaceous, calcareous and plant remains. The
oolitic limestone is characterized by light grey, oolitic nucleus™is composed of
quartz, calcite, foraminifera, and fossiliferous grains with a concentric layer
overgrowth.~The upper unit at Ban Mae Kut Luang section is characterized by
sandstone interbedded with siltstone, thin-bedded, very fine-grained, having fining
upward sequence. Photographs of some marine Jurassic rocks at Ban Mae Kut Luang
from the base to the top are selected to be shown respectively in Figures 3.4. The
section, approximately 460 m thick, includes 11 sample locations, 31 points
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of fossil samples are collected. The general dip direction of bedding planes at
this measured section is in the southwestern direction (250°-280°) with
moderately dipping angles (35°-50°).

Fossil assemblages are abundant d diverse, and have been found through the

section and common in dark grey mud ; res 3.5). These faunas contain
marine bivalves including Bositra c i (Qu amptonectes sp., Entolium sp.,
‘ , Pinna sp., Modiolus sp.,

Goniomya sp., T | ‘s; Tmetoceras sp. and
Harpoceras sp., sllid b, )0dS \\: fossils; Chondrites isp. and

Taenidium isp., coral.afd plantfem AR \

3.1.2 Tak- Highway section

Tak-Mae igha: SeCtior ’.\' tlong 67-71 on the Tak-
Mae Sot Highway /Bar Font, 7' \ heast of Amphoe Mae Sot.
This section done by Wir, aengsrichan (2007, thostratigraphic column
is shown in Figure 8.6. I‘ i " ness is ‘“-‘, ximately 470 m, and 6

sample locations, 15 points of fossil sample @ been collected from shale,
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Lithology

Description

Grain size C[7F] &[0

Sandstone, light brown, medium- to coarse-grained, well stratified,
medium- to thick-bedded (20-50 cm), lamination, fining upward with
oolitic limestone bed, grey. thick-bedded with common bivalves, ammonites.
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Figure 3.3. Lithostratigraphic column of the Hua Fai Group at Ban Mae Kut Luang,

Amphoe Mae Sot (Wirote Saengsrichan, 2007), showing the number of sampling

locations.
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Figure w on d grey mudstones (A),
sandstonqushowmg rip-up clasts (B), sandstone (bottom) and oolitic limestone (top)

closed-up photographs of oolﬁc limestone (D)yand sandstone intefbedded with
S e m'a W Rl

fining and thinlng upward sequecce of the Pha De Formation.
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mgure 3.5. Photographs of faunas at the Ban Mae Kut Luang section, Bositra ornati
(Quenstedt) (A and B), Parvamussism donaiense (Mansuy) (C), Entolium sp. (D),

Goniomy sp. (E), Pinna sp. (F), and ammonoids; Tmetoceras sp. (G), and Harpoceras
sp. (H).
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This section is composed of mudstones, siltstones, sandstones, marl and
limestone. The lower part (140 m thick) comprises mainly conglomerate, muddy
sandstone interbedded with siltstone with lamination and rip-up clast, sandstone
intercalated with silty mudstone, fining upward and well tratified, muddy sandstone
intercalated with siltstone, fining upward andswell stratified. The middle part (160 m
thick) comprises mainly mudstone intercalatedwithwsandstone, siltstone, argillaceous
limestone lenses, fining. upward and ripple marks with common bivalves,
intercalation of samdstone,.shale, argillaceous limestone and siltstone with
common bivalves, sandstone with ripple marks, mudstone interbedded with sandstone,
and marl interbeddedsWithsargillaceous limestone with common ammonite but not
well preserved. The upper part(170 m thick) comprises mainly marl intercalated with
argillaceous limestone with abundant arnmonites, sandstone with plant remains, and
sandstone, mudstone; silistone, - and ardjlllat'eous limestone lenes with abundant
bivalves, ammonites, trace fossils and plant remains. Photographs of Tak-Mae Sot
Highway section aré selected to he snb\'ji\'/nJ'-‘in Figures 3.7. The general dip
direction of bedding planes<at this me‘asured section varies from west to
northeast (230°-300° and 5°-215°) with mode’rately dipping angles (20°-55°).

Fossil assemblages have:been found and they are common in dark grey
mudstones, siltstone, marl and limestone (Flgures 3.8). Theseffaunas contain marine
bivalves including Bositra ornati (Quenstedt), Parvamussism donaiense (Mansuy),
Goniomya sp., Pholadomya sp., Protocardia sp., Entelium sp., Pinna sp.,
Grammatodon sp.,Trigonia sp., Thracia? sp., Ceratomya? sp., Plagiostoma? sp., and
Pecten? sp., ammongids; Harpoceras sp., Tmetoceras sp., rhynchonellid brachiopods,

trace fassils,and plant remains.
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Lithology Description

Sample
No.

Sandstone, grey to greenish grey, medium- to coarse-grained, subangular,
poorly sorted, carbonate cement, thick-bedded with mica, and
argillaceous limestone lenses, fining upward, bedding 265/20 and 280/30
(dip direction/di ole), the lower part contains abundant bivalves:
Bositra s §i 'l .. Astarte sp., Pinna sp.. etc., ammonites,
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Figure 3.6. Lithostratigraphic column of the Hua Fai Group at km 67-71 on the Tak-
Mae Sot Highway, 7 km northeast of Amphoe Mae Sot (Wirote Saengsrichan, 2007),

showing the number of sample locations.
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intercalated with sandstone, silfstone and argillaceous limestonelenses (A),
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mudstone, siltstone interbedded with argillaceous limestone (C), argillaceous
limestone with stylolites (D), and thick-bedded marl intercalated with

argillaceous limestone (E and F).
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Figure 3.8. Photographs of fossils at the Tak-Mae Sot Highway section, Trigonia sp.

(A), Pholadomya sp. (B),

Protocardia? sp. (E), brachiopod (F), and ammonoid Harpoceras sp. (G and H).

Parvamussism donaiense (Mansuy) (C and D),
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3.1.3 Huai Mae Sot section

Huai Mae Sot section is situated at Huai Mae Sot passing from Ban
Hua Fai, Mae Sot power station to Ban Khun Huai Mae Sot. This section is
well exposed along the canal of the power station located at the type section
of the Hua Fai Group. The total thicknesssis approximately 380 m, and 20
sample locations, 32 points of fossil samples (Figure 3.9) have been collected
from mudstone, siltstone, limestone,and marl.

This sectionwis compesed of mudstones, siltstones, sandstones, marl and
limestone. The lowgipart (200.m thick) comprises mainly sandstone, thin to medium
bed intercalated with.siltstone and mudstone, fining upward. The middle part (120 m
thick) comprises mainly argillaceous limestone, marl interbedded with mudstone,
medium to thick bed, mudstone intercafaled with marl, and mudstone intercalated
with sandstone, thin to thick bedded withr“-lpivalve Bositra sp. The upper part (160 m
thick) comprises mainly:marl interbedded fwith mudstone and argillaceous limestone,
medium to thick-bedded, and arglllaceous Ilmestone interbedded with marl, well
stratified, medium to thick-bedded with *‘abundant ammonites and brachiopod.
Photographs of Huai Mae ‘Sof Seciion are st selécted to be shown in Figures 3.10.
The general dip direction. of bedding p]angg_gt_ this measured section varies
from southwest to west (2i0°-290°) with Qenqtle to moderately dipping angles
(15°-50°). '

Fossil assemblages have been found in dark grey mudstones, siltstone, marl
and limestone (Rigures 3.11 and 3.12). These faunas ‘contain marine bivalves
including Bositra ornati, (Quenstedt), Pinna, sp., Grammatodon sp., Goniomya sp.,
Pholadomya sp.,":Protocardia Sp., Actenostreon sp., Thracta) Spy Gervillia sp.,
Homomya sp., Trigonia sp., Pecten? Sp., and Entolium sp., ammonoids; Tmetoceras
sp. Harpoceras sp., and ammonaite sp.A, rhynchenellid brachiopods;itelebratulid
brachiopods,~Nerimellid gastropod, coral, trace fossils: Chondrites isp., and plant

remains.
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Figure 3.9. Lithostratigraphic column of the Hua Fai Group at Huai Mae Sot, Mae
Sot power station’s canal, and Ban Khun Huai Mae Sot, Amphoe Mae Sot (Wirote

Saengsrichan, 2007), showing the number of sample locations.
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3.1.4 Padaeng-Tak mines section

The section is well exposed along Huai Mae Taow, at Ban Pha De, Tak mine,
Padaeng mine, and Ban Khao Tham Sua. The section, approximately 622 m thick,
includes 4 sample locations (Figure 3.13) collected from shale, limestone and marl
with fossiliferous beds.

This section is composed largely @i~conglomerate, mudstones, siltstones,
sandstones, marl, limestone and oolitie' limestone....Fhe lower part (230 m thick)
comprises mainly conglomeraie with matrix-supported, and poorly sorted, dolomitic
limestone, very thickdbedded, intercalation of sandstone, shale, argillaceous limestone
and oolitic limestonegwellstratified, thick-bedded, and sandstone, medium- to very
coarse-grained, well stratitied, medium- to thick-bedded with lamination. The middle
part (280 m thick) comprises mainly délomitic limestone, fossiliferous limestone
intercalated with oolitic Jlimesione, welj stratified, thick-bedded with common
bivalves, brachiopeds, gastropods, eorals én_d foraminitera, and marl interbedded with
argillaceous limestone, well “stratified; thick-bedded with common bivalves and
ammonites. The upper part (112'm thick) édi:nprises mainly mudstone, thick-bedded,
sandstone interbedded with SiltStone and shéﬂé,“fﬁin-bedded, argillaceous limestone,
thick-bedded, sandy siltstone, . sandstone, w_QI_I"_ stratified, thick- bedded, oolitic
limestone, thicksbedded, mudstone interbeddéd-with argillaceous limestone, well
stratified, medium-=to thick-bedded with common bivalves; siiistone interbedded with
mudstone and sandstone, well stratified, thin- to medium-bedded with lamination and
ripple mark, contain abundant trace fossils, and sandstone interbedded with mudtone,
well stratified, thin-sto.thick-bedded, coarsening upward sequence. Photographs of
Padaeng=Tak mines section-section ‘are selected to ‘be shown: in “Figures 3.14. The
general dip direction of bedding ‘planes at this measured section varies from west to
north (0°-265°) with gently dippingi@angles (22°-45°).

Fossilmassemblages have been found in dark grey mudstones, siltstone, marl
and limestone (Figures 3.15). These faunas contain marine bivalves including Bositra
ornati (Quenstedt), Thracia sp., Parvamussim ornati, Actenostreon sp. and Lima? sp.,
ammonoids; Tmetoceras sp., rhynchonellid brachiopods, telebratulid brachiopods,
Nerinellid gastropod, coral, trace fossils: Chondrites isp., and plant remains.
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Figure 3.13. Lithostratigraphic column of the Hua Fai Group at the local road and
Huai Mae Taow, 12 km southeast of Amphoe Mae Sot (Wirote Saengsrichan, 2007),

showing the number of sample locations.
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Lithology

Description
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Figure 3.13. Lithostratigraphic column of the Hua Fai Group at the local road and

Huai Mae Taow, 12 km southeast of Amphoe Mae Sot (continued) (Wirote

Saengsrichan, 2007), showing the number of sample locations.
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Figure 3.15. Photograp ofj@d‘au a Padaeng-Tak mines section, Lima? sp. (A),
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coral (B), and rhynchonellid b‘?‘acm_gged ( and D).
3.15 a‘xiPu Toe section __A J:

at the I ed from the Highway no.
1090, from Mae ﬂte hang, , pholﬂxlae Sot. The section is
well exposed at Pu Toe, Ban Ko Chual and Ban Nam Khieo. The total thickness

IS approximatel 39'-& My and and 6 Iocatlons (F| ure 3.16) have been
b ve bbb 110 1] 9

This section is composed chlefly of sandstone shale limestone, marl and

%‘W‘}iﬁ KPRl iiaf Y o

‘medium-bedded, thinning upward sequence, shale intercalated with argillaceous

limestone, well stratified, thin- to thick-bedded with common bivalves Parvamussium
sp., Grammatodon sp., limestone, very thick-bedded to massive. The middle part (100
m thick) comprises mainly sandstone interbedded with limestone, wavy stratified,
thick-bedded, silty mudstone, mudstone with limestone lenses, very thick-bedded to
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massive, sandstone interbedded with mudstone, well stratified, thin- bedded with
lamination, sandstone, very thick-bedded. The upper part (97 m thick) comprises
mainly argillaceous limestone, very thick- bedded to massive with common bivalves
Actenostreon sp., rudist, brachiopods, corals, gastropods and shark teeth, marl
interbeded with limestone, thick-bedded, sandstone, well stratified, thin- to thick-
bedded, fining and thinning upward sequence-witheshightly lamination, composed of
common bivalves Goniomya Sp., Paivamussiuim..sp.,-and Thracia sp., limestone
intercalated with marl-and caleareous mudstone, thick-"bedded, and marl intecalated
with limestone, thicksbedded with common ammonites and bivalves. Photographs of
Ban Pu Toe section seétion‘are selected to be shown in Figures 3.17. The general dip
direction of bedding planes/at this measured section is in the west (260°-322°) with
moderately to steeply dippingangles (25°—é3°).

Fossil assemblages have' been fcrilpndf commonly in dark grey mudstones,
siltstone, marl andimestone (Figures 3. 1I8) These faunas contains marine bivalves
including Bositra ornati, Thracia sp.; Parvamu55|m donaiense, Grammatodon sp.,
Pinna sp., Actenostreon sp., Goniomya sp., E‘ntohum sp., Protocardia? sp., and rudist
bivalves, ammonoids; Tmeétoceras sp., rhynchonellld brachiopods, telebratulid

brachiopods, Nerinellid gastropod, coral, shar_k_ _t_e_e_th,_trace fossils, and plant remains.
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Figure 3.16. Lithostratigraphic column of the Hua Fai Group at the unpaved road
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from Ban Pu Toe to Ban Nam Khieo, 17 km southeast of Amphoe Mae Sot (Wirote

Saengsrichan, 2007), showing the number of sample locations.
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q:igure 3.18. Photographs of fossils Ban Pu Toe section, bivalves: Parvamussium sp.
(A) and Grammatodon sp. (B) in mudstone at the lower part of section, rudist bivalve
(C) and Actenostreon sp. (E) in dark grey limestone in the middle part, ammonite:
Tmetoceras sp. (G) in marl, and nerinellid gastropod (H) in limestone.
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3.1.6 Doi Huai Mot section

Doi Huai Mot section is located at the bypass road of the Highway no. 1090 and
the small road to a television station, Doi Huai Mot, Ban Nam Tok Hin Lek Fai, 25 km
south of Amphoe Mae Sot. The section, approximately 102 m thick, includes 4
sample locations (Figure 3.19) collected from lumestone.

This section is composed maimiy of sandsiene, siltstone, limestone, dolomitic
limestone and oolitic limestone. The lower pait (50.m thick) comprises mainly
sandstone, well stratified, medium- to thick- bedded, fining and thinning upward
sequence, oolitic limestoneslense, sandstone interbedded with siltstone, very thick-
bedded to massive, limestone; very th t:k pedded to massive, and sandstone, well
stratified, medium-bedded. The upper part (52 m thick) comprises mainly dolomitic
limestone and dolgmite, sargillaceous Iim;_stone, very thick-bedded to massive with
common bivalve Entelium sp., gastropod; and corals, sandstone interbedded with
mudstone, thin- to"mediumsbedded, limestone, very thick-bedded to massive with
common gastropods and corals, and sandstone interbedded with mudstone, medium to
thick bedded. Photographs of Don Huat Mﬁt-'sectlon are selected to be shown in
Figures 3.20. The general dlp direction of beddt‘ng planes at this measured section
varies from the southwest to west (260°- 250°) W|th gently dipping angles (20°-30°).

Fossil assemblages have been found in dark grey. limestone. These faunas
contain marine -bivatves including Astarte sp., Entolium sp.; ammonltes nerinellid

gastropod and corals.
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Figure 3.19. Lithostratigraphic column of the Hua Fai Group at the bypass road of the
Highway no. 1090 and a small road to a television station of Doi Huai Mot, Ban Nam
Tok Hin Lek Fai, 25 km south of Amphoe Mae Sot (Wirote Saengsrichan, 2007),

showing the number of sample locations.
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3.1.7 Huai Wale section

Huai Wale section is located along the security road near Huai Wale, Thailand-
Myanmar border, 7 km southeast of Amphoe Phop Phra. This section lies in the
southern-most part of the study area. The; section is approximately 320 m thick
including 8 sample locations (Figure 3.21) whigh have been collected from sandstone
and limestone.

This section is.composed of limestone, sandstone, siltstone, and mudstone. The
lower part (200 m thiek) comprises mainly limestone, wawvy parallel beds, very thick-
bedded to masive, thining upward sequense, intercalation of sandstone, mudstone and
argillaceous limestone; well even stratified, medium- to thick-bedded, ripple cross
lamination, consist of cemmon bivalves Astarte sp., and Trigonia sp., and limestone,
very thck- bedded t@'massive; with commoh fossil fragments of bivalves and gastropod.
The upper part (1200 m. thick) comprf?es‘.? mainly sandstone, medium- bedded,
interbedded with mudstene, fining-upward sequence, thin- to medium-bedded, well
stratified, sandstone intercalated with siltstdﬁﬁé',' sandstone, thick-bedded, well stratified,
and limestone, very thick-bedded=fo massi\)éft'-P.hotographs of Huai Wale section are
selected to be shown in Figures 3:22. The ge_nxel”a‘l dip direction of bedding planes at
this measured section varies_in ithe west, ;un_th,_a_nd east (095-325 degrees) with
moderately dipping angles (3(5165 degrees). o

Fossil assemblages have been found in siltstone and sandStone (Figures 3.23).
These faunas contain marine bivalves including Actenostreor sp Astarte sp., Trigonia
sp., Pholadomya-sp., Ceratomya sp., and Gervillia sp., gasttopod, corals, trace fossil

and plant remains.
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Figure 3.21. Lithostratigraphic column of the Hua Fai Group at the security road near
Huai Wale, Thailand-Myanmar border, 7 km southeast of Amphoe Phop Phra (Wirote

Saengsrichan, 2007), showing the number of sample locations.



86

O LAt k(o toy

QB), sandstone intercalated with siltstone, thick-bedded, common bivalve Astarte sp.,

Trigonia sp., and plant remains (C, D and E).
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3.2 Biostratigraphy

3.2.1 Distribution of bivalves and ammonoids

Marine Jurassic rocks in the study areas, seven sections from north to south,
are composed of mudstone, siltstone, sandstonesmarl, limestone and oolitic limestone
ranging in thickness from 200-832 m. Fossis aie*abundant containing bivalves and
ammonoids, at least~47 genera of" bivalves found together with ammonoids
assemblage. Bivalves consist of Astarte sp., Actenostreon sp., Bositra ornati,
Ceratomya sp., Camptonectes sp., Entolium sp., Gervillia sp., Goniomya sp.,
Grammatodon sp., Hemomya?2'sp., Lima? sp., Parvamussism donaiense, Pholadomya
sp., Pinna sp., Protocardiassp,, Thracia sp., Trigonia sp., Modiolus sp., and a rudist
bivalve. Ammonaids consistof Harpeceras sp., Tmetoceras sp., and ammonite sp. A.
Additional fossils contain/rhynchonellid Qradhiopod, nerineid gastropod, coral, trace
fossils and plant remains. :

The distributign of bivélvés and arﬁ:b\(;hoids in the study area is shown in
Table 3.1. List of fossil @assemblages and bfb‘sjtr—_at_igraphic units in the study area can
be summarized in each sectioi shown in Figﬁ{re 324 (Ban Mae Kut Luang section),
Figure 3.25 (Tak-Mae Sot Highway section)i_-Eigure 3.26 (Huai Mae Sot section),
Figure 3.27 (Padaeng-Tak mines section), Figure 3.28 (Ban Ru Toe section), Figure
3.29 (Doi Huai Mot section) and Figure 3.30 (Huai Wale section) as follow
respectively fromrnorth to south.

Bositra zone can be established in the Ban Mae Kut*_uang section, Tak-Mae
Sot Highway section angsHuai Mae Sot section. This zone is defined by the first and
last oceurrences of Bositra ornati, representing middle Toarcian-Aalenian in age.
However:Parvarmussium donaiense was found in the upper part of the Ban Mae Kut
Luang and Padaeng-Tak mines sections. It is represented Toarcian age which is
biostratigraphically: older than Bositra ornati. However Parvarmussium donaiense
from the Ban Mae Kut Luang section was found above the Bositra zone. This may be
because the faults movement might transport older rock unit (containing

Parvarmussium donaiense) over the younger rock unit.
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3.2.2 Biostratigraphic Correlation and Age

In biostratigraphic correlation ammonites are the most useful and reliable
indicators because of their apparently instantaneous migration, wide distribution and
rapid morphological evolution. Unfortunately, not all of the Thai Jurassic sequences
have yet either yielded ammonites or they aremnoewell preserved.

Some genera and species of bivalvesswhieh have been studied in detail in
some sections provide.a good evidence.for correlation...Biostratigraphic correlation in
this study is, therefore;based on mainly bivalves.

The sequencesof sedimentary rocks in the study area is mainly confined to
Toarcian-Aalenian age, lithologies be"lng generally marl, marly limestone and
limestone. Fossils ocetr almost . throughout the sequences and commonly in
mudstones, marly limestones and IimestoELes. In coaser litholegies, marine fossils are
rare and only plant @@mains were found:';‘ The sequence seems confined to upper
Lower-lower Middle Jurassic with a relatively rich fauna of bivalves, ammonites,
corals and brachiopods. The blostratigraphlc correlatlon can be summarized as Figure
3.31. Bositra zone has heen established. THIS‘ zone IS defined by the first and last
occurrence of Bositra ornati,.representing mlddle‘Toaruan-Aaleman in age. The Ban
Mae Kut Luang section, Tak- Mae Sot nghway sectlon and Huai Mae Sot section can
be correlated based on Bosr[ra zone. The othér sectlons Padagng-Tak mines section,
Ban Pue Toe section, Doi Huai Mot section and Huai Wale‘sectlon, are Toarcian in
age represented -by Astarte sp., Camptonectes sp., Entolium sp., Gervillia sp.,
Goniomya sp., -Grammatodon sp., Parvamussism donaiense, Pholadomya sp.,
Protocardia sp., Thracia.sp., and Trigonia sps
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3.3 Paleoenvironment

The reconstruction of the depositional environments of the Hua Fai Group
done by Wirote Saengsrichan (2007) is shown in Figures 3.32 as follows:

Khun Huai Formation

The Khun Huai Formation in Mae Set-Phop Phra area is considered to be
deposited in the shallow shelf environment, the“lowesi part, as alluvial fan, fan delta,
distal mouth bar, delta front, due to tideiaominated Or marine transgression during late
Early Jurassic (Toarcian),” fluvial depoesits, indicates sedimentation under the
transitional zone of deltasfront platform, distal mouth bar environment, protected bay
or lagoon, low-encr@y enviroament, carbﬁonate platform environment, mixed intertidal
and reef flat depositional environmenis, éuBtidal and intertidal sand flat depositional
environment and.carbonate jplatform. Fin'éll)(,_ the uppermost part of the Khun Huai
Formation is represeated py sandstone uniti:' According to facies analysis, depositional
environment is designed as intertidal mixed J:I_e_t_t.

Doi Yot Formation  /

The Doi Yot Formation conformably‘-._do;/égljies the sequence of the Khun Huai
Formation. The contact of both-formations is fepfééented by gradational contact, fining
upward sequences. In the fowest unit of the 'b'd't~Y0t Formation the rocks have been
deposited under the inner shallow ramp buildups, transitionalof /inner to outer ramp
environment, inner shallow ramp. Finally, the limestone unit consists mainly of thick
to massive argillaceous limestone, oolitic limestone, and dolomitic limestone facies.
Based on the facies analysis, this unit can be deposited in the shoal-rimed platform,
reef flat,

Pha De Formation

The Pha De Formation conformably overlies the sequence of the Doi Yot
Formation, The lower.unit of the.Pha De Formation is.mudstone interbedded with muddy
calcareous sandstone unit underlain by the Doi Yot Formation with sharpycontact. It is
predominantly composed of grey mudstone interbedded with muddy calcareous
sandstone facies. The bivalves Bositra sp. and ammonites are commonly found in some

sandy mudstone facies, presented to intertidal depositional environment.
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Figure 3.32. Eustatic sea level curves and depositional environments of the Hua Fai

Group, Mae Sot-Phop Phra area (after Wirote Saengsrichan, 2007).
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Muddy calcareous sandstone interbedded with mudstone unit, the fossils
contain abundant bivalves represented the zones of shoal-rimmed carbonate shelf,
intertidal, reef flat, and sand bar. The characteristic lithology of oolitic limestone unit
is considered as subtidal sand bar and shallow ramp. The lower part of mudstone with
limestone, siltstone, and sandstone unit and thefossils contain the abundant bivalves, the
depositional environment is interpreted to be intertidalto lagoonal lime mud. The upper
part of the mudstone with limestone, siltstone, and.sandstone unit could be probably
deposited in the intertidal to shoreface.

The marine Jurassic.of Thailand predominantly centains bivalves, ammonites
and brachiopods. Bivalves.constitute the largest proportion of the total fauna in terms
of both abundance and.diversity. - Although ammonites can be used in analyzing the
environment (Wesiermann, 4989), bival(zes are therefore more useful in ecologic
interpretation. The Toarcian fauna of the MaeTSot-Phop Phra areas are summarised in
Table 3.2. The Thai marine Jurassic is élso shelf facies. Assanee Meesook (1994)
described the sequence of ‘marine sediments in detail in the Mae Sot area and the
Toarcian-Aalenian age is given-to the seqUé:‘\ce based on common bivalves Bositra
ornati (Quenstedt) as Aalenian age for the [i@i"?bt Formation while Parvamussium
donaiense (Mansuy) as Toarcian-age- for ,the__Khun Huai Formation. Moreover,
Assanee Meesook (1994), and Assanee Meéso-ok and Gramt-Mackie (1997) also
studied marine Jurassic rocks in terms of paleoecology, paleoenvironment, and faunal
association.  Besitra Facies (Assanee Meesook and Grant-Mackie, 1997) is
characterised by the presence of one species, Bositra ornatt,.having epibenthic mode
of life, dominated @nly., in the Toarcian mudstones in the Mae Sot area where
restricted basinal anoxic conditions and: a rather shallow (neritic)eontinental shelf
prevailed. Bositra™is found"in organic-rich” shales and is ‘a soft Substrate dweller
associated with known soft substrate dwellers suchsas corbulids and protobranchs
(Flrsich et al1991).

Paleoenvironmental analysis of the sequence Is based on feeding habits, the
ecology of the faunas and lithology. The following discussion of the faunal facies
will be followed by interpretation of paleoenvironments through the sequence.
Shallow marine shelf environment were cosidered, carbonate platform environment as

indicated by thick-bedded to massive limestone lenses of the limestone and dolomitic
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Table 3.2 Lift habit and tropic group of genera of the benthic bivalves in the study

area.
Superfamily \\ Life habit Trophic group
Arcoidea Mﬁ" infaunal | suspension feeder
HFT"T-M-- emi-infaunal | suspension feeder
Pteroidea Gery ‘ i : suspension feeder

Pinnoidea \"’Tu ifaunal | suspension feeder
\ l‘:‘

Pectinoidea //"/ /&\\ "\1\ suspension feeder

J I W ﬂ(\\‘%\ suspension feeder

microcarnivore

J s , ming
Trigonoidea asp, Ti‘t“ faunal | suspension feeder

Astartoidea [ 'Ast o 121 " shallow infaunal | suspension feeder

Cardioidea rdia sp - | shallow infaunal | suspension feeder

Pholadomyoidea eep infaunal suspension feeder

2ep infaunal suspension feeder
‘- ‘ suspension feeder

Pandoroide ?Ew ion feed
andorol V"'i.. _.kt"‘ suspension reeder

Pectinacea m B( ir suspension feeder
|

free-swimi ui g

ﬂﬁﬂ’)ﬂﬂﬂﬁﬂﬂ'ﬂﬂ‘ﬁ
QW']Z‘NﬂiﬂJ UAIAINYA Y



103

limestone. Sandstone with oolitic limestone has been deposited in the subtidal and
intertidal sand flat depositional environment. The limestone, mudstone, and marl

facies contain the common bivalves which have been deposited under the inner

i alated calcareous sandstone,
siltstone, and argillaceous limestone, si hallow ramp depositional

Bositra sp. and ama f'vf- o commonly fou ‘"‘27. uld be presented to intertidal

depositional environm t. wiluddy calcate 1S '\*\\t‘m : Arbedded with mudstone,

: ! S, ammoni \ ods, corals, trace fossils,
brachiopods, and plant/remains are the.zones of w\u med carbonate shelf,

AULININTNEINS
RIAINTUNRINEIAY




CHAPTER v

32 new species fr

Bivalves and. noj ; e study ¢ rea are included within 20 genetic and

subgeneric level taxa and show a di ' hyan affinity. Bivalves are abundant and

diverse. Ammonites'a ibgd in m L~ of their moderately poor

The systematic cI ssificatic terms used in this study are those

of Cox et al. (1969) for Blvalv \-=“""' fied af

o= LA Ja’
have been described e _

Phylum MOL USC/

Class BIVALVIAEﬂme

4.1 Subclass PTERIOMORPHIA Beurlen, 1944
4.1.1 Order ARGQIDA Stoliczka, 1874/

Ali= @ siap i mats IR

Subfamily GRAMMAT@BONTINAE Bransoh, 1942

ARIANNFRERIHEN Y

Waller (1978), and Arkell et al. (1957)
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Grammatodon sp.
(Plate 1, Figures 1-9)

Material: Ten complete anct\\ oulds from 4 localities.

Range: Jurassic-Cretac

Dimensions: in mm!

MWI!N@ _L/H
Hm Ilﬂﬂa\“&xx‘\ 1.76
dms-5:2 £ f1f 745 1] 550 1, 141
-EIIM'?W\HT\ 1.45
hs-54 [ | ") WYETEN! 1%
1.17
1.66
2.00
1.45
1.66

r,_.r- o
s - 24

Description: Shell of mediu 1 size,-inequilate ovoid, length less than twice height,

longer than high, hinge marg ightly curved, anterior and dorsal

margins meet. njr' ntgal margin broadly and

-

shallowly conv: V‘, ffffffffffffffffff ' argins closed.

Remark: This sp 0 t- nuis Hayami, from Lower
EHayami, 1972) also resembles these spem but has less prominent
umbones, and is morei'oﬂed posteroventrally »

Occurre mﬁrnﬁ thﬁ w ﬂ %ﬂ f the Khun Huai
Formati e Ku ae Sot Highway, and
Ban Pu Toe

wnmmm URIINYIA

Jurassic of Vietn
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4.1.2 Order MYTILOIDA Férussac, 1822

Description: Shell uxa less inflated, elongate

subtrapezoidal, ro avate, umbones obtuse,
hinge line smooth an rface covered with fine concentric
growth lines, Inflated, 'slm | 7 St C o ly r |sute.

Remark: This species can b { mmm odiolus sestiniae Hayami, from the
Lower Jurassic of Ho Chi Mi ﬁ“"ﬂ;ﬂ" ,f'i’-* Dy its larger size and more elongate
outline, the sma I e p 7 C lifes
Occurrence: V nudstone of the Doi Y :

Age: Toarcian. ' m

4.1.3 Order P.i"lﬂOIDA Newell, 1965,

AR IEMINEINS

FamllﬁAKEVELLIIDﬁ King, 1850

ARAIN AR TINY1A Y
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Gervillia sp.
(Plate 2, Figures 1-5)

Material: Five complete s cimens from ai Mae Sot and Huai Wale.

Dimensions: in mm/

L R UH
L Vﬂ%\‘ﬂgx " 328
' l'll ” \"TL 266
270
2.70

Description: Elongatg<ova M ..- d, ob q alntly falciform, probably
moderately inflated, I gen than % ght, umbone terminal,
longitudinally elongated, nz 0\# q@ -.~‘ posterior margin short and
bluntly rounded. shell surface snﬂ NG ﬁ | Ios )nsicuous commarginal growth
lines. "' -F"" b -

Remark: This Thai speC|e ar. '. * rsoni Cox from the Oxfordian of
northeastern Kernya eral ou pe separated by its smaller
size, and less h:ﬁf.-_- -------------------------- — ' - : '

Occurrence: Co -‘;-- onir ; fﬁ ormation.

Age: Toarcian. iy

AuERmingans

FamH;@’I NNIDAE LeacﬁllBlg

RN FURTINA Y
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Pinna sp.
(Plate 2, Figures 6-8)

Material: Five incompletes from sect ‘ Luang Tak-Mae Sot Highway,

subtropical seas.

Description: Sheli margin, shell elongate

cuneiform, straigh - wedge- "'-..* umbones at extreme
N

anterior end, margin i 0 be faintly convex dorsally,

strongly curved v. ‘ ‘ Dy regularly spaced radial ribs
which cover all dorsal@and rsal  ventral ares \\ ally low, straight, about 8
to 12 on dorsal and3'to 5C e of shell, ribs crossed by
growth-lines and coma ne
Remark: It can be disting folium, from the Early Jurassic of
Argentina (Damborenea, 198 ?'.;' aller s aller apical angle, more obvious

median carina, and fewer raW M )
- il 4 T W

Occurrence: Sever. i Farmation.
et - N

Age: Toarcian. v,r“—“*— ,\‘

4.1m3rder OSTREOIDA Vaught, 1989 m
.ﬁmrder PECTINNINA;Vaught, 1989

AU MITNERT

Genusi Bositra de Gregorio, 1886

RN TUNRAINYINY



Bositra ornati (Quenstedt, 1851)
(Plate 3, Figures 1-9)

1851
1852
1856

517; Taf. 42, Fig. 16.
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1857 Posidonia ognatf Queristedt, p 501, 851, Taf, 67, Fig. 27, Taf. 72, Fif. 2.

1867
1876

1881 Posidonafyatf oriati Ste b. 2 Taf. 10, Fig. 3-4 (only)

1899

1899 idonom iti-RPhiligpi, p. 4 o 1,\ 22, fig. 9 (copy from

1900
1903 R
1918 Posi i u ardt, p. 20, Taf. 2, Fig. 11,
1918 s
?1923
21923 |
1925
1925 Posi
1925a Posido‘bﬂa ex grupo alpinae ﬂgworski, p. 155-157.

nomya ornati - Gerth, p. 23.

SIS ..

Posidonomya from the:group of p. alplnaﬂ/eaver p. 216-218, I 18, fig. 80

ARIRIDIDRNT L WA

71942 Posidonomya alpina - Suero, p. 40.

v.1943 Posidonomya sp. del group P. alpina- Garcia - Vizcarra, p.29, 43.

ny).
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v1943 Posidonomya cf. alpina - Fernandez, p. 22, 27, 43, 58, 61.
al., p. 160, 162, 164.

p.1978 Bositra ornati - Camacho & Ricce adro 2 (only Weaver’s reference).

1953 Posidonomya alpina - Gro

V1982 Bositra orn r g 46, fig. 1-3, lam. 64, fig. 11.

1987 Bosuw ‘ .mg 7.
Material: sixty mW anlrigh es from 3 localities.

Range: Toarcian-

Dimensions: in mm.

6.50 0.96

5.50 1.23
M S

. 126

4.50 1.33

f‘m‘l m mmmwm v

anterior margin in some large specimens, rounded concentric ribs, hinge-line short.
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Remarks: The specimens are closely similar to B.ornati (Quenstedt) from the Middle
Toarcian of Argentina (Damborenea, L987) in general outline although of smaller size,
and with a more prosogyrous beak anc re picuous ribs. These specimens also
differ from B. somaliensis .‘{1}\' el mmeridgian of Tanzania (Cox, 1965) by
having a less oval outline-and rounded concentrieribs.

Occurrence: Abunda dark-gi y m stone@ Formation from sections

Ban Mae Kut Luang, Hual

Age: Toarcian-A: an.

robkov, 1960

441 .4
eAus:En ‘
L
%;‘ S )
J é%ﬁﬁé : IES 1_19
Pivre \
Material: seven completes fr ) fﬂﬁt' s,
Range: Middle Triassic-Up,gg%&& n.
Dimensions: in
- =
: =/ H
_MKI-9- g 1.02
~MKkI-9-2-2 8.75 8.00 1.09
850 _ 9.25 0.92
| , 5 4 67 77
fl R
A3 LM = 8.00 | 50 |1 Tols4:
MkI-9-4-1 0 6.75 111

=

U 75
[ ] e/
AR INA Y B B
rsoventrally suboval in outline so that height greater than length, auricular persent and
triangular, anterior and postreior auricles equal, relatively small, of similar size and
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shape, hinge line straight, shell surface smooth except for faint commarginal growth

lines.

Remarks: This species is simil ilum (Sowerby) from the Callovian-
Oxfordian of Kutch, India \~ d En asp. aff, E. partilum (Sowerby) from
the Lower Jurassic of Vietnan | ami : iffers rom both by its shorter hinge
line, smaller length/height ra ] al.angle

Occurrence: commao ones ' S0i

a2 Ormation.

Age: Toarcian.

aught, 1989

1914 Pecten (Amusiuni) d -'?-' 1se Manstly, Mem. Serv. Geol. Indochine 3 (2);
37, pl. 4, f|. ; ’;
1935 Pecten ns¢ Mansuy: Saurin, Bull.

ol
1988 : CCOP, Tech. Bull. 20,
p,89

Material: twenty compﬁg and thirty mconlgte internal and external molds from 4

uﬂc:mﬂmwmm

Dlmensmns in mm.

’QW'\aﬂﬂ‘iﬂJ URIINYIA

localiti
Range:
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Specimen L H L/H
MKkI-9-2-a1 7.25 7.50 0.96
MKI-9-2- a2 7.00 6.50 1.07
Mkl-10-al 12.50 11.25 1.11
Tmr-2-al 6.50 .25 0.89
Tmr-2-a2 8.25 350 0.96
Tmr-2-a3 7.25 9.00 0.80
Tmr-2- ad 5.50 5.75 0.95
Tmr2= a5 6.75 750 0.90
Tmr-2+86 7\75 9.25 0.84
- 2.7 95 10.25 0.95
Toar#2- a8 8.25 9.00 0.92
Tmr-2=2a9 8.00 9.25 0.84
Tmi#2- ad0 4 -850 10.25 0.83
Jinr-24a11 _.8.50, 10.50 0.80
Tmrd a2 Bl (55Q 40 \ 4%5 1.16
Tole2- 38 ™ w408 | WM 0.84
Bpt-1-al S 550 6.00 0.92
Bpifll-aZ 4 <<« 575848 6100 0.96
Bpt-5-al 14.00¢ ;| 1450 0.96
Bpt-5:a2 <M 11.004%k, 975 1.13
Bpt-5-a3, 1 di < 950 [ f11.75 0.80
Bpt-5-a4 =+ 975 | 10.25 0.95
Bpt-5-a5+ .. . i/ 18:50, =19, 75 0.87

Bpt-5-a6 ~ | 450 | "5.25 ,0.85

Description: Sm;e_ﬁl to medium-sized, rarely exceeding 15 mmjg_‘-height, subcircular in

outline, inequivalve, nearly equilateral, slightly convex, slightly higher than long, test
thin, auricles unegual, anterior usually larger than posteriof, surface of right valve
generally smooth but withsfaint concentric threads; left valve with weak spaced radial
riblets approximately: corresponding to internal rib; interspaces of external ribs with
numerous-faint radial threads in some specimens but lacking any concentric ornament on
left valve; 6-7 internal ribs very sharp and straight, extending from umbo nearly to valve
margin, gradually strengthening ventrally.

Remarks: The following characters confirm their identity with Mansuy’s species: faint
concentric plicae on the right valve, and 6-7 sharp straight internal ribs which extend

nearly to the valve margin.
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Occurrence: Common in dark grey mudstone and silty mudstone in the Khun Huai

Formation.

Age: Toarcian.

Description: Shell ofme m .Anequilate suberbicular outline, height greater
than length, slightl : cutely triangulal ak not projecting above short straight
gin a oster| teep, anterior auricle longer
than posterior, anterior a of - ‘ face ornamented by fine dense
striae, party seen in some specHiiens, a al growth lines.

Remarks: This Thai speCIe S S| Ho ? \ectes) fromageti Hayami, from the

Lower Jurassic o \ but'can be distinguished by

e ———————— i, 4
its more subequ w tfine, larger apical anc “or auricles.
Occurrence: Fe

g in1ns

Superfamily TRIG@NOIDEA Vaught, 1989

amammu‘m%maa
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Trigonia sp.
4, Figures 10-15)

Material: Twelve complete ei
Range: Middle Tr|a55| -Up

Dimensions: in mm/

M//fumﬂmx A
Tl LA/ /) 835\ 2000 118
i 4 /) %80 1| 58 |5 118
T3 4 1) 7808 |\ 6755 | il
i 4 4] AL 1025 s

0.96
1.14
1.18
102
0.82
1.25

141
P57 0.70
Hwl-7-6 = | 0.80
Description: Shell of medium S|ze'§ﬁ_,_ hick, trig ighly triangular, inequilateral,

/| or area very sloping,

situated at antérior IE E' | ounded, convex centrally,

slightly sinuous pgerlly where oW sharp nearl: J traight posteron ventral
carina, short upright gpsterlor margin forms nEht angle ventrally and obtuse angle with

R SIS TR S e

fontainei %d T. (Trigonia) maeso& by its smaller size, more rounded and curved

ama:mm NRIIBEIR

ge Toarcian.

Ionger than h § M NEAK MO LALEI\N, . Doinent ANl _aCLILE.  D0S ‘L!'i




4.3 Subclass HETERODONTA Neumayr, 1884

s & A.Adams, 1856

Vaught, 1989
1844

Meterial: Thirty compl e

] 4 lities.
Range: Jurassic-Reeent, politar \ |
o % U<y ~
Dimensions: in mm. v
! ﬂd!df ‘
‘ she FAk |+ )
Specim w3 ke ‘ L/H
Hwl-6sb1 ———12.7 12. 1.06
Hwl -bzﬁggm. 1. 1.21
Hwl-6-b3 135 12.50 1.08
Hwl-6-b4 = | 107 0 1.34
.88
17.00 == 4149
j 1
- et 1.18
 Hwl-6- 00 | 1.20
“Hwl-6-b10 11.00 10.75 1.02
Hwl-6-b11 9.50 ol 10.50 0.90
IOES;
1103
1.27
33 |
1\ £
.14
: 1.07
Hwl-6-b20 14.00 11.25 1.24
Hwl-6-b21 10.25 11.75 0.87

Hwl-6-b22 13.00 13.50 0.96

116
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Specimen L H L/H
Hwl-6-b23 9.25 1.27
0.82

Hwl-6-b24 |

1.25

slightly convex, forn ' USE ith vertically truncate posterior

margin; ventral ands@nterovenifal margins broadly and evenly convex, ascending more

Age: Toarcian. '

T3 2/ N

08 )
Y )

A Eﬁen, 1951
Genus: Protocardia Beyrich, 18

AU INERENLINT

¢
ela

Q&ﬁﬂl@f‘qﬂﬁm@%q 892 auﬂ

Dimensions: in mm.




118

Specimen ‘ H L/H
Tmr-2c1 .| 700 ; |, 550 1.27
Tmr-2-c2 o | 5750 A 4 4.00 1.43
Tmr-2-c% Sl Al 50 A 5.2 1.2

oA | 1475 AL 12

132
113
112
0.8

Description: Shello Size, suboval, T y equilateral, longer than high,

moderately inflated. Umbodarge, Béak orthogyrous ‘ F» projecting above dorsal
margin ; anterodorsal margi : avated, anterior and ventral margins strongly
convex ; posterior margi ) ] ﬁ“‘_“_‘. ) than anterior, orming obtuse angle with
ventral margin; posteriorares gne@ﬁhvw th fin r-tdi r| with 16 radial riblets fading
towards anterior marg rior q'o‘méﬂ r es regular and moderately conspicuous

interspaces with very fine s iary threads. rior c entric and posterior radial ribs
well developed.
r‘:ﬁ—.; , _ ) ) )
Remarks: This Thai spemee--rsﬁrtﬁﬂa . (Protocardia) striatula in general outline but
can be distingu L&d by its larger siz
riblest.

10 less conspicuous radial

e
Occurrence: commn in mud

Age: Toarcian.

I UHIRIRINE N

4.4.1.1 Superfamily PHOLADOMYOQIDEA Vaught, 19894/

ARANEEHRAI RN Y

Genus : Pholadomya Sowerby, 1823
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Pholadomya sp.
(Plate 7 F"gres 1-9)

N _calities.
Rece n‘ 0p0|itant.‘

Dimensions: in mm

Am‘f"ll ;Il I\\‘*&‘\ _L/H

1.51
1.34
0.94
1.06

Description: Shell of small® Ze! ‘ d subtrigonal outline, strongly

inequilateral, moderatel trong ated, test thin, umbo large, beak slightly

orthogyrous, prominent, rising %E ing; |

long, slightly concave, passing into. st
i

osterodorsal margin moderately
. I margin; ventral margin broad,
gently curved; 5-9 radial ribs of irregular ¢ g and strength, surface covered by

- - - :,.- ¥ 9 - -
concentric wrinkles of slightly varfaple st acing, generally a little more than

41t

o ;
o '

Remarks: This spec -L—f oarcian of Kenya
(Cox, 1965) in geﬂl ou ore msplcuous radial ribs and
in. '

broader ventral m
Occurrence: commof insmudstone from the Khun Huai Formation.

ﬁ'ﬂﬂ’mﬂﬂ‘i‘WMﬂ‘ﬁ
’QW']MﬂifU UAIAINYA Y

1 mm apart, a
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Genus: Goniomya Agassiz, 1841

Meterial: Five complete and nine

Range: Lower Juras ower (
Description: Shelisof medidm-large: ate, inequilateral, elongate elliptical, slightly
inflated, length greater than height; beak orthogyrous, prominent, located at anterior

third, anterodorsal and gosterodorsal-imz early straight, anterior margin incomplete,

posterior margin slightly goncave, meeting almost straigh entral margin in obtuse angle,
surface ornamented with aout 11 V-shap Stae wi u\ ome stronger anterior and
faint and broader “posteriorly; - api 0° and nearly constant

throughout growth.

. e ok
Remarks: This specimen is ve Y. :
L) e - .
Jurassic of Vietnam (Hayami,"1972) ,-but differs by having a smaller angle between the
A A =
rib segments, and less conspictious cos

Occurrence: eVvera

pge: Toatad
AU INLRINY N
PEIRAFRHNAIINY A

Description: Shell of medium size, elongate-oval, strongly inequilateral moderately

Genus: Homomya Agassiz, 184£

inflated ; length about twice height ; umbo low, rising little above dorsal margin, slightly
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opisthogyrous, located at anterior third ; anterior margin smoothly rounded, ventral and

posterodorsal margins long, straight and subparallel ; posterior margin broadly rounded,

joining ventral at an obtuse angle ; irreg ntric wringles cover shell but generally
are weak ventrally. oW
is-similar to . gibt by) from the Middle Jurassic

Remarks: This species-is

(Bathonian) of England X el.al ' : ) i 7, 0 “but can be distinguished by

Occurrence: Fe

Age: Toarcian.

S H L/ H
, 1225 1.77
fl e
23.25 4000 || (16600
4y MKI-9-3-e1 19.25 11.75 1.64
Hms-9-e1 ¢ 10.25 725 141 |as
, T lavzd i1 lal
YWI& o Suime R dne ) bl
q Hms-10-e3 16.50 11.50 143
Hms-10-e4 12.50 9.50 1.31
Hms-10-€5 12.50 11.75 1.06
Hms-10-€6 11.50 9.75 1.18
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Specimen L H L/H
Hms-10-e7 15.00 11.50 1.30
Hms-13-e1 | 20.00 10.50 1.90

Description: Shell small to medium size, nin ,' rgin.long, subequivalve, moderately
inflated, oblong, nearly ¢ ‘ i ' rapezoidal in general outline,
not strongly inflated, E)os eriol , iC ' 'Tli an anterior, anterodorsal margin
oblique, gently convex 7 i tIy concave posterodorsal
margin, anterior biu to gentry convex.

Remarks: This spegies re; S '« rom the Lower Jurassic
of Ho Chi Min City, W ‘ \ |st|ngmshed by its smaller

size, less conspicueus umbo, and. -o m;

Occurrence: commopin d ai and Doi Yot Formation.

.ﬂd.n.i

ki« 2

Age: Toarcian.

EA
ﬂUEI’JVlEWIﬁWEI’]ﬂ‘i
’QW’W&NﬂiﬂJ UNIINYIA



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion

During Late Triassic, muitiple episodes of collision and suturing of all tectonic
terranes resulted in thesclosure of Paleotethys (Figure 5.1). The Indochina and the
eastern part of Shan-Thal terranes may have been dramatically uplifted and emerged,
becoming a central partsof Southeast Asian landmass (Panya Charusiri et al., 2002).
The study area was‘uplifted-subsided and;elroded during early-middle Early Jurassic
(Hettangian-Pliensbachian) to' early Mid(ljlec\]urassic (Bajocian).  Lower Jurassic
sequences were uneonformably underlain“nb_y Middle Triassic rocks as indicated by
limestone basal conglomerates at‘the base “df' Jurassic strata. These sequences were
also reported by Assanee Meesook (1992),, Naramase Teerarungsigul (1999),
Naramase Teerarungsigul et’ak (1999), Lerté‘ij 'Réksaskulwong (2002), and Assanee
Meesook et al. (2006). After this mild coIIi_siT.c’ii_n_—an’d rifted basin with global sea level
transgression, Mesotethys sedimentation begah |F1 late Early Jurassic (Toarcian) and
continued to early-Middle-Jurassic(Bajocian). The Mae Sot=Phop Phra Basin (central
Shan-Thai terrane) was occupied by the Hua Fai Group, shallow shelf sediments,
shallow carbonate-and mixed clastic shelf facies without the volcanic materials and
considered as having been deposited onto a passive continental margin. During Late
Triassicsto Cretaceaus, westward upthrusting ‘of, Shan-Thai terrane was continued
beneath western rim of this terrane. Although the global sea level rose continuously
during Early Jurassic to Cretaceous (Hallam, 1988;ail et al, 1977b), the.Shan-Thai
terrane had been*highly uplifted than that sea level transgression in the /lxate Jurassic-
Cretaceous. As a result, the western and central Shan-Thai terrane was uplifted
becoming landmass in Late Jurassic-Cretaceous. This is indicated by the presence of
non-marine Jurassic-Cretaceous conglomerate and red sandstone of the Doi Din Chi

unit overlying marine Jurassic sequences in this study area.
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‘igure 5.1. A) Paleogeographical distribution of Shan-Thai, Indochina, Lampang-Chiang Rai
and Nakhon Thai terranes compared to other tectonic terranes.

B) Plate tectonic
reconstruction of major tectonic terranes of mainland Southeast Asia showing the occurrence

of the Mae Moei and Hua Fai Groups, and Doi Din Chi unit during Middle Triassic to
Cretaceous (modified after Wirote Saengsrichan, 2009).
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During late Early Jurassic to early Middle Jurassic (Mesotectonic stage), the
Mesotethyan transgression proceeded into the west flank and central part of Shan-
Thai (Figure 5.1b). As a result, this area was mainly occupied by shallow continental
shelf carbonate and clastic rocks, whilst the continental sediments were deposited into
Lampang-Chianng Rai, Nakhon Thai, and lndochina terranes, and widely extended
into the southern peninsular Thailand, respectively.

Faunas in the study-area of the=Toarcian, Khun-Huai Formation are abundant
and diversed of bivalves and.rare'ammonoid to be harmonious with model in Figure
5.2. The AalenianDoi Yet Formation is abundant in bivalves especially Bositra
ornati and ammonaeids are .ncreased ) more and more in many species to be
harmonious with trangression sea level. Bajocian stage, Pha De Formation is reduced
of bivalves and ammonaids 1o he harmoni?us with regression sea level.

In the study afea, Bositra orpati a:"gd Parvarmussitim donaiense can be found
together in the same bed of dark grey mqthgtane at Tak-Mae Sot Highway section
indicating that the environment- IS :-rich in hlgr} nutrients, high oxygen and moderate to
low energy level. Generally, Bositra ".Gr_‘r"‘r_]_‘a‘ti“_ represents Aalenian stage and
Parvarmussium donaiense répreéents Toarci"a_;pf“géﬂtage. The discovery of these two
bivalves in the same bed in-the-study area rhg{y-rhé the first time in, at least, Southeast
Asia in which the two genera having epifaunal and free-swimming modes of life but

different in age yVére found together.
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1igure 5.2. Schematic models illustrating of depositional environment of the Hua Fai

Group, Mae Sot-Phop Phra area in the Jurassic (after Wirote Saengsrichan, 2007).
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5.2 Conclusion

The present study is based mainly on 7 sections of the marine Jurassic, Hua
Fai Group, within Mae Sot-Phop Phra Basin, and attemps to understand the marine
Jurassic of Thailand in terms of biostratigraphy, age, systematic paleontology, and
paleoenvironment. The results can be conciuded asfollows:

5.2.1 Biostratigrahy

Fossils collected fsom. Marine Jurassic rocks in the Mae Sot-Phop Pha area
yileds abundant andsdiversed bivalves; At least 17 genera of bivalves found together
with ammonoids assemblage. Bivalves consist of Astarte sp., Actenostreon sp.,
Bositra ornati, Ceratomya: sp., Camptohectes sp., Entolium sp., Gervillia sp.,
Goniomya sp., Grammatodon sp, Homomya? sp., Lima? sp., Parvamussism
donaiense, Pholadomyasp., Pinna sp., Pro_'Eo_ga(dla sp., Thracia sp., Trigonia sp., and
a rudist bivalve. Additional fossils conte{jn "rhynchonellid brachiopod, nerineid
gastropod, coral, trace fossils and plant remalns Almmonltes are more abundant in the
Aalenian-Early Bajocian sequences. Marlne;};aré{ssw rocks in the study area consist
mainly of mudstones, siltstenes; sandstones, marls, limestones and oolitic limestones.

Based on-the fauna and sediment associations, the facies-can be recongnised in
the Thai Jurassic éequence (Assanee Meesook et al., 1997) as: Bositra Facies, Benthic
bivalves Facies, Mixed Facies, Ammonites Facies and Brachiopod Facies. With the
low Tethys sea level, transgression in the Toarcian is indicated by mudstones and
high faunal diversity, while_regression in the“Aalenian-Early Bajocian is represented
by sandstane and limestone conglomerates in.maost places.

Biostratigraphic correlation of marine Jurassic fossils in the Mae Sot-Phop
Phraareas, Changwat.Tak.can be divided as the Bositra zone.

Age determination is based mainly on the bivalves Parvamussium donaiense
and Bositra ornati, and some ammonites, and the Toarcian-Aalenian age is given for

the rocks.

5.2.2 Paleoenvironment
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The sedimentary sequences of the Hua Fai Group have been reported by
Wirote Saengsrichan (2007), the depositional environments were analyzed in terms of

facies and unit associations representing the shoreface, fan-deltas, protected lagoon,

intertidal, subtidal, and inner to o nvironments with occasional carbonate
platform and reef flat. » AL / ,

The units and eus vel curve ae Sot-Phop Phra Basin during
the Toarcian, the C seguences should-be deposited in the marine
‘ ‘ al mouth bar, protected

al and reef flat, subtidal

influxes lagoon o

bay or lagoon, lov

to outer ramp, sha

The rocks and 2

L P e Py - .
Period as indicated by the preser pri y sedimentary structures and oolitic

- - :'—- i 1 y - -
limestones, and dark grey mudstones with abundant fossil bivalves.
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Plate 1
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EXPLANATION OF PLATE 2
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EXPLANATION OF PLATE 3
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Plate 3
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Plate 4
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EXPLANATION OF PLATE 5
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Plate 5
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EXPLANATION OF PLATE 6

Figure Page
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Plate 6




EXPLANATION OF PLATE 7

Figure
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Plate 7
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EXPLANATION OF PLATE 8

Figure Page
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Plate 8
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EXPLANATION OF PLATE 9
Figure Page
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Plate 9




EXPLANATION OF PLATE 10

Figure
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Plate 10
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EXPLANATION OF PLATE 11

Figure
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Plate 11
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EXPLANATION OF PLATE 12

Figure
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Plate 12
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